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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 www.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: 

• RMC75 Startup Guide 

• RMC150 Startup Guide 

• RMC200 Startup Guide 

The Startup Guides can also be accessed at deltamotion.com/dloads/. 

Video Tutorials 

Troubleshooting 

See the Troubleshooting topic. 

Customer Support 

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

Telephone: 360-254-8688  (24-hour 

emergency support available) 

Fax: 360-254-5435 

E-mail: support@deltamotion.com 

Website: http://www.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 . 

  

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. 

http://www.deltamotion.com/
https://deltamotion.com/pdf/rmc70startup.pdf
https://deltamotion.com/pdf/rmc150startup.pdf
https://deltamotion.com/pdf/rmc200startup.pdf
https://deltamotion.com/dloads/
mailto:support@deltamotion.com
http://www.deltamotion.com/
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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. 

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 
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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 Position  — Target Velocity  — Target Acceleration 

 

PID Algorithm 

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  

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: 

1. On the View menu, choose Command Tool. 

2. In the Cmd box of the desired axis, click the ellipsis ( ) button. 

3. Browse to the command you need and click OK. 

4. If the command has parameters, fill them out. 

5. Click Send to issue the command to the RMC. 

6. 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. 
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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.  

• 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. 

• Feedback Type 

Some RMC modules require that you define the feed back type, such as voltage, 

current, Start/Stop, etc. 

• Scale and Offset 
The Scale and Offset parameters convert the transducer feedback to real-life units, 

such as inches, millimeters, etc. 

• Tuning 

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

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. 

  

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 
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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. 
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2. Starting Up the RMC 

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 

www.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. RMC75E 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. 

http://www.deltamotion.com/
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• RMC200 S8  
The last two inputs, 6 and 7, can be configured as a single quadrature input. For 

details, see the S8 Module topic. 

• RMC200 D24  
The high-speed inputs may be configured as one or two quadrature inputs. For 

details, see the D24 Module topic. 

• RMC200 U14  
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. 

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

e. 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: 

• SSI transducer 

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

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  or 

press Ctrl+D. 

  

• Magnetostrictive transducer with Start/Stop or PWM 

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

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

▪ Start/Stop Rising Edge 

▪ Start/Stop Falling Edge 

▪ Pulse-Width Modulated 

iv. To apply the changes to the RMC, click the Download button  or 

press Ctrl+D. 

  

• Voltage or Current transducer 

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

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  or 

press Ctrl+D. 

  

• 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. 

  

• Resolver 

  

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

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  or 

press Ctrl+D. 

  

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

h. 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. 

i. 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.   

  

j. On the Controller menu, click Update Flash. This stores your changes in the RMC 

even in the event of a power outage. 
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k. Press Ctrl+S to save the project. 

6. Connect an Actuator 

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

  

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 and choose 

Go Online. The toolbar will indicate that RMCTools is online   or 

. 

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

g. In the 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  or press Ctrl+D to apply the changes to the RMC. 

h. RMC200 Only: On the toolbar, click  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. 

l. In the Command Tool, do the following steps to apply 0.1 V to the axis Control 

Output: 

l. Caution: Use the Direct Output command with caution! It disables the safety 

features of the RMC! 

• Double-click the Cmd box, type "D" and choose the Direct Output (9) 

command. 

• Set the Output to 0.1 V. 

• Set the Ramp Rate to 100 V/s. 

• Click Send Command. 

• 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: 

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

• 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: 
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m.  

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  or press Ctrl+D to apply the changes to 

the controller. 

4. Repeat the process again: Issue the Direct Output command again, 

observe the Actual Position, and see which of the three things 

happened. 

m.  

• 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. 

o.   

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. 

q. In the 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  or press Ctrl+D to apply the changes to the controller. 

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

e. 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: 
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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  to apply the changes. 

  

8. Tune Each Axis 

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: 

• Ethernet Overview 

• PROFIBUS-DP 

• 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. 

  

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 
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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 

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: 

• 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. 

• 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. 

