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1 Introducing the RMC Family

1. Introducing the RMC Family

RMCTools and RMC Controllers Help

The RMCTools software is for setting up, tuning, programming and troubleshooting the RMC75,
RMC150, and RMC200 motion controllers. RMCTools does not support the RMC100, which requires
Delta's RMCWin software.

The RMCTools help provides the most complete and up-to-date information available for the RMC75,
RMC150, RMC200 and RMCTools. To ensure you have the latest help file, download the latest version
of RMCTools from Delta's website https://deltamotion.com.

The RMCTools help is intended to be a reference. For a step-by-step startup procedure, see the
Startup Guide that shipped with your controller:

e RMCY5 Startup Guide

e RMC150 Startup Guide

e RMC200 Startup Guide
The Startup Guides can also be accessed at deltamotion.com/dloads/.
Getting Started

Step-by-Step Startup Procedure

Video Tutorials

Delta's website offers video tutorials to help you learn the RMCTools software.

The Education page of Delta's website at https://deltamotion.com offers video tutorials to help
you learn the RMCTools software.

RMCTools Software
RMCTools Overview
RMC Motion Controllers

RMC75
RMC150
RMC200

Features

Controller Features Overview

Programming
Communications

Troubleshooting

See the Troubleshooting topic.

Customer Support

Delta support is ready to assist you. Call if you have questions or need help:

Phone: +1-360-254-8688 (24-hour
emergency support available)
Fax: +1-360-254-5435

deltamotion.com 1
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https://deltamotion.com/dloads/
https://deltamotion.com/education/videos/
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E-mail: support@deltamotion.com
Website: https://deltamotion.com

Help in PDF Format

A manual containing the same information as the RMCTools help is available as a Portable
Document Format (PDF) file from Delta's website https://deltamotion.com.

See Also
Disclaimer

Copyright (c) 2023 by Delta Computer Systems, Inc.

1.1. RMC Family Motion Controllers

The RMC family of motion controllers consists of the RMC75, RMC150, RMC200, and the older
RMC100. The RMC family brings the benefits of high-performance, easy-to-use motion control to a
wide range of industrial applications. The RMCTools software supports the RMC75, RMC150, and
RMC200. The legacy RMC100 requires Delta's RMCWin software.

et
on 3w
o

RMC75: 1-2
Axes RMC150: Up to 8 Axes RMC200: Up to 50 Axes

The RMC75, RMC150, and RMC200 share nearly all the same control features, and are configured and

programmed in the same way via RMCTools. If you know how to set up and configure one controller,
you can configure the others just as easily!

To compare the RMC controllers, see the Hardware Overview topic.

For hardware details and specifications see the RMC75, RMC150, and RMC200 topics.
Topics

e Control Features
e RMCTools Software

e Startup
e Communications
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1.2. Basics of Operation

The RMC is a high-performance motion controller. It has many advanced features, yet is easy to use
and can be set up quickly due to features such as Scale and Offset wizards and Autotuning.

This topic describes the most basic concepts of using the RMC.
Motion

Motion control falls into two camps: open loop and closed loop.

Open loop means that a control signal (called Control Output in the RMC) is given to the system
to move it without regard to the feedback of the system, such as position, velocity, pressure, etc.
Open loop control is not very precise.

Closed loop means that the controller uses the feedback to determine how much Control Output
to give to the system to move it to the desired position. Closed loop control can be very precise if
the system has high-resolution feedback and a good actuator.

The RMC provides both open loop and closed loop control.

Open Loop control is fairly simple. Just issue an Open Loop Rate (10) command to the RMC to
move the axis in open loop control. See the Issuing Commands section below for details on
issuing commands.

Closed Loop control is more complex. The RMC is all about closed loop motion control. Read on to
learn how it works.

Target Profile

When the RMC is commanded to make a move in closed loop control, it generates a target profile,
which specifies where the position (or velocity, pressure, or force) should be at any given point in
time. This profile includes the Target Position, Target Velocity, and Target Acceleration.

For example, if a Move Absolute command is issued to the RMC, it will generate a profile
according to the parameters of the command. The plot below shows a typical Move Absolute
target profile. The position is moving from zero to ten. The RMC uses rounded accelerations to
provide smooth motion.

Legend: — Target Velocity — Target Acceleration
10-[
5_ I
|:|_
Joo:  o2o0e 0 odoos 0gmos |
Acceleration Constant Velocity Deceleration

PID Algorithm
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Generating a target profile determines where the axis should be, but does not make the axis
move. In order to move the axis, the RMC uses a PID algorithm that calculates how much Control
Output is required to make the Actual Position follow the Target Position. The RMC obtains the
Actual Position from the transducer.

The PID algorithm uses several values, called gains, that specify how the PID calculates the
Control Output. For each axis, in every motion application, these gains must be adjusted to
obtain optimal control of the system. This process is called "tuning". RMCTools offers a Tuning
Wizard that significantly speeds up the process of tuning. Tuning can also be done manually.

An axis must be tuned before the RMC can be controlled in closed loop control.

Making Moves

To make an axis move, issue a motion command. The Issuing Commands section below describes
how to issue commands. The RMC has many motion commands for various types of motion. See
the Commands Overview topic for a list of commands in the RMC.Motion Commands section of
the Command Reference chapter for a complete description of the motion commands in the RMC.

Issuing Commands

To make the RMC do something, such as move, turn on a discrete output, or run a user program,
you must issue a command. For example, to move the axis to a position, you would issue a Move
Absolute command.

To issue a command from RMCTools, use the Command Tool:
On the View menu, choose Command Tool.

In the Cmd box of the desired axis, click the ellipsis (u) button.
Browse to the command you need and click OK.

If the command has parameters, fill them out.

Click Send to issue the command to the RMC.

If an error occurred, or if you wish to see if the command went through, open the Event Log
by double-clicking Event Log in the Project pane. It shows everything that happened in the
RMC.

U

Commands can also be issued to the RMC from a host controller, such as a PLC or HMI. You can
also create user programs in the RMC that issue commands. See the Issuing Commands topic for
more details.

Caution: For each command you wish to issue, write it only once so that it is issued only once. If
you issue the same motion command (to the same position) multiple times, it can cause the
target position to overshoot the requested position.

Setting Up the RMC

Before you can move an axis in closed loop control, you must set up the items listed below. For
instructions on setting all these items, see the Startup Guide that came with the RMC. Or, you
can read the Startup Procedure topic. Or, you can read the Startup Procedure in the Starting Up
the RMC chapter.

o Axes Definitions
You must define the axes. For example, will they be position or pressure or some other
control, will there be reference inputs. Which inputs are connected to which output and so on.

o Feedback Type
Some RMC modules require that you define the feed back type, such as voltage, current,
Start/Stop, etc.

e Scale and Offset
The Scale and Offset parameters convert the transducer feedback to real-life units, such as
inches, millimeters, etc.

e Tuning
The tuning procedure sets the PID gains for closed-loop control.

4 Delta Computer Systems, Inc.
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Communication

The RMC can communicate as a slave with other devices via Ethernet, Serial RS-232/485, or
PROFIBUS depending on the RMC. For details on the RMC's communication protocols, see the
Communications Overview topic.

The RMC does not perform motion control on feedback via any communication channels. It only
controls motion on axes that are directly wired to the RMC's modules.

See Also
Help Overview

Copyright (c) 2023 by Delta Computer Systems, Inc.

1.3. Disclaimer

Although great effort has been taken to ensure the accuracy of the information in this documentation,
it is intended to be used only as a guide. Knowledge of motion control, hydraulic servos, electric
servos, transducers, and safety rules is required. Delta Computer Systems, Inc. does not accept
responsibility for problems resulting from errors or omissions in this documentation. The information
in this documentation is subject to change without notice.

Neither Delta Computer Systems, Inc. nor anyone else involved in the creation, production, or delivery
of this product shall be liable for any direct, indirect, consequential injuries and or damages arising out
of the use, the results of use, or the inability to use this product.

All brand names and trademarks referenced in this manual are the property of their respective
owners.

RMC Return for Repair

Should an RMC require repair, refer to the Technical Support topic for return details.

Ownership

Title to all intellectual property rights associated with Delta product (including, but not limited to
firmware and software) remains with Delta. Any modifications to products, or special versions of
products, will become the sole property of Delta, even if such modifications or special versions
are made by request of Customer and paid for, all or in part, by Customer, unless Delta
specifically agrees otherwise in writing.

Copyright (c) 2023 by Delta Computer Systems, Inc.
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2. Starting Up the RMC

Show All

2.1. RMC Startup Procedure

The best resource to start using the RMC is the Startup Guide that was shipped with the controller.
The Startup Guide can also be downloaded from Delta's website at https://deltamotion.com. If you do

not have a Startup Guide, the following step-by-step procedure will help you get your system up and
running.

TIP: Deltas position/pressure simulator provides a simple way to test your program before connecting
the controller to a real system.

1. Provide Power to the RMC
Apply power to the RMC as described in the Wiring topics.

2. Connect to Controller in RMCTools

a. RMC75E, RMC150E, or RMC200:
Connect a USB cable from the PC to the USB Monitor port on the RMC.

RMC75S or RMC75P:

Connect a null-modem cable from the PC to the RS-232 Monitor port on the RMC. See the Monitor
Port topic for cable details.

b. Open RMCTools.

c. On the File menu, click New Project. In the New Project Wizard, fill in the fields
and click Finish.

d. In the New Controller Wizard, type a Controller Name and choose Automatically
Detect the Controller Information.

e. Click Next.

f. RMCZ75E or RMC150E:
Choose USB and click OK. Choose the desired RMC and click Next.

RMC75S or RMC75P:
Choose the COM port that the RMC is connected to.

g. Click Next.

h. You may need to wait while RMCTools connects to the controller. Once it has
connected, verify that the information is correct and click Finish.

3. Configure Module Properties
The following hardware may require configuration before use as part of an axis:

¢ RMC150 UI/O Module High-Speed Channels
The high-speed channels of the Universal Input/Output module need to be configured for
use as a Quadrature axis input or SSI axis input before they can be used as an axis input.
For details, see the Configuring UI/O High-Speed Channels topic.

6 Delta Computer Systems, Inc.
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e RMC200 S8
The last two inputs, 6 and 7, can be configured as a single quadrature input. For details,
see the S8 Module topic.

e RMC200 D24
The high-speed inputs may be configured as one or two quadrature inputs. For details, see

the D24 Module topic.

e RMC200U14
The high-speed channels of the Universal Input/Output module need to be configured for
use as a SSI/MDT or Quadrature axis inputs before they can be used as an axis input. For
details, see the Configuring U14 High-Speed Channels topic.

4. Define the Axes
RMCTools provides full flexibility for creating axes and assigning the RMC axes to the hardware.
When you create or change axes, you can choose which inputs(s) and outputs are assigned to the
axis.
After the RMC powers up, it has default axis definitions. To change these definitions, do the
following:
a. In the Project tree, expand the Axes folder and double-click Axis Definitions.
b. Use the dialog to view the axis definitions and change them if you would like. For more details,

click the Help button in the dialog.

5. Connect a Feedback Device

Note: This step can be done before or after step 6.

a. Important: Turn off power to the RMC and the feedback device before connecting any wires!

b. For each axis you wish to connect a feedback device to, wire it to the RMC according to the
instructions in the Wiring topic.

c. After wiring, re-apply power to the RMC and the feedback device.
In RMCTools, in the Project pane, click the RMC controller.
On the RMCTools toolbar, click the Controller button and choose Go Online. Verify that the
red circle around the RMC icon in the Project pane disappears, indicating that it is online with
the RMC.
f.  The RMC must be properly configured before it will communicate with the transducer(s). Refer
to the procedure for your transducer type:
e SSI transducer
i On the RMCTools toolbar, click the Axis Tools button 7.

ii. In the Axis Parameters pane, on the Setup tab, under the Primary Control
Setup, in the Feedback Type register, select SSI.

iii. From the information in your SSI transducer data sheet, enter the correct
value for each of these registers:

= SSI Format - Binary or Gray
= SSI Data bits - (e.g. 24)

iv. To apply the changes to the RMC, click the Download button ?ﬁi or press
Ctrl+D.

e Magnetostrictive transducer with Start/Stop or PWM
i On the RMCTools toolbar, click the Axis Tools button A

ii. In the Axis Parameters pane, on the Setup tab, under the Primary Control
Setup, in the Feedback Type register, select MDT.

iii. In the MDT Type register, select the type of MDT transducer you have. This
information should be available on the MDT datasheet. The options are:
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j.

K.

=  Start/Stop Rising Edge
=  Start/Stop Falling Edge
=  Pulse-Width Modulated

iv. To apply the changes to the RMC, click the Download button %ﬁ or press
Ctrl+D.

e Voltage or Current transducer
i On the RMCTools toolbar, click the Axis Tools button A
ii. In the Axis Parameters pane, on the Setup tab, under the Primary Control
Setup, in the Input Type register, select Voltage or Current.

iii. To apply the changes to the RMC, click the Download button %ﬁ or press
Ctrl+D.

e Quadrature encoder

There are no parameters required to set up in order to interface to a quadrature
encoder. If your motion is rotary, see the rotary topic for details on setting the Rotary
vs. Linear parameter.

e Resolver

i On the RMCTools toolbar, click the Axis Tools button Canl

ii. In the Axis Parameters pane, on the Setup tab, under the Primary Control
Setup, in the Resolver Resolution register, choose a resolution. For details,
see the Resolver Resolution topic.

iii. In the Reference Frequency register, choose the frequency required for your
resolver. This information should be available from the resolver data sheet.

iv. In the Reference Amplitude register, click the ellipsis button . to open the
dialog. Click the Help button for details on how to set the Reference
Amplitude.

V. To apply the changes to the RMC, click the Download button %ﬂ or press
Ctrl+D.

On the RMCTools toolbar, click the Axis Tools button 7.

In the Axis Tools, in the Axis Status Registers pane, on the Basic Position tab, look at
the Actual Position register. It may be changing slightly.

Move the axis and look for a corresponding change in the Actual Position register. If it does
not change, recheck the wiring, verify that the Primary Control Setup registers in the Axis
Parameters pane are correct, and check for changing Actual Position again. When it is
working correctly, proceed to the next step.

Note:
It is important that the transducer is connected and is working properly before continuing the
Start-up procedure.

On the Controller menu, click Update Flash. This stores your changes in the RMC even in
the event of a power outage.

Press Ctrl+S to save the project.

6. Connect an Actuator

Note:

Read this section completely before executing any commands on the RMC.

Delta Computer Systems, Inc.
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a. Important: Turn off power to the RMC and the actuator before connecting any wires!

b. For each axis you wish to connect an actuator to, wire it to the RMC according to the Wiring
topic.
c. After wiring, re-apply power to the RMC, the feedback device, and the actuator.

Note:
To test the actuator, you will supply a Control Output voltage from the RMC to the actuator.
Before doing this, make sure that the axis may safely move in either direction!

d. In RMCTools, in the Project pane, click the RMC controller.

e. On the RMCTools toolbar, click the Controller button - Il ™ and choose Go

Online. The toolbar will indicate that RMCTools is online Online (PROG) or Online (Disabled)

On the RMCTools toolbar, click the Axis Tools button A

g. Inthe Axis Parameters pane, on the All tab, expand the Simulate section and verify that
Simulate Mode is unchecked. If you make changes, you must click the Download button i
or press Ctrl+D to apply the changes to the RMC.

h. RMC200 Only: On the toolbar, click Online (Disabled) and choose Program Mode.

i. Enable the axis: In the Command Tool, in the Cmd box, type "Enable", then choose Enable
Controller (7) from the list. Click Send.

j- In the Axis Tools, in the Axis Status Registers pane, on the Basic tab, verify that the
Control Output for the axis is 0 (zero).

k. Turn on power to the motor or hydraulics for the axis being set up. Note that after starting, it
is normal for the axis to drift slowly.

I.  In the Command Tool, do the following steps to apply 0.1 V to the axis Control Output:

I.  Caution: Use the Direct Output command with caution! It disables the safety features of
the RMC!

e Double-click the Cmd box, type "D" and choose the Direct Output (9) command.
e Set the Output to 0.1 V.

e Set the Ramp Rate to 100 V/s.

e Click Send Command.

e Enter 0 in the Output box. This will allow you to quickly issue a Direct Output
Command with 0 drive in the next steps.

m. Verify that the Control Output register for the axis is at 0.1 V.

n. Observe the Actual Position register (on the Basic Position tab) and note whether it is
increasing or decreasing. One of three things could have happened at this point:

e The actuator moved and the Actual Position increased.
In this case you are ready to go to the next section and set the Scale.

e The actuator moved and the Actual Position decreased.
In this case, first verify that the wiring is correct. If it is not, fix it and repeat the
process. If it is, invert the Output Polarity to reverse the direction:

1. In the Axis Parameters pane, select the Setup tab and expand the Primary
Control Setup section.

2. Double-click the Invert Output Polarity register in the axis you are using.
The Invert Output Polarity box should now have a checkmark in it.

3. Click the Download button %ﬁ or press Ctrl+D to apply the changes to the
controller.
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4. Repeat the process again: Issue the Direct Output command again, observe
the Actual Position, and see which of the three things happened.

m.

e The actuator does not move.
In this case, you may need to increase the Control Output. First, verify the following:

1. Check that the physical Control Output voltage really is 0.1 volts.
2. Check that the actuator is enabled.

If these items check out fine, repeat the process above with a larger Output. Some
systems may require much more than 0.1 volt to move.

n. Note:
It is essential that the Actual Position increase when a positive output voltage is
specified with Direct Output command. If this condition is not met, you will not be able
to control the axis in closed loop.

p. In the Command Tool, enter 0 in the Output box and click Send Command, or press Alt + S,
to turn the Control Output voltage off.

g. Inthe Command tool, enter -0.1 in the Output box and click Send Command, or press Alt +
S. The Control Output register should change to -0.1 and the axis should move in the
opposite direction.

Once the actuator moves fine, you are ready to go to the next step.

7. Set the Scale and Offset

The Scale and Offset parameters convert the Counts from the transducer into meaningful
measurement units. In order to do so, the Scale and Offset must first be configured correctly.

Set the Scale and Offset:

a. In the Axis Tools, in the Axes Parameters pane, select the Setup tab. Note that the
first two registers under the Primary Control Setup section are Position Scale and
Position Offset. These are the parameters you will configure.

b. To calculate what the scale and offset should be, you will need to refer to the Scaling
topic.
c. When you have determined what value the scale or offset parameter should be, type the

new value in the cell in the Axis Parameters pane. Then click the Download button ii
or press Ctrl+D to apply the changes to the controller.

d. Move your axis and verify that the positions are correct.

On the Controller menu, click Update Flash. This stores your changes in the RMC even
in the event of a power outage.

f. Press Ctrl+S to save the project.

Set the Display Units:
a. In the Axis Tools, in the Axes Parameters pane, select the Setup tab.

b. In the Primary Control Setup section, locate the Display Units parameter. From the
drop-down list, select a unit.
If you wish to use units not listed, choose Custom, then type up to 4 characters in the
Custom Units parameter.

c. For dual-loop axes, repeat this in the Secondary Control Setup section.

d. Click the Download button ?ﬁﬁ to apply the changes.

8. Tune Each Axis
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In order to control an axis in closed-loop control, it must first be tuned. Refer to the online help
for the tuning procedure:

a. In RMCTools, on the Tools menu, click Tuning Tools. This pane provides everything you
need for tuning the axes.

b. Follow the instruction in the Tuning topic to tune the system.

9. Set up and Configure the Communications

If your RMC will be communicating with an external controller, such as a PLC, PC, or other device,
you must set up the communication. Refer to one or more of the following topics for details on
configuring the communication type of your RMC controller:

e Ethernet Overview
e PROFIBUS-DP
e Serial Overview

10. Save Your Configuration Settings
Make sure to save your settings! You must do the following:

a. Save your RMCTools project
To save the project, on the File menu, click Save. Before doing this, make sure the project data
is the same as the controller data, by either downloading or uploading.

b. Save the RMC data to non-volatile memory
On the Controller menu, click Update Flash.

Tip: To do both these steps at once, on the File menu, choose Save and Update Flash.

See Also
Scaling Overview | Tuning Overview

Copyright (c) 2023 by Delta Computer Systems, Inc.

2.2. Scaling

2.2.1. Scaling Overview

Scaling refers to converting the transducer feedback into meaningful units. The RMC uses the Scale
and Offset parameters to convert the transducer Counts or Raw Counts into measurement units
(position, velocity, pressure, force). For example, the Voltage returned by an analog position
transducer must be converted to positions in order to be useful for control. In order to correctly
convert the transducer feedback to useful units, you must calculate the Scale and Offset parameters.

Units

The RMC uses the default terms Position Units (pu), Pressure Units (Pr), and Force Units
(Fr) for the scaled feedback. You can change these to feedback units of your preference by
choosing from a list or entering a custom unit. See Display Units for details.

Calculating the Scale and Offset

RMCTools provides Scale/Offset wizards to help you calculate the Scale and Offset parameters.
You can also calculate the parameters manually.

Scale/Offset Wizards
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To access the Scale/Offset wizard, in Axis Tools, in the Axis Parameters pane, click the Setup

tab. Expand the Tools and Wizards section. Click Launch to open the Scale/Offset Wizard.

Note:
Before using the Scale/Offset Wizard, you must define the axes and set the transducer type
parameters.

Manual Calculation

The methods of calculating the scale and offset parameters depends on the axis type. See the
scaling topic for your axis type:

Analog Position Scaling
Analog Velocity Scaling
Analog Acceleration Scaling
Analog Pressure/Force Scaling
Load Cell Scaling

MDT Scaling

SSI Scaling
Quadrature Scaling

Resolver Scaling
Rotary Scaling
Scale and Offset Parameters

The following parameters converting the transducer feedback Counts into meaningful units. Each

axis, whether a control axis or reference axis, has these parameters:
e Scale

On a linear axis, the Position, Pressure, Force, or Velocity Scale defines the number of Actual

units (position, velocity, pressure or force) per count or volt returned from the transducer.

o Offset
On a linear axis, the Position, Pressure, Force, or Velocity Offset moves the zero point of the
Actual units to where the user wants it.

On a rotary axis, the Position Offset defines the lower range of the position range.

e Count Offset
This parameter is used for Absolute Rotary axes to determine where the zero point of the
counts should be.

e Position Unwind
On a rotary axis, the Position Unwind defines the span of the position range.

¢ Count Unwind
On a rotary axis, the Count Unwind defines the range of counts over which the Position
Unwind spans.

e Current or Voltage Offset

Provides an offset value that is applied before the Scale and Offset parameters.
e Millivolts/Volt Offset

Provides an offset value that is applied before the Scale and Offset parameters.

¢ Negative Correction Factor

This parameter is used for bidirectional load cells, which typically have a slight gain
difference between the positive and negative side.

See Also
Scale/Offset Wizard

Copyright (c) 2023 by Delta Computer Systems, Inc.
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2.2.2. Analog Position Scaling

To have any useful meaning, the Voltage or Current from an analog transducer must be scaled to

measurement units. This topic describes how to manually calculate the Scaling and Offset parameters
for an analog position input.

Delta Recommends using the Scale/Offset Wizard for scaling the position. If you need to do it
manually, read this topic.

Manually Scaling Voltage or Current to Position Units

The RMC calculates the Actual Position every control-loop time using either of the following
formulas:

Actual Position = (Voltage x Position Scale) + Position Offset
Actual Position = (Current x Position Scale) + Position Offset
Calculating the Position Scale and Offset

The Scale/Offset Wizards provide the easiest method of scaling your axis. If you want to compute
your scale and offset manually, do the following:

The accuracy of this method depends on how accurately you can measure two positions of the
axis.

1. Physically measure the axis' position at two points and record the value of the Volts register at

each point. Call the smaller measured position Po, and its corresponding voltage V, or current
Co. Call the greater measured position Py, and its corresponding voltage Vi or current C;.
2. Calculate the Position Scale with the following equation:

Position Scale = (Po-P1)/(Vo-V1)
Position Scale = (Po-P1)/(Co-C1)

3. Calculate the Position Offset with the following equation:

Position Offset = Py - Position Scale x Vo
Position Offset = Py - Position Scale x Co

See Also

Scaling Overview | Scale/Offset Wizard | Position Scale | Position Offset

Copyright (c) 2023 by Delta Computer Systems, Inc.

2.2.3. Analog Velocity Scaling

To have any useful meaning, the Voltage or Current from an analog transducer must be scaled to

measurement units. This topic describes how to manually calculate the Scaling and Offset parameters
for an analog velocity input.

Delta Recommends using the Scale/Offset Wizard for scaling the velocity. If you need to do it
manually, read this topic.

Scaling Voltage or Current to Velocity Units for Tachometers

The RMC calculates the Actual Velocity from the tachometer voltage every control-loop time using
either of the following formulas:

Actual Velocity = (Voltage + Velocity Offset) x Velocity Scale
Actual Velocity = (Current + Velocity Offset) x Velocity Scale
Calculating the Velocity Scale and Offset

1. From the tachometer specification sheet, determine the voltage or current at which the
velocity is zero. Call it Vzero or Czero. Or, for greater accuracy, make sure the tachometer is
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stopped, then look at the voltage or current feedback value in the Status Registers pane. Call
this value Call it Vzero or Czero.

2. Negate Vzero Or Czero and enter it as the Velocity Offset:
Velocity Offset = -Vzero
Velocity Offset = -Czero

3. From the tachometer specification sheet, determine what the maximum velocity is. Call it Max
Vel.

4. From the tachometer specification sheet, determine what the voltage or current output should

be at the Max Vel. Call it Vmax or Cuax. Calculate the Velocity Scale with one of the following
equations:

Velocity Scale
Velocity Scale

Max Vel / (Vmax - Vzero)
Max Vel / (Cmax - Czero)

1.
See Also
Scaling Overview | Scale/Offset Wizard | Velocity Scale | Velocity Offset

Copyright (c) 2023 by Delta Computer Systems, Inc.

2.2.4. Analog Acceleration Scaling

To have any useful meaning, the Voltage or Current from an analog transducer on an acceleration
input must be scaled to measurement units. This topic describes how to manually calculate the Scaling
and Offset parameters for an analog acceleration transducer.

Notice that Acceleration inputs are only used in advanced applications.

Scaling Acceleration Units

The RMC calculates the Actual Acceleration every control-loop time using the following formula:
Actual Acceleration = ((Voltage or Current) + Acceleration Offset) x Acceleration Scale
Calculating the Acceleration Scale and Offset

1. From the accelerometer specification sheet, determine the voltage or current at which the

acceleration is zero. Call it Vzero Or Czero. Negate that value, and enter it as the Acceleration
Offset.

Acceleration Offset = -Vzero
Acceleration Offset = -Czero

2. From the accelerometer specification sheet, determine what the maximum acceleration is. Call
it Max Accel.

3. From the accelerometer specification sheet, determine what the voltage or current output

should be at the Max Accel. Call it Vmax or Cmax. Calculate the Acceleration Scale with one of
the following equations:

Acceleration Scale
Acceleration Scale

Max Accel / (Vmax - Vzero)
Max Accel / (Cvax - Czero)

1.
See Also
Scaling Overview | Acceleration Scale | Acceleration Offset

Copyright (c) 2023 by Delta Computer Systems, Inc.
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2.2.5. Load Cell Scaling

To have any useful meaning, the mV/V signal from a load cell input must be scaled to force units. The
Force Scale, Force Offset, Millivolts/Volt Offset, and Negative Correction Factor parameters are used to
define force units as a function of the load cell mV/V signal. This topic describes how to manually
calculate these parameters for a load cell input.

Delta Recommends using the Scale/Offset Wizard for scaling the load cell force. If you need to do it
manually, read this topic.

Scaling Load Cell Force

The RMC calculates the Actual Force every control loop using the following formula:

If (Millivolts/Volt + Millivolts/Volt Offset) < 0 Then

Force = (Millivolts/Volt + Millivolts/Volt Offset) x Negative Correction Factor x Force
Scale + Force Offset

Else

Force = (Millivolts/Volt + Millivolts/Volt Offset) x Force Scale + Force Offset
EndIf

To correctly scale the axis for your particular application, use one of the methods below to find
the scaling parameters.

Method 1: Use Transducer Specifications
This method uses the calibration data for the load cell.

Unidirectional Load Cells (Tension-Only or Compression-Only)
1. From the transducer data sheet:

a. Find the mV/V output of your load cell at the rated load. Call these Max mV/V and Max
Force.

b. Find the mV/V value at zero force. This may be called Zero Balance.
2. Calculate the Force Scale with the following formula:
Force Scale = Max Force / (Max mV/V - Zero Balance)
3. Enter the negative of the Zero Balance value in the Millivolts/Volts Offset parameter.
Bidirectional Load Cells (Tension and Compression)
1. From the transducer data sheet:

a. Find the mV/V output of your load cell at the rated positive load. Call these Max
Positive mV/V and Max Positive Force.

b. Find the mV/V output of your load cell at the negative rated load. Call these Max
Negative mV/V and Max Negative Force.

c. Find the mV/V value at zero force. This may be called Zero Balance.
2. Calculate the Force Scale with the following formula:
Force Scale = Max Positive Force / (Max Positive mV/V - Zero Balance)
3. Calculate the Negative Correction Factor with the following formula:

Negative Correction Factor = (Max Negative Force / (Max Negative mV/V - Zero
Balance)) / (Max Positive Force / (Max Positive mV/V - Zero Balance))

4. Enter the negative of the Zero Balance value in the Millivolts/Volts Offset parameter.
Method 2: Force / Millivolts Per Volt

The accuracy of this method depends on how accurately you can measure the force of the axis
with some external device such as a reference load cell or some known mass.
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Unidirectional Load Cells (Tension-Only or Compression-Only)

1. For two different force values (ForceO and Forcel), apply a known force, and record the
mV/V values (mVV0 and mVV1) at those forces.

2. Calculate the Force Scale and Force Offset with the following formula:
Force Scale = (ForceO - Forcel) / (mVV0 - mVV1)
Force Offset = ForceO - Force Scale x mVVO0

Bidirectional Load Cells (Tension and Compression)

1. For three different force values, apply a known force. The force values should be a large
positive value (ForcePos), a large negative value (ForceNeg), and one close to zero
(ForceZero). For each force value, record the mV/V values at those forces (mVVPos,
mVVNeg, and mVVZero).

2. Calculate the Force Scale, Force Offset, and Negative Correction Factor with the following
formulas:

Force Scale = (ForcePos - ForceZero) / (mVVPos - mVVVZero)
Force Offset = ForcePos - Force Scale x mVVPos
Negative Correction Factor = (ForceNeg / mVVNeg ) / (ForcePos / mVVPos )

A more accurate negative correction factor would be obtained from measuring force at
four points, two positive and two negative. Generate two scale values from these and
use the ratio of the scales as the correction factor.

See Also
Scale/Offset Wizard | Force Offset | Millivolts/Volt Offset | Negative Correction Factor

Copyright (c) 2023 by Delta Computer Systems, Inc.

2.2.6. Analog Pressure or Force Scaling

To have any useful meaning, the Voltage or Current from the analog pressure or force transducer
must be scaled to pressure or force units. The Pressure/Force Scale, Pressure/Force Offset, and Invert
Feedback Polarity parameters are used to define pressure or force units as a function of transducer
voltage. This topic describes how to manually calculate these parameters for an analog pressure
transducer.

Delta Recommends using the Scale/Offset Wizard for scaling the pressure or force. If you need to do it
manually, read this topic.

Scaling Single-Input Pressure or Force
The RMC calculates the Actual Pressure/Force every control-loop using the following formula (may
be either pressure or force):
Actual Pressure = (Voltage (or Current) x Pressure Scale) + Pressure Offset

To correctly scale the axis for your particular application, use one of the methods below to find the
Pressure/Force Scale and Pressure/Force Offset parameters.

Method 1: Use Transducer Specifications

e From the transducer data sheet, find the maximum output voltage of your pressure transducer
and the pressure at that voltage.

e Calculate the Pressure Scale with the following formula:
Pressure Scale = Max Pressure / Max Voltage

e Make sure the system has 0 pressure and then record the value of the Voltage register.
Enter the negative of that value as the Pressure Offset.
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Method 2: PO/P1 Calculation

The accuracy of this method depends on how accurately you can measure the pressure of the
axis.

1. Physically measure two different pressures of the axis and record the value of the Voltage
register at each point. (The difference between the two pressure should be as large as
possible). Call the smaller measured pressure Py, and its corresponding Voltage Vy. Call the
greater measured pressure Py, and its corresponding Voltage Vi.

2. Calculate the Pressure Scale with the following equation:
Pressure Scale = (Po-P1)/(Vo-V1)

If the Pressure Scale is negative, ignore the minus sign. RMCTools accepts only a positive
Scale.

3. Calculate the Pressure Offset with the following equation:
Pressure Offset = Py - Pressure Scale x Vp

Scaling Dual-Input (Differential) Force - RMC75 and RMC150

Dual-Input Force requires two pressure transducers. Each pressure transducer must be
individually scaled. The RMC75 and RMC150 calculate the Actual Differential Force every control
loop using the following formulas:

Actual Force A = (Channel A Voltage (or Current) x Force A Scale) + Force A Offset
Actual Force B = (Channel B Voltage (or Current) x Force B Scale) + Force B Offset
Actual Differential Force = Actual Force A - Actual Force B

To correctly scale the axis for your particular application, use the method below to find the A and
B Force Scale and Force Offset parameters.

Method: Use Transducer Specifications
This method assumes the two pressure transducers provide zero volts at zero pressure or force.

e From the transducer data sheet, find the maximum output voltage of your pressure transducer
and the pressure at that voltage.

e Calculate the area of the A side (cap end) of the piston.

e Multiply the area of the A side with the maximum pressure of the A transducer to get the
maximum A force.

e (Calculate the Force A Scale with the following formula:
Force A Scale = maximum A force / Max A Voltage

o Calculate the effective area of the B side (rod end) of the piston. This is the area of the
cylinder minus the area of the rod.

e Multiply the area of the B side with the maximum pressure of the B transducer to get the
maximum B force.
e (Calculate the Force B Scale with the following formula:
Force B Scale = maximum B force / Max B Voltage

e Make sure the system has 0 force and then record the value of the Channel A Actual Force
(to find this register, in Axis Status Registers pane, click the All tab, and expand the
Pressure/Force Feedback section). Negate the value and enter it as the Force A Offset.

Scaling Dual-Input (Differential) Force - RMC200

Dual-Input Force requires two pressure transducers. Each pressure transducer must be
individually scaled. As shown by the formulas below, the RMC200 calculates the pressures for
each channel, then the forces for each channel, then takes the difference and applies the Dual
Channel Force Offset to arrive at the Actual Force.

Channel A Pressure = Channel A Voltage (or Current) * Channel A Pressure Scale + Channel A
Pressure Offset
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Channel B Pressure = Channel B Voltage (or Current) * Channel B Pressure Scale + Channel B
Pressure Offset

Channel A Force = Channel A Pressure * Channel A Force Scale
Channel B Force = Channel B Pressure * Channel B Force Scale

Actual Force = Channel A Force - Channel B Force + Dual Channel Force Offset

To correctly scale the axis for your particular application, use the method below to find the A and
B Force Scale and Force Offset parameters.

Method: Use Transducer Specifications
This method assumes the two pressure transducersprovide zero volts at zero pressure or force.

e From the transducer data sheet, find the maximum output voltage of your pressure transducer
and the pressure at that voltage.

e Calculate the Channel A Pressure Scale with the following formula:
Channel A Pressure Scale = Maximum A Pressure / Max A Voltage or Current
e Calculate the area of the A side (cap end) of the piston.
e Calculate the Force A Scale with the following formula:
Channel Force A Scale = area of A side of the piston
e Repeat for Channel B

e Make sure the system has 0 force and then record the value of the Actual Force. Negate
the value and enter it as the Dual Channel Force Offset.

See Also
Scaling Overview | Scale/Offset Wizard | Pressure/Force Scale | Pressure/Force Offset

Copyright (c) 2023 by Delta Computer Systems, Inc.
Show All

2.2.7. MDT Scaling

To have any useful meaning, the counts from the transducer must be scaled to position units. The
Position Scale and Position Offset parameters define the position units as a function of transducer
counts. This topic describes how to correctly calculate these parameters for an MDT transducer.

Delta Recommends using the Scale/Offset Wizard for scaling the position. If you need to do it
manually, read this topic.

Scaling Counts to Position Units

The RMC calculates the Actual Position every control-loop time using the following formula:
Actual Position [pu] = (Counts [cnt] x Position Scale [pu/cnt]) + Position Offset [pu]

Note:

If the Actual Position filter is applied, the RMC filters the Actual Position after calculating it with the
above formula.

Manually Calculating the Scale and Offset
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The Scale/Offset Wizards provide the easiest method of scaling your axis. If you prefer to do it
manually, read this section.

Determining the Scale and Offset
There are two methods of finding the correct Position Scale and Position Offset.
Method 1: Po/P; Calculation

The accuracy of this method depends on how accurately you can measure two positions of the
axis.

1. Physically measure the axis position at two points and record the value of the counts register
at each point. Call the smaller measured position Pg, and its corresponding Counts Cq. Call the
greater measured position Py, and its corresponding Counts C;j.

2. Calculate the Position Scale with the following equation:
Position Scale = (Po-P1)/(Co-Cy)
3. Calculate the Position Offset with the following equation:
Position Offset = Po - Position Scale x Co
Method 2: Using the MDT Calibration Number
1. Obtain the following information (usually from the transducer label or data sheet):
o Calibration Number (calibration constant) in ps/in or ps/um (typically about 9 ps/in)
o Number of Recirculations (if it has no recircs, use a value of 1)
2. Calculate the Position Scale with the following formula:
RMC75 and RMC200:
1

Calibration Number {ps/pu) * 240Mhz = # of Recircs

Position Scale {pufcounts) =

RMC150:
1

Calibration Murmnber (psfpul = 120Mhz * # of Recircs

Position Scale (pufcounts) =

where

e "pu"is the position units, e.g. in, mm, m, etc. If you want position units other than
what is given by the Calibration Number (e.g. in,mm, etc.), you must convert the
calibration number to the units you want.

e The 240MHz and 120 MHz values comes from the RMC's internal counter. If you
change the units from the above equation, make sure the units for the equation
work out properly. The units for MHz is [108/sec].

3. If you wish to reverse the direction of the feedback, make the Scale negative.
4. Download the Scale to the RMC.
5. Calculate the Position Offset:

e Make sure the Position Offset is zero (0) and downloaded to the controller before
continuing.

e In the Axis Tools window, look at the Actual Position register.

e Move the axis to a point where you know what you want the position to be (such as
0). Called this the Desired Position. Look at the Actual Position register. Call this
position Po.

e Calculate the Position Offset using the following equation: Position Offset = Desired
Position - Po.

6. Download the Offset to the RMC.

Example
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1. Connected to an RMC75 is an MDT transducer with a calibration number of 9.1615 ps/in and
no recirculations (this means it has just 1 recirculation). The system needs to be scaled to
inches.

o To calculate the Scale:

1

Position Scale = TEGSen - B Az = 0.0004548012[in/count]

Download the Scale to the RMC.
To calculate the Offset: Move the axis to where it should be 0. The Actual Position
shows 2.4528. The Position Offset should be: 0 - 2.4528 = -2.4528.

o Download the Offset to the RMC.

2. Connected to an RMC75 is an MDT transducer with a calibration number of 9.012 ps/in and 2
recirculations. The system needs to be scaled to inches.

o To calculate the Scale:

1 2
O Aee/n FROMAzZ . 00002311 7in/count]
Download the Scale to the RMC.

To calculate the Offset: Move the axis to where it should be 10.125. The Actual
Position shows 11.241. The Position Offset should be: 10.125 - 11.241 = -1.116.

o Download the Offset to the RMC.

Position Scale =

3. Connected to an RMC150 is an MDT transducer with a calibration number of 9.1313 ps/in and

no recirculations (this means it has just 1 recirculation). The system needs to be scaled to
millimeters.

o We must first calculate the scale, but in order to do that we need to know how many
position units there are in an inch: 25.4 mm/in.

o To calculate the Scale:
1

, ]
21313 vt s [MHz]EL
[#sec/in] 254 rmm] [FHz]

Position Scale =

= 00518[mmfcount]

Download the Scale to the RMC.

To calculate the Offset: Move the axis to where it should be 0 mm. The Actual Position
shows 24.8. The Position Offset should be: 0 - 24.8 = -24.8.

o Download the Offset to the RMC.

See Also
Scaling Overview | Scale/Offset Wizard | Position Scale | Position Offset

Copyright (c) 2023 by Delta Computer Systems, Inc.
Show All

2.2.8. SSI Scaling

To have any useful meaning, the counts from the transducer must be scaled to position units. The
Position Scale and Position Offset parameters define the position units as a function of transducer
counts. RMCTools provides Scale/Offset wizards to guide you through the scaling process. This topic
describes how to manually calculate these parameters for an SSI transducer.

To scale rotary SSI axes, see the Rotary Scaling topic.
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Delta Recommends using the Scale/Offset Wizard for scaling the position. If you need to do it
manually, read this topic.

Scaling Counts to Position Units

The RMC calculates the Actual Position every control-loop time using the following formula:
Actual Position [pu] = (Counts [cnt] x Position Scale [pu/cnt]) + Position Offset [pu]

Note:
If the Actual Position filter is applied, the RMC filters the Actual Position after calculating it with the
above formula.

To correctly scale the axis for your particular applications, use the methods below to find the
Position Scale and Position Offset parameters.

Determining the Scale and Offset

There are two methods of finding the correct Position Scale and Position Offset.

Method 1: Po/P; Calculation

The accuracy of this method depends on how accurately you can measure two positions of the
axis.

1. Physically measure the axis position at two points and record the value of the counts register
at each point. Call the smaller measured position Py, and its corresponding Counts Cp. Call the
greater measured position P4, and its corresponding Counts C;.

2. Calculate the Position Scale with the following equation:
Position Scale = (Po-P1)/(Co-C1)

3. Calculate the Position Offset with the following equation:
Position Offset = Po - Position Scale x Co

Method 2: Using the Transducer Resolution
Linear Transducers:

1. Obtain the transducer resolution (usually from the transducer data sheet), for example 0.005
mm. The resolution of the transducer indicates the smallest increment of the transducer. This
increment is one count in the RMC.

2. Determine the position units you would like for your Actual Position, for example inches,
meter, mm, etc.

3. The Position Scale is equal to the number of position units per count, for example, using
inches and a resolution of 0.005 mm:

s 1[in] ;
Position Scale = =armm] 0,005 [mmfcount] = 0.00019885[in/count]

4. If you wish to reverse the direction of the feedback, make the Scale negative.
Download the Scale to the RMC.
6. Calculate the Position Offset:

e Look at the Actual Position register and the Counts register.

(3]

e Move the axis to a point where you know what you want the position to be (such as
0). Called this the Desired Position. Look at the Actual Position register. Call this
position Po.
e Calculate the Position Offset using the following equation:
Position Offset = Desired Position - Pg.
6. Download the Offset

deltamotion.com 21



RMC70/150/200 and RMCTools User Manual

See Also
Scaling Overview | Scale/Offset Wizard | Position Scale | Position Offset | Rotary Scaling

Copyright (c) 2023 by Delta Computer Systems, Inc.

2.2.9. Rotary Scaling

SSI, resolver, and guadrature axes can be configured as rotary axes. To have any useful meaning, the
counts from the encoder must be scaled to position units. This topic describes the scaling parameters
for a rotary axis and provides instructions on how to scale the axis.

Delta Recommends using the Scale/Offset Wizard for scaling the position. If you need to do it
manually, read this topic.

Calculating the Scale Parameters

To calculate the scale parameters, use the Rotational Scale/Offset wizard.
You can also enter the scale parameter manually. Refer to the Scaling Parameter Details
section below for a description of each parameter.

Scaling Parameter Details

A rotary axis uses the Count Unwind, Position Unwind, Position Offset, and Count Offset
parameters to calculate the position units from the counts:

¢ Count Unwind

The counts for a rotary input are kept within a defined range. When the input goes beyond one
end of this range, the counts wrap to the other end of the range. The Count Unwind parameter
defines this range. Any control being performed using this input is not interrupted; this is not
seen as a position discontinuity.

For absolute rotary axes, this parameter must be a power of 2. If it were not, the wrap point of
the counts would not coincide with the wrap point of the encoder and it would not be possible to
determine absolute position.

RMC Resolver axes will always give 65,536 counts per revolution.

Example:

Consider a single-turn SSI encoder with 8192 counts per revolution. If the Count Unwind is set
to 8192, the counts will go from 0 to 8191 and wrap once per revolution. If the Count Unwind is
set to 2048, the counts will go from 0 to 2048 and will wrap four times per revolution.

¢ Position Unwind and Position Offset

For the range of counts described above, the positions must be kept within a corresponding
range. The Position Unwind and Position Offset parameters define this range.

The Position Unwind defines how many position units the range will span. The Position Offset
adjusts the modulo position range up or down.

For absolute rotary axes, the Counts are in the opposite direction if the Position Unwind is
negative.

The Counts formula for a positive Position Unwind is:
Counts = (RawCounts + CountOffset) MOD MaxCounts
The Counts formula for a positive Negative Unwind is:
Counts = ([MaxCounts-1] - RawCounts + CountOffset) MOD MaxCounts

Example:
Consider an SSI rotary axis with a Count Unwind of 1024. If the Position Unwind is set to 10,
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the counts range from 0 to 1024 will span 10 position units. If the Count Offset is set to 0, then
the range will go from 0 up to, but not including, 10. If the Count Offset is set to 3, then the
range will go from 3 up to, but not including, 13.

e Count Offset

The count offset is important for absolute rotary axes. The position range—as defined by the
Count Unwind, Position Unwind and Position Offset parameters—will start at the same point
where the counts are 0. The Count Offset adjusts the point where the counts are zero, and
thereby adjusts the point where the position range will start.

This parameter is not used by incremental rotary axes, such as quadrature axes.

Example:

Consider a single-turn SSI absolute rotary encoder with 2048 counts. The axis is set up with a
Count Unwind of 2048, a Position Unwind of 360 and a Position Offset of -180. Therefore, the
position range will go from -180 to 180 in one revolution of the encoder. Negative 180 will
occur at the point where the transducer counts are 0. Now, assume the encoder was mounted
on the machine such that -180 pointed straight up, but you want -180 to be pointing down. To
fix this, rotate the encoder so that it is pointing straight down. Record the counts, and enter the
negative of that value in the Count Offset parameter. -180 will now be pointing down.

See Also
Scaling Overview | Scale/Offset Wizard

Copyright (c) 2023 by Delta Computer Systems, Inc.
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2.2.10. Quadrature Scaling (Linear)

To have any useful meaning, the counts from the transducer must be scaled to position units. For a
quadrature axis, the Position Scale parameter defines the position units as a function of transducer
counts. This topic describes how to correctly calculate this parameter for an Quadrature encoder.

Delta recommends using the Scale/Offset Wizard for scaling the position. If you need to manually
calculate the scale and offset, read this topic.

If your motion is linear, read this topic. If your motion is purely rotary, see the Rotary Scaling topic.

Pulses, Lines and Counts

As described in the Quadrature Fundamentals topic, the resolution of a quadrature encoder is
typically given in Pulses per Revolution (PPR), also called Lines per Revolution. The RMC feedback
sees each rising or falling edge of the A or B signal as one count. Therefore, each pulse or line of
the encoder will result in four counts on the RMC quadrature input. For example, a 1000-line
encoder will give the RMC 4000 counts per revolution.

Scaling Counts to Position Units

The RMC calculates the quadrature axis Actual Position every control-loop time using the
following formula:

Actual Position [pu] = (Change in Counts [cnt] x Position Scale [pu/cnt]) + Last Position

Note:
If the Actual Position filter is applied, the RMC filters the Actual Position after calculating it with the
above formula.

Manually Calculating the Scale and Offset
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The Scale/Offset Wizards provide the easiest method of scaling your axis. If you prefer to do it
manually, read this section.

Determining the Scale and Offset
There are two methods of finding the correct Position Scale and Position Offset.
Method 1: Po/P; Calculation

The accuracy of this method depends on how accurately you can measure two positions of the
axis.

1. Physically measure the axis position at two points and record the value of the counts register
at each point. Call the first measured position Py, and its corresponding Counts Cy. Call the
second measured position Py, and its corresponding Counts C;j.

2. Calculate the Position Scale with the following equation:
Position Scale = (Po-P1)/(Co-C1)

Method 2: Using the Encoder Resolution

1. Obtain the encoder resolution (usually from the transducer data sheet), for example 4000
counts/turn.

2. Determine the position units you would like for your Actual Position, for example inches,
meter, mm, etc.
3. Determine how many position units correspond to one count.
For example, consider an encoder with 4000 counts per revolution mounted to a motor that
drives a linear axis through a 4:1 gearbox and then a rack and pinion. The rack moves 5
inches for every turn of the pinion. The desired position-units of the linear rack motion are
inches.
To find the resolution:
a. Determine the number of counts generated in one revolution of the encoder:
From the datasheet, this is 4000 counts.
b. Calculate the linear travel (position units) in one revolution of the encoder:
One revolution of the encoder equals 1/4 revolution of the pinion.
One revolution of the pinion equals a travel distance of 5 inches.
Therefore, the linear travel in one turn of the encoder is 5/4 = 1.2 in.
c. To calculate Scale, divide the calculated linear travel (position-units) by the number of
counts:
1.2/4000 = 0.0003 position-units/count

4. If you wish to reverse the direction of the feedback, make the Scale negative.
5. Download the Scale to the RMC.

See Also

Scaling Overview | Scale/Offset Wizard | Position Scale

Copyright (c) 2023 by Delta Computer Systems, Inc.

2.2.11. Scaling Rates on a Position Axis

Revolutions per Minute and Feet per Minute

If your system is using a position feedback device (such as an encoder), but your system is
primarily intended for velocity control, and the system must be scaled so that the velocity of the
system is given in feet per minute or revolutions per minute, then this topic is for you.

If you are using a feedback device that gives only velocity feedback, such as a tachometer, see
the Analog Velocity Scaling topic instead.
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To scale a position system to show the velocity in fpm or rpm, you need to set the Position Scale
parameter. The Position Offset need not be set if you are only concerned with velocity and not
positions.

Position Scale Parameter for a Linear Axis

1. Determine how many Counts the feedback device gives in one foot or one revolution.
2. Open the Scale/Offset Wizard. If it gives a choice, choose Position/Counts.
3. In the First Measured Position section, enter zero in both boxes.
4. In the Second Measured Position section:
e Enter the number of counts per foot or revolution in the Raw Counts box.
e Enter 60 in the Measured Position box.
Click Next. The calculated Position Scale will be displayed.
Click Next and complete the wizard.
Run the system and make sure that the Actual Velocity is correct.

Set the Display Units axis parameter to the desired units. For RPM, choose rpm:-s. This will
result in the velocity being displayed as rpm. For FPM, choose fpm-s. This will result in the
velocity being displayed as fpm.

© Now

Position Scale Parameter for a Rotary Axis
To scale a rotary axis to RPM:
1. Set the Position Unwind to 60.

2. Set the Display Units axis parameter to rpm-s. This will result in the velocity being displayed
as rpm.

See Also
Scale/Offset Wizard Overview

Copyright (c) 2023 by Delta Computer Systems, Inc.

2.3. Tuning

2.3.1. Tuning Overview

Once your system is set up and ready for use, it must be tuned in order to control it. Tuning is the
process of adjusting the tuning parameters for optimum control of the system. The better tuned a
system is, the closer the actual movement follows the desired path of movement.

Why is Tuning Necessary?

Tuning is required for moving an axis in closed loop control. In closed loop control, the RMC
generates a target profile. The tuning parameters (gains) then dictate how much Control Output
the RMC should generate each loop time in order to get the Actual Position to follow the target
profile as closely as possible. The gains must be properly tuned to achieve precise motion.

On a well-tuned system, the Actual Position will closely follow the Target Position. To see a plot,
click here.

This is a plot of a system that is well-tuned:
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On a poorly tuned system, the Actual Position will not follow the Target Position very well. To see
a plot, click here.

This is a plot of a system that is poorly tuned:
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Tuning Wizard and Autotuning
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The Tuning Wizard makes the tuning process very easy. The Tuning Wizard provides autotuning
and tuning based on existing plot.

Autotuning

Autotuning automatically moves the axis and then provides a range of gains from which you can
choose with a simple slider bar. The RMC autotuning can be used on many systems. Even if
autotuning is used, the user should posses a solid understanding of manual tuning to ensure
proper tuning.

Autotuning can be used for position axes, including rotary and linear axes, and motors in velocity
mode or torque mode. Autotuning does not support velocity, pressure, or force axes, although
pressure or force axes can be tuned using an existing plot as described below.

See the Autotuning topic for details on how to perform autotuning.

Autotuning may not work for every situation. If it doesn't work for tuning your axis, you can use
Tuning Wizard with an existing plot, as explained below.

Tuning Using an Existing Plot

If your axis cannot be autotuned, use this method to tune your axis:

Tune the axis using only the Proportional Gain.

Increase the Proportional Gain until the axis tracks well.

Move the axis in both directions, making sure to get a plot of each direction of motion.
In the Tuning Tools, click the Tuning Wizard button.

In the wizard, choose Use Existing Plots and continue.

In the wizard, choose the two recent plots you made of motion.

Complete the wizard, and the Gain Calculator will open. Now you can choose gains and move
the axis.

NoohswNe

See the Tuning Wizard topic for more details.

Note: Plots chosen for the Use an Existing Plot method should have been captured in capture mode.
Do not use plots captured in trend mode, as they can cause inaccurate results.

Manual Tuning

Manual Tuning Procedures

Tuning procedures differ depending on the type of system. Please read the Tuning Guidelines
below before continuing to any of the tuning procedures. Click the following links for suggested
tuning procedures:

e Tuning a Hydraulic Position Axis or Motor in Velocity Mode - the most common tuning
procedure

e Tuning a Motor in Torgue Mode

e Tuning Position-Pressure or Position-Force

e Tuning Pressure/Force

e Tuning Active Damping and Acceleration Control

e Tuning a Pneumatic System

Manual Tuning Guidelines

Keep the following guidelines in mind throughout the tuning procedure. There is no substitute for
experience when tuning an axis. The procedures offer some guidelines, tips, and suggestions for
tuning your system. While the steps will work for many systems, they may not be the best for a
particular system.

e Use the Tuning Tools
The Tuning Tools in the Plot Manager provide a single place where you can issue repeated
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commands and change and download gains. In addition, plots are automatically uploaded after
a command.

o Reiterate these Steps:
The tuning procedure is a reiteration of the following general steps. Use these steps
throughout the tuning procedure:

1. Make a move
Typically, this is done using the Move Absolute (20) command. The Tuning Tools
provide two buttons to easily issue two commands, typically one for each direction.

Tip:

For a typical hydraulic cylinder, the Accel and Decel parameters of the Move
absolute command should be on the order of 20 -100 pu/sec?. The speed is typically
between 1 and 30 pu/sec.

2. View the Plot
When you issue a command in the Tuning Tools, the plot is automatically uploaded
from the RMC. The plot will help you determine which parameters must be changed.
In the Tuning Tools, you can easily disable the automatic plot upload for one of the
command buttons. If you are focusing on tuning a certain direction, you can keep the
plot from uploading when moving the other direction.

3. Change a Tuning Parameter
Change a gain in the Axis Parameters section of the Tuning Tools. After changing the

value you must click the download button % or press Ctrl+D to download the
changes to the RMC.

4. Repeat these steps
Repeat these steps until the parameter is at the desired value.

e Use the Mean Squared Error
The Mean Squared Error in the RMCTools Plot Manager can help determine how the last
parameter change affected the system. The Mean Squared Error provides a rough indication of
how closely the Actual Position is tracking the Target Position. If this number decreases
significantly, the last parameter change was good. If this number increases significantly, the
last parameter change was bad.

e Start with Long, Slow Moves, then Use Faster Moves
Begin the tuning procedure with fairly long, slow moves and low accelerations. This will
prevent you from losing control of and potentially damaging the system. The moves should be
short enough to fit in the plot.
After gaining control of the system, you should increase the speed to values you expect to use
during machine operation. Always tune your system at the speeds of intended operation.

e Set Auto Stops
You may want to turn off some of the Auto Stop bits. The Auto Stops cause the axis to halt if
an error occurs. In the initial stages of tuning, a Following Error or other error may occur,
causing an undesired halt. Setting these bits to "Status Only" will make the RMC ignore the
errors so you can tune the axis. Once you gain sufficient control of the axis, set the Auto Stop
bits to halt. Turning off the Auto Stops may not be possible on some systems because of
safety concerns.

o Update Flash and Save the Project
When editing the parameters in the project, you must download them to apply the changes to
the RMC. However, they are not updated in the RMC's Flash memory until you issue an Update
Flash command. This will save the parameters even if power is disconnected. To save the
RMC's parameters to the project, upload the parameters from the RMC and then save the
project.

See Also

Tuning a Position Axis | Tuning a Motor in Torque Mode | Tuning Position-Pressure or Position-
Force | Tuning Pressure/Force | Tuning Active Damping and Acceleration Control | Tuning a
Pneumatic System
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2.3.2. Tuning Wizard

The Tuning Wizard automatically calculates tuning gains for you. The wizard first guides you through
the process of obtaining plots, then automatically calculates a range of valid gains, and finally
presents you with a simple slider bar to choose conservative or aggressive gains.

The tuning wizard can be used with position, pressure and force axes. The tuning wizard cannot be
used for velocity axes.

The Tuning Wizard works as follows:

1. Using plots of motion, the Tuning Wizard computes a mathematical model of the system. The
Tuning Wizard provides two methods of obtaining plots:

o Autotuning Wizard - Position Axes Only
The Autotuning Wizard automatically moves the axis as specified by the user. With the
plots generated by the motion, the Autotuning Wizard determines the system model.

o Using Existing Plots - Position, Pressure, and Force Axes
For position axes, the user chooses existing plots of motion from which the Tuning
Wizard determines a system model. The existing plots must be listed in the Plot
History pane.

For pressure or force axes, the Tuning Wizard uses the currently displayed plot to
determine a system model.

2. The Gain Calculator uses the system model to determines valid gains. In the Gain Calculator,
the user positions a slider bar to pick from a range of appropriate gains for the system. The
Gain Calculator stays open, making it easy to move the axis to try out various sets of gains. If

a certain set of gains is not acceptable, simply move the slider and click Apply to try out a
new set of gains.

Using the Tuning Wizard

Position Axes:

1. Open the Tuning Wizard:

In the Plot Manager, on the Tuning tab, click Tuning Wizard.

2. Choose Use Autotuning Wizard if you would like RMCTools to move the axis and compute a
system model. Choose Use an existing plot if you already have plots of motion of your
system that can be used to compute a system model.

a. Autotuning
If you chose Use Autotuning Wizard, follow the instructions in the wizard. For more
detailed information, click the Help button in the wizard.

b. Use an Existing Plot
If you chose Select an existing plot, you must already have plots of motion of your
system in the Plot History pane. Make sure the Output Polarity was correct when the
plot was captured, that is, that a positive Control Output results in movement in the
direction of increasing position units.
For details on generating plots suitable for the Tuning Wizard, see the Creating Plots
for the Tuning Wizard topic.

3. After the wizard completes, it will open the Gain Calculator. For more details, see the Gain
Calculator topic.

Pressure or Force Axes:

1. First, generate a plot that shows the pressure or force changing. To generate a good plot, do
the following:
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a. Set the Pressure/Force Proportional Gain to a small value. For systems scaled in
pounds, 0.01 is often a good starting value.

b. Move the axis to where it encounters pressure or force.
Use the Hold Current Pressure/Force (19) command to enter pressure or force control.

d. Increase the Pressure/Force Proportional Gain until the Actual Pressure/Force starts
moving toward the Target Pressure/Force. It should not get all the way toward to
Target Pressure/Force. Give just enough gain to make sure it comes somewhat close.

e. Use the Ramp Pressure/Force (S-Curve) (41) command to ramp the pressure or force.

f. Upload the plot. Make sure the Actual Pressure or Force changed significantly in the
plot. If it did not, repeat the process. For more details on generating plots suitable for
the Tuning Wizard, see the Creating Plots for the Tuning Wizard topic.

2. In the Plot Manager, on the Tuning tab, choose the Pressure or Force tab and click Tuning
Wizard.

3. Choose your plot from the list and click Next.

4. A dialog will appear with the calculated model. Click Finish to open the Gain Calculator. For
more details, see the Gain Calculator topic.

See Also
Control Features Overview
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2.3.3. Autotuning

Autotuning is part of the Tuning Wizard. Autotuning automatically moves the axis as specified by the
user. With the plots generated by the motion, RMCTools determines the system model, from which it
determines valid gains (if you prefer to use plots you took previously, the Tuning Wizard can generate
a model from existing plots). The user then positions a slider bar on the Gain Calculator to pick from a
range of appropriate gains for the system.

Autotuning can only be used to calculate control gains for position axes. It does not support
calculating velocity, pressure, or force control gains.

Autotuning can be used for:

e Linear position axes such as with hydraulic, pneumatic, or other velocity mode motors or
actuators.

e Rotary position axes with hydraulic, pneumatic, or other velocity mode motors or actuators.
e Rotary position axes with torque mode motors.

For position, pressure or force axes types that cannot be autotuned, the Tuning Wizard can still be
used to calculate control gains based on plots manually generated by the user. See the Tuning Wizard
topic for details.

Using Autotuning

Before autotuning, make sure you have completed all the pre-tuning steps in the Startup
Procedure and all the pre-Tuning Tools steps in the tuning procedure you are using. Specifically,
the axis must be properly scaled, the Output Polarity must be correct, the Positive and Negative
Travel Limits must be set (for linear axes), and the axis must be able to move in open loop.

Motion control systems often do not behave identically at low speeds and high speeds. Therefore,
it may be wise to use the Tuning Wizard as a first pass at tuning. Once the system is controllable,
you can capture plots of motion at the intended speed and conditions of normal machine
operation. You can then use these plots in the Tuning Wizard to compute a system model that
more accurately represents the system during its normal operation.
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To start autotuning:
1. Launch the Tuning Wizard:

e From the Axis Tools, on the Tune tab of the Axis Parameters pane, in the Tools and
Wizards section, on the Position Tuning Wizard row, click Launch.

e Or from the Plot Manager, on the Tuning tab, click Tuning Wizard.
2. In the Tuning Wizard, choose Use Autotuning Wizard, and click Next.
3. Follow the instructions of the Tuning Wizard.

If Autotuning Doesn't Work

Autotuning may not work for every situation. If it doesn't work for tuning your axis, you can still
take advantage of the Tuning Wizard and the Gain Calculator as follows:

1. Use the Tuning Tools to tune the axis with only the Proportional Gain.
2. Increase the Proportional Gain until the axis is tracking reasonably well.
3. Make sure to get plots of motion in both direction.
4. Open the Tuning Wizard and choose Use an Existing Plot.
5. Complete the tuning wizard, selecting the plots you made.
6. After the completing the wizard, the Gain Calculator will open. Use the slider bar to pick from
a range of appropriate gains for the system.
See Also

Tuning Wizard | Gain Calculator
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2.3.4. Creating Plots for Tuning

To successfully calculate valid gains using the Tuning Wizard - Use Existing Plot method, you must
first generate good plots of motion. The plots should show some motion with changes. Make sure the
plot does not include hitting the end, getting stuck, etc. Make sure the Output Polarity was correct
when the plot was captured, that is, that a positive Control Output results in movement in the
direction of increasing position units.

Plots of motion should:

e Contain significant motion. Slight changes in position, pressure, or force are usually not
enough.

e Include the Control Output and the Actual Position, Actual Pressure, or Actual Force.
e Not include long sections of no motion.

e Contain motion in one direction only. If your position system behaves differently in each
direction of motion, you will need to generate two plots—one for each direction of motion.

e Be captured at the smallest loop time possible and uploaded in capture mode. Do NOT use
plots captured in trend mode, as they can cause inaccurate results.
Generating Plots

To generate a plot of motion:

1. Tune the axis using only the Proportional Gain.

2. Increase the Proportional Gain until the axis tracks well.

3. Move the axis in both directions, making sure to get a plot of each direction of motion.
4. In the Tuning Tools, click the Tuning Wizard button.
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5. In the wizard, choose Use Existing Plots and continue.
6. In the wizard, choose the two recent plots you made of motion.

7. Complete the wizard, and the Gain Calculator will open. Now you can choose gains and move
the axis.

If you are not able to move the axis with Proportional Gain, try using Open Loop commands to
move the axis. With the Open Loop Rate (10) command, move the axis and stop it, then upload
the plot. You may need to set the plot duration to be long enough to capture both the start and
stop in the plot.

See Also
Tuning Wizard Overview | Autotuning Wizard
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2.3.5. Gain Calculator

The Gain Calculator calculates gains for the axis based on the system model that was generated by
the Tuning Wizard. After the Tuning Wizard completes, the Gain Calculator opens. Using a simple
slider bar, the user can choose gains from conservative to aggressive. While the Gain Calculator is
open, the user can use the Tuning Tools to send move commands to the axis to try various gains until
satisfied.

If the axis has multiple gain sets, the Gain Calculator will apply the gains to the first gain set.
Using the Gain Calculator

Opening the Gain Calculator
In the Plot Manager, in the Tuning Tools, click Gain Calculator. If the axis does not have a
model, you will be prompted to first run the Tuning Wizard. When the wizard completes, the Gain
Calculator will open.
Choosing and Applying Gains
1. Move the slider bar to choose a set of gains. Always start with conservative gains.

Click Apply Gains to download the gains to the RMC.

3. Move the axis to test the gains. You can leave the Gain Calculator open while you make
moves.
Use the command buttons in the Tuning Tools to do this:

1. On the Tuning tab, click one of the command buttons labeled Click to set up.

2. Enter the position, velocity, acceleration, and deceleration for the Move Absolute
command. For systems scaled in inches, typical Accel and Decel values are 10 to 100.

3. Do the same for the other command button, using the same velocity, acceleration, and
deceleration, but use a different position.

4. You can click the buttons you just configured to move the axis back and forth to try
your selected gains. The plots will automatically be uploaded so you can see how the
motion is performing.

4. Repeat until you are satisfied that the axis is controlling well.

See Also
Tuning Wizard | Autotuning
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2.3.6. Tuning a Position Axis

The following manual tuning procedure may be used to tune many position axes, hydraulic axes and
motors in velocity mode. This procedure works for Position PID control. Please read the Tuning
Overview topic before following this procedure. There is no substitute for experience when tuning an
axis. This procedure offers some guidelines, tips, and suggestions for tuning your system. While these
steps will work for some systems, they may not be the best for a particular system.

Before beginning the tuning procedure, set all the gains and feed forwards on the axis to zero.

Tuning Procedure

Before beginning the tuning procedure, make sure you have completed the steps in the StartUp
Procedure up to the Tuning section. You must be able to move your actuator properly (a positive
Control Output causes increasing position) and have valid feedback.

Pre-Tuning Steps:
These steps come before actually tuning the gains.
1. Test Wiring and Polarity

This step is for verifying that the system wiring and setup is correct before doing any closed loop
control.

In the Command Tool, issue a Direct Output (9) command to the axis. Use small Output
value, such as 0.050-0.150 V. Use a Ramp Rate of 100. If the axis does not move, increase
the Output until the axis begins to move.

DANGER: The Direct Output (9) command disables the safety features on the RMC! Use this
command carefully!

A positive Control Output should yield increasing position units. If it does not, do the
following:

i On the RMCTools toolbar, click the Axis Tools button A
ii. In the Axis Parameters Pane, on the Setup tab, toggle the Invert Output Polarity
parameter, then click the Download button ¥u.

Issue a Direct Output (9) command again with a negative drive. This should yield decreasing
position units.

2. Check the Deadband
If the axis exhibits a deadband, you may need to use the Deadband parameters.
Check Whether the System Exhibits a Deadband:

a.

b.

Give increasing amounts of Output to the axis with the Direct Output (9) command until the
system starts to move.

The value of Output at which the system starts to move is your deadband. If this value is
approximately 0.4 V or greater, or if the axis begins to move quickly at the deadband value,
you should probably use the deadband parameters. If the point at which it begins to move it is
less than 0.4 V, it is left to the discretion of the designer.

Set the Deadband Parameters:

If you found that your system has a deadband, set the deadband parameters in the following
manner:

a.
b.

On the RMCTools toolbar, click the Axis Tools button 7.
In the Axis Parameters Pane, on the All tab, expand the Output section.
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c. Set the Output Deadband parameter to the value of your deadband.
d. Set the Deadband Tolerance to a small value.

e. Click the Download button %ﬂ to apply the changes to the RMC.

3. Non-linear Valves

If you are using a non-linear hydraulic valve, set the valve linearization parameters as described
in the Valve Linearization topic. Delta does not recommend using a non-linear valve if a linear
valve is available.

4. Adjust the Output Bias

Some systems may drift significantly when the Control Output is at zero volts, which may
adversely affect control. Use the Output Bias parameter to adjust the output such that the axis
does not move when you issue an Open Loop command with zero volts Control Output. The
RMC always adds the Output Bias to the Control Output.

Check if your system need Output Bias:

a. Issue an Open Loop Rate (10) command to the axis. Use an Output of zero and a Ramp Rate
of 100.

b. If the axis moves significantly, you need to set the Output Bias.

Set the Output Bias:

a. In the Axis Tools, in the Axis Parameters Pane, on the Tune tab, enter a small number in the
Output Bias parameter, such as 0.05 V or -0.05 V.

b. Keep increasing (or decreasing) the number until the axis stands still.

c. Click the Download button ?’ﬁ to apply the changes to the RMC.
5. Set Up the Tuning Tools

In the Tuning Tools, set up the command buttons so that one button will move the axis one
direction, and the other will move it in the other direction.

i -
a. Click the down arrow on the command button it | |

b. Enter the Position, Speed, Acceleration, Deceleration, and Direction (Nearest for linear axes)
for the Move Absolute command, then click OK.

Tip:

For a typical hydraulic cylinder, the Accel and Decel parameters of the Move absolute
command are typically on the order of 10 to 100pu/sec2. The speed is typically between 1
and 30pu/sec.

Example:
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Cmd: |r»1.:we Absolute (20) |:|
Position (pu): 1
Speed (puys): 10
Accel Rate (pufs2): 100
Decel Rate (pufs2): 100
Direction: Mearest ()

Button Labelk: | |

Plot Template: ||:| - Axis 0 |E||

[ CK ] | Cancel |

c. Repeat the previous step for the other command button. Enter the same velocity, acceleration,
and deceleration, but a different position.