• Count Offset 
This parameter is used for Absolute Rotary axes to determine where the zero point of 

the counts should be. 

• 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. 

• Current or Voltage Offset 

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

• Millivolts/Volt Offset 
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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. 

  

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 P0, and its corresponding 

voltage V0 or current C0. Call the greater measured position P1, and its corresponding 

voltage V1 or current C1. 

2. Calculate the Position Scale with the following equation: 

Position Scale = (P0-P1)/(V0-V1) 

Position Scale = (P0-P1)/(C0-C1) 

3. Calculate the Position Offset with the following equation: 

Position Offset = P0 - Position Scale x V0 

Position Offset = P0 - Position Scale x C0 

  

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 
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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 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 CMAX. Calculate the Velocity Scale with one of 

the following equations: 

Velocity Scale = Max Vel / (VMAX - VZERO) 

Velocity Scale = Max Vel / (CMAX - CZERO) 

1.   

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 = Max Accel / (VMAX - VZERO) 

Acceleration Scale = Max Accel / (CMAX - CZERO) 

1.   

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 
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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. 

Unidirectional Load Cells (Tension-Only or Compression-Only) 

1. For two different force values (Force0 and Force1), apply a known force, and 

record the mV/V values (mVV0 and mVV1) at those forces. 
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2. Calculate the Force Scale and Force Offset with the following formula: 

Force Scale = (Force0 - Force1) / (mVV0 - mVV1) 

Force Offset = Force0 - Force Scale x  mVV0 

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 - mVVZero) 

Force Offset = ForcePos - Force Scale x  mVVPos 

Negative Correction Factor = (ForceNeg / mVVNeg ) / (ForcePos / mVVPos ) 

  

  

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 

• From the transducer data sheet, find the maximum output voltage of your pressure 

transducer and the pressure at that voltage. 

• Calculate the Pressure Scale with the following formula: 

Pressure Scale = Max Pressure / Max Voltage 

• 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. 

  

Method 2: P0/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 P0, and its corresponding 

Voltage V0. Call the greater measured pressure P1, and its corresponding Voltage V1. 

2. Calculate the Pressure Scale with the following equation: 

Pressure Scale = (P0-P1)/(V0-V1) 
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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 = P0 - Pressure Scale x V0 

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. 

• From the transducer data sheet, find the maximum output voltage of your pressure 

transducer and the pressure at that voltage. 

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

• Multiply the area of the A side with the maximum pressure of the A transducer to get 

the maximum A force. 

• Calculate the Force A Scale with the following formula: 

Force A Scale = maximum A force / Max A Voltage 

• 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. 

• Multiply the area of the B side with the maximum pressure of the B transducer to get 

the maximum B force. 

• Calculate the Force B Scale with the following formula: 

Force B Scale = maximum B force / Max B Voltage 

• 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 

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 
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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. 

• From the transducer data sheet, find the maximum output voltage of your pressure 

transducer and the pressure at that voltage. 

• Calculate the Channel A Pressure Scale with the following formula: 

Channel A Pressure Scale = Maximum A Pressure / Max A Voltage or Current 

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

• Calculate the Force A Scale with the following formula: 

Channel Force A Scale = area of A side of the piston 

• Repeat for Channel B 

• 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. 

  

  

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 

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: P0/P1 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 P0, and its corresponding 

Counts C0. Call the greater measured position P1, and its corresponding Counts C1. 

2. Calculate the Position Scale with the following equation: 
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Position Scale = (P0-P1)/(C0-C1) 

3. Calculate the Position Offset with the following equation: 

Position Offset = P0 - Position Scale x C0 

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 μs/in or μs/μm (typically about 9 
μs/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: 

 

RMC150: 

 

where 

• "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. 

• 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 [106/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: 

• Make sure the Position Offset is zero (0) and downloaded to the controller 

before continuing. 

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

• 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 P0. 

• Calculate the Position Offset using the following equation: Position Offset = 

Desired Position - P0. 