6. Set Symmetrical/Ratioed

If your system behaves differently in each direction of motion, you will need to set the
Symmetrical/Ratioed parameter is set to Ratioed. This will provide two Velocity Feed Forwards,
one in each direction of motion. The other gains will be ratioed according to the Velocity Feed
Forwards, resulting in the same control in both directions.

If you have a single-rod hydraulic cylinder, choose Ratioed.

The Symmetrical/Ratioed parameter can be accessed in the Tuning Tools on the Tune tab in the
Axis Parameters section. Remember to download the changes by clicking the Download i-:ﬁ
button.

Tuning Steps:
These steps are for adjusting the tuning gains. Use the Tuning Tools for these steps.
6. Adjust the Proportional Gain

The Proportional Gain must be adjusted to gain some control over the system for continuing the
tuning procedure. You will fine-tune it later.

e Start with a small value of Proportional Gain. Remember that it is a floating point number, and
you may have to start with a number smaller than 1, depending on your system. When you

change the gain, click the Download button %ﬂ to apply the change to the RMC.
e From the Command Tool, issue the Move Absolute (20) command to move the axis.

Tip:
For a typical hydraulic cylinder, the Accel and Decel parameters of the Move absolute
command should be on the order of 20 -100. The speed is typically between 1 and 30.

e Slowly increase the Proportional Gain as you make moves. Increase it until the following are
true:

o The Actual Position gets to the Command Position reasonably quickly.

o During the constant speed portion of the move, the Actual Position parallels the Target
Position.
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If the system begins to oscillate, decrease the gain. In this step, do not expect the Actual
Position to track the Target Position very well during the move.

e Once you gain control over the system, increase the speeds and accelerations of your
commands to values that will be used during nhormal machine operation.

Plots

Look at these plots for examples of good and bad plots at this step. Be aware that not all systems
will be like these examples.

Too little Proportional Gain

The Actual Position lags the Target Position and takes a long time to get to the Command
Position.

-

14~

oos  ofods  o200s 0300 04005

Too much Proportional Gain
The axis has started to oscillate, which is evident from the Actual Speed and Control Output.
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oos  odoos  oZo0e 0300 0.400s

Correct Proportional Gain

The Actual Position parallels the Target Position during the constant velocity portion of the move
and does not overshoot.

o

14-

00 " odoos 0 o2o0s 0 0dmos 0d4oo0s

7. Adjust the Velocity Feed Forward
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In many systems the Velocity Feed Forward parameter is the most important parameter for
position tracking during a move. To adjust the Velocity Feed Forward:

e Start with a small value of Velocity Feed Forward. Remember that it is a floating point
number, and you may have to start with a number smaller than 1, depending on your system.

Tip:

Use the Adjust VFF button in the Tuning Tools to automatically determine the Velocity Feed
Forward. Make a move, wait for it to complete, then click Adjust VFF. Repeat for the other
direction.

e Make long slow moves in both directions. Adjust the Velocity Feed Forward until the axis
tracks within 10% in both directions.

e If you are using Ratioed gains, make sure to adjust both Velocity Feed Forwards.

e C(Click the Download button %ﬂ to apply the changes to the RMC.

If the Symmetrical/Ratioed parameter is set to Ratioed, you will have two Velocity Feed
Forwards, one for each direction of motion. Make sure to tune both.

Plots

Look at these plots for examples of good and bad plots at this step. Be aware that not all systems
will be like these examples.

Too little Velocity Feed Forward
The Actual Position lags the Target Position during the entire move.

u

oos  ofods  0200s  0300s 04005

Too much Velocity Feed Forward
The Actual Position starts leading the Target Position.
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00s "0 100s

Correct Velocity Feed Forward
The Actual Position tracks the Target Position perfectly during the latter half of the move.

arl
. e
14-
12-
10-
oo:  ofoos  0Zode 0300 * Do -

8. Adjust the Acceleration Feed Forward

deltamotion.com 39



RMC70/150/200 and RMCTools User Manual

The Acceleration Feed Forward parameter is particularly useful for systems moving large masses
with relatively small cylinders. Such systems often have a delay before the start of movement.
The Acceleration Feed Forward terms can help compensate for this delay.

e Start with a small value of Acceleration Feed Forward. Remember that it is a floating point
number, and you will very likely have to start with a number much smaller than 1, such as
0.001, depending on your system.

Tip:
For a 2.5 in bore hydraulic cylinder with a max velocity of 30 in/sec, the Acceleration Feed
Forward is typically on the order of 0.01 to 0.3. Start with a small value.

e Look for following errors during acceleration and deceleration. Increase the Acceleration Feed
Forward parameter until the errors disappear.

e If you are using Ratioed gains, make sure to adjust both Acceleration Feed Forwards.
e Click the Download button i-:ﬁ to apply the changes to the RMC.

Plots

Look at these plots for examples of good and bad plots at this step. Be aware that not all systems
will be like these examples.

Too little Acceleration Feed Forward

The Actual Position lags the Target Position during the acceleration at the beginning of the move,
and overshoots during the deceleration at the end of the move.

|

oo:  ofods | 0Zo0s  0300: 0400

Too much Acceleration Feed Forward

The Actual Position starts leading during the acceleration and undershoots during the
deceleration.
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Correct Acceleration Feed Forward
The Actual Position tracks the Target Position well during the acceleration and deceleration.
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9. Readjust the Proportional Gain

Proportional Gain affects the responsiveness of the system. Low gains make the system sluggish
and unresponsive. Gains that are too high make the axis oscillate or vibrate.
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e Slowly increase the gain. When you see a tendency to oscillate as the axis moves or stops,
reduce the gain by 10 to 30 percent.

Tip:
For a 2.5 in bore hydraulic cylinder with a max velocity of 30 in/sec, the Proportional Gain is
typically on the order of 20 to 300. Start with a small value.

e Click the Download button i-:ﬁ to apply the changes to the RMC.

10. Adjust the Integral Gain

Many hydraulic systems do not require a large Integral Gain. However, it is usually desirable to
have some Integral Gain to help compensate for valve null drift or changes in system dynamics.
Some systems may require larger Integral Gain, in particular if they are moving a large mass or
are nonlinear. Too much Integral Gain will cause oscillations and overshoot. The Integral Gain is
helpful for getting into position and for tracking during long, slow moves. It will not significantly
affect tracking during short, fast moves.

Tip:
Typi

cally, the Integral Gain should be 3 to 5 times greater than the Proportional Gain.

e Click the Download button iﬁﬁ to apply the changes to the RMC.

Too little Integral Gain:

The system may not get into position very quickly, and it will take a long time to recover from
quick changes in the system, for example static friction, load changes, or obstacles.

Too much Integral Gain:

The system will begin oscillating.

Correct Integral Gain:

The system will get into position quickly, and any system changes will be quickly corrected.

11. Adjust the Differential Gain

Differential Gain may greatly enhance performance on many hydraulic systems. It is used mainly
on systems that have a tendency to oscillate. This happens when heavy loads are moved with
relatively small cylinders. Differential Gain will tend to dampen out oscillations and help the axis
track during acceleration and deceleration. This will positively affect short, fast moves.

A disadvantage of Differential Gain is that it amplifies position measurement noise. If there is too
much noise or the gain is too high, this can cause the system to chatter or oscillate. However,
this can be compensated for by using the Output Filter. Systems that are difficult to tune can
sometimes be drastically improved by using the Output Filter together with the Differential gain.

Many systems do not require any Differential Gain.

e Start with a small value of Differential Gain. Remember that it is a floating point number, and
you will may have to start with a number much smaller than 1, depending on your system.

Tip:
For a 2.5 in bore hydraulic cylinder with a max velocity of 30 in/sec, the Differential Gain, if
any, is typically on the order of 0.01 to 2. Start with a small value.

e Increase the Differential Gain. It may help the system track better. If it starts oscillating or
chattering, decrease the gain.

e If the drive output during the constant velocity portion of the move is smooth, the Differential
Gain is perhaps not set high enough.

e When the Differential Gain is properly adjusted, the drive output may look "fuzzy." This
indicates that the drive is responding to the minute errors of the axis. Not all systems allow
the differential gain to be set high enough for the drive to be "fuzzy".
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Note:
If you use Differential Gain, you may be able to increase the Proportional Gain somewhat
without making the system oscillate.

e If the system starts chattering or oscillating before it can achieve proper control, try using the
Output Filter.

e Click the Download button %ﬁ to apply the changes to the RMC.

Too little Differential Gain:

The system will not keep up during acceleration and deceleration.
Too much Differential Gain:

The system will exhibit rapid oscillation.

Correct Differential Gain:

The system will track properly during acceleration and deceleration.

12. Adjust the Output Filter

If the axis is not tracking very well at this point, the Output Filter may help. It can significantly
improve control of difficult systems. Without the Output Filter, the Differential Gain can cause the
Control Output to oscillate, causing oscillation of the axis. By using the output filter, the
Differential Gain can be increased significantly to help the Actual Velocity track the Target
Velocity.

Typically, the Output Filter can be set to a value close to the natural frequency of the system. For
example, if a system tends to oscillate at 10 Hz, a good starting value for the Output Filter is 10
or higher. After setting the Output Filter, you may be able to increase the Differential and
Proportional Gains to improve control. If it does not help, try smaller and higher values of Output
Filter, then try increasing the Differential and Proportional Gains again.

Keep in mind that the Output Filter does not always help.
13. Increase System Speed

If you have not yet done so, increase the Speed and Acceleration values of the moves. Look for
following errors, overshoot, or oscillations.

e If an OQutput Saturated error occurs, there is not enough drive capacity to drive the axis at the
requested Speed or Acceleration. Should this occur, reduce the Speed and/or Acceleration and
Deceleration.

e If a Following Error occurs during acceleration and deceleration and adjusting the Gains and
Acceleration Feed Forward does not help, the Acceleration and Deceleration ramps are too
steep for the response of the system.

e If the actual position lags or leads the target position during the entire constant velocity
section of the move, adjust the Feed Forwards.

e Should the system seem a little sloppy, try increasing the Proportional Gain.

e If the Control Output never gets very high, the gains can probably be increased for better
control. If the Control Output is too high, or an overdrive error occurs, the system is not
capable of performing the requested move. The Speed, and/or Accelerations may need to be
decreased.

e If the system vibrates while in position, the gains may be too high, or the Dead Band value
may need to be increased. However, if the oscillation is not caused by a deadband in the
system, adjusting the Dead Band value will not help! A rule of thumb is to set the Dead Band
Eliminator value to half of the peak-to-peak oscillation of the drive output while in position.

e The final tuning of the system should be made at the speed of intended operation.

14. Save your Settings to Flash
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To retain your settings in the RMC in the event of a power loss, you must save the settings to
Flash:

e On the Controller menu, click Update Flash.

See Also
Tuning Overview
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2.3.7. Tuning a Pressure/Force System

The following procedure may be used to tune a pressure-only or force-only axis. For details on setting

up a pressure-only or force-only axis, see Controlling Only Pressure or Force.

If you are tuning a position-pressure or position-force axis, see the Tuning a Position-Pressure or
Position-Force System topic.

Please read the Tuning Overview topic before performing the tuning procedure.

There is no substitute for experience when tuning an axis. This procedure offers some guidelines, tips,

and suggestions for tuning your system. While these steps will work for some systems, they may not
be the best for a particular system.

Position/Pressure Tuning Procedure

Pre-Tuning Steps:
These steps come before actually tuning the gains.
1. Set the Pressure/Force Limits

Set the Positive Pressure/Force Limit and Negative Pressure/Force Limit. These specify the

pressure/force range in which the axis will be allowed to control. If the Target Pressure/Force
exceeds these values, an error bit will be set and will halt the axis if the AutoStops are set to do
SO.

2. Set the AutoStops
Set the Pressure/Force Following Error AutoStop to Status Only to prevent following errors from
halting the axis during the tuning. After the tuning is complete, set the AutoStops to values that
are safe for machine operation.

3. Set Up the Tuning Tools

In the Tuning Tools, on the Pressure or Force tab, set up the command buttons so that one

button will ramp the pressure or force in one direction, and the other button will ramp it in the
other direction.

i -
a. Click the down arrow on the command button jChcinsripm] | |

b. Enter the Pressure/Force, and Ramp Time, then click OK.
Example:
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Cmad: |Ramp Prs/Frc (S-Curve) (41) D
Prs/Frc (Pr): 6000
Ramp Time (s): 0.5

Button Labek | |

Capture Plot:

Plot Template: | 1-Axisl IEH

[ QK ] | Cancel |

c. Repeat the previous step for the other command button, and enter a different value for the
Pressure/Force.

Tuning Steps:
1. Enter Pressure/Force Control
Set the Pressure/Force Proportional Gain to a small value, such as 0.01.

In the Tuning Tools, on the Pressure/Force tab, click the Hold Prs/Frc button to enter
pressure/force control. Then click one of the buttons you set up to ramp the Command Pressure
to the desired value.

You may wish to move the axis in open loop to where it encounters pressure/force before you
click the Hold Prs/Frc button.

If the axis halts due to an Output Saturated error, reduce the Proportional Gain and repeat.

2. Adjust the Proportional Gain

Start with a small value. If the application is a hydraulic cylinder controlling force in pounds, a
typical starting value may be 0.01 or smaller.

In the Tuning Tools, on the Pressure/Force tab, notice that the Target Pressure/Force and
Actual Pressure/Force are displayed.

Keep increasing the Proportional Gain until the Actual Pressure/Force starts moving toward the
Target Pressure/Force. It should not get all the way toward to Target Pressure/Force. Give just
enough gain to make sure the Actual begins approaching the Target.

3. Adjust the Integral Gain

Add some Pressure/Force Integral gain, approximately twice as much as the Pressure/Force
Proportional Gain. The Actual Pressure/Force should go towards the Target Pressure/Force.

Do not give a lot of Integral Gain, just enough to make sure it eventually gets to the Target
Pressure/Force.

4. Ramp the Pressure/Force Up and Down

For the remainder of the tuning (steps 5, 6 and 7), repeat the following steps for each gain
parameter you change:

1. Ramp the pressure/force with one of the buttons you set up in the Tuning Tools.
2. View the plot.
3. Change the gain.
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Tip: You can use the Tuning Wizard to calculate a model and use the Gain Calculator to choose gains.
After uploading a plot of pressure or force control, where the axis is controlling a changing pressure or
force, click the Tuning Wizard.

If you use the Tuning Wizard, you do not need to continue manually changing the gains.

5. Adjust the Feed Forwards
Pressure/Force Rate Feed Forward

Ramp the pressure/force, and adjust the Pressure/Force Rate Feed Forward. Start with a small
value. The Pressure/Force Rate Feed Forward should help the Actual Pressure/Force track the
Target Pressure/Force during the ramp. Your system may not need any Pressure/Force Rate
Feed Forward.

Pressure/Force Feed Forward

Most systems do not require the Pressure/Force Feed Forward. If your system exerts a pressure
or force that is roughly linear to the amount of Control Output, you may need the
Pressure/Force Feed Forward. To tune the Pressure/Force Feed Forward, move the Target
Pressure/Force to various values, and adjust the Pressure/Force Feed Forward while the Target
Pressure/Force is stationary. Do this for several value of pressure/force to ensure the best
Pressure/Force Feed Forward.

6. Re-adjust the Proportional and Integral

Ramp the pressure/force, and re-adjust the proportional and integral gains. This should make it
track better.

7. Adjust the Differential Gain

If you need better control, add some Differential Gain. The Differential Gain is typically a couple
orders of magnitude less than the Proportional Gain.

8. Fine-tune the System

The final tuning of the system should be made at the rate and pressure/force range of intended
operation. Look for following errors, overshoot, or oscillations, and consider the following:

e Should the system seem a little sloppy, try adjusting the Proportional Gain.

e If the actual pressure lags or leads the target position during the entire constant velocity
section of the move, adjust the Feed Forwards.

e If an Output Saturated error occurs, there is not enough drive capacity to drive the axis at the
requested rate of pressure/force change. Should this occur, increase the Ramp Time or
decrease the speed of the system.

e If the Control Output is not high, the gains can probably be increased for better control,
depending on system stability.

e Adding or changing the pressure/force feedback filter may help if noisy feedback is suspected.

See Also
Tuning Overview
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Show All

2.3.8. Tuning a Position-Pressure or Position-Force System
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The following procedure may be used to tune a system that uses pressure/force control or
pressure/force limit. This procedure uses pressure/force control, but once an axis is tuned for
pressure/force control, those gains can be used for pressure/force limit with few or no changes.

Please read the following topics before performing the tuning procedure:
e Tuning Overview

e Tuning a Position Axis

There is no substitute for experience when tuning an axis. This procedure offers some guidelines,
tips, and suggestions for tuning your system. While these steps will work for some systems, they may
not be the best for a particular system.

Position/Pressure Tuning Procedure

Pre-Tuning Steps:
These steps come before actually tuning the gains.
1. Set the Pressure/Force Limits

Set the Positive Pressure/Force Limit and Negative Pressure/Force Limit. These specify the
pressure/force range in which the axis will be allowed to control. If the Target Pressure/Force
exceeds these values, an error bit will be set and will halt the axis if the AutoStops are set to do
so.

2. Set the AutoStops

Set the Position Following Error and Pressure/Force Following Error AutoStop to Status Only to
prevent following errors from halting the axis during the tuning. After the tuning is complete, set
the AutoStop to a safe setting for machine operation.

Tuning Steps:
1. Tune the Position Gains

The position gains should be tuned before attempting to tune the axis for pressure/force.
Obtaining control of the axis' position greatly simplifies the tuning of the pressure/force gains. If
you have not yet tuned the position gains, follow the procedure outlined in the Tuning a Position
Axis topic before continuing.

2. Enter Pressure/Force Control
Set the Pressure/Force Proportional Gain to a small value, such as 0.01.

You may wish to move the axis to where it encounters pressure/force before you issue the Hold
Current Pressure/Force (19) command.

Then enter pressure/force control with the Hold Current Pressure/Force (19) command. Issue the
Ramp Pressure/Force (S-Curve) (41) or Ramp Pressure/Force (Linear) (42) or command to set
the Command Pressure to the desired value.

If the axis halts due to an Output Saturated error, reduce the Proportional Gain and repeat.

3. Adjust the Proportional Gain

Keep increasing the Pressure/Force Proportional Gain until the Actual Pressure/Force starts
moving toward the Target Pressure/Force. It should not get all the way toward to Target
Pressure/Force. Give just enough gain to make sure it is beginning to.

4. Adjust the Integral Gain

Add some Pressure/Force Integral gain, approximately twice as much as the Pressure/Force
Proportional Gain. The Actual Pressure/Force should go towards the Target Pressure/Force.

Do not give a lot of Integral Gain, just enough to make sure it eventually gets to the Target
Pressure/Force.
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5. Ramp the Pressure/Force Up and Down
For the remainder of the tuning, repeat the following steps:

1. Ramp the pressure/force.
This can be done with the Ramp Pressure/Force (Linear) (42) or Ramp Pressure/Force (S-
Curve) (41) command.

2. Change a gain.
3. View the plot.

Tip: You can use the Tuning Wizard to calculate a model and use the Gain Calculator to choose gains.
After uploading a plot of pressure or force control, where the axis is controlling a changing pressure or
force, click the Tuning Wizard.

The Tuning Tools make this very easy. In the Tuning Tools, set up the command buttons so that

one button will ramp the pressure/force in one direction, and the other will ramp it in the other
direction.

e In the Tuning Tools, click one of the buttons labeled Click to set up.

e Choose the Ramp Pressure/Force (Linear) (42) or Ramp Pressure/Force (S-Curve) (41)
command and enter valid command parameters for your axis.

e Repeat the previous step on the other command button. Enter the same command, except for
a different Requested Pressure/Force.

e Click OK. Now you will see that the command buttons are labeled.

To ramp the pressure/force, just click one of the buttons, and the plot will automatically be
uploaded.

6. Adjust the Feed Forwards
Pressure/Force Rate Feed Forward

Ramp the pressure/force, and adjust the Pressure/Force Rate Feed Forward. Start with a small
value. The Pressure/Force Rate Feed Forward should help the Actual Pressure/Force track the
Target Pressure/Force during the ramp.

Pressure/Force Feed Forward
Most systems do not require the Pressure/Force Feed Forward. If your system exerts a pressure
or force that is roughly linear to the amount of Control Output, you may need the
Pressure/Force Feed Forward. To tune the Pressure/Force Feed Forward, move the Target
Pressure/Force to various values, and adjust the Pressure/Force Feed Forward while the Target

Pressure/Force is stationary. Do this for several value of pressure/force to ensure the best
Pressure/Force Feed Forward.

7. Re-adjust the Proportional and Integral

Ramp the pressure/force, and re-adjust the proportional and integral gains. This should make it
track better.

8. Adjust the Differential Gain

If you need better control, add some Differential Gain. The Differential Gain is typically a couple
orders of magnitude less than the Proportional Gain.

9. Tune the Transition
Now that both position and pressure/force are tuned, you can tune the transition between
position and pressure/force control or pressure/force limit.

Issue the commands for transitioning between position and pressure/force as you intend to do

during normal machine operation. For some applications, this may involve creating a simple user
program.
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View the transition on a plot. If the pressure/force drops off at the transition, increase the
Integrator Preload parameter in the Enter Pressure/Force command.

10. Fine-tune the System

The final tuning of the system should be made at the rate and pressure/force range of intended
operation. Look for following errors, overshoot, or oscillations, and consider the following:

e Should the system seem a little sloppy, try adjusting the Proportional Gain.

e If the actual pressure lags or leads the target position during the entire constant velocity
section of the move, adjust the Feed Forwards.

e If an Output Saturated error occurs, there is not enough drive capacity to drive the axis at the
requested rate of pressure/force change. Should this occur, increase the Ramp Time or
decrease the speed of the system.

e If the Control Output is not high, the gains can probably be increased for better control,
depending on system stability.

e Adding or changing the pressure/force feedback filter may help if noisy feedback is suspected.

See Also
Tuning Overview
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2.3.9. Tuning a Motor in Torque Mode

When tuning a motor in torque mode, use the basic instructions in the Tuning a Position Axis topic,
but use the order of the gains below.

Tuning Order

Torque motors generally do not have much damping. Damping must be provided for the system,
or it will be difficult to control. Providing some Differential Gain will effectively dampen the
system. Therefore, the Differential Gain must be set early in the tuning process:

Method 1:
a. Set all the gains to zero.

Increase the Proportional Gain to the point where the motor moves somewhat when given a
Move Absolute (20) command. You should notice that the axis has a tendency to overshoot.

c. Increase the Differential Gain so that the axis ceases overshooting. If the axis begins
oscillating or chattering, decrease the Differential Gain.

d. Continue tuning the gains in the order given in the Tuning a Position Axis topic.

Method 2:

a. Set all the gains to zero.
Issue the Hold Current Position (5) command to the axis.

Increase the Differential Gain until the motor start humming (or chattering or oscillating), then
decrease the Differential Gain significantly, perhaps up to 50%, to avoid oscillation later when
making moves.

d. Continue tuning the gains in the order given in the Tuning a Position Axis topic.

Small Motors

For very small motors that can be rotated by hand, the Differential gain can be set before any
other gains.

a. Set all the gains to zero.
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b. Set the Differential Gain to a small value, then issue the Hold Current Position (5) command to
put the axis in closed loop control.

c. Rotate the motor manually to get a feel for the resistance to movement (damping). Increase
the Differential Gain until the damping is significant. If the motor chatters or oscillates,
decrease the gain.

d. Continue tuning the gains in the order given in the Tuning a Position Axis topic.

See Also

Tuning Overview | | Torgue Mode | Tuning Position
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2.3.10. Tuning a Pneumatic System

When tuning a pneumatic cylinder, use the basic instructions in the Tuning a Position Axis topic, but
use the order of the gains below.

Tuning Order

When using high-order gains, increasing the highest order will allow you to increase lower order
gains. However, you need to first set the lower gains to some value before you can set the higher
ones. Then, you can go back and increase the lower order gains.

The Output Filter can significantly improve control of pneumatics. Without the Output Filter, the
Differential Gain can cause the Control Output to oscillate, causing oscillation of the axis. By using
the output filter, the differential gain can be increased significantly to help the Actual Velocity
track the Target Velocity.

Suggested Tuning Order:

Proportional Gain

Output Filter

Differential Gain

Double Differential Gain

Triple Differential Gain

Double Differential Gain

Differential Gain

SQa "o a0 oo

Proportional Gain

Integral Gain
Repeat several times.

—.

Feed Forwards are not useful on poor systems. They may be more significant on low-friction
cylinders. If your application requires Feed Forwards, set them before setting the Integral Gain.

The P, D, DD and TD gains typically differ from each other by an order of magnitude. For
example, the ratio of the gains to each other may be as shown below. Keep in mind that the
actual value of gains required on your system may differ significantly.

P: 10

I: 10

D: 0.1 or smaller
DD: 0.01 or smaller
TD: 0.001 or smaller
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Other tips:
e Use the Qutput Filter, setting it to a low value, comparable to the natural frequency of
the system.

e Deadband may be required on systems with high static friction.
e The Velocity and Acceleration may need to be filtered, or using the model may help.

See Also
Tuning Overview
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2.3.11. Tuning Active Damping and Acceleration Control

When tuning Active Damping or Acceleration Control, use the basic instructions in the Tuning a
Position Axis topic, but use the order of the gains below.

If you are tuning a pneumatic cylinder, see the Tuning a Pneumatic System topic.

Tuning Order

Systems with High Damping

For system with high damping, you can follow the procedure for Tuning a Position Axis, then set
the higher-order gains.

High damping means that the system does not oscillate and stops very quickly as soon as 0 volts
is applied.

Systems with Low Damping

For system with low damping, you will need to set the higher-order gains earlier in the tuning
procedure to gain any control at all. The higher order gains will provide the damping. When using
high-order gains, increasing the highest order may allow you to increase lower order gains.
However, you need to first set the lower gains to some value before you can set the higher ones.
Then, you can go back and increase the lower order gains.

Suggested Tuning Order:

Proportional Gain

Differential Gain

Double Differential Gain or Active Damping Proportional Gain

Triple Differential Gain or Active Damping Differential Gain

Double Differential Gain or Active Damping Proportional Gain

Differential Gain

Proportional Gain

SQa "0 a0 oo

Feed Forwards
Integral Gain
May need to repeat several times.

— -

See Also
Tuning Overview
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3. Controller Features

3.1. RMC Controller Features

The RMC75, RMC150, and RMC200 motion controllers provide a host of features to successfully control
any motion application. Browse the sections below for descriptions and links to the many features.

Motion Types

Point-to-Point
(Absolute and Relative)
Open Loop

Quick Move

Gearing

Velocity

Sinusoidal

Curves (Cams, Splines)

Control

Types

Open Loop Control
Closed Loop Control
Position PID
Position I-PD
Velocity PID
Velocity I-PD
Cascade Control
Unidirectional Mode
Pressure/Force Control
Pressure/Force Limit

Controlled
Quantities

Position

Velocity

Pressure

Force

Torque

Dual-Loop Control
Position-Pressure
Position-Force
Velocity-Pressure
Velocity-Force
Position-Acceleration

Communications
(Slave Only)

Ethernet
PROFIBUS

Serial RS-232/485
(RMC75)

Address Maps

Transducer Interfaces

Magnetostrictive
Start/Stop and PWM

SSI

Analog (£10V, 4-
20mA

Load Cell
Quadrature

Resolver

Custom Feedback

Custom Feedback
Switching Feedback on

the Fly
Feedback Linearization

Redundant Feedback

Axis Types

Control Axes
Reference Axes (Half-

Axes)
Rotary Axes

Motion Safety
Features

Halts

Auto Stops
Enable Output
Fault Input

Tuning

Tuning Tools
Autotuning
Tuning Wizard
Gain Calculator
Gain Scheduling

Programming

Pre-programmed
Commands

User Program Overview
Variables

Retentive Variables
(RMC75E and
RMC150E only)

Program Triggers

Diagnostic Tools
Plots and XY Plots

Event Log
Status Registers

Discrete I/0
Discrete 1/0
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Velocity-Acceleration High-Speed Functions

Homing
Registration
Event Timers

Control Output

RMC75/150: £10V
Servo Output

RMC200: +£10V, 4-20
mA, or £20 mA Servo
Output

High-Order

Active Damping
Acceleration Control

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.2. General

3.2.1. Firmware

Firmware is the software that resides in the controller. Each RMC is shipped with the latest version of
firmware. Delta regularly releases new versions of firmware that include bug fixes and support for new
features.

Each command topic in the RMCTools help lists the firmware version required for the command. Other
topics may also specify which firmware versions support the feature.
Updating Firmware

To update the firmware, the RMC must be connected to the computer running RMCTools via USB,
Ethernet, or the RS-232 Monitor Port. The second serial port on the RMC75S will not work for updating
firmware. To update firmware via Ethernet, the Allow updating firmware over Ethernet box must
be checked in the Ethernet Settings Page.
To update the firmware in the RMC:

1. Go to Delta's website at https://deltamotion.com.

2. On the Downloads page, find the firmware for your module, and save it on your computer.

3. In RMCTools, go online with your controller.

4. 1In the Project pane, expand the Modules folder, double-click the module you wish to update

and click Firmware. For the main firmware, the module will typically be the CPU.

5. In the Control Program section, click Update Firmware. This will open the Firmware
Update Wizard. Follow the instructions to complete the firmware update.

Backing Up Firmware (RMC75/150 Only)

As part of the firmware update process, the firmware in the RMC75 and RMC150 can be backed
up before the new firmware is downloaded to the RMC. Delta recommends backing up the
firmware in case you need to revert to that firmware version. To back up the firmware, use the
Firmware Update Wizard as described above. Before the download occurs, you will be given the
option of backing up the firmware.

Firmware Base Version

Each firmware release made for the RMC is identified primarily by a two- or three-part version
number such as “3.30.0”. Each firmware release may include more than one actual firmware
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image, with each image having a separate Configuration ID. When a controller is loaded with
firmware, RMCTools chooses the appropriate firmware image to load into the controller.

Special Releases

In some cases, Delta will release firmware that differs in some way from the generally-released
firmware. These are designated by an additional special release code. For example, the “S4”
special firmware has “S4"” append to the version number, as in "2.72A-S4". For more information
on the S4 special firmware in particular, see the Firmware Compatibility section below.

RMC75 Firmware and Hardware Compatibility

The RMC75 firmware has the following hardware compatibility limitations:

Version RMC75S RMC75P | RMC75E| Notes
3.00 and above 2.1D or newer| 2.1E or newer v See Note 1
2.72-54 to 2.99-S4| 2.1C or older | 2.1D or older - See Note 2
2.30to 2.71 v v v See Note 3
1.00 to 2.21 v v v

Note 1: These firmware releases no longer support older RMC75S and RMC75P controllers, which
cannot support new features.

Note 2: These firmware releases are reserved for patch releases for the older RMC75S and
RMC75P controllers, which cannot support new features and are therefore not included in the
3.00 and later releases. This firmware is assigned the “S4"” special release code.

Note 3: These firmware releases support all RMC75 controllers, however, new commands added
by these releases are not included in firmware for older RMC75S and RMC75P controllers.

See Also
Help Overview

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.2.2. Loop Time

The RMC is a deterministic controller. It reads the inputs, computes the control algorithms and
updates the outputs at a specific interval. This interval is called the controller loop time, in reference
to the way the controller repeatedly "loops" through its code.

The RMC will always run at its loop time setting. When it finishes all the calculations for one loop, it
waits until the next loop time before doing its calculations again.

Setting the Loop Time
To set the loop time of the RMC, use the Control Loop Page.
Available Loop Times vs Axes

The loop times available on the RMC controllers are listed below, along with the expected number
of axes supported by that loop time with a full load of motion commands, user programs,
communications and plots. The user program time allocation is also affected by loop time, as
described in Program Capacity and Time Usage.

High Control Loop Utilization

If you wish to use a loop time with more axes than listed below as being supported with a full
load of motion commands, user programs, communications and plots, then you must enable
High Control Loop Utilization in the Control Loop Page of the controller properties dialog.
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The High Control Loop Utilization option does the following:
e Allows selecting faster loop times given the number of control axes defined in the controller.

e Allows downloading user programming with estimated worst-case processing times that
exceed the allocated time. See Program Capacity and Time Usage.

If you choose High Control Loop Utilization, then you must ensure that your application will
run within the selected control loop time. See the Exceeding the Loop Time and Monitoring
the Loop Time sections below.

RMC75 Loop Times
Loop times that support all axes configurations are indicated by a check mark v,

Loop Time
4000 2000
HSs s 1000 ps 500 ps 250 ps
RMC75E v v v v 1 axis
only

RMC75S 7 v 7 1 axis only with_ up to one _
reference input

RMC75P 1 axis only with up to one

(2.1F or v v v Yy with up —
reference input

newer)

RMc75P 1 axis only with up to one

(2.1E or v v reference input - o

older)

RM150 Loop Times
Loop times that support all axes configurations are indicated by a check mark v

Loop Time
4000 ps 2000 ps 1000 ps 500 ps 250 ps
RMC150E v v v 1 or 2 axes only2 1 axis only?

14000 ps requires firmware 3.33.0 or newer or 3.36.0 if MDT modules are present. It is not
supported by RMC150E/RMC151E CPU revision 1.2B or older or MDT (-M) modules revision
6.0 or older.

2500 ps is not supported by SSI (-S) modules revision 5.0 or older, or Analog Input (-A, -H,
and -G) modules revision 6.0 or older.

3250 ps is not supported by SSI (-S) modules revision 5.0 or older, or any Analog Input (-A, -
H, and -G) modules.

RMC200 Loop Times
In the tables below:

e All refers to the maximum number of axes supported by the controller, as listed in the Axis
Types Overview.

e Full Load includes control, user programs, plots and communications.

o Limited Load indicates the range of axes possible in applications using less than a full load.
Using axes in this range requires High Control Loop Utilization to be enabled.

e A control axis in this context refers to an axis with at least one PID loop, and includes
cascading outer loop axes.

CPU20L
Expected Number of Axes Supported with:
Loop Time Full Load Limited Load
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Up to 3 control axes
125 ps 0 axes
(or 2 dual-loop)
Up to 7 control axes
250 ps 0 axes P
(or 5 dual-loop)

Up to 11 control axes

500 ps (or 8 dual-loop) All
1000 s All All
2000 ps All All
4000 ps All All
CPU40
Expected Number of Axes Supported with:
Loop Time Full Load Limited Load
125 ps 0 axes Up to 6 control axes
(or 4 dual-loop)
250 ps 0 axes Up to 11 control axes
(or 8 dual-loop)
500 ps Up to 14 control axes = Up to 32 control axes
(or 10 dual-loop) (or 23 dual-loop)
oops MERCIESS W
2000 ps All All
4000 ps All All

When is High Control Loop Utilization Required?

For the RMC200 controller, High Control Loop Utilization is required if the estimated axis
processing time exceeds the processing time allowed for the selected loop time. The Axis
Definitions dialog automatically provides a graphic indication of the estimated axis processing
time and whether High Control Loop Utilization is required. The following tables are used to
determine whether or not High Control Loop Utilization is required:

Maximum Total Axis Processing Time Allowed at Full Load
Loop Time CPU20L CPU40

125 ps 0 us* 52 us
250 ps 0 us* 100 pus
500 ps 152 ps 302 us
1000 ps 302 ps not limited

2000 ps not limited not limited
4000 ps not limited not limited
*This means High Control Loop Utilization is always required.

Estimated Processing Time per Axis
Axis Type CPU20L CPU40
Single-loop Control Axis 11.9 ps 10.2 ps
Dual-loop Control Axis 16.0 ps 14.0 ps
Virtual Axis 7.9 us 6.3 ps
Reference Axis 3.2 us 2.5 s
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Output Only Axis 1.5pus 1.2 pus

Notice that the estimated per-axis processing times shown above are conservative estimates
assuming maximum processing, for purposes of determining whether High Control Loop
Utilization is required. Actual processing time for axes will often be significantly less than these
times indicate. However, the user should always verify that the application does not exceed the
loop time excessively, as described below.

Exceeding the Loop Time

How the loop time works

The loop time is the pre-selected interval at which the RMC reads its inputs, processes motion
commands and user programs, computes the control algorithms and updates the outputs. When
it finishes all the processing for one loop, it waits until the next loop time before doing its
calculations again. The amount of calculations can vary significantly from loop to loop, based on
many factors including the commands received, user program calculations, and communications
load. It is common that most of the actual loop times are low, and there are some loops that
require much more time, such as during the loop time in which a motion command is received by
an axis, which requires more processing.

Running over the loop time

If the loop processing takes longer than the specified loop time, the RMC will finish the processing
and then immediately start on processing the next loop. The start of this next loop is therefore
delayed, so the updating of outputs can also be delayed. If the loop time has been exceeded by
only a small amount, such as 20%, then this delay is typically negligible, and the RMC will usually
catch up with its processing in the next loop time. If the loop time has been exceeded by more,
such as 75%, the delay is larger, but still usually negligible relative to the responsiveness of the
physical system, especially if the RMC is able to catch up with its processing in the next loop
time.

Do not exceed loop time by 100%

It is very important that the loop time is not exceeded by 100% or more. If it is, that loop time
will be lost, and the RMC's calculations will not take it into account. This can cause the RMC's
internal time calculations to lose one loop time, and the target motion profile calculations will be
slowed by one loop time. If many loop times are lost, the target motion profiles may be
significantly off, which could cause machine damage.

If consecutive loop times are exceeded such that the cumulative exceeded loop time is 100% or
more, the RMC will also lose a loop time. It is important that this does not occur.

Event Log Reporting

Loop time overage of less than 80% is reported in the Event Log as a warning that can be filtered
out. Loop time overage of 80%, or cumulative loop time overage of 80% or more is reported in
the Event Log as an error.

In summary

e Occasionally exceeding an individual loop time by a small amount should not cause any
adverse effects.

e Itis important to avoid exceeding a loop time by 100%. The RMC reports an error at 80%.
e It is important to avoid cumulatively exceeding a loop time by 100%. The RMC reports an
error at 80%.
Monitoring the Loop Time

Monitor the loop time in the following ways:

e Control Loop Page
On this setting page, you can view how much of the control loop the RMC used in the last
loop, along with the maximum value since the RMC powered up or since the Clear button was
clicked. See Control Loop Page.
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e Plotting Loop Time Registers
To clearly visualize the loop time usage of the RMC, you can add the loop time usage registers
to a plot. See Plotting the Loop Time for details.

Reducing the Loop Time Used

If the RMC is exceeding the loop time, you can attempt to reduce the loop time used, or select a
larger loop time. To reduce the loop time used, you can plot the loop time registers as described
in Plotting the Loop Time to determine which part of the loop is taking the most time, then use
one or more of the following tips to reduce the loop time:

User Programs

e Reduce the programming loop time used by following the tips in the Program Capacity and
Time Usage topic.
Commands:

e Stagger simultaneous commands
When a command is received, the RMC performs some initial calculations in that loop time,
which can be extensive. Sending many commands simultaneously can therefore result in a
large loop time load. If it is possible to stagger the commands, the total loop time will not be
as large.

e Do not use the Transition commands
The Transition Rate (56) command causes extra processing, not when it is sent, but when a
transition is active, such as during the beginning of sine or curve motions. Removing
transitions may possibly reduce the loop time load.

e Do not use Dynamic Retargeting
Dynamic Retargeting is the continuous sending of a Move Absolute (20) or similar commands,
such as every loop time. This causes a heavy processing load.

Plots:

¢ Reduce the number of captured plot items
Having a very large number of captured plot items may impact the loop time. By default, each
axis has a corresponding plot that triggers when a command is sent to the axis. Reducing the
number of plotted items, or changing the settings so that not as many plots are automatically
triggered may slightly reduce the loop time load.

Communications:
o Reduce the CyclicI/O
A large amount of cyclic EtherNet/IP I/O or PROFINET communications at very short intervals

can increase the loop time. Reducing the Requested Packet Interval, the number of
connections, or the amount of data may reduce the loop time load.

Using the Loop Time in Expressions

Certain calculations in user programs, especially for calculating time, may require accessing the
current set loop time. The _LoopTime tag can be used to access the loop time when using
expressions. _LoopTime is a REAL, and is specified in seconds.

See Also
Program Capacity and Time Usage | Plotting the Loop Time | Control Loop Page
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3.2.3. Plotting the Loop Time

To clearly visualize the loop time usage of the RMC, you can add the following Controller Loop Time
Usage Registers to a plot to monitor the loop time:
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Register Name

Units in seconds

Loop Time Used, Last
Loop Time Used, Maximum
Loop Time Used, Minimum
Units in microseconds
Loop Time Used, Total
Loop Time Used, Axes
Loop Time Used, Programs
Loop Time Used, Plots
Loop Time Used, Comm
Loop Time Used, Overhead

To add these registers to a plot:
1. In the Plot Template Editor, create a new plot template or choose an existing plot.
2. Choose Custom Plot.
3. In the Plotted Data Items table, click New Quantity.
4,

On the Registers tab, browse to Controller, Loop Time, and choose the desired Loop Time
Used registers.

When trending a plot, you can see how the loop time usage varies. When commands are issued, the
loop time will typically increase significantly for that loop time. If the total loop time used occasionally
exceeds the set loop time by a small amount, there will typically be no adverse effects. Small loop
time overages will be reported in the Event Log as a warning, which can be filtered using the Event
Log filter settings.

It is very important that a single control loop execution or the accumulated carryover from
consecutive loops does not exceed the loop time by more than 100%. The RMC will report an error in
the Event Log if the loop time overage or cumulative loop time overage exceeds 80%. For more
details, see the Loop Time topic.

See Also
Loop Time | Controller Loop Time Status Registers
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3.2.4. RUN/PROGRAM/Disabled Mode

RUN and PROGRAM mode specify whether the User Programs and the Program Triggers can run. RUN
or PROGRAM mode do not necessarily affect the motion on an axis. Motion commands can be issued
to the RMC whether or not it is in RUN or PROGRAM mode.

The RMC200 also includes a Disabled Mode, in which no motion commands are accepted, and all axes
are disabled.

RUN mode - RMC75/150/200

e The Program Triggers are started (if the Enable the Program Triggers task checkbox is
checked in the Programming Properties).

e User Programs can run.
e LEDs
o The RMC75 Controller LED is steady green.
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o The RMC150 RUN Mode LED is steady green.
o The RMC200 RUN LED is steady green.

The RMCTools toolbar will display Online (RUN)

PROGRAM mode - RMC75/150/200

The Program Triggers are stopped.

User Programs cannot run.

LEDs
o The RMC75 Controller LED slowly flashes green.
o The RMC150 RUN Mode LED is off.
o The RMC200 RUN LED is off.

The RMCTools toolbar will display Online (PROG) .

Disabled mode - 200 only

All axes are disabled, and no motion commands are accepted.
The Program Triggers are stopped.

User Programs cannot run.
The CPU Run and En LEDs are off.

The RMCTools toolbar will display Online (Disabled) .

Entering and RUN, PROGRAM and Disabled Modes
When the RMC enters RUN Mode:

The controller will be enabled if it wasn't previously. This is indicated by the Enabled bit in the
Controller Status register.

RMC75/150: All the axes become enabled if they were not previously enabled. This means
that the Enabled status bit turns on for each axis, exactly as if the Enable Controller (7)
command had been issued.

RMC200: If the Auto-Enable Axes option is checked on the RUN/Disabled page of the
Programming Properties, then all the axes become enabled, and all Enable Outputs are turned
on.

All the Program Triggers are now evaluated. Notice that all the conditions are assumed to be
false when the RMC is in PROGRAM mode. Therefore, if any condition is true when the RMC
enters RUN Mode, it will start the specified actions.

Entering RUN mode will not affect the motion on the axes. The axes will continue doing what they
were doing.

When the RMC enters PROGRAM Mode:

The Program Triggers are stopped.
The Tasks are stopped. All User Programs stop.

RMC200: The controller will be enabled if it wasn't previously. This is indicated by the Enabled
bit in the Controller Status register. If the Auto-Enable Axes option is checked on the
RUN/Disabled page of the Programming Properties, then all the axes become enabled, and all
Enable Outputs are turned on.

If any discrete outputs have been configured to turn on or off when entering PROGRAM mode,
they will do so.

Entering PROGRAM mode will not affect the motion on the axes. The axes will continue doing
what they were doing.

When the RMC enters Disabled Mode:

All axes will halt with a Direct Output Halt.
The Controller Enabled Bit is cleared.
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The Program Triggers are stopped.

The Tasks are stopped. All User Programs stop.

If any discrete outputs have been configured to turn on or off when entering PROGRAM mode,
they will do so.

Entering Disabled mode will stop motion by Direct Output Halt. Axes will hot move while in
Disabled mode.

Fault Controller

RMC75/150: If the Fault Controller (8) command is sent, the RMC will exit RUN mode and enter
PROGRAM mode. All the axes will halt.

RMC200: If the Fault Controller (8) command is sent, the RMC will enter Disabled mode. All the

axes will halt.
Methods of Entering RUN, PROGRAM, or Disabled Mode

From RMCTools

On the toolbar, click the Controller button L , [ T, or i - and choose the desired
mode.

From a Host Controller (PLC, HMI, etc.)

RMC75/150: Send the RUN Mode (98) or PROGRAM Mode (99) commands to the RMC.

RMC200: Send the RUN Mode (98), PROGRAM Mode (99), or Fault Controller (8) commands to
the RMC.

Using a Discrete Input to enter RUN, PROGRAM, or Disabled mode

In the Project Pane, in the project tree, right-click the Programming node, click Properties,
and click the RUN/PROGRAM or RUN/Disabled page.

Select Define a RUN/PROGRAM discrete input or Define a RUN/Disabled discrete
input

Choose the desired input and click OK.

RMC75/150: When the input transitions from low to high, the RMC will enter RUN mode.
When the input transitions from high to low, the RMC will enter PROGRAM mode. The state of
the input does not necessarily reflect the RUN/PROGRAM state, because the RUN/PROGRAM
mode can also be changed by other methods.

RMC200: When the input transitions from low to high, the RMC will enter RUN mode. When

the input is low, the RMC will be in the Disabled state. If the input is high, the RMC may not
necessarily be in the RUN state, because RUN mode can be exited by other methods.

Starting the RMC in RUN, PROGRAM, or Fault mode

By default, the RMC75 and RMC150 start up in PROGRAM mode, and the RMC200 starts up in
Disabled mode. You can set the startup mode:

In the Project Pane, in the project tree, right-click the Programming node and click
Properties.

On the RUN/PROGRAM or RUN/Disabled page, choose the Startup Mode you want, then
click OK.

Right-click the Programming node and click Download Programs.
Update Flash so that the settings will be saved when the RMC is powered off.

Tip:

You can start a User Program immediately when the RMC enters RUN Mode by using the FirstScan bit
in the Program Triggers. If the Startup Mode is set to RUN Mode, the RMC can run a user program
immediately upon powering up.

See Also
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PROGRAM Mode (99) | List of Commands | Commands Overview

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.2.5. Registration

Registration is the process of recording the precise position of an axis when an external event occurs.
Registration is commonly used for measurements. For example, consider a photo-eye set up on a
conveyor belt, where the position of the belt is measured with a quadrature encoder. By registering
the precise position at which the photo-eye is broken and the precise position at which it is
reconnected, the length of a widget on the belt can be accurately determined.

The RMC provides registration on quadrature feedback axes only. This is because quadrature feedback
is the only type of feedback that can record a position at any given moment, independent of the loop
time of the RMC. All other feedback types can only report the position once each loop time (500ps to
4000pusec). Using the programming capabilities of the RMC, such as discrete inputs and the Program
Triggers, it is possible to achieve functionality similar to registration with other feedback types, but the
accuracy will not be the same as with quadrature feedback.

Registration Inputs

Each quadrature feedback axis can keep track of two independent registration events, called
Registration 0 and Registration 1. These registration events can come from a single
registration input, or from separate inputs. The table below lists the inputs on which registration
can be performed.

Module Registration Sources

RMC75 QAx or RegX/PosLim input

RMC150 Quad RegY/NegLim input

RMC150 UI/O DI/O inputs RO and R1

RMC75 Q1 Reg input

RMC200 Q4 Depending on the quadrature input:
Input Registration Sources Inputs
Quadrature input 0 and/or 1 Reg0, Regl, HmMO, Hm1
Quadrature input 2 and/or 3 Reg2, Reg3, Hm2, Hm3

RMC200 U14 Reg/Z0, Reg/Z1, DO, D1

RMC200 D24 Depending on the quadrature option:

Option Registration Sources Inputs
One quadrature input (A,B,Z) D22,D023,D18,D19

One quadrature input D22,D023,D18,D19

(A,A,B,B) with wire break

detection

Two quadrature inputs, D18, D19

using inputs D20&D21

Two quadrature inputs, D16,D17,D18,D19

using inputs D22&D23

Arming the Registration
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Issuing the Arm Registration (52) command tells the axis to wait for a registration event. Once
this command is issued, the registration is said to be armed. When the registration is armed, the
corresponding registration armed status bit will be set (Registration 0 Armed and Registration 1
Armed). Unless the registration is armed, the registration trigger is ignored.

The Arm Registration (52) command also tells the axis which Registration Number (0 or 1) to
apply the registration event to, which input the registration will be triggered from, and which
edge of the input (rising or falling) will trigger the registration.

Registration Event

If the registration is armed and a registration trigger occurs, the following is done:

e The precise position at the time of the registration is latched. The position will be reported in
the Registration 0 Position or Registration 1 Position status register.

e The corresponding latched status bit will be set (Registration O Latched or Registration 1
Latched).

e The corresponding armed status bit will be cleared (Registration 0 Armed or Registration 1
Armed).

Once a registration is latched, you must issue the Arm Registration (52) command again to rearm
it.

Disarm Registration

To manually disarm a registration, issue the Disarm Registration (53) command. Issuing this
command will clear the corresponding Registration Armed status bit (Registration 0 Armed and
Registration 1 Armed).

See Also
Homing | Arm Registration (52) Command | Disarm Registration (53) Command
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3.2.6. Homing

Certain encoders, such as gquadrature encoders, are incremental and do not provide absolute position.
To use an incremental encoder in a position application, a known reference position must be
established. This position is called the Home position. The process of determining the home position is
called Homing. As the encoder is rotated, it increments or decrements the position from the initial
home position, and thereby the position is obtained.

When an axis is homed, the Actual Position of the axis is changed. The Target and Command positions
are also adjusted by the same amount. Therefore, the motion of the axis will not be affected. It is safe
to home an axis when it is moving.

The RMC offers homing of quadrature, incremental SSI, and incremental Resolver axes. All are
described in this topic.

How to Home an Axis

This section describes the basic steps for homing a quadrature axis using the Home input and/or
the Z (Index) pulse as the home trigger. The RMC has many options for homing; for more details,
see the rest of this topic.

Note: If you are using the Z pulse, it is important to specify the Z Alignment before homing. See the
Using the Z Trigger section below.

1. Arm the Home
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In order to perform homing, the home must first be armed. This means that the RMC will be

looking for the specified trigger to occur, and when it occurs, will set the Actual Position to the

specified position.

To arm the home, issue the Arm Home (50) command. This parameters for this command are:
1. Home Position:

This is the position to which the Actual Position will be set when the specified trigger
occurs.

2. Trigger Type:

This is the trigger that the RMC will wait for. This is either the Home Input (select
rising or falling), or the Z Input, or a combination thereof.

3. Repeat mode:
This specifies whether the homing should occur every time the trigger occurs, or only
once.

4. Home Input:
Specifies which input will be used as the Home input.

When the axis is armed, the Home Armed status bit will be set. This bit can be viewed in the
Axis Status Registers All tab, in the Home section.

Move the Axis Until it Homes

Move the axis so that it reaches the specified trigger, such as the Home input or Z pulse. To
move the axis, use any motion command you wish. Typically, a Move Velocity works well.
When the specified trigger occurs, the Actual Position will be set to the specified position. The
Target and Command Positions will be adjusted by the same amount that the Actual Position
was adjusted, and the motion will therefore not be affected.

When the home has occurred, the Home Latched status bit will be set and the Home Armed
status bit will be set. If the Repeat Mode parameter was set to Repeat, both the Home
Latched and the Home Armed status bits will remain set. These status bits can be used in a
user program to check that the home has occurred. The Home Input status bit also shows the
current state of the home input.

When the home has occurred, issue a command to stop the axis or move it to some desired
location.

Quadrature Homing Details

This section gives more detail on homing a quadrature axis.

Trigger Types
The following trigger types are available on quadrature axes.

Trigger Valid for
#| Type Description RMC75 RMC150 RMC200
0 | H Rising | Trigger a Home on the rising edge of the Home [ QAx, Q1 Quad, UI/O Q4, D24, Ui14
Input.
1 | H Falling |Trigger a Home on the falling edge of the Home | QAx, Q1 Quad, UI/O Q4, D24, Ui14
Input.
A Trigger a Home on the Index (Z) Input. QAX Quad Q4, D24, U14
Z And H | Trigger a Home on the Index (Z) Input if the QAX Quad Q4, D24:, U14
Home Input is high.
4 |Z And Trigger a Home on the Index (Z) Input if the QAX Quad Q4, D24, U14
Not H Home Input is low.

'For the ABZ option only.

Using the Home Input (Trigger Types 0 - 1)
The Home input is defined as follows:
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Feedback Type Home Input

RMC75 QAx or RMC150 Quad Home input on the axis connector.

RMC75 Q1 Module Reg input on the axis connector.

Universal I/O Module quadrature Corresponding Reg n input on the module.
input

RMC200 Q4 The associated Home input or Reg input.

Selection is made in the Home Input parameter
of the Arm Home (50) command.

RMC200 D24 quadrature input Any of input 16-23, depending on the quadrature
option, and defined by the Home Input
parameter of the Arm Home (50) command.

RMC200 U14 quadrature input Selection is made in the Home Input parameter
of the Arm Home (50) command:
For channel 0: Reg/Z0 or DO.

For channel 1: Reg/Z1 or D1.

When the home is armed and the Home Input trigger occurs, the exact counts at the time the
trigger occurred are latched. This position is used as the physical home position. The Actual
Position at this location is set to the requested Home Position as specified by the Arm Home
(50) command. The Command Position and Target Position will be offset by the difference
between the new and old Actual Positions.

On quadrature axes, the counts are latched within a very short time and are therefore typically
very accurate (depending on the encoder resolution, of course). For details on the latching time,
see the propagation delay specification for the I/O module. To obtain an accurate trigger, the
direction and speed should be the same each time the axis is homed. This is because proximity
switches have delays and hysteresis.

Using the Z input (Index Pulse) (Trigger Types 2 - 4)

The Z input is available on the RMC75 QA1 and QA2, RMC150 Quad, RMC200 Q4, RMC200 U14
and the RMC200 D24 module in certain modes.

Homing with the Index (Z) pulse is the most accurate method of homing. When the home is
armed and the Index (Z) pulse of the encoder is encountered (with or without the Home Input,
depending on the trigger type), the Home is latched. When this occurs, the Actual Position at the
location of the Z pulse is set to the Requested Position as specified by the Arm Home (50)
command. The Command Position and Target Position will be offset by the difference between the
new and old Actual Positions.

In order to achieve the most accurate homing with the Index (Z) pulse, you must issue the Learn
Z Alignment (54) command when setting up your axis. This command sets the Index (Z) Home
Location parameter. Once this parameter is set correctly, you can home with the Index (Z) pulse
in any direction, at any speed, and the home will always occur at the exact same position on the
encoder. See the Learn Z Alignment (54) topic for details.

Linear Positioner Homing Tips

When using a quadrature encoder on a linear positioner, the axis must be homed to retain
absolute positions. This is easiest if the proximity switch controlling the Home input is placed at
one end of the travel (for example, in the retracted position); this will be the home position. This
is a typical procedure for homing a linear positioner:
1. Arm the homing by issuing an Arm Home (50) command with a Trigger Type of H Falling.
2. If the axis is at an unknown position:
Retract until the Home Input status bit is ON. This can be done with a Move Velocity
command. Then, extend until the Home Input status bit is OFF. When the Home Input
status bit turns off, the axis will home and the Home Latched status bit will be set.

If the axis is already retracted:
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If the axis is already retracted, the Home Input status will already be ON and the axis
needs only extend as described above. When the axis is shut down, it should be retracted
until the Home Input status bit is ON. This way the axis need only extend a small amount to
be homed on startup.

Disarm Home
To disarm the home manually, use the Disarm Home (51) command.

Explicit Homing

The following command set adjusts the axis position without needing a Home or Z input:
e Offset Position (47)

This command adds the requested Position Change to the Actual, Target, and Command

Positions.

e Set Target Position (48)

This command sets the Target Position to the requested Position, and adjusts the Command
Position, and Actual Position by the same amount as the Target Position changed.

e Set Actual Position (49)

This command sets the Actual Position to the requested Position, and adjusts the Command
Position and Target Position by the same amount as the Actual Position changed.

Why Bother?

Explicit homing is useful when the operator physically measures something on the machine and
needs to make an adjustment to the positions.

Explicit homing can de done on any axis type, not just those with incremental feedback.

Homing SSI and Resolver Axes

SSI and Resolver axes give absolute positions, and therefore, homing them is not necessary. In
certain applications, these axes types can be set up as incremental, and can be homed. Homing
SSI axes is not supported on the RMC200.

SSI and Resolver Homing Trigger Types
The following trigger types are available on SSI and Resolver axes. The axis must be set to

incremental.
Trigger Valid for
#| Type Description RMC75 RMC150 RMC200
0 | H Rising | Trigger a Home on the rising edge of the SSI*
Home Input.
1 | H Falling | Trigger a Home on the falling edge of the SSI*
Home Input.
VA Trigger a Home on the Index (Z) Input. SSI* SSI*, Resolver*
Z And H [ Trigger a Home on the Index (Z) Input if the | SSI*
Home Input is high.
41Z And Trigger a Home on the Index (Z) Input if the | SSI*
Not H Home Input is low. none
5 | Absolute | On the rising edge of the Home Input, the SSI*
Adjust zero Raw Counts point of the SSI encoder is
(H set to the requested Home Position.
Rising)
6 | Absolute | On the falling edge of the Home Input, the SSI*
Adjust zero Raw Counts point of the SSI encoder is
(H set to the requested Home Position.
Falling)
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7 | Absolute | The zero count point of the SSI encoder is SSI* SSI*, Resolver*
Adjust set to the requested Home Position
(Immed) | immediately when this command is issued.

Using the Home Input for SSI and Resolver Axes (Trigger Types 0 - 1)
The Home input for SSI and Resolver axes is defined as follows:

Feedback Type Home Input

Incremental SSI Defined by the SSI Home Source parameter
(RMC75 only).

Incremental Resolver No Home input is available on Resolver inputs.

When the home is armed and the Home Input trigger occurs, the exact counts at the time the
trigger occurred are latched. This position is used as the physical home position. For SSI and
Resolver axes, the counts are only read once per control loop, so the time to latch can be up to
one control loop (500us to 4000us).

Using the Z input for SSI and Resolver Axes (Trigger Types 2 - 4)
The Z pulse for SSI and Resolver axes is defined as follows:

Feedback Type Home Input
Incremental SSI The zero Raw Counts position of the encoder.
Incremental Resolver The zero Raw Counts position of the resolver.

See

For incremental SSI and resolver inputs, the Index pulse is given by the point when the Raw
Counts cross zero (0). This will trigger a home in the same way that the index (Z) input will.
However, there is no Learn Z Alignment parameter and no need to issue the Learn Z command.

Notice that for high-turn-count multi-turn SSI encoders, the Raw Counts may cross zero very
infrequently. Therefore, homing with trigger types 2-4 on an SSI encoder is typically only useful
for single-turn encoders.

Using the Absolute Home Latch (Trigger Types 5 - 7)

When the home is armed and the specified home trigger occurs, the Actual Position for the SSI
axis is adjusted such that the Actual Position at zero Raw Counts of the SSI or Resolver will be
set to the requested Home Position as specified by the Arm Home (50) command.

Notice that trigger type 7 will perform the homing immediately when the command is issued.
Trigger type 7 is supported by the SSI and Resolver, but trigger types 5 and 6 are supported only
by the SSI.

Also
Registration | Arm Home (50) Command | Disarm Home (51) Command

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.2.7. System Time

The RMC motion controllers support various levels of keeping track of time. The RMC75, RMC150, and
RMC200 include system time registers that keep track of time since the RMC started up. The RMC200

also

contains a real-time clock and supports real-time registers. These registers are all Read Only.

The system time registers can be used for functions such as delay timers, calculating time between
events, and comparing the time occurrence of motion controller events with the times of other
devices.

deltamotion.com 67



RMC70/150/200 and RMCTools User Manual

Register Data

Time

Name Type Base

Rollover Tag Name RMC75 RMC150 RMC200

System Time - Time base starts when RMC powers up

Time Gear REAL
Master

Time, 16th DINT
Milliseconds

Time, DINT
Seconds

Time, DINT
Milliseconds

Time, DINT
Microseconds

Time, DINT
Nanoseconds

Time, Loop DINT
Ticks

1.0s

0.000
062 5
]

1.0s

0.001
S

0.000
001 s

0.000
000
001 s

Same
as the
Loop
Time
(0.000
125 s
to
0.008

s)

1s _Time

1.5 days _Controller.SysTime_16thmsec
(231

ms/16)

68 years _Controller.SysTime_sec
(2259)

24.8 _Controller.SysTime_msec
days Or: _SysMS

(23*ms)

35.7 _Controller.SysTime_usec
minutes

(251 ps)

1 second _Controller.SysTime_nsec
(1 billion

ns)

3.1 - 198 _Controller.SysTime_loops

days Or: _SysTicks
(23 loop
times)

Real Time - Time base starts Jan. 1, 1970

Real Time DINT
UTC,
Seconds

Real Time DINT
Local,
Seconds

Real Time, DINT
Nanoseconds

Using the Time registers

1.0s

1.0s

0.000
000
001 s

Time Gear Master

This register is intended only for use as a master register for gearing to time, such as running a
curve based on time. It smoothly increments and wraps every second. It is the only time register
that has a type of REAL.

Time, Seconds

Time, Milliseconds
Time, Microseconds

These DINT registers are used for general computing of time differences in units of seconds,
milliseconds, or microseconds. The user can do a simple 32-bit subtraction to compare the

elapsed time.

February _Controller.RealTimeUTC_sec
7, 2106

(2% s)

February _Controller.RealTimelLocal_sec
7, 2106

(2% s)

1 second _Controller.RealTime_nsec

(1 billion
ns)
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For example, to determine when 1 second has elapsed, the current time is first stored in a
variable using an expression such as:

timeO := _Controller.SysTime_msec
then the following condition determines when 1 seconds has elapsed since the time was stored:
_Controller.SysTime_msec - time0 > 1000

Since each of these registers is a 32-bit DINT, each value will wrap from +2,147,483,647 to -
2,147,483,648. However, because subtracting DINT values uses 32-bit modulo math, the
subtraction will yield the intended result as long as no more than 2x-1 (2,147,483,647) time units
have elapsed between the two times.

The user must choose which time base provides adequate granularity and rollover times. For many
applications in user programs, the Time, Milliseconds registers works well, as the default loop
time is 1 ms, and times are typically in the range covered by this register (up to 2::ms).

For long times and fine granularity, use Time, Seconds together with Time, Nanoseconds, as
described in Calculating Time with Seconds and Nanoseconds below.

Time, Loop Ticks
This DINT register has a time base that matches the current loop time. For example, if the loop
time is 1 ms, its time base will be 1 ms. If the loop time is 500 ps, its time base will be 500 ps.

This register is not recommended for use because its time base can be difficult to convert to a

normal time, and if a user program employing this register is ported to an RMC with a different
loop time, the results may not be consistent. For calculating small time increments, use Time,
16th Milliseconds instead.

Time, 16th Milliseconds

This DINT register with a time base of 62.5 us can be used in some applications where small time
increments must be calculated, rather than the Time, Loop Ticks register. It is intended to be
used for taking simple differences in timestamps, similar to the Time, Seconds, Time,
Milliseconds, and Time, Microseconds registers.

Time, Nanoseconds

This DINT register is different from the ones above, since it wraps at 1 billion. Specifically, it
cannot be used like this:

_Controller.SysTime_nsec - time0 > 1000 //Do not do this!
because rolling over at 1 billion breaks that difference.

This register is intended to be used in conjunction with Time, Seconds for computing accurate
time differences, as described in Calculating Time with Seconds and Nanoseconds below.

Real Time UTC, Seconds (RMC200 Only)
Real Time Local, Seconds (RMC200 Only)
Real Time, Nanoseconds (RMC200 Only)

These DINT registers capture the real time, as determined by the real-time clock. When the
RMC200 powers up, these registers take on the time stored from the onboard real-time clock.
The time can also be adjusted via RMCTools. The time is in Unix time, which is seconds and
nanoseconds since midnight UTC/GMT January 1, 1970.

The Real Time UTC, Seconds register gives the Coordinated Universal Time (UTC), which
corresponds to Greenwich Mean Time (GMT). The Real Time Local, Seconds register gives the
local real time, which is adjusted for the selected time zone and daylight savings time, if
applicable. The Real Time, Nanoseconds register applies to both.

It is not safe to compute basic mathematical differences based on these real time values because

the real time can be adjusted while the controller is running by RMCTools. See Calculating Time
with Seconds and Nanoseconds below.

Calculating Time with Seconds and Nanoseconds

The Time, Seconds register (_Controller.SysTime_sec) is used together with the Time,
Nanoseconds register (_Controller.SysTime_nsec) to calculate the time between two events,
with very fine granularity over long time spans. To calculate the time between two events, a time
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difference calculation must be performed between the two times, of which each time is
represented by a seconds DINT and a nanoseconds DINT. This calculation is somewhat
complicated, so Delta has provided user functions to capture times and compute differences, as
described below.

User Functions

Delta has provided several user functions to perform the calculation between two times. These
user functions are available for download from Delta's forum at https://forum.deltamotion.com/.
Search for Time Functions, download the RMCTools User Function Library (.rmcflib) file, and
import it into the User Functions in RMCTools.

Time Capture User Function
This function is for capturing the current system time and storing in two DINT variables.

e TIME_CAPTURE(out DINT time_sec, out DINT time_nsec) : DINT
Captures the current system time, by capturing _Controller.SysTime_sec and
_Controller.SysTime_nsec into the two output parameters time_sec and time_nsec. The
return value is unused and will always be zero.

Elapsed Time User Functions

These functions determine the elapsed time between the current system time and a previously
captured time.

e TIME_ELAPSED_SEC(DINT t0O_sec, DINT t0_nsec) : REAL
Returns time elapsed since the specified timestamp in seconds with fraction. This value is
imprecise because of the limitations of 32-bit floating point math.

e TIME_ELAPSED_MSEC(DINT t0_sec, DINT t0O_nsec) : REAL
Returns time elapsed since the specified timestamp in milliseconds with fraction. Unlike
TIME_ELAPSED_SEC, this value is precise up to certain limits. For a 1 msec loop time, this
value is precise up to approximately 16,000,000 msec, and for a 0.125 msec loop time, is
precise up to approximately 2,000,000 msec.

General Time Difference User Functions

The user functions listed above are relatively easy to use when determining how much time has
elapsed since an event. Delta also provides more advanced user functions for determining the
amount of time between two events, for which the times of each has been stored:

e TIME_DIFF(DINT t0_sec, DINT t0_nsec, DINT t1_sec, DINT t1_nsec, out DINT dur_sec, out
DINT dur_nsec) : DINT
Calculates the difference between two times by subtracting the time t0 (seconds and
nanoseconds) from t1 (seconds and nanoseconds) and returning the resulting duration in
seconds and nanoseconds as output parameters. The return value is unused and will always
be zero.

e TIME_DIFF_SEC(DINT t0_sec, DINT t0_nsec, DINT t1_sec, DINT t1_nsec) : REAL
Returns the difference between two times in seconds by subtracting the time t0 (seconds and
nanoseconds) from t1 (seconds and nanoseconds) and returning the resulting duration in
seconds with fraction as a REAL. This value is imprecise because of the limitations of 32-bit
floating point math.

e TIME_DIFF_MSEC(DINT t0_sec, DINT t0_nsec, DINT t1_sec, DINT t1_nsec) : REAL
Returns the difference between two times in milliseconds by subtracting the time t0 (seconds
and nanoseconds) from t1 (seconds and nanoseconds) and returning the resulting duration in
milliseconds with fraction as a REAL. Unlike TIME_DIFF_SEC, this value is precise up to certain
limits. For a 1 msec loop time, this value is precise up to approximately 16,000,000 msec, and
for a 0.125 msec loop time, is precise up to approximately 2,000,000 msec.

Converting to Seconds or Milliseconds

These user functions convert a time represented by two DINTs (seconds and nanoseconds) to a
single REAL, in seconds or milliseconds. These functions are typically not necessary, since the
TIME_ELAPSED and TIME_DIFF functions above can output the time to a single REAL.
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e DURATION_SEC(DINT dur_sec, DINT dur_nsec) : REAL
Converts from a duration in seconds and nanoseconds to seconds with fraction as a REAL.

e DURATION_MSEC(DINT dur_sec, DINT dur_nsec) : REAL
Converts from a duration in seconds and nanoseconds to milliseconds with fraction as a REAL.

Example: Elapsed Time

To calculate the time that has elapsed since a certain event, first, capture the time of the event,
and then use a TIME_ELAPSED function to determine the elapsed time.

The functions in this example can be obtained from Delta's forum at
https://forum.deltamotion.com/. Search for Time Functions, download the RMCTools User
Function Library (.rmcflib) file, and import it into the User Functions in RMCTools.

O | Coreverdt Laresson

[t.).;.: |

Example: Time Difference
To calculate the time difference between two times that each have been stored as seconds and
nanoseconds, use a TIME_DIFF function.

The functions in this example can be obtained from Delta's forum at
https://forum.deltamotion.com/. Search for Time Functions, download the RMCTools User
Function Library (.rmcflib) file, and import it into the User Functions in RMCTools.

First, capturing the time that the first event occurred:

Tarrend: gz vemmn
exse (1L

Next, capture the time that the second event occurred:

Conmand: Expression

Papresse (113

Finally, calculate the difference between the two times:

Correard: Sigrwmnan

See Also
System Time Registers | RMC200 Real-Time Clock | Event Timers

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.2.8. Event Timers

Event Timers are used to capture the precise time at which an external event occurs, such as a high-
speed discrete input turning on or off, or a quadrature count changing. The time of an event will be
latched at a much finer resolution than the Loop Time time of the controller. The captured time is
stored in two 32-bit registers using the standard format for the system time (seconds & nanoseconds
since the start of the first motion control loop). The RMC system time is monotonically increasing and
will never be adjusted when the real time is changed, so times captures can simply be subtracted from
one another.

Event Timers can be used for timing-related applications such as:
e Calculating the time between pulses on a single input.

deltamotion.com 71


https://forum.deltamotion.com/
https://forum.deltamotion.com/

RMC70/150/200 and RMCTools User Manual

e Calculating the time between two different inputs turning on.
e Calculate a pulse width.

See the Applications section below for instructions on how to perform specific Event Timer
applications.

Supported Modules

Module # of Event Timers Time Resolution

D24 4 Measurement resolution: 25 ns
See the D24 topic for propogation delay

specifications.
Capturing the Time of an Event

1. Determine slot number
Determine the slot number of the module with the high-speed input.

Base Slot Numbers

B5 2-4
B7 2-6
B1l1l 2-10
B15 2-14

3. Choose an Event Timer and Event Source
The Event Timer is the internal software resource for the timer, not the actual hardware
input. The Event Timers serve to keep track of the physical timing events. The number of
simultaneous events that can be timed on a module is limited by the number of Event Timers
available for the module.

Module Event Timers

D24 0-3
4,
The Event Source is the physical event that will be timed. This can be a quadrature count
change, or a discrete input change. Certain Event Timers are supported for certain Event
Sources.
5. D24 Hardware Inputs:
Event Hardware
Timers Event Source Names Input
Oor1l Quad Count: Any change in the quadrature count, Quadrature
useful for calculating velocity from last two counts. Channel 0
In0 Rising Edge, In0 Falling Edge Discrete Input
D20
In1 Rising Edge, In1 Falling Edge Discrete Input
D21
2or3 Quad Count: Any change in the quadrature count, Quadrature
useful for calculating velocity from last two counts. Channel 1
In0 Rising Edge, In0 Falling Edge Discrete Input
D22
In1 Rising Edge, In1 Falling Edge Discrete Input
D23
6.

7. Choose Timer Mode
The following modes are available. See the Applications section below for more details.
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e One-Shot
The Event Timer will capture the time of the first occurrence of the event after the
timer is armed. This is useful when multiple pulses may occur, but only the time of the
first one is desired.

e Continuous
The Event Timer will continue to capture the time of each occurrence of the event after
the timer is armed. The time of the most recent event will be stored in the Event
Timer registers. This is useful when multiple events may occur within a single loop
time, and the time of the last event is desired. To stop capturing, use the Disarm
Event Timer (106) command.

e Alternating
The Event Timer will capture the time of every other occurrence of the event after the
timer is armed. To use the Alternating mode, two Arm Event Timer commands must
be used on two separate Event Timers, with both Event Timers using the same module
slot, event source, and timer mode (Alternating), and the two Event Timers must be in
the same pair. On the D24, 0 and 1 are a pair, and 2 and 3 are a pair.
Once Alternating mode has been armed, the first event timer will latch on the first
occurrence of the event, then the second event timer will latch on the next occurrence,
then the first event timer will latch on the next occurrence, and the event timers will
continue to alternate in this fashion.
To stop capturing, use the Disarm Event Timer (106) command.
Alternating mode is useful for measuring the time between the last two counts from
the quadrature encoder, which can then be used to calculate speed.

8. Send Command
Send the Arm Event Timer (105) command. The commanded axis is irrelevant. This will arm
the specified Event Timer, and the Event Timer Armed status bit will be set. See the Event
Timer Status Bits section below for more details.

9. Wait for Event
Once the event has occurred, the Event Timer Latched bit will be set. See the Event Timer
Status Bits section below for more details. For the Continuous and Alternating timer modes,
use the Disarm Event Timer (106) command to disarm the timer when done.

10. View the Latched Time
The latched time will be stored in the following registers, as described in the Event Timer
Registers section below.

e Event Timer n Seconds
e Event Timer n Nanoseconds

11. Calculate Time Differences
Typically, any timing application will involve calculating the time between events. See the
Event Timer Calculations section below for details on how to calculate the time differences.

Event Timer Status Bits

Each Event Timer has an Event Timer Armed status bit and an Event Timer Latched status

bit:

¢ Event Timer Armed status bit
The Event Timer Armed status bit will be set when the Event Timer is armed. For the One-
Shot timer mode, once the Event Timer latches, the Armed bit will be cleared. For the
Continuous and Alternating timer modes, the Armed bit will remain set until the Disarm
Event Timer (106) command is sent to disable the Event Timer.

e Event Timer Latched status bit
If the Event Timer is armed, the Event Timer Latched status bit will be set once the event
occurs. In One-Shot mode, the Latched bit will remain set until the Event Timer is re-armed or
disabled. In Continuous or Alternating mode, the Latched bit will be set only for the loop when
the event time is latched, and then cleared on the next loop.
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Name Tag Name Data Type Address
Event Timer Armed none Boolean %MDs.b.0

s = 129 + slot number

b = 101 + 4 x Event Timer Number
Event Timer Latched none Boolean %MDs.b.1

s = 129 + slot number

b =101 + 4 x Event Timer Number

Event Timer Registers

The time of an event is recorded in the Event Timer Seconds and Event Timer Nanoseconds
registers. The Event Timer Seconds register holds the number of whole seconds, and the Event
Timer Nanoseconds register holds the remaining number of nanoseconds.

Each Event Timer has one dedicated Event Timer Seconds register and one dedicated Event Timer
Nanoseconds register. The time uses the standard epoch for the RMC system time (seconds &
nanoseconds since the start of the first motion loop). Notice that the Event Timer Seconds and
Nanoseconds registers share the same time base as the Time, Seconds and Time,
Nanoseconds registers described in the System Time topic.

Name Tag Name Data Type Address
Event Timer Seconds none DINT %MDs.b
s = 129 + slot number

b = 102 + 4 x Event Timer Number
Event Timer Nanoseconds none DINT %MDs.b

s = 129 + slot number

b =103 + 4 x Event Timer Number

Event Timer Calculations

Event times are stored as Seconds and Nanoseconds registers that together represent a time.
These two registers share the same time base. For example, a time of 13.568 seconds would be
represented by a value of 13 in the Seconds register, and 568,000,000 in the Nanoseconds
register.

To calculate the time between two events:

1. Determine the register addresses of the Event Timer Seconds and Event Timer Nanoseconds
registers for each of the two events. This is described in the Event Timer Registers section
above.

2. Check the Event Timer Latched status bits to ensure the timer values have latched. This is

described in the Event Timer Status Bits section above.

3. Calculate the time difference of the two events.
Use one of the TIME_DIFF functions provided by Delta, as described in the Time User
Functions section below. The function will take the Event Timer Seconds and Event Timer
Nanoseconds registers for each of the two events.

4. If necessary, convert the time difference to a REAL data type in the desired units of seconds,

milliseconds, or nanoseconds.
The function used to compute the time difference may perform this conversion. Otherwise, use
one of the provided functions to perform the conversion.

Time User Functions

Delta has provided several user functions as described in the System Time topic to calculate the
difference between two times, and to convert to a REAL value in seconds or milliseconds. The
functions can be obtained from Delta's forum at https://forum.deltamotion.com/. Search for

74

Delta Computer Systems, Inc.


https://forum.deltamotion.com/

3 Controller Features

Time Functions, download the User Function Library (.rmcflib) file, and import it into the User
Functions in RMCTools.

Applications

Following are instructions for measuring times for specific applications.

The functions in this example can be obtained from Delta's forum at
https://forum.deltamotion.com/. Search for Time Functions, download the User Function Library

(.rmcflib) file, and import it into the User Functions in RMCTools.

Time Between Pulses on a Single Input

Follow these steps to measure the time between two pulses on a single input. This will capture
the two last events prior to measurement. For example, if the inputs alternated 10 times in a loop
time after arming, step 1 of the user program would perform calculations on the last two input

events.
1. Arm two different timers in alternating mode. The Event Source will be identical for both
timers, for example In0 Rising Edge.
2. Wait for the timers to latch.
3. Calculate the time difference.
Example user program
0 |iArm the timers, then wait for both Ever ntTimer Latched bits to be set. TR
Command: Module Slot Event Timer Event Source Timer Mode
|Arm Event Timer {105) | | 3w || 0l || In0 Rising |+ || Alternating |« |
Command: Module Slot Event Timer Event Source Timer Mode
|Arm Event Timer {105) | | 3w || 1) || In0 Rising |+ || Alternating |« |
Link Type: Link Condition:
|'\"a'ait For |« ||| %M%132,101.1 AND %MX132.105.1 |
1 | iNow that both tmers have latched, calaulate the tme difference, T T T T I T

Command: Expression
fiCalculate the time difference and convert to a REAL that represents milliseconds.

DurationMiliseconds : = TIME_DIFF_MSEC(%6MD132.102, %MD 132,103, %MD132. 106, %6MD132, 107);

| Expression (113) L |

Link Type:

Time Between Pulses on Two Different Inputs

Follow these steps to measure the time between a pulse on one input, and a pulse on another

input. This will capture the first pulse on each input after the Event Timer is armed.

1.

2.
3.

Arm two different timers in one-shot mode. Choose the two inputs you wish to use for the
Event Sources. Typically, both timers will be the rising edge, but your specific application may

differ depending on the edge you wish to measure.
Wait for the timers to latch.
Calculate the time difference.

Example user program:

0

Hl'l'ﬂ the timers, then wait for both Event Timer Latched bits to be set.
Command: Module Slot Event Timer Event Source Timer Mode
|Arm Event Timer (105) | | 3w | | 0w | | Ind Rising |« | | One-Shot | . |
Command: Module Slot Event Timer Event Source Timer Mode
|Arm Event Timer {105) | | 3w || 1) || In1Rising |+ || One-Shot | .. |
Link Type: Link Condition:
|'\-‘a'aitF0r o || [ &M% 132,101, 1 AND 24M¥132,105.1 |
iNow that both timers have latched, calalate the tme difference. T T T T
Command: Expression
| Expression (113) | Jf{Calculate the time difference and convert to a REAL that represents miliseconds.
DurationMilliseconds := TIME_DIFF_MSEC(%:MD 132,102, %MD 132,103, %MD132, 106, %MD132, 107);
Link Type:
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Measure Pulse Duration (Pulse Width)

Follow these steps to measure the width of a pulse. This will capture the first pulse on each input
after the Event Timer is armed.

1. Arm two different timers in one-shot mode. The Event Sources will be the rising edge and
falling edge of the same input.

2. Wait for the timers to latch.
3. Calculate the time difference.
Example user program:

0 |:Arm the timers, then wait for both Event Timer Latched bits to be set.

Command: Module Slot Event Timer Event Source Timer Mode

|Arm Event Timer {105) | | 3w | | 0l | | In0 Rising |+ | | One-Shot | .. |
Command: Module Slot Event Timer Event Source Timer Mode

|Arm Event Timer {105) | | 3w | | 1) | | In0 Falling |« | | One-Shot | .. |
Link Type: Link Condition:

[wait For []|[%Mx132.101.1 AND %M 132.105.1 ]

Command: Expression

fiCalculate the time difference and convert to a REAL that represents milliseconds.
DurationMilliseconds := TIME_DIFF_MSEC(%:MD 132,102, %MD 132,103, %MD132, 106, %MD132, 107);

| Expression (113)

Link Type:

See Also
Arm Event Timer (105) | Disarm Event Timer (106) | System Time Registers | System Time

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.2.9. Physical Limit Inputs

Each RMC axis allows for optional physical limit inputs to specify the boundaries in which the axis is
allowed to operate. Each axis can have two physical limit inputs: Positive Limit Input and Negative
Limit Input. Typically, these inputs are wired to limit switches.

The physical limit inputs differ from the Travel Limits, which limit the range of travel of an axis based
on the feedback (position, pressure, etc.). The Travel Limits are required to be set on an axis; physical
limit inputs are optional.

Setup

Use the Positive Limit Input and Negative Limit Input parameters to specify the inputs to be used
for the physical limit inputs. The following options are possible:

Option Description

none This is the default setting.

Fault RMC?75: The Fault Input of the axis.

Input RMC150: The Fault Input of the axis. Only available on

the Quadrature Module.
RMC200: n/a

Dedicated Available on RMC75 QA and RMC150 Quadrature
modules only. For the Positive Limit Input, this is the
PosLim input. For the Negative Limit Input, this is the
NegLim input.
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general RMC75: any input from a D8 module, but only from the
input first 12 I/0 points as listed in the Discrete I/O Monitor.

RMC150: any general discrete input from any module.
RMC200: any discrete input from any module.

Operation

The Positive Limit Input and Negative Limit Input status bits indicate the state of the Limit Inputs.
When one of these inputs becomes active (as indicated by the status bits), the corresponding
Positive Limit Input or Negative Limit Input error bit will be latched. The error bit will cause a Halt
to occur if the Positive Limit Input and Negative Limit Input Auto Stops are configured to do so
and the Direct Output Status bit is off.

Issuing Commands while a Limit Input is Active

While a Limit Input is active, closed loop motion commands that move the axis away from the
valid range will set the corresponding Limit Input error bit, causing a halt if the Auto Stops are
configured to do so. Motion commands that move toward the valid range will not set the a Limit
Input error bit. This allows you to move an axis back within the limits without causing further
errors.

Therefore, if the Negative Limit Input is active, a motion command that moves the axis in the
negative direction will cause an error. A motion command that moves the axis in the positive
direction will not cause an error. Likewise, if the Positive Limit Input is active, a motion command
that moves the axis in the positive direction will cause an error. A motion command that moves
the axis in the negative direction will not cause an error.

Moving Toward the Valid Travel Range

If a Limit Input is active, and the axis is in open loop, and is drifting slightly, issuing a closed loop
motion command may again trigger an overtravel error. This is because the target position starts
at the actual position, velocity and acceleration at the time the command is issued. Therefore, the
target may continue moving away from the valid range while accelerating to turn around. This
will trigger an overtravel error. To avoid this, first issue a Hold Current Position (5) command,
then the motion command. Or, simply use an open loop move to move into the valid range.

Limit Input Polarity

The Limit Input Polarity parameter determines whether Positive Limit Input and Negative Limit
Input are active high or active low. The Positive Limit Input status bit and Negative Limit Input
status bit indicate whether or not the corresponding limit input is active. For details on voltage
levels, see the specifications for the module the input is located on.

Physical Placement of Sensors for Limit Inputs

Typically, the sensors for Limit Inputs should be installed at both ends of travel on the axis. For
safe operation, they should be designed such that they become active close to the end of travel,
and remain active to the physical end of travel. This increases safety, because motion commands
(other than Direct Output) will only be allowed in the direction toward the valid range of travel. A
diagram is shown below:

Active
E [ nactive
€ Posttion —P

Good Practice

Do not install limit sensors such that they become active close to the end of travel, but then
become inactive at the end of travel, as shown below. In this case, commands in the wrong
direction will be allowed.

_ﬂ ﬂ_ Active
Inactive
€ Posttion —p
Poor Practice
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See Also
Positive Limit Input | Negative Limit Input | Travel Limits

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.2.10. Feedback Resolution

Feedback Resolution specifies the smallest increment that can be measured by the feedback device
(such as a position transducer or encoder). With analog feedback, the resolution can also be a function
of the input circuit (Analog-to-Digital converter) on the controller. Sometimes resolution is referred to
as granularity.

Why is Feedback Resolution Important?

There are two main reasons why feedback resolution is important:

a.

Positioning Accuracy

The controller cannot hold a position if it can't accurately determine how close it is to the
desired position. It is generally necessary to have resolution that is several times better than
the desired accuracy. Notice, however, that high resolution is a requirement for, but is not
equivalent to high accuracy.

Quantization Noise

A less obvious, but equally important reason is quantization noise. Since velocity is the change
in position per unit of time, the velocity resolution is dependent on the position resolution and
the controller loop time. If the controller has a 1 millisecond loop time, the velocity resolution
will be 1000 times worse than the position resolution. The acceleration measurement will be
1000 times worse than the velocity measurement. The differential gain and double differential
gain use the actual velocity and actual acceleration respectively, to increase the system
stability. Excessive quantizing noise severely limits the effectiveness of these gains.

Maximum Feedback Resolution for the RMC

The maximum resolution available on the RMC for various feedback types is listed below:

MDT
For MDT Start/Stop or PWM feedback with a typical transducer having a gradient (or
calibration constant) of 9 us/in, the resolution of obtained by the RMC is:

e RMC75 MA Module: 0.0005 inch with 1 recirculation
e RMC150 MDT Module: 0.001 inch with 1 recirculation
e RMC200 S8 and U14: 0.0005 inch with 1 recirculation

SSI

The SSI transducer sends the position information digitally, so the only limit is in the
transducer or encoder. One micron resolution is common for linear SSI transducers, and 8192
counts per turn is common for rotary encoders. Other resolutions are readily available.

The number of supported SSI bits is:

e RMC75 MA module: 8 to 32 SSI bits
e RMC150 Universal I/0 module: 8 to 32 SSI bits
e RMC150 SSI module: 8 to 31 SSI bits
e RMC200 S8 and U14: 8 to 32 SSI bits
Delta recommends that the SSI Counts value should not exceed 24 bits (16,777,216). See
the Exceeding 24 Bits section below.
Load Cell

The analog-to-digital converter on the LC8 load cell input is 24 bits. The effective resolution
is lower, at approximately 17 bits, depending on the LC8 module filter settings and external

78

Delta Computer Systems, Inc.



3 Controller Features

noise. Given that the input range is £34.5 mV, and an approximate resolution is 17 bits,
the effective resolution is 540 nanovolts.

Note:
Typically, noise on the load cell wires will exceed these small resolution values, and will
have a larger impact on system performance.

e Analog
The RMC Analog-to-Digital converter support the following number of bits:

e RMC75 AA, A2, and AP2: 16 bits
e RMC150 H, G, and Universal I/O: 16 bits
e RMC150 A: 12 bits
e RMC200 A8 and U14: 18 bits
The effective resolution of the Analog-to-Digital converted signal is increased by the
following items:
1. Oversampling
The analog-to-digital converters are read multiple times per sample, increasing the
effective resolution of the Analog-to-Digital converted signal:

1. AA, A2, AP2, H, and G: eight times oversampling per sample, increasing the
effective resolution of the Analog-to-Digital converted signal. For example,
the eight times oversampling causes a 16-bit input's effective resolution to
be 19 bits (one part in 524,288) over the full £10V range.

2. RMC150 Universal I/O Module: sampled at 60kHz, which is @ minimum of 15
times oversampling.

3. RMC200 A8 and U14 module: sampled internally at 200 kHz. The A8 is
effectively 20 bits, and the U14 is effectively 21 bits.

2. Input Range Gain
Choosing the £5V or 4-20mA ranges on the RMC150 H or G modules or the 4-20
mA range on the U14 module changes the gain of the analog input, increasing the
resolution over the requested range.

Due to the factors listed above, the effective resolution of the RMC analog inputs is as
shown in the table below.

Module +10V *5V 4-20 mA
AA 38.1 pV 0.15 pA
AA, A2, AP2

Analog (H) 38.1 pV 19.1 pVv 0.076 pA

Analog (G) 38.1 pV
Analog (A) 610 pyV 305 pVv | 1.221 pA

Universal 1/0 38.1 pV 0.15 pA

A8 20.1 pVv 0.0805 pA

ui4g 9.77 uv 0.0316 pA
Note:

Typically, noise on the analog signals will exceed these small resolution values, and will
have a larger impact on system performance. This is especially true on 18-bit inputs such
as the A8 and U14 modules.

e Quadrature

Quadrature encoder resolution is specified in pulses (also called lines) per revolution on rotary
encoders or pulses per inch (or meter) on linear encoders. The RMC quadrature input will
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decode the pulses to generate four counts per pulse. So the internal resolution on the RMC will
be four times the resolution of the encoder given in pulses. For example, encoders with 2000
pulses will have 8000 counts.

The maximum quadrature encoder frequency is limited:

Module Max quadrature frequency (counts/sec):
RMC75 QA, Q18,000,000

RMC150 Quad 4,000,000

RMC150 UI/O 8,000,000

RMC200 Q4 12,000,000, depending on input type
RMC200 S8 8,000,000

RMC200 D24 1,000,000, depending on input type

RMC200 U14 8,000,000, depending on input type

Delta recommends that the quadrature Counts value should not exceed 24 bits
(16,777,216). See the Exceeding 24 Bits section below.

¢ Resolver

The RMC150 Resolver module can be configured for 14 or 16 bits per revolution. One
revolution of the resolver will always consist of 65,536 counts on the RMC, regardless of the
resolver resolution parameter. With 16-bit resolution, the counts will increment by one; with
14-bit resolution the counts will increment by four.

Exceeding 24 Bits

The quadrature and SSI inputs can handle Counts values up to 32 bits. However, Delta
recommends that you design your system and programming such that the quadrature and SSI
Counts value do not exceed 24 bits (16,777,216). The RMC can still interface with SSI devices
that have more than 24 bits, but you should make sure the counts will not exceed 16,777,216.
These limitations do not apply to voltage, current, or MDT feedback types, since their values
never exceed 24 bits.

Delta recommends that the Counts value not be allowed to exceed 24 bits (16,777,216) because
this causes the Actual Position to lose resolution. This occurs because the Actual Position is stored
as a 32-bit floating point number, which is limited to 24 bits of precision. The resolution of a
floating-point number depends on how large the number is. For example, a floating point number
can precisely represent any integer that fits in 24 bits (-16,777,216 to +16,777,216) or it can
represent numbers at a 0.001 resolution in the range of -16,777.216 to +16,777.216.

To determine when an axis’ Actual Position will lose resolution, look at the Counts register. As
long as the Counts register stays within 24 bits (-16,777,216 to +16,777,216), then the Actual
Position register will approximately match the resolution of the transducer. However, as the
Counts move outside that range, the Counts register and the Actual Position register will lose
resolution.

For example, if the Counts are 16,777,220 (slightly larger than 24 bits), and the transducer
counts (the counts directly from the transducer are represented exactly in the Raw Counts
register, which may be different from the Counts register, but it does indicate the change in
counts exactly) change by one to 16,777,221, the Counts value will still read 16,777,220. It will
not change until the counts have changed by 2, to 16,777,222. This will cause the Actual Position
to become "jerky" and will affect the control. This problem is doubled for each power-of-two
increase in the Counts value. Notice that the Counts and Actual Position registers are still
accurately keeping track of the position change, but they are losing resolution.

Notice that in order to preserve accuracy on incremental feedback types, the RMC internally
maintains a 32-bit integer accumulator. This ensures that the position does not drift due to loss of
resolution.
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Rotary axes use the Count Unwind value, which will keep the Counts within a defined range.
Therefore, as long as the Count Unwind is kept below 16,777,216, this additional loss in
resolution will not occur.

For linear axes, you can keep the Counts register from exceeding 24 bits by homing the axis, or
using the Set Actual Position (49) or Offset Position (47) commands. With quadrature encoder
inputs, the usable range with full resolution can be doubled by setting the zero value of the Actual
Position to the middle of travel. For absolute linear SSI feedback, you can also use the Count
Offset parameter to move the usable Counts range closer to zero.

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.2.11. Valve Linearization

Valve linearization refers to compensating for non-linear hydraulic valves.
Valve Types

Linear and non-linear refer to the flow versus command signal profile of a valve. Typically, Delta
recommends using linear valves. Linear valves are nearly always of very high quality, provide
excellent response and are very easy to set up. Very high-quality, non-linear valves may be useful in
certain situations that require high flow together with very fine positioning or pressure accuracy.

Linear Non-linear
The flow is proportional to the Single-knee Curvilinear
cor;nman_d 5'|9”a' |_nptt.|_t and does 1. flow has a single sharp These flow profiles can be
not require finearization. 'kink' and can be linearized via |linearized via curves.
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Notice that it is common for the
flow profile to roll off as it
approaches 100%. This is
common, and the valve is still
considered linear.

Linearization Types

Valve linearization is applied only when the axis is in closed loop control. The RMC supports valve
linearization via two methods:
e Single-Point
Used only for valves with a single "knee" or "kink" in the flow versus command signal diagram

e Curves
Used for valves with any flow diagram, especially curvilinear valves.
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Single-Point Valve linearization

The RMC provides single-point valve linearization to compensate for valves with one sharp "knee"
or "kink" in the flow versus command signal diagram, as shown above. The flow diagram is
assumed to include the points (0,0), (-100,-100), and (100,100).

To Apply Single-Knee Valve Linearization:
1.

1. In the Axis Tools, in the Axis Parameters Pane, on the All tab, expand the Output section.
2. In the Valve Linearization Type cell, choose Single-Point

3. Set the axis parameters as follows:

RMC75/150:
Knee Command Voltage: The input voltage value of the knee. This voltage can be
obtained from the valve data sheet. For example, in the Single-Knee Valve diagram above,
on the horizontal axis, the voltage is 4 volts.
Knee Flow Percentage: The flow percentage of the valve at the knee. This value can be
obtained from the valve data sheet. For example, in the Single-Knee Valve diagram above,
on the vertical axis, the flow percentage is 10%.

RMC200:
Knee Command Input: The input value of the knee. This percentage value can be
obtained from the valve data sheet. For example, in the Single-Knee Valve diagram
above, on the horizontal axis, the voltage of 4 volts would equal an input value of 40%.
Knee Flow Output: The flow percentage of the valve at the knee. This value can be
obtained from the valve data sheet. For example, in the Single-Knee Valve diagram
above, on the vertical axis, the flow percentage is 10%.

5. Download the changes and update Flash.

If the valve has an overlapped spool, the Output Deadband and Deadband Tolerance axis
parameters can be used as normal.

Curve Valve linearization
Valve linearization via curves may be used to compensate for valves with any flow versus
command signal diagram.
To Apply Valve Linearization via Curves:

1. Using the Curve Tool, create a curve for valve linearization. See Creating a Curve for Valve
Linearization below.
You can also import existing valve linearization curves into the Curve Tool.

2. In the Axis Tools, in the Axis Parameters Pane, on the All tab, expand the Output section.
In the Valve Linearization Type cell, choose Curve.

4. 1In the Valve Linearization Curve ID cell, enter the number of the desired curve to use for
linearization.

5. Download the changes and update Flash.

w

Creating a Curve for Valve Linearization

To create a curve for valve linearization, make a curve that matches the flow profile of the valve,
with the x-axis being the input signal in percent, and the y-axis being the flow output in percent.
For overlapped-spool valves, see Curve Valve Linearization and Deadband below.

Most valve flow profiles are given as positive flows for both positive and negative x-values. The
curve must have negative flows for negative x-values.

The curve must meet the following requirements:
e Curve Properties:
e Curve Type must be Valve Linearization.

82 Delta Computer Systems, Inc.



3 Controller Features

e Endpoint Behavior must be Natural Velocity.
e Interpolation must be Linear or Cubic.

e The first point must be (-100, -100).

e The last point must be (100, 100).

e The curve must contain the point (0,0).

e The x-values must be within the range -100 and 100.

e The y-values must be within the range -100 and 100, including the interpolated portions of the
curve between points.

e The curve must be positive monotonic. This means the curve is always increasing or flat. Any
flat section, if present, should only be around the point (0,0). See Curve Valve Linearization
and Deadband below.

Tip: If the y-values of the flow profile are in gpm or Ipm, you will need to convert them to percent
when creating the curve.

Example:
Consider profile E in this valve flow profile diagram:
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The following curve was created for this flow profile. Points were chosen at 20, 40, 60, and 80,
plus an additional point close to zero (5.1, 1.1) so that the curve follows the profile accurately in
that region. The negative values mirror the positive values.
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One way to verify that the curve matches is to take a screen shot and overlay the curve on the
flow profile using an image editing program:
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Curve Valve Linearization and Deadband
Deadband refers to the range for an overlapped spool where the flow is zero until the command
signal reaches a certain value.
If the valve has deadband, follow these steps for valve linearization via curves:

1. Create a curve that matches the valve flow profile and select that curve for the axis' valve
linearization. See Creating a Valve Linearization Curve with Deadband below.

2. If the axis hunts when it is in position, you can mitigate it as follows:
1. Set the Output Deadband axis parameter to the deadband of the valve.
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2. Set the Deadband Tolerance axis parameter to a small value. This will ratio the Output
Deadband when the Actual Position is close to the Command Position to prevent
hunting. The axis typically holds position within a tolerance of about half of the
Deadband Tolerance.

Creating a Valve Linearization Curve with Deadband

A linearization curve for a valve with deadband must follow the requirements listed in Creating a
Curve for Valve Linearization above. It can be especially challenging to create the flat spot
around zero, since the curve tends to become non-monotonic.

To make a curve flat around zero:

1. For the two points next to zero on the x-axis (the points to the left and right of zero), set the
y-values to zero.

2. If using a cubic interpolation:
For the point to the /eft of zero, and for the point at zero, in the spreadsheet editor, set the
point type to Const Vel.
Or, in Curve Properties, you can set the Auto Constant Velocity Behavior to Enabled.

Tip: The actual deadband of the valve may vary from the profile given in the datasheet. You may
need to manually determine the deadband of the valve and adjust the curve accordingly.

Example
Consider profile S in this valve flow profile diagram:
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The curve below was created for this flow profile. Points were chosen at 8, 20, 30, 40, 60, and 80
so that the curve follows the profile accurately. The y-points were converted to percent. The
negative values mirror the positive values.

Notice that the y-values for points 5, 6 and 7 are zero, and the Type for points 5 and 6 is
Constant Velocity. The Constant Velocity type is necessary to maintain the monotonicity of the
flat section of a cubic-interpolated curve.
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Overlaying the curve on the flow profile using an image editing program shows that the curve
closely follows the profile:
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3.3. Axes

3.3.1. Axis Types
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The axis types listed in this topic are available on the RMC.

What is an axis?

An axis is a combination of inputs and/or outputs in one single entity, and includes all the
necessary motion features for those inputs and/or outputs, which can include feedback scale and
offset, filtering, control algorithms, output scaling, etc.

The major types of axes available in the RMC are:

e Control Axis:
Has one Control Output and control either zero, one or two feedback quantities, such as
Position, Velocity, Acceleration, Pressure, or Force.
A control axis with no feedback quantities is called an Output Only axis.

o Reference Axis:
Has an input for transducer feedback and does not have a Control Output. A reference axis is
not capable of controlling a system. Reference axes are commonly used in gearing,
synchronization, or monitoring applications.

e Virtual axis:
Has only a virtual target position (with velocity and acceleration) with no feedback or control
loop. Typically used as a gear or cam master.

e Cascading Outer Loop:
A control axis that provides a virtual Control Output, and does not use a physical Control
Output. For more details, see the Cascade Control topic.

Counting Axes

Any axis in the RMC counts as one single axis, regardless of the number of inputs or outputs. For
example:

e A position-force application may require one analog position input, two analog pressure inputs,
and 1 output, and is considered one axis.

e A reference axis with only one input is considered one axis.
e A virtual axis has no feedback or output and is considered one axis.
Supported Number of Axes per Controller

RMC200 RMC200
RMC75 RMC150 CPU20L CPU40

Max Control Axes! 2 8 18 50
Max Total Axes, including Virtual, Reference, and 4 16 48 128
Outer Loop

1For the RMC75 and RMC150, Control Axes includes Output Only axes. For the RMC200, Control
Axes does not include Output Only axes.

Note: It is possible to add more analog inputs on the RMC75 than can be assigned to axes.
However, it is still possible to view the voltage of the extra analog inputs using the Analog Input
Registers. Inputs that are unassigned to axes can have no status bits, error bits, scaling, filtering,
etc.

Axes and Loop Time
The number of axes for each RMC is limited depending on the specified Loop Time. See the Loop
Time topic for details.

Axes Physical Feedback Types
The RMC supports the physical feedback types listed below. Notice that any type of feedback
(e.g. torque, temperature, etc.) can be controlled if the transducer is compatible with the RMC.
Any of these feedback types can be used as part of a Control Axis, Reference Axis, or Cascading
Outer Loop axis.
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Feedback Type
Position

Notice that a position
feedback control axis
can also control
velocity.

Velocity

Acceleration
(single- or dual-input)

Pressure

Force
(single-input)
Force
(single-input)
Force
(dual-input,
differential)

Custom Feedback

Supported Transducer Output
Transducer Type Types

position MDT
SSI
Quadrature
Resolver
Analog Voltage or Current

tachometer Analog Voltage or Current

1 or 2 accelerometers Analog Voltage or Current

pressure sensor Analog Voltage or Current

load cell (£10V, 0-10V, £5V, 4- Analog Voltage or Current
20mA)

load cell (mV/V) Millivolts/Volt
2 pressure sensors Analog Voltage or Current

An axis' feedback can be defined as custom, which requires creating a user program to
continuously calculate the feedback value. This allows for using the sum, difference, or average of
other transducers as feedback. It also provides for switching feedback on-the-fly, redundant
feedback, and feedback linearization. For details, see Custom Feedback.

Dual Loop Control

The RMC supports dual-loop control. This is typically used for controlling two quantities, such as
position and force, with a single actuator. See the Dual-Loop Axes topic for details.

Feedback Type
Position-Pressure

Position-Force

Position-Acceleration

Velocity-Pressure
Velocity-Force

Velocity-Acceleration

Defining Axes

Description
Used for controlling both position and pressure with one
actuator. Typically used with hydraulic cylinders.

Used for controlling both position and force with one actuator.
Typically used with hydraulic cylinders.

Used for advanced control such as active damping, which
provides precision control of difficult systems, such as pneumatic
systems.

Used for controlling both velocity and pressure with one
actuator.

Used for controlling both velocity and force with one
actuator.

Used for advanced control applications.

The user has full control over how the inputs and outputs on the Axis Module and the inputs on
the Expansion Modules are assigned to axes.
See the Defining Axes topic for details on assigning axes to the hardware.

Other Axis Types

In addition to the axis types listed above, further distinction can be made between axes:
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e Rotary vs. Linear

e Absolute vs. Incremental

Copyright (c) 2023 by Delta

Computer Systems, Inc.

3.3.2. Defining Axes

When creating axes, the user must define the axis type and define which physical hardware is
assigned to each axis. For details on the axis types supported by the RMC, see the Axis Types

Overview topic.

Changing the Axis Definitions

When the RMC powers up for the first time, it will create default axes. You may need to change
the axis definitions to fit your application. To change the axis definitions, use the Axis Definitions

Dialog:

In the Project pane, expand the Axes folder and double-click Axis Definitions.

e To remove an axis, click the Remove |i'button. To add a new axis, click New. To change an
existing axis, click Change.

e To change the axis order, use the Move Up 4+and Move Down ¥buttons. The axes will
adhere to this order throughout the entire RMC. The Axis Tools and Command Tool will display
the axes in this order, and the register addresses and tag names will be defined by this order.

Note: If the controller contains a Universal I/O module, you must first set up it's channels prior to

defining axes.

You will need to define the following items for each axis:

Item
Axis Type

Control Loops

(Control Axes and
Cascading outer Loop
Axes Only)

Output

Options

Control: Has a physical Control Output and zero to two
inputs

Reference: Has only an input

Virtual: Has no feedback or output. Has only a target.
Cascading Outer Loop: Used for Cascade Control

None:
For axes with no feedback, only a Control Output

Single-Loop:

For controlling a single quantity, such as position, velocity,
acceleration (single- or dual-input), pressure, or force
(single- or dual-input).

Dual loop:

For controlling two quantities with a single Control Output,
such as position-pressure, position-force, position-
acceleration, velocity-pressure, velocity-force, velocity-
acceleration.

Type: Analog output.
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(Control Axes Only)
Using: Choose which physical Control Output on the RMC to

use.

Feedback Types Type:

(for axes with feedback) e Position
e Velocity

e Acceleration (single- or dual-input)
e Pressure
e Force (single- or dual-input)

Using: Choose which physical inputs will be assigned to the
axis, or select Custom.

Axis Labels

In addition to the axis number assigned by RMCTools, each axis can be assigned a hame by the
user. To change the name of an axis, in the Axis Definitions Dialog, select an axis and click
Rename.

Notice that the connectors on the front of the RMC75 labeled "Axis 0" or "Axis 1" do not

necessarily have to belong to the internal Axis 0 or Axis 1 in the RMC75. The connectors on the
RMC150 also do not necessarily indicate which internal axis they belong to.

See Also
Axis Types: Overview

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.3.3. Control and Reference Axes

3.3.3.1. Axis Type: Control

A control axis has a Control Output and controls either zero, one or two quantities, such as Position,
Pressure, or Force. The controlled quantity is provided by a feedback input. A control axis is capable of
controlling a system because it has a Control Output.

There are three types of control axes:
1. One-Input Control Axis

A control axis that controls a single quantity, such as position or pressure, is called a one-input
control axis.

One-Input Required

Control Required Control

Axis Types Inputs Outputs Transducer Types

Position 1 1 MDT, SSI, Analog,
Quadrature, Resolver

Velocity 1 1 Analog Voltage or Current

Pressure 1 1 Analog Voltage or Current

Force lor2 1 Analog Voltage, Current,
Load Cell
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Note:

A force input requires 1 analog or mV/V input if a load cell is used, or 2 analog inputs for
differential force on a hydraulic cylinder. In the differential case, it is still considered one input,
since it is only one quantity.

2. Two-Input Control Axis

A control axis that controls two quantities, such as position and pressure, is called a two-input
control axis. Notice that the secondary inputs must always be analog or mV/V inputs.

Two-Input Required Required
Control Primary Required Secondary Control
Axis Types Inputs Analog or mV/V Inputs Outputs
Position- 1 1 1
Pressure

Position-Force 1 lor2 1
Position- 1 lor2 1
Acceleration

Velocity- 1 1 1
Pressure

Velocity-Force 1 lor2 1
Velocity- 1 lor2 1
Acceleration

Note:

A force input requires 1 analog or mV/V input if a load cell is used, or 2 analog inputs for
differential force on a hydraulic cylinder. In the differential case, it is still considered one input
since it is only one quantity, although it requires two physical analog inputs.

3. Output Only Axis (No Input)
An Output Only axis has a Control Output and does not have any inputs. Control Outputs are
available only on an axis module.

Creating a Control Axis

For details on defining axes, see the following topics:
Defining Axes

Axis Definitions: Dialog

Axis Definitions: Edit

See Also
Axis Types: Overview | Axis Types: Reference
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3.3.3.2. Axis Type: Reference

A reference axis is an axis that has only an input, such as position, pressure, or force. A reference
axis does not have a Control Output and cannot control anything. A reference axis is commonly called
a "half-axis".
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Reference axes are typically used for monitoring some quantity, such as:
e Position
e Velocity
e Acceleration
e Pressure
e Force
Creating a Reference Axis
To create a Reference axis, you must add a new reference axis or change an existing axis. For
details on defining axes, see the following topics:

Defining Axes
Axis Definitions Dialog
Axis Definitions: Edit

Using Reference Axes

Reference axes are typically used for monitoring some quantity. The following are examples of
specific uses with the RMC:

e Gear some axis to the reference input.

Use the value of the reference to affect the flow of the User Program.

Use the value of the reference in a Expression command in the User Program to perform
mathematical calculations.

See Also
Axis Type: Control | Axis Types: Overview
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3.3.3.3. Axis Type: Cascading Outer Loop

A Cascading Outer Loop axis is used as the outer loop of cascaded axes. A cascading outer loop axis is
identical to a control axis, but it provides a virtual Control Output, and does not use a physical Control
Output. This is only for advanced applications. For details, see the Cascade Control and control axis
topics.

For descriptions of all available RMC axis types, see the Axis Types Overview topic.
There are two types of cascading outer loop axes:
1. One-Input Control Axis

A control axis that controls a single quantity, such as position or pressure, is called a one-input
control axis.

One-Input

Control Required

Axis Types Inputs Transducer Types

Position 1 MDT, SSI, Analog, Quadrature,
Resolver

Velocity 1 Analog Voltage or Current

Pressure 1 Analog Voltage or Current

Force lor2 Analog Voltage or Current, or mV/V
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Note:

A force input requires 1 analog or mV/V input if a load cell is used, and 2 analog inputs for
differential force on a hydraulic cylinder. In the differential case, it is still considered one input,
since it is only one final quantity.

2. Two-Input Control Axis

A control axis that controls two quantities, such as position and pressure, is called a two-input
control axis. Notice that the secondary inputs must always be analog or mV/V inputs.

Two-Input Required

Control Primary Required Secondary Analog or mV/V
Axis Types Inputs Inputs

Position- 1 1
Pressure

Position-Force 1 lor2
Position- 1 lor2
Acceleration

Velocity- 1 1
Pressure

Velocity-Force 1 lor2
Velocity- 1 lor2
Acceleration

Note:

A force input requires 1 analog or mV/V input if a load cell is used, and 2 analog inputs for
differential force on a hydraulic cylinder. In the differential case, it is still considered one input
since it is only one final quantity, although it requires two physical analog inputs.

Creating a Cascading outer Loop Axis

For details on defining axes, see the following topics:
Defining Axes

Axis Definitions: Dialog

Axis Definitions: Edit

See Also
Axis Types: Overview | Axis Type: Control | Cascade Control

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.3.4. Other Axis Types

3.3.4.1. Axis Type: Rotary and Linear

This topic describes rotary and linear axes. All axes are by default linear. To define an axis as rotary,
use the Linear/Rotary axis parameter.

A rotary axis is typically used for rotary feedback devices such as encoders. The RMC supports rotary
feedback for both control axes and reference axes. For rotary axes, the counts per revolution must be
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a power of two, such as 1024, 8192, etc. This typically means the encoder counter per turn must be a
power of two.

For details and examples on using rotary motion, see the Using Rotary Motion topic.

A linear axis is the standard axis type with a transducer that has definite endpoints, for example a
magnetostrictive rod.

Rotary vs Linear

SSI, Quadrature, and Resolver position inputs can be configured to be rotary. All other input
types are linear only. The following items point out the differences between these rotary and
linear orientations for position inputs:

e The counts for a rotary input are kept within a defined range. When the input goes beyond one
end of this range, the counts wrap to the other end of the range. Similarly, the target is also
kept within this range. Any control being performed using this input is not interrupted; this is
not seen as a position discontinuity.

e The position units for a linear input never wrap.

e Rotary inputs use the Position Unwind parameters to determine how many counts can be
accumulated before wrapping. This is used in conjunction with the Position Offset parameter,
to define the position unit range. Linear inputs do not use the Position Unwind parameter at
all.

e Linear incremental inputs do not use the Position Offset parameter because the actual position
is really an accumulator, so offsetting the position is done instead by resetting the
accumulator through homing or commands. Linear absolute inputs use this parameter to offset
the position when converting from counts to position units. Rotary inputs (incremental or
absolute) use this parameter to adjust the modulo position range up or down. For example,
the position units on a rotary input with modulo 2000 could be shifted to range from -1000 to
+1000 or from 0 to 2000.

e Linear position inputs use the Positive and Negative Travel Limits to restrict the target
position. Rotary position inputs do not use these parameters.

See Also
Axis Types: Overview
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3.3.4.2. Axis Type: Incremental and Absolute

This topic describes incremental and absolute axes. The feedback type of most axes determines
whether it is incremental or absolute. Only position axes with SSI or Resolver feedback can be either.

Absolute Axes

An absolute axis has a feedback type that provides absolute information. That is, it always knows
its exact position. When the RMC powers up, the position is known. For example, the voltage or
current from an analog input will always tell exactly where the axis is located.

Incremental Axes

An incremental axis has a feedback type that provides only information about how much it has
incremented. When the RMC powers up, it has no information about where the axis is, but it can
keep track of how much the position changes. Incremental axes typically need to be homed so
the position is known.

Quadrature inputs are always incremental.
By Axes Type
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The following feedback types are always absolute:
e Position with MDT or analog feedback

e Velocity

e Acceleration

e Pressure

e Force

The following feedback types can be either incremental or absolute:

e Position with SSI or Resolver feedback
To define these axis types as incremental or absolute, use the Absolute/Incremental axis
parameter.

The following feedback types are always incremental:
e Position with Quadrature feedback

See Also
Axis Types: Overview
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3.3.4.3. Virtual Axes

Virtual axes have no feedback or output. The RMC can have any number of virtual axes as long as the
total number of axes for that controller type is not exceeded, as listed in Axis Types Overview.

Virtual axes have a Target and Command Position, but no Actual Position. Motion commands issued to
the axis will move the Target Position just like on a normal position control axis.

Using a Virtual Axis as a Gearing Master or Curve Master

A virtual axis is typically used as a master axis that other axes can gear to or use a curve master.
It is sometimes desirable to gear to a virtual axis rather than executing the motion as a function
of time. All the axes geared to the virtual axis can be sped up or slowed down by speeding up or
slowing down the virtual axis. The virtual axis can even be moved backwards causing the geared
axes to back up too. This cannot be done using time-based commands.

When using a virtual axis as a master as described above, it is often useful to set it up as a rotary
axis because it will never need to be reset. When used as a master, the virtual axis is typically
commanded to move with a Move Velocity (37) command. Moving it at 1 unit/sec as the standard
velocity makes gearing ratio calculations very easy. The acceleration and deceleration provide a
smooth start and stop for the geared axis.

Setting Up a Virtual Axis

Add the Virtual Axis

To add a virtual axis to the RMC, use the Axis Definitions dialog:

1. Open the Axis Definitions dialog.

2. Whether you choose to change an existing axis or add a new axis, set the axis type to Virtual.

3. Click OK on the Axis Definitions dialog. If you are online, these changes will be applied to the
controller. Make sure to update Flash and save your project.

Set up the Virtual Axis Parameters

A virtual axis has very few parameters. You need to set the Linear/Rotary parameter.

If you choose Linear, you will need to set the Positive and Negative Travel Limits.
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If you choose Rotary, you will need to set the Position Unwind and Position Offset.

Once the virtual axis has been set up, you can issue closed-loop motion commands to it as to any
position axis.

See Also
Axis Types: Overview | Gearing Overview | Curves Overview
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3.3.4.4. Input Type: Pressure

Pressure input force refers to measuring pressure using a single pressure transducer. A pressure input
requires only one analog input on the RMC.

In applications using hydraulic cylinders, notice that it is not possible to calculate resultant force on
the rod with only one pressure transducer because the pressure on the other side of the cylinder is
unknown. Applications with one pressure transducer cannot use force control, but can use pressure
control. For details on measuring force on a hydraulic cylinder, see the Input Type: Dual-Input Force
topic.

See Also
Input Type: Dual-Input Force
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3.3.4.5. Input Type: Single-Input Force

Single-input force refers to measuring force using a single transducer, typically a load cell. Single-
input force requires either an analog input or a load cell input on the RMC.

In applications using hydraulic cylinders, force can also be measured using dual-input force, requiring
two pressure transducers mounted on either side of the cylinder. For details, see the Dual-Input Force
topic.

See Also
Input Type: Dual-Input Force | Dual-Input Force
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3.3.4.6. Input Type: Dual-Input (Differential) Force

Dual-input force, also known as differential force, is a method of determining the force applied by a
hydraulic cylinder. As shown in the illustration below, this method requires two pressure transducers
mounted in either end of a hydraulic cylinder; one on the A port (cap end) and another on the B port
(rod end). Multiplying the measured pressure on each side of the piston by the respective area of the
piston gives the force on each side of the piston. The difference of the absolute value of these two
forces is the differential force applied to the cylinder rod.
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Notice that it is not possible to calculate resultant force on the rod with only one pressure transducer
because the pressure on the other side of the cylinder is unknown.

Differential force can only measure the force applied to the piston due to the hydraulic pressure. The
resulting force applied to the external load is also affected by the friction in the cylinder. For this
reason, a load cell may be more accurate than differential force.

Required Equipment

Differential force requires the following:

e Two Identical Pressure Transducers
The measurement range and output ranges must match on order to use the scale and offset
wizard provided for differential force. For example, if one has a range of 0-300 bar, and the
other has a range of 0-100 bar, the Scale and offset Wizard cannot be used.

e Two Analog Inputs On the RMC
Differential Force requires a pair of analog inputs on the RMC. The inputs must be next to each
other on the same module.

Scaling a Differential Force Input
RMCTools offers an easy-to-use Scale and Offset wizard for differential force feedback. All that is
needed is the transducer data and the cylinder dimensions.
For more details, see Scale/Offset Wizard: Calculate Diff Force.

Differential Actual Force Calculation

The method of calculating the differential actual force varies by controller. The RMC200 calculates
the intermediate Channel A and B pressures, whereas the RMC75/150 controllers do not. The
RMC200 allows for scaling pressure sensors that have different calibrations.

RMC75/150
The RMC75/150 calculate the forces for each channel, then takes the difference to arrive at the
Actual Force. To apply a force offset, use either the Channel A Offset or Channel B Offset.

Channel A Force = Channel A Voltage (or Current) * Channel A Scale + Channel A Offset
Channel B Force = Channel B Voltage (or Current) * Channel B Scale + Channel B Offset

Actual Force = Channel A Force - Channel B Force
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RMC200

The RMC200 calculates the intermediate pressures for each channel, then the forces for each
channel, then takes the difference and applies the Dual Channel Force Offset to arrive at the
Actual Force. To apply a force offset, use the Dual Channel Force Offset.

Channel A Pressure = Channel A Voltage (or Current) * Channel A Pressure Scale + Channel A
Pressure Offset

Channel B Pressure = Channel B Voltage (or Current) * Channel B Pressure Scale + Channel B
Pressure Offset

Channel A Force = Channel A Pressure * Channel A Force Scale
Channel B Force = Channel B Pressure * Channel B Force Scale

Actual Force = Channel A Force - Channel B Force + Dual Channel Force Offset

See Also
Input Type: Single-Input Force | Input Type: Single-Input Force
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3.3.4.7. Input Type: Custom

Custom feedback refers to feedback that is continuously calculated by the user, such as with a user
program. Custom feedback is not assigned to any hardware input. The axis will use this calculated
feedback for control.

The following applications can be done using custom feedback:
e Switching Feedback
e Feedback Linearization using Curves

e Feedback Linearization Using Mathematical Formula
e Redundant Feedback using Custom Feedback

For more details, see Custom Feedback.

See Also
Custom Feedback
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3.4. Halts

3.4.1. Halts Overview

Halts stop motion on an axis. Halts will also stop any Tasks that are running, if the Programming
Properties are set to do so. The RMC has four types, or levels, of halts to safely stop the axis in
various circumstances. These halts are well-suited for use when error conditions occur. The RMC, by
default, triggers a halt when any Error Bits turns on.
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Tip:

The Halts do more than just stop the axis. If you simply wish to stop the motion in closed loop control,
use the Stop (Closed Loop) (6) command instead. If you wish to stop the motion in open loop control,
use the Stop (Open Loop) (22) or Open Loop Rate (10) commands.

Halt Types

The RMC has four types of halts:

o External Halt
This halt only sets External Halt status bit. This halt type is intended to signal the PLC to initiate
its fault handling.

e Closed Loop Halt
The axis stays in closed loop and ramps down the Target Velocity to zero at the rate specified by
the Closed Loop Halt Deceleration parameter. If an axis is in Open Loop, this halt will
automatically be promoted to an Open Loop Halt.

e Open Loop Halt
The axis will be put in open loop and the Control Output will be ramped down to the value of the

Output Bias parameter using the Open Loop Halt Ramp parameter.

e Direct Output Halt
The axis will be put in Direct Output and the Control Output will be ramped down to the value of
the Output Bias parameter using the Open Loop Halt Ramp parameter. When the Control Output
reaches the Output Bias, the Enable Output will be turned off.

e Disable Axis Halt
The axis will be disabled so that it will not accept any motion commands, will be put in Direct
Output, and the Control Output will be ramped down to the value of the Output Bias parameter
using the Open Loop Halt Ramp parameter. When the Control Output reaches the Output Bias,
this halt turns off the Enable Output.

Halt Actions

When a halt occurs on an axis, the RMC takes the following actions:

e The axis begins the halt, as specified above.

e When a halt other than an External Halt occurs on an axis, the Halted status bit is set and the
axis is said to be halted. If an External halt occurs, the External Halt status bit is set instead.

e If the axis is part of a Halt Group, it starts the same level of halt on all axes in the group. See
the Halt Group Number topic for more details.

e The RMC immediately stops all Tasks by default. This setting can be changed on the
Programming Properties dialog.

Caution:

If you disable this feature, User Programs may still be running after a halt occurs and may
cause motion on the axis. Make sure you handle the halt condition safely. One method is
to create a User Program to handle the halt condition and use the Program Triggers to
start the User Program when the Halt bit turns on.

Pressure/Force Control

The Closed Loop Halt and Open Loop Halt do remove the axis from pressure or force control. The
Direct Output Halt (3) and Fault Controller (8) commands will.

Triggering a Halt

Halts can then be triggered in two ways:

e Issue a Command
By issuing commands (except External Halt). See each halt command topic for details.

1.

Halt Command
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Closed Loop Halt Closed Loop Halt (1)
Open Loop Halt Open Loop Halt (2)
Direct Output Halt  Direct Output Halt (3)

2.

e Auto Stop
Auto Stops automatically trigger a halt when an Error Bit is set. The Auto Stops can be
configured to trigger any level of halt, or Status Only, for each individual Error bit. See the
Auto Stops topic for details.

e Fault Controller (8) Command
The Fault Controller (8) command will halt all the axes.

See Also

Error Bits | Programming Properties
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3.4.2. External Halt

The External Halt is not intended to actually halt motion; rather, it is intended only to signal a master
controller, such as a PLC, that an axis should be halted, and the PLC should then take care of the
halting. The External Halt does not affect motion in any way. An External Halt will not stop any user
programs. The External Halt is one of the four types of RMC Halts.

When an External Halt occurs, only the following happens:
e The External Halt status bit is set.
e If the axis is part of a Halt Group, it sets the External Halt bit on all axes in the group.

If the External Halt was triggered because of the occurrence of a No Transducer or Transducer

Overflow error, which in themselves may severely impact motion, the feedback value will be held at its
last valid value.

Triggering an External Halt
An External Halt can only be triggered via Auto Stops.
After a Halt has Occurred

If the halt was caused by an Auto Stop, you should first make sure the error condition that
caused it has been resolved before continuing. Once it has been fixed, you can clear the External

Halt status bit by issuing the Clear Faults (4) command. Issuing a valid motion command will also
clear the External Halt status bit, if the underlying error condition has gone away.

See Also
Halts Overview
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3.4.3. Closed Loop Halt

The Closed Loop Halt is one of the four types of RMC Halts. Use the Closed Loop Halt to halt the axis
while remaining in closed loop control.
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Tip:

The Halts do more than just stop the axis. If you simply wish to stop the motion in closed loop control,
use the Stop (Closed Loop) (6) command instead. If you wish to stop the motion in open loop control,
use the Stop (Open Loop) (22) or Open Loop Rate (10) commands.

When a Closed Loop Halt occurs, it takes the following steps:

e The axis stays in closed loop and stops the axis at the rate specified by the Closed Loop Halt
Deceleration axis parameter. If the axis is in Open Loop when this halt occurs, this halt will
start an Open Loop Halt instead.

See the Stopping Details section below for details on how the stop behaves for various
control modes.

Note:

It is the Target Velocity that is ramped down. If the Actual Position is lagging behind the
Target Position, it will not stop until it reaches the Target Position. If you need the Actual
Position to stop immediately, use an Open Loop Halt or Stop (Open Loop) (22) command
instead.

Note:

The deceleration specified by the Closed Loop Halt Deceleration is the average deceleration.
The instantaneous deceleration may exceed this value.

Note:

The Command Position is not affected by a Closed Loop Halt.

e The Halted status bit is set and the axis is said to be in the halted state.
e If the axis is part of a Halt Group, it starts a Closed Loop Halt on all axes in the group.

Pressure/Force Control

The Closed Loop Halt will keep the axis in pressure or force control, and will stop the target
immediately.

Pressure/Force Limit
The Closed Loop Halt will keep the axis in pressure or force limit, and will not stop the target.

Stopping Details

This command ramps the current velocity or rate to zero in closed loop. The behavior of this
command depends on the type of axis control:

e Position PID
The velocity will ramp down from the current velocity to zero at the rate specified by the
Closed Loop Halt Deceleration parameter, while remaining in position control.

e Position I-PD
If the last motion command was Move Absolute (I-PD) (28) or Move Relative (I-PD) (29), the
Target Position will stop immediately. Otherwise, the velocity will ramp down from the current
velocity to zero at the rate specified by the Closed Loop Halt Deceleration parameter, while
remaining in position control.

e Velocity PID
The velocity will ramp down from the current velocity to zero at the rate specified by the
Closed Loop Halt Deceleration parameter, while remaining in velocity control.

e Velocity I-PD
If the last motion command was Move Velocity (I-PD) (38), the Target Velocity will stop
immediately. Otherwise, the velocity will ramp down from the current velocity to zero at the
rate specified by the Closed Loop Halt Deceleration parameter, while remaining in velocity
control.

e Open Loop
The axis transitions to closed-loop control and ramps the velocity to zero at the rate specified
by the Closed Loop Halt Deceleration parameter in V/sec.
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e Pressure/Force Control
The Target Pressure Rate or Target Force Rate will be ramped to zero at the rate specified by
the Closed Loop Halt Deceleration parameter in Pr/sec or Fr/sec.

Triggering a Closed Loop Halt
A Closed Loop Halt can be triggered in two ways:
e By issuing the Closed Loop Halt (1) command.
e Via Auto Stops.

After a Halt has Occurred

If the halt was caused by an Auto Stop, you should first make sure the error condition that
caused it has been resolved before continuing. Once it has been fixed, you can clear the Halted
status bit by issuing the Clear Faults (4) command. Issuing a valid motion command will also
clear the Halted status bit.

Why Bother?

This halt is useful when you want to stop the axis but remain in closed loop control. If you have
to stop the axis because it is vibrating, use the Open Loop Halt instead, since the axis will
probably keep vibrating or oscillating as long as it is in closed loop control.

The Auto Stops can be set up to cause this halt when an error bit turns on.

See Also
Halts Overview | Closed Loop Halt (1) Command
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3.4.4. Open Loop Halt

The Open Loop Halt is one of the four types of RMC Halts. Use the Open Loop Halt to halt the axis in
open loop control.

When an Open Loop Halt occurs, it takes the following steps:

e It puts the axis in open loop and ramps down the Control Output to the Output Bias using the
Open Loop Halt Ramp parameter.

e The Halted status bit is set and the axis is said to be in the halted state.
o If the axis is part of a Halt Group, it starts an Open Loop Halt on all axes in the group.

Pressure/Force Limit

The Open Loop Halt will ramp the Control output to zero, but will not remove the axis from
pressure/force limit. The Direct Output Halt (3) and Fault Controller (8) commands will remove it
from pressure/force limit.

Tip:

The Halts do more than just stop the axis. If you simply wish to stop the motion in open loop control,
use the Stop (Open Loop) (22) or Open Loop Rate (10) commands. If you wish to stop the motion in
closed loop control, use the Stop (Closed Loop) (6) command instead.

Triggering an Open Loop Halt
An Open Loop Halt can be triggered in two ways:
e By issuing the Open Loop Halt (2) command.
e Via Auto Stops.

After a Halt has Occurred
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If the halt was caused by an Auto Stop, you should first make sure the error condition that
caused it has been resolved before continuing. Once it has been fixed, you can clear the Halted
status bit by issuing the Clear Faults (4) command. Issuing a valid motion command will also
clear the Halted status bit.

Why Bother?

This halt is useful when you want to set the Control Output to zero because of a potentially
dangerous error. The Open Loop Halt Ramp parameter is used to avoid an abrupt (and potentially
damaging) stop. If you just want to stop the axis but still have closed loop control over it, use the
Closed Loop Halt.

The Auto Stops can be set up to cause this halt when an error bit turns on.

See Also
Halts Overview | Open Loop Halt (2) Command

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.4.5. Direct Output Halt

The Direct Output Halt is one of the four types of RMC Halts. Use the Direct Output Halt to halt the
axis, put it in Direct Output, and turn off the Enable Output.

When a Direct Out Halt occurs, it takes the following steps:

e It puts the axis in Direct Output, turns on the Direct Output status bit, and ramps down the
Control Output to the Output Bias using the Open Loop Halt Ramp parameter.

e When the Control Output reaches the OQutput Bias, this halt turns off the Enable Output.
e The Halted status bit is set and the axis is said to be in the halted state.
e If the axis is part of a Halt Group, it starts a Direct Output Halt on all axes in the group.

Tip:

The Halts do more than just stop the axis. For example, the Direct Output Halt will turn off the Enable
Output as well. If you simply wish to stop the motion in open loop control, use the Stop (Open Loop)

(22) or Open Loop Rate (10) command. If you wish to stop the motion in closed loop control, use the
Stop (Closed Loop) (6) command instead.

Triggering a Direct Output Halt
A Direct Output Halt can be triggered in two ways:
e By issuing the Direct Output Halt (3) command.
e Via Auto Stops.

After a Halt has Occurred

If the halt was caused by an Auto Stop, you should first make sure the error condition that
caused it has been resolved before continuing. Once it has been fixed, you can clear the Halted
status bit by issuing the Clear Faults (4) command. Issuing a valid motion command will also
clear the Halted status bit.

Why Bother?

This halt is useful when you want to set the Control Output to zero and turn off the Enable Output
because of a potentially dangerous error. The Open Loop Halt Ramp parameter is used to avoid
an abrupt (and potentially damaging) stop. If you wish to halt the axis but still have closed loop
control over it, use the Closed Loop Halt.

The Auto Stops can be set up to cause this halt when an error bit turns on.
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See Also
Halts Overview | Direct Qutput Halt (3) Command
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3.5. Control Modes

3.5.1. Control Modes Overview

This topic describes various modes of control. For details on motion types, see the Controller Features
Overview.

Open Loop Control

Open Loop Control is the simplest form of control. A control output is given to a system, for
example 2 volts, causing the motion system to move at some approximate speed. Open loop
control does not use the feedback to determine how much Control Output should be given.
Therefore, in open loop control, there is no way of commanding the system to go exactly at a
specific speed or go to an exact position. See the Open Loop Control topic for more details.

Closed Loop Control

Closed Loop control uses feedback from the system being controlled. For example, a command is
issued to go to 20 inches. The RMC computes a target (a motion path) to get to 20 inches. For
each control loop, the controller (the RMC) uses the feedback and the gains to compute the
amount of Control Output that should be given to the system so that it follows the profile. The
system will automatically go to 20 inches. See the Closed Loop Control topic for more details.

The RMC offers several different algorithms for closed-loop control, depending on the feedback
type:

Feedback Type| Closed-Loop Control Algorithms
Position Position PID
Advanced:
Position I-PD
Velocity PID
Velocity I-PD
Velocity Velocity PID
Advanced:
Velocity I-PD
Pressure Pressure/Force Control, Pressure/Force Limit

Force Pressure/Force Control, Pressure/Force Limit

High-Order Control

The RMC also supports Acceleration Control and Active Damping, for difficult-to-control systems
such as pneumatic cylinders.

Other
Cascaded Loops
Gain Scheduling

Unidirectional Mode

Unidirectional Mode, also known as Absolute Mode, is specifically designed for systems that
require a unipolar control signal. Some common cases are:
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e Two Hydraulic Valves
Some hydraulic systems have two valves, one for direction control, the other for flow control.
Unidirectional mode is for controlling the flow valve. The directional valve must be controlled
by other means, but Unidirectional Mode does provide for easy switching of the control
direction based on the directional valve setting.

e Unidirectional Belt
A belt that must always move in the same direction.

For more details, see the Unidirectional Mode axis parameter.

Velocity and Torque Drives

Most actuators, together with their power source and/or drive electronics, can be classified as
velocity mode or torque mode. Which type it is affects the tuning procedure and how the actuator
handles certain RMC commands.

A velocity mode actuator produces a speed proportional to the Control Output. A torque mode
actuator produces a torque or force proportional to the Control Output.

For details, see the Velocity and Torgue Drives topic.

See Also
Closed Loop Control | Open Loop Control | Velocity and Torque Drives
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3.5.2. Closed Loop Control

Closed Loop control uses feedback from the system being controlled. First, the RMC generates a target
(position, velocity, pressure, or force) which specifies where the axis should be at each moment in
order to move to the requested position. Then, the RMC compares the feedback to the target and
calculates how much Control Output should be given to make the feedback match the target. The RMC
repeats this for every control loop time. All closed-loop commands specify the target to be generated.
The tuning parameters specify how to calculate the Control Output, which makes the axis follow the
target.

Closed Loop Control Algorithms

The RMC offers several different algorithms for closed-loop control, depending on the feedback type:

Feedback Type|Closed-Loop Control Algorithms

Position Position PID
Advanced:
Position I-PD
Velocity PID
Velocity I-PD
Velocity Velocity PID
Advanced:
Velocity I-PD
Pressure Pressure/Force Control and Pressure/Force Limit

Force Pressure/Force Control and Pressure/Force Limit

Dual-Loop Control

The RMC supports dual-loop control, for example position-pressure or position-force. This allows
controlling two quantities with a single actuator. For example, consider an injection molding
application. The system first moves in position control to inject the material, then needs to

deltamotion.com 105



RMC70/150/200 and RMCTools User Manual

maintain a certain force. Using dual-loop control, this can be done with a single actuator (typically
a hydraulic valve).

On the RMC, dual-loop control requires one Control Output, one position (or velocity) feedback,
and a pressure or force input (this is called the secondary feedback).

Dual-Loop Control Requirements
To define a dual-loop control axis, the RMC requires:
RMC75: Dual-loop control requires that the secondary feedback is from an AP2 module.

RMC150: Dual-loop control requires a pressure-control enabled RMC150, designated as an
RMC151.

RMC200: Each dual-loop control axis requires two control loops on the Feature Key.
See the Position-Pressure and Position-Force Control topic for more details.

Closed Loop Commands

See the List of Commands topic for a list of closed-loop commands.

See Also
Control Modes Overview | Open Loop Control
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3.5.3. Open Loop Control

Open Loop Control is the simplest form of control. A signal is given to a system, for example, 2 volts
of Control Output to a valve, causing a cylinder to extend at a speed determined by the system
characteristics (valve, cylinder and load, or drive, motor and load). In open loop control, there is no
way of commanding the system to go exactly at a specific speed or go to an exact position.

Sometimes, improperly tuned closed loop control may cause a system to oscillate or exhibit other
erratic behavior. Usually, issuing an open loop command with 0 volts of Control Output will stop the
system safely. See Auto Stops for details on halting a system.

Some of the RMC open loop commands have a ramp rate parameter that specifies the rate at which
the Control Output ramps up to the Requested Output. The ramp avoids jerking the system.

Open Loop Commands

The RMC has the following open-loop commands:

e Open Loop Rate (10)
This is the basic open-loop command. It ramps the Control Output from the current value to
the Requested Output at the rate specified by the Ramp Rate parameter. Use this command
for normal open-loop moves.

e Direct Output (9)
This command is similar to the Open Loop Rate command, except it disables all the safety
features of the RMC. It is intended only for testing the Control Output. Use the Open Loop
Rate command for all other purposes.

e Open Loop Halt (2)
This halt ramps the Control Output from its current value to zero. It also performs other halt
actions.

e Open Loop Absolute (11) and Open Loop Relative (12)
These are specialty open loop commands. They specify the Control Output as a function of
distance. As such, they do require position feedback on the axis.

Partial Open Loop Commands
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The following commands use open-loop control for part of the motion. As the axis reaches the
requested position, the axis switches to closed loop control, decelerates, and holds position.
These commands are useful for fast motion.

e Quick Move Absolute (15)
e Quick Move Relative (16)

See Also
Control Modes Overview | Closed Loop Control
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3.5.4. Position PID

Position PID is the algorithm typically used to perform closed-loop motion control on a position
feedback axis. PID stands for the central gains used in this mode: Proportional, Integral, and
Differential. The Position PID provides very good control and is suitable for nearly all motion control
systems with position feedback.

The Position PID works on a position feedback only and controls both position and velocity. In certain
advanced applications, other control modes may be preferred, such as Position I-PD, Velocity PID, or
Velocity I-PD.

Position PID Advantages

e Tracks position very well.
e Is very well understood by most people in the motion control industry.
Position PID Disadvantages

e May chatter or oscillate when following an irregular target, such as a step jump or a noisy
reference signal.

e Tendency to overshoot final position on some systems.
Motion Commands in Position PID Mode

The default control mode of a position axis is Position PID. If the axis is not in Position PID, use
the Set Pos/Vel Ctrl Mode (68) command to set the Next Pos/Vel Control Mode to Pos PID. The
next closed-loop motion command will use the control mode specified in the Next Pos/Vel Control
Mode status register. The Current Control Mode register indicates the mode currently in use.

See the Closed Loop Control topic for details on which commands are supported in Position PID
control.

Algorithm

Each closed loop motion command issued to the RMC specifies a target profile, which defines
where the axis should be at any given moment. For each loop time when the axis is in closed loop
control, the RMC uses the specified target profile to calculate the desired position of the axis at
that moment (called the Target Position) and subtracts the Actual Position to determine the
Position Error. The Position PID algorithm then uses this information, together with the gains and
feed forwards, to calculate how much Control Output should be generated to move the axis to the
Target Position. The values of the gains and feed forwards must be set to achieve proper control.
The process of setting the gains is called tuning and is done as part of the setup procedure.

The Position PID uses the gains and feed forwards listed below. Each gain or feed forward is
multiplied by some quantity related to the Target Position and Actual Position to come up with a
percentage. The resulting percentages are all summed and then multiplied by the maximum
output (typically 10V), to come up with the Control Output voltage for that loop time.

e Proportional Gain
The Proportional Gain is multiplied by the Position Error. This is the most important gain.
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e Integral Gain
The Integral Gain is multiplied by the accumulated Position Error. This helps the axis get into

position over time.

e Differential Gain
The Differential Gain is multiplied by the difference between the Target and Actual Velocities.
This helps the axis keep up with quick changes in velocity.

e Velocity Feed Forward
The Velocity Feed Forward is multiplied by the Target Velocity.

e Acceleration Feed Forward
The Acceleration Feed Forward is multiplied by the Target Acceleration.

e Jerk Feed Forward
The Jerk Feed Forward is multiplied by the Target Jerk. The Jerk Feed Forward is not
necessary for most applications.

In addition, higher-order gains may be used if Acceleration Control or Active Damping are
selected.

Tuning Position PID

See the Tuning Overview topic for details. The Tuning Wizard can be used to tune position PID

control.
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3.5.5. Velocity PID

Velocity PID is the algorithm typically used to perform closed-loop velocity control on a position or
velocity axis. PID stands for the central gains used in this mode: Proportional, Integral, and
Differential. The Velocity PID provides very good control and is suitable for nearly all motion control
systems with velocity feedback. In certain cases, Velocity I-PD control may be preferred.

Velocity PID Advantages

e Excellent for controlling an axis that follows a smooth target, such as one generated by the
RMC motion commands.

Velocity PID Disadvantages
e May not control very well with an irregular target, such as step jumps or a joystick.

Motion Commands in Velocity PID Mode

To use Velocity PID, use the Set Pos/Vel Ctrl Mode (68) command to set the Next Pos/Vel Control
Mode to Vel PID. The next closed-loop motion command will use the control mode specified in the
Next Pos/Vel Control Mode status register. The Current Control Mode register indicates the mode
currently in use.

See the Closed Loop Control topic for details on which commands are supported in Velocity PID
control.

Algorithm

Each closed loop motion command issued to the RMC specifies a target profile, which defines
where the axis should be at any given moment. For each loop time when the axis is in closed loop
control, the RMC uses the specified target profile to calculate the desired velocity of the axis at
that moment (called the Target Velocity) and subtracts the Actual Velocity to determine the
Velocity Error. The Velocity PID algorithm then uses this information, together with the gains and
feed forwards, to calculate how much Control Output should be generated to move the axis to the
Target Velocity. The values of the gains and feed forwards must be set to achieve proper control.
The process of setting the gains is called tuning and is done as part of the setup procedure.

The Velocity PID uses the gains and feed forwards listed below. Each gain or feed forward is
multiplied by some quantity related to the Target Velocity and Actual Velocity to come up with a
percentage. The resulting percentages are all summed and then multiplied by the maximum
output (typically 10V), to come up with the Control Output voltage for that loop time.

e Proportional Gain
The Proportional Gain is multiplied by the Velocity Error. This is the most important gain.

e Integral Gain
The Integral Gain is multiplied by the integrated (sum of value x time) Velocity Error. This
helps the axis get to velocity over time.

o Differential Gain
The Differential Gain is multiplied by the difference between the Target and Actual
Accelerations. This helps the axis keep up with quick changes in velocity.

e Velocity Feed Forward
The Velocity Feed Forward is multiplied by the Target Velocity.

e Acceleration Feed Forward
The Acceleration Feed Forward is multiplied by the Target Acceleration.

e Jerk Feed Forward
The Jerk Feed Forward is multiplied by the Target Jerk. The Jerk Feed Forward is not
necessary for most applications.

In addition, higher-order gains may be used if Acceleration Control or Active Damping are
selected.

Tuning Velocity PID
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The velocity PID gains must be tuned manually. The Tuning Wizard cannot be used to tune
velocity PID control.
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Velocity Control | Velocity I-PD | Control Modes Overview
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3.5.6. Gain Sets Overview

Most control applications require only one set of gains that never change. However, some applications
may require different gains at different times. For example, a press may switch from a large valve to a
small valve, or an application may require different gains for Position I-PD and Velocity I-PD control
modes. The Gain Sets provides a method of storing two separate sets of gains and applying those
gains as needed.

Each position or velocity axis can have two gain sets. The RMC applies the gains from one of the sets
according to the selected option of the Gain Sets axis parameter, listed in the table below. The Current
Gain Set axis status register displays the currently applied gain set.

Gain Set Description

Option

Single Only one gain set is available. This option is the best choice for most

(default) applications.

Dual Two gain sets are available. Use the Select Gain Set (75) to switch

(RMC200 only) | between gain sets. The axis will use gain set #0 when the RMC powers up.

Pos, Vel Automatically chooses a gain set based on position or velocity control.
Gain Set#0 applies when the Current Control Mode is Position PID or
Position I-PD.
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Gain Set#1 applies when the Current Control Mode is Velocity PID or
Velocity I-PD.
PID, I-PD Automatically chooses a gain set based on PID or I-PD control.

Gain Set#0 applies when the Current Control Mode is Position PID or
Velocity PID.

Gain Set#1 applies when the Current Control Mode is Position I-PD or
Velocity I-PD.

Notice that using velocity or I-PD control does not necessarily require using dual gain sets. If you have
a single gain set, that set will always be used for the position or velocity control, whether it be PID or
I-PD. If you will be using both position and velocity or both PID and I-PD on the same axis, the gain
sets will be useful to you.

The Symmetrical/Ratioed parameter always applies to both gain sets.

The Gains Sets feature is related to, but distinct from, ratioed gains in the forward and reverse
direction of motion on asymmetrical systems, and gain scheduling, where the gain values are
continuously modified based on the state of the system.

Choosing a Gain Set Option
To set the Gain Set option, use the Gain Sets parameter. This parameter is located in the Axis
Tools, Axis Parameters pane, on the All tab, in the Position/Velocity Control section.

After choosing an option other than Single, two gain sets will appear. The tuning tools will always
apply to Gain Set 0. You can tune up the axis using the Tuning Tools, then copy the gains to gain
set 1.

See Also
Symmetrical/Ratioed | Current Gain Set | Current Control Mode
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3.5.7. Ratioed Gains

Position or velocity control axes that behave differently in either direction of motion are called
asymmetric systems. Such systems require different gains in each direction. The RMC can ratio the
gains such that the system controls identically in both directions. A single-rod hydraulic cylinder is an
asymmetrical system. A motor with the same load in both directions is typically symmetrical.

A related concept is using different gains for different control types. See the Gain Sets Overview topic
for details.

To apply different directional gains to an asymmetrical system, the RMC ratios the gains. To ratio the
gains, set the Symmetrical/Ratioed parameter to Ratioed. This creates two Velocity Feed Forwards,
one for each direction. Once the Velocity Feed Forwards have been tuned, the gains in the direction of
the highest Velocity feed Forward will be applied as they are. The gains in the direction of the lowest
Velocity feed Forward will be decreased by the ratio of the Velocity Feed Forwards. This matches the
PID output to the system dynamics in each direction, resulting in very good control of the cylinder.

The RMC uses the Target Velocity and Position Error to determine whether to use the forward or
reverse gains. If there is a non-zero Target Velocity, then its sign determines which directional gains
to use. If the Target Velocity is zero, then the Position Error (or Velocity Error for Velocity Control)
determines the intended direction of movement.

Note:
Ratioed gains are automatically selected by the Tuning Wizard if moves in both directions are used.

Example
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Consider a single-rod hydraulic cylinder that moves at 3 in/sec when a Control Output of 1V is
applied and -2.3 in/sec when a Control Output of -1V is applied. Since it moves faster in the
positive direction, those gains need to be smaller.

The correct Positive Velocity Feed Forward for this system is:
1 [V]x 10 [%/V]/ 3 [in/s] = 3.33 [%/in/s]

The correct Negative Velocity Feed Forward is:

-1 [V] x 10 [%/V]/ -2.3 [in/s] = 4.35 [%/in/s]

By choosing Ratioed gains, the gains in the negative direction will be applied as they are. The
gains in the positive direction will be multiplied by 3.33/4.35, which is 0.766.

(NOTE: The RMC200 Control Output is in percentage in RMCTools vs. Voltage for the RMC75/150.)
Choosing Ratioed Gains

Use the Symmetrical/Ratioed parameter to choose ratioed gains. This parameter is located in the
Axis Tools, Axis Parameters pane, on the Tune tab.

See Also
Gain Sets Overview
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3.5.8. Gain Scheduling

Gain scheduling is the process of dynamically changing the gains of an axis based on some scheduling
variable. The scheduling variable may be any measurable quantity in any RMC register, such as axis
position, pressure, temperature, etc.

For example, an axis may require different gains based on its position. In this case, the axis' position
is the scheduling variable. By defining the gains as a function of the axis's position, the gain
scheduling results in optimum control.

Gain Scheduling Using Curves

If the axis only needs two different sets of gains, dual gain sets may be used for gain scheduling.
This is typically used for systems that change drastically at some well-define point, such as
switching from a large valve to a small valve at some point in the travel.

Gain Scheduling Using Curves

Gain scheduling can be implemented in the RMC by using curves and the curve interpolation
functions. Gain scheduling involves these steps:

1. Determine the gain values at several points
Tune the axis for several different values of the scheduling variable. For example, if the
scheduling variable is the axis position, you should tune the axis at the ends, and perhaps one
or more positions in the middle. Record the gains for each position.

2. Define the gain curve for each gain
Using the Curve Tool and the gain values you recorded, create a curve for each gain. The
scheduling variable will be the x values of the curve, and the gain values will be the y values.
The curve interpolates between the points you entered, providing a smooth gain scheduling
function. Cubic curves will provide the smoothest transition between gains, although linear
curves will work as well. If you choose a cubic curve, choose the Natural Velocity Endpoint
Behavior. Constant curves are not recommended, as they will cause undesirable
discontinuities in the gain terms, especially the Feed Forwards.
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3. Continually apply the gain to the axis
Create a user program that uses the CRV_INTERP_Y function to get the curve values for the
current scheduling variable value, and apply the values to the gains. The user program must
run continuously.

For example, the user program below will apply the gains and the output bias based on the
axis position. The expression can easily be expanded to handle multiple axes.

0 | Command: Expression
| Expression {113) E” _Axis[0]. PropGain := CRV_INTERP_Y(1, _Axis[0]. ActPos);
_Axis[0]. IntGain := CRY_IN i i
_Axis[0]. DiffGain : V_INTERP_Y(3, _Axis[0].ActPos)
“hds[0]. VelFFy CRV_INTERP_Y(4, _Axis[0].ActPos);

“Axis[0].VelFFwdN 1= CRV_INTERP_Y(5, _Axis[0].ActPos);
_Axis[0]. AccFPwd = CRV_INTERP_Y(5, _Axis[0]. ActPos);
_Axis[0]. OutputBias := CRV_INTERF _Y(7, _Axis[0]. ActPas);

Link Type: Jump To

e Gl

To successfully use this program, make sure the RMC is in RUN mode. This can be done by
setting the RMC to start up in RUN mode in the Programming Properties, on the
RUN/PROGRAM page. Also, in the Programming Properties, on the Halts tab, make sure
the task this program is running on is set to halt. To start this user program when the RMC
starts up in RUN mode, use the _FirstScan tag on the Program Triggers.

See Also
CRV_INTERP Functions
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3.5.9. Unidirectional Mode

Unidirectional Mode, also known as Absolute Mode, is specifically designed for systems that require a
unipolar control signal. Some common cases are:

e Two Hydraulic Valves
Some hydraulic systems have two valves, one for direction control, the other for flow control.
Unidirectional mode is for controlling the flow valve. The directional valve must be controlled
by other means, but Unidirectional Mode does provide for easy switching of the control
direction based on the directional valve setting.

¢ Unidirectional Belt
A belt that must always move in the same direction.

Unidirectional Mode will prevent the Control Output from going negative even if the Actual overshoots
the Target. When this occurs, the Control Output will be truncated at the Output Bias, and the Integral
Term will not wind up.

Unidirectional Mode applies to closed-loop position, velocity, pressure, and force control. It does not
affect the Open Loop Rate (10) and Direct Output (9) commands, but it does affect the Quick Move
Absolute (15), Quick Move Relative (16), Open Loop Absolute (11), and Open Loop Relative (12)
commands. The open loop portion of these moves is adjusted in the same way as a closed loop move.

For more details, see the Unidirectional Mode axis parameter.

See Also
Unidirectional Mode Parameter | Set Control Direction (96)

Copyright (c) 2023 by Delta Computer Systems, Inc.

deltamotion.com 113



RMC70/150/200 and RMCTools User Manual

3.5.10. Velocity and Torque Mode

Most actuators, together with their power source and/or drive electronics, can be classified in two
types: velocity mode or torque mode. Which type it is affects the tuning procedure and how the
actuator handles certain RMC commands.

Definition
The actuator type is defined by its response to the Control Output voltage applied by the RMC:

e A velocity mode actuator produces a speed proportional to the Control Output.
e A torque mode actuator produces a torque or force proportional to the Control Output.

In practice, this means that if you issue an Open Loop Rate command with a certain amount of
Control Output to a velocity mode actuator, the actuator will move at a speed roughly
proportional to the Control Output voltage. If you issue the Open Loop Rate command to a torque
mode actuator, the actuator will provide a torque proportional to the voltage. The actuator speed
will keep increasing until the torque is equal to the friction in the system. The final drive speed for
a torque mode actuator is not necessarily proportional to the voltage.

Note:
It is not recommended that you issue Open Loop commands to a torque mode system during normal
operation, because you cannot predict the final speed. Use closed loop commands instead.

Examples

Velocity mode actuators:

e Hydraulic cylinder

e Motors with a velocity drive

Torque mode actuators:

e Motors with an amplifier (without an inner velocity loop)

Effect on Tuning

Whether an actuator is velocity or torque mode affects the tuning of a system in the following
ways:

e Damping
Velocity mode systems typically have high damping because they use a velocity-mode drive,
or for hydraulic cylinders, they have high damping during motion, and when stopped, don't
move because of the low compressibility of oil. In these cases, the system has, or appears to
have, significant damping. Torque mode systems, however, typically have little damping. That
means that if given some Control Output, they will coast after the Control Output goes back to
zero. When tuning a torque drive, some damping must be provided initially with the
Differential gain. This is the primary difference between the tuning methods of velocity drives
and torque drives.

e Feed Forwards
On a velocity mode system, the Velocity Feed Forwards often provide most of the drive
required to move the axis and may therefore be large. On a torque mode system, the Velocity
Feed Forwards are basically only for overcoming friction and are often small. On torque mode
systems, the Accel Feed Forwards do a lot of the work.

Effect on Commands

The Open Loop Absolute (11) and Open Loop Relative (12) commands are intended only for
velocity drives. The Open Loop Rate (10) command can be used on either, but the Control Output
voltage should be kept very low for torque mode systems to keep them from running away.

See Also
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Control Modes Overview
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3.5.11. Advanced

3.5.11.1. Position I-PD

Position I-PD is an algorithm that can be used to perform closed-loop motion control on a position
axis. I-PD stands for the central gains used in this mode: Integral, Proportional, and Differential. The
"-" indicates how the algorithm uses these gains.

For most motion applications, the Position I-PD is not as well-suited as the Position PID. However, the
Position I-PD differs from the Position PID in that it can easily be tuned so that it does not overshoot.
The Position I-PD is therefore very suitable for applications where the Target Position jumps. An
example is an axis geared to a reference input that makes discrete jumps. The Position I-PD typically
does not respond as quickly and does not use Feed Forwards. Therefore, it will always lag behind the
Target Position when moving.

Position I-PD Advantages

e Easy to tune for minimal overshoot, making it excellent for controlling an axis that follows an
irregular target, such as step jumps or a joystick.

e Is not disrupted by a saturated Control Output.
Position I-PD Disadvantages
o Not well suited for following a specific target profile.
o Does not track position changes very quickly. May take longer to get into position.

Motion Commands in Position I-PD Mode

The following commands are designed for use only with Position I-PD and automatically put the
axis into the Position I-PD control mode during the commanded motion:

e Move Absolute (I-PD) (28)
This command immediately sets the target to the requested position. It does step-jump; it
does not ramp it.

e Move Relative (I-PD) (29)
This command immediately sets the target to the requested distance from the specified
position (Target, Actual, or Command). It does step-jump; it does not ramp it.

To use the Position I-PD control mode with other motion commands, first use the Set Pos/Vel Ctrl
Mode (68) command to set the Next Pos/Vel Control Mode to Pos I-PD. The next closed-loop
motion command will use the control mode specified in the Next Pos/Vel Control Mode status
register. The Current Control Mode register indicates the mode currently in use.

See the Closed Loop Control topic for details on which commands are supported in Position I-PD
control.

Special Notes

Decreasing Jerk at Start of Motion

When using the Move Absolute (I-PD)(28) and Move Relative (I-PD)(29) commands, the system
will start moving with a sudden jerk. This is because the Target Position is set to the Command
Position immediately. In many systems this is acceptable. If it is not acceptable for your system,
you can instead use the Move Absolute (20) or Move Relative (21) commands in I-PD mode. With
these commands, the Target Position is ramped toward the Command Position at the speed you
specify (set the Accel and Decel to a high value, such as 1000). This will essentially eliminate the
sudden jerk. This may increase the time it takes to get into position at the end of the move.
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Fast Moves (Saturating the Output)

If the Control Output saturates, the I-PD is not disrupted like the PID is (with the PID, the
Integrator doesn't handle it very well). Therefore, the I-PD can be used to move the system at
it's maximum speed (typically the speed at 10V Control Output). To achieve this, with the Move
Absolute (I-PD)(28) and Move Relative (I-PD)(29) commands, set the Maximum Speed command
parameter to a value greater than you system's maximum speed. The moves will then saturate
the Control Output during the move, indicating that it is moving at it's maximum speed. You will,
of course, need to set the Output Saturated Auto Stop to Status Only.

Saturating the output can be very useful with non-linear valves where the gain "rolls off" at the
upper end. With a PID, it is especially difficult to get close to maximum speed, because a small
increase in speed can suddenly saturate the output. The I-PD makes it easy to get to maximum
speed.

Position I-PD Algorithm

Each closed loop motion command issued to the RMC specifies a target profile, which defines
where the axis should be at any given moment. For each loop time when the axis is in closed loop
control, the Position I-PD algorithm calculates the values from each gain, as described below.
Then, the terms from the Proportional and Differential gains are subtracted from the Integral Gain
term. The resulting value (in percent) is multiplied by the maximum output (typically 10V), to
come up with the Control Output voltage for that loop time.

Gains and Feed Forwards
The Position I-PD uses the gains listed below. It does not use any Feed Forwards.

e Integral Gain
The Integral Gain is multiplied by the accumulated Position Error.

e Proportional Gain
In this control mode, the Proportional Gain multiplied by the change in the Actual Position is
subtracted from the Control Output each control loop.

o Differential Gain
In this control mode, the Differential Gain multiplied by the change in the Actual Velocity is
subtracted from the Control Output each control loop.

In addition, higher-order gains may be used if Acceleration Control or Active Damping are
selected.

Tuning Position I-PD

The tuned position I-PD gains are typically the same values as the tuned position PID gains.
Therefore, you can use the same tuning procedures for as for position PID. See the Tuning
Overview topic for details. Keep in mind that the I-PD algorithm does not use the Velocity or
Acceleration Feed Forwards.

You can also use the Tuning Wizard to tune I-PD control. However, if the gains are set to ratioed,
the Velocity Feed Forwards are used in I-PD only to determine the ratio of the gains.

Diagram
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3.5.11.2. Velocity I-PD

Velocity I-PD is an algorithm that can be used to perform closed-loop velocity control on a velocity
axis. I-PD stands for the central gains used in this mode: Proportional, Integral, and Differential. The
"-" indicates how the algorithm uses these gains.

For most velocity applications, the Velocity PID is more suitable than the Velocity I-PD. The Velocity I-
PD does not respond as quickly and does not use Feed Forwards. Therefore, it will always lag behind
the Target Velocity when it changes. It is easier to tune for no overshooting and can handle step
jumps better than the velocity PID.

Velocity I-PD Advantages
e Excellent for controlling an axis that follows an irregular signal, such as a reference signals
that jumps, or a joystick.
Velocity I-PD Disadvantages
e Lags behind the Target Velocity.

Motion Commands in Velocity I-PD Mode

The following commands are designed for use only with Velocity I-PD and automatically put the
axis into the Velocity I-PD control mode during the commanded motion:

e Move Velocity (I-PD) (38)
This command immediately sets the Target Velocity to the requested velocity. It does step-
jump; it does not ramp it.
To use the Velocity I-PD control mode with other motion commands, use the Set Pos/Vel Ctrl
Mode (68) command to set the Next Pos/Vel Control Mode to Vel I-PD. The next closed-loop
motion command will use the control mode specified in the Next Pos/Vel Control Mode status
register. The Current Control Mode register indicates the mode currently in use.

See the Closed Loop Control topic for details on which commands are supported in Velocity I-PD
control.

Algorithm

Each closed loop motion command issued to the RMC specifies a target profile, which defines
where the axis should be at any given moment. For each loop time when the axis is in closed loop
control, the Velocity I-PD algorithm calculates the values from each gain, as described below.
Then, the terms from the Proportional and Differential gains are subtracted from the Integral Gain
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term. The resulting value (in percent) is multiplied by the maximum output (typically 10V), to
come up with the Control Output voltage for that loop time.

Gains and Feed Forwards

The Velocity I-PD uses the gains listed below. It does not use any Feed Forwards.

e Integral Gain
The Integral Gain is multiplied by the accumulated Velocity Error.

e Proportional Gain
In this control mode, the Proportional Gain multiplied by the change in the Actual Velocity is
subtracted from the Control Output each control loop.

e Differential Gain
In this control mode, the Differential Gain multiplied by the change in the Actual Acceleration
is subtracted from the Control Output each control loop.

Higher-order gains may be used if Acceleration Control or Active Damping are selected. In
addition, in Active Damping control, the Velocity I-PD does not use the Differential gain.

Tuning Velocity I-PD

The velocity I-PD gains must be tuned manually. The Tuning Wizard cannot be used to tune
velocity I-PD control.
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3.5.11.3. Active Damping

Active Damping is an algorithm that reduces oscillation in a motion control system. It can help
control systems prone to oscillation or with low damping, such as pneumatic cylinders. Active damping
requires information on the accelerations or forces acting on the system. The active damping
algorithm uses this information to affect the Control Output so that the accelerations or forces do not
cause oscillations.

Active damping gives best results when a secondary input is used. although in some cases, active
damping can be achieved using only the primary position or velocity feedback.

Active Damping is especially useful for controlling fluid power systems with significant compression in
the fluid. This includes:
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e Pneumatics
Due to the compressibility of air, pneumatic systems are notorious for oscillating. The active
damping limits the oscillation, resulting in much better control.

e Small Hydraulic Cylinders with Large Loads
In hydraulic cylinders with a large mass and a relatively small bore, the effects of the
compressibility of the oil are the most pronounced, and can result in oscillation. Active
damping limits the oscillation, resulting in much better control. In certain cases, the use of
active damping can decrease the bore of the cylinder required, which can also reduce the size
of the hydraulic power unit.

Deciding whether a System Needs Active Damping

To determine whether a system needs active damping, give it an open loop Control Output. If the

system oscillates, especially after the initial start of motion, it could benefit from active damping.
Active Damping Options

Active damping requires information on the accelerations or forces acting on the system. This
information can be obtained in a variety of ways. The table below lists the options available.
Typically, using accelerometers or force feedback provides the best control. Position-based
acceleration does not provide as good control.

Active Possible Sources Required Axis Type

Damping

Type

Force Secondary Force Input (single- or dual-input) Position-Force* or
Velocity-Force*

Acceleration Secondary Acceleration Input (single- or dual- | Position-Acceleration

Input input) or

Velocity-Acceleration

Position-based | Position or Velocity Input (uses the Actual Position or Velocity
or or Velocity- | Acceleration of the feedback)

based e Unfiltered Acceleration (not
Acceleration recommended)
e Filtered Acceleration (not
recommended)

e Modeled Acceleration

*In rare cases, Active Damping with pressure feedback is possible on a position-pressure or
velocity-pressure axis, requiring a secondary pressure input, but is generally not recommended.

Setting Up Active Damping

Pressure or Force Input

a. Define a position-pressure or position-force axis. On the RMC75, this secondary pressure or
force input requires an AP2 module. On the RMC150, the CPU must have the pressure control
option, designated as RMC151.

b. Set the High-Order Control parameter to Active Damping.

Acceleration Input

a. Define an axis with a secondary acceleration input. If you are using one accelerometer, choose
Accel (single-input). If you are using two accelerometers, choose Accel (dual-input,
diff.). On the RMC75, the secondary acceleration input(s) require an AP2 module. On the
RMC150, the CPU must have the pressure control option, designated as RMC151.

b. Set the High-Order Control parameter to Active Damping.

Position-based
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a. Set the High-Order Control parameter to Active Damping. This is only valid if the axis is
position only. If the axis has a secondary feedback, the active damping will use the secondary
feedback.

b. Set the Acceleration Filter Type parameter to Model or Low Pass. This is necessary to obtain
usable acceleration readings. See the modeling and filtering topics for details.

Velocity-based

a. Set the High-Order Control parameter to Active Damping. This is only valid if the axis is
position only. If the axis has a secondary feedback, the active damping will use the secondary
feedback.

b. Set the Acceleration Filter Type parameter to Model or Low Pass. This is necessary to obtain
usable acceleration readings. See the modeling and filtering topics for details.

Tuning Active Damping

Active Damping adds the Active Damping Proportional Gain and Active Damping Differential Gain
to the PID or I-PD control algorithm. See the Tuning Active Damping and Acceleration Control
topic for details on tuning these gains.

See Also
High-Order Control | Acceleration Control
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3.5.11.4. Acceleration Control

Acceleration Control is a High-Order Control option that adds high-order gains to the position
control algorithm. These high-order gains operate on the higher-order derivatives of the controlled
value. For example, on a position control axis, the Double Differential Gain operates on the second
derivative of position.

Using acceleration control improves motion control in certain cases, such as for pneumatic systems.

The higher-order gains made available by Acceleration Control depends on the axis type:

Axis Type Available High-Order Gains | Operates on:

Position Control Double Differential Gain Actual Acceleration based on the position input
(2nd derivative of Actual Position)

Position-Acceleration Double Differential Gain Actual Acceleration from the secondary acceleration

Control input

Triple Differential Gain Actual Jerk based on the secondary acceleration input

(1st derivative of Actual Acceleration)

Velocity Control Double Differential Gain 1st derivative of Actual Velocity

Velocity-Acceleration Double Differential Gain 1st derivative of Actual Velocity

Control

Effect on Control

Acceleration control can improve the motion control in certain cases because of the added terms.

For position only or velocity only control axes, the noise in the position or velocity measurement
(mostly due to the conversion to digital values) requires the derived acceleration measurement to
be filtered or smoothed quite a bit before it can be used. This introduces delays or other errors
which diminish its effectiveness.

For position-acceleration or velocity-acceleration axes, the secondary input from an
accelerometer provides very good acceleration measurements. However, this requires extra
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components and wiring out to the moving load where the accelerometer is mounted. It is also
generally necessary to use two accelerometers, one on the stationary frame and one on the
moving load. This is because the stationary frame is not usually truly stationary—its vibrations
will impact the motion of the load.

Setting up Acceleration Control

Acceleration control uses a dual-loop axis. On the RMC75, this requires an AP2 module. On the
RMC150, the CPU must have the pressure control option, designated as RMC151.

To enable Acceleration Control on a position or velocity control axis:
e Set the High-Order Control parameter to Acceleration Control.
To enable Acceleration Control using accelerometers:

e Define an axis with a secondary acceleration input. If you are using one accelerometer, choose
Accel (single-input). If you are using two accelerometers, choose Accel (dual-input,
diff.).

e Set the High-Order Control parameter to Acceleration Control.

Note:
If you use the Tuning Wizard and choose a second-order model, the wizard will automatically set the
High-Order Control parameter to Acceleration Control.

Tuning Acceleration Control

Manual Tuning

Acceleration Control adds the Double Differential Gain and Triple Differential Gain to the PID or I-
PD control algorithm. See the Tuning Active Damping and Acceleration Control topic for details on
tuning these gains.

Tuning Wizard

In the Tuning Wizard, on the Confirm Model page, uncheck Limit models to first order. If the
wizard then selects a second-order model, it will automatically set the Double Differential Gain. It
will not set the Triple Differential Gain.

See Also
High-Order Control | Active Damping
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3.5.11.5. Cascade Control

Cascade control is supported with any number of loops up to the number of axes supported by the
RMC.

What is Cascade Control?

Cascade control is a control algorithm in which the output of one control loop provides the target
for another loop, as shown in the diagram below.
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Inner Loop
Process
Target
Frocess
Inner Loop Feedback
Quter Loop Feedback .

The ultimate goal of the cascaded loops is to control the end process. Cascade control can provide
precise control for certain difficult systems, for example systems in which some lag time exists.

To better understand cascade control, consider the following example in hydraulic motion control:

Pasition Control Output -
Target FID

I

Pasition
Feedback

The figure above shows a very large hydraulic cylinder with a 3-stage proportional valve. The goal
is to control the cylinder position.

The first two valve stages have internal electronic controls, and all we need to know about them
is that the first two stages will produce a velocity on the third stage that is roughly proportional to
the Control Output signal received by the valve. The third stage has no electronic controls.

A standard PID control loop can be applied to this system, as shown in the figure. However, this
results in poor control. The valve spool responds very quickly compared to the cylinder.
Therefore, when the Position Target of the system (the desired position of the cylinder) changes,
the valve spool will immediately move over its full length of travel, while the cylinder has barely
begun moving, and when the actual position eventually catches up to the target, the spool will
immediately move back the full length, and in that way, the system can begin to oscillate and will
result in poor control.

A better method is to apply an additional inner PID loop to the valve in a cascaded configuration,
as shown in the figure below. This requires spool position feedback from the third stage of the
valve. The valve will then provide a much more linear flow in relation to the Control Output,
which will make the outer position PID much easier to tune and will provide better control.
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Cascade Control Advantages

Allows inner loop to handle non-linear valve and other final control element problems.

Allows operator to directly control inner loop during certain modes of operation (such as startup).
Allows controller to respond quickly to the faster inner loop.

Cascade Control Disadvantages
Cost of measurement of the secondary variable (assuming it is not measured for other reasons).
Additional complexity.

Requirements for Cascade Control:

Inner loop system dynamics must be significantly faster (such as four times faster) than the outer
loop system dynamics. If the inner loop is not faster than the outer loop, then the cascade will
not offer any significant improvement in the system control.

Inner loop must have influence over the outer loop.
Inner loop must be measured and controllable.

Using Cascaded Loops in the RMC

Setting up Cascaded Loops
Setting up cascade control in the RMC involves the following steps:

1. Define Each Loop As an Axis
Each loop of the cascade control must be defined as an axis.

a. For the inner loop, define a standard Control axis.

b. For the outer loop, define a Cascading Outer Loop axis. This axis type provides a
virtual Control Output, but does not use a physical Control Output. If you have more
than two loops, all loops except the inner loop should be Cascading Outer Loop axes.

2. Set up and Tune Inner Loop Axis

Set up the inner loop axis as normal, including setting the Scale/Offset and tuning.

3. Tie Output of Outer Loop to Input of Inner Loop

Use gearing to tie the output of the outer loop to the input of the inner loop. If the inner loop
is position, use the Gear Absolute (25) command. If the inner loop is pressure or force, use
the Gear Absolute (Prs/Frc) (59) command. Set the Gear Absolute command parameters as
listed below. You will also need to use the Transition Rate (56) or Transition Rate (Prs/Frc)
(64) command together with the Gear Absolute commands.

a. The Master Register command parameter should be set to the PFID Output of the
outer loop axis.
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b. The Master Point A and Master Point B command parameters should be set to -100
and 100, respectively. This is because the PFID output ranges from -100% to +100%.

c. The Slave Point A and Slave Point B command parameters should be set to the
minimum and maximum values that you want the inner loop axis to control to. For
example, if the inner loop is a valve spool that you want to allow to travel from 0 to
0.5 inches, set the Slave Point A and Slave Point B command parameters to 0 and
0.5, respectively.

d. Set the Endpoint Behavior command parameter to Truncate.

If the inner loop is velocity, use the Gear Vel (Clutch by Time) (31) command, with the
Master Register as described in item a above. The Denominator should be set to 200,
and the Numerator should be set to the velocity range of the inner axis.

4. Set up Outer Loop Axis
Set up the outer loop axis, including scale/offset and tuning. During closed loop control of the
outer loop (including during tuning), make sure that the inner loop axis remains in closed-loop
control and geared to the PDIF output of the outer loop axis. If the inner loop halts, you will
need to put in closed loop control again and restart the Gear Absolute. You should make sure
the AutoStops and tolerances for the inner loop are set to avoid unnecessary halts.

Using Cascade Control

Once both loops of the cascade control have been set up and tuned, the system can be controlled
by sending motion commands to the outer loop axis. There are a few items to consider:
e Control Order

The inner loop must always be in closed-loop control when the outer loop is controlling the
system. When manually controlling the inner loop, the outer loop should be in open loop

control.
e Starting Up the System
Every time the system starts up, send the Transition Rate (56) and Gear Absolute (25)
commands to the inner loop axis. Then you can begin controlling the outer loop axis.
e Error Handling
You need to consider error handling between the axes. For example, if the inner loop axis

halts, the outer loop axis must halt. If the outer loop axis halt, the inner loop does not
necessarily need to halt.

See Also
Control Modes Overview
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3.6. Motion

3.6.1. Synchronizing Axes

In motion control, the term synchronization is a very general term. In the most general sense, the
RMC does everything synchronously, that is, it does things at specific times and responds to events

within a certain amount of time. This topic describes specific types of synchronization of axes and
explains how to achieve them in the RMC.

Identical Motion (Synchronized Identical Positions)
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In this type of synchronization, the motion of the axes are identical. For example, two cylinders
on a press always move to the same positions at the same time, and must always be at the same
position during the moves.

To achieve this type of synchronization, issue identical commands (such as the Move Absolute
(20) command) to each axis simultaneously. To issue the commands simultaneously, create a
user program and put the commands in the same step. Or, from a PLC issue identical commands
to all axes in the same write.

Keeping the axes in sync:
To keep the axes from getting out of sync, do the following:

e Put all Axes in the Same Halt Group
Put all the axes in the same Halt Group. If one axis in the halt group halts, then all axes in the
group will halt.

o Set the Position Error Tolerance
Set the Position Error Tolerance for each axis. This will cause the Following Error bit to turn on
when the Actual Position comes too far away from the Target Position. When the error bit
turns on, its Auto Stop setting determines what type of halt occurs.
Make sure the Following Error Auto Stop is set identically for each axis. Also make sure the
Open Loop Halt Ramp (or Closed Loop Halt Deceleration, depending on your halt type)
parameter is identical for each axis.

With these parameters set correctly, when you simultaneously issue identical motion commands
to each axis, the Target Position will be identical for each axis at all times. If the Position Error on
one axis becomes too large, the following error bit will turn on, and all the axes will halt at the
same time. Notice that the maximum allowable skew is twice the Position Error Tolerance.

Ratioed Motion (Synchronized Unequal Travel Distances)

In this type of synchronization, the motion of the axes is synchronized such that all the axes start
and stop moving simultaneously, and at any point during the move, each axis has completed the
same percentage distance (or ratio) of its move. For example, if three axes are at 0 inches, and
are to move to 2, 4, and 6 inches, respectively, then at any point in the move, the axes' positions
will be at a 1:2:3 ratio.

To achieve ratioed motion, use the Sync move commands:
e Sync Move Absolute (13)
e Sync Move Relative (14)

Gearing

In this case, the motion of one axis must move at a rate proportional to the position or speed of
another axis or reference input. See the Gearing topic for more details.

Synchronizing RMCs

An RMC can synchronize all its axes. To synchronize more axes, multiple RMCs are needed. There
are several ways to synchronize axes across RMCs.

e Synchronize all axes to a single axis
This applies to applications such as gearing multiple axes to a single feed chain. A transducer
provides the master positions, to which all the other axes are synchronized to. A quadrature
encoder signal can be daisy-chained to multiple RMC quadrature inputs. Or, the Universal 1/O
Module can be used to daisy-chain SSI position data to multiple RMCs. An analog position
signal can also be connected to multiple RMCs.

e Start identical motion simultaneously
If the axes need only do identical motion, then the motion can be started simultaneously using
a discrete output to trigger each RMC.

e Via communications
If the axes need only do identical motion, and do not require very tight synchronization, then
the motion can be started simultaneously via the communication channel. The communication
channels do exhibit a certain amount of latency and jitter.
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e UI/O Inter-Module Communciation
The Universal I/O Module can exchange data between RMC150s each loop time. Therefore,
this is suitable for tight synchronization of motion between controllers, such as gearing. See
the Universal I/0 Module for details.

See Also
Gearing

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.6.2. Using Rotary Motion

This topic describes and provides examples of how to use rotary motion with the RMC series motion
controller. For a description of rotary axes, see the Axis Type: Rotary/Linear topic.

In general, to move rotary axes, use the same motion commands as you would for linear axes. When
positions wrap on the axis, the RMC automatically accounts for it when calculating target profiles,
Position Error, etc.

When Should Rotary be Used?

If your machine has a rotary encoder, it does not necessarily mean the axis should be defined as
rotary. The application determines whether the axis should be defined as rotary.

Typically, rotary applications are applications where the machine (motor, belt, etc.) rotates
through a position cycle and does not have endpoints of travel. That is, it is possible for it
continuously travel in one direction without needing to move the opposite direction (it doesn't
have to continuously travel in one direction, but it should be possible). Typically, single-turn or
multi-turn absolute encoders or incremental encoders are used in rotary applications.

The Positive Travel Limit and Negative Travel Limit do not apply for rotary axes. If you need
positive and negative travel limits and you are using a rotary encoder, you should set up the axis
as linear.

Rotary Configuration Basics

For rotary axes, the counts per revolution must be a power of two, such as 1024, 8192, etc. This
typically means the encoder counter per turn must be a power of two.

The Position Unwind parameter defines the position range the axis will work in. The Position
Unwind parameter can be any positive non-zero value. It works together with the Count Unwind
and Position Offset parameters to scale the counts to position units.

For more details, see the Rotary Scaling topic.

Example 1:

Assume you have a 10 ft (120 in) long belt and an encoder. You wish to scale the axis for inches.
You would set the Position Unwind to 120. As the belt travels, the positions will go from 0 up to,
but not including, 120 in. The Count Unwind should be set to the number of counts generated in
120 inches of travel.

Example 2:

Assume you have a motor with an encoder with 8000 counts per turn, and the encoder turns 4
times per machine revolution. You wish to scale the axis for degrees. You would set the Position
Unwind to 360 and the Count Unwind to 32000 (8000 x 4). As the motor turns, the positions will
go from 0 up to, but not including, 360 degrees.

Rotary Motion Command Behavior

The sections below describe how commands behave on rotary axes:
e Rotary Motion with Absolute Position Moves

e Rotary Motion with Relative Position Moves
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e Rotary Motion with Velocity and Gear Moves
e Rotary Motion with Open Loop Commands

Rotary Motion with Absolute Position Moves

This section applies to the following commands:
e Move Absolute (20)

e Quick Move Absolute (15)

e Time Move Absolute (23)

e Sync Move Absolute (13)

e Advanced Time Move Absolute (26)

e Move Absolute (I-PD) (28)

e Transition Rate (56)

Each of the commands listed above has a Direction parameter with the following options for
rotary axes:

e Positive:

The axis will move to the Requested Position in the direction of increasing position units. If
the Command Position is less than the current Target Position, the axis will wrap around to
the Requested Position. If the Requested Position command parameter is outside the valid
range of the axis, the Command Position will be set within the valid range using modular
arithmetic such that the position will be the same location within the range. For example, if
the valid range is 0-360 (not including 360), and the Requested Position is 800, the
Command Position will be set to 80 (800 mod 360). Likewise, with a Requested Position of -
100, the Command Position will be set to 260 (360 + (-100 mod 360)). The Command
Position will never be more than 1 revolution from the current Target Position.

Example:

Consider a rotary axis with a Position Unwind of 360 and a current Target Position of
180. A move to 90 with the Positive Direction parameter will cause the axis to pass 0
(wrap), and end at 90 position units.

e Negative:

The axis will move to the Requested Position in the direction of decreasing position units. If
the Command Position is greater than the current Target Position, the axis will wrap around
to the Requested Position. If the Requested Position command parameter is outside the
valid range of the axis, the Command Position will be set within the valid range using
modulo arithmetic such that the position will be the same location within the range. For
example, if the valid range is 0-360 (not including 360), and the Requested Position is 800,
the Command Position will be set to 80 (800 mod 360). Likewise, with a Requested Position
of -100, the Command Position will be set to 260 (360 + (-100 mod 360)). The Command
Position will never be more than 1 revolution from the current Target Position.

Example:

Consider a rotary axis with a Position Unwind of 360 and a current Target Position of
180. A move to 270 with the Negative Direction parameter will cause the axis to pass
0 and end at 90 position units.

o Nearest:

The axis will move to the Requested Position in the direction that results in the shortest
distance of travel. If the Requested Position command parameter is outside the valid range
of the axis, the Command Position will be set within the valid range using modulo arithmetic
such that the position will be the same location within the range. For example, if the valid
range is 0-360 (not including 360), and the Requested Position is 800, the Command
Position will be set to 80 (800 mod 360). Likewise, with a Requested Position of -100, the
Command Position will be set to 260 (360 + (-100 mod 360)). The Command Position will
never be more than 1 revolution from the current Target Position.

Example:
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Consider a rotary axis with a Position Unwind of 360 and a current Target Position of
180. A move to 270 with the Nearest Direction parameter will cause the axis to go
directly to 270. Likewise, with a current Target Position of 45, a move to 270 with the
Nearest Direction parameter will cause the axis to pass 0 and go to 270.

e Absolute:

This option is very useful for moving the axis through multiple revolutions. With the
Absolute option, the Move command mimics a linear axis. The Requested Position command
parameter can be any value; it does not need to within the valid range of the axis. When
the command is issued, the value in the Requested Position command parameter is treated
as a position on a linear axis; the axis begins moving toward the position as if on a linear
scale. If the position is outside of the valid position range, the axis rotates through the
number of revolutions required to reach the position. Each time the Target Position wraps
during the move, the Position Unwind value is subtracted from the Command Position until
the Command Position is within the valid position range.

Relative point-to-point moves can also be used to move the axis through multiple rotations.
See the Rotary Motion with Relative Point-to-Point Moves section below.

Example:

For example, consider a rotary axis with a Position Unwind of 360 where the Actual
Position is at 180. When a Move command is issued with the Absolute Direction
parameter, the Move command considers the axis as if it were linear, as shown
below. Each labeled mark on the axis represents one revolution. Therefore, moving
to 720 would move the axis 1.5 revolutions. Notice that when it reaches the final
position, the Command Position will be 0, not 720, because it subtracted 360 each
time it wrapped.

Current Position

v

i ] ' i i
] ) s ) ) ]
-360 0 360 720 1080

e Current:

This option will move to the Requested Position in the current direction. The current
direction is determined by current velocity of the axis. If the axis is already in closed-loop
control, the Target Velocity is used. If the axis was in open-loop control when the command
was issued, then the Actual Velocity will be used. If the axis’s current velocity is zero when
the command is issued, it will behave as the Nearest direction parameter option.

If the Requested Position command parameter is outside the valid range of the axis, the
Command Position will be set within the valid range using modulo arithmetic such that the
position will be the same location within the range. For example, if the valid range is 0-360
(not including 360), and the Requested Position is 800, the Command Position will be set to
80 (800 mod 360). Likewise, with a Requested Position of -100, the Command Position will
be set to 260 (360 + (-100 mod 360)). The Command Position will never be more than 1
revolution from the current Target Position.

Rotary Absolute Motion Examples

Example 1: Basic Rotary Move

Consider a rotary axis with a single-turn encoder with a Position Unwind value of 360 and a
Position Offset of 0. Therefore, the position range extends from 0 up to, but not including, 360.
Assume the current position of the axis is 45. You issue a Move Absolute command with a
Position command parameter of 135. The following illustrations explain how the axis will behave
for each possible Direction parameter:

Positive Negative
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The axis will move in the positive
direction to the Command Position, as
shown below:

Current
45 { Posttion
0
270 80
180
135K command
Position

Nearest

The axis will move in the negative
direction to the Command Position, as
shown below:

Current
( Posttion

45

135

R Command
Position

Absolute

The axis will move in the direction that
gives the shortest path to the Command
Position, as shown below:

Current
45 { Posttion
0
270 S0
180
135K command
Position

Example 2: Basic Rotary Move

Consider a rotary axis with a single-turn encoder with a Position Unwind value of 360 and a

The axis will move as if it were a linear
axis. Therefore, the axis will move to
the Command Position in the direction of
increasing position units, as shown
below:

Current
45 { Posttion

135K command
Position

Position Offset of 0. Therefore, the position range extends from 0 up to, but not including,
360. The current position of the axis is 45. You issue a Move Absolute command with a

Position command parameter of 315. The following illustrations explain how the axis will behave

for each possible Direction parameter:
Positive

Negative

The axis will move in the positive

direction to the Command Position, as

shown below:
Command

Current
Posttion Posttion
315 45

The axis will move in the negative
direction to the Command Position, as
shown below:

Command Current
p°“\'°n i POstion
315 45
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Nearest

Absolute

The axis will move in the direction that
gives the shortest path to the Command
Position, as shown below:

The axis will move as if it were a linear
axis. Therefore, the axis will move to
the Command Position in the direction of

increasing position units, as shown

below:
Command Current e ,
Position Sz Current
N T o Postion Posttion
315 45 Posttion
315 45

Example 3: Multiple Rotations

This example illustrates how to use the Absolute option in the Direction command parameter to
move a rotary axis through multiple revolutions.

Consider a rotary axis with a single-turn encoder with a Position Unwind value of 360 and a
Position Offset of 0. Therefore, the position range extends from 0 up to, but not including,

360. The current position of the axis is 0. You issue a Move Absolute command with the
Absolute option in the Direction command parameter. The following illustrations explain how

the axis will behave for various values of the Position command parameter:

Position command parameter = 360

Position command parameter = 540

The axis will move 1 revolution in the
positive direction. The final position will
be 0.

Final Current
Posmon\ 0 4 Position
1]

270 90

180

Position command parameter =
3600

The axis will move 1.5 revolutions in the
positive direction. The final position will
be 180.

0 ( Current

Position

Final
Posttion ) 180

Position command parameter = -
3600

The axis will move 10 revolutions in the
positive direction. The final position will
be 0.

The axis will move 10 revolutions in the
negative direction. The final position will
be 0.
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Final Current Final Current
Posmon\ 0 i Postion Posmon\ 0 ¢ Postion

1
X10 x10

Rotary Motion with Relative Position Moves
This section applies to the following commands:
e Move Relative (21)
e Quick Move Relative (16)
e Time Move Relative (24)
e Sync Move Relative (14)

e Advanced Time Move Relative (27)
e Move Relative (I-PD) (29)
These commands are useful for moving the axis through multiple rotations.

Each of the above commands has a command parameter called Displacement. Each command
works by moving the axis by the requested Displacement relative to the selected value of
Command Position, Target Position, or Actual Position. If the Command or Target Position is
selected, and the axis is currently in a mode that does not use that Position (such as open loop) it
will be relative to the current Actual Position. The sign of the Displacement specifies the direction
of movement. The Displacement can be greater then the Position Unwind, which makes these
commands useful for moving the axis through multiple rotations. The Command Position is
initially set to the current selected relative-to position plus the requested Displacement. Each
time the position wraps, the Position Unwind is subtracted from the Command Position until it
reaches the final position.

For example, consider an axis with a Position Unwind of 1.0. Therefore, the position range
extends from 0 up to, but not including, 1.0. If the current Command Position is at 0.0 and a
Move Relative command is issued with a Displacement of 100 relative to the Command Position,
the axis will rotate 100 revolutions and end up at 0.0.

Rotary Motion with Velocity and Gear Moves

This section applies to the following commands:
e Move Velocity (37)

e Move Velocity (I-PD) (38)

e Gear Pos (Clutch by Time) (30)

e Gear Vel (Clutch by Time) (31)

These commands work like on a linear axis, except that the positions will wrap as usual for a
rotary axis.

Rotary Motion with Open Loop Commands

This section applies to the following commands:
e Direct Output (9)

e Open Loop Rate (10)

e Open Loop Absolute (11)

e Open Loop Relative (12)
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The Direct Output (9) and Open Loop Rate (10) commands work like on a linear axis, except that
the positions will wrap as usual for a rotary axis.

The Open Loop Absolute (11) and Open Loop Relative (12) commands ramp the Control Output
from it's current value to the requested Output. This ramping is linear based on distance (not
time) from the current Actual Position to the requested Position or requested Displacement
command parameters.

For both these commands, the ramping range is calculated in the same manner as the Command
Position is calculated for the point-to-point moves described above; for the Open Loop Absolute
command, the range of the ramping is determined by the Direction parameter, and for the Open
Loop Relative command, the range of the ramping is determined by the sign of the requested
Displacement.
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3.6.3. Velocity Control

The RMC fully supports velocity control. Velocity control can be achieved on either a position axis or a
velocity axis.

On a Position Axis:

On a position axis (an axis that has a position feedback, such as an encoder), the RMC can
control velocity in several ways:

e With Position Moves
The most basic velocity control on a position axis is with standard position moves in Position
PID mode (the standard control mode). For example, when issuing a Move Absolute (20)
command, the speed must be specified in the command. The axis will move at the specified
speed until it reaches the requested position.

e Continuous Position Control
Velocity can also be controlled on a position axis with the Move Velocity (37) command in
Position PID mode. In this mode, the Move Velocity command does not actually generate a
Target Velocity. Instead, it generates a moving Target Position. Therefore, if the axis falls
behind, it will not try to catch up to the Target Velocity; it will actually attempt to catch up to
the Target Position. This may cause the axis to move considerably faster than the Target
Velocity while it catches up.
The Move Velocity command works well on axes where position is important.

e True Velocity Control
True velocity control can be achieved on a position axis with the Move Velocity (37) command
in Velocity PID mode. In this mode, the Move Velocity command generates a Target Velocity.
A Target Position is not calculated; it is set to the same as the Actual Position. Velocity I-PD
mode can also be used for true velocity control.

Velocity control on a position axis is often done with a rotary encoder. See the Using Rotary
Motion topic for details on using rotary motion.

On a Velocity Axis:

On a velocity axis (an axis that has a velocity feedback, such as a tachometer), the RMC can
control true velocity. Notice that in velocity control on a velocity axis, it is impossible to achieve
exactly zero speed. This is because velocity transducers report the speed in voltage, which can
never be exactly zero due to its analog nature and noise.

The standard command for velocity control is the Move Velocity (37) command. The Velocity PID
mode is typically used for velocity control on a velocity axis. See the Velocity PID topic for more
details, such as commands, etc.

For advanced applications, the Velocity I-PD control mode may be used.
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See Also
Using Rotary Motion | Defining Axes | Control Features Overview

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.6.4. Gearing

Gearing is used when one axis (the slave axis) must move incrementally and proportionately to a
register (the gear master), which is typically the position or velocity of another axis. The RMC has
several commands to cover a wide range of simple and advanced gearing applications. This topic
describes the basics of gearing and gives an overview of the gearing commands.

If you need to gear using a non-linear profile, see the Curves Overview topic.

In general, to gear an axis, issue a gearing command to the axis to be geared (the slave axis). The
axis will remain geared until another command is issued to the axis. A register does not need to do
anything to become the master of a gearing relationship. The slave axis will select its gear master.

The RMC provides both relative gearing, which defines only the rate at which the slave moves based
on the rate of the master, and absolute gearing, which defines exactly the position of the slave based
on the value of the master.

Gearing Commands
The RMC offers the following gearing commands:

Absolute Gearing Commands

Absolute gearing defines exactly the position of the slave based on the value of the master. The
absolute gearing commands work very well for making an axis follow a reference input (half

axis).

Gear Absolute (25) Sets up an absolute linear gearing relationship and will
make the axis follow that relationship.

Gear Absolute (Prs/Frc) (59) Sets up an absolute linear gearing relationship for
pressure/force and will make the axis follow that
relationship.

Relative Gearing Commands
Relative gearing defines the rate at which the slave moves based on the rate of the master.

Gear Pos (Clutch by Rate) (39) | Gears the position of an axis to a master. The clutching
is done such that the slave axis ramps its target
velocity using the acceleration and jerk parameters
until it reaches the synchronized gear ratio.

Gear Pos (Clutch by Time) (30) | Gears the position of an axis to a master. The clutching
is done such that the gear ratio ramps from the current
ratio to the specified ratio in the specified time.

Gear Pos (Clutch by Distance) Gears the position of an axis to a master. The clutching
(32) is done such that the master and slave synchronize
exactly at the requested positions. Typically used in
flying-cutoff type applications.

Gear Vel (Clutch by Time) (31) | Gears the velocity of an axis to a register. The clutching
is done such that the gear ratio ramps from the current
ratio to the specified ratio in the specified time.
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Advanced Gear Move (33) For very advanced gearing applications. It is intended
to be used in user programs along with mathematical
calculations.

Gearing with Motion Limits Commands

The Track commands provide gearing, with limits on the position, velocity, acceleration and jerk.
These commands are useful for smoothly tracking a signal containing noise or step-jumps, or for
gearing to another position while not exceeding specified motion limits.

Track Position (57) Continuously tracks the specified master register. The
axis position is limited by the positive and negative
travel limits, and the specified velocity, acceleration,
and jerk limits.

Track Position (I-PD) (58) Continuously tracks the specified master register. The
axis will be controlled using the I-PD algorithm. The
axis position is limited by the positive and negative
travel limits and the specified velocity.

Gear Modifying Commands
These commands modify an existing gearing relationship.

Geared Slave Offset (35) Superimposes a move of the requested distance onto
the currently-geared axis while the master moves the
specified distance.

Advanced Gear Move (33) For very advanced gearing applications. It is intended
to be used in user programs along with mathematical
calculations.

Gear Ratio

The gear ratio specifies the gearing of the axis to its master. To make gearing infinitely accurate
in more applications, most of the RMC gear commands use a Numerator and Denominator to
specify the ratio. For example, if a user has a rotary application and needs a gear ratio of 1:3, it
cannot be represented with a single decimal number. However, the Numerator and Denominator
will represent this accurately and the system can gear for any number of revolutions without
losing the position.

The Numerator is the distance the slave axis travels as the master travels the distance specified
by the Denominator. This relationship is shown below in equivalent equations:

Murnerator Changein slave axis position  #Master gear teeth Slave speed
Gear Ratio = = = =

Denorin ator Change in rmaster position # Slave gear teeth Master speed

Gear Ratio of Zero (0)

A gear ratio of zero will cause the slave axis to stop. This can be very useful if the axis is already
geared. By specifying a gear ratio of zero and clutching by distance, the slave can be instructed
to stop when the master reaches a certain position.

High Gear Ratios

High gear ratios can cause unstable control. A high gear ratio will cause the slave axis to move a
large distance while the master moves a small distance. Any noise in the master will be amplified
in the motion of the slave axis. In addition, the feedback increments will be amplified. Try to
avoid high gear ratios.

If a high gear ratio cannot be avoided, try to use the lowest noise and highest resolution feedback
possible on the master axis. This will minimize the amplification of the feedback increments and
noise. If the master axis is a control axis, make sure the motion is smooth and minimize quick
changes in velocity. If the master axis is a reference axis, consider adding filtering to it to reduce
noise.
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Gear Absolute

The Gear Absolute commands do not use a numerator and denominator. Instead, the gearing
relationship is defined with Master Point A, Master Point B, Slave Point A, Slave Point B. The ratio
can be calculated as follows. See the Gear Absolute (25) command for more details.

Gear Ratio = (Slave Point B - Slave Point A) / (Master Point B - Master Point A)

Clutching

Clutching is used for relative gearing commands. Clutching is the transition of the motion of the
slave axis at the time the gearing command is issued to the final specified ratio. Most often, this
cannot be done instantaneously.

Example 1

Consider a basic gearing application where Axis 1 (the slave axis) is to gear to Axis 0 (the gear
master) with a 1:1 ratio. Before gearing, Axis 0 is moving at 10 in/sec and Axis 1 is stopped. If
the gearing were to start instantaneously, then Axis 1 must go from 0 in/sec to 10 in/sec
instantaneously, which is impossible.

The RMC supports several methods of clutching, making it very flexible for use in many gearing
applications.

Clutching Methods
e By Rate

Clutching by rate specifies the rate at which the slave axis' velocity changes in order to
reach the requested gear ratio. The rate is specified with an Acceleration and a Jerk
parameter. In Example 1 above, if the clutching Acceleration is 20 and the Jerk is 1000,
then Axis 1 will change from 0 in/sec to 10 in/sec at that rate. Once it reaches 10 in/sec, it
will lock in at the 1:1 ratio.

For more details, see the Gear Pos (Clutch by Rate) (39) command, which starts gearing
with clutching by rate.

e By Time

Clutching by time specifies the amount of time it should take to reach the requested gear
ratio. In Example 1 above, if the clutching time is 0.5 seconds, then Axis 1 will go from 0
in/sec to 10 in/sec in 0.5 seconds. It will then be geared at 1:1.

For more details, see the Gear Pos (Clutch by Time) (30) command, which starts gearing
with clutching by time.

e By Distance

Clutching by distance specifies the distance in which the requested gear ratio should be
reached. This allows the user to specify the exact positions at which the axes should be
locked in at the specified gear ratio. This is especially useful for flying-cutoff type
applications.

Consider a gearing application where Axis 1 (the slave axis) is to gear to Axis 0 (the gear
master) with a 1:1 ratio. Before gearing, Axis 0 is moving at 10 in/sec and Axis 1 is
stopped. With clutching by distance, the user can specify that the axes should start
clutching when the master reaches 5 in. and reach the final gear ratio when the master
reaches 10 inches. The user also wants the slave to be at 2 inches at this point.

Therefore, when the master reaches 5 inches, the slave will start moving. When the master
reaches 10 inches, the slave will be at 2 inches, and will be geared 1:1 with the master.

For more details, see the Gear Pos (Clutch by Distance) (32) command, which starts
gearing with clutching by distance. This command is used in flying-cutoff type applications.

Transitions

Transitions are used for absolute gearing commands. When an absolute gearing command is
issued to an axis, the axis must already be on the gearing relationship, or a Transition command
must previously have been issued to the axis to define how the axis should move from it's current
position onto the gearing relationship.
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See the Transition Rate (56) command or more details.

Possible Gear Masters

The gear master can be any register in the RMC. A register does not need to do anything to be a
gear master. Most registers in the RMC are not useful as a gear master. Some practical gear
masters are described below:

e Target Position or Actual Position of a control axis:
In this case, the axis is geared to the Target or Actual Position (or pressure or force) of
another control axis. For example, one motor may need to gear to another motor, or one
cylinder may have to move at the same rate as another cylinder. Typically, if you are gearing
to a control axis, gearing to the Target Position provides smoother motion than gearing to an
Actual Position because Actual Positions, as an actual feedback signal, tend to be less smooth
due to transducer noise and quantization.

e Actual Position of a reference input (half axis):
In this case, the axis is geared to the position (or pressure or force) of a reference input, such
as from a joystick, an analog output from a PLC, or a belt position sensor. The Gear Absolute
(25) and Gear Absolute (Prs/Frc) (59) commands work very well for this type of application.

e A Variable:
Using the Expressions command in User Programs, you can create a Variable that varies in
time. By gearing to the variable, you can move the axis in that profile. The Gear Absolute
(25) and Gear Absolute (Prs/Frc) (59) commands work very well for this type of application.

The RMC will process the slave after the master, which reduces latency in the slave axis—as long
as there are no g"gear chains". For example, if axis A is geared to axis B, which is, in turn,
geared to axis C, there is no guarantee that C will be processed before B which will be processed
before A. However, if A and B are both geared to directly C, then C will be processed before both
A and B.

Noisy Masters

Gear masters that are not very smooth, such as Actual Positions or reference inputs, may cause
chatter in the slave axis. The velocity, acceleration and jerk of the slave are calculated from the
master. Any noise on the master will be exaggerated in these calculations, especially the
acceleration and jerk. To reduce chatter, you may need to set the Acceleration Feed Forward and
Jerk Feed Forward to 0 on the slave axis.

If the gear master is a reference input, it can be filtered to make it smoother.

Using a Virtual Axis as a Gearing Master

A virtual axis can be used as a gearing master axis. It is sometimes desirable to gear to a virtual
axis rather than executing the motion as a function of time. All the axes geared to the virtual axis
can be sped up or slowed down by speeding up or slowing down the virtual axis. The virtual axis
can even be moved backwards causing the geared axes to back up too. This cannot be done
using time-based commands.

When using a virtual axis as a master as described above, it is often useful to set it up as a rotary
axis because it will never need to be reset. When used as a master, the virtual axis is typically
commanded to move with a Move Velocity (37) command. Moving it at 1 unit/sec as the standard
velocity makes gearing ratio calculations very easy. The acceleration and deceleration provide a
smooth start and stop for the geared axis.

Halt Groups

For safety, both the master and slave axis should be included in the same Halt Group. If one axis
in a Halt Group halts due to an error, all the other axes in that halt group will also halt.

Target Generator Components

The behavior of the components of the gearing target, including the Target Velocity, Target
Acceleration, and Target Jerk, depend on the type of register used as the master:

e Target Position
When gearing to a Target Position, the slave Target Velocity will be the ratioed master Target
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Velocity, the slave Target Acceleration will be the ratioed master Target Acceleration, and the
slave Target Jerk will be the ratioed master Target Jerk.

e Actual Position
When gearing to an Actual Position, the slave Target Velocity will be the ratioed master Actual
Velocity (filtering applies), the slave Target acceleration will be the ratioed master Actual
Acceleration (filtering applies), and the slave Target Jerk will be zero (0).

e Actual Pressure/Force
When gearing to the Actual Pressure/Force, the slave Target Velocity will be the ratioed
master Actual Pressure/Force Rate, the slave Target Acceleration will be the ratioed simple
derivative of the velocity, and the slave Target Jerk will be zero (0).

o Other Registers
When gearing to any other register, the slave Target Velocity will be the ratioed simple
derivative, the slave Target Acceleration will be the ratioed simple derivative of the velocity,
and the slave Target Jerk will be zero (0).

See Also
Synchronizing Axes
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3.6.5. Simulating Motion

The RMC can simulate motion on certain axis types. The axis simulates a physical system, including
the feedback, and may be used to:

e Learn how to move and tune an axis.
e Develop and run user programs on your RMC before the machine is ready for motion.

e Approximate a given real hydraulic system. This require advanced knowledge of system
models. Set the Simulate parameters to values that correspond to your real system and then
tune the simulated axis. This can provide an indication of the tuning values required for the
real system.

Supported Axis Types
Position Control
Position-Pressure Control
Position-Force Control
Velocity Control
Pressure-Only Control
Force-Only Control
Reference Axes

XXX X A A A

Virtual Axes

*Simulate mode does not apply to virtual axes. They have only a virtual target profile that can be commanded and
have no physical inputs or outputs to simulate.

Notes:
e During simulate mode, the axis' physical output is 0 V.
e Simulate mode requires a physical RMC, and is not possible only within RMCTools.
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If any axis is in simulate mode, the status of the Simulate Mode parameter is displayed in the
Axis Status Registers Pane to clearly indicate that to the operator.

The simulated system will be limited to the limits of the simulated transducer. For example, if
the Counts for a simulated MDT-feedback axis tries to go under 0 counts, or above 1048575
(16#FFFFF), a Transducer Overflow error will occur. If a voltage feedback axis tries to go
below -10 Volts or above +10 V, a Transducer Overflow error will occur. To recover from a
transducer overflow error, use the Direct Output (9) command to move away from the limit.

Setting up Simulate Mode

Use the Simulator Wizard to quickly set up an axis in simulate mode. It will set the simulator
parameters, travel limits, and tuning gains so you can immediately move the axis in simulate
mode. Axis parameters such as Linear/Rotary, SSI Data Bits, and Analog Input Type (£5V, £10V,
4-20mA) should be set before using the wizard. Simulate mode requires a physical RMC, and is
not possible only within RMCTools.

1.

Enter Desired Position Range
Enter the desired range of position travel. For rotary axes, choose the number of position units
per rotation.

Enter Maximum Velocity
Enter the desired maximum velocity. This is the velocity at which the axis will move with
100% of Control Output.

Enter Maximum Acceleration

Enter the desired maximum acceleration. This is not necessarily a true limit of the
acceleration, but helps determine the response of the simulator and the tuning gains. For best
results, set this value significantly higher than the acceleration rates you intend to use on the
axis. This value is typically at least an order of magnitude (10x) greater than the maximum
velocity.

Enter Pressure or Force Information
If the axis is position-pressure or position-force, enter the maximum force of the simulator,
and the desired range of the force area at the ends of the travel.

The tuning of the pressure or force is affected by the position settings, especially the
Maximum Acceleration. If the pressure or force tuning is poor, or pressure or force following
errors occur, run the Simulator Wizard again and increase the Maximum Acceleration.

Review Parameters
Click Next and review the axis parameter settings in the Proposed column. Any parameters
with blue text can be changed. When you are satisfied with the values, click Finish.

Download Axis Parameters

In the Axis Tools window, click the download button i&ﬁ to apply the parameter changes to
the controller.

After setting these parameters, make sure to enable the axis. This can be done by sending the
Enable Controller (7) to the RMC. To do a basic move on the axis, send the Move Absolute (20)
command.

| Note: The simulator wizard will set the simulator to 2 order.

Simulating a Real System

The simulator can be configured to approximate your actual system. The simulator parameters
are in the Axis Tools, in the Axis Parameters, on the All tab, in the Simulator section. You
will need to set the parameters listed in the table below. Use the guidelines below to calculate the
Simulate parameters to approximate your real system:

Parameter To calculate this parameter:
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System Gain The System Gain units are pu/s/V or pu/s/%, which is the speed the system moves for 1 V c
of control output.

The RMC200 has individual Positive System Gain and Negative System Gain parameters to
simulate different behavior in each direction of motion.

Simulator The simulator can be set to 1st or 2™ order.
Order A 1t order system is defined by the System Gain and Time Constant.
A 27 order system is defined by the System Gain, Natural Frequency, and Damping Factor.

Time Constant = For a 1t order system. To calculate the time constant, determine the time it should take the
velocity to reach 95% of the steady state, and divide by 3.

Natural For a 2 order system. The Natural Frequency for a hydraulic system is normally between 1
Frequency 30. Use the following formula to calculate the natural frequency for hydraulic system:

o = sqrt[(4*200000 *A2?) /(mass * volume)]

where

o = Natural Frequency (Hz)

A = area of the piston (in?)

mass = the mass moved by the system (Ib)

volume = the volume of trapped oil in the cylinder (in3)

Damping For a 2 order system. The damping factor is a unitless number. Hydraulic systems typically

Factor from 0.3 to 0.8. If the load has a lot of friction, this value will become larger. A lower value 1
the system more difficult to control.

Positive Specifies the maximum and minimum positions the simulator can move to. Notice that the

Physical Limit Maximum Compression distance goes beyond these limits. Setting the limits both to zero me

Negative there is no limit. However, the RMC will simulate the feedback limit, whether it be counts, vc

Physical Limit | current.

Output Simulates overlapped spools on hydraulic valves.

Deadband

Output Null Simulates a null offset on hydraulic valves.

Weight Used to calculate the forces during motion.

Maximum The max force of the system. Used when hitting the ends and in calculating the max speed.

Force

Maximum The maximum compression at the positive and negative physical limits. This simulates a spri

Compression provide pressure or force feedback.

Once you have calculated the tuning parameters, you must set the positive and negative travel
limits and tune the axis according to the Tuning Position topic in order to move it.

Notice that on axes with analog feedback, if you move the simulated axis too far, it will turn on
the Transducer Overflow bit.

Troubleshooting

Applying Simulator Parameters
For best results, always change the Simulator axis parameters only from Axis Tools.

RMC75 and RMC150: If the axis is in Simulate mode, and a simulator parameter is changed,
the simulate model will be suspended until the last simulate mode parameter register (Max
Compression [Fx:127]) has been updated. At this point, the new simulator model will be
calculated and the simulator model will be activated. When the simulator model is suspended, the
Actual Position will not move.
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RMC200: The simulator parameters can be updated on the fly.

Simulator Unresponsive

In certain cases, the Actual Position may become unresponsive. One such case is if the Actual
Position is moved such that the Counts become zero on a linear MDT, SSI, or Resolver axis.

If this occurs, you can reset the simulator by exiting and entering simulate mode:
1. In the Axis Tools, uncheck the Simulate Mode check box and download the axis parameters.

2. Check the Simulate Mode check box and download the axis parameters. The Actual Position
will be set to the midpoint of the Positive and Negative Physical Limits.

Invalid Model

When the simulator parameters are changed, the RMC calculates the new simulator model for the
axis. This can take several control loops to complete. The axis uses the model to simulate the
motion. Due to the digital nature of the RMC, not all models are valid. It is possible for the model
generation to fail due to more subtle interactions between the model parameters. Specifically, it
is possible to have 2nd order models rejected if the Natural Frequency is near its maximum,
especially when the Damping Factor is high.

If the simulator does not appear to be working, you may have an invalid model. Make sure the
simulator parameters are within their ranges. The valid ranges are given in the help topics for
each simulator parameter.

See Also

Simulator Wizard | Simulate Mode | System Gain | Natural Frequency | Damping Factor | Positive
Physical Limit | Negative Physical Limit | Qutput Deadband | Output Null | Weight | Maximum
Force | Maximum Compression
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3.6.6. Step Jumps

For closed-loop motion control, the RMC target generator typically generates a motion profile that
ramps the position to the requested position in a controlled manner. This provides smooth and precise
motion. However, some users may prefer that the Target Position jumps immediately to the requested
position. This is called a Step Jump.

The RMC can generate a step-jump command with the Time Move Absolute (23) and Time Move
Relative (24) commands. The Move Time parameter must be set to 0. See the respective commands
for details.

The Move Absolute (I-PD) (28), Move Relative (I-PD) (29), and Move Velocity (I-PD) (38) commands
also generate step jumps.

See Also
Time Move Absolute (23) | Time Move Relative (24)
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3.6.7. Curves, Cams, and Splines

3.6.7.1. Curves Overview
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Cams, splines, and custom profiles for position, pressure, or force are handled by curves. The RMC
creates curves by interpolating data points provided by the user or host controller. The RMC provides
many options for creating and following curves to satisfy nearly any application, including curve
sawing, veneer lathes, blow-molding, animation, electronic camming, cyclic testing profiles, valve
linearization and more.

The RMC curves can be used for both time-based motion, where the curve defines the position of the
axis at certain times, and master-based motion, where the curve defines the position of the axis based
on a master, such as the position of another axis.

For time-based sinusoidal motion, use the Sine Start (72) command instead of curves.
Curves, together with the curve interpolations functions, can be used for other purposes, such as Gain
Scheduling.

Curve Basics

A typical curve profile has many points which the RMC interpolates to create a smooth curve that
goes through all the points. Many options are available, such as constant, linear or cubic
interpolation, zero-velocity endpoints, cyclic curves, overshoot protection, and more. Curve x-
values and y-values can be scaled and offset, and master or relative alignments can be selected.

curve point

A / interpolated curve

y-axis

x-axis or time

Creating Curves

Curve Tool

Creating and viewing curves is easy in the graphical Curve Tool. This method is excellent for
applications that require only pre-defined curves. For details, see the Curve Tool.

Curve Add Command

This method is suitable for creating curves via a host controller, such as a PLC or PC, or even via

user programs. For details, see Creating Curves Using the Curve Add Command, and Example:
Create Curve Using the Curve Add Command.

Managing Curves

Use the Curve Tool to manage curves whether they were created in the Curve Tool or using the
Curve Add command. See the Managing Curves in the Curve Tool and Curve Tool Overview topics
for more details.

How to Run a Curve Based on Time

Note: These methods refer to position. Curves apply to pressure and force as well, with the Curve
Start (Prs/Frc) (87) and Curve Start Advanced (Prs/Frc) (89)commands.

Use this method to make your axis follow a curve based on time. That is, the x-values of the
curve are time.

Start with Axis at First Position of Curve
This method requires that the axis be at the first position of the curve before starting the curve.

deltamotion.com 141




RMC70/150/200 and RMCTools User Manual

1. Move the axis to the first point of the curve (Yo) and make sure it is in position in closed-loop
control.

2. Send the Curve Start (86) command. The axis will move as defined by the curve profile.

3. For advanced features such as scaling and offsetting the curve, or choosing relative or absolute
alignments use the Curve Start Advanced (88) command.
Start with Axis NOT at Starting Position
This method will start the curve even if the axis is not at the starting point.

1. Send the Transition Rate (56) command to specify how the axis should move to get to the curve.
This command will not make the axis move immediately, it simply defines how the axis should get
to the curve if the axis is not at the starting point when the Curve Start command is sent.

2. Send the Curve Start (86) command. The curve will start running, and the axis will move toward
the curve as defined by the curve profile. Once it locks onto the curve, it will follow the curve
profile exactly.

3. For advanced features such as scaling and offsetting the curve, or choosing absolute or relative
alignments use the Curve Start Advanced (88) command.

Run a Curve Based on a Master Position
Use this method to make your axis follow a curve based on the position of another axis. That is,
the x-values of the curve are positions of the master axis.

1. Send the Transition command to specify how the axis should move to get to the curve. This
command will not make the axis move immediately, it simply defines how the axis should get to
the curve if the axis is not on the curve when the Curve Start command is sent.

2. Move your master axis and the curve axis to the desired starting positions. Neither the master
axis nor the curve axis need to be at the start of the curve.

3. Choose the Curve Start Advanced (88) command. Set the Options command parameter to 6,
which indicates the following:

o Absolute Curve Alignment (+0)
Absolute Master Alignment (+2)

o
o Endpoint Behavior Truncate (+4)
o Note: You can choose other Options settings, but these are typical.

4. Send the Curve Start Advanced (88) command. As specified by the Transition command, the
curve axis will move to the correct position on the curve, which is determined by the location of
the master axis. As the master axis moves in either direction, the curve axis will follow the curve
profile. If the master reaches the endpoints (ax defined by the first and last x-value of the curve),
it will behave as specified by the Endpoint Behavior in the Options command parameter.

Curve Capacity

In RAM

The RMC can hold up to 128 curves in it's random-access memory, which is lost when power is
removed from the RMC. This curve storage capacity varies by RMC. The size required for any
curve also depends on the download method, data format, and interpolation type. The following
table gives approximate storage capacities for the commonly used simple cubic-interpolated
curve. See the Curve Storage Capacity topic for more details.

Max Length for a Single | Max Length for Max Length for
Curve 16 Equal-length 128 Equal-length
Curves Curves
RMC75E 209,708 points 24,665 points 3,244 points
RMC75P 8,186 points 783 points 95 points
RMC75S
RMC150E 209,708 points 24,665 points 3,244 points
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RMC200 Lite 419,424 points 49,336 points 6,494 points
RMC200 1,677,715 points 197,370 points 26,002 points
Standard

In Non-Volatile Memory

The RMC can store curves in non-volatile Flash memory, which is retained even when power is
removed from the RMC. Only curves downloaded from the Curve Tool or added using the Curve
Add command with the Permanent life cycle option are saved to flash.

The size consumed by curves in Flash is 8 bytes per point for Constant and Linear types, and 16
bytes per point for Cubic types, plus 1 byte per character in the curve name and description, plus
approximately 40 bytes of overhead.

The curves share the same Flash storage as the entire RMC project, including axis parameters,
plot templates, variable table defaults, user programs, and curves. The total Flash size is as
follows:

Controller Flash Size
RMC75E (1.1G and newer) |1024 KB
RMC75E (1.1F and older) 256 KB

RMC75P 96 KB
RMC75S 96 KB
RMC150E 1024 KB
RMC200E 6016 KB

Firmware and Hardware Limitations

RMC75S and RMC75P require hardware versions 2.1D and 2.1E and newer for curves. The
RMC75/150 require firmware 2.40.0 or newer, and RMCTools 3.38.0 and newer support the Curve
Tool.

See Also

Curve Start (86) | Curve Start Advanced (88) | Curve Start (Prs/Frc) (87) | Curve Start Advanced
(Prs/Frc) (89) | Transition Rate (56) | Transition Rate (Prs/Frc) (64) | Creating Curves Using the
Curve Add Command | Curve Data Formats | Curve Interpolation Methods and Options |
Example: Create Curve using the Curve Add Command | Curve Storage Capacity
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3.6.7.2. Managing Curves in the Curve Tool

Use the Curve Tool for managing curves, including creating, editing, viewing, downloading, uploading,
importing and exporting.

Managing Permanent Curves

A permanent curve is a curve either created in the Curve Tool or using the Curve Add (82)
command with the Permanent life cycle. Permanent curves are synchronized between the
controller and project file using the Curve Tool. Permanent curves are also saved to the flash
memory in the controller when a Flash Update is initiated. See Updating Flash for details.

The permanent type curves in the Curve Tool are uploaded and downloaded as an entire set.

e Click the Download Curves to Controller ?ﬁ button to download the entire set of curves in
the project into the controller, replacing all permanent curves in the controller. It will leave
temporary curves unaffected, except that temporary curves whose curve IDs matched a
downloaded curve will be overwritten.
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e Click the Upload Curves from Controller g:?ﬁ button to upload the entire set of permanent
type curves from the controller into the project, replacing all curves in the project. Temporary
curves are not uploaded into the project.

The Sync column in the Curves In Project and Curves in Controller windows is used by permanent
curves to indicate the differences between the curves in the project and in the controller as
follows:

‘.-% The curve exists both in the project and the controller, but the two curves are
different.

1 The curve exists only in the project. Download to copy the curve into the
controller. Upload to delete the curve from the project.

j‘ The curve exists only in the controller. Upload to copy the curve into the
project. Download to delete the curve from the controller.

Managing Temporary Curves

A temporary curve is a curve that is created using the Curve Add command with the Standard,
Start-Once, or Complete-Once life cycle. Temporary curves are not saved to flash memory or in
the project file, and can be can be viewed but not edited in the Curves in Controller window in the
Curve Tool.

A temporary curve can be copied into the project, making the copy a permanent type curve. To
copy a temporary curve into the project, select a temporary curve and click the Copy Curve to

Project zl button on the toolbar.

Creating and Editing Curves

These are basics of creating and editing curves in the Curve Tool. For more details, see the Curve
Tool Overview topic.

Create a New Curve

1. In the toolbar, click the Create New Curve £5 button. The new curve will appear in the
Curves in Project window.

2. In the Properties pane, on the Curve tab, in the Name cell, enter a name for the new curve.
You may also enter a Description.

Add Curve Points

1. In the spreadsheet located below the curve graph view, in the right-most column, enter the X
value and Y value for the new point, then press Enter. Curve data can be copied and pasted
from spreadsheets programs as described in the Copying and Pasting section in the Curve
Tool topic.

2. Continue adding points by entering the X values and Y values in the right-most column. Even
if the point is not going to be the last point in the curve, you must enter it in the right-most
column. After entering the X and y values, the new point column will automatically be placed
in the correct location in the spreadsheet.

Edit Curve Points or Properties

e To edit the points, simply edit the desired X values and Y values in the spreadsheet. Clicking a
point in the graph view will highlight the point in the spreadsheet view, making it easy to find.

e Set the properties of the curve on the Curves tab in the Properties pane. See Curve Properties
for details.

Download Curves to the Controller

e In the toolbar, click the Download %ﬁ button. This will download the curves in the project to
the controller, overwriting the existing curves.
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For more details, see the Curve Tool Overview topic.

See Also
Curves Overview | Curve Tool Overview | Curve Start (86)
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3.6.7.3. Creating Curves Using the Curve Add Command

This topic describes how to create a curve using the Curve Add command and the variable table. This
method is suitable for creating curves via a host controller, such as a PLC or PC, or from user
programs.

For details on creating curves graphically in the Curve Tool, see the Curve Tool Overview. For details

on creating curves that are too large to fit in the variable table, see Creating Large Curves Using the
Curve Add Command.

Step-by-Step Example

Because of their many options, creating curves using the Curve Add command may seem
complex. To better understand the process, refer to the step-by-step example in the Example:
Create Curve Using the Curve Add Command topic.

How to Create a Curve using the Curve Add Command

1. Choose a Data Format
The data you write to the variable table must be in the correct format. For adding a single
curve, use one of the formats listed below and described in detail in the Curve Data Formats
topic:

Format
Single Curve Formats Number|Description

Evenly-Spaced Points 0 The points are evenly spaced along the X axis. The
starting x-value (Xo) and x-interval are specified,
and then the Y values of each point.

Variable-Spaced Points 1 The points are each given independent X and Y
values, allowing variable spacing. The X values
must be increasing (Xi+1 > Xi).

Advanced Points 2 This format expands on the Variable-Spaced Points
format by allowing the velocity to be set at any
point, and constant-velocity segments to be
specified. The X values must be increasing (Xi+1 >

Xi).
Multiple Curve Formats
Evenly-Spaced Points 10
Variable-Spaced Points 11 Similar to the formats above, but are used to create
Advanced Points B multiple curves simultaneously, saving time. The

multiple-curve formats are suitable for time-critical
applications, such as curve sawing.

2.

3. Write the Curve Data to the Variable Table
The curve data must be written to the Variable Table. You can write to any area of the variable
table. Make sure to follow the format you chose, as listed in the Curve Data Formats topic.
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4. Send the Curve Add (82) Command
Use the Curve Add (82) command to tell the RMC that the data at a certain location in the
Variable Table is a curve. The RMC grabs the data, and creates a curve with the specified
Curve ID. If you chose multiple curves, the IDs are given sequentially, beginning with the
specified ID.
If a curve with the requested ID already exists, the existing curve will be deleted and the new
curve with that ID added. The existing curve will not be deleted if the new curve is not added
because of an error.

5. Verify the Curve was Added Successfully
If the curve was successfully created, the Curve Status (the first item of the curve data in the
Variable Table) will be set to a 3. If an error occurred, it will be set to a value indicating the
error, as described in the Curve Add (82) topic. In addition, the Event Log will log an entry
every time a curve is added or deleted.

Additional Tasks

Viewing the Curve

To view the curve, open the Curve Tool in RMCTools. In the Curves In Controller window, the
curve you added will have the ID you assigned it. Click the curve to view it.

Editing the Curve in the Curve Tool

If you wish to edit the curve in the Curve Tool, first right-click the curve in the Curves in
Controller window and choose Copy Curve to Project. Select the curve in the Curves in Project
window. Now you can edit the points of the curve. When you are finished editing, click the

download button to download the curves in the project to the controller.

Saving Curves

Curves created in the Curve Tool or using the Curve Add command with the Permanent life cycle
can be saved to Flash, will be included in the curves upload or download. After uploading the
curves, the permanent type curve can also be saved in the project.

Deleting Curves

To delete curves, use the Curves in Controller window in the Curve Tool, or use the following
commands:

e Curve Delete (83)
e Curve Delete All (85)
e Curve Delete Except (84)

Curves can also be deleted automatically, by specifying the Start-Once or Complete-Once life
cycle in the Curve Add (82) command.

Curves with Start-Once life cycles can be deleted manually but will always be automatically
deleted after being started once. The curve will exist internally for as long as it is being followed,
but the curve ID will be freed up.

Curves with Complete-Once life cycles can be deleted manually but will always be automatically
deleted after being completed once. The curve will exist internally for as long as it is being
followed, but the curve ID will be freed up.

When a curve is deleted, an entry will be logged in the Event Log. A curve can be deleted while it
is in use. The curve will exist internally for as long as it is being followed, but the curve ID will be
freed up.

When power is removed from the RMC, all temporary curves (curves created using the Curve Add
command with the Standard, Start-once, or Complete-once life cycles) and regular curves not
saved to flash will disappear.

See Also
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Curves Overview | Curve Add (82) | Curve Data Formats | Creating Large Curves Using the Curve

Add Command

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.6.7.4. Creating Large Curves using the Curve Add Command

Large curves are curves that are too large to be written at once in their entirety to the variable table.
Creating large curves via the Variable Table involves writing the curve data in parts to the variable
table and issuing the Curve Add (82) command after each part until all the curve data has been
written. This topic describes how to add curves in parts. Only one partial curve download can be in

progress at a time.

See the Curve Storage Capacity topic for limits on how many curves can be added to the RMC.

Partial Curve Formats

Downloading a curve in parts requires using one of the Partial Curve formats:

e Partial Curve - Evenly-Spaced Points (20)

e Partial Curve - Variable-Spaced Points (21)
e Partial Curve - Advanced Points (22)

These formats are based on the single curve formats (see the Curve Data Formats topic), but
with modifications to support downloading in parts. The following chart summarizes the partial
curve formats:

Offset

Register

Description

0

Status

The value of this register when passed to the Curve Add
(82) command is ignored, but after the Curve Add (82)
command is issued, the value of this register will be
controlled by the RMC and indicates the status of
processing the curve. The user should monitor this to
determine when the command is finished processing the
curve data. The following values are defined:

e (0) Processing Not Started

By convention the user may want to set this register
to this value before issuing the command. This is not
strictly necessary, but otherwise the user must make
sure not to check this register until after the command
has been received.

e (1) Processing

Once the command has been received, the Status will
immediately be set to Processing. While in this state
the command is currently using the Curve Data
structure, and the curve is not ready for interpolation.

e (2) Part Complete

For all but the last part in a partial curve download,
once the command has completed processing the part,
this status value will be used. The user can now write
down the next part of the curve.

e (3) Curve Ready

Once the curve data has been processed, and the
entire curve is ready for interpolation, the status will
be set to this value. Notice that this value will be used
for only the final part for curves submitted in parts.
Therefore, for the last part of a curve, the Part
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Complete (2) state won't be used—the status will
change directly from Processing (1) to Curve
Ready (3).

e (10+) Error

Values of 10 and above will indicate various errors.
When an error code is set in this register, it indicates
that the command is done trying to process this Curve
Data, but the curve was not submitted to the curve
store. See Curve Status Error Codes for a list of
possible error values.

It is good practice to set this value to zero when writing
the data.

1 | Format One of the following:

20 - Evenly-Spaced Points

21 - Variable-Spaced Points

22 - Advanced Points

This value must be the same for each part.

2 | PartOffset Offset of this part of the whole curve (in registers). This
value will change for each part.

3 | PartLength Number of curve data registers in this part, not including
the 5 header registers with offsets 0-4. Typically, this value
is the same for each part except the last.

4 | TotalLength | Total length of curve data (sum of all parts). This is the
length of the corresponding single curve format, but with
the Status and Format registers stripped off. This value
must be the same for each part.

5..5+(L- | PartData Segment of the curve data in the respective single curve

1) format. The curve data here consists of the corresponding
single curve format, but with the Status and Format
registers stripped off.

Downloading Partial Curves to the RMC

To download a large curve to the RMC, repeat the following procedure until all the data has been
downloaded:

e Write the data part to the RMC.

Registers 0 - 4 of the Partial Curve Format listed above must always be included in each
write. The actual data of the curve is included in registers 5 and on. The data in the
registers 5 and on is the data of the corresponding single curve format, but with the Status
and Format registers stripped off.

e Issue the Curve Add (82) command.
e Wait for the Curve Status register to be 2 or 3.
The value 2 indicates that the part was successfully added.
The value 3 indicates that the entire curve has now been successfully added.
Example

Suppose that the user wants to download a 2500-point curve through a block of 512 consecutive
variables starting at %MD58.0 (Variable #512). The user decides to use the evenly-spaced
format, and interpolation option of zero (0) for Zero-Velocity Endpoints, initial Xo of 0, and an X
interval of 0.1.
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Since the user chose the Evenly-Spaced Points format, the curve data itself will require a total
of 2504 registers, consisting of the items below. Notice that this is the Single Curve Evenly-
Spaced Points format, but with the Status and Format registers stripped off.

Curve Data

Offset | Data Item
0 | Point Count
1 | Interpolation

Options
2 Xo
3 | Xinterval
4 | Yo
51Y:
2503 | Yaag9

The Variable Table area the user decided to use for the curve parts is 512 registers in length,
which means the user can write up to 512 registers each time. The header for the Partial Curve
format has 5 registers, which must be included in each part. Therefore, the user can write up to
507 Curve Data registers per part.

Here is the sequence of parts that would add this curve to the curve store, with each part being
written and then submitted with a Curve Add (82) command:

Number Regs
written to in
Part | Address Variable Table PartOffset | PartLength | TotalLength
#1 | %MD58.0 | 512 0 507 2504
#2 | %MD58.0 | 512 507 507 2504
#3 | %MD58.0 | 512 1014 507 2504
#4 | %MD58.0 | 512 1521 507 2504
#5 | %MD58.0 | 481 2028 476 2504

The user would send this curve to the RMC by completing the following sequences of writes to the
Variable Table:

Note: This is very tedious to do directly from RMCTools, but you may need to when you are first
trying it.

Part #1:
Curve Data

Variable | Data Description Offset

512 | O Status = 0 -

513 | 20 Format = 20 -

514 | O Part Offset = 0 -

515 | 507 Part Length = 507* -

516 | 2504 Total Length = 2504 -

517 | 2500 Point Count = 2500 0

518 | O Interpolation Options 1

=0
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519 | O Xo=0 2
520 0.1 X interval = 0.1 3
521 | Yo Yo 4
522 | Y1 Y1 5
1023 Ys02 Ys02 506

*This number includes the four parameters and the number of points in this curve.

After writing part #1 and issuing the Curve Add command, the user should wait for the Curve
Status at Variable 512 to become 2 (if you are looking in RMCTools, make sure to look in the
Monitor tab of the Variable Table Editor), indicating that the RMC has completed processing the
part.

Part #2
Curve Data

Variable | Data Description Offset

512 | O Status = 0 -

513 | 20 Format = 20 -

514 | 507 Part Offset = 507 -

515 | 507 Part Length = 507 -

516 | 2504 Total Length = 2504 -

517 | Yso3 Ys03 507

1023 | Yiooo Y1009 1013

After writing part #2 and issuing the Curve Add command, the user should wait for the Curve
Status at Variable 512 to become 2 (if you are looking in RMCTools, make sure to look in the
Monitor tab of the Variable Table Editor), indicating that the RMC has completed processing the
part.

Part #3
Curve Data

Variable | Data Description Offset

512 | O Status = 0 -

513 | 20 Format = 20 -

514 1014 Part Offset = 1014 -

515 | 507 Part Length = 507 -

516 | 2504 Total Length = 2504 -

517 | Yio10 Y1010 1014

1023 | Yisie Y1516 1520

After writing part #3 and issuing the Curve Add command, the user should wait for the Curve
Status at Variable 512 to become 2 (if you are looking in RMCTools, make sure to look in the
Monitor tab of the Variable Table Editor), indicating that the RMC has completed processing the
part.

Part #4

Curve Data
Variable | Data Description Offset
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512 | O Status = 0 -
513 | 20 Format = 20 -
514 | 1521 Part Offset = 1521 -
515 | 507 Part Length = 507 -
516 | 2504 Total Length = 2504 -
517 | Yis17 Yis517 1521
1023 | Y2023 Y2023 2027

After writing part #4 and issuing the Curve Add command, the user should wait for the Curve
Status at Variable 512 to become 2 (if you are looking in RMCTools, make sure to look in the
Monitor tab of the Variable Table Editor), indicating that the RMC has completed processing the

part.
Part #5
Curve Data
Variable | Data Description Offset
512 | O Status = 0 -
513 | 20 Format = 20 -
514 | 2028 Part Offset = 2028 -
515 | 476 Part Length = 476 -
516 | 2504 Total Length = 2504 -
517 | Y2024 Y2024 2028
992 | Ya499 Y2499 2503

After writing part #5 and issuing the Curve Add command, the user should wait for the Curve
Status at Variable 512 to become 3 (if you are looking in RMCTools, make sure to look in the
Monitor tab of the Variable Table Editor), indicating that the RMC has completed processing the
curve. Notice that the curve data point numbering begins with 0, and therefore 2499 is the last
point of the 2500-point curve.

See Also
Curves Overview | Curve Data Formats | Curve Add (82)
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3.6.7.5. Curve Interpolation Methods and Options

The RMC supports several interpolation methods and options to satisfy a wide range of curve
applications.

Interpolation Methods

The interpolation method is specified in the Properties pane in the Curve tool, or in the Curve Add
(82) command. Choose from one of the methods below. The Cubic (2) method is the most
common method and creates the smoothest motion.

e Cubic (2)
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The curve will smoothly go through all points. This is the most common interpolation
method. This method will create smooth motion.

On position axes, the Velocity Feed Forward and Acceleration Feed Forward will apply to
cubic interpolated curves, but higher order gains should not be used, such as the Jerk Feed
Forward, Double Differential Gain, and Triple Differential Gain.

On pressure or force axes, the Pressure/Force Rate Feed Forward will apply.

A

y-axis

, —
K-axis ortimea
e Linear (1)

The curve will consist of straight-line segments between each point. Because the velocity is
not continuous, a position axis will tend to overshoot at each point. This type of curve is
typically more suitable for pressure or force axes.

On position axes, the Target Acceleration will always be zero. Therefore, the Acceleration
Feed Forward will have no effect for linear interpolated curves.

A

y-axis

, —>
x=axis ortime

e Constant (0)

The curve will consist of step jumps to each point. The curve will not be continuous. This
method is seldom used, but may be useful in applications where step jumps are desired,
such as some blow-molding systems. This method requires that the axis not be tuned very
tightly, or the axis may oscillate and Output Saturated errors may occur. The Position I-PD
control algorithm is recommended for following constant interpolated curves.

On position axes, the Target Velocity and Target Acceleration will always be zero. Therefore,
the Velocity Feed Forward and Acceleration Feed Forward will have no effect for constant
interpolated curves.

On pressure or force axes, the Target Rate will always be zero. Therefore, the
Pressure/Force Rate Feed Forward will have no effect for constant interpolated curves.

A

y-axis

, —>
x=axis ortime

Interpolation Options
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The interpolation options are specified in the curve data. The available options depend on the
interpolation method, as shown in the table below. Add the numbers for each desired option. For
example, to choose Cyclic Curve and Overshoot Protection, the Interpolation Option value would
be 248 = 10.

Interpolation

Type Interpolation Options
Constant None

Linear None

Cubic Endpoint Behavior

Choose only one. See the Endpoint Behavior section below for details.
+0 Zero-Velocity Endpoints
+1 Natural-Velocity Endpoints
+2 Cyclic Curve
Overshoot Protection

Choose only one. See the Overshoot Protection section below for
details.

+0 Disabled
+8 Enabled
Auto Constant Velocity

Choose only one. See the Auto Constant Velocity section below for
details.

+0 Disabled
+16 Enabled

Endpoint Behavior

This option defines the behavior at the endpoints. Each option below shows a plot for the
following cubic curve data with 9 points at 0.25 second intervals:

Y-axis | 1.0 1.5 1.6 1.7 1.6 1.2 1.3 1.4 1.0
time | 0.00 | 0.25 | 0.50 | 0.75 | 1.00 | 1.25 | 1.50 | 1.75 | 2.00

e +0 Zero-Velocity Endpoints

The endpoints will have zero velocity and acceleration. This is the most commonly-used
option. Curves with zero-velocity endpoints can be repeated cyclically.

e +1 Natural-Velocity Endpoints

The endpoints will have their velocity automatically selected to match the natural slope of
the curve at the endpoints. The acceleration at the endpoints will be zero. Curves with
natural-velocity endpoints cannot be repeated cyclically because the endpoint velocities are
typically not equal.
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e +2 Cyclic Curve

The endpoints are assumed to wrap. Therefore the acceleration, velocity, and position will
be continuous between cycles of this curve, although the velocity and acceleration at each
endpoint will not necessarily be zero.

If the y-values of the first and last points are not equal, and the curve is run for more than
1 consecutive cycle, the curve will be automatically offset so that the first point of the next
cycle matches the last point of the previous cycle.

For Advanced format curves, if an endpoint is defined as a Fixed Velocity type, it will use
that velocity even if the curve is cyclic. Setting each endpoint to a different fixed velocity
will cause a discontinuity in the velocity between cycles of the curve, but the curve can still
be used cyclically.

Overshoot Protection

The Overshoot Protection option prevents the curve from exceeding a local maximum or local
minimum point. A local maximum occurs where a point is greater than or equal to both the
preceding point and the following point. A local minimum occurs where a point is less than or
equal to both the preceding point and the following point. Overshoot protection will not prevent
overshooting in other locations.

When overshoot protection is enabled, the velocity is set to zero at each local
minimum/maximum point, which eliminates the chance of the curve overshooting that point for
the curve segments on either side of the point.

For Advanced format curves, Overshoot Protection will not apply to Fixed-Velocity points, or
points at the beginning or end of a Constant-Velocity segment.

Example 1

Consider the cubic curve data in the Endpoint Behavior section above. Without Overshoot
Protection enabled, the curve looks like this:
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Notice that the curve overshoots the points after times 0.75, 1.25, and before 1.75.
With overshoot protection enabled, the curve will look like this:

Notice that the curve no longer overshoots the points after times 0.75, 1.25, and before
1.75. Notice, however, that the curve still overshoots between points 0.25 and 0.5 because
neither point is a local minimum or maximum.

Auto-Constant Velocity
The Auto-Constant Velocity option will automatically insert a linear segment in the curve if three
or more data points are in a straight line.
If you have also selected Overshoot Protection, be aware that the points identified as local
minimums or maximums do not count as consecutive points for the Auto-Constant Velocity (see
the example below).
For Advanced format curves, be aware that the Fixed Velocity type points do not count as
consecutive points for the Auto-Constant Velocity (see the example below).
Example 2
Consider the cubic curve data in the Endpoint Behavior section above. The points at times
0.25, 0.50, and 0.75 are in a straight line, as are the points at times 1.25, 1.50, and 1.75.
With the Auto-Constant Velocity option, the curve will look like this:

Example 3

Consider this same curve with both Overshoot Protection and Auto-Constant Velocity
enabled. This particular curve ends up looking the same as it does with only Overshoot
Protection, because both constant-velocity segments are lost because at least one of each
set of 3 consecutive points was identified by Overshoot Protection as a local minimum or
maximum.

See Also

deltamotion.com 155



RMC70/150/200 and RMCTools User Manual

Curves Overview | Creating Curves Using the Curve Add Command | Curve Data Formats

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.6.7.6. Curve Data Formats

Several Curve Data Formats are available, which specify several things, including (1) the format of
each point in the curve, (2) whether a single curve or multiple curves are being submitted, and (3)

whether a complete curve or a part of a curve is being submitted.
The Curve Data always starts with the following two registers:

Note: Data types are all REAL.

Offset

Register

Description

0

Status

The value of this register when passed to the Curve Add (82)
command is ignored, but after the Curve Add (82) command is
issued, the value of this register will be controlled by the RMC and
indicates the status of processing the curve. The user should
monitor this to determine when the command is finished processing
the curve data. The following values are defined:

(0) Processing Not Started

By convention the user may want to set this register to this
value before issuing the command. This is not strictly
necessary, but otherwise the user must make sure not to check
this register until after the command has been received.

(1) Processing

Once the command has been received, the Status will
immediately be set to Processing. While in this state the
command is currently using the Curve Data structure, and the
curve is not ready for interpolation.

(2) Part Complete

As described below, very long curves can be submitted in parts.
Once the command has completed processing this Curve Data
structure (i.e. this part of the total curve), this status value will
be used. The user can now write down the next part of the
curve.

(3) Curve Ready

Once the curve data has been processed, and the entire curve
is ready for interpolation, the status will be set to this value.
Notice that this value will also be used for the final part for long
curves submitted in parts. Therefore, for the last part of a
curve, the Part Complete (2) state wont be usedthe status will
change from Processing (1) directly to Curve Ready (3).

(10+) Error

Values of 10 and above will indicate various errors. When an
error code is set in this register, it indicates that the command
is done trying to process this Curve Data, but the curve was not
submitted to the curve store. See the Curve Status Error Codes
topic for details.

Format

This register is set by the user and indicates the format of the curve
data structure that follows. The following formats are defined:
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(0) Single Curve - Evenly-Spaced Points

In this format, the points are assumed to be evenly spaced along
the X axis. Therefore, the Xo and X Interval are specified, but
otherwise, just an array of Y values is included.

(1) Single Curve - Variable-Spaced Points

In this format, the points are each given independent X and Y
values, allowing variable spacing.

(2) Single Curve - Advanced Points

This format expands on the Variable-Spaced Points format by
allowing the velocity to be set at any point, and constant-velocity
segments to be specified.

The Multiple Curve Formats allow multiple curves will be added at
once. The user need only issue one Curve Add command and check
a single Status register and know that all the curves have been
successfully submitted.

(10) Multiple Curves - Evenly-Spaced Points

In this format, the points are assumed to be evenly spaced along
the X axis. Therefore, the Xo and X Interval are specified, but
otherwise, just an array of Y values is included.

(11) Multiple Curves - Variable-Spaced Points

In this multiple curve format, the points are each given independent
X and Y values, allowing variable spacing.

(12) Multiple Curves - Advanced Points
This multiple curve format expands on the Variable-Spaced Points

format by allowing the velocity to be set at any point, and constant-
velocity segments to be specified.

The partial curve formats are for adding a curve that is too large to
submit all at once, and is described in detail in the Creating Large
Curves using the Curve Add Command topic.

(20) Partial Curve - Evenly-Spaced Points

In this format, the points are assumed to be evenly spaced along
the X axis. Therefore, the Xo and X Interval are specified, but
otherwise, just an array of Y values is included.

(21) Partial Curve - Variable-Spaced Points

In this partial curve format, the points are each given independent X
and Y values, allowing variable spacing.

(22) Partial Curve - Advanced Points

This partial curve format expands on the Variable-Spaced Points
format by allowing the velocity to be set at any point, and constant-
velocity segments to be specified.

Single Curve - Evenly-Spaced Points

This is the simplest method. The spacing of the X values is constant. The X value for each point is
defined as X; = Xo + AX-i. This method does not support fixing velocities at any point or constant-
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velocity segments on cubic interpolated curves, except as defined by the selected Interpolation

Options.

Note: Data types are all REAL.

Offset

Register

Description

0

Status

See Above

1

Format

(0) Single Curve - Evenly-Spaced Points

2

PointCount

Number of points in the curve (N). The minimum number of
points is 2.

InterpOpt

Interpolation Options. See the Curve Interpolation Methods
and Options topic for details.

+0: Zero-Velocity Endpoints
+1: Natural-Velocity Endpoints
+2: Cyclic Curve

+8: Overshoot Protection
+16: Auto Constant Velocity

Xo

Point 0 X value

This value is only used when following a curve with absolute
master alignment (only available with the Curve Start
Advanced (88) command).

This value is not used when following a curve using the
Curve Start (86) or Curve Start (Prs/Frc) (87) comamnds;
the Xo point is the current value of the master at the time
the command is issued. The remaining X-axis points are
computed relative the master position when the Curve Start
command is issued.

X Interval
(AX)

Interval in X between Points

6

Yo

Point 0 Y value

7

Y1

Point 1 Y value

6+(N-1)

Yn-1

Point N Y Value

Single Curve - Variable-Spaced Points

In this format, points are each given independent X and Y values—allowing variable spacing—but
does not support fixing velocities or specifying constant-velocity segments on cubic interpolation,
except as defined by the selected Interpolation Options. The X values must be increasing (Xi+1 >

Xi).
| Note: Data types are all REAL.
Offset | Register Description
0 | Status See Above
1 | Format (1) Single Curve - Variable-Spaced Points
2 | PointCount | Number of points in the curve (N). The minimum number of
points is 2.
3 | InterpOpt Interpolation Options. See the Curve Interpolation Methods
and Options topic for details.
+0: Zero-Velocity Endpoints
+1: Natural-Velocity Endpoints
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+2: Cyclic Curve
+8: Overshoot Protection
+16: Auto Constant Velocity
4 | Xo Point 0 X value
This value is only used when following a curve with absolute
master alignment (only available with the Curve Start
Advanced (88) command).
This value is not used when following a curve using the
Curve Start (86) or Curve Start (Prs/Frc) (87) comamnds;
the Xo point is the current value of the master at the time
the command is issued. The remaining X-axis points are
computed relative the master position when the Curve Start
command is issued.
5| Yo Point 0 Y value
6 | Xy Point 1 X value
7 | Y: Point 1 Y value
44+(N- | Xn-1 Point N-1 X value
1)-2
5+(N- | Yna Point N-1 Y value
1)-2

Single Curve - Advanced Points (2)

In this format, points are each given independent X and Y values—allowing variable spacing—and
may be given fixed velocities. Also, segments can be designated as having a constant velocity.
The X values must be increasing (Xi+1 > Xj).

Note: Data types are all REAL.

Offset

Register

Description

o

Status

See Above

1

Format

(2) Single Curve - Advanced Points

2

PointCount

Number of points in the curve (N). The minimum number of
points is 2.

InterpOpt

Interpolation Options. See the Curve Interpolation Methods
and Options topic for details.

+0: Zero-Velocity Endpoints
+1: Natural-Velocity Endpoints
+2: Cyclic Curve

+8: Overshoot Protection
+16: Auto Constant Velocity

Pto

Point O structure. Each field is described below:

.Type

Point 0 Type. It can have these values:
(0) Standard

Only the X and Y values are used.
(1) Fixed Velocity

The V value later in this structure specifies the velocity
to be used at this point. This point type is not supported
by Constant or Linear interpolated curves.

deltamotion.com

159



RMC70/150/200 and RMCTools User Manual

If a point is defined as Fixed Velocity, but the preceding
point is defined as Constant-Velocity, then the fixed
velocity will be ignored and will be the same as the
velocity calculated for the preceding Constant-Velocity
segment.

(2) Constant-Velocity Segment

The segment between this point and the next is
assumed to have fixed velocity. The velocity is implied
from the X;, Yi, Xi+1, and Yi4+1 values, and therefore the V
value is unused. This point type is not supported by
Constant interpolated curves.

Setting the type of the last point in the curve to
Constant-Velocity Segment will have no effect; it will
behave as a Standard type.

5 X Point 0 X value

This value is only used when following a curve with absolute
master alignment (only available with the Curve Start

Advanced (88) command).

This value is not used when following a curve using the
Curve Start (86) or Curve Start (Prs/Frc) (87) comamnds;
the Xo point is the current value of the master at the time
the command is issued. The remaining X-axis points are
computed relative the master position when the Curve Start
command is issued.

6 | .Y Point 0 Y value
7| .V Point 0 V value. This is used only for type 1 (fixed velocity),
and ignored by all other types.
8-11 | Pty Point 1 structure
12-15 | Pt Point 2 structure
4+(N- | Ptng Point N-1 structure
1)-4..
7+(N-
1)-4

If the Zero-Velocity Endpoints interpolation option is chosen, the velocity at the endpoints will
zero, regardless of the point type.

Multiple Curve Formats

The multiple curve formats allow submitting multiple curves at once. They share the same curve
data as the single curve formats with only slight modifications. When adding curves using the
Multiple Curves formats, the curves will receive sequential ID numbers, starting with the ID
specified by the Curve Add (82) command.

e Multiple Curves - Evenly-Spaced Points (10)
e Multiple Curves - Variable-Spaced Points (11)
e Multiple Curves - Advanced Points (12)

The following chart summarizes the multiple curves formats:

| Note: Data types are all REAL.

| Offset | Register Description |
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0 | Status See Above
1 | Format Multiple Curves format (10-12)
2 | CurveCount Number of curves that follow (C)
3 | RegsPerCurve | Number of registers to reserve for each curve (R)
This must be at least the number of registers required
for the single curve format, minus two. Notice that each
curve in the Multiple Curve Format need not fill the area
specified by the RegsPerCurve. Extra registers are
ignored.
4..44+(R- | Curveg Data for Curve (PointCount)
1)
This is the Point Count, since this the Data for Curve is
the same data as the single curve formats, but without
the first two registers (Status and Format).
4+R.. | Curve; Data for Curve 1
4+R+(R-
1)
4+C-R- | Curvec-y Data for Curve C-1
R..
4+C-R-1

The format of the data within the Curve; is the same as the single curve formats, but without the
first two registers (Status and Format).

Each curve in the Multiple Curve Format need not fill the area specified by the RegsPerCurve.
Extra registers are ignored.

Partial Curve Formats

The partial curve formats allow submitting a very long curve in pieces. They are based on the
single curve formats, but with modifications to support segmenting the entire download. For
details on how to download large curves using the partial format, see the Creating Large Curves
Using the Curve Add Command topic.

e Partial Curve - Evenly-Spaced Points (20)
e Partial Curve - Variable-Spaced Points (21)
e Partial Curve - Advanced Points (22)

The following chart summarizes the partial curve formats:

Note: Data types are all REAL.

Offset | Register Description

0 | Status See Above

1 | Format Partial Curve format (20-22)

2 | PartOffset Offset of this part of the whole curve (in registers)

3 | PartLength Number of registers in this part (L), excluding the 5-
register part header. This is the number of PartData
registers.

4 | TotalLength | Total length of curve data (sum of all parts)

5..5+(L- | PartData Segment of the curve data in the respective single curve
1) format.
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See Also
Curves Overview | Curve Status Error Codes | Curve Interpolation Methods and Options | Curve
Add (82) | Curve Start (86) | Curve Start (Prs/Frc) (87)
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3.6.7.7. Curve Status Error Codes

When downloading a curve to the RMC via the variable table, the Curve Status register in the curve
data will contain an error code if the Curve Add (82) command could not successfully add the curve
data to the curve store. For more details on the Curve Status, see the Curve Data Formats topic.

The following error code values are defined:

10: Invalid curve data address.

Indicates that the Curve Data command parameter was not a valid curve data address. Only
addresses in the Variable Tables current or initial values are acceptable.

11: Curve data is not in the correct format.

The Curve Data did not follow one of the supported Curve Data Formats. Examples of problems that
will give this error include:

e Invalid Format value.

e Curve Data runs off the end of the variable table.

e In a partial curve, the Part Offset is beyond the Total Curve Data Length.

e In a partial curve, the Part Offset is negative.

e In a partial curve, the Total Curve Data Length is negative or zero.

e In a partial curve, the Part Length is negative or zero.

e In a multiple curve format, the number of registers per curve is less than six (6).

e In a multiple curve format, the number of curves is negative or zero.

e In a multiple curve format, an individual Curve Data does not fit in the registers reserved for it.

e The Interpolation Options field is not a valid value.
12: Too many pending Curve Adds.
This error indicates that a Curve Add command could not be accepted because the curve processing

queue was full. That is, there are already sixteen Curve Add or Delete requests in the queue. The
Curve Add command will also signal a command error for this error.

13: No room for the curve in the curve storage area.

Unable to allocate memory from the Curve Store for the curve. There are three times that a curve
may require a block of memory from the Curve Store. First, if a partial curve format is used, a
temporary buffer must be allocated to hold the entire download. Second, if the curve interpolation
method requires significant pre-processing then a temporary block of memory must be allocated.
Third, the processed curve itself will be allocated from the Curve Store. This error code will be used if
the Curve Store does not have enough space free for any of these allocations. See Curve Storage
Capacity for details on memory requirements.

14: Non-increasing X value found in curve data.

The X values for each successive point must be increasing. This error will be generated for the
Variable-Spaced or Advanced curve data formats if the X values are not increasing, or in the Evenly-
Spaced format if the X Interval is less than or equal to zero.

15: Invalid floating point value found in curve data.

This indicates that one or more point X, Y, or V values are invalid floating point values. For the Evenly-
Spaced format, this also includes the Xy and X Interval values.
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16: Point type found in curve data that is not valid.

In the Advanced curve data formats, the Point Type field must be 0, 1, or 2.

17: The curve has fewer than the required number of data points.

The Curve has fewer than the required number of points. All curves must have at least 2 points.

18: Interpolation Options are selected that are not supported by the selected interpolation
method.

The Interpolation Options register had an invalid value for the selection interpolation method. For
example, the Constant and Linear interpolation methods do not support any Interpolation Options, so
this field must be zero. Refer to the Curve Interpolation Methods and Options topic for acceptable
values for each interpolation method.

19: Point type found that is not supported by the selected interpolation method.

This error can occur if the Advanced curve data format is used with the Constant or Linear
interpolation methods if the point type is inconsistent with the interpolation method. For example, the
Constant interpolation method can only have point types of Standard, and the Linear interpolation
method can only have point types of Standard or Constant-Velocity Segment.

20: Cyclic curve with not equal first and last points.

This error will occur if the curve with cubic interpolation uses the Cyclic interpolation option, but the
first and last points in the curve do not have the same Y value. Firmware versions 3.39.0 and newer
allow unequal first and last y values, so this error will not occur.

21: Curve calculations overflowed.

This error can occur for curves with cubic interpolation if processing the curve caused a numeric
overflow. This will occur only for curves with extreme point definitions, such as extremely small
changes in X, extremely large changes in Y, or extremely large velocities.

22: Curve Part had fields that mismatched previous part(s).

This error can occur when downloading a curve in multiple parts if certain values do not match
between subsequent parts of the same curve. Specifically the following items must match across all
parts in a curve:

e Format field

e Total Curve Data Length field

e Curve ID command parameter

e Interpolation Method command parameter
e Life Cycle command parameter

23: Curve Part was received out of order.

This error can occur when downloading a curve in multiple parts if the Part Offset field does not match
the next expected offset. The next part to be downloaded must have its Part Offset set to the previous
Part Offset plus the previous Part Length. A part offset of zero (0) is always accepted as a new curve
download, and will cause any in-progress partial download to be discarded.

24: Maximum number of curves reached.

This error will occur if there are already 128 curves in the curve store. You must delete one or more
curves before adding more curves.

25: Interpolation method requires equal intervals.
Reserved for future use.

See Also
Curves Overview | Curve Add (82) | Curve Data Formats
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3.6.7.8. Curve Storage Capacity
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Curves are stored in the Curve Store. The Curve Store can hold a maximum of 128 curves. The non-
volatile storage capacity for curves is less. The curve storage capacity varies by controller, as shown

below. When a curve is added, the Event Log will display the size of the curve in bytes.

Controller Curve Store Capacity
RMC200 Lite 16 MB

RMC200 Standard| 64 MB

RMC150E 8 MB

RMC75E 8 MB

RMC75S 256 KB

RMC75P 256 KB

Non-Volatile Memory

The curves in the Curve Store will be lost when power is removed from the RMC. However, curves
can be saved to non-volatile Flash memory if they were downloaded from the Curve Tool or
added using the Curve Add command with the Permanent life cycle option.

The size consumed by curves in Flash is as follows, where N is the humber of points in the curve:

Curve Type Size

Constant, 8xN + name length + description length + 40 bytes
Linear

Cubic 16xN + name length + description length + 40 bytes

The curves share the same Flash storage as the entire RMC project, including axis parameters,
plot templates, variable table defaults, user programs, and curves. The total Flash size is as
follows:

Controller Flash Size
RMC200 6016 KB
RMC150E 1024 KB
RMC75E (1.1G and newer) |1024 KB
RMC?75E (1.1F and older) 256 KB
RMC75P 96 KB
RMC75S 96 KB

Curve Store Capacity Quick Charts

The following charts show the maximum allowable sizes for equal-length simple cubic curves in
the various RMC controllers with various numbers of curves. This assumes curves are added via
the Curve Add command with the Partial Curve - Equally Spaced format. This will fill the curve
store, but the curves will not fit in non-volatile memory.

Simple Cubic Curves, RMC75E RMC75P
Max Length for: RMC200 RMC200 Lite | RMC150E RMC75S
Standard

Single Curve 1,677,715 points |419,424 209,708 8,186
points points points

8 Equal-length Curves | 372,819 points 93,199 points | 46,596 points | 1,518

points
16 Equal-length 197,370 points 49,336 points | 24,665 points | 783 points
Curves
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50 Equal-length 65,784 points 16,440 points | 8,216 points | 253 points
Curves

80 Equal-length 41,416 points 10,348 points | 5,170 points | 156 points
Curves

128 Equal-length 26,002 points 6,494 points | 3,244 points | 95 points
Curves

Curve Store Memory Uses

The Curve Store contains a pool of memory as described above. There are four operations that
will consume Curve Store memory:

e Download Buffer
This buffer is allocated for each curve downloaded from the Curve Tool only for the duration of
that curve download. Therefore no more than one download buffer is allocated at a time.

e Re-assembly Buffer

This buffer is allocated when a partial curve download is started. This buffer is used to re-
assemble the parts submitted individually into a single curve data structure. This buffer is
freed up after the final part is added and the curve is ready, or when a new partial curve
download is started—cancelling the existing download—or when the Curve Delete All (85)
command is issued. Notice that no more than one re-assembly buffer is allocated at a time.

e Computation Buffer

This buffer is allocated when a curve is being added if the interpolation method requires
extra memory to prepare the curve for interpolation. This currently only applies to curves
using the cubic interpolation method. This buffer is freed up when the curve adding is
completed. Like the re-assembly buffer, no more than one computation buffer is allocated
at a time.

e Curve Object

Each curve that has been successfully added to the Curve Store will occupy a block of
memory in the Curve Store until that curve is deleted. See the Curves Overview topic for
details on deleting curves. There can be up to 128 curve objects in the curve store at once,
each potentially a different size.

Download Buffer Size

This buffer is allocated for each curve downloaded from the Curve Tool only for the duration of
that curve download. No more than one download buffer is allocated at a time. The download
buffer size depends on the interpolation type as shown below, where N is the number of points in

the curve:

Curve Type Size

Constant, 8xN + name length + description length + 40 bytes
Linear

Cubic 16xN + name length + description length + 40 bytes

Re-assembly Buffer Size

As described in the Creating Large Curves using the Curve Add Command topic, the partial curve
data format has a field called Total Curve Data Length (TCDL). This field indicates the nhumber of
registers in the re-assembled curve data. Using the TCDL value, the size of the re-assembly
buffer size can be found using the following formulas:

RMC75E RMC75P
RMC200 RMC150E RMC75S
Re-assembly | TCDL x 4 + 16 bytes | TCDL x 4 + 32 TCDL x 4 + 8 bytes
Buffer Size bytes

Computation Buffer and Curve Object Sizes
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The amount of space required for the computation buffer and curve object depends on several
factors. The most important factor is the interpolation method to be used. Formulas for
calculating the memory requirements are given below.

Constant and Linear Interpolated Curves

These two types of curves do not require a computation buffer. The curve object sizes are given
in the chart below:

RMC75E RMC75P
RMC200 RMC150E RMC75S
Curve [ 8xN + 112 bytes 8xN + 112 bytes 8xN + 88 bytes
Size

Cubic Interpolation Curves

The memory requirements for cubic curves depend on the options and characteristics of the
curve. The term "simple curve" below means that the curve has no fixed-velocity points or

constant-velocity segments, which can be added by the Advanced curve data format or the
Overshoot Protection and Auto-Constant Velocity interpolation options. The term "advanced
curve" below describes a curve that does have at least one fixed-velocity point or constant-
velocity segment.

The following charts show the memory requirements for simple curves:
Simple Curves with Zero- or Natural-Velocity Endpoints
RMC75E RMC75P
RMC200 RMC150E RMC75S
Curve Size 20xN + 160 bytes 20xN + 144 bytes 20xN + 120 bytes

Computation| 16xN + 48 bytes 16xN + 64 bytes 8xN + 24 bytes
Buffer Size

Simple Cyclic Curves

RMC75E RMC75P
RMC200 RMC150E RMC75S
Curve Size 20xN + 120 bytes 20xN + 120 bytes 20xN + 96 bytes
Computation| 48xN - 32 bytes 48xN + 32 bytes 24xN + 8 bytes

Buffer Size

The sizes for advanced curves are difficult to compute, but will generally be at least as large as
the values shown in the Simple Curves with Zero- or Natural-Velocity Endpoints chart
above. The best way to determine the size required by an advanced curve is to add the curve and
look at the size reported in the Event Log.

Memory Requirement Examples

Example 1

How much Curve Store memory is used to add a 10,000-point Simple Cubic Curve with Zero-
Velocity Endpoints to the RMC75E using the Curve Add command?

Downloading this curve using the Curve Add command will require the Partial Curve Data Format,
and therefore require a re-assembly buffer. If we use the Partial Curve - Evenly-Spaced
format (see Curve Data Formats), then the Total Curve Data Length will be 10,004 registers.
Therefore, our re-assembly buffer will require 4xTCDL + 32 or 40,048 bytes.

Next, because this curve uses the cubic interpolation method, the curve will require a
Computation Buffer. Using the charts above, we find that the Computation Buffer for a Simple
Cubic Curve with Zero-Velocity Endpoints will require 16xN+64 bytes or 160,064 bytes.
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Finally, the curve object itself will require 20xN+144 bytes or 200,144 bytes. Therefore, the
Curve Store must have 40,048 + 160,064 + 200,144 or 400,256 bytes available to successfully
download this curve. Notice however, that after the curve has been added, the re-assembly and
computation buffers will be freed up, leaving only 200,144 bytes used for this curve from the
Curve Store.

Example 2

How much Curve Store memory is used to add fifty (50) Cubic Curves with Zero-Velocity
Endpoints—each with 10,000 points—to the RMC75E using the Curve Tool?

When downloading a curve using the Curve Tool, each download will require a Download Buffer of
16 bytes per point plus curve name and description length plus 40 bytes. If we assume that each
curve’s name and description use 20 characters total, then each 10,000-point Cubic curve will
require a download 160,060 bytes. The Computation Buffer and Curve Object will have the same
sizes as calculated in Example 1, 160,064 bytes and 200,144 bytes respectively.

When each curve is downloaded, the Download Buffer will be allocated, then the Curve Object,
and finally the Computation Buffer. Once the curve is successfully added, the Download and
Computation Buffers will be freed up, leaving only the Curve Object in the Curve Store. Each of
the 50 curves is downloaded in this manner. Therefore, the approximate total Curve Store
memory requirement for 50 of these curves is 50 Curve Objects, 1 Download Buffer, and 1
Computation Buffer, which is ( 200,144 x 50 ) + 160,060 + 160,064 = 10,327,324 bytes or 9.8
MB. Notice that this exceeds the 8MB Curve Store capacity available on the RMC75E. Therefore,
these curves cannot be downloaded to this controller.

Fragmentation of the Curve Store Memory

After adding and deleting curves, the Curve Store memory may become fragmented, limiting the
memory available for adding curves. To clear the memory completely, use the Curve Delete All
(85) command.

See Also
Curves Overview | Curve Data Formats
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3.6.7.9. Example: Creating a Curve using the Curve Add
Command

This topic gives a simple example of how to create a curve using the Curve Add (82) command and
the variable table. For more details on curves, see the Curves Overview and Curve Tool topics.

This procedure is for curves small enough to fit in the Variable Table, and the points are spaced evenly
on the X-axis (or time axis). It can be used for position, pressure, or force, and can be used for a
time-based curve or a master-based curve.

This example will create an example curve with nine points. The X-axis (or time axis) points are
evenly spaced, and the end points have zero velocity (the axis will be stopped at the ends).

1. Determine the Curve Points
Determine the distance or time between points on the X-axis (or time axis), and determine
each point on the Y-axis. This example will use a time between points of 0.25, and nine Y-axis
points as shown below:

X-axis (time) | 0.00 | 0.25 | 0.50 | 0.75 | 1.00 | 1.25 | 1.50 | 1.75 | 2.00
Y-axis | 1.0 2.0 2.1 2.2 2.0 1.7 1.9 1.3 1.6
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2.0 -

When determining the curve points, keep in mind that the axis that follows the curve must be
at the starting Y-axis position before the Curve Start command is issued. That is, the first point
is where the axis must be at the start.

2. Create the Curve Data in the Variable Table

Several different curve data formats are available, as described in Curve Data Formats. This
procedure uses the simplest format: Single Curve - Evenly-Spaced Points:

Offset | Description
0 | Curve Status (set to 0, the RMC will change this value)

1 | Curve Format (0 = Single Curve - Evenly-Spaced)

2 | Number Points

3 | Interpolation Options (set to 0 for none)

4 | Point 0 x value (set to O for time, or the starting master x position for
master-based)

5 | x interval (distance between x points)

6 | yO (first y position)

7 | y1 (second y position)

5+n | y(n-1), n = number of points (nth y position)

Place the curve data anywhere in the Variable Table. The curve data for this example starts at
F56:10. Adding descriptions helps keep track of what the data is for. By entering this data into
the initial values of the Variable Table, the curve data can be saved to flash. Notice that the
curve in the Curve Store cannot be saved to Flash, but the curve data in the initial values in the
Variable Table can be. Optionally, you can set all the curve data variables to Retained, and they
will be remembered between power cycles without requiring a Flash update.
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Variable Table:

o |

11
12
13
14
15
1&
17
15
19
Z0
21
22
23
24

el

Register

Tag Mame Units

Fag:11
F56:12
F58:13
F56:14
F56i15
Fao:la
FS6:17
FS&:18
Fa0:19
FS6:20
Fo&:2l
F56:22
Fo6i23
Foo:24

(= =Pl =

Type
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

A

Retain

.

B A N R

Initial
0.0
0.0
9.0
0.0
0.0

0.25
1.0
2.0
2.1
2.2
2.0
1.7
1.9
1.3
1.6

non

Descripkion
Curve Status
Farmat 0 = single curve, evenly spaced
Mumber of poinks
Inkerpolation options
Paink 0 x value
 inkereal
v
vl
e
w3
e
vG
vh
WE
v

You can enter the curve data in the Variable Table using RMCTools, or you can write the data
from a PLC or HMI. If you use a PLC or HMI, it is a good idea to first enter the Descriptions in
the Variable Table using RMCTools so that you can easily troubleshoot it.

3. Send the Curve Add (82) Command

Send the Curve Add (82) command to instruct the RMC to create a curve using the data in the
Variable Table and the Curve ID specified by the command.

For the example curve, send the following command:

Axis0
Cmd: |Curve Add (32) D
Curve ID: 0
Curve Data: F5&:10
Interp Method: Cubic (2}
Life Cyde: Standard (0}
e-|@-

This command tells the RMC that the Curve ID will be zero (0), and the curve data starts at
F56:10. The interpolation method is cubic (the most common method), and the life cycle
Standard means you can run the command as many times as you would like. When you send
this command, the curve will be placed in the Curve Store with an ID of 0.

Notice if you wish to be able to save the curve to Flash, you should choose the Permanent Life
Cycle option. Only curves created with the Permanent Life Cycle option or downloaded from the
Curve tool can be saved to Flash.
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After the Curve Add (82) command has been added the curve, the data in the Variable Table is
no longer needed. You can, for example, use it to add additional curves.

Wait for the Curve Status to be 3

Wait for the Curve Status to be 3. This indicates that the RMC has completed processing the
curve data and has created the curve. The Curve Status is the first item you entered in the
curve data in the Variable Table. Notice that you will need to look in the Monitor tab of the
Variable Table Editor to see the real-time value.

If the Curve Status changes to a value of 10 or greater, it indicates an error. See the Curve
Status Error Codes topic for a list of possible error values.

If you are using the Curve Add (82) command in a user program, you should make a Link Type
that waits for the Curve Status to be 3 before continuing. The Curve Status will be the Current
Value of the first variable in the curve data you entered in the variable table. In this example, it
would be variable 10. You can assign a tag name to variable 10 to make it easier to find.

Move the axis to the first point.

Before you can follow the curve, the Target Position (Target Pressure or Force) of the axis must
be at the first Y-axis position of the curve, which is 1.0 in this example. This can be done by
using a Move Absolute command to move the axis to 1.0. For following a pressure or force
curve, you will need to move the Target Pressure/Force to the first point’s Y value.

Notice that you can move the axis to the first point before the Curve Status is 3.

Send the Curve Start Command

To start following a curve, send the Curve Start (86) command for a position curve, or the
Curve Start (Prs/Frc) (87) command for a pressure or force curve. If the axis is not at the first
point of the curve, an error will result and the curve will not start.

Axis0
Cmd: |Curve Start (35) )
Curve ID: o
Master Req: _Time
Cydles: 1.0

o- @

This command will start curve 0, will follow it based on time, and will follow it once.

For more details, see the Creating Curves Using the Curve Add Command and Curves Overview
topics.

Tips for Using Curves from a PLC or HMI

For more efficient communication, you can make a user program that issues the Curve Add and
Curve Start commands. Then the host controller need only start a user program, instead of
issuing several commands. After writing the data to the Variable Table, start the user program.
After the user program issues the Curve Add command, it must wait for the Curve Status to be
3 before issuing the Curve Start command.
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See Also

Curves Overview | Curve Tool Overview | Curve Start (86) | Curve Start (Prs/Frc) (87) | Curve
Interpolation Methods and Options | Creating Curves Using the Curve Add Command | Creating
Large Curves Using the Curve Add Command | Curve Data Formats
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3.7. Pressure and Force Control

3.7.1. Pressure/Force Control Overview

The RMC can handle a wide range of pressure, force, or torque applications with ease. Torque control
is identical to pressure or single-input force control.

The major features of the RMC pressure/force control are:

¢ Pressure/Force Control
Controlling pressure or force only using a pressure/force PID

e Pressure/Force Limit
Limit pressure or force during the position or velocity motion of an axis.

e Position to Pressure or Force Transition
Smoothly transition from position or velocity control to pressure or force control. See Position-
Pressure and Position-Force Control for more details.

e Input Types
o Pressure (£10V or 4-20mA)
o Single-input Force (£10V or 4-20mA)
For example, a load cell via a signal conditioner.
o Single-input Force (mV/V)
A directly connected load cell.
o Dual-input (Differential) Force (£10V or 4-20mA)
For example, two pressure transducers mounted on either end of a hydraulic cylinder.
e Available Pressure/Force Target Profiles

o Linear Ramps
Ramp Pressure/Force (Linear) (42), Ramp Pressure/Force (Rate) (18)

o S-Curve Ramps
Ramp Pressure/Force (S-Curve) (41)

o Sine wave
Sine Start (Prs/Frc) (76)

o Splines and Cams
Curve Start (Prs/Frc) (87)
Curve Start Advanced (Prs/Frc) (89)

o Gearing
Gear Absolute (Prs/Frc) (59)

For details on setting up, tuning, and controlling pressure or force, see the following topics:
e Controlling Only Pressure or Force

e Position-Pressure and Position-Force Control

e Pressure Limit or Force Limit
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3.7.2. Controlling Only Pressure or Force

This topic describes how to perform pressure/force control on a pressure-only or force-only axis.
Torque control is identical to pressure or single-input force control. For details on position-pressure or
position-force axes, see the Position-Pressure and Position-Force Control topic.

Required Hardware

A pressure-only or force-only axis requires the following RMC hardware:
One Control Output

Pressure or Force Input, which may be:

@)

One Analog Input (+10 V, 0-10 V, 4-20 mA, 0-20 mA)

A pressure sensor input or a load cell signal conditioner.

Two Analog Inputs (+£10V, 0-10 V, 4-20 mA, 0-20 mA)

Two pressure sensor inputs for measuring the pressure on each end of a cylinder for
resultant force.

Load Cell Input (mV/V)
A directly connected mV/V load cell.

Note: For pressure-only or force-only control, any analog input will suffice. The RMC75 does not
require the AP2 module for pressure-only or force-only axes. The RMC150E does not require the
pressure option (indicated as RMC151) for pressure-only or force-only axes. These are only
required for dual-loop axes, such as position-pressure or position-force.

Pressure or Force feedback requires analog feedback transducers (voltage or current) or load cells
with mV/V signals. The input range from the transducer must fall within the RMC supported
ranges of £10V or 4-20mA, or 5mV/V. For the best resolution, the feedback should use a large
portion of the input range.

Define the Axis

The first step for pressure/force control is to define the pressure/force axis. This means assigning
the physical inputs and analog Control Output to an axis in RMCTools.

1. Open the Axis Definitions dialog to define the axes.
In order to define the axes as you want them, you may need to first remove the existing axes
and add new axes. Or, you may be able to change an existing axis.
3. Whether you choose to change an existing axis or add a new axis, set the axis to the
following:
e Control Axis
e 1 Input
o Input Type: Pressure, Force (single-input), or Force (dual-input))
If you are using a single pressure transducer or load cell for the feedback, choose
Pressure or Force (single-input). If you are using two pressure transducers for
differential force feedback, choose Force (dual-input, diff.).
4. The Axis Definitions dialog will show you exactly which Control Output and analog input(s) on
the RMC will be used for the axis. You can change them if you wish.
5. Click OK on the Axis Definitions dialog. If you are online, these changes will be applied to the
controller. Make sure to update Flash and save your project.
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Set Up the Pressure/Force Transducer Parameters

Make sure to set the following pressure/force parameters:
Analog Inputs (£10V, 0-10 V, 4-20 mA, 0-20 mA)
e Input Type: Choose Voltage or Current.

e Positive Pressure/Force Limit and Negative Pressure/Force Limit: These specify the
pressure/force in which the axis will be allowed to control in. If the Target Pressure/Force
exceeds these values, an error bit will be set and will halt the axis if the AutoStops are set to
do so.

Load Cell Inputs (mV/V)
e Wire Sense

The LC8 offers two methods of compensating for the voltage drop in in the Exciter+ and
Exciter- wires:

e Adaptive:
The LC8 periodically measures the voltage at the Sense pin and determines the
voltage drop. It assumes the voltage drop of the Exc+ and Exc- wires is the same.
Therefore, the wire length and gauge of the Exc+ and Exc- wires must be identical.

Available only for 6-wire load cells.
To choose this option, set the Exciter Mode axis parameter to Adaptive.

o Fixed Value:
The user can use a voltmeter to measure the voltage at the load cell and enter the
value into the Fixed Exciter Voltage axis parameter.

This option is available for 4-wire and 6-wire load cells.
To choose this option, set the Exciter Mode axis parameter to Fixed Value.

e Positive Pressure/Force Limit and Negative Pressure/Force Limit: These specify the
pressure/force in which the axis will be allowed to control in. If the Target Pressure/Force
exceeds these values, an error bit will be set and will halt the axis if the AutoStops are set to
do so.

e The following axis parameters may also need to be set, especially if external excitation is
used:

e Exciter Mode
e | oad Cell Overflow Limit
e | oad Cell Underflow Limit

Scale the Pressure/Force

Scaling the feedback converts it from volts or current or mV/V to useful units such as pounds,

newtons, etc. To scale the feedback, use the Pressure/Force Scale/Offset Wizard.

1. In the Axis Tools, in the Axis Parameters Pane, on the Setup tab, in the Tools and Wizards
section, in the axis column you are using, click Launch to open the Pressure/Force
Scale/Offset Wizard.

2. Complete the wizard, then download the parameters. Make sure to update Flash and save
your project.

3. After scaling, move the axis and apply pressure/force and verify that the correct Actual
Pressure or Actual Force is displayed in the Axis Status Registers in Axis Tools.

Tune the Pressure/Force

See Tuning a Pressure/Force Axis.

Enter Pressure or Force Control

To enter pressure or force control, issue one of the following commands:
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Hold Current Pressure/Force (19)
This command will enter pressure/force control and hold the current pressure/force . This
command is a good choice if your axis is stopped or moving slowly.

Enter Pressure/Force Control (Time) (45)
This command will enter pressure/force control and then ramp to the requested pressure/force
within the specified time.

Enter Pressure/Force Control (Auto) (44)

This command will enter pressure/force control and ramp to the requested pressure/force. The
ramp is automatically calculated based on the current rate of change of the Actual Pressure or
Force. This command is designed to be used when the system is moving and the Actual
Pressure or Force is rising quickly, which indicates the axis is encountering the resisting
pressure/force. This command can provide a very smooth transition from position to pressure
control while the system is moving.

Enter Pressure/Force Control (Rate) (46)
This command will enter pressure/force control and then ramp to the requested pressure/force
at the requested rate and acceleration.

When the axis is in pressure/force control, the Pressure/Force Control status bit will be set.

Controlling Pressure or Force

Once the axis is in pressure/force control, you can issue any of the pressure/force commands,
including the commands that enter pressure/force control. For example, you can ramp the
pressure up or down, perform a sinusoidal profile, or follow a spline.

For details on each command, see the respective help topics.

Ramp Pressure/Force (Rate) (18)

Hold Current Pressure/Force (19)

Ramp Pressure/Force (S-Curve) (41)

Ramp Pressure/Force (Linear) (42)

Stop Pressure/Force (43)

Enter Pressure/Force Control (Auto) (44)
Enter Pressure/Force Control (Time) (45)
Enter Pressure/Force Control (Rate) (46)
Sine Start (Prs/Frc) (76)

Sine Stop (Prs/Frc) (77)

Change Target Parameter (Prs/Frc) (81)

Curve Start (Prs/Frc) (87)

Curve Start Advanced (Prs/Frc) (89)

Exiting Pressure or Force Control

To exit pressure/force control, issue the Open Loop Rate (10) or Direct Output (9) command. An
Open Loop Halt or Direct Output Halt will also cause the axis to exit pressure/force control.

Pressure/Force Limit

Pressure/Force Limit can be used on a pressure-only or force-only axis, although it is typically not

very useful. Pressure/force limit is most useful on axes that also have position or velocity
feedback. On pressure/force axes, pressure/force limit can only limit the pressure/force while

moving the axis with the Open Loop Rate (10) command.
For example, consider an axis on which force limit is enabled. If the is moving with an open loop

Control Output of 2 volts, and the Target Force is 300 Ibs, the axis will move with 2 volts Control
Output until the Actual Force reaches 300 Ibs. Then, the Control Output will be limited so that the
force will not exceed 300 Ibs.
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Notice that with a large open loop voltage, a pressure/force limited axis will behave similarly to
an axis in pressure/force control. That is, the pressure/force can be controlled very accurately,
even with the specialty pressure/force commands, such as a sine wave (using the Sine Start
(Prs/Frc) (76) command) or a cam (using the Curve Start (Prs/Frc) (87) command).

Pressure/force limit cannot be used simultaneously with pressure/force control. If the axis is in
pressure/force limit, and a command is issued that puts the axis in pressure/force control, the
pressure/force limit will no longer be active and the axis will start controlling the pressure/force.
However, the Pressure/Force Limit Enabled status bit will still be set, and if the axis exits
pressure/force control, it will resume pressure/force limit.

Pressure/Force Control Status Bits

The following status bits give the status of the pressure/force control. These tell you what the
control is doing, and can also be very useful in user programs.

At Pressure/Force

When the axis is in Pressure/Force control or Pressure/Force Limit and the Target Pressure/Force
reaches the Requested Pressure/Force and the Actual Pressure/Force is within the At
Pressure/Force Tolerance window from the Target Pressure/Force, the At Pressure/Force Status
bit will be set. This bit indicates that the ramp is complete and the axis is at the pressure/force.

Pressure/Force Control

The Pressure/Force Control Status bit indicates that the axis is in closed-loop pressure/force
control.

Pressure/Force Limit Enabled

This bit indicates that pressure/force limit is enabled. If an axis is in pressure/force control,
pressure/force limit will not be active. If the axis exits pressure/force control to open loop or
closed-loop position or velocity control, it will enter pressure/force limit if the Pressure/Force Limit
Enabled bit is on.

Pressure/Force Limited

This bit indicates that pressure/force limit is enabled and the axis is limiting the pressure/force. If
an axis is in pressure/force control, pressure/force limit will not be active and this bit will not be
set.

Pressure/Force Target Generator Bits

The Pressure/Force Target Generator bits in the Status Bits register indicate which portion of the
move the axis is currently in. These bits are useful when programming complex motion
sequences.

Pressure/Force Target Generator Done bit

This bit indicates that the Target Pressure or Target Force has reached the Requested
Pressure/Force. If the ramp is interrupted, e.g. due to a halt, the done bit will not be set
because the commanded motion was not completed. Notice that this bit does not indicate
whether the Actual Pressure or Actual Force has reached the Requested Pressure/Force.

Pressure/Force Target Generator State A and B bits

B |A [Description

0 0 | The target generator is complete

0 1 Pressure/Force is accelerating

1 0 Constant

1 1 Pressure/Force is decelerating
See Also

Pressure/Force Control Overview

Copyright (c) 2023 by Delta Computer Systems, Inc.
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3.7.3. Position-Pressure and Position-Force Control

This topic describes position-pressure and position-force control. For information on pressure control
only or force control only, see the Pressure/Force Limit topic.

Pressure/Force Control or Pressure/Force Limit can be used on position-pressure or position-force

control axes. Position-torque is identical to or position-force with a single-input force, or position-
pressure.

Required Hardware

A position-pressure or position-force axis requires the following RMC hardware:
e Pressure-Enabled Controller

This is the term for an RMC that supports dual-loop control, such as position-pressure or
position-force.

o RMC75: Requires the AP2 module.

o RMCI150E: Requires the pressure option (denoted as RMC151). This must be
specified when ordering the RMC.

o RMC200: Requires two Feature Key control loops per dual-loop control axis.
e One Control Output
e One Position Input
This can be any type of position feedback supported by the RMC.
e Pressure or Force Input, which may be:

o One Analog Input (+10V, 0-10 V, 4-20 mA, 0-20 mA)
A pressure sensor input or a load cell signal conditioner.

o Two Analog Inputs (£10V, 0-10 V, 4-20 mA, 0-20 mA)
Two pressure sensor inputs for measuring the pressure on each end of a cylinder for
resultant force.

o Load Cell Input (mV/V)
A directly connected mV/V load cell.

Pressure or Force feedback requires analog feedback transducers (voltage or current) or load cells
with mV/V signals. The input range from the transducer must fall within the RMC supported
ranges of £10V or 4-20mA, or 5mV/V. For the best resolution, the feedback should use a large
portion of the input range.

Define the Axis
The first step for pressure/force control is to define the axis. This means assigning the physical
inputs and analog Control Output to an axis in RMCTools.
1. Open the Axis Definitions dialog to define the axes.

In order to define the axes as you want them, you may need to first remove the existing axes
and add new axes. Or, you may be able to change an existing axis.

3. Whether you choose to change an existing axis or add a new axis, set the axis to the
following:

e Control Axis
e 2 Inputs
o First Input: Select your position input type.

o Input Type: Pressure, Force (single-input), or Force (dual-input)
If you are using a single pressure transducer or load cell for the feedback, choose
Pressure or Force (single-input). If you are using two pressure transducers for
differential force feedback, choose Force (dual-input, diff.).
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4. The Axis Definitions dialog will show you exactly which Control Output and analog input(s) on
the RMC will be used for the axis. You can change them if you wish.

5. Click OK on the Axis Definitions dialog. If you are online, these changes will be applied to the
controller. Make sure to update Flash and save your project.
Set Up and Tune the Position

Set up and tune the position control first. Refer to the Startup Procedure for details.

While tuning the position, you may need to set some of the pressure/force AutoStops to Status
Only to prevent any pressure/force errors from halting the axis.

Set Up the Pressure/Force Transducer Parameters

Make sure to set the following pressure/force parameters:

Analog Inputs (£10V, 0-10 V, 4-20 mA, 0-20 mA)

e Input Type: Choose Voltage or Current.

e Positive Pressure/Force Limit and Negative Pressure/Force Limit: These specify the
pressure/force range within which the axis will be allowed to control. If the Target

Pressure/Force exceeds these values, an error bit will be set and will halt the axis if the
AutoStops are set to do so.

Load Cell Inputs (mV/V)
e Wire Sense

The LC8 offers two methods of compensating for the voltage drop in in the Exciter+ and
Exciter- wires:

e Adaptive:
The LC8 periodically measures the voltage at the Sense pin and determines the
voltage drop. It assumes the voltage drop of the Exc+ and Exc- wires is the same.
Therefore, the wire length and gauge of the Exc+ and Exc- wires must be identical.

Available only for 6-wire load cells.
To choose this option, set the Exciter Mode axis parameter to Adaptive.

e Fixed Value:
The user can use a voltmeter to measure the voltage at the load cell and enter the
value into the Fixed Exciter Voltage axis parameter.

This option is available for 4-wire and 6-wire load cells.
To choose this option, set the Exciter Mode axis parameter to Fixed Value.

e Positive Pressure/Force Limit and Negative Pressure/Force Limit: These specify the
pressure/force range within which the axis will be allowed to control. If the Target
Pressure/Force exceeds these values, an error bit will be set and will halt the axis if the
AutoStops are set to do so.

e The following axis parameters may also need to be set, especially if external excitation is
used:

e Exciter Mode
e Load Cell Overflow Limit
e | oad Cell Underflow Limit

Scale the Pressure/Force

Scaling the pressure or force feedback converts it from volts or current or mV/V to useful units
such as pounds, newtons, etc. To scale the feedback, use the Pressure/Force Scale/Offset Wizard.
1. In the Axis Tools, in the Axis Parameters Pane, on the Setup tab, in the Tools and Wizards

section, in the axis column you are using, click Launch to open the Pressure/Force
Scale/Offset Wizard.
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2. Complete the wizard, then download the parameters. Make sure to update Flash and save
your project.

3. After scaling, move the axis and apply pressure or force and verify that the correct Actual
Pressure or Actual Force is displayed in the Axis Status Registers in Axis Tools.

Tune the Pressure/Force

See Tuning a Position-Pressure System.

Before tuning the pressure or force, you should read the rest of this topic to become familiar with
the pressure/force commands that will be used during tuning.

If the pressure/force is scaled in small units, such as psi, pounds, Pascal, or Newtons, the gains
will probably be very small. For example, you may want to start with a value of 0.01 for the
Proportional and Integral Gain, and even smaller for the Differential Gain.

You can tune the pressure or force in either pressure/force control or pressure/force limit, and it
will control in either mode. For many applications, it is easiest to first tune the axis in pressure
control, even if you will be using pressure/force limit in your application.

Choose Pressure/Force Control or Pressure/Force Limit

At this point you should decide whether you will be using pressure/force control or Pressure/Force
Limit. With pressure/force control, the axis transitions from position control to pressure/force
control, and the pressure/force control is then independent of the position control.

Pressure/force limit is a special type of pressure or force control. With pressure or force limit, the
pressure or force is limited during the position or velocity motion of an axis.

Pressure/force limit cannot be used simultaneously with pressure/force control. If the axis is in
pressure/force limit, and a command is issued that puts the axis in pressure/force control, the
pressure/force limit will no longer be active and the axis will start controlling the pressure or
force. However, the Pressure/Force Limit Enabled status bit will still be set, and if the axis exits
pressure/force control, it will resume pressure/force limit.

Determining Whether Pressure/Force Limit is Required

e If you want to transition between position and pressure or force control, and each control
mode does not depend on the other, then you probably do not need pressure or force control.

e If you want to transition between position and pressure or force control, but you want to make
sure the axis will not exceed a certain position while controlling pressure/force, you probably
need pressure/force limit. However, you can use pressure/force control and monitor the other
values from a user program to handle error conditions.

e If you want to perform position or velocity motion, but limit the pressure or force during the
motion, then you probably need pressure or force limit.

If you will be using pressure/force limit, see the Pressure/Force Limit topic. If you will be using
pressure/force control, continue reading this topic.

Enter Pressure or Force Control

To enter pressure or force control, issue one of the following commands. Notice that these
commands will enter pressure/force control, not pressure/force limit.

e Hold Current Pressure/Force (19)
This command will enter pressure or force control and hold the current pressure or force. This
command is a good choice if your axis is stopped or moving slowly.

e Enter Pressure/Force Control (Time) (45)
This command will enter pressure or force control and then ramp to the requested pressure or
force within the specified time.

e Enter Pressure/Force Control (Auto) (44)
This command will enter pressure or force control and ramp to the requested pressure or
force. The ramp is automatically calculated based on the current rate of change of the Actual
Pressure or Force. This command is designed to be used when the system is moving and the
Actual Pressure or Force is rising quickly, which indicates the axis is encountering the resisting
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pressure or force. This command can provide a very smooth transition (bumpless transfer)
from position to pressure control while the system is moving.

e Enter Pressure/Force Control (Rate) (46)
This command will enter pressure/force control and then ramp to the requested pressure/force
at the requested rate and acceleration.

When the axis is in pressure or force control, the Pressure/Force Control status bit will be set.

Controlling Pressure or Force

Once the axis is in pressure or force control, you can issue any of the pressure/force commands,
including the commands that enter pressure/force control. For example, you can ramp the
pressure up or down, or perform a sinusoidal profile, or follow a spline.

For details on each command, see the respective help topics.
e Ramp Pressure/Force (Rate) (18)

e Hold Current Pressure/Force (19)

e Ramp Pressure/Force (S-Curve) (41)

e Ramp Pressure/Force (Linear) (42)

e Stop Pressure/Force (43)

e Enter Pressure/Force Control (Auto) (44)

e Enter Pressure/Force Control (Time) (45)
e Sine Start (Prs/Frc) (76)

e Sine Stop (Prs/Frc) (77)

e Change Target Parameter (Prs/Frc) (81)
e Curve Start (Prs/Frc) (87)

e Curve Start Advanced (Prs/Frc) (89)

Exiting Pressure or Force Control

To exit pressure or force control, issue an open-loop or closed-loop motion command. An Open
Loop Halt or Direct Output Halt will also cause the axis to exit pressure or force control. A Closed
Loop Halt will not exit pressure or force control.

Releasing a Pressure or Force

Exiting pressure or force control when the actuator is exerting a force against a dead stop may
require careful consideration, especially if it is critical that the force does not overshoot.

One method is to issue the Hold Current Position (5) command. However, the axis will now be
holding position, and since the Actual Position typically jumps around a bit, it may cause an
undesired increase in the force. Therefore, this may not be a good choice.

Another option is to issue a Move Absolute (20) to move back from the current position. However,
the Actual Velocity typical jumps around a bit, and if it moving in the direction of increasing force
at the instant the Move Absolute command is issued, then the Target Position must first turn
around, meaning that the force may actually increase before decreasing.

Sometimes, the Open Loop Rate (10) command may work best because it alleviates both of the
aforementioned problems. The Quick Move Absolute (15) will also work well, with the added
benefit that it moves to a known position.

Pressure/Force Control Status Bits

The following status bits give the status of the pressure or force control. These tell you what the
control is doing, and can also be very useful in user programs.
At Pressure/Force

When the axis is in Pressure/Force control or Pressure/Force Limit and the Target Pressure/Force
reaches the Requested Pressure/Force and the Actual Pressure/Force is within the At
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Pressure/Force Tolerance window from the Target Pressure/Force, the At Pressure/Force Status
bit will be set. This bit indicates that the ramp is complete and the axis is at the pressure or force.

Pressure/Force Control

The Pressure/Force Control Status bit indicates that the axis is in closed-loop pressure or force
control.

Pressure/Force Limit Enabled

This bit indicates that pressure/force limit is enabled. If an axis is in pressure or force control,
pressure/force limit will not be active. If the axis exits pressure/force control to open loop or
closed-loop position or velocity control, it will enter pressure/force limit if the Pressure/Force Limit
Enabled bit is on.

Pressure/Force Limited

This bit indicates that pressure/force limit is enabled and the axis is limiting the pressure/force. If
an axis is in pressure or force control, pressure/force limit will not be active and this bit will not
be set.

Pressure/Force Target Generator Bits

The Pressure/Force Target Generator bits in the Status Bits register indicate which portion of the
move the axis is currently in. These bits are useful when programming complex motion
sequences.

Pressure/Force Target Generator Done bit

This bit indicates that the Target Pressure or Target Force has reached the Requested
Pressure/Force. If the ramp is interrupted, e.g. due to a halt, the done bit will not be set
because the commanded motion was not completed. Notice that this bit does not indicate
whether the Actual Pressure or Actual Force has reached the Requested Pressure/Force.

Pressure/Force Target Generator State A and B bits
B A Description

0 0 | The target generator is complete

0 1 Pressure/Force is accelerating

1 0 Constant

1 1 Pressure/Force is decelerating
See Also

Pressure/Force Control Overview

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.7.4. Velocity-Pressure and Velocity-Force Control

The RMC supports velocity-pressure and velocity-force control. This means controlling both velocity
and pressure or force with a single actuator. For example, an injection molding press may need to
control the velocity of the injection, but also limit the force during the motion.

Setting up, tuning and performing velocity-pressure or velocity-force is virtually identical to position-

pressure or position-force. See the Position-Pressure and Position-Force Control for details and
procedures.

See Also
Pressure/Force Control Overview
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3.7.5. Pressure/Force Limit

Pressure limit or force limit is a special type of pressure or force control, typically used on position-
pressure or position-force axes. Pressure/Force Limit limits the Actual Pressure or Force during
position or velocity motion. Pressure/Force Limit is useful in applications that require moving to a
position while not exceeding a certain pressure or force during the move.

For example, consider a vehicle manufacturing application that presses a bearing into a steering
knuckle. The bearing must be pressed to a final position, but the force during the move cannot exceed
a certain value. Force limit is an excellent way to ensure that the move occurs as quickly as possible
without damaging the bearing due to excessive force.

You can choose to apply Pressure/Force Limit in the positive or negative directions, or both. The
Target Pressure/Force (or the negated Target Pressure/Force for the negative direction) is the value at
which the Actual Pressure or Force will be limited. The axis position or velocity can be controlled
normally as long as the Actual Pressure or Force does not approach the limit. As the Actual Pressure or
Force approaches the threshold, the RMC will limit the motion so that the pressure/force limit is not
exceeded. For more advanced details, see the Pressure/Force Limit Details topic.

Pressure/Force Limit cannot be used in Direct Output. To issue the Set Pressure/Force Limit Mode (40)
command, the Direct Output Status bit must be off. To turn off the Direct Output Status bit, put the
axis in Open Loop or Closed Loop control.

Note:

Pressure Limit mode may affect motion even when the Actual Pressure is well below the pressure
limit. In order to achieve precise motion when pressure is not important, do not enable Pressure Limit
mode. This may require the user to enable Pressure Limit mode only after the pressure has increased
close to the point where the pressure is to be limited.

Pressure/Force Limit versus Control

Pressure/Force Limit differs from Pressure/Force Control. In Pressure/Force Control, the axis is
controlling pressure or force independent of the position or velocity motion on the axis. In
Pressure/Force Limit, the axis is performing position or velocity control while limiting the pressure
or force.

Determining Whether Pressure/Force Limit is Required

Pressure/force Limit is usually more complicated than just pressure/force control. Therefore, you
should not use pressure/force limit unless you need it.

e If your application is only controlling pressure or force, then you probably do not need to use
pressure or force limit.

e If you want to transition between position and pressure or force control, and each control
mode does not depend on the other, then you probably do not need pressure or force limit.

e If you want to transition between position and pressure or force control, but you want to make
sure the axis will not exceed a certain position while controlling pressure or force, you
probably need pressure/force limit. However, you can use pressure or force control and
monitor the other values from a user program to handle error conditions.

e If you want to perform position or velocity motion, but limit the pressure or force during the
motion, then you probably need pressure or force limit.
Using Pressure/Force Limit

Setting Up the Axis

Pressure/Force Limit is most useful on dual-loop axes, such as position-force. For details on
setting up a position-pressure or position-force axis, see Position-Pressure and Position-Force
Control. For details on setting up a pressure-only or force-only axes, see Controlling Only
Pressure or Force.

Entering Pressure/Force Limit
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Pressure/Force Limit requires first moving the axis in open loop or closed loop in order for the
RMC to limit the pressure. The RMC will limit the Control Output to prevent the pressure/force
from exceeding the Target Pressure/Force. Once the pressure/force is being limited the Target
Pressure/Force can be changed using any of the pressure/force commands, except the commands
that enter pressure/force control, because this will exit pressure/force limit

After setting up the axis for pressure or force control, follow the steps below to limit

pressure/force. In order to limit the pressure or force, you must first tune it. See Tuning

Overview topic for details.

1. Issue a pressure/force command (such as Ramp Pressure/Force (Linear) (42) ) to set the
Command Pressure to the desired value.

Note:

After starting up the RMC, the Target Pressure/Force must be set up with a pressure/force
command before issuing the Set Pressure/Force Limit Mode (40) command for the first time,
or a Command Error will result.

2. You can move the axis in position or velocity control normally until you want to enter
pressure/force limit.

3. When you wish to start limiting the pressure/force, issue the Set Pressure/Force Limit Mode
(40) command to enable pressure/force limit. Pressure/Force Limit mode may affect normal
closed-loop motion even when the pressure is very low. Therefore, if possible, do not enter
Pressure/Force Limit until you need to.

4. Move the axis. When the motion begins to affect the pressure, the RMC will limit the motion
such that the Actual Pressure/Force does not exceed the Command Pressure/Force. To make
an axis go to a certain pressure/force, the axis must be commanded to move to a point at or
beyond the point where the pressure/force limit is reached.

Use a User Program

It is often advantageous to make a User Program to handle the steps above. For example, one
step waits until the pressure reaches a certain level, and then goes to the next step that enables
pressure limit.

Example:

This program is an example of using Pressure/Force Limit.

o ESet the Target Force, then go to the next step.

Command: PrsfFrc (Pr) Ramp Time (s)
|Ramp PrsfFrc (Linear) (42) D| | 500.0 E” |D.D L”

Commanded Axes | Axisi

Link Type:

r the force to be greater than 200 before going to the next step.

Command: Position {pu) Speed (pu/fs) Accel Rate {pufs?) Decel Rate (pufs?) Direction

[Move Absolute (20) o] [120 D ] [500 BIER ][ nmesrest @[]
Commanded Axes « | Axisi

Link Type: Link Condition:

| Wait For E|| | _fods[ 1] ActFre = 200.0 |:||

Command: Prs/Frc Limit
[ st Prs/Fre Limit Mode (40) )] [ Pesitve (0[<]]

Commanded Axes + | Axisl

Link Type:
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Changing the Target Pressure/Force

Once the axis is in pressure or force control, you can issue any of the following pressure/force
commands to change the pressure/force. For example, you can ramp the pressure up or down, or
perform a sinusoidal profile, or follow a spline. For details on each command, see the respective
help topics.

Ramp Pressure/Force (Rate) (18)

Ramp Pressure/Force (S-Curve) (41)

Ramp Pressure/Force (Linear) (42)

Stop Pressure/Force (43)

Sine Start (Prs/Frc) (76)

Sine Stop (Prs/Frc) (77)

Change Target Parameter (Prs/Frc) (81)
Curve Start (Prs/Frc) (87)

Curve Start Advanced (Prs/Frc) (89)

DO NOT issue the pressure/force commands that enter pressure/force control, because this will

exit pressure/force limit:

Hold Current Pressure/Force (19)
Enter Pressure/Force Control (Auto) (44)
Enter Pressure/Force Control (Time) (45)

For details on control issues to be aware of, see the Pressure/Force Limit Details topic.

Exiting Pressure/Force Limit

An axis will exit pressure/force limit mode if any of the following occurs:

The Set Pressure/Force Limit Mode command is sent with the Pressure/Force Limit
command parameter set to 0 (Disabled).

A Direct Output (9) command is sent to the axis.

An Open Loop Halt or Direct Output Halt occurs on the axis.
The Fault Controller (8) command is issued to the RMC.

Switching Between Pressure/Force Limit and Control

Pressure/force limit cannot be used simultaneously with pressure/force control. If the axis is in

pressure/force limit, and a command is issued that puts the axis in pressure/force control, the
pressure/force limit will no longer be active and the axis will start controlling the pressure or
force. However, the Pressure/Force Limit Enabled status bit will still be set, and if the axis exits
pressure/force control, it will resume pressure/force limit.

See Also

Pressure/Force Control Overview | Pressure/Force Limit Details
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3.7.6. Pressure/Force Limit Details

This topic provides more in-depth information on the pressure/force limit. For general information, and
a step-by-step procedure, see the Pressure/Force Limit topic.

Pressure/Force Limit with Closed Loop Moves
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When a closed-loop position move is made on the axis with pressure/force limit enabled, the axis
will move in position control until the Actual Pressure or Force comes close to the Target
Pressure/Force, at which point the position move will be limited such that the pressure or force
will be limited to the Target Pressure/Force.

The Limit algorithm works as follows:

1. Each loop time, for both the position and the pressure/force, the RMC calculates the total of
the Proportional, Differential, and Feed Forward terms and finds the smaller total.

2. The appropriate integral term is added to the smaller total to calculate the Control Output.

Therefore, the axis is performing both PIDs simultaneously and using the smaller one such that
the pressure or force will be limited to the Target Pressure/Force.

Position-Pressure Interplay

If the position of the axis varies a lot as the pressure or force changes, the closed loop motion
PID and the pressure PIDs may affect each other. That is, tuning the pressure alone will not make

the axis control better. Both the position and pressure PID must be tuned to properly control the
combined motion.

Pressure Limit may affect position moves even though Actual Pressure is far from the Target
Pressure. If you wish to make position moves regardless of the pressure, verify that the Pressure
Limit mode is off, or the motion may be affected.

Pressure/Force Limit with Open Loop Moves

This type of control can be done on any control axis with pressure feedback, whether or not the
axis also has position feedback. The algorithm in the open-loop case works the same as in the
Closed Loop Move case, except that the Output of the pressure PID is compared to the open-loop
Control Output. The smaller of these values is then used for the Control Output.

Pressure/force limit with open loop is typically not very useful, as standard pressure/force control
is easier and generally provides better control.
Using Pressure Limit to Achieve Set Pressure Control

The Pressure/Force Limit algorithm can be used to achieve Set Pressure Control. That is,

controlling the pressure/force of the axis, regardless of position. Use one of the following
methods:

With Closed-Loop Motion
1. Make a move that is far beyond the position where the pressure will be limited.

2. Use the Ramp Pressure/Force (S-Curve) (41) or Ramp Pressure/Force (Linear) (42) command
to change the pressure.

With Open-Loop Motion

This method is simpler than the above method because it does not require tuning the position,
nor will the pressure PID affect the position PID.

1. Issue an Open Loop command with a Control Output that is higher than you will need for the
pressure control.

2. Use the Ramp Pressure/Force (S-Curve) (41) or Ramp Pressure/Force (Linear) (42) command
to change the pressure.

See Also
Pressure/Force Control Overview | Pressure/Force Limit
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3.8. Filtering/Modeling
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3.8.1. Filtering

Filtering can be used to smooth values. A noisy position feedback or Control Output signal will be
smoother if filtering is applied.

Filtering increases the phase delay in the filtered value, meaning the signal becomes delayed.
Phase delay on the feedback can be detrimental to control, especially if the system must respond
quickly. Therefore, feedback filtering on control axes should be used only when necessary.

Filtering can be especially useful on reference axes. For example, consider a control axis that is
geared to a reference axis. The reference axis is controlled by a potentiometer. When the
operator turns the potentiometer, it produces a fairly noisy signal. The axis that is geared to this
noisy signal will, in turn, produce jerky motion. To smooth the motion, a filter can be applied to

the reference Actual Position.
Position (pu)
For example, suppose the Fy
position feedback makes a 454
step jump from 4.1 to 4.5

iti its. With th T iti
position units. Wi € B P osition Feedback

position filter disabled (set to
zero), the Actual Position + H Filtered Actual Position

would also make a step jump.
By applying a filter, the Actual =
Position is filtered, and does
not make a step jump.

1 1 1 1 | | Time
40 ' ' ' ' ! i (sec)
0 05

The RMC offers filtering in the following places:

e Feedback Filter (Input Filter)
The feedback inputs such as position, velocity, acceleration, pressure, force, etc. can be
filtered. Filtering the feedback can improve control if the feedback is noisy or has quantization
errors. However, feedback filtering must be used with caution to avoid phase delay.
Feedback filtering may be applied to the values used by the control algorithm, or only to the
values displayed to the user, or to both. By default, the velocity and acceleration display values
are filtered since they normally have a lot of quantization error.
The feedback filtering options differ between the RMC75/150 and the RMC200. See the
RMC75/150 Feedback Filtering and RMC200 Feedback Filtering sections below.

e Output Filter

The Output Filter filters the Control Output components contributed by the Proportional,
Differential, and Double Differential gains. Filtering the output can overcome the negative
effects of quantization error on the values derived from the feedback, for example, velocity
and acceleration, or the pressure rate or force rate.

The Output Filter can provide great improvement in control in conjunction with the Differential

and Double Differential gains, especially for systems that tend to oscillate. For details on how to

use the Output Filter, see the Tuning procedures, such as Tuning Position.

Filter Algorithm Types

The RMC's offer various filter algorithms, such as first order, Butterworth, ABG, etc. For a
description of each filter types, and where each type may be applied in each RMC, see the Filter

Algorithm Types topic.

RMC75/150 Feedback Filtering
The RMC75 and RMC150 provide a 4-pole Butterworth filter for the feedback.

deltamotion.com 185



RMC70/150/200 and RMCTools User Manual

Position Filtering

The position filtering will apply to the value the control algorithm uses and to the value that is
displayed.

Position Low-pass
Feedback Filter

Status Register:
Actual Position

—

\ 4

Velocity and Acceleration Filtering

The velocity and acceleration filters can be selected to apply only to the displayed value, or to the
value that the control algorithm uses, which will then be the displayed value as well.

Velocity/Acceleration Status Only Status Register:

Feedback Filter - Actual Velocity/
- ” Actual Acceleration

Control J
Algorithm
OR

Velocity/Acceleration Low-pass Status Register:

Feedback —_— Eilfar = Actual Velocity/
Actual Acceleration

: : Control
| Algorithm

To Apply Display Filtering:

Setting the display filtering means you are filtering only so that the values are easier to see on a
plot, or so that a displayed number doesn't jump around so much.

1. Make sure the Velocity Filter Type and Acceleration Filter Type are set to Status Only.

2. Set the Actual Velocity Filter and/or Actual Acceleration Filter values to the desired cut-off
frequencies:

a. Start with a large value, such as 100 or 200 Hz.

b. Decrease the number to apply heavier filtering. A lower number provides heavier
filtering. A value of zero means the filter is off.

3. Do not use the Actual Position filter, since it always applies to the value used by the control
algorithm.

To Apply Filtering on the Controlled Signal:

If the feedback is so noisy that it is causes problems for the control algorithm, you may need to

filter it. The displayed value will be the same as that filtered value. The RMC75/150 use the 4-

pole Butterworth that has a large phase delay, which can cause large oscillations if not carefully

applied.

1. In the Axis Tools, on the All tab, in the Feedback or Secondary Feedback section, expand
the Filtering/Modeling section.

2. Make sure the Velocity Filter Type and Acceleration Filter Type are set to Low Pass.

3. Set the Actual Position Filter, Actual Velocity Filter and/or Actual Acceleration Filter values
to the desired cut-off frequencies:

a. Start with a large value, such as 100 or 200 Hz.
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b. Decrease the number to apply heavier filtering. A lower number provides heavier
filtering. A value of zero means the filter is off.

Velocity Feedback

The velocity feedback filtering is identical to the position feedback filtering, except that the
position filter is of course not available, and the Model is not available.

Pressure/Force Feedback

The RMC75 and RMC150 provide a 4-pole low-pass Butterworth filter for the pressure or force
feedback as follows:

e Pressure/Force Filter: Applies to the pressure or force value used by the control algorithm.
o Pressure/Force Rate Filter: Applies to the displayed value only.

RMC200 Feedback Filtering

The RMC200 supports the following feedback filters:

Input Filter: Applies to the control algorithm and offers several filter algorithm types. The
default setting for this filter is off.

Display Filter: Filters the value that has already been filtered by the input filter. This filter
is a fourth-order Butterworth filter. The default setting is that the display filter is applied to
velocity and acceleration.

Status Register: Status Register:
Actual Position (Unfiltered) Actual Position (Control)
Position T | Input Filter i Display Status Register:
Feedback " Filter Actual Position
Control
Algorithm

Status Registers

The RMC200 Axis status registers for feedback include:

e The unfiltered feedback, such as Actual Position (Unfiltered).

e The filtered feedback values used by the control algorithm, such as Actual Position (Control).

e The final feedback value after the input filter and display filter have been applied, such as
Actual Position.

These status registers are useful for troubleshooting and for determining the effectiveness of the
filtering.
To Apply Display Filtering Only:

Setting the display filtering means you are filtering only so that the values are easier to see on a
plot, or so that a displayed number doesn't jump around so much, and not affecting the feedback
values used by the control algorithm.

1. In the Axis Tools, on the All tab, in the Feedback or Secondary Feedback section, expand
the Input Filter section.

2. Set the Input Filter Type to None.

3. In the Display Filter section, set the Position Display Filter, Velocity Display Filter and/or
Acceleration Display Filter values to the desired cut-off frequencies:

a. Start with a large value, such as 100 or 200 Hz.
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b. Decrease the number to apply heavier filtering. A lower number provides heavier
filtering. A value of zero means the filter is off.
To Apply Filtering on the Controlled Signal:

If the feedback is so noisy that it is causes problems for the control algorithm, you may need to
filter it. The RMC200 has many options for filtering the signal used for control.

1. In the Axis Tools, on the All tab, in the Feedback or Secondary Feedback section, expand
the Input Filter section.

2. Set the Input Filter Type parameter to the desired filter.

3. Set the Position Input Filter, Velocity Input Filter, and/or Acceleration Input Filter values to the
desired cut-off frequencies:

1. Start with a large value, such as 100 or 200 Hz. For the ABG and ABGD filters, start
with the maximum allowed value as described in the Filter Algorithm Types topic.

2. Decrease the number to apply heavier filtering. A lower number provides heavier
filtering. A value of zero means the filter is off.

4. 1In the Display Filter section, you may choose whether or not to also apply a display filter. To
turn off the display filtering, set the Position Display Filter, Velocity Display Filter and/or
Acceleration Display Filter values to zero.

Velocity Feedback

The velocity filtering is identical to the position filtering, except that the position filter is of course
not available, and the Model is not available.

Pressure/Force Feedback

For pressure and force axes, the RMC200 provides the same options as for position axes, except
that there is only an Actual Pressure/Force and an Actual Pressure/Force Rate, and the Model is
not available.

See Also
Filter Algorithm Types | Modeling | Control Features Overview
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3.8.2. Filter Algorithm Types

This topic describes the different types of filter algorithms in the RMC and lists where they can be
applied. For more general information on filtering in the RMC, see the Filtering topic.

The RMC offers the following input filter algorithms in the following areas:

RMC75/150 RMC200
Feedback Feedback Control feedback Feedback Control
Filter Type (Control) (Display) Output (Control) (Display) Output
Low Pass, v
Single Pole v v
Low Pass, p
2-pole Butterworth
Low Pass,
4-pole Butterworth v v v v
Low Pass ABG v
Low Pass ABGD v
Model v v
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Phase Delay and Attenuation Comparison

The filters exhibit the following frequency response and phase delay at the cut-off frequency:

At Cut-off Frequency: Magnitude Phase Delay
Low Pass, Single Pole -3 dB (0.707) 45°

Low Pass, 2-pole Butterworth| -3 dB (0.707) 90°

Low Pass, 4-pole Butterworth -3 dB (0.707) 180°

Low Pass ABG 4 dB (1.56) | - 200 (leading)
Low Pass ABGD 4.5dB (1.67) 0°

Cut-off Frequency Limits

The filter cut-off frequencies are limited to the ranges listed below, based on the frequency of the

selected controller Loop Time.

Min Cut- Max Cut-off
off Frequency
Filter Type Frequency
Low Pass, Single 0.01 50% x loop
Pole (1P) frequency
Low Pass, 2-pole 0.01 25% x loop
Butterworth (BW2) frequency
Low Pass, 4-pole 0.01 25% x loop
Butterworth (BW4) frequency
Low Pass ABG 0.01 10% x loop
frequency
Low Pass ABGD 0.01 7.5% x loop
frequency

For example, the frequency of a 1 msec loop time is 1 kHz, so the ABG filter would be limited to

100 Hz. The frequency of a 0.5 msec loop time is 2 kHz, so the ABG filter would be limited to 200

Hz.
Filter Descriptions

Low Pass

A low-pass filter passes filters out high frequencies, and passes through lower frequencies. The
cut-off frequency defines which frequencies are passed through.

Low Pass, Single Pole (1P)

This is the most simple of all filters. A single-pole filter has a small phase delay, but the
amplitude starts dropping off with frequency immediately.

Low Pass, 2-pole Butterworth (BW2)

The main advantage of Butterworth filters is that they have unity amplitude out to the cut-off
frequency. However, they have a large phase delay. Therefore, a Butterworth filter works very
well for viewing signals, since the human eye doesn't mind some delay. Butterworth filters are
not so good for high-speed control applications where phase delay cannot be tolerated.

The 2-pole Butterworth has a more gradual cut-off than the 4-pole, and less phase delay.
Low Pass, 4-pole Butterworth (BW4)
Same as the 2-pole Butterworth, but a sharper cut-off and more phase delay.

Low Pass, ABG

The Alpha-Beta-Gamma filter is a simplified form of observer and is closely related to Kalman
filters and linear state observers. The ABG filter has very little phase delay, actually leads for
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some frequency ranges, and the amplitude is above unity for some frequency ranges. This means
the filtered signal can overshoot the input signal.
Low Pass, ABGD

The Alpha-Beta-Gamma-Delta filter extends the ABG filter (above) one more level, using a "delta"
term for a fourth jerk state. This helps provide more filtering without significantly increasing the
phase delay, but also makes this filter a bit more finicky, with a lower maximum filter cut-off
frequency.

Model

The Model-base filter uses a model of the system to calculate the Actual Velocity and Actual
Acceleration, factoring the Control Output into the model. The Tuning Wizard generates the
system model. See Modeling for details.

See Also
Filtering
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3.8.3. Modeling

Each position, pressure, or force control axis on the RMC can have a system model. A model is an
approximate mathematical representation of a real motion system. Directly manipulating the model is
typically an advanced feature. Most RMC users will never need to be concerned with the system
model.

The model parameters are in the Axis Tools, All tab, Feedback section, in the Filtering/Modeling
section.

The system model is used by the Gain Calculator or for Model-based Filtering:
1. Gain Calculator

When using the Tuning Wizard for tuning position, pressure, or force axes, a model is generated
for that axis. Once this model is created, the Gain Calculator uses it to provide a range of gains
appropriate for that model. The user chooses a set of gains with a slider bar.

2. Model-based Filtering (Position Axes Only)

Velocity and Acceleration Quantization Error

On standard position control axes, the RMC derives the velocity and acceleration from the
position feedback by differentiating the position. It then uses these values in the position control
algorithms. This method of deriving the velocity and acceleration causes quantization errors,
which are typically extremely large for acceleration.

Modeling for More Accurate Velocity and Acceleration

More accurate values of velocity and acceleration can be obtained by observing the system as it
moves, constantly updating the model according to the system's behavior, and deriving the
velocity and acceleration from the model. This can result in improved control, since the
Differential and Double Differential gains are able to operate on noise-free signals.

For most systems, using model-based filtering is not necessary. It may improve the control on
certain difficult-to-control systems.

How to Use Model-based Filtering
To use model-based velocity and acceleration filtering:

1. Use the Tuning Wizard to determine the system model. The Wizard calculates the model and
stores the model in the model axis parameters.
If your system tends to oscillate, make sure in the Tuning Wizard, on the Model Complete
page, to choose Advanced and uncheck the Limit models to first order box.
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2. After running the Tuning Wizard, you can view the model settings in the axis parameters:
RMC75/150: In the Axis Tools, on the All tab, expand the Feedback section and the
Filtering/Modeling section.

RMC200: In the Axis Tools, on the All tab, expand the Feedback section and the Modeling
section.

3. Set the feedback filter to use Model:
RMC75/150: Set the Velocity Filter Type and/or the Acceleration Filter Type parameters to
Model.
RMC200: Set the Input Filter Type to Model.

4. Tune the axis using the Gain Calculator to choose gains that are suitable for your system. On
the RMC200, you can add the Actual Velocity (Control) and Actual Acceleration (Control) to the
plot. You will see that the velocity and acceleration values are very smooth, compared to what
they would be without the model-based feedback.

5. You may need to adjust the Model Response parameter, which determines how quickly the
model responds to the motion.

Invalid Model

It is possible for the model generation to fail due to more subtle interactions between the model
parameters. Specifically, it is possible to have 2nd order models rejected if the Natural Frequency
is near its maximum, especially when the Damping Factor is high.

If the feedback model does not appear to be working, you may have an invalid model. Make sure
the model parameters are within their ranges. The valid ranges are given in the help topics for
each model parameter.

The feedback model will not be active if the model is invalid. The velocity and /or accelerations
will be obtained from the feedback instead of the model.

An invalid model will always be logged in the Event Log. If you wish to see more model
calculation activities, enable the Advanced Feedback and Simulator Events axis item in the
Event log. The Event Log will then report the model events.

See Also

Control Features Overview | Model Order | Model Gain Positive | Model Gain Negative | Model Time
Constant | Model Natural Frequency | Model Damping Factor
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3.9. Plots

3.9.1. Using Plots

The RMC provides very flexible plotting capabilities. Virtually any register in the RMC can be plotted,
and multiple registers may be plotted simultaneously. The plot trigger allows events to easily be
captured. Plots can be controlled and viewed as time-based or XY plots with the Plot Manager in
RMCTools. Plots can be also be started and read via a PLC or other host controller.

Use the Plot Manager to view plots in RMCTools.
How to Plot a Move in RMCTools

See the Plot Manager for more details.
Viewing a Captured Plot

When an axis receives a motion command, the RMC stores a plot of the motion internally, which
can be uploaded and viewed.

1. Send a motion command to an axis, such as Move Absolute (20).
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2. In the Project Pane, double-click Plots to open the Plot Manager.

On the Plotting tab, click the Capture “.I" button to upload the plot.
If you sent a command to Axis 0, upload Plot 0. If you sent a command to Axis 1, double-click
Plot 1, and so on.

4. The Plot Manager will open and the plot will automatically upload.

5. The plot will be automatically sized to fit to the plot window. Use the toolbar buttons to zoom
in and out, or Ctrl + mousewheel.

You can specify the capture duration in the Plot Template Editor.

Trending a Plot
RMCTools can trend a plot in real time.

1. In the Project Pane, double-click Plots to open the Plot Manager.

2. On the Plotting tab, for the desired plot template, click the Trend P button.
3. Send any motion commands to move the axis.
4, To stop the trend, click the Stop Trend 4 button.

You can specify the trend duration in the Plot Template Editor. When the trend reaches the
duration, the trend will continue and old data will be lost.

Viewing Plots in RMCTools

The Plot Manager can be used to view, trigger, save, and export plots. See the Plot Manager
topic for details.

Setting Up Plots

Use the Plot Template Editor to change the plotted registers, number of plots, plot duration, pen
colors, plot trigger, etc.

Saving and Exporting Plots

Plots in the Plot Manager can be saved for use later in the Plot Manager, or to send to Delta for
technical support. Individual plots can be exported to a file that can be used by other programs,
such as Excel, Word, etc. For more details, see the Saving and Exporting Plots topic.

RMCTools automatically saves a backup copy of every uploaded plot to an internal folder on the
PC in order to prevent data loss if the user forgets to save plots before closing RMCTools. For
details, see Auto-Saved Plots.

Plot Commands

You can use the following commands to start, stop and trigger plots. Issue these commands like
any other command. Some of these commands can also be issued directly from the Plot Manager.
See each command topic for more details.

Plot Command Function

Start Plot (100) Starts a plot immediately.

Stop Plot (101) Stops a plot immediately.

Trigger Plot (102) Triggers a plot. See the Triggering Plots topic for
more details.

Rearm Plot (103) Rearms a plot so that it can be triggered again.

Enable/Disable Plot Trigger Enables or disables the plot trigger.

(104)

Reading Plots with a PLC, HMI, or other Host Controller

For details on how to read RMC plots with a PLC, HMI, or other host controller, see the Reading
Plots with a Host Controller topic.
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Plot Limits
Max Data Max Total
Max Plot Items per Samples* per Loop

CPU Templates Plot Time

RMC75E 8 16 128

RMC75S 8 16 128

RMC75P 8 16 128

RMC150E 8 16 128

CPU20L 48 48 512

CPU40 64 128 1024 (firmware
1.14.0 and
later)

32 32 1024 (firmware

1.00.0 - 1.13.1)
* Total Samples is the sum of the number of data items in all plot templates.
Storage Size
The RMCs have a fixed storage capacity for captured plots as follows:
CPU Total Plot Samples
RMC75E 12,582,912 (loader 1.03 and later)
4,194,304 (loader versions 1.00-1.02)
RMC75S 32,768
RMC75P 32,768
RMC150E 12,582,912
CPU20L 12,582,912
CPU40 50,331,648 (firmware 1.12.0 and later)
12,582,912  (firmware 1.00.0 - 1.11.3)

For the RMC75 and RMC150, the storage is equally divided between the plots. For the RMC200,
each plot uses only the storage it needs.

See Also
Plot Manager Overview | Using Custom Plot Templates | Using XY Plots
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3.9.2. Saving and Exporting Plots

Plots that have been uploaded in the Plot Manager can be saved for use later in the Plot Manager, or
to send to Delta for technical support. Plots can also be exported to various file formats for use by
other programs, such as Microsoft Excel, Word, etc. as described in the Exporting Plots section
below.

Plots are not saved in an RMCTools project. To save plots, you must explicitly save them. If you forgot
to save the plots before closing RMCTools, you can retrieve a backup copy that RMCTools
automatically saves to an internal location on the PC as described in the Auto-Saved Plots section
below.

To Save Plots

deltamotion.com 193



RMC70/150/200 and RMCTools User Manual

In the Plot Manager, the History tab shows the uploaded plots, and any other open plot files. To
save one or more plots in this list:
1. On the Plot Manager toolbar, click L'E‘Save Plot(s).
Or, on the Plot History pane, right-click a plot in the list and choose Save Plot(s).
Or, in the plot window, right-click the currently displayed plot and choose Save Plot(s).

2. Inthe Select Plot to Save dialog, choose the plots to include, then click Save.
3. Browse to the desired folder and click Save.

To Open a Saved Plot File

In the Plot Manager toolbar, click the Open Plot File [ button. In the Open dialog, browse to
the desired plot file, select it, and click Open. In the Open dialog, you can use the Ctrl or Shift
key to select and open multiple files. You can open .rmcplotx and .rmcplots file types.

Auto-Saved Plots

RMCTools automatically saves a backup copy of every uploaded plot to an internal folder on the
PC. This is intended for preventing data loss if the user forgets to save plots before closing
RMCTools, and is not intended to replace saving plots manually to the location and filename of
the user's choosing.

Note: This feature does not automatically upload plots from the RMC. It only automatically saves
a backup of each plot that you manually upload from the RMC in the Plot Manager.

Once the size of the auto-saved plots exceeds the defined storage size limit, the oldest plots are
automatically deleted. The size limit can be adjusted as described below in Auto-Save Settings.
Retrieving Auto-Saved Plots

1. In the Plot Manager, on the History tab, expand Auto-Saved Plots, then click View Auto-
Saved Plots.

2. Choose the plot files you wish to retrieve. You can select multiple files by holding the Shift or
Ctrl keys while clicking the files.

Each file contains one plot and the filename describes the plot as:

ProjectName_ControllerName_PlotTemplateName_PlotTemplateNumber_CaptureDate_Ca
ptureTime.rmcplotx,

where
CaptureDate is in yyyymmdd format (year, month, day)
CaptureTime is in hhmmssxxx format (hours, minutes, seconds, milliseconds)

3. Click Open.

4. Save the retrieved auto-save plot to a location and filename of your choice. Without saving the
file, the auto-saved plot will remain in the internal auto-save folder and will eventually be
replaced by newer plots.

Auto-Save Settings
To change the size limit of the auto-stored plots storage area or to enable or disable the auto-

saving:
1. In the Plot Manager, on the History tab, expand Auto-Saved Plots, then click Auto-Save
Settings.

2. In the Plot Auto-Save section, check or uncheck the Automatically Save Uploaded Plot
file to your PC box to enable or disable the feature.

3. In the Plot Auto-Save section, enter the Plot Auto-Save Size Limit, then click OK. The size
limit can be adjusted between 1 and 2048 MB.
Storage Location

The auto-saved plots are saved within the user's AppData folder, which is a hidden folder. The
location is typically C:\Users\<user>\AppData\Local\Delta Motion\RMCTools\AutoSavedPlots.
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Since this is a hidden folder, it is easiest to access it as described in Retrieving Auto-Saved
Plots above.

Exporting Plots

The data from an RMC plot can be exported to a file for use in other programs, such as Excel. The
Plot Manager can export the data to three different file types, all of which can be opened by a
text editor:

e Comma Delimited (.csv)
e Tab Delimited (.txt)

e XML Spreadsheet (.xml)
e XML Data (.xml)

Tip:
If you will be opening the exported file in Microsoft Excel, choose XML Spreadsheet. It will provide a
very clean spreadsheet.

To Export a Plot:

In the Plot Manager, on the History tab, right-click a plot and choose Export.
In the Filename box, enter a filename.

In the Save as Type box, choose the file type, and click Save.

The plots will be saved in the file with the extension you chose. Notice that only the plot you
selected will be exported to the file.

H WM

Plot File Types

RMCTools plots can be saved and opened in two formats:

e RMCTools Plots - Compressed (*.rmcplotx)
Compressed file containing one or more plots. Typically, this file size is 10% of the .rmcplots
file size. The compressed (.rmcplotx) format is supported in RMCTools 4.09.0 and newer. The
uncompressed (.rmcplots) format must be used if plots need to be opened in earlier versions
of RMCTools.

e RMCTools Plots (*.rmcplots)
Uncompressed file containing one or more plots. This uncompressed XML file is easily readable
in a text editor.

Default File Type When Saving

When saving plots, the default file type is RMCTools Plots - Compressed (*.rmcplotx). To
change the default:

1. On the Tools menu, choose Options.

2. On the Environment page, in the Plot File Format section, choose the desired default
format.

Compression Type

The .rmcplotx file is an .rmcplots file compressed with the gzip algorithm, with the addition of
some header information. An .rmcplotx file can be uncompressed into an .rmcplots file by
changing the file extension from .rmcplotx to .gzip, then unzipping with file compression software
such as 7-Zip.

A .rmcplots file can also be made into an .rmcplotx file by compressing it with the gzip algorithm
via a file compression software such as 7-Zip. Rename the compressed file to .rmcplotx, and
RMCTools should be able to open it.

See Also
Plot Overview
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3.9.3. Triggering Plots

Triggering a plot means capturing plot data. Triggering a plot allows you to see data from before you
triggered the plot and after you triggered the plot. This is a valuable aid in troubleshooting. For
example, if you set up the trigger to contain 25% of the data from before the time the trigger
occurred, then the plot will contain data from before the command was issued until some time after it
was issued. To specify how much of the plot data is from before the plot was triggered and how much
is after the plot trigger, you must use the Trigger Position value.

The default setting is a trigger position of 0%. This means that a triggered plot will not contain data
from before the time the plot was triggered. If you set the trigger position to a value other than 0, you
will need to manually rearm a plot before it can trigger. Read below for more details.

Note:

Compare triggering a plot to starting a plot with the Start Plot (100) command. The Start Plot
command starts plotting immediately and will never contain any past information.

Note:

You can entirely enable or disable the plot trigger by issuing the Enable/Disable Plot Trigger (104)
command. A plot cannot be triggered unless the plot trigger is enabled.

Using the Trigger Percentage

The Trigger Percentage specifies how much of the plot data is from before the plot was triggered and
how much is after the plot Trigger. The Trigger Percentage ranges from 0% to 100%. If the Trigger
Percentage is set to 0%, the triggered plot will not contain any past data. If the Trigger Percentage is
set to 100%, the triggered plot will contain only past data. To set the Trigger Percentage, see the
Changing the Trigger Settings section below.

If the plot was not re-armed early enough so that the plot has time to capture the data before the
trigger occurs, the plot will not include the expected amount of pre-trigger data.

Example:

You have set the Plot Duration to 4 seconds and the Trigger Percentage to 25%. When you
trigger a plot, the first 1 second of the plot will contain data from immediately before the trigger
occurred, and the last 3 seconds will contain data from immediately after the trigger occurred.

How to Trigger a Plot

Note:

To trigger a plot, the trigger must first be armed. See the Rearming the Trigger section below.
Note:

If a plot is triggered immediately after rearming it, and the trigger percentage is greater than 0%, the
plot will not contain any data before the trigger. After rearming, there must be a delay long enough to
record the data to fill the plot before the trigger time.

There are two ways of triggering a plot: manually and automatically:
e Automatic Trigger

Plots can be automatically triggered by certain conditions. Currently, a plot can be
automatically triggered only by motion commands. If automatic triggering is enabled, a plot
will trigger every time a motion command is issued to the specified axis.

To set up automatic triggering, see the Changing the Trigger Settings section below.

Note:
The RMC default setting is to automatically trigger plots on motion commands.

e Manual Trigger
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To manually trigger a plot, issue the Trigger Plot (102) command. You can also issue the
Trigger Plot command by choosing Trigger Plot on the Plots menu.

Note:

Even if you manually trigger a plot, the RMC may also automatically trigger plots because it
is set to do so by default. To disable automatic triggering, see the Changing the Trigger
Settings section below.

Rearming the Trigger

Before triggering a plot, the trigger must first be armed. This tells the RMC to start recording the
data in the plot so that when the plot is triggered, it can provide the data. The plot will not trigger
if it is not armed. When the RMC starts up, the trigger is armed and therefore prepared to trigger.
After triggering a plot, the trigger is no longer armed and must be rearmed before you can trigger
a plot again.

The default setting is Automatic rearm. Therefore, you do not need to rearm the plot if you have
the default settings.

There two methods of rearming the trigger:
e Automatically Rearm

The plot trigger can be set to automatically rearm after it triggers. This is the default RMC
plot setting. After a plot triggers, it is ready to be immediately triggered again.

Note:

If you are issuing motion commands in rapid succession, the automatic rearm feature may
cause the plots to be cut short when the next plot is triggered. To get long plots, you should
change the plot settings to manual rearm. See the Changing the Trigger Settings section
below.

e Manually Rearm

To manually rearm the trigger, issue the Rearm Plot (103) command. You can also issue
the Rearm Plot command from the Plot Manager by choosing Rearm Plot on the Plots
menu. To enable manual rearming, see the Changing the Trigger Settings section below.

Rearming a plot will clear all previously captured data for that plot.

Changing the Trigger Settings
The trigger settings can be configured for each individual plot. To change the trigger settings for
a plot, follow these steps:
1. In the Plot Template Editor, on a plot tab, choose Custom.
2. In the Trigger Settings area, click Edit Trigger Settings.
3. Make the desired changes and click OK.

See Also
Plot Overview | Plot Template Editor
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3.9.4. Using Plots with a Host Controller

RMC plots can be controlled from a PLC or other host controller. To start, stop, or trigger a plot, use
the plot commands. For additional information on using RMC plots, see the Plot Overview topic.
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Plot Commands

The RMC has several commands specifically for plots.
Start Plot (100)

Stop Plot (101)
Rearm Plot (103)

Trigger Plot (102)
Enable/Disable Plot Trigger (104)

Reading RMC Plots with a PLC

The RMC plots can be read with a PLC, HMI, or other host controller. For details, see the Reading
Plots with a Host Controller topic.

See Also
Plot Overview
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3.9.5. Reading RMC Plots with a Host Controller

This topic describes how to read the RMC plots with a PLC, HMI, PC (via RMCLink) or other host
controller. If you need help on viewing RMC plots in RMCTools, see the Plot Overview topic. For help

on configuring the plots, such as changing the sample period or which registers are plotted, see the
Plot Template Editor topic.

Determining which Data Items to Read

The RMC plot data items you can read via a host controller are not necessarily the same as the
items displayed in the Plot Manager because the Plot Manager calculates some items. For

example, some velocities are not actually uploaded from the controller, but are calculated from
the position data.

To see which data items are actually captured and stored in the RMC:
1. In the Plot Template Editor, on a plot tab, choose Custom.

2. In the Plotted Data table header, click Show Data Items. These are the plot data items that
you can read via a host controller.

3. The order of the captured data items can be changed by clicking the Up and Down arrows.
Addressing Methods

You can read plot data via any addressing method that your RMC supports for the protocol being
used:

RMC?75 and RMC150:

You can directly address the plot registers.

RMC200:

For protocols using Modbus, DF1 (e.g. EtherNet/IP), and FINS addressing, or for PROFINET Data
Records, the plot data registers are not included in the fixed data map addresses. You will need to
assign the plot data registers to address ranges for your protocol in the Address Maps. For

details, see DF1 Address Map, FINS Address Map, Modbus Address Map, or PROFINET Data
Records Address Map.

For other communication types, such as those using DMCP, you can address the plot data
registers directly, since they use the IEC Address Map, which includes all RMC200 registers.

Methods
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The RMC provides several methods of reading plots with a host controller:

e Method 1: Read a Captured Plot - Basic
This is the simplest method and is suitable for use by HMIs with limited sequencing capabilities
and by low-bandwidth media, such as Basic or Enhanced PROFIBUS modes. This method is
limited to:

e RMC75: Maximum 2 plots, maximum 4 data sets per plot
¢ RMC150: Maximum 8 plots, maximum 4 data sets per plot
¢ RMC200: Maximum 4 plots, maximum 16 data sets per plot

e Method 2: Read a Captured Plot - Advanced
With this method, you can read any plot in the RMC. However, it requires more sequencing
capabilities in the host controller than Method 1.

e Method 3: Read a Continuous Plot - Continuous Data
With this method, you can read a plot continuously. As long as the host controller reads keep
up with the data capture rate, there will be no gaps or overlap in the data. This method
requires sequencing capabilities in the host controller.

e Method 4: Read a Continuous Plot - Newest Data
With this method, you can read a plot continuously. The newest data is always captured
whether or not the data causes an overlap or gap with the last data that was read. This
method requires sequencing capabilities in the host controller.

The methods refer to the registers listed in the Registers section below.

Method 1: Read a Captured Plot - Basic
This method makes it very easy to read plot data, but limits the amount of data that can be read.
This method allows reading the following:
RMC75: Maximum 2 plots, maximum 4 data sets per plot
RMC150: Maximum 8 plots, maximum 4 data sets per plot
RMC200: Maximum 4 plots, maximum 16 data sets per plot

The numbers of samples each data set that can be read using this method depends on the
communication method:

Communication Method Max
Samples

Modbus RTU, Modbus/TCP, FINS/UDP, Mitsubishi Procedure 255
Exist, Mitsubishi Bidirectional Protocol

PROFINET (RMC75 and RMC150) 2048
PROFINET (RMC200) 4096
DF1, CSP, EtherNet/IP, RMCLink 4096

These sample limits do not necessarily limit the length of the plot in seconds, because the sample
time of the plot can be changed. You can also configure which registers are plotted. See the Plot
Template Editor topic for details.

Due to addressing limitations of the communication protocols themselves, the RMC cannot
provide directly mapped registers for all the plot data. The protocols simply do not have enough
address space for all the data in the RMC. The Basic method strikes a compromise by providing
some of the plot data as directly mapped registers. If you need to read all the plot data, use one
of the other methods.

To read a plot using this method, follow these steps:
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1. Wait for the Plot to Complete
Before reading the plot data using this method, the plot must have completed capturing data.
Reading the plot before it has completed may result in unusable information.
Use the Plot State register to tell whether the plot has completed capturing. The plot has
completed when the Plot State register is 2:
0 = not triggered, 1 = capturing, 2 = complete.

2. Read the Plot Data
Read the data from the Static Plot Upload Area. To find the correct addresses to read from,
use the Address Maps in RMCTools, or see the appropriate register map topic: RMC75 Register
Map - Static Plot Upload, RMC150 Register Map - Static Plot Upload, RMC200 Register Map - File
640-703 Static Plot Upload
For the RMC200, you may need to configure addresses in the Address Map so your external
device can access the Static Plot Upload Area.
If there is a chance that the plot ended early, read the Plot Captured Samples register to find
out how many plot samples were actually captured. Plot data beyond the specified number of
captured samples is invalid.

Note:
Many host controllers do not support reading files with 4096 elements. However, smaller blocks of

data can be read just as well.

Tip:
In order to use the plot data, you will probably need to know the sample period. The Plot Sample
Period register contains that information.

Verifying that the Plot wasn't Overwritten

It is possible that while you are reading up a plot, the plot re-triggers and is overwritten. In
that case, your data may be unusable. To check whether the plot was overwritten, compare
the Plot ID register, before and after reading the plot data.

Reading a Plot While it's Still Capturing

It is possible to begin reading up a plot before it has finished capturing. However, reading
beyond the end of the data set's currently-captured limit will result in unusable information.

To begin reading up a plot before it has finished capturing, follow these steps:

1. Make sure the plot is currently capturing
Read the Plot State register and make sure it is 1 or 2, which means it is in the process
capturing data or has completed.

2. Check how many samples have been captured
Read the Plot Captured Samples register to find out how many plot samples have
already been captured.

3. Read the Plot Data

Read any of the plot data from sample 0 up to, but not including, the sample humber you
obtained from the Plot Captured Samples register in step 2. Reading beyond that will
result in unusable data.

Note:
Method 2 can also be used to read a plot while capturing.

Method 2: Read a Captured Plot - Advanced

Use this method to read any data from any plot. This method uses the Dynamic Plot Upload Area
registers.

To read a plot using this method, follow these steps:
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1. Write the Requested Read Samples per Data Set

Write the number of samples per data set that you would like returned per read to the
Requested Read Samples register. The minimum length of the read itself will be affected by
this value, as described later.

2. Write 1 to the Upload Mode/Status Register

Write a value of one (1) to the Upload Mode/Status register. This sets the upload mode to
"triggered" and resets the Current Index register to zero.

The Current Index register indicates which sample number of the plot the next read will start
at. When it resets to 0, the next read will start at sample 0.

3. Read the Plot Data Starting from Dynamic Plot Upload register #0

You can read the plot data in one read or several reads. Each time, start the read at Dynamic
Plot Upload register #0 (Upload Mode/Status Register). The Current Index register will
automatically be set to the index of the first sample of the data returned in the read. Each read
will return the Dynamic Plot Upload registers 0-4 and the plot samples beginning at the
sample number in the Current Index register. Since each read includes registers 0-4, you will
have access to this information after each read.

If there is a chance that the plot ended early, read the Plot Captured Samples register to find
out how many plot samples were actually captured. Plot data beyond the specified number of
captured samples is invalid.
To read the plot data, repeat these steps until you have read the entire plot:
a. Calculate the Length of the Read.
The length of the read must be long enough to receive the number of samples you wrote to
the Requested Read Samples register. In addition to returning Dynamic Plot Upload
registers 0-4, each read will return an equal number of samples from each data set in the
plot. Use the following equation to calculate the length of the read based on how many
samples you wish to read:
length = (Requested Read Samples) x (# of data sets) + 5

The number of samples should not be more the number of samples in the plot. Typically, you
will make this calculation once and then always make reads of the same length.

Tip: For best performance over TCP/IP, the read length should be less than 350. This keeps
the data within one Ethernet frame, which helps prevent communication delays. The
Requested Read Samples may need to be reduced to meet this requirement.

b. Read from Dynamic Plot Upload register 0
Read from register 0 with the length calculated in step a.
c. Do any Error Checking

If you wish, you can use Dynamic Plot Upload registers 0-4 to do error checking, as
described below:

o Verify that the Samples Uploaded is the value you expect. It should be the number
of samples read per data set. If it is zero, you have read past the end of the currently
captured data and the data will be unusable.

You can make use of this to read a plot while it's capturing. You can continuously
make reads and only use the data when the Samples Uploaded is not zero.

o Verify that the Current Index is the value you expect. It should be the index of the
first sample of the data returned in the read.

o Verify that the Plot ID is unchanged. If it has changed, it indicates that you are no
longer reading from the same plot. The plot has probably re-triggered and is
overwritten. Your data may be unusable.

Note:

If you attempt to read a plot with the Upload Mode set to 1, and the plot is untriggered,
the Upload Status will be set to 1 to indicate the error, and the Current Index and
Samples Uploaded registers will be 0.
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d. Copy Plot Data to Buffer

Before the next read, you should, of course, copy the data you just read to a plot buffer. The
Samples Uploaded register reflects how many valid samples you read. If you read past the
end of the plot, the Samples Uploaded will be zero.

The data is returned in this format:

Ro[R1[R2|R3|R4|A0,A1,A2 ... |Bo,B1,B2 ... Ba-z |Co,C1,Cz ... Cn-1 [Do,D1,D2 ... Dot |...
An-l

where
Ro= Upload Mode/Status register
Ri= Requested Read Samples register
R>= Current Index register
R3= Plot ID register
Rs= Samples Uploaded register
A = sample from data set 0, B = sample from data set 1, etc.
n = number of samples read per data set.

Tip:

In order to use the plot data, you will probably need to know the sample period. The Plot Sample
Period register contains that information.

Method 3: Read A Continuous Plot (Trending) - Continuous Data

Use this method to read plot data continuously. This method guarantees no gaps or overlap of
data, but it requires that the upload keeps up with the capture of data.

To use this method, the plot should be continuously capturing. To set the plot to continuously
capture, issue the Rearm Plot (103) command and do not trigger or start the plot. Important:
You must disable the plot's automatic trigger in the Plot Template Editor.

This method uses the Dynamic Plot Upload Area registers.
To read a plot using this method, follow these steps:
1. Verify that the Plot is Continuously Capturing.
Use the Plot State register to tell whether the plot is continuously capturing. The plot is
continuously capturing when the Plot State register is 0:
0 = not triggered, 1 = capturing, 2 = complete.
2. Write the Requested Read Samples per Data Set
Write the number of samples per data set that you would like returned per read to the

Requested Read Samples register. The minimum length of the read itself will be affected by
this value, as described later.

3. Write 2 to the Upload Mode/Status Register

Write a value of two (2) to the Upload Mode/Status Register. This sets the upload mode to
"continuous" and resets the Current Index register to zero. The Current Index register
indicates which sample number of the plot the next read will start at. When it resets to 0, the
next read will start at sample 0. In continuous mode, the Current Index may become very
large. It is a 32-bit number and will wrap when it reaches its limit.

If you are reading multiple plots simultaneously and need them synchronized with each other,
make sure to write a 2 to the Upload Mode/Status Register to all the desired plots before
beginning to read the data from any of them. At the first read of data, the RMC will synchronize
the data of all the armed (currently continuously capturing) plots in Upload Mode 2 that have
not yet been read.

4. Read the Plot Data Starting from Dynamic Plot Upload register #0

Upload Mode 2 will return valid data only if there is enough captured data to fill the request. If
there is not enough captured data, the Samples Uploaded register will return 0. Therefore,
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the typical method of reading a plot is to keep reading the plot data and only using the data
when the Samples Uploaded register is non-zero.

If the read falls too far behind to keep up with the data, the Upload Status bits will be set to
two (2) to indicate an overrun error. To recover, restart the plot by writing zero (0) to the
Current Index register.

Each time you read the plot data, start the read at Dynamic Plot Upload register #0. The
Current Index register will automatically be set to the index of the first sample of the data
returned in the read. Each read will return Dynamic Plot Upload registers 0-4 and the plot
samples beginning at the sample number in the Current Index register. Since each read
includes registers 0-4, you will have access to this information after each read.

To read the plot data repeat these steps:
a. Calculate the Length of the Read.

The length of the read must be long enough to receive the number of samples per data set
you wrote to the Requested Read Samples register. In addition to returning Dynamic Plot
Upload registers 0-4, each read will return an equal number of samples from each data set
in the plot. Use the following equation to calculate the length of the read based on how many
samples you wish to read:

length = (Requested Read Samples) x (# of data sets) + 5

The number of samples should not be more the humber of samples in the plot. Typically, you
will make this calculation once and then always make reads of the same length.

Tip: For best performance over TCP/IP, the read length should be less than 350. This keeps
the data within one Ethernet frame, which helps prevent communication delays. The
Requested Read Samples may need to be reduced to meet this requirement.

b. Read from Dynamic Plot Upload register #0
Read from the Dynamic Plot Upload register #0 with the length calculated in step a.
c. Do any Error Checking

If you wish, you can use Dynamic Plot Upload registers 0-4 to do error checking, as
described below:

o Verify that the Upload Status is 0, meaning no errors have occurred.

If the Upload Status is 1, the plot has been triggered, completed capturing, and has
been completely uploaded. To recover, issue the Rearm Plot (103) command to set it
to continuous capture.

If the Upload Status is 2, the capturing data overran the data you were going to
read. To recover from this error, write zero (0) to the Current Index register, which
will restart the plot. You will have to restart reading the plot data.

o Verify that the Plot ID register is unchanged. If it has changed, it indicates that you
are no longer reading from the same plot. The plot may have been re-triggered or
reset.

d. Check the Samples Uploaded Register

Verify that the Samples Uploaded register is not zero. If it is, there is not enough captured
data to fulfill the request. Repeat steps b, ¢, and d until the Samples Uploaded register is
non-zero.

e. Copy Plot Data to Buffer
Before the next read, you should, of course, copy the data you just read to a plot buffer.
The data is returned in this format:

Ro[R1[R2R3|R4|A0,A1,A2 ... |Bo,B1,B2 ... Ba-z |Co,C1,Cz ... Co-1 [Do,D1,D2 ... Dot |...
An—l

where
Ro= Upload Mode/Status register
Ri= Requested Read Samples register
R,= Current Index register
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R3= Plot ID register

Rs= Samples Uploaded register

A = sample from data set 0, B = sample from data set 1, etc.
n = number of samples read per data set.

Tip:

In order to use the plot data, you will probably need to know the sample period. The Plot Sample
Period register contains that information.

Method 4: Read A Continuous Plot (Trending) - Newest Data

Use this method to read plot data continuously. This method captures data whether or not the
data causes an overlap or gap with the last data that was read.

To use this method, the plot should be continuously capturing. To set the plot to continuously
capture, issue the Rearm Plot (103) command and do not trigger or start the plot. Important:
You must disable the plot's automatic trigger in the Plot Template Editor.

This method uses the Dynamic Plot Upload Area registers.
To read a plot using this method, follow these steps:
1. Verify that the Plot is Continuously Capturing.

Use the Plot State register to tell whether the plot is continuously capturing. The plot is
continuously capturing when the Plot State register is 0:
0 = not triggered, 1 = capturing, 2 = complete.

2. Write the Requested Read Samples per Data Set

Write the number of samples per data set that you would like returned per read to the
Requested Read Samples register. The minimum length of the read itself will be affected by
this value, as described later.

3. Write 3 to the Upload Mode/Status Register

Write a value of three (3) to the Upload Mode/Status Register. This sets the upload mode to
"continuous-always newest" and resets the Current Index register to zero. The Current
Index register indicates which sample number of the plot the last read started at. In
continuous mode, the Current Index may become very large. It is a 32-bit number and will
wrap when it reaches its limit.

If you are reading multiple plots simultaneously and need them synchronized with each other,
make sure to write a 3 to the Upload Mode/Status Register to all the desired plots before
beginning to read the data from any of them. At the first read of data, the RMC will synchronize
the data of all the armed (currently continuously capturing) plots in Upload Mode 3 that have
not yet been read.

4. Read the Plot Data Starting from Dynamic Plot Upload register #0

Upload Mode 3 will always return the newest data whether or not the data causes an overlap or
gap with the last data that was read. Use the Current Index register to keep track of the data.
The Current Index register indicates which sample number of the plot the last read started at.

Each time you read the plot data, start the read at Dynamic Plot Upload register #0. Each
read will return Dynamic Plot Upload registers 0-4 and the plot samples beginning at the
sample number in the Current Index register. Since each read includes registers 0-4, you will
have access to the Upload Mode/Status, Current Index, Plot ID, and Samples Uploaded
after each read.

To read the plot data repeat these steps:
a. Calculate the Length of the Read.

The length of the read must be long enough to receive the number of samples per data set
that you wrote to the Requested Read Samples register. In addition to returning Dynamic
Plot Upload registers 0-4, each read will return an equal number of samples from each data
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set in the plot. Use the following equation to calculate the length of the read based on how
many samples you wish to read:

length = (Requested Read Samples) x (# of data sets) + 5
The number of samples should not be more the number of samples in the plot.

Typically, you will make this calculation once and then always make reads of the same
length.

Tip: For best performance over TCP/IP, the read length should be less than 350. This keeps
the data within one Ethernet frame, which helps prevent communication delays. The
Requested Read Samples may need to be reduced to meet this requirement.

b. Read from Dynamic Plot Upload register #0
Read from the Dynamic Plot Upload register #0 with the length calculated in step a.
c. Do any Error Checking

If you wish, you can use Dynamic Plot Upload registers 0-4 to do error checking, as
described below:

o Verify that the Upload Status is 0, meaning no errors have occurred. If the Upload
Status is 1, the plot has been triggered, completed capturing, and has been
completely uploaded. To recover, issue the Rearm Plot (103) command to set it to
continuous capture.

o Verify that the Plot ID is unchanged. If it has changed, it indicates that you are no
longer reading from the same plot. The plot may have been re-triggered or reset.

d. Copy Plot Data to Buffer

Before the next read, you should, of course, copy the data you just read to a plot buffer. Use
the Current Index to know where to place the data.

The data is returned in this format:

Ro|R1|R2[R3 R4A0,A1,A2 Bo,Bl,Bz oo Bn-1 Co,Cl,Cz . Cpoz Do,D1,D2 ... Dp-11...
An—l

where
Ro= Upload Mode/Status register
Ri= Requested Read Samples register
R,= Current Index register
R3:= Plot ID register
Rs= Samples Uploaded register
A = sample from data set 0,
B = sample from data set 1, etc.

3
I

number of samples read per data set.

Tip:
In order to use the plot data, you will probably need to know the sample period. The Plot Sample
Period register contains that information.

Registers

The following registers are used in the methods above. The addresses are given here.

Note: For the RMC200, for some protocols, you cannot directly address the plot registers, but will
need to use the Address Maps to assign them to addresses for your protocol.
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#

Register
Name

Details

RMC75
Address
(n= plot
#)

RMC150
Address
(n= plot
#)

RMC200
Address
(n= plot
#)

Access

Dat

Typ

Plot Status/Con

figuration Registers

2

Plot
Sample
Period

The time
between
consecuti
ve

samples.

%MD(32+
n).2

%MD(96+n
).2

%MD(512+
n).2

Read/W
rite

REA

Plot ID

If this
value
changes,
it
indicates
that you
are no
longer
reading
from the
same
plot. The
plot has
probably
re-
triggered.

%MD(32+
n).8

%MD(96+n
).8

%MD(512+
n).8

Read
Only

REA

Plot
State

Use to
determine
if the plot
is ready
to read.
0 = not
triggered
1=
capturing
2 =
complete

%MD(32+
n).9

%MD(96+n
).9

%MD(512+
n).9

Read
Only

REA

Plot
Captured
Samples

The
number
of plot
sample
periods
that are
actually
captured.
For
captured
plots, this
value is
useful for
determini
ng how
many
samples
were
captured

%MD(32+
n).10

%MD(96+n
).10

%MD(512+
n).10

Read
Only

REA
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if the plot
ended
early.

Dynamic Plot Upload Registers

o

Upload
Mode/St
atus

Bits 0-3:
Upload
Mode
1 =
triggere
d
2 —
continu
ous
3 —
continu
ous,
always
newest
Bits 4-7:
Upload
Status
O =
normal
1 = plot
state
mismat
ches
upload
mode
2 =
data
overran
(mode
2 only)

%MD(40+
n).0

%MD(104+
n).0

%MD(576+
n).0

Read/W UDI
rite NT

Requeste
d Read
Samples

This
register
controls
the
number
of
samples
provided
per data
set in the
Plot
Data
registers.

%MD(40+
n).1

%MD(104+
n).1

%MD(576+
n).1

Read/W UDI
rite NT

Current
Index

Indicates
the plot
sample
number
currently
in the
Plot
Data

%MD(40+
n).2

%MD(104+
n).2

%MD(576+
n).2

Read/W UDI
rite NT
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registers.
Use this
to keep
track of
where
you are in
reading
the data.

Plot ID

If this
value
changes,
it
indicates
that you
are no
longer
reading
from the
same
plot. The
plot has
probably
re-
triggered.

%MD(40+
n).3

%MD(104+
n).3

%MD(576+
n).3

Read
Only

uDI
NT

Samples
Uploaded

The
number
of
samples
available
in each
data set
in the
Plot
Data.
This will
either
match the
Request
ed Read
Samples
or be zero
if there is
not
enough
data
available
to read.

%MD(40+
n).4

%MD(104+
n).4

%MD(576+
n).4

Read
Only

uDI
NT

Plot Data

The
actual
data.

%MD(40+
n).5-4095

%MD(104+
n).5-4095

%MD(576+
n).5-4095

Read
Only

See Also

Plot Overview

Copyright (c) 2023 by Delta Computer Systems, Inc.
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3.9.6. Mean Squared Error

The Mean Squared Error (MSE) is a quantity that can be included in a plot. The MSE is a single
number that indicates how closely two other plot quantities are to each other during the entire plot.
The closer the quantities are, the smaller the MSE will be.

The Mean Squared Error is typically used during manual tuning as a measure of how close the Actual
Position, Velocity, Pressure or Force is tracking the Target. As the tuning progresses, the MSE should
become smaller, indicating that the actual value is tracking the target more closely. The actual value
of the MSE is not necessarily important. The importance is that the MSE decreases.

Notice that the Mean Squared Error should not be used as the main guide for tuning. Tuning a system
solely to achieve the lowest MSE possible may result in a system that is tuned very close to instability.
Any change in the system, such as temperature or load, may cause the system to begin oscillating.
Adding the MSE to a Plot

The Mean Squared Error is included in default plots for control axes. To add the MSE to a custom plot,
do the following:

1. In the Plot Template Editor, click New Quantity.
2. On the Advanced tab, in the Formula box, choose Mean Squared Error.

3. To choose the MSE for the position, velocity, pressure, or force, choose Standard Error
Quantity and select the axis and quantity.
To choose the MSE for any other values, choose Custom Error Quantity and select the two
registers.

4. Click Finish, then download the Plot Template to the RMC. The next plot captured for that plot
template will include the MSE.

Mathematical Definition

The Mean Squared Error is the average of the square of the difference. The difference between each
sample is squared, and the average of all the differences is the MSE.

See Also
Plot Template Editor

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.10. Custom Feedback

3.10.1. Custom Feedback

Custom feedback gives the flexibility to use feedback from a source other than directly from a
hardware input. Custom feedback requires that the user create a user program that continuously
calculates some value to be used by the axis for feedback. Custom feedback requires firmware 3.54.0
or newer. Notice that simulate mode is not available for axes with custom feedback.

Custom feedback has many uses, including the following applications:
e Controlling to the sum, difference, or average of feedback devices

Custom feedback makes it possible to control to the sum of the forces of multiple hydraulic
cylinders, control the difference between two actuators, or control the average of actuator
positions.

e Switching feedback
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Switching feedback for an axis is useful in certain testing applications, or for using several
transducers to provide the desired resolution over the range of the feedback.

For details, see Switching Feedback using Custom Feedback.
¢ Feedback linearization

Feedback linearization refers to either "straightening" the output of a transducer to make up for
its nonlinearity, or calculating the measurement of some point that is geometrically related to
the transducer measurement, such as calculating the end of a swing arm based on the position
of the cylinder that moves the swing arm.

Feedback linearization can de done using curves or a mathematical formula. For details, see
Feedback Linearization using Curves and Feedback Linearization using Mathematical Formula.

¢ Redundant feedback

If one of multiple feedback devices fails, the system can continue operating without
interruption.

For details, see Redundant Feedback using Custom Feedback.
How It Works

Axes defined with custom feedback do not have an assigned physical feedback. Rather, they have
an _Axis[].CustomCounts register (_Axis[].SecCustomCounts for secondary inputs) that can be
written to. You must create a user program that continuously calculates the feedback value and
assigns it to this register.

The _Axis[].CustomCounts or _Axis[].SecCustomCounts value will have the Scale and Offset
applied to it, and the result then appears in the Actual feedback register for that axis, whether it
be Actual Position, Actual Velocity, Actual Pressure, Actual Force or Actual Acceleration.
Typically, the Scale and Offset are left at their default values of 1 and 0, which means that the
Custom Counts value remains unchanged and the value you want as the feedback can be directly
written to the _Axis[].CustomCounts or _Axis[].SecCustomCounts register.

Limitations
Custom feedback has the following implications:
e The RMC must always be in RUN mode

e One task will be continuously running the user program that is performing the custom
feedback calculations. You must make sure this program always runs, as described below.

e Auto-tuning cannot be used, since auto-tuning requires that the RMC be in PROGRAM mode.
Auto-tuning may be used for other axes in the RMC, but the custom feedback axes can not be
operating while auto-tuning other axes.

e Rotary axes are not supported by custom feedback.
Setting Up and Using Custom Feedback

Planning Number of Axes

Applications making use of custom feedback usually require the use of extra reference axes. This
may result in exceeding the total number of axes available, particularly in the RMC75, which is
limited to four axes.

For example, consider a single-axis position feedback linearization application utilizing custom
feedback. Without custom feedback, a single-axis position application uses one axis in the RMC.
However, the custom feedback will require two axes: the control axis, which will use custom
feedback, and a reference axis, which will use the physical input from the position transducer.

Make sure to carefully determine the axis usage so that it does not exceed the number of axes
available, which is listed in Axis Types Overview. A reference axis is counted as one axis.

Define the Axes

Custom feedback is supported by all axis types with feedback, except differential force or
differential acceleration.

To define an axis with custom feedback:
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1. Begin defining an axis as usual in the Axis Definitions dialog.

For the feedback of the axis, choose the type you need, such as position, velocity, pressure,
etc.

3. Instead of choosing a physical input, choose Custom.
Position Input: [I'U'Lﬁ.}'_ - "Axis0" connector - ]

MAZ - "Axis0”™ connectaor
o - ==
Custom

You will also need to create reference axes for each physical input that will be used together with
the Custom Feedback axis.

Make a User Program to Continuously Assigns a Value to Custom Feedback

Create a user program that continuously writes to the _Axis[].CustomCounts or
Axis[].SecCustomCounts register. The user program should consist of one step that jumps back
to itself. The step should have an Expression (113) command to do the calculation.

For example, this user program calculates the average of two positions and assigns it to the Axis
0 Custom Counts register. Notice that this program does not yet properly handle errors, as
described in the Error Handling section below.

0 | Command: Expression
|Expression (113) [:]| |_.~‘-\xis[lJ].CustomCounts 1= (_Axis[1].ActPos + _Axis[2]. ActPos) [ 2.0;
Link Type: Jump Ta

| Jump Ell |Repeat E"

Make Sure the User Program Always Runs

This involves several steps:

1. Set the RMC to start in RUN mode.
a. In the Project Pane, right-click Programming and choose Properties.
b. On the RUN/PROGRAM page, set the Startup Mode to RUN.

P

Programming Properties
General Select RUN/PROGRAM options
RUM/PROGRAM Startup Mode
Halts Start controllerin - |RUN -
Veri
erity RUN/PROGRAM Input

c. Click OK.
2. Start the user program when the RMC enters RUN mode.
a. In the Program Triggers, create a _FirstScan condition.

b. In one of the task columns, choose the user program you created. Make sure no other
user programs will ever run on that task.
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Condition Task 0 Task 1 Description
_FirstScan E] MyCustomFE | This is the program that updates the custom feedback.

* | ) |
3. Make sure the Task does not stop when an axis halts.
a. In the Project Pane, right-click Programming and choose Properties.
b. On the Halts page, choose Stop the Following Tasks.
c. Uncheck the box for the task that will be running the user program.

il I
Programming Properties
General Select how tasks respond to axis halts
RUN/PROGRAM Response to Axis Halts
Halts Select the desired behavior of user tasks when one or more axes halts:
Verify () Stop All Tasks,
] () Stop Mo Tasks.
Security

(@ Stop the Following Tasks:

Verify the Custom Feedback is Correct

Before verifying that the custom feedback value updates correctly, you will need to make sure the
other feedback values used in the calculation are correct. For example, it your custom feedback
calculates the average of two physical pressure inputs, make sure those pressure inputs are set
up properly and operating correctly before verifying the custom feedback.

To verify the custom feedback:
a. Make sure the axis is in RUN mode, and the user program you made is running.

In the Axis Status Registers, on the All tab, expand the Feedback or Pressure/Force
Feedback section.

c. The Custom Counts register displays the value as written to it by the user program. Making
sure this value updates properly as the axis moves.

Tune the Axis

After completing all the steps above, the axis is ready to be tuned. You will need to manually tune
the axis, because auto-tuning cannot be used in RUN mode.

Error Handling

An axis with custom feedback will receive a No Transducer error if any of the items below occur.
The No Transducer error will then cause the axis to halt according to the No Transducer Auto Stop
setting.

e The Custom No Transducer error bit is set.

e The Custom Feedback Auto-Fault Mode is violated (see Custom Feedback Auto-Fault Mode
below).

e The Custom Counts value is NaN, Inf, or -Inf. These values can result from undefined
operations, such as divide by zero.

Custom No Transducer Error Bit
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The Custom No Transducer bit in the Custom Error Bits register can be written to from the user
program to provide an error indication. Setting the Custom No Transducer Error bit will result in
the No Transducer axis error bit being set, which will then halt the axis according to the No
Transducer Auto Stop setting.

For example, in an application that controls to the average position of multiple transducers, if any
of the transducers receive a transducer-related error, the control axis should halt. The user
program that calculates the average position can set the No Transducer bit if any transducer
errors in the reference axes have occurred. The Transducer OK axis status bit is a simple method
of determining whether any transducer-related errors have occurred.

Below is a method using the Custom No Transducer Error bit. In this example, Axis 0 is the
control axis with custom feedback. The feedback is calculated as the average position of the Axis
1 and Axis 2 reference axes. If the transducer of either reference axis receives an error, its
Feedback OK status bit will turn off and the control axis' Custom No Transducer Error bit will be
set. As soon as the errors in the reference axes clear, the Custom No Transducer Error bit will
also clear, allowing the axis to perform closed-loop motion.

RMC75 and RMC150:

0 | Command: Expression
|Expressi0n (113) |:|| _Axis[0]. CustomCounts := (_Axis[1].ActPos + _Axis[2]. ActPos) [ 2.0;
_Axis[0].CustomErrorBits.NoTrans :=
MOT {_Axis[1].StatusBits, FeedbackOK AND _Axis[2].StatusBits.FeedbackOK);
Link Type: Jump To
|Jump E” IRepeat E"
RMC200:
0 | Command: Expression
|Expression (113) | _Axis[0].CustomCounts := {_Axis[1].ActPos + _Axis[Z].ActPos) [ 2.0;
_Axis[0].CustomStatus.NoTrans 1=
NOT (_Axis[1].5tatusBits, FeedbackOK AND _Axis[2].StatusBits, FeedbackOK);
Link Type: Jump To
|Jump w ||Repeat ~ |

Custom Feedback Auto-Fault Mode

The Custom Feedback Auto-Fault Mode axis parameter defines certain cases in which the No
Transducer or Prs/Frc No Transducer error bit will automatically be set. The following options are
available:

o Missed Update (default setting)

If the Custom Counts register is not written to in a given loop time, the No Transducer error
will be set. This is the preferred mode for most applications. In this mode, you should make
sure that the Custom Counts register is written to each loop time.

e PROGRAM Mode

If the controller is in PROGRAM mode, the No Transducer error will be set. This mode may

be useful in situations where you do not need to update the Custom Counts very often, but
you do wish to halt the axis if the program that updates the Custom Counts is stopped due
to the controller entering PROGRAM mode.

e Disabled

The No Transducer error will not be set by any of the above options. In this mode, the
updating of the Custom Counts register is not monitored in any way. This could be used in
cases where the Custom Counts register is being modified from an external device, such as
a PLC.

Additional Error Handling Considerations

In certain Custom Feedback applications cases, such as switching feedback on the fly, it may be
normal for one of the reference axes to receive a transducer error. If you want the user programs
to continue operating, make sure the tasks do not stop when the reference axis halts due to the
error. This can be set in the Programming Properties, on the Halts page.
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See Also
Switching Feedback using Custom Feedback | Feedback Linearization using Curves | Feedback

Linearization using Mathematical Formula | Redundant Feedback using Custom Feedback

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.10.2. Switching Feedback using Custom Feedback

Switching feedback on the fly can be implemented in the RMC via Custom Feedback. This topics
describes how.

Tip: The Examples section of Delta's online forum includes a Switching Feedback example. You can
use that example to help you get started.

Setting Up Switching Feedback

Read the Custom Feedback topic before completing this procedure.

1.

4.

Cc

Define a Control Axis with Custom Input

a. Define a control axis with the feedback type required (position, velocity, pressure, force,
or acceleration). For the feedback source, choose Custom.

. Define the Reference Axes

Create reference axes for each physical feedback input to be used.

. Configure the Reference Axes

Configure the feedback parameters for the reference axes and verify that the transducer gives
valid readings.

Set the Scale and Offset so that the reference axes provide correct values throughout the
entire range of feedback.

Create a Variable

reate a variable in the Variable Table to specify which feedback will be used, for example

ActiveFeedback. The type can be either REAL or DINT.

5

a.
b.
C.

. Create a User Program

Create a single-step user program with a Jump Link Type and a Repeat Jump To location.
Add an Expression (113) command.

Create an expression that assigns the feedback value from the reference axes to the

CustomCounts of the control axis, based on the value of the ActiveFeedback variable.

d

. Set the CustomErrorBits.NoTrans bit according to the state of the active feedback. This can be

done by using the Feedback OK status bits of the reference axes.

For example:
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0 | Command: Expression

Expression {113) L|| //Assign the feedback value to the specified active axis.
IF ActiveFeedback = 1.0 THEN

_Ais[0].CustomCounts := _Axis[1]. ActPos;

_Axis[0]. CustomErrorBits. MoTrans := NOT _Axis[1].5tatusBits. FeedbackOK;
ELSEIF ActiveFeedback = 2.0 THEM

_Axis[0].CustomCounts := _Axis[2]. ActPos;

_Axis[0]. CustomErrorBits. MoTrans := NOT _Axis[2].StatusBits. FeedbackOK;
ELSE

_Axis[0].CustomErrorBits.NaTrans := TRUE; [f5et error if neither feedback is active
END_IF

Link Type: Jump To

| Jump E” |Repeat E“

6. Make Sure the User Program Always Runs
As described in more detail in the Custom Feedback topic, do the following:
a. Set the RMC to start in RUN mode.

Use a _FirstScan condition in the Program Triggers to start the user program when the RMC
enters RUN mode.

c. Make sure the task does not stop when an axis halts.

7. Tune the Axis

a. Tune the axis manually (auto-tuning does not work in RUN mode).
8. Add Other Code

e If other values need to be changed when the feedback is switched, add the necessary code to

the expression. For example, some applications may require different tuning gains for each
feedback.

e Depending on the application, more programming may be needed to make a smooth transition
when switching feedback.

See Also
Custom Feedback

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.10.3. Feedback Linearization using Curves

This topic describes how to implement single-axis feedback linearization by using a curve to define the
relationship between the transducer and the real measurement you need. For example, a curve can be
used to linearize a transducer with as many points as you need. Or, consider a transducer mounted in
a cylinder that drives a swing arm, but you actually need the position of the end of the arm. Given the
machine geometry, a curve can be used to convert the transducer measurement to the position of the
swing arm.

Another method of feedback linearization is via a mathematical formula, as described in Feedback
Linearization Using a Mathematical Formula.

Tip: The Examples section of Delta's online forum includes a Feedback Linearization Using Curves
example. You can use that example to help you get started.

Setting Up Feedback Linearization

Read the Custom Feedback topic before completing this procedure.

1. Determine Actual Measurement Versus Transducer Measurement
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a. Determine the relationship of the desired true measurement to the transducer's
measurement. This may be in the form of an equation, or measurements taken at a
number of points throughout the transducer's measurement range.

b. Assemble the data as a table of data consisting of the desired true measurements and the
transducer's measurements. If you have an equation, you can use a spreadsheet program
such as Microsoft Excel to calculate points from the equation.

2. Create a Curve
a. Create a new curve in the Curve Tool.

b. In the curve data, enter the transducer's values in the x-axis. Enter the desired true
measurements in the y-axis. If you have the data in a spreadsheet program such as Microsoft
Excel, you can copy the data and paste it into the Curve Tool.

c. Make sure the x-values will cover the entire travel range of the physical feedback. If it does
not, you may encounter a runtime error when you run the system.

In the curve properties, set the Endpoint Behavior to Natural-Velocity.

In the curve properties, set the Interpolation to either Cubic or Linear, as required by your
application.

Note: It is important that the x-axis contains the transducer's values, and the y-axis contains
the desired true measurements.

3. Define Custom Axis and Reference Axis

a. Define a control axis with the feedback type required (position, velocity, pressure, force,
or acceleration). For the feedback source, choose Custom.

b. Create a reference axis for the feedback input to be used.

Configure the feedback parameters for the reference axis and verify that the transducer
gives valid readings.

d. Set the Scale and Offset so that the reference axis provides correct values throughout the
entire range.
4. Use the Curve in the Custom Feedback User Program
a. Create a single-step user program with a Jump Link Type and a Repeat Jump To location.
b. Add an Expression (113) command.

In the expression, use the CRV_INTERP_Y function to get the curve's interpolated desired true
value from the transducer's measurement.

d. Set the CustomErrorBits.NoTrans bit according to the state of the active feedback. This can be
done by using the Feedback OK status bits of the reference axes.

0 | Command: Expression
|Expression (113) |:|| _Axis[0].CustomCounts := CRV_INTERP_Y(1,_Axis[1]. ActPos);
_Axis[0].CustomErrorBits.NoTrans := NOT _Axis[1].StatusBits.FeedbackOK;

Link Type: Jump To

|Jump E” | Repeat E”

5. Make Sure the User Program Always Runs
As described in more detail in the Custom Feedback topic, do the following:
a. Set the RMC to start in RUN mode.

b. Use a _FirstScan condition in the Program Triggers to start the user program when the RMC
enters RUN mode.

c. Make sure the Task does not stop when an axis halts.

6. Tune the Axis
Tune the axis manually (auto-tuning does not work in RUN mode).

See Also
Custom Feedback | Feedback Linearization Using Mathematical Formula
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3.10.4. Feedback Linearization Using a Mathematical
Formula

This topic describes how to implement single-axis feedback linearization if you have a mathematical
formula that describes the relationship between the transducer and the real measurement you need.
For example, a transducer may be mounted in a cylinder that drives a swing arm, but you actually
need the position of the end of the arm. Given the machine geometry, a mathematical formula can be
used to convert the transducer measurement to the position of the swing arm.

Another method of feedback linearization is via curves, as described in Feedback Linearization using
Curves. In fact, even if you have a mathematical formula, you can create a curve from the formula
and use that method.

Tip: The Examples section of Delta's online forum includes a Feedback Linearization Using
Mathematical Formula example. You can use that example to help you get started.

Setting Up Feedback Linearization Using a Mathematical Formula

Read the Custom Feedback topic before completing this procedure.

1. Determine Actual Measurement Versus Transducer Measurement

Determine the equation that defines the relationship of the desired measurement to the
transducer's measurement. The machine designer should be able to provide a formula.
2. Define Custom Axis and Reference Axis

a. Define a control axis with the feedback type required (position, velocity, pressure, force,
or acceleration). For the feedback source, choose Custom.

Create a reference axis for the physical feedback input to be used.

Configure the feedback parameters for the reference axis and verify that the transducer
gives valid readings.

d. Set the Scale and Offset so that the reference axis provides correct values throughout the
entire range.
3. Create a User Program

a. Create a user program with an Expression (113) command, and Jump Link Type set to
Repeat.

b. In the expression, enter the formula and assign the value to the control axis' Custom Counts
register.

c. Set the CustomErrorBits.NoTrans bit according to the state of the active feedback. This can be
done by using the Feedback OK status bits of the reference axes.

For example:

0 | Command: Expression

_Axis[0].CustomCounts := POLY{_Axis[1].ActPos, 1.2, -0.1, 0.05);
_Axis[0].CustomErrorBits.NoTrans : = NOT _Axis[1].StatusBits. FeedbackOK;

| Expression (113) |;||

Link Type: Jump To

| Jurnp E” | Repeat E“

4. Make Sure the User Program Always Runs
As described in more detail in the Custom Feedback topic, do the following:
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C.

Set the RMC to start in RUN mode.

Use a _FirstScan condition in the Program Triggers to start the user program when the RMC
enters RUN mode.

Make sure the Task does not stop when an axis halts.

5. Tune the Axis
Tune the axis manually (auto-tuning does not work in RUN mode).

See Also
Custom Feedback | Feedback Linearization using Curves
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3.10.5. Redundant Feedback using Custom Feedback

Redundant feedback can be implemented in the RMC by using Custom Feedback. When the controller
detects that one transducer has problems, it can immediately switch to another feedback on the fly,
even in the middle of motion. The user has the flexibility to program the logic that determines which
feedback should be used, making redundancy using any number of transducers possible.

Tip: The Examples section of Delta's online forum includes a Redundant Feedback example. You can
use that example to help you get started.

Setting Up Redundant Feedback

Read the Custom Feedback topic before completing this procedure.

1.

4.

Define a Control Axis with Custom Input

a. Define a control axis with the feedback type required (position, velocity, pressure, force,
or acceleration). For the feedback source, choose Custom.

. Define the Reference Axes

Create reference axes for each physical feedback input to be used.

. Configure the Reference Axes

Configure the feedback parameters for the reference axes and verify that the transducers give
valid readings.

Set the Scale and Offset so that the reference axes provide correct values throughout the
entire range of feedback.

Create a Variable

Create a variable in the Variable Table for reporting which feedback is being used. For example,
ActiveFeedback.

5

a.
b.
C.

Create a User Program

Create a single-step user program with a Jump Link Type and a Repeat Jump To location.
Add an Expression (113) command.

Create an expression that implements the logic for selecting which feedback to use. For

example, for a redundant system using two transducers, you may wish to:

d.

i Check which feedback inputs are valid. The TransducerOK status bit is useful for this.
ii. If a feedback input is not valid, select the other input.
After selecting the feedback input to be used, assign the value of the feedback to the Custom

Counts (or Secondary Custom Counts for secondary inputs) register of the control axis.

€.

If none of the feedback inputs are valid, make sure to set the CustomErrorBits.NoTrans bit.
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For example:

This program inplements redundant feedback.

Axis 0 is the control axis.
Axis 1 is the first physical feedback.
Axis 2 is the second physical feedback.

0 | Command: Expression
Expression (113) E]| J{Cheds which inputs are OK.
Inputl_OK := _Axis[1].StatusBits. FeedbackOK;
Input2_OK := _Axis[2].StatusBits. FeedbackOK;

f/If an input is currently used and not CK, switch to other input.

IF ActiveFeedback = 1.0 AND NOT Inputl_OK THEM
ActiveFeedback 1= 2.0;

ELSEIF ActiveFeedback = 2.0 AND NOT Input2_OK THEM
ActiveFeedback := 1.0;

ELSEIF ActiveFeedback = -1.0 AND Inputl_OK THEN
ActiveFeedback 1= 1.0;

ELSEIF ActiveFeedback = -1.0 AND Input2_CK THEN
ActiveFeedback : = 2.0;

EMD_IF

J{If meither input is OK, set ActiveFeedback to -1

IF  NOT Inputl_OK AMD NOT Input2_OK THEN
ActiveFeedback 1= -1.0;

END_IF

/{As=ign the feedback value to the custom axis.
IF ActiveFeedback = 1.0 THEN
_Axis[0]. CustomCounts := _Axis[1]. ActPos;
_Axis[0]. CustomErrorBits. NoTrans : = FALSE;
ELSEIF ActiveFeedback = 2.0 THEN
_Axis[0]. CustomCounts := _Axis[2] ActPos;
_Axis[0]. CustomErrorBits.MoTrans : = FALSE;
ELSE
_Axis[0]. CustomErrorBits.MoTrans : = TRUE; {fset error if neither feedback iz active
EMD_IF

Link Type: Jump To

| Jump E” | Repeat E"

6. Make Sure the User Program Always Runs
As described in more detail in the Custom Feedback topic, do the following:
a. Set the RMC to start in RUN mode.

b. Use a _FirstScan condition in the Program Triggers to start the user program when the RMC
enters RUN mode.

c. Make sure the task does not stop when an axis halts. This can be set in the Programming
Properties, on the Halts page.

7. Tune the Axis
a. Tune the axis manually (auto-tuning does not work in RUN mode).

8. Program your application

Program the rest of your application. Keep in mind that if you want other user programs to run
even if one feedback transducer fails, you will need to set the Programming Properties Halts page
such that the tasks running those user programs do not halt.

See Also
Custom Feedback
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3.11. Applications
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3.11.1. Electric Servo Motor Control

The RMC family of motion controllers excels at electric servo motion control. The RMC is a general-
purpose controller. To interface with an electric motor, you will need an amplifier or drive that takes a
+ 10V command signal from the RMC. Feedback can be guadrature encoder, SSI, analog voltage or
current, or a resolver.

Amplifier or Drive Details
To interface with an electric motor, you will need an amplifier or drive that takes a £10V
command signal from the RMC. This includes Variable Frequency Drives.
If the drive is a smart drive, you should set it to it's simplest setting so that the drive does not do
the position control. The RMC should do the position control.

Feedback
Most motors are available with encoder feedback. This is sufficient for use with the RMC. Make
sure the encoder sends out a 5V differential (RS-422) quadrature signal.
If you wish to use absolute feedback, SSI is a good option.

Motor Control Features
The RMC has many features for motor control. A few of them are listed below:
Rotary Motion
Rotary-specific Command Options
Setup parameters (Position Unwind, Count Unwind)

Command Direction (Nearest, Positive, Negative, Multi-turn)
Incremental or Absolute Feedback

Linear Motion

Positive and Negative Travel Limits
Physical Limit Inputs

Incremental or Absolute Feedback

Velocity Control

Control velocity with either position or velocity feedback.
Can be used on linear as well as rotary systems.
Advanced PID

High-Order gains
Feed-forward gains (Velocity Feed Forward, Acceleration Feed Forward, Jerk Feed Forward)

See Also
Hydraulic Control | Pneumatic Control
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3.11.2. Hydraulic Control

The RMC family of motion controllers excels at hydraulic motion control. The RMC includes many
features for controlling hydraulic cylinders:

Directional Gain Ratio
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Single-rod hydraulic cylinders require different gains when going moving in each direction. The
RMC has Velocity Feed-Forward gains for each direction. The rest of the tuning gains are scaled
according to the ratio of the feed-forward gains to compensate for the asymmetrical cylinder.

Deadband Compensation

Some hydraulic valves have overlapped spools which create a dead zone or deadband where no
oil flows even though a control signal is applied to the valve. The RMC includes parameters to
compensate for the Deadband. Though this compensation can improve performance significantly,
Delta does not recommend using valves with overlapped spools - in particular for high
performance applications or for pressure control.

Position-Pressure/Force Control

Hydraulic cylinders are ideal for applications where large forces must be applied to a load, and
the RMC includes control modes and parameters specifically for these types of applications.

Active Damping and Acceleration Control

Active Damping uses Acceleration or force feedback to increase the stability of systems with
heavy loads relative to the cylinder diameter. This can increase the performance of a hydraulic
system without significant increases in cost from increasing the size of the cylinder, valve and
power unit.

Specialized Commands

The RMC has several commands that allow you to obtain the highest performance possible from
your hydraulic system or control difficult applications by combining Open Loop and Closed Loop
control in a single move. See the Quick Move command.

See Also
Electric Servo Control | Pneumatic Control

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.11.3. Pneumatic Control

The RMC family of motion controllers excels at pneumatic motion control applications that demand
precise, smooth motion.

Pneumatic Control has been serving industry for a long time and provides several advantages, not the
least of which is less costly devices, clean operation and lower maintenance costs. However, precision
and smooth motion has been elusive because of inherent drawbacks to pneumatics. The major
drawback is the compressibility of air. This drawback has been minimized with new motion control
techniques.

The RMC gives the user an option to replace start/stop or “bang-bang” control that cause shock and
wear allowing machines and equipment to last longer. This is done with motion controllers and by
using feedback from position and pressure sensors. The RMC then controls the servo proportional
valve to eliminate banging and bottoming out at the ends of cylinders. Use of proportional servo
valves also allows a better option for accurate control in place of using a pressure relief valve. Delta
recommends pressure relief valves be used for relieving pressure and not for controlling motion or
pressure.

Precise midpoint positioning is also easily done with an RMC motion controller using servo valves by
moving the spool to meter air in and out of a cylinder. Pneumatic motion control that is fast and
smooth can make a system stiffer and act much like an elecro-mechanical system at a much less
expensive cost.

High-performance motion control requires a servo valve and a high-resolution position transducer. For
optimal control, a low-friction cylinder should be used. In addition, for the best control, either pressure
transducers or accelerometers should be used.
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Once the pneumatic system has been set up and tuned, it can be controlled much like any typical
hydraulic or electric servo system.

Pneumatic Control Options

The RMC has several options for pneumatic control:

PID or I-PD with Active Damping with force feedback (load cell or pressure
transducers) or accelerometers

Easy to tune without overshooting; smooth.

Force Feedback can be a load cell or differential force, which requires two pressure transducers;
one on each end of the cylinder.

PID with Acceleration Control with accelerometers

This gives the tightest control. However, it really works the valve and will always overshoot
slightly. Tuning hot tends to cause small high-speed vibrations and pushes stability limits.

This will generally require the use of a filter on the acceleration. Either the Low Pass filter or the
Model based filter can be used, but Delta recommends trying the Low Pass filter first because it is
easier to set up and does not require that an accurate model be generated by the Tuning Wizard.
See the Acceleration Filter Type and Actual Acceleration Filter topics for more details.

PID with Acceleration Control without accelerometers

Much lower performance, may be good for some applications, especially for low-friction cylinders
with small load. Does not require extra feedback devices or inputs on the controller. Least
expensive option.

Required Modules

Active Damping and Acceleration Control require an AP2 module for the secondary acceleration or
force feedback. Using Acceleration Control without accelerometers does not require any additional
modules other than the axis module.

See the Active Damping or Acceleration Control topics for details on required hardware and how
to define the axes.

Suggested Components

Pressure Transducers

Choose pressure transducers with a power supply range that includes 24V, and a voltage output
range of 0 to 5 volts or more. The pressure transducers should be mounted on the ends of the
cylinder so that they measure the pressure inside the cylinder, not the pressure in the A or B port
lines.

Accelerometers

For pneumatic control, choose 1-axis accelerometers that cover approximately -2g to +2g,
depending on the accelerations in your application. To simplify the wiring, choose one with an
internal voltage regulator, a power supply range that includes 24V, and a voltage output range of
0 to 5 volts or more.

Delta recommends using two accelerometers, one on the stationary frame and one on the moving
load. This is because the stationary frame is not usually truly stationary - its vibrations will
impact the motion of the load.

Delta has successfully used accelerometers from Crossbow Technology Inc. (www.xbow.com).
The model used was the LP series - General Purpose, part number CXL0O4LP1-R, which is a £ 4g,
1-axis accelerometer with an internal voltage regulator. It can be powered with a 24V power

supply.
Pneumatic Servo Valves
Choose a zero-lap servo valve.

Pneumatic Cylinder
For best results, choose a low-friction cylinder.
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See Also
Hydraulic Control | Electric Servo Control | Tuning a Pneumatic System
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3.12. Transducers Basics

3.12.1. MDT Transducer Fundamentals

Magnetostrictive Displacement Transducers (MDT) are absolute position transducers designed for use
in rugged industrial environments. Early MDT sensors employed the Start/Stop or Pulse Width
Modulated (PWM) signals. Delta generally refers to these signal types as MDT signals. Magnetostrictive
Displacement Transducers can also have other types of outputs, such as analog or SSI.

MDTs are non-contact, wear-free, highly reliable, and offer accurate and repeatable linear position
measurement. In the motion control industry, magnetostrictive displacement transducers are typically
inserted into hydraulic cylinders for measurement of the cylinders position.

MDT feedback (Start/Stop or PWM) is supported by the following modules:
= RMC75: MA axis module
Each axis on the RMC75 MA axis module can be individually configured for MDT or SSI inputs.
= RMC150: MDT module
= RMC200: S8 Module, U14 Module

Each MDT axis can be configured for a Start/Stop transducer or a Pulse Width Modulated (PWM)
transducer.

Start/Stop

To make a measurement with a Start/Stop transducer, the RMC sends an interrogation pulse to
the transducer. The transducer responds by returning 2 pulses—a Start pulse and a Stop pulse.
The RMCs internal counters begin to count when the first pulse, Start, is received and stop
counting when the second pulse, Stop, is received. The time between the start pulse and the stop
pulse is proportional to the transducer position.

Interrogation

Fulse r

Start Pulze —| Stop Pulse —|

Counters
Active

Start/Stop Pulse Transducer

Blanking Period (For Neuter Outputs)
After the RMC receives the start pulse, it waits a brief amount of time before looking for the stop
pulse. This time, called the MDT blanking period, gives time for noise to settle out.

The RMC150 and RMC200 have an MDT Blanking Period parameter, with options of 5usec or
21psec. The default value is 5psec. Some older transducers, such as Temposonics I and II with
neuter outputs, require the longer blanking period of 21pusec, due to noisy signals.
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The RMC75 does not have an MDT Blanking Period parameter and always uses a 5usec blanking
period. Therefore, Temposonics I and II transducers with neuter outputs should not be used with
the RMC75, but can be used with the RMC150 or RMC200.

PWM

To make a measurement with a Pulse Width Modulated transducer, the RMC sends an
interrogation pulse to the transducer. The transducer responds with a return signal. The return
signal is high while the transducer is determining its position. The RMC counts during the time
that the return signal is high. The time that the return signal is high is proportional to the
transducer position.

Interrogation

Fulse r

Feturn Signal

Counters
Active

Pulse Width Modulated Transducer

The value obtained from the PWM or Start/Stop counter is put in the Raw Counts register for that
axis. The Raw Counts are converted to Counts and then into an Actual Position in user-defined
units.

Resolution

The resolution of MDT sensors depends on the RMC's clock speed for timing the pulses. For MDT
Start/Stop or PWM feedback with a typical calibration value of approx. 9 us/in, the maximum
resolution supported by the RMCs is as follows:

Maximum Resolution with one
Module recirculation
RMC75 MA 0.0005
RMC150 MDT 0.001
RMC200 S8 0.0005
RMC200 U14 0.0005

Recirculations

Delta does not recommend using recirculations on MDT transducers. Recirculations have
historically been used to gain more accuracy in the measurement. However, with faster counters
on the controller, recirculations have become less important. In addition, the highest accuracies
are only available for MDT transudcers with SSI ouput, which don't have any recirculation
options.

Transducer Lengths

An MDT transducer takes a certain amount of time to determine its position. The time it takes
increases with position. Therefore, the length of the transducer dictates the minimum Loop Time
you can use.

The approximate formula for determining the maximum transducer length for a given loop time is
as follows:

Length(in.) = (LoopTime(ms) - 0.22)/0.0095
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Using the formula, the following are approximate maximum lengths for a given loop time. The
actual maximum length will vary slightly by RMC model. This assumes no recirculations.

Loop Time Maximum MDT Transducer Length
125us! 5 inches?

250us 11 inches?

500us 29.4 inches

1000us 82.1 inches

2000us 187.3 inches

4000ps 397.9 inches

1125us Loop Time only available on RMC75 and RMC200 series.
2Estimated max transducer length

Start/Stop and PWM Cable Length

For magnetostrictive sensors with Start/Stop or PWM signals, there is no set maximum cable
length. Modern sensors use RS-422 for these signals, and can typically work with cables lengths
of up to 4000 ft, using proper twisted-pair, shielded cable. Older, single-ended signals cannot
transmit as far.

See Also
Feedback Resolution | Wiring Guidelines
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3.12.2. SSI Fundamentals

Synchronous Serial Interface (SSI) is a widely accepted controller interface. Position data from the
sensor is encoded in a binary or Gray Code format and transmitted over a high-speed serial interface.
Many types of transducers are available with SSI, including magnetostrictive displacement transducers
(MDTs), absolute encoders, and laser measuring devices.

SSI has a number of advantages over other transducer interfaces:
e High noise immunity
e Absolute position
e Supports a wide variety of transducers.

e Many SSI devices offer higher precision; for example, magnetostrictive transducers with SSI
output are commonly available with resolutions to 1 pm, and some offer 0.1 pm.

Important!
The RMC SSI inputs require RS-422 (5V differential) SSI inputs. They do not support single-ended SSI
inputs or higher voltage inputs.

SSI feedback is supported by the following modules:
e RMC75: MA axis module
e RMC150: SSI Module, Universal I/O module
e RMC200: S8 Module, U14 Module

The RMCs provide the following SSI options:
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SSI RMC75 RMC150 RMC150 RMC200 S8 RMC200 U14
Options mMA SSI UI/O Module Module
Module Module Module
Data 8 to 32 8 to 31 8 to 32 8 to 32 8 to 32
Bits
SSI Binary or Binary or Binary or Binary or Gray @ Binary or Gray
Format Gray Code Gray Code Gray Code Code Code
SSI None, all None, all None, all None, all None, all
Errors zeros, all zeros, all zeros, all zeros, all zeros, all
ones, or bit ones, or bit ones, or bit ones, or bit 21 | ones, or bit 21
21 21 21
Clock 150, 250, 230, 250, 500, 100, 150, 100, 150,
Rates 375 kHz 921kHz 971kHz 250, 400, 250, 400,
625, 1000, 625, 1000,
1500, 2500 1500, 2500
kHz kHz
Wire n/a n/a available not yet not yet
Delay available available
SSI Modes on the RMC

A standard SSI interface on an RMC consists of a Clock Output and Data Input. The RMC sends a
clock signal to the SSI device, and the SSI device returns a data signal while the RMC is clocking.

Some RMC modules support additional SSI modes. These modes are:

SSI Monitor
In SSI Monitor mode, the RMC SSI interface consists of a Clock Input and a Data Input. This
allows the RMC to listen to the SSI traffic between a separate controller and a device.

SSI Device

In SSI Device mode, the RMC SSI interface consists of a Clock Input and a Data Output. This
allows the RMC to act like an SSI device. That is, when another controller sends a clock signal
to the RMC, the RMC will send the data.

SSI Output

In SSI Output mode, the RMC SSI interface consists of a Clock Output and a Data Output. This
allows the RMC to send data to an SSI Monitor. This can be used to send data from an
RMC150 UI/O module to another controller's SSI Monitor input.

These modes are supported by configuring the modules listed below as follows:

RMC75 RMC150 RMC150 RMC200 RMC200
MA SSI uIi/o S8 ui4g
Mode Module Module Module Module Module
SSI Input v v v v v
SSI v v v
Monitor
SSI v v ox
Device
SSI v
Output

*Via the SSI Echo mode, which echoes the channel 0 data onto channel 1, with channel 1 as an

SSI device.

Configuring the SSI Modes
Follow the steps below to set up each SSI mode:
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RMC150 UI/O Module

Follow the instructions in Configuring UI/O High-Speed Channels to set up a channel, with the
follow settings for the desired SSI mode:

e SSI Monitor: Choose SSI Axis Input or SSI Register Input. Then, in Axis
Parameters, on the All tab, expand Feedback, and set the SSI Clock Mode to
Monitor.

e SSI Device: Choose SSI Output and set the SSI Output Mode to Slave.
e SSI Output: Choose SSI Output and set the SSI Output Mode to Master.

RMC200 S8 Module

The only mode other than the standard SSI mode is the SSI Monitor mode that uses inputs 6
and 7.

1. 1In the Project Pane, expand the Modules folder.

Double-click the desired S8 module and choose Configuration.
Select One SSI Monitor Input.

Click OK.

hWN

RMC200 U14 Module
Follow the instructions in Configuring U14 High-Speed Channels to set up a channel, with the
follow settings for the desired SSI mode:
e SSI Monitor: Choose SSI Monitor input.
e SSI Echo: Set Channel 0 to SSI/MDT input, and set Channel 1 to SSI Echo
output.

For more details on configuring, see the Configuring UI/O High-Speed Channels, Configuring U14
High-Speed Channels, and Configuring S8 Channels.

Synchronized SSI for Linear Magnetostrictive Transducers

When using magnetostrictive SSI transducers, it is highly recommended that a synchronized
SSI transducer be selected. This ensures that the time between position samples matches the
control loop time of the RMC controller. If the transducer is not synchronized, the sample time
may not match and will adversely affect control. When the sample time does not match the loop
time it introduces jitter to the position measurement which gets worse as the axis speed
increases. Make sure to specify that the transducer be of the synchronized type.

Synchronized SSI is not an issue for rotary encoders.

SSI Advantages
SSI transducers and absolute encoders offer the following advantages:
e High resolution. Down to 0.1 ym (approx. 0.000004") for linear SSI transducers.
e Noise immunity
o Cost effective data transfer (only one 5-wire cable with shield is needed)
e Transmission rate independent of data length and resolution
e Transmission over long distances
e Direct connection to the RMCs SSI axis module

Data Format
To read an SSI position, the RMC sends clock pulses to the transducer and the SSI device returns
the data as follows:
1. The SSI channel sends the first clock pulse by setting the Clock signal low, then high.

2. On the first rising edge of the Clock signal, the SSI transducer returns the most-significant bit
of the data on the Data line.
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3. The SSI channel sends the second clock pulse by setting the Clock signal low, then high. When
the Clock signal goes high, the SSI channel samples the bit on the Data line. When the SSI
device sees the clock signal go high, it places the second bit of data on the Data line.

4. This continues until all bits have been clocked and sampled.

5. The value obtained from the SSI data is put in the Raw Counts register for that axis. The Raw
Counts are converted to Counts and then into an Actual Position in user-defined units.

Clock (+) — éﬁ r fﬁﬁ r fl 4 $
Data (+) V\<MSBX—><_§_XI><_W>\ ‘_

SSI Cable Length

The maximum allowable SSI cable length depends on the SSI Clock Rate. For SSI inputs on the
UI/O module, wire delay compensation is available to allow longer lengths, as described in the
Wire Delay Compensation section below.

Clock Rate Maximum Cable
Length*
100 kHz 2100 ft (640 m)
150 kHz 1360 ft (415 m)
230 kHz 850 ft (255 m)
250 kHz 770 ft (235 m)
375 kHz 475 ft (145 m)
400 kHz 450 ft (135 m)
500 kHz 325 ft (99 m)
625 kHz 225 ft (70 m)
921 kHz 120 ft (37 m)
971 kHz 110 ft (34 m)
1000 kHz 100 ft (30 m)
1500 kHz 25 ft (7.5 m)
2500 kHz 3ft(1m)

* The cable lengths are approximate, and may be affected by the type of wire and transducer.
Wire Delay Compensation (RMC150 UI/O Module Only)

Wire delay compensation is available on the RMC150 Universal I/O Module and is required for SSI
wire runs that exceed the lengths given in the SSI Cable Length section above. If the wire to
the SSI device is very long, there will be a significant delay between the clock signal and the
returned data signal. As shown in the diagrams below, if this delay exceeds one clock period, the
RMC will not receive the correct data, unless the SSI Wire Delay parameter is used.

Minimal Delay

The timing diagram below shows an SSI system with very little delay. On the first rising edge of
the Clock, the SSI device puts the first bit of data on the Data line. By the next rising edge of the
Clock, when the RMC samples the data, the data is valid, and the read is successful.
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Excessive Delay

The timing diagram below shows an SSI system with a time delay of more then one clock period.
On the first rising edge of the Clock, the SSI device puts the first bit of data on the Data line. By
the next rising edge of the Clock, when the RMC samples the data, the data from the SSI device
has not yet arrived, and the SSI input will not return the correct value.

To compensate for the delay, set SSI Wire Delay parameter. You can enter the wire length or
enter the time delay directly. The SSI input will then use the delay value to correctly read the SSI

input data.
rc— —

fock ) 4P LS

Gt Nwss Y X X

Transducer Lengths

Magnetostrictive linear transducers with SSI output may require a minimum time between
interrogation based on the length of the transducer. Check your transducer data sheet for details.
Increasing the Loop Time of the RMC will increase the maximum allowed length of the transducer.
See the MDT Fundamentals topic for details.

Setting up Axes with SSI Feedback

To set up axes with SSI feedback, read the following topics:

e Wiring: RMC150 SSI Wiring, RMC150 UI/O Wiring, RMC75 MA Wiring, RMC200 S8 Wiring,
RMC200 U14 Wiring

e SSI Scaling

Note:
The RMC150 UI/O and RMC200 U14 high-speed channels must be configured as SSI before being used
as SSI inputs.

The following parameters must be also set for axes with SSI feedback:

RMC?75 RMC150 RMC150 RMC200 RMC200
MA SSI UI/O S8 ui4g
Required
SSI/MDT Feedback Type v v v
SSI Data Bits v v v v v
SSI Format v v v v v
Application-specific
Linear/Rotary v ¥ v v v
SSI Clock Rate v v v v v
Wire Break Detection v ¥ v
SSI Overflow Mode v v v v v
SSI Home Source v
SSI Clock Mode v
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SSI Termination v v v

SSI Wire Delay v

SSI High Bits to Ignore v v

SSI Low Bits to Ignore v v
See Also

Feedback Resolution | Wiring Guidelines
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3.12.3. Analog Fundamentals

"Analog" in the RMC refers to analog voltage or current.
Analog Inputs

Analog voltage or current feedback coming to the RMC is sampled multiple times per loop time.
At each sampling, the voltage or current is converted to a number by an ADC (Analog to Digital
Converter). The samples are then averaged to produce one number per loop time. See the data
sheets of each analog feedback module for details on the resolution of the analog-to-digital

conversion.

The following modules support analog feedback from a transducer or potentiometer:
Module 10V 5V 4-20 mA 20 mA
RMC?75

AA1 v v

AA2 v v

A2 v v

AP2 v v

RMC150

Analog (H) v v v

Analog (G) v

Analog Inputs (A) v v

Universal I/O0 v v

RMC200

A8 v v v
ui4 v v v

Broken Wire Detection

The RMC analog inputs incorporate internal biasing so that when an input is not connected, the
input voltage will be pulled down to its full negative value.

On the RMC75 and RMC150, a broken wire will cause the Transducer Overflow error bit for the
associated axis to turn on.

On the RMC200, a broken wire will cause the No Transducer error bit for the associated axis to
turn on.

Analog Outputs
The following modules have analog outputs, normally intended for use as a Control Output:
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Module +10V 4-20 mA 20 mA
RMC75

AAl, AA2 v

MA1, MA2 v

QA1, QA2
RMC150

Analog (H)
Analog (G

MDT (M)
uad
Resolver (R)

SSI (S)
RMC200

CA4
Ccv8
ui4g v v v

SRR RN

NN
<
Y

See Also
Feedback Resolution | Wiring Guidelines
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3.12.4. Load Cell and Wheatstone Bridge Fundamentals

The RMC200 LC8 module supports load cells made of strain gauges in a Wheatstone bridge
configuration. This topic briefly describes these concepts. More complete information is readily found
from other sources.

Strain Gauge

A strain gauge is an electrical sensor that measures strain (deformation of a material) caused by
stress (force on a material). It consists of a resistive element, such as a wire, bonded to or
printed on the surface of a material. As the material stretches or compresses, the length and
cross-sectional area of the resistive element change, resulting in a change in resistance. This
change in resistance can be used to determine the change in force.

The change in resistance is typically very small and can be difficult to measure. A long wire

improves the measurability. To fit a long wire into a small area, the wire is bent in a zigzag
pattern with long parallel lines in the direction of the strain to be measured.
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Tension or compression forces in this direction
cause increase or decrease in the resistance.

Insensitive to
lateral forces.

‘\ Resistance

measured between
these points.

Wheatstone Bridge

A typical method of accurately measuring a small change in resistance is to use a Wheatstone
bridge. Wheatstone bridges are used in many applications, including measuring strain. The bridge
circuit consists of two voltage dividers wired in parallel, with a common voltage source:

The supply voltage Vs is a constant dc voltage. The output voltage is measured at V.. If all the
resistances are equal, V is zero, and the circuit is said to be balanced. If one resistance, such as
R., changes, V. will change.

Load Cell

A load cell consists of strain gauges in a Wheatstone configuration, bonded to elements that are
designed to bend as a load is applied. There are many possible permutations of the number of
strain gauges, their orientations, the geometry of the load cell, and the strain gauge locations in
the load cell.

A load cell with four strain gauges is the most common and is called a full bridge:
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Load Cell Output Signal

The change in V. is typically very small, on the order of millivolts. The voltage change is also
proportional to the supply voltage, Vs. Therefore, the output V. of a load cell made of a
Wheatstone bridge is specified as the number of millivolts per volt of supply voltage at the rated
load of the load cell.

For example, a load cell output may be specified as 2 mV/V. That means for a supply voltage of
6.75 V, the output of the load cell at its maximum rated load will be 2 mV x 6.75 V = 13.5 mV. If
the load cell is compression only or tension only, as the load changes, the output of the load cell
will vary between 0 and 13.5 mV, proportional to the load. If the load cell works in both
compression and tension, as the load changes, the output of the load cell will vary between -13.5
mV and 13.5 mV, proportional to the load.

Typically, any load cell that has an output specified in mV/V is compatible with the RMC's load cell
inputs, as long as the maximum output voltage V. is less than the RMC’s maximum input rating.

The LC8 module excitation voltage is 6.75 V. However, an external excitation may be applied to
the load cell instead. Therefore, if the 6.75 V excitation will cause the load cell signal to exceed
the LC8 input specification, a lower external excitation may be used to reduce the load cell signal
to within the limit of the RMC's voltage input. Conversely, a higher excitation voltage may be
used (up to 10V) to increase the output from the load cell as long as the maximum voltage
output of the load cell does not exceed the input limit. This can improve signal to noise ratio in
particularly sensitive applications.

Wire Sense for Load Cells

Achieving accurate measurements from a load cell requires knowing the precise voltage that is
being applied to the load cell. The controller supplies a fixed DC voltage. The resistance in the
supply and return wires will reduce that voltage by an amount dependent on the wire length and
gauge. This effect can be significant for long wire runs. Therefore, many load cells add two
remote sensing wires so the controller can measure the voltage that is actually being applied at
the load cell and use that voltage in the calculation of the mV/V signal. This provides a more
accurate measurement.

Sense +

Excitation +

Excitation -

Signal +

— Signal -

M Sense-

Wire Sense in the LC8 Module

To measure the supply voltage at the load cell, the LC8 module offers a single Wire Sense input.
This measures the voltage of the Sense- wire relative to the zero reference of the excitation
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voltage (Exc-). The RMC assumes that the voltage drop from the supply voltage output (Exc+) to
the load cell is identical to the voltage drop from the load cell to Exc-. Therefore, the Exc+ and
Exc- wires must be of the same length and gauge to use the Wire Sense feature.

With the LC8 module, one of the sense wires in 6-wire load cells will be unused:

RMC

N/C

O Exciter Output +

© Exciter Output -

—0 Input +

o |nput -

| 4o Sense

Using Individual Strain Gauges

Instead of using a complete load cell with a full Wheatstone bridge, some applications may use a
single strain gauge or two strain gauges. In these cases, a bridge completion circuit must be used
to provide a complete Wheatstone bridge for the RMC’s load cell input. The individual resistances
of the Wheatstone bridge must be matched to the strain gauge resistance. Common resistance
values are 120 or 350 Ohms. Commercially available bridge completion modules typically offer an
adjustment to zero the bridge output. See the Third Party Recommendations section of Delta's
forum for commercially available bridge completion modules.

A single load strain gauge requires three resistors to complete the bridge. This is called a quarter
bridge:
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Two strain gauges require two resistors to complete the bridge. This is called a half bridge:

See Also
Feedback Resolution | Wiring Guidelines | LC8 Wiring | LC8 Module (RMC200) | Load Cell Scaling
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3.12.5. Quadrature Encoder Fundamentals

Quadrature encoders are one of the most common types of encoder. They are often referred to as A
quad B, or incremental encoder. Quadrature encoders are incremental, meaning that they can
accurately measure changes in position, but cannot provide an absolute position.
Quadrature encoders are often used on motors. They are also commonly used to provide a reference
input, such as the position of a belt, or the position of a board on a flying cut-off application.
Quadrature feedback is supported by the following modules:

= RMC75: QA axis module, Q1 expansion module

= RMC150: Quadrature (Q) module, Universal I/O module

= RMC200: Q4 Module, S8 Module, D24 Module, U14 Module

Delta recommends an RS-422 line driver output for quadrature encoders, as it provides the highest
speed and very good noise immunity. The TTL and HTL input types supported by the D24, Q4 and U14
are intended for retrofit applications where an existing encoder cannot easily be changed to RS-422.
RS-422 is also commonly referred to as a 5V differential signal (although that is not the strict
definition).

Operation

A and B Signals

Quadrature encoders use two output channels (A and B) to indicate position. Using two code
tracks with sectors positioned 90 degrees out of phase, the two output channels of the
quadrature encoder indicate both position and direction of rotation. If A leads B, for example, the
disk is rotating in a clockwise direction. If B leads A, then the disk is rotating in a counter-
clockwise direction.

By monitoring both the number of pulses and the relative phase of signals A and B, both the
position and direction of rotation can be tracked.
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The resolution of quadrature encoders is typically given in Pulses per Revolution (PPR), also called
Lines per Revolution. The RMC feedback sees each rising or falling edge of the A or B signal as
one count. Therefore, each pulse or line of the encoder will result in four counts on the RMC
feedback. For example, a 1000 PPR encoder will give the RMC 4000 counts per revolution.

The RMC increments the counts register when A leads B. It decrements the counts register when
B leads A.

Index Pulse

Some quadrature encoders also include a third output channel, called a zero or index or reference
signal, which supplies a single pulse per revolution. This single pulse is used for precise
determination of a reference position. The RMC75 QA, RMC150 Quad, and RMC200 Q4, U14, and
D24 modules support an Index (Z) pulse input; the RMC75 Q1 and RMC200 S8 modules do not.

When using the Index (Z) pulse for homing, the Index (Z) Home Location must be set to specify
the edge of the quadrature A signal on which a Z home is triggered. See the Homing topic for
details.

Homing Quadrature Axes

Quadrature encoders do not provide absolute position. To use a quadrature encoder in a position
application, a known reference position must be established. This position is referred to as the
Home position. The process of moving the axis to find the home position is called Homing. Once
the Home position is established, the encoder increments or decrements the position from the
initial home position as it rotates.

There are several methods of homing. Typically, it involves moving the axis to a proximity switch
that then sends a signal to the RMC. The RMC sets the position at that precise point to whatever
value the user requested. The index pulse can also be used for homing.

For details on homing, see the Homing topic.

Registration

Registration is the process of recording the precise position of an axis when an external event
occurs. Registration is commonly used for measurements. For example, consider a photo-eye set
up on a conveyor belt, where the position of the belt is measured with a quadrature encoder. By
registering the precise position at which the photo-eye is broken and the precise position at which
it is reconnected, the length of a widget on the belt can be accurately determined.

The RMC provides registration on quadrature feedback axes only. This is because quadrature
feedback is the only type of feedback that can record a position at any given moment,
independent of the loop time of the RMC. All other feedback types can only report the position
once each loop time (500pus to 4000psec).

For more details, see Registration.

See Also
Feedback Resolution | Wiring Guidelines

Copyright (c) 2023 by Delta Computer Systems, Inc.

3.12.6. Resolver Fundamentals
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Resolvers are absolute rotary position transducers. They are very simple and robust, can be very
accurate, and, in some cases, inexpensive. A wide variety of resolvers are available in many
configurations and for various applications.

Resolver feedback is supported by the RMC150 Resolver (R) and Resolver (RW) modules.

The RMC150 Resolver module supports the following resolver options:

Resolver Resolver (R) - Standard Resolver (RW)
Options

Resolution 14 or 16 bits 14 or 16 bits
Reference 800Hz to 5kHz 400Hz

Frequency (generated by RMC) (externally generated)
Reference 1.42 to 4.80 V RMS 26 V RMS

Amplitude (generated by RMC) (externally generated)

Contact Delta for other options.

How Resolvers Work

Resolvers are rotary transformers with one primary winding and two secondary windings. The
primary winding is generally on the rotor and the two secondary windings are on the stator. The
secondary windings are arranged 90 degrees from each other such that when one is lined up with

the rotor winding (full coupling) the other is at a right angle (no coupling).

The primary winding is driven with an alternating current signal at a specified voltage and
frequency. This signal is called the Reference Signal and is generated by the RMC. The position
measurement of the resolver is determined by the ratio of the amplitudes of the signals on the
secondary windings and their phase with respect the signal on the primary winding (the reference

signal).

Important Resolver Specifications

Resolvers are commercially available in many varieties with different specifications. The primary
specifications of interest as applied to the RMC are:

e Frequency

The frequency of the Reference Signal driving the primary winding.

e Voltage

The specified voltage of the Reference Signal driving the primary winding.

e Out

put Voltage

The output voltage from the secondary windings or the transformation ratio between primary

and

secondary windings.

The RMC Resolver module is designed to work with only a subset of all resolver types available.
The Resolver Module topic lists the range of values compatible with the standard RMC Resolver

module. In addition, a wider range of resolvers can be used by modifying components on the
interface card module or by using external reference generators to drive the primary winding.
Contact Delta for more details.

Setting Up the Resolver Module

1. Wire the resolver according to the RMC150 Resolver Wiring topic.

2. Set

the following parameters:
e Resolver Resolution

e Reference Amplitude

e Reference Frequency

3. Scale the axis. Typically, resolvers will use Rotary Scaling. Notice that one revolution of the
resolver will always consist of 65,536 counts on the RMC, regardless of the resolver resolution
parameter.

See Also
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Feedback Resolution | Wiring Guidelines
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3.13. Other

3.13.1. Controller Image Upload/Download

The controller image refers to the entire RMC project as it is stored in RAM memory in the RMC.
Only RMCTools can create the controller project (image) and download it to the RMC. However, other
devices such as a PLC or PC, or the RMC itself, can read the RMC image via Ethernet or USB, store it,
and later download it to the RMC. For the RMC200, the image can also be stored on the SD card.

The Image Upload/Download feature is supported only on the RMC75E, RMC150E, and RMC200. The
controller image upload/download is an advanced feature and is not necessary in most applications.

The controller image can only be downloaded to an RMC that matches the hardware configuration of
the image. Downloading and applying a controller image typically takes between 3 and 20 seconds,
depending on the options selected.

Uses for storing and downloading the controller image include:

1. Know the exact contents of the RMC
Allowing the PLC to control the contents of the RMC removes any problems due to tampering
with an RMC. For example, when a machine starts up, the PLC may write the image to the
RMC so that it knows the RMC has the correct project.

2. Replace an RMC without using RMCTools
If an RMC needs to be replaced, RMCTools is not needed if the PLC or RMCLink will download
the controller image, or if the image is stored on the RMC200 SD card. This may simplify
machine repair when an experienced RMC user may not be available.

3. Make more user programs available to the user
If an application requires more user programs than will fit in the RMC, and only a few user
programs are used at any given time, this feature allows splitting up the user programs
between several images. When a certain user program is required, the respective image is
downloaded to the RMC, then the user program can be run.

Image Size

The size of the image varies based on the specific configuration, especially the amount of user
programming and curves included. The Image Upload/Download supports the sizes listed below.
Typically, the image size is much smaller, unless the controller includes large curves, in which case
the image may exceed the maximum image size, which is not supported by the Image
Upload/Download.

Max Image Size Typical Image Size

RMC (32-bit registers) (varies greatly, and can be much larger with curves)
RMC75E 65,000 4,000

RMC150E 65,000 4,000

RMC200 1,575,949 11,000

Uploading an Image into a PLC

Refer to the Image Area section below for the registers referred to by this procedure.
1. Preparation
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e Make sure the RMC contains the desired project and that it is saved to Flash.

e Verify that the project's IP address and subnet mask are configured correctly,
otherwise communication may be lost after the image is later applied.

e Connect the PLC to the RMC via Ethernet.

2. Request the RMC to Build the Configuration Image
The PLC must first request the RMC to construct an image that can be uploaded into the PLC.
This is done by writing Build Upload Image (1) to the Image Area Command (%MDx.0)
register.

3. Wait for the Image to be Built
The RMC may take several seconds to build the requested image. During this time, the PLC
should repeatedly read the Image Area State (%MDXx.1) register and wait for the state to
be Upload Image Built (2).

4. Determine the Length of the Image
The length of the image, in 32-bit registers, can now be read from the Image Size
(%MDx.2) register. The PLC can use the contents of this register either to control the length
of the image upload, or to simply verify that the image will fit in the space provided on the
PLC.

5. Read the Image from the RMC Controller
Read the image from the RMC Controller by repeatedly reading from the Image Data
(%MDx.4-...) registers until the entire image has been transferred.

For example, to read a 8000-register image, the PLC could read 4000 registers twice,
starting each read at %MDx.4. Or, if the PLC is limited to 1000 registers per read, then the
PLC could read 1000 registers eight times, again starting each read at %MDx.4. Both will
result in loading the same 8000-register image. The PLC is responsible for assembling the
results from each read into a single image in its storage area.

The PLC may choose to include the Current Index (%MDx.3) register in each read. This value can
be used to verify that the PLC and RMC agree on the index for the current block of data.

Downloading an Image from a PLC

Refer to the Image Area section below for the registers referred to by this procedure.
1. Preparation

e This process will restart the RMC. Therefore, make sure the RMC is in a state where
restarting it will not cause problems. For example, you may wish to put the axes in
open loop and the RMC in PROGRAM mode.

e Connect the PLC to the RMC via Ethernet.

2. Reset the Image Area.
Write Reset Image Area (3) to the Image Area Command (%MDXx.0) register.

3. Write the Image to the RMC Controller
Write the image to the RMC Controller by repeatedly writing to the Image Data (%%MDx.4-
...) registers until the entire image has been transferred. Each subsequent write must begin at
the start of the Image Data array. The RMC will reassemble the data from each write into a
single image.
The PLC may choose to include the Current Index (%MDx.3) register in each write. The
RMC will verify that the index value written matches the next expected image index. If the
index value is incorrect, then the Image Area State (%MDx.1) will change to Download
Sequence Error (22).

The PLC can choose to write a fixed-length image to the RMC—as long as the image is known
to fit within that size—or it can adjust the length of the image it writes based on the actual
length of the image, which is found in the first register of the stored image.

4. Trigger the RMC to Apply the Image
The PLC must then instruct the RMC to apply the newly-downloaded image. To do so, write
Apply Download Image (2) to the Image Area Command (%MDx.0) register.
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5. Wait for the Apply to Complete
Applying the image takes between 10-20 seconds (to shorten this time, see Do Not Restart
Controller Option below). The controller will verify the integrity of the downloaded image,
save a copy of the image in the controller’s flash memory, and then automatically restart to
apply the new image.

The PLC should monitor the progress of the apply process using the Image Area State
(%MDx.1) register. If the image is successfully verified and saved to flash, then the state will
transition from Applying Image (4) to Controller Restart Pending (5). The controller
holds this state for two (2) seconds before restarting. When the PLC sees that the controller is
in the Controller Restart Pending (5) state, it should stop communicating with the RMC for
approximately 10 seconds to allow the controller to restart without triggering unnecessary
communication errors. After restarting, the Image Area State (%MDx.1) register will read
Idle (0).

Do Not Restart Controller Option

This option is not supported by the RMC200.

The Do Not Restart Controller (+16) option can be used if the downloaded image does not

change the axis definitions or loop time. This option will speed up the process, as the RMC does

not need to restart. The image will be saved to Flash and all the settings will be available for use
immediately. Downloading using this option typically takes less than 5 seconds.

If the Do Not Restart Controller (+16) option is used, then you should instead wait for the
Image Area State (%MDx.1) register to become Image Applied (10). There is no need to
stop communicating with the RMC when this option is used. The RMC must be in PROGRAM mode
when the image is applied.

Save/Restore Image Using the RMC200 SD Card

The RMC200 controller image can be saved to the SD card and restored from the SD card. For
details, see the Using the SD Card topic.

Using RMCLink to Store and Download Images

The Controller Image Upload/Download feature can also be accessed from a Windows-based PC
using the RMCLink component. This component contains methods that make it easy to upload
and download configurations in custom applications using a variety of programming languages.
RMCLink can be downloaded from Delta’s website. Review the RMCLink documentation for details,
particularly the topics relating to the ReadImageToFile and WriteImageFromFile methods.

Image Area

The Image Area is located in file 30 on the RMC75, and in file 94 on the RMC150. This file has the
following structure.

RMC75 RMC150 RMC200
Address Address Address Type Access Description
%MD30.0 %MD94.0 %MD23.0 DINT Write Only Image Area

Command

One of the following:
0=No Command
1=Build Upload
Image
2=Apply
Download Image

3=Reset Image
Area

Options for Apply
Download Image (2):
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+16=Do not
restart controller

%MD30.1 %MD94.1 %MD23.1 DINT Read Only Image Area State
One of the following:

0=Idle
1=Building
Upload Image
2=Upload Image
Built
3=Download in
Progress
4=Applying
Image
5=Controller
Restart Pending
10=Image
Applied
20=Image Build
Error
21=Upload
Sequence Error
22=Download
Sequence Error
23=Invalid
Download Image
24=Cannot Apply
without Restart
25=Failure
writing to Flash
26=Must be in
PROGRAM mode
to apply without
restart
27=Image
supports a
different
hardware
configuration
28=Controller
unable to build
upload image
because copy
protection is
enabled

%MD30.2 %MD94.2 %MD23.2 DINT Read Only Image Size

Provides the size of

the Upload Image, in

32-bit registers.
%MD30.3 %MD94.3 %MD23.3 DINT Read/Write Current Index

Provides the current
index, in registers, in
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a multi-part image
upload or download.
%MD30.4 %MD94.4 %MD23.4 |DINT[4092] Read/Write Image Data
: : : Used to upload or

%MD30.4095 %MD94.4095 %MD23.4095 E?WE'O?i‘hthe next
OCK O e

controller image.

See Also

RMC75 Register Map - File 30 Image Area | RMC150 Register Map - File 94 Image Area | RMC200
Register Map - File 23 Image Area | Save Controller Image (120) | Restore Controller Image

(121)
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RMCTools Overview

4. Using RMCTools

4.1. Using RMCTools

RMCTools is a Windows-based software package for the RMC75, RMC150 and RMC200 motion

controllers.

RMCTools allows the user to set up, display, troubleshoot, program and control all features of the
RMC motion controller. Fully detailed plots of motion can be captured at any time. RMCTools

offers high speed communications to the RMC via a serial USB, Ethernet, or RS-232, allowing the
user to tune even the most time-critical applications.

RMCTools is an Integrated Development Environment. All the editors and tools are part of the
environment and the data is saved as part of the project. Some items, such as plots and Event
Log captures, must be saved separately.

Operating Systems

This version of RMCTools requires Windows 11, 10, 8.1, or 7. For Windows XP (with SP3) or Vista,
use RMCTools version 4.12.1 (September 2019) or older. For Windows 2000, use RMCTools
version 3.37.1 (June 2010) or older. Both of these older versions of RMCTools are available for

download on Delta's website.

RMCTools has been run on Linux under Wine, but is not officially supported.

Getting Started

Using the RMCTools Interface

Project and Controller Data
Startup Procedure

RMCTools Components

Project

Creating a New Project
Project Pane

Controller

Adding a New Controller
Connection Path

Go Online

Run/Program Mode
Communication Statistics
Communication Log

Axes
Axis Tools
Axis Status Registers Pane
Axis Parameters Pane
Axis Definitions

Tuning

Tuning Tools

Tuning Wizard

Autotuning

Gain Calculator
Programming
Programming Overview
Variable Table Editor
Discrete I/O Configuration
Discrete I/O Monitor
Program Triggers

Step Editor (User Programs)
Task Monitor

Address Maps
Address Maps

General Tools

Menu and Toolbars
Upload and Download
Error Bubble

Address Selection Tool
Output Window

Verify Results Window
Actuator View
RMCTools Options
Communication Log
Keyboard Shortcuts
Copy and Paste
Printing

Wizards

New Project Wizard
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Command Tool Indirect Data Map Editor New Controller Wizard
Command Tool Shortcut Commands Scale/Offset Wizards
Plots Shortcut Commands Simulator Wizard
Plot Manager Event Log Firmware Update
Plot Template Editor Event Log Monitor
XY Plots

See Also

Help Overview
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4.2. Using the RMCTools Interface

RMCTools is an Integrated Development Environment, which means that the project is contained
within one window. Many dockable and non-dockable windows may be open in RMCTools.

Tabbed Windows

The main windows, such as Axis Tools, Plot Manager, etc., open in a tabbed format:

RMCT75E.rmcproj - RMCTools
File Edit View Controller Programming Plots Editor Tools Window Help

A 5 G (@ Onme(RUNT T - e - 1
Project View v o X

L ions ’m ~=|Plot Manager | £Z]Event Log | EEgPIot Templats
=421 Project - [RMC75E] =y »
=4l RMC70 - [Controller1] ﬂ _ —

(-l Modules

([ Axes
—-z3 Programming

Register
(3~ Tools And Wizards

Closing a Tabbed Window

To close a tabbed window, right-click the tab and choose Close.

Splitting Tabs

To split a window into a new tab group, right-click the tab and choose Split Side-by-Side or
Split Above-Below.

Moving Tabs Between Tab Groups

To move windows between tab groups, right-click the tab and choose Move to Previous Tab
Group or Move to Next Tab Group.

Moving Tabs Between Tab Groups

To move windows between tab groups, right-click the tab and choose Move to Previous Tab
Group or Move to Next Tab Group.
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Dockable Panes
The following windows, or panes, are normally docked to the sides of the RMCTools window:

e Project Pane
e Command Tool
e Discrete I/O Monitor

e Task Monitor

e  Qutput Window
e Verify Results Window

Moving Dockable Panes

To move a dockable pane, click and drag the title bar of the pane. As you drag, directional
controls will appear. Dragging to a directional control will give a highlighted preview of the new
pane location. Dropping on the directional control will place the window at that location.

Example of docking the Task Monitor below the Pro;ect pane:

. [A] RMCT5E. rmcproj - RMCTools
File Edit View Controller Programming Plots Editor

R M RN W A

Project View v o X ’LiUser Functlo

Directional
Controls

H Actual Position (p
: command velocity Highlighted
Preview

Tarnet \ielacity
X

- Lg Short krasn - Stopped
% Plots 21-3*2 StDDDEd
42| Event 2 Task 3 - Stopped

Command Tool - Con

| @- Status Bits

Placing Dockable Panes in Tab Groups
To dock panes together into tab groups, move the pane to the center square in the directional
controls.

Auto-Hiding Dockable Panes

To auto-hide a pane, in the title bar, click the Auto Hide % button. When pane will collapse to
the edge of the RMCTools window.

To access a collapsed pane, click the collapsed location. The pane will expand. When you click
outside of the expanded pane, the pane will collapse again.
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Floating Dockable Panes
To float a dockable pane, in the title bar, click the arrow ¥ and choose Float.

Resetting the Window Layout

If the windows become jumbled, on the Window menu, choose Reset to Basic Layout.

If you are using a small monitor, the Reset to Small-screen Layout will auto-hide the Project
pane and Command Tool, freeing up space for other windows, such as the Plot Manager.

See Also
RMCTools Overview | Help Overview
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4.3. Project and Controller Data

Project data is the data in the RMCTools project file that you can saved to your computer.
Controller data is the data in the RMC. You can save the controller values in the RMC by Updating
Flash.

Values not Equal &

The & symbol indicates that the data in the project is different from the data in the controller.
The data that is not equal will be highlighted. To apply the controller data to the project, upload
the parameters. To apply the project data to the controller, download the parameters.

In the Project Pane, if an item displays a difference, you can right-click the item and choose the
download to the controller or upload form the controller.

Data in Editors

In the Axes Parameters Pane, Indirect Data Map Editor, and Variable Table Editor, you can view
the project controller values or the controller values.

When editing data in these windows, you need to click the Download button %ﬁ to apply the
values from the project to the RMC.

View the project values

To view the project values, click the Show Project Values button T—' If there are no
differences between the project values and the controller values, the editor will always be in this
mode. You can edit the values in this mode.

View the controller values

If RMCTools has detected a difference between the data in the controller and the data in the

project (indicated by the & symbol), you can click the Show Controller Values button i to
show the values in the RMC. If there are no differences, this button is inactive. You cannot edit
the controller values in this mode. To change the values in the controller, you must first click the

Show Project Values I_l=—| button.

Values not Equal &

The & symbol indicates that the project data and the data in the controller are not equal. The
data that is not equal will be highlighted. To apply the controller data to the project, click the

Upload button ?ﬁi to apply the values from the RMC to the project. To apply the project data to
the controller, click the Download button %ﬁ
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See Also
RMCTools Overview

Copyright (c) 2023 by Delta Computer Systems, Inc.

4.4. Project

4.4.1. RMCTools Project

The RMCTools project contains all the information involved in setting up and programming the RMC.
To save the project, on the File menu, click Save. The project will saved to a file with the ".rmcproj"
extension.

The following items are not saved in the project file and can be saved separately:
e Plot Captures
e Event Log
Some items stored in the project can also be exported to files, such as:
e User Programs
e User Functions
e Curves
e Shortcut Command Sets

Starting a New Project

1. On then File menu, click New, then click Project.
2. Review the following data and modify as desired:
a. Project Name
b. Project Path
c. Author
d. Checkbox: Create a Subfolder for this project

Checking this box will create a subfolder in the project path and save the project in
that folder. The subfolder will have the same name as the project.

e. Checkbox: Start the New Controller Wizard after this wizard is finished
Checking this box will cause the New Controller Wizard to open after clicking OK in
this dialog. Typically, you will want this box checked so you can immediately add a
new controller after creating a project.
3. Click Finish. The Project Pane will show the project. If the checkbox was checked, the New
Controller wizard will open to add a new controller to the project.

Project Properties

To view the project properties, in the Project Pane, right-click Project and click Properties.
The following properties can be set:

General Page

e Project Name
The name of the project.

e Project File
The location to save this project to. To save project to a different location, on the File menu,
choose Save As. If you change the Project File and then save the project, RMCTools will
attempt to save the project as the path and file you have specified.
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e Author
Your name.

Description Page
Enter a description for the project. This is for your own reference.

See Also
Project Pane
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4.4.2. RMCTools Project Pane

To access this pane:
The Project pane should already be open in RMCTools. If it is not, on the View menu, click Project, or

press Alt+0.

The Project pane provides an hierarchical overview of the components of the RMCTools Project. All
components can be accessed from the Project pane by double-clicking or right-clicking the item. For
ease of use, leave this pane open when using RMCTools.

When saving the project, the information available from the Project pane is saved in the Project File.
To create a new project, see the New Project wizard topic.

The Project pane shows all of the controllers in the project and their components. A project can have
any number of controllers. Use the New Controller wizard to add a controller to a project. If the
project has more than one controller, the active controller will be highlighted, as shown below:

Single Controller Two Controllers
Project View * 0 X Project View * 0 X
=42 Project - [RMC]® =.{3] Project - [RMC]* ~
=8 | RMC200 - [RMC200]] = J RMC200 - [RMC200]
+,_ij Modules +,_ij Modules
+L2H Axes +Hin Axes
J;---._:i Programming Jfr---._:i Programming
----- _# Curves ----- A Curves
----- B Address Maps ----- & Address Maps
+,_|§j Shortcut Sets +,_|§j Shortout Sets
3"5 Plots —'T'g Plots
Event Leg Event Leg
SFTRC70 - Controller]
+,_Dj Modules
- [ Axes
J;---._:L Programming
..L# Curves W

Differences Between Controller and Project

When RMCTools is online with the motion controller, any areas in the project that are different
from the controller will be marked with a & icon and yellow highlighting. To resolve the
difference, either upload from the controller or download to the controller.

Components
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Each RMC controller has the following components, visible in the Project Pane:
Modules

Shows the hardware modules. Double-click a module to view the module properties. To
view or change modules, expand the Modules folder and double-click View/Change
Modules.

Axes

Contains axis-related tools, such as the Axis Definitions and Axis Tools. An error icon &
indicates some of the axis definitions are invalid.

Programming
Contains items for programming the controller:
Double-click Variable Table to open the Variable Table Editor.

Double-click Discrete I/0 to open the Discrete I/O Configuration. To display the Discrete
I/O Monitor, right-click Discrete I/0 and choose Discrete I/0 Monitor.

Double-click Program Triggers to open the Program Triggers Editor.
Double-click User Functions to open the User Function Editor.

Multiple User Programs may be created for each controller. Right-click User Programs and
choose New Program to create a new program. You can sort the user programs by name
or by number. To do so, right-click User Programs and choose Sort by Name or Sort by
Number.

The Task Monitor is for monitoring user programs. On the View menu, click Task Monitor.
Curves

Double-click to open the Curve Tool.
Address Maps

Double-click Address Maps to access the maps, such as the Indirect Data Map.
Shortcut Sets

Expand the Shortcut Sets folder and double-click a set to edit it. To add a new Shortcut Set,
right-click the folder and choose New Shortcut Set. See the Shortcut Commands topic for

details.
Plots

Double-click to open the Plot Manager for uploading plots and editing plot templates.
Event Log

Double-click to open the Event Log. This log is useful for troubleshooting. It logs issued
commands, changed parameters, and errors.

See Also
RMCTools Project
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4.5. Controller

4.5.1. New Controller Wizard: Welcome

Next Wizard Page (Auto Detect)p
Next Wizard Page (Manually Configure)b

To access this wizard:
In the Project pane, right-click Project and click New Controller.
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Or:
On the file menu, point to New and choose Controller.

Use this wizard to add a motion controller to the project.
Welcome Page

1. Enter a name for the new controller.
2. Choose one of the following:

e Automatically Detect the Controller Information
Choose this option to let RMCTools connect to the controller to get the information.

e Manually Configure the Controller Information
Choose this option to manually enter the controller information.

3. Click Next to proceed to the next page.

If you chose Automatically Detect the Controller Information, the next page is Connection Path.

If you chose Manually Configure the Controller Information, the next page is Select a Controller
Family.

Copyright (c) 2023 by Delta Computer Systems, Inc.
Show All

4.5.2. Connection Path

To access this dialog:

Right-click the desired controller in the Project pane and choose Connection Path.
Or:

On the Controller menu, click Connection Path.

The Connection Path specifies how RMCTools connects to the RMC.
Connection Methods

The following connection methods are possible for the RMC:

Controller Connection Methods
RMC75E USB, Ethernet
RMC75S Serial Port

RMC75P Serial Port

RMC150E USB, Ethernet
RMC200 USB, Ethernet

To Select a Connection Path

1. In the Project Pane, right-click the controller you wish to connect to and click Connection Path.
2. Choose the connection type:
e Ethernet
a. Click Browse to choose an RMC.
b. Choose your RMC from the list, or enter an IP address in the IP Address box.
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c. Click OK.
If your RMC appears in the list, but has an IP Address of 0.0.0.0, click Configure
Device to configure it's IP settings.
If your RMC does not appear in the list, see the Troubleshooting Ethernet topic for
help.

e USB
a. Click Browse to choose an RMC.
b. Choose your RMC from the list.

Click OK.
If your RMC does not appear in the list, verify that the USB cable is connected.

e Serial
a. Choose the COM port.
b. Click OK.
1.

3. Click OK to apply the changes, or click Go Online to apply the changes and go online.

See Also
Monitor Port | Go Online
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4.5.3. Go Online, Go Offline

The Go Online command in RMCTools connects RMCTools to an RMC. The Go Offline command stops
communication between RMCTools and the RMC.

Going Online or Offline

To go online or offline, select the desired controller in the Project pane, then, on the toolbar, click

the Controller button ™™ ™ and choose Go Online or Go Offline. The toolbar controller

indicator shows whether RMCTools is online or offline:

Offline Offline.
Online (PROG) Online and the controller is in PROGRAM Mode.
Online (RUN) Online the controller is in RUN Mode.

Online (Disabled) Online the controller is in the Disabled state (RMC200 Only).

Connecting to a Controller

Use these steps to connect from RMCTools to the RMC using the monitor port:

1. RMC75E, RMC150E, or RMC200:
Connect a USB cable from the PC to the USB Monitor port on the RMC.

RMC75S or RMC75P:
Connect a null-modem cable from the PC to the RS-232 Monitor port on the RMC. See the RS-
232 Monitor Port Wiring section above for cable details.

2. In RMCTools, in the Project Pane, right-click the desired controller you wish to connect to and
choose Connection Path.

3. RMC75E, RMC150E, or RMC200:
Choose USB and click Browse. Choose the desired RMC and click OK.
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RMC75S or RMC75P:
Choose the COM port that the RMC is connected to.

4. Click Go Online.

See Also
Monitor Port | Connection Path
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4.5.4. Using RUN/PROGRAM/Disabled Mode in RMCTools

Tip:
For more details on RUN, PROGRAM, and Disabled Mode, see the Run/Program/Disabled Mode topic.

To change the RUN/PROGRAM/Disabled mode in RMCTools, use the Run/Program/Disabled icons in the
Standard Toolbar:

e Select the desired controller in the Project pane, then, on the toolbar, click the Controller

button "™ T and choose the desired mode. The toolbar controller indicator shows the current
mode of the controller:

Online (PROG) Online and the controller is in PROGRAM Mode.

Online (RUN) Online the controller is in RUN Mode.
Online (Disabled) Online the controller is in the Disabled state (RMC200 Only)

See Also
Standard Toolbar | RUN/PROGRAM Mode
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4.5.5. Communication Statistics Window

To access the Communication Statistics Window:
In the Project pane, select the desired controller. On the Controller menu, click View
Communication Statistics.

The Communication Statistics window displays a number of diagnostic counters that are useful for
monitoring and troubleshooting the communication via the standard port and the Monitor Port. For
more details, see the Communication Statistics topic.

Some of the communication statistics can be cleared (rest to zero). To clear a statistic, select a folder
in the navigation tree, then click Clear Statistics on the toolbar.

The Event Log is also very useful for troubleshooting the communications.

See Also
Communications Overview | Event Log | Communication Statistics

252 Delta Computer Systems, Inc.




4 Using RMCTools

Copyright (c) 2023 by Delta Computer Systems, Inc.

4.5.6. Updating Flash

Updating Flash is the process by which the data in the RMC is stored to non-volatile Flash memory. In
order to save data even when power is removed, the Flash must be updated. After changing the
configuration of the RMC, such as parameters, axis definitions, variable initial values, curves
(temporary curves cannot be saved to Flash), and more, you must update Flash in order to save the
settings through a power cycle.

Updating Flash from RMCTools

To update flash from RMCTools:
e Go online with the controller.
e On the Controller menu, click Update Flash.

or,

on the File menu, click Save and Update Flash, which will update Flash in the controller and
save the RMCTools project.

The Flash updates typically take 1 or 2 seconds, but may take a few seconds longer on larger
projects. The Event Log will log the start and finish time of the Flash update, and the amount of

Flash memory used.

The RMC will continue to control motion as usual during a Flash update. On the RMC75/150 (not
the RMC200), the green CPU LED will flash while a Flash update is in progress.

You may also be prompted to save to Flash when the controller is warm restarted after changing
certain controller data.

Updating Flash via a Command

You can use the Update Flash (110) command to update Flash. While a Flash update is in
progress, the green CPU LED will flash.

Flash Size

The entire RMC project is saved to Flash, including axis parameters, plot templates, variable table
defaults, user programs, and curves. After updating Flash, the Event Log will log the amount of
Flash memory used. The total Flash size is as follows:

Controller

Flash Size

RMC75E (1.1G and newer) | 1024 KB

RMC?75E (1.1F and older) 256 KB

RMC75P 96 KB
RMC75s 96 KB
RMC150E 1024 KB
RMC200 6016 KB

Updating Flash versus Retentive Variables

Variable values can be remembered between power cycles by marking them as retentive
(RMC75E, RMC150E, and RMC200 only), or by updating Flash. The table below compares each

method. Usually, marking variables as retentive

is a better choice than using Flash.

Updating Flash

Retentive Variables (RMC75E,
RMC150E, and RMC200 only)

Value Stored

Initial Value

Current Value
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Update When the Update Flash Automatically every 100msec
Frequency is
commanded by user or
program
Update Time RMC75S/P: 1 second < 10 milliseconds
RMC75/RMC150: 2
seconds
RMC200: Multiple
seconds
Write Cycle 100,000 or 1 million, None
Limits see below

Flash Write Cycle Limits

The Flash memory chip on the RMC75S, RMC75P, and RMC200 is limited 100,000 update cycles.
The RMC75E and RMC150E are limited to 1 million update cycles. Due to these limits, you should
take care to program the RMC so that this limit will not be exceeded during the life of the
controller.

See Also
Update Flash (110) Command
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4.5.7. Resetting the RMC to Defaults

Resetting the RMC to its default settings will erase the settings in Flash memory and replace them
with the default settings. If you want to save the settings in the RMC before resetting it to default
settings, do so by uploading all and then saving the project in RMCTools.

To reset the RMC to its default settings:
e On the Controller menu, click Reset Controller to Defaults.
e C(Click Yes. The RMC Flash memory will be erased and replaced with the default settings.
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4.6. Modules

4.6.1. Modules List

The Modules folder in the Project Pane lists all the RMC's hardware modules.
View/Change Modules

To view or change a module in the controller, double-click View/Change Module.
Modules can only be changed in the project when RMCTools is offline with the controller.

View/Change Module Properties

To view or change the properties of each module listed, double-click the module.
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View Module Specifications

For hardware specifications for each module, see the topic for the individual module, accessible
from the RMC75, RMC150, and RMC200 overview topics.

See Also
Help Overview
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4.6.2. RMC Hardware Configuration Dialog

To access this dialog:
In the Project pane, expand Modules and double-click View/Change Modules.

Use this dialog to view and change the RMC hardware modules. The image in the dialog displays the
complete RMC along with the part number. The modules in the project can only be changed when
RMCTools is offline with the RMC.

RMC75

For each section, choose Change, Add or Delete |£| to change, add or remove a module. Use
the Move Up 4+ and Move Down ¥ buttons to change the module order for moveable modules.

Making changes to the RMC75 hardware configuration will cause the Axis Definitions to be reset
to the default settings.

RMC150

Click on the image to choose a slot. For each slot, choose the desired module from the list. Click
Delete to remove a module from a slot.

Making changes to the RMC75 hardware configuration will cause the Axis Definitions to be reset
to the default settings.

RMC200

In the Base box, chose the desired base. For each row in the Modules column, choose the
desired module.

Click Delete |£| to remove a module from a slot. Use the Move Up 4+ and Move Down ¥
buttons to change the module order for moveable modules.

Making changes to the RMC200 hardware configuration will not reset the axis definitions, but may
result in invalid Axis Definitions. Make sure to review the Axis Definitions after making any
module changes.

See Also
Axis Definitions
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4.7. Axes
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4.7.1. Axis Tools

4.7.1.1. Axis Tools Window

To access this window:
On the RMCTools toolbar, click the Axis Tools button A

The Axis Tools window displays several types of information for the RMC. It consists of two panes:

e Axis Status Registers
The Status Registers provide information on the status of each axis in the RMC. For
information on each register, click on the register cell in any Axis column, and press F1.
Status registers are read-only.
For details on the Axis Status Registers pane, see the Axes Status Registers Pane topic. For a
list of all the Status Registers, see the Register Map topic.

e Axis Parameters
The Axis Parameters provide configuration information for the RMC. For information on each
parameter, click on the parameter cell in any Axis column, and press F1. Parameter registers
can be read or written.
For details on the Axis Parameters pane, see the Axes Parameters Pane topic. For a list of all
the Axis Parameter registers, see the Register Map topic.

Using the Axis Tools Window
Choosing Views
Use the Select Layout box B to choose the pane layout in the Axis Tools. The various layouts
may help you place the Axis Tools pane such that other panes in RMCTools are also visible.
F6 switches between the Axis Status Registers and the Axis Status Registers.

Hiding and Showing Columns

To choose which axes to display, use the Select Axes #x ~ button, or right-click any column
header.

Showing Project or Controller Values

To view the values in the RMCTools project, click the Show Project Values button j To view
the values in the RMC, click the Show Controller Values button i, 1 the values in the RMC and

in the RMCTools project are identical, the Show Controller Values button will be disabled.
Uploading and Downloading Values

After making changes to any editable parameters in the Axis Tools, you must download the
changes to RMC. To download the project values from the Axis Tools to the RMC, click the

Download button ?ﬁ To upload the controller values from the RMC to the project, click the
Upload button ‘ﬁi

Choosing the Address Format

The addresses of the registers in the Axis Tools are displayed in the Reg # column. To change
the address format, right-click any cell in the Reg # column, choose Address Formats, and
choose the desired format.

See Also
Axis Status Registers Pane | Axis Parameters Pane
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4.7.1.2. Axis Status Registers Pane

To access this pane:
On the RMCTools toolbar, click the Axis Tools button 7. If the Axes Status Registers pane does not

appear, use the Select Layout boxl to choose the Axes Status Registers pane, or press F6.

The Axis Status Registers pane is part of the Axis Tools pane. It displays the Axis Status registers.
This data is very useful in all phases of using the controller.

Tabs

The Axis Parameters pane has 2 tabs. Within each tab, the registers are arranged in sections. To
expand a section, clicking the '+'.

e Basic Tab
Use this tab to view the basic status registers for an axis.

e All Tab
Use this tab to view all the status registers. This tab is useful for advanced troubleshooting.

Using the Axis Status Registers Pane

Columns
Column
Name Description
Registers | This is the descriptive name of the parameter register, along with
the units.
Reg # The Reg# column contains the address number for each register.

The addresses apply to the selected axis. To change the address
format, right-click any cell in the Reg # column, choose Address
Formats, and choose the desired format.

Axis This is the current value for this axis of the register in the Reg #
column.

Hiding and Showing Columns

To hide a column, right-click the column heading and click Hide Column. To see it again, right-
click any column heading, click Add Column, and click the desired column name.

See Also
Status Registers
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4.7.1.3. Axis Parameters Pane

To access this pane:
On the RMCTools toolbar, click the Axis Tools button 7. If the Axes Parameters pane does not

appear, use the Select Layout box B to choose the Axes Parameters pane, or press F6.

To access from the Plot Manager:
Click the Tuning tab (next to the History tab).

The Axis Parameters pane is part of the Axis Tools. It is also part of the Tuning Tools. Use the Axis
Parameters pane for the following:
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e Monitor and edit the Axis Parameters.
e Set up and tune the RMC.
For general information on using editors, see the Using Editors topic.

Tabs

The Axis Parameters pane has 3 tabs. Within each tab, the registers are arranged in sections. To
expand a section, clicking the '+'.
e Setup Tab
Use this tab for setting up the controller. This tab contains the basic parameters required for
setup.
e Tune Tab
Use this tab for tuning the controller. This tab contains the basic parameters required for
tuning.
e All Tab
Use this tab to edit advanced parameters. This tab contains all the Axis parameters.

Using the Axes Parameter Pane
Editing Parameter Values
e Find the parameter you wish to edit.
e Click the cell in the desired Axis column.
e Type or choose a value and press Enter.
e C(Click the Download button ?_ﬁ to apply the changes to the RMC.
e To save the values to Flash memory, on the Controller menu, click Update Flash.

Columns

Column

Name Description

Registers | This is the descriptive name of the parameter register, along with
the units.

Reg # The Reg# column contains the address number for each register.
The addresses apply to the selected axis. To change the address
format, right-click any cell in the Reg # column, choose Address
Formats, and choose the desired format.

Axis This is the current value for this axis of the register in the Reg #
column. You can edit these values.

Hiding and Showing Columns

To hide a column, right-click the column heading and click Hide Column. To see it again, right-
click any column heading, click Add Column, and click the desired column name.

See Also
Axis Parameters
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4.7.2. Axis Definitions Dialog

To access this dialog:
In the Project pane, expand the Axes folder and double-click Axis Definitions.
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Or:
From the Axis Definitions page of the New Controller Wizard, click View/Change Axis Definitions.

Use this dialog to view or change existing axis definitions, or to add or remove axes.
View an Axis Definition

To view an axis definition, click the axis in the Axis Definition table. The hardware assigned to the
selected axis is highlighted in the RMC image, and is color-coded for output, primary input, and
secondary input.

To view detailed information on the selected axis definition, click Change.
The Axis column provides the following information:

A control axis.
A reference axes — commonly called a "half-axis".
€3 Aninvalid axis definition.
# Indicates the number of the axis.
[1 The user-defined name of the axis.

Invalid axis definitions will be marked with a €icon and red text. Invalid axis definitions can be
downloaded to the RMC, but the axis may not be functional.

Change an Axis Definition

To change an axis definition, click the axis in the Axis Definition box, then click Change. When
making major changes to the axis definition, it may be easier to first delete the axes, and then
create new ones.

See the Axis Definitions: Change topic for details on changing an axis definition.
Rename an Axis

To rename an axis, select the axis and click Rename. Type a name and press Enter.
Add or Remove an Axis

To add an axis, click the axis in the Axis Definition box, then click New. See the New Axis Wizard
topic for details on adding a new axis. To remove an axis, click the axis in the Axis Definition box,

then click Remove |£‘
The axis limits for the controller are listed at the top of the dialog.

Note: It is possible to add more analog inputs on the RMC75 than can be assigned to axes. However,
it is still possible to view the voltage of the extra analog inputs using the Analog Input Registers.
Inputs that are unassigned to axes can have no status bits, error bits, scaling, filtering, etc.

Change the Order of Axes

Note: Delta recommends defining the order of the axes at the beginning of the project. Once the
project is underway, changing the axis order can break any programming you have already done.

To change the axis order, use the Move Up 4+ and Move Down ¥ buttons.

The axes will adhere to this order throughout the entire RMC. The Axis Tools and Command Tool
will display the axes in this order, and the register addresses and tag names will be defined by
this order.

Axis and Control Loop Limits (RMC200 Only)
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As axes are added, the dialog lists the number of physical control axes, Feature Key control
loops, total axes, and the maximum allowed values. For details on the limits, see the RMC200
Overview.

The Control Loop Utilization Advisory is an approximate graphical indication of how much of the
loop time will be used for processing the axes. As described in the Loop Time topic, it is important
that the actual loop processing time does not frequently or excessively exceed the selected loop

time.
Buttons

Button Description

New Add a new axis.

Change Change or view the definition of the selected axis.

Remove |?| Remove the selected axis.

Move Up + Move the selected axis up one position in the list.

Move Down ¥ Move the selected axis down one position in the list.

Rename Rename the selected axis.

OK Close the dialog and apply the changes to the
project. If you are online with the controller, the
changes will also be applied to the controller.

If you accessed this dialog from the New Controller
Wizard, the changes will be applied to the wizard.
Cancel Close the dialog without applying any changes.
See Also

Axis Types Overview
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4.8. Command Tool

4.8.1. Command Tool

To access this tool:
If the Command Tool is not already open, on the View menu, click Command Tool, or press Alt+8.
The Command Tool is dockable and can be resized and moved as desired.

Use the Command Tool to send commands to the RMC.

Tip:
To send commands to the RMC quickly, or to ease the process of issuing the same command multiple
times, use Shortcut Commands.

Sending Commands

To send a command to one axis:
a. Determine which axis you wish to send a command to.
b. In the Cmd box for the desired axis, select a command. There are several ways to do this:

e In the Cmd box, begin typing the name of the command and then select it from the
list that opens upon typing.
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e In the Cmd box, begin typing the number of the command and then select it from the
list that opens upon typing.

e In the Cmd box, click the ellipsis button L. and choose the command from the
command tree.
c. If the command has parameters, you must enter values in the parameters.
d. Click Send Command to send the command to the axis.

Tip:
Use the Event Log to see if the command was actually sent to the RMC. The Event Log will also display
any errors that may have occurred.

To re-send a previous command:

a. In the Cmd box for the desired axis, click the Command History o button .
b. In the drop-down list box, click the command you want.
c. Click Send Command to send the command to the axis.

Note:
The command history stores the last 10 commands.

To send commands simultaneously to multiple axes:

a. In the Command Tool, right click anywhere and choose Show Send All options. The Send
All button will appear.

b. For each axis that you will send a command to, select the command and enter values in the
parameters if there are any.

c. For the axes that should not be receiving any command, choose the No-op (0) command.

d. Click the Send All button. This will send all the commands from each axis in the Command
Tool.

Tip:
Use the Event Log to see if the commands were actually sent to the RMC. The Event Log will also
display any errors that may have occurred.

Selecting Axis to Display

In projects with many axes, you may wish to display only a few of the axis at one time in the
Command Tool. The axes displayed in the Command Tools are determined by the axes displayed
in the Axis Tools window. To specify which axes to display, use the Axis Selection button 7~ in the
Axis Tools window.

Shortcut Commands

Shortcut commands enable you to send commands quickly with a keypress or the click of a
button. See the Shortcut Commands topic for details.

See Also
Issuing Commands from a PLC or HMI
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4.9. Plots

4.9.1. Plot Manager Overview
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To access the Plot Manager:
On the Plots menu, click Open Plot Manager.

Use the Plot Manager to:

View Plots
From the Plot Manager, you can start, trigger, save and export plots.

Tune the Axes
Use the Tuning Tools to efficiently and easily issue commands, change and download gains,
and view plots of moves.

Edit Plot Templates
Access the Plot Template Editor from the Plotting tab.

For general details on using plots in the RMC, see the Plots Overview topic. For help on the various
parts of the Plot Manager, see the Plot Manager Elements topic.

The following instructions apply to plots in general and to time-based plots. For instructions specific to
XY plots, see Using XY Plots.

How To...

Upload a Captured Plot

On the Plotting tab, click “r Capture for the desired plot template to upload the latest
captured plot.

The RMC starts capturing plot data when a motion command is sent, the Start Plot (100)
command is sent, or the plot is triggered. The RMC captures this data for as long as specified by
the plot capture duration in the Plot Template Editor, and stores this data internally. To view
the captured plot data, you need to upload the captured plot. By default, each plot template
contains data for the corresponding axis nhumber, although you can edit each template to
include any data in the RMC.

If you attempt to upload a captured plot that has not been triggered, or has been re-armed, the
Plot Manager will indicate it is waiting for a plot trigger before it can upload plot data.

It is usually not necessary to stop the upload of the captured plot, as it will stop at the defined
capture duration. If you do wish to stop the capture upload, click 4 Capture, or press Esc.

Trend a Plot

On the Plotting tab, click P Trend. To stop the trend, click ¥ Trend, or press Esc.
Trending continuously uploads the plot data while it is being captured in the RMC. Set the trend
duration in the Plot Template Editor. Trend data beyond that time will be lost. Trending will
upload data as fast the communications allows, and some plot samples may be missed. If you
need every plot sample without any gaps, use Capture mode.

While trending, the cursor will be at the end of the plot (with the newest data) and the Plot
Details window will show the values of the newest data. If you click in the plot while trending,

the cursor will be placed at that location. To snap the cursor to the newest data again, click
or press End, or move the horizontal scroll bar all the way to the right.

Zoom and Scroll

Mouse Keyboard Toolbar
Horizontal Zoom Ctrl+Mouse Wheel Ctrl+Plus Sign | 4:4 &
Ctrl+Minus Sign | g

Horizontal Scroll Shift+Mouse Wheel - -
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Horizontal - - fe2]
Reset:
Vertical Zoom: Ctr+Shift+Mouse = Ctrl+Shift+Plus Sign = [& g
Wheel Ctrl+Shift+Minus
Sign
Vertical Scroll: Mouse Wheel - -
Vertical Reset: - - 3]

Reset All: - - [g]

1Resets auto-scaled items to fit the data. For manually scaled items, resets the scale to the
manual setting.

2\/ertical zoom and scroll applies to the currently selected item and all items in the same scale
group.
Vertical manual scaling:

The vertical scale of items in a plot can be manually set. The scale applies to the item
currently selected in the Plot Details list, and all items in the same scale group, which are
highlighted in light blue. In the Plot Details window, right-click the item and choose Set
Scale. Or, in the plot window, right-click and choose Set Scale.

e Move the Cursor in the Plot Window
Click and drag in the plot window to move the cursor. The Plot Details window in the lower
left displays all the plot data at the location of the hairline cursor. Move the hairline cursor to
view the data at any sample.
To display the absolute time of the cursor, which is the same time as shown in the Event Log,
on the Plots menu, point to View, then click Show Absolute Time.

e Understand the Vertical Scale
Clicking an item in the Plot Details list will change the vertical scale in the plot to apply to that
item, if the item has a plotted line. All items that the currently displayed vertical scale applies
to will be highlighted in light blue. The vertical color bar next to the vertical scale will also
display the colors of all the items that share the same vertical scale group.

e View Tuning Parameters at the Time the Plot was Captured
Click the Parameters tab below the Plot Details tab to view the axis parameters at the time
the plot was captured. These parameters are uploaded immediately after the plot upload is
completed.

e Trigger a Plot
On the Plots menu (in the menu bar at the top of RMCTools), click Trigger Plot. Before
triggering a plot, it may need to be rearmed. To rearm a plot, on the Online menu, click
Rearm Plot. You can also use the Trigger Plot (102) and Rearm Plot (103) commands.

Triggering a plot will cause the RMC to start capturing plot data and store the data internally.
To view it, you will also need to upload the captured plot.

You can change the trigger settings. See Triggering Plots for details.

e Trim a Plot
First, show the second cursor:
- Press and hold Shift and click in the plot window.
- Or, in the plot window, right-click and choose Show 2nd Cursor.
Second:
- Use the mouse to adjust the cursors for the desired trim area
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- Right-click and choose Create Trimmed Plot.

A new trimmed plot will be added to the Plot History. The original plot will be unchanged.
Trimming a plot is useful for picking out only the information needed. It can also be used for
picking out one move to be used in the Tuning Wizard with an existing plot. Using the Tuning
Wizard with existing plots requires plots of motion that include motion in only one direction.

e Use an XY Plot
See Using XY Plots.

e Save Plots
Plots you have uploaded are listed on the History tab. They are not saved in the RMCTools
project. To save plots, you must save them as follows:
a. On the Plot Manager toolbar, click L'ﬂSave Plot(s).
Or, on the Plot History pane, right-click a plot in the list and choose Save Plot(s).
Or, in the plot window, right-click the currently displayed plot and choose Save Plot(s).
b. In the Select Plot to Save dialog, choose the plots to include, then click Save.
c. Browse to the desired folder.
d. Click Save.
See Saving and Exporting Plots for details.

If you forgot to save plots before closing RMCTools, you can retrieve backup copies of uploaded
plots:

a. In the Plot Manager, on the History tab, expand Auto-Saved Plots, then click View
Auto-Saved Plots.

b. Choose the plots you wish to retrieve. You can select multiple files by holding the Shift
or Ctrl keys while clicking the files.

c. Click Open.
For more details, see Auto-SavedPlots.

e Open a Saved Plot File

In the Plot Manager toolbar, click the Open Plot File ! button. In the Open dialog, browse
to the desired plot file, select it, and click Open. In the Open dialog, you can use the Ctrl or
Shift key to select multiple files.

See Saving and Exporting Plots for details.

e Export a Plot
On the history tab, right-click a plot and choose Export Plot. The plot can be exported use in
other programs such as Microsoft Excel. See Saving and Exporting Plots for details.

e Print a Plot
On the toolbar, click the Print = button to print the currently viewed plot.
If the number of vertical scales causes the available plot area to be less than 50% of the
printable area, the remaining vertical scales will not be included in the plot. To prevent this
from occurring, group scales together in the Plot Template settings.

Using the Tuning Tools

To open the tuning tools, click the Tuning tab in the Plot History pane. For details, see the
Tuning Tools topic.
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See Also
Plot Overview | Using XY Plots | Using Custom Plot Templates
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4.9.2. Plot Manager Elements

The Plot Manager is divided into the following elements. For more details on using these, see the Plot
Manager topic.

Plot Window
The Plot window is the large right pane which graphically displays the plot.

Zooming
Use Ctrl+Mouse Wheel, Ctrl+Plus Sign, Ctrl+Minus Sign, or the zooming buttons on the
toolbar.

Cursor

Move the hairline cursor to view the data at any sample. The data will appear in the Plot
Details pane. To move the cursor, click and drag with the mouse or use the left and right
arrow keys, Page Up, and Page Down. To add a second cursor, right-click the plot and choose
Show 2nd Cursor.

Captured Data Bar

The Captured Data bar is located at the top of the Plot pane. This bar has a blue tick mark at
every sample in the Plot pane that contains data captured from the RMC. This bar may appear
as a continuous blue bar if the uploaded samples are dense.

Toolbar

Toolbar Item Description

[ Open Plot File
[l save Plot(s)
=) | Print Plot
Flot 0 - Axis0 Current Plot Template

indicates which plot template the Capture and Trend toolbar
buttons apply to.

{+ | Upload Captured Plot
Start Trend
4d  Stop Trend or Stop Plot Upload

Zoom to Window
[g] Horizontally and vertically fits the currently displayed plot to the
plot window as follows:

-

e Resets vertical scale for auto-scaled groups.

e Resets vertical scale to the manual scale setting for
manually scaled groups.

e Zooms horizontally to fit the plot in the window for time
plots.

e Zooms horizontally to fit the plot to the defined x-axis
scale for XY plots (auto or manual).

Zoom to X Scale
For time-based plots, zooms horizontally to fit the plot in the
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E window. For XY plots, resets the horizontal scale to the manually
set scale.

1:1 Zoom to Sample Period
Zooms the plot so that one horizontal pixel is one sample of the

plot.

%  Zoom In

‘5’ Zoom Out
Scroll to End

Snaps the cursor to the end of a trending plot (the end with
newest data). This may be necessary after clicking elsewhere in
the plot while trending, in order to see the newest data in the
Plot Details window.

4

Vertical Zoom In

Vertical Zoom Out

b
i)

Zoom to Y Scale

For scale groups set to Auto Scale, resets the vertical scale to
autofit the contents of the scale group. For scale groups set to
Manual Scale, resets the vertical scale to the manually set scale.

fe2]

Plotting Tab

On the Plotting tab, you can upload a captured plot, start a trend, or change plot template
settings.

Edit a Plot Template
Click "2 Edit.

Upload a Captured Plot
Click . Capture.

Start a Trend

Click ® Trend.

History Tab

The History tab, located in the upper left pane, displays a list of all the plots you have uploaded.

Every plot that is uploaded from the module is automatically saved under the Recently

Uploaded Plots folder in this list. The following actions can be done in the History view:

View an Uploaded Plot
On the History tab, click the uploaded plot you wish to view.

Delete an Uploaded Plot
Select the plot, then click * Delete.

Rename an Uploaded Plot
On the History tab, click the plot you wish to rename and press F2. Type the new name and
press Enter.

Save Uploaded Plots
To save plots, on the Plot Manager toolbar, click -.'E‘ Save Plot(s).

Export an Uploaded Plot
To export plot data for use in other programs such as Microsoft Excel, right-click the plot and
choose Export Plot. See Saving and Exporting Plots for details.

View and Manage Auto-Saved Plots
RMCTools automatically saves a backup copy of every uploaded plot to an internal folder on
the PC in order to prevent data loss if the user forgets to save plots before closing RMCTools.
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To view backup copies of uploaded plots, expand Auto-Saved Plots and click View Auto-
Saved Plots.

To change the settings of auto-saved plots, expand Auto-Saved Plots and click Auto-
Save Settings.

For details, see Auto-Saved Plots.

Tuning Tab

The Tuning Tools, located on the Tuning tab in the upper left pane, is for tuning the axes. The
Tuning Tools streamlines the tuning process by providing a single place where you can issue
commands, change and download gains, and view plots of moves. In addition, plots are
automatic uploaded after sending a command. All uploaded plots are listed on the History tab,
and include the tuning parameters used for each plot, which can be viewed in the Parameters
pane.

See the Tuning Tools topic for details.
Plot Details

The Plot Details tab, located in the bottom left pane, displays the plot data at the sample at which
the hairline cursor in the plot is located. The color of each data item in the Plot Details
corresponds to the color of each line in the plot. Values of DWORD data type are not displayed
with a line, but the individual bits can be viewed in the Plot Details by clicking the '+' preceding
the tag name.

Clicking an item in the Plot Details list will highlight the item in blue, and the vertical scale in the
plot will change to apply to that item, if the item has a plotted line. All items that the currently
displayed vertical scale applies to will be highlighted in light blue.

To change the data to be plotted, see the Plot Template Editor topic.
From the Plot Details, the following items can be changed for each data item:

¢ Show/Hide Line
To show or hide a plot line do any of the following:

e Click the color box of any item in the Plot Details to toggle the plot line on or off.

o If the item in the Plot Details is selected, press the Spacebar to toggle the plot line on
or off.

e Double-click the item in the Plot Detail to toggle the plot line on or off.

e Right-click an item in the Plot Details and choose Show Line or Hide Line, or Hide
All But This or Show All Lines.

e Set Pen Color
Right-click an item in the Plot Details and choose Set Pen Color. Choose a color and click OK.

e Set Scale
Right-click an item in the Plot Details and choose Set Scale. Choose a scale option and click
OK.

e Format Number
This sets the number of decimal places to display. Right-click an item in the Plot Details and
choose Format Number. Choose a format option and click OK.

e Add Pen
If an item does not have a pen associated with, you can right-click the item in the Plot Details,
choose Add Pen, then select a color to show the line in the plot.

e Set X Axis
You can view the plot as an XY plot with the selected data item as the horizontal axis (x-axis)
value, with all the other items plotted on the vertical axis (y-axis).

e Clear X Axis

If the selected item is currently an X Axis, this will change the axis to a time-based plot, where
the x axis is time.
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e Set X Axis Scale
If the selected item is currently an X Axis, this will set the scale of the horizontal axis, with
options of Auto Scale and a Manual Scale.

Absolute Time

In the Plot Detail window, you can choose to display the absolute time of the cursor. This
absolute time corresponds to the time displayed in the Event Log, and is very useful for
correlating the Event Log with the plot when troubleshooting.

To show the absolute time:
e On the View menu, click Show Absolute Time.

Parameters Pane

The Parameters tab, located in the bottom left pane, contains the axis gains and related
parameters for each axis that is included in the currently displayed plot. This information is
uploaded immediately after the plot has completed uploading. This information is also saved
when a plot is saved.

See Also
Plot Overview | Plot Manager Overview | Using XY Plots
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4.9.3. Plot Template Editor

To access the Plot Template Editor:
On the Plots menu, choose Plot Manager. On the Plotting tab, click “2’Edit Plot Templates.

Use this editor to set up the RMC plots. For example, you can change the number of plots, choose
which registers to plot, set the pen color, etc.

After making changes, click OK. If RMCToos is online with the controller, the changes will be
downloaded to the controller.
Managing Plot Templates

Plot templates can be added, deleted, or reordered.
e Add a Plot Template
Click % Add.
o Delete a Plot Template
Click # Delete.
e Move Template Up or Down.
Click #Up or ¥Down.
Editing Individual Plot Templates

For any plot, the following items can be set:

e Name
The name of the plot. This can be used to provide a descriptive hame for user reference.

e Sample Interval
Specifies the time between each sample. A smaller value will result in finer detail on the plot.
Because the memory for a plot is limited, a larger Sample Interval will allow for a longer Plot
Duration. The Sample Interval cannot be smaller than the Loop Time of the controller.

e Capture Duration
Specifies the length of a captured plot. A captured plot is one that is triggered by a motion

268 Delta Computer Systems, Inc.




4 Using RMCTools

command, the Start Plot (100) command, or Trigger Plot (102) command, and is stored
internally. If the captured plot duration value is too long for the available plot memory in the
RMC, an error bubble will appear. The memory usage depends on the number of data items,
the sample interval, and the capture duration.

e Trend Duration
Specifies the length of a plot trend. Trending continuously uploads the plot data while it is
being captured in the RMC. When the trend reaches the duration, the trend will continue and
old data will be lost. If the trend duration value will result in excessive use of PC RAM, an error
bubble will appear. The RAM usage depends on the number of data items, the sample interval,
and the trend duration.

o Default or Custom
Each individual plot can be set as either a Default or Custom plot, as described below. To
add or remove plot quantities, the plot template must be set to Custom. See Using Custom
Plot Templates.

Default and Custom Plots

Default Plots

Default plots are managed by RMCTools. This option makes managing plots easy and is
recommended for most users. The user can choose the axis to plot, and can change the Plot
Duration and Sample Interval. Changing other settings requires choosing Custom Plot.

RMCTools will automatically determine which registers should be plotted and how they are
displayed, based on the axis type. For example, if Axis 1 is a position-force axis, and a plot is set
to be a default plot for Axis 1, the plot will automatically be set to include the Target and Actual
Position, Velocity, and Force, Control Output, Status bits, and Mean Squared Error for Position
and Force.

Custom Plots

Custom plots can be fully configured by the user. For more details, see Using Custom Plot
Templates.

Plot Template Memory Usage

To determine how much memory the Plot Templates will use, below the Plot Template list, click
the Template Memory Used link. The dialog shows the amount of RMC memory that will be
used for the defined templates, and the memory available.

The memory limits are listed in the Plot Overview topic.

See Also
Plot Overview | Using Custom Plot Templates
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4.9.4. Using Custom Plot Templates

A plot template can be set as either a Default or Custom plot template. Default plot templates are
managed by RMCTools and cannot be edited. RMCTools will automatically determine which registers
should be plotted and how they are displayed, based on the axis type. In order to change items in an
individual plot template, such as plotted registers and pen color, the plot must be set to Custom Plot.

To set a plot to Custom:
1. Open the Plot Template Editor.
2. Choose a plot from the list on the left.
3. On the right side, choose Custom Plot.

Changing a Custom Plot
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To edit the plot templates, make the desired changes in the Plot Template Editor, then click the
Download button in the Plot Template Editor toolbar. Update Flash to retain this plot set in the
controller even after power is removed from the controller.

Any changes made to a plot in the Plot Template Editor will apply to all subsequent plots
uploaded in the Plot Manager for the selected plot template.

Adding and Removing Plot Quantities
Adding a Plot Quantity

1.

3.

Click New Quantity.

In the Plot Quantity Selection Tool, browse to the register you need, then click Add or press
the space bar. Repeat to quickly add consecutive registers. Use the Groups tab to quickly add
the basic status registers or tuning terms of any axis.

Click OK when done selecting new quantities.

Adding Quantities for Multiple Axes At Once

You can choose to add quantities for many axes at once. This can be done by duplicating the
existing quantities in the plot template, or by adding new quantities to the plot template and
duplicating them.

1.

w

6.

If the plot template does not already contain the quantities you wish to duplicate, then, In the
Plot Quantity Selection Tool, add the desired registers from a single axis, so that they appear
in the Quantities to Add to Plot Template box.

Click Duplicate for axes. The Plot Quantity Duplication Tool will open.
In the Quantities to Duplicate box, choose the quantities you wish to duplicate.

In the Axes for Quantity Duplication box, choose all the axes for which you want to add the
selected quantities. Use the Select All and Clear All buttons to speed up the process if there

are many axes.

Click OK to close the Plot Quantity Duplication Tool. The new quantities will now appear in the
Quantities to Add to Plot Template list.

Click OK when done selecting new quantities.

Removing a Plot Quantity

1.

Select the quantity to delete, and click Delete Quantity or press Delete.

Changing a Plot Quantity

1.
2.

Select the Formula cell of the desired quantity, then click the ellipsis ubutton.
Select the desired register and click OK.

Changing the Order of the Plot Quantities

1.

Select the quantity to move, and click Move Up 4 or Move Down ¥ or press Ctrl+Up or
Ctrl+Down.

Customizing Plot Quantities

Filter

You can choose to filter a plot quantity. This is most useful for the Actual Velocity and Actual
Acceleration, which tend to be noisy. To choose a filter, select Filter On in the Filter cell of the
desired Plot Quantity.

Number Format
You can set the number of decimal places for plotted quantities of REAL type:

1. Click the Format cell for the desired plot quantity and click the ellipsis ubutton.
2. Choose from the following:
a. Fixed Number of Decimal Places
The number will be represented with a fixed number of decimal places. For more
details, click the Help button.
270 Delta Computer Systems, Inc.



4 Using RMCTools

b. Fixed Number of Digits of Precision
The number will be represented with a fixed humber of digits of precision. For more
details, click the Helpbutton.
3. Click OK.

Show/Hide Plot Line

The Graph column indicates whether this quantity should be graphed with a line in the plot. All
quantities will always be displayed in the Detail window, even if the line is not graphed in the

plot.

Pen Color

To set the color of the graphed line:

1. Click the Pen Color cell for the desired plot quantity and click the ellipsis L-Jputton.
2. Choose a color from the color picker and click OK.

Scale

To set the scale of a plot quantity:

1. Click the Scale cell for the desired plot quantity and click the ellipsis L;Jbutton.
2. Choose from the two options:

a.

Auto Scale
RMCTools will automatically determine the scale based on the values of all the plot
quantities in the same scale group in the uploaded plot.

Manual Scale
The plot scale will be set to the specified range.

3. Click OK. Notice that the new scale will be applied to all plot quantities in the same scale

group.

Scale Groups

All plot quantities with the same Scale Group will share the same scale in an uploaded plot.
Changing the scale for any quantity will apply the same scale to all quantities in the same scale

group.

To choose a Scale Group:
1. Click the Group cell for the desired plot quantity and click the drop-down button.
2. Choose from the following options:

a.

Auto

RMCTools will automatically assign the group for this item. This is indicated by "Auto-"
followed by a letter that indicates the group chosen by RMCTools. For example, all
position registers are assigned to group A, all velocities to group B, and so on.

None
The plot quantity will not be part of a scale group.

Number
Choose a number to assign the plot quantity to your own user-defined scale group.

Trigger Settings

To edit the trigger settings, click Edit Trigger Settings. For details on using the plot trigger, see
the Triggering Plots topic.

Setting Description

Enable If this checkbox is set, a plot will automatically trigger when the
Automatic action in the Trigger Type box occurs. Notice that the plot must be
Trigger rearmed before it will trigger.

Trigger Type Only valid if the Enable Automatic Trigger is selected. Specifies

the action that will cause a plot to automatically trigger.
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Motion Commands: The plot will trigger when a motion command
is issued to the specified axis.

Rearm Specify how the plot is to be rearmed.

Options Manual: The plot must be rearmed manually by issuing the Rearm
Plot (103) command. This option lets you set the Trigger Position to
any value.

Automatic: The plot is rearmed automatically after a triggered. The
plot is then immediately ready to be triggered again. The trigger
position must be set to 0%.

Trigger Specifies how much of the plot contains data from before the trigger.
Percentage 0% means there is no data from before the trigger. 100% means
there is data only from before the trigger.

XY Plot

To define a plot as an XY plot:
1. Check the XY Plot check box.
2. In the X Axis box, select the plot item to be the x axis (horizontal) value in the plot.

3. The x-axis scale of the plot will default to be automatic. If you wish to set a scale value, check
the Manual Scale box and enter the desired range.

For more details, see Using XY Plots.

See Also
Plot Template Editor
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4.9.5. Using XY Plots

An XY plot displays all the data items in a plot relative to any other data item in the plot, with that
other data item being the horizontal (x) axis, and the remaining data items being plotted on the
vertical (y) axis. An XY plot requires that a data item in the plot be set as the X axis. If a plot does not
have an X Axis item, then the plot data items will be displayed versus time, with the time as the
horizontal (x) axis.

XY plots only apply to how the plot is viewed in the Plot Manager. The underlying data is still stored in
the same form as a typical time-based plot; that is, the data is stored as samples captured at each
plot sample interval. An uploaded XY plot can be easily be viewed as a time-based plot, and a time-
based plot can easily be viewed as an XY plot. Any data item in any plot can be selected to be the X-
axis value.

Defining an XY Plot Template

To define a plot template as an XY plot:

In a plot template, choose Custom.

In the XY plot section, check the XY Plot check box.

In the X Axis box, select the plot item to be the x axis (horizontal) value in the plot.

The x-axis scale of the plot will default to be automatic, meaning that the plot will scale
horizontally to fit the contents. If you wish to set a fixed scale value, check the Manual Scale
box and enter the desired range.

After applying the changes, every plot uploaded by this template will be displayed as an XY plot.

S S
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Notice that the X-axis item may still be plotted (and will appear as a diagonal line on the plot).
This is controlled by checking or unchecking the Graph box for the item in the Plotted Data
Items table.

Using the XY Time Slider

The XY Time Slider in the Plot Manager is very useful for tracking the progression of an uploaded
plot in time, or determining the exact values of the data at a specific point in time.

The XY Time Slider is located at the top of an uploaded plot. It covers the entire time duration of
the plot. When the slider is clicked or dragged with the mouse, the Sample Indicator boxes will
show the data points for that given point of time in the plot. In the Plot Details window, the Data
Values column will show the values of the data points, as well as the time.

XY Time Slider

= D

_ e Sample Indicators

_ﬂ_

" Zpu dpu Bpu 8pu " 10pu 12
Using the Cursors

The cursors are useful for approximating the values of the data items at some location in the plot
and making measurement in the plots. The Plot Details window will display the value of a cursor
relative to the scales for each data item. It will not display the exact values of the data items,
since exact data values do not exist for every location in the plot (to view exact data values, use
the XY Time Slider). In the Plot Details window, the x-axis values of the cursors will be given by
the X Axis item, and the other items will list their respective y values.

How to:

e Place a cursor:
Click anywhere in the plot. In the Plot Details window, the Cursor Value column will display
the cursor values.

e Place a second cursor:
Right-click anywhere in the plot and choose Show 2nd XY Cursor. In the Plot Details
window, the Cursor 1 and Cursor 2 columns will display the cursor values, and the Diff
column will display the difference between the values.

e Move a cursor:
Click a cursor and drag it. The data values in the Plot Details window will update as the cursor
is moved.
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e Hide the cursors:
Right-click anywhere in the plot and choose Hide XY Cursors.

e Hide only the second cursor:
Right-click anywhere in the plot and choose Hide 2nd XY Cursor.

Switching Between XY and Time

An uploaded XY plot can be viewed as a time-based plot, and an uploaded time-based plot can be
viewed as an XY plot.

How to:
e Change an XY plot to a time-based plot:
Right-click anywhere in the plot and choose Convert to Time Plot.

Or:
In the Plot Details window, right-click the item labeled X Axis and choose Remove as X Axis.

e Change a time-based plot to an XY plot:
Right-click anywhere in the plot and choose Convert to XY Plot. In the X-Axis box, choose
the item that you wish to be the X axis and click OK.
Or:
In the Plot Details window, right-click the item that you wish to be the X axis and choose Set
as X Axis.

Changing the X-Axis in an XY Plot

To change the x-axis item in an uploaded XY plot:
e In the Plot Details window, right-click the item that you wish to be the X axis and choose Set
as X Axis.
Changing the Scale in an XY Plot

The X-axis item of the plot is listed in the Plot Details window, and has two scales: x-axis and y-
axis. Setting the y-axis scale of the X-axis item (if the x-axis item is being plotted vertically as
well) is the same procedure as for the other data items in the plot: right-click the item and
choose Set Scale.

To change the x-axis scale in an XY plot:
1. In the Plot Details window, right-click the item labeled X Axis and choose Set X Axis Scale.

2. Choose Auto Scale or Manual Scale.
The Auto Scale option will scale the plot horizontally to fit the contents of the plot. The Manual
Scale option will set a fixed scale. You can zoom in from the fixed scale.

Zooming an XY Plot

Mouse Keyboard Toolbar
Horizontal Zoom Ctrl+Mouse Wheel Ctrl+Plus Sign = g’
Ctrl+Minus Sign
Horizontal Scroll Shift+Mouse Wheel - -
Horizontal Reset:: - B el
Vertical Zoom  Ctrl+Shift+Mouse Wheel Ctrl+Shift+Plus Sign | & g,
Ctrl+Shift+Minus Sign
Vertical Scroll Mouse Wheel -

Vertical Reset: - -

Zoom to Window: - -
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1Resets auto-scaled items to fit the data. For manually scaled items, resets the scale to the
manual setting.

:For manually scaled items, resets the scale to the manual setting. Manually setting the
horizontal scale will set the maximum horizontal zoom for the plot. If the manual scale does not
show all of the plot, you must change the scale in order to see the entire plot.

See Also
Plot Manager Overview | Using Custom Plots

Copyright (c) 2023 by Delta Computer Systems, Inc.

4.9.6. Plot Quantity Selection Tool

To access this dialog:
In the Plot Template Editor, on any plot tab, choose Custom Plot, and click New Quantity.

Use this dialog to add one or more plot quantities to the plot template. After selecting the desired
quantities, click OK to close the dialog.

Adding Individual Registers

1. On the Registers tab, browse to the desired register.
2. Click Add or press the space bar to choose the register. Repeat to add consecutive registers
quickly. The registers will appear in the Quantities to Add to Plot Template list.

Adding Groups of Registers

Use groups to quickly add the basic status registers or tuning terms of any axis.

1. On the Groups tab, double-click an axis. The registers will appear in the Quantities to Add
to Plot Template list.

Removing and Moving Registers

Use the Remove lﬁl, Move Up |l|, or Move Down lil buttons to remove or re-order
registers in the Quantities to Add to Plot Template box.

Adding Quantities for Multiple Axes At Once

You can choose to add quantities for many axes at once. This can be done by duplicating the
existing quantities in the plot template, or by adding new ones to the plot template and
duplicating them.

1. If the plot template does not already contain the quantities you wish to duplicate, then, from
the Registers tab, add the desired registers from a single axis, so that they appear in the
Quantities to Add to Plot Template box.

2. Click Duplicate for Axes. The Plot Quantity Duplication Tool will open.

In the Quantities to Duplicate box, choose the quantities you wish to duplicate.

4. In the Axes for Quantity Duplication box, choose all the axes for which you want to add the
selected quantities. Use the Select All and Clear All buttons to speed up the process if there
are many axes.

5. Click OK to close the Plot Quantity Duplication Tool. The new quantities will now appear in the
Quantities to Add to Plot Template list.

w

Advanced Quantities

On the Advanced tab, you can add the following:
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e Mean Squared Error

The Mean Squared Error calculates a single number that records indicates how closely two
registers tracked each other during the plot. The Mean Squared Error is typically using
during manual tuning to compare how close two plot quantities are, such as Target and
Actual Position. The smaller the number, the closer the items tracked.

Choose Standard Error Quantity to select the Mean Squared Error between the Target
and Actual Values of an axis control quantity. Choose Custom Error Quantity to select the
Mean Squared Error between any two registers that you choose.

o Rate of Change of a Register

This option will plot the calculated rate of change of a register. If the original register is
already included in the plot, plotting the rate of change does not require the plot to capture
another register. This allows the plot template to include more quantities than the number
of data sets that the plot is limited to. Also, because using the rate of change may reduce
the number of plot items to upload, the plot can upload faster, which will be noticeable
when using the slower monitor ports on the RMC75S and RMC75P.

See Also
Plot Template Editor | Plot Overview
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4.10. Tuning

4.10.1. System Identification

To access the System Identification Dialog:
On the Plots menu, point to View, then click System Identification.

The System Identification tool calculates system models for the currently displayed plot. The System
Identification tool assigns a score to each model, with a lower number indicating a better fit. This tool
does not apply the calculated models to the axis. However, you can manually enter these values in the
axis' model parameters.

Use the Tuning Wizard to calculate a system model and apply the values to the axis parameters. See
the Modeling topic for details on how the system model is used.

ID a Portion of the Plot

The System Identification tool allows you to calculate a system model for only a portion of the
plot:

1. On the Plots menu, choose View, and click Show 2nd Cursor.

2. Use the mouse to drag the cursors to select the desired portion of the plot.

3. On the Plots menu, choose View, then click System Identification Tool.

To remove the second cursor, on the Plots menu, choose View, and click Hide 2nd Cursor.

Advanced

Click View Log to view the calculation results. The log also shows the parameters calculated for
type O or type 1 systems, and zero, first, and second order models.

In a Type 0 system, the controlled variable is roughly proportional to the Control Output.

In a Type 1 system, the rate of the controlled variable is roughly proportional to the Control
Output.

276 Delta Computer Systems, Inc.




4 Using RMCTools

See Also
Modeling

Copyright (c) 2023 by Delta Computer Systems, Inc.

4.10.2. Tuning Tools

To access the Plot Manager:
On the Tools menu, click Tuning Tools.

Use the Tuning Tools to tune the axes. The Tuning Tools pane streamlines the tuning process by
providing the following:

e Access to Tuning Wizard and Autotuning

e One-Stop Tuning
The Tuning Tools pane provides a single place where you can issue commands, change and
download gains, and view plots of moves.

e Automatic Plot Upload
Plots are automatic uploaded after you issue a command.
Overview

The Tuning Tools pane contains all the tools you need to tune an axis:

Axis
Choose the axis to tune, and choose position or pressure or
force.

Click Tuning Wizard to start Autotuning or to tune from an
existing plot.

Click Gain Calculator to choose gains using the slider bar.

Tuning Parameters
You can change the tuning parameters and then download

them to the controller by clicking the Download iﬁﬁ button. For
challenging tuning systems, you also have access to all the
axis parameters, just as in the Axes Parameters pane in the
Axis Tools.

Status Registers

This section provides you with basic axis information. For
example, the Actual Position is helpful so you know which
direction to move the axis.

You can choose which registers appear by clicking the
Customize Tuning Tools button.
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Command Buttons

Tuning involves repeatedly issuing the same commands to

move the axis back and forth. The command buttons ([Click
7] to Set up]) simplify this process. Click the button to customize
it.

Axis: |l— [Axis1] v| Position

/Tuning Wizard ,%Gain Calculator

|

Reqgister Axisl
Proportional Gain 208.6
Integral Gain 2799.0
Differential Gain 1.718
Dbl, Differential Gain 0.0
Velocity Feed Forward (Pos) 3.363
Velocity Feed Forward (Meqg) 3.36
Acceleration Feed Forward 0.04165
Symm/Ratioed Ratioed

Pos/Vel Output Filter (Hz) 0.0
Cutput Bias (V) 0.0

Tune 4 Model & Al

Actual Position 0,000
| Move to 5.0 hd |
| Maove to 15.0 v| Adjust VFF

% Plotting A History A Tuning / P

Using the Tuning Tools

After you have set up your actuator and feedback, and completed the scale and offset, you are
ready to tune the axis. The following procedure describes how to use the Tuning Tools to tune
your axis.

Autotuning
Position Axes

To autotune a position axis, click Tuning Wizard and follow the wizard. After completing
autotuning, you must test the tuning by moving the axis. Read the Manual Tuning section
below to learn how to set up the command buttons to move the axis and view plots of the
motion.

Pressure or Force Axes

The Tuning Wizard can calculate gains for pressure or force axes given an existing plot that

shows the pressure or force changing. On the Pressure tab, click Tuning Wizard.
Manual Tuning

This section describes how to use the Tuning Tools during the tuning process. It does not describe
the order of changing gains. For details on which gains to change when during the tuning
procedure, see the Tuning Overview topic.

1. Set Up the Command Buttons
For position axes, click the Position tab. For pressure or force axes, click the Pressure or
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Force tab. Then, set up the command buttons so that one button will move the axis one
direction, and the other will move it in the other direction.

i -
a. Click the down arrow on the command button il | |

b. Enter the parameters for the command, then click OK.
Make sure the correct plot template is selected.

Tip:

For a typical hydraulic cylinder position axis, the Accel and Decel parameters of the Move
absolute command are typically on the order of 10 to 100pu/sec?. The speed is typically
between 1 and 30pu/sec.

Examples:

Cmd: |M|:r-.'e Absolute (20) |:|
Position (pu): 1
Speed (puys): 10
Accel Rate (pufs2): 100 Cmd: |Ramp Prs/Frc (5-Curve) (41) D
Decel Rate (puf=2): 100 Pra/Frc (Pr): 5000
Direction: Mearest (0) Ramp Time (s): 0.5

Button Label: | | Button Label: | |

copturepior 7 copturepior|_ ¥

Plot Template: |0 - Axis 0 ]| Plot Template: | 1-Axis1 ~]|

[ K ]| Cancel | [ K. ]| Cancel |

d. Repeat the previous step for the other command button. For position axes, make sure to enter
the same velocity, acceleration, and deceleration, but a different position. For pressure/force
axes, use the same ramp time, but a different pressure/force value.

Click OK. Now you will see that the command buttons are labeled.

2. Send the Command

a. Click the command button for the direction you wish to tune. This will send the command and
automatically upload the plot from the RMC.

b. Click the other command button to move the axis back to where it was. This will send the
command and automatically upload the plot from the RMC.

3. Change a Gain
Based on the plot, change a gain, and download it.
a. Look at the plot that was automatically uploaded from the RMC and determine which gain you

wish to change. For details on which gains to change when during the tuning procedure, see
the Tuning Overview topic.

b. Click the Download iﬁﬂ button to download the change to the RMC.

4. Repeat
Repeat steps 2 and 3 until you are satisfied with the tuning, but keep these items in mind:
a. For position axes, you can use the Adjust VFF button to have the RMC automatically

determine the Velocity Feed Forwards in both directions. Make a move, then click the Adjust
VFF button. Repeat for the other direction.
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b. For pressure/force axes, you can use the Hold Prs/Frc button to enter pressure/force control.
For details, see the Tuning Pressure/Force topic.

c. Soon after you have gained decent control over the system, you should increase the speed or
rate of your moves to the speed or rate you expect to use during machine operation.

d. To see how your tuning has progressed, or to see which gains you used several moves ago,
click the History tab and choose a plot. The Parameters tab below the Plot Details window
displays the gains that were used for each plot.

See Also
Plot Overview
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4.11. Programming

4.11.1. Programming Folder Overview

The Programming folder in the Project Pane contains the components for programming the RMC.
These include:

e Programming Properties
e Variable Table Editor
e Discrete I/0 Configuration

e Program Triggers

e Step Editor (User Programs)

For details on programming these items, see the Programming Overview topic.

See Also
Programming Overview

Copyright (c) 2023 by Delta Computer Systems, Inc.

4.11.2. Step Editor

To access this editor:

Expand the desired controller in the Project pane, expand Programming, and expand User
Programs. Double-click an existing User Program, or right-click User Programs and click New
Program to create a new one.

Use the Step Editor to create a User Program. The Step Editor provides an easy and intuitive
programming interface.

User Programs allow you to run a sequence of commands on the RMC. A User Program consists of a
series of steps that are linked together in sequences. The steps consist of the following:

e Command - This is the command that will be issued to the specified axis or axes on the RMC.
e Link - This specifies which step to jump to next and when to jump to that step.

Example User Programs
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For examples of user programs, see the Programming Examples Overview topic.

Using the Step Editor

Steps
e Adding a Step:

vr=
On the Step Editor toolbar, click the Insert New Step ﬁEbutton.
Or, right-click in the space below the step number and choose Add Before or Add After.
Or, select a step and press Insert to add a command before, or Alt+Insert to add a step after.

e Delete a Step:

On the Step Editor toolbar, click the Delete Step E button.
Or, right-click in the white space below the step number and choose Delete.

e Moving a Step:
Click in the white space below the step number and drag the step to the desired location.
Or, select the step and use the Move Step Up Eand Move Step Down E buttons on the
toolbar.
When adding and deleting steps, the Step Editor automatically updates the Link Jump To
numbers. For example, if step 3 has a Jump To number of 4, and you insert a step before step 3,
then the old step 3 becomes the new step 4. The Step Editor automatically increments its Jump
To number from 4 to 5.

If a deleted step was linked to with a number from some other step, a warning will appear in the
Output window.

Commands
There are two ways to choose a command:
e Choosing a command:

In the Command box, click the ellipsis LJ button to choose a command from the command
tree.

Or, in the Command box, begin typing the name or humber of the command, then choose the
command from the pop-up list.

e Adding a new Command:
On the Step Editor toolbar, click the Insert Command button " #.
Or, right-click close to a command and choose Add Before or Add After.
Or, select a command and press Ctri+Insert to add a command before, or Ctri+Alt+Insert to
add a command after.

e Delete a Command:

On the Step Editor toolbar, click the Delete Command )ﬁ? button .
Or, right-click close to the command such that the entire command is selected, then choose
Delete.

e Moving a Command:
Click close to the command such that the entire command is selected, then drag the step to
the desired location.
Or, click close to the command such that the entire command is selected, and use the Move

Command Up Wand Move Command Down Vbuttons on the toolbar.

Entering Command Parameters

If the command has any parameters, enter their values. In most parameters, you may enter a
number, tag, or an expression. If you use a tag name, register, or expression, it must evaluate to
the data type required by the parameter, typically a REAL.

Tip:

For

help on the command's parameters, click the command box and press F1.

e Click a parameter box.
e To enter a number, type the number.
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e To enter an expressions, type the expression. The Expression Browser is not available for
command parameters, but the auto-complete will assist you.

e To enter a tag, click the ellipsis L-) button and choose the tag from the list. Or, start typing
the tag name and then use the arrow keys to select the address.

Note:
A tag may be a variable or any register in the RMC.

Selecting Commanded Axes
The Commanded Axes specifies which axes to issue the command to.

e Click the Command Axes button and choose the axes you wish to issue the command to. For
example, selecting Axis 0 and Axis 1 will make the command be issued to both axes.

e The Default Axis and Use Expression options are typically used only in advanced
applications. If you choose Default Axis, the command will be issued to the same axis as the
Start Task command was issued to. The Use Expression option can be used to
programmatically select the commanded axes.

e Click OK to close the commanded axes list.

Important: A maximum of one non-immediate command per axis can be issued in a single step.
If you try to issue more than one command to an axis per step, the verify will report an error and
you will not be able to download the programs.

Choosing a Link Type
1. Click the down-arrow in the Link Type box and choose the desired link type.
2. If the link type has a condition, enter it according to the table below:

Link To enter a Link condition:

Type
Immed N/A
Jump N/A

Delay  Type a number, or click the ellipsis LJ button to choose a tag.

Wait  (jick the ellipsis LJ button to open the Link Condition Wizard.

For

Cnd  Click the ellipsis LJ button to open the Link Condition Wizard.
Jump

End N/A

3. If you chose Jump, Delay, or CndJump, enter the step to jump to in the Jump To box(es).
You can enter a step number, "Next", or a step label.

Adding A Comment

e On the Step Editor toolbar, click the Edit Step Comment @ button. Or, right-click in the
space below the step number and choose Edit Step Comment.

e Type a comment and click Save.
Adding A Label

e On the Step Editor toolbar, click the Edit Label B button. Or, right-click in the space below
the step number and choose Edit Label.

e Type a label and click Save.
Adding Local Variable Declarations

If you are using the Expression (113) command, you can also define local variables for use in the
step. See Local Variables in Expressions for details.

e On the toolbar, click the Declarations [=] button.
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Copy/Paste

The Step Editor fully supports copy and paste. You can copy and paste any section of a step,
entire steps, multiple steps, etc. The copy and paste also works between instances of RMCTools.

Undo

Undo is available for all editing actions in the Step Editor. Undo is also available within an
individual expression, although once an expression edit is accepted, the undo history internal to
the expression box is cleared.

e To undo a change, on the Edit menu, choose Undo, or press Ctrl+Z.
e To reverse an undo action, choose Redo, or press Ctri+Y.
Printing

To print the currently open user program, on the Step Editor toolbar, click the Print 4 button .
Or, on the File menu, choose Print.

See Also
User Program Overview
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4.11.3. Program Triggers

To access the Program Triggers: In the Project pane, expand Programming, and double-click
Program Triggers.

The Program Triggers start user programs when user-specified events occur. For example, you can set
up the Program Triggers to start a user program when an input turns on, or to start a user program
when a variable becomes a certain value. This is a good way to start RMC user programs from a PLC
or host controller.

For a real programming example of using the Program Triggers, see the Example: Jogging an Axis
topic.

Triggers

The Program Triggers can contain the following number of Triggers:
Number of Triggers

RMC75S 64

RMC75P 64

RMC75E 64

RMC150E 64

RMC200 128

A trigger is one complete row in the table, consisting of a Condition and Task Actions. The RMC
checks all the conditions every loop time. When a condition becomes true, the user program(s)
specified by the user are started on the specified tasks. The user programs are started only on
the rising edge of the entire condition becoming true (one-shot). The user program will be started
on that task even if the task is already running a user program. The task will stop running the
current user program an run the new one.

The Task Actions are performed only on the rising edge of the entire condition. Therefore, when

the entire condition becomes true, the specified Task Actions will be performed. While the
condition remains true, the trigger will not start or stop anything.
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Important!

The Task Actions are performed only on the rising edge of the entire condition. Therefore, when the
entire condition becomes true, the specified Task Actions will be performed once. While the condition
remains true, the trigger will not start or stop anything.

Conditions

The Program Triggers can handle simple or complex conditions. For example, a condition can
check for certain inputs to be on and the Actual position to be greater than a certain value.
Conditions are created using expressions and are therefore very flexible. For details on
expressions, see the Expressions topic. To find out how to create a condition, see Creating a
Trigger below.

Task Actions

Task Actions can start or stop Tasks. Tasks run User Programs. For each trigger, you can define
which Tasks to start, stop, or do nothing to. The Program Triggers will allow a Task to be started
only at a label in a User Program. To find out how to set up the Task Action, see Creati