6. Download the Offset to the RMC. 

Example 

1. Connected to an RMC75 is an MDT transducer with a calibration number of 9.1615 

μs/in and no recirculations (this means it has just 1 recirculation). The system needs 

to be scaled to inches. 

o To calculate the Scale: 

 

o Download the Scale to the RMC. 

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

o To calculate the Scale: 

 

o Download the Scale to the RMC. 

o 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. 

  

3. Connected to an RMC150 is an MDT transducer with a calibration number of 9.1313 

μs/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: 

 

o Download the Scale to the RMC. 

o 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. 

  

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. 

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

Method 1: P0/P1 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 P0, and its corresponding 

Counts C0. Call the greater measured position P1, and its corresponding Counts C1. 

2. Calculate the Position Scale with the following equation: 

Position Scale = (P0-P1)/(C0-C1) 

3. Calculate the Position Offset with the following equation: 

Position Offset = P0 - Position Scale x C0 

  

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: 

 

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

5. Download the Scale to the RMC. 

6. Calculate the Position Offset: 

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

• 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 P0. 

• Calculate the Position Offset using the following equation: 

Position Offset = Desired Position - P0. 

6. Download the Offset 

  

  

2.2.9. Rotary Scaling 

SSI, resolver, and quadrature 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 
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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, 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. 

  

• 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. 
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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 

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: P0/P1 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 P0, and its corresponding 

Counts C0. Call the second measured position P1, and its corresponding Counts C1. 

2. Calculate the Position Scale with the following equation: 

Position Scale = (P0-P1)/(C0-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. 
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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. 

  

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. 

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: 

• Enter the number of counts per foot or revolution in the Raw Counts box. 

• Enter 60 in the Measured Position box. 

5. Click Next. The calculated Position Scale will be displayed. 

6. Click Next and complete the wizard. 

7. Run the system and make sure that the Actual Velocity is correct. 

8. 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. 

Position Scale Parameter for a Rotary Axis 

To scale a rotary axis to RPM: 

1. Set the Position Unwind to 60. 
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2. Set the Display Units axis parameter to rpm·s. This will result in the velocity being 

displayed as rpm. 

  

  

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: 

 

  

  

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 

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: 

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. 

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. 

  

See the Tuning Wizard topic for more details. 
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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: 

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

• 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 

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. 

• Use the Tuning Tools 

The Tuning Tools in the Plot Manager provide a single place where you can issue 

repeated commands and change and download gains. In addition, plots are 

automatically uploaded after a command. 

• 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/sec2. 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. 
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• 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. 

• 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. 

• 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. 

• 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. 

  

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. 
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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: 

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. 

c. 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. 

  

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. 
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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: 

• Linear position axes such as with hydraulic, pneumatic, or other velocity mode motors 

or actuators. 

• Rotary position axes with hydraulic, pneumatic, or other velocity mode motors or 

actuators. 

• 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. 

To start autotuning: 

1. Launch the Tuning Wizard: 

• 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. 

• 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. 

  

  

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 
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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: 

• Contain significant motion. Slight changes in position, pressure, or force are usually 

not enough. 

• Include the Control Output and the Actual Position, Actual Pressure, or Actual Force. 

• Not include long sections of no motion. 

• 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. 

• 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. 

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. 

  

  

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. 

2. Click Apply Gains to download the gains to the RMC. 
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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. 

  

  

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 . 

ii. In the Axis Parameters Pane, on the Setup tab, toggle the Invert Output 

Polarity parameter, then click the Download button . 

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

decreasing position units. 

   

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

Check Whether the System Exhibits a Deadband: 

a. Give increasing amounts of Output to the axis with the Direct Output (9) command 

until the system starts to move. 

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

b. In the Axis Parameters Pane, on the All tab, expand the Output section. 

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  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  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. 

a. Click the down arrow on the command button . 

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. 
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Example: 

 

 
  

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  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. 

• 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  to apply the 

change to the RMC. 

• 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. 

  

• 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. 
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o During the constant speed portion of the move, the Actual Position parallels 

the Target Position. 

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. 

• Once you gain control over the system, increase the speeds and accelerations of your 

commands to values that will be used during normal 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. 

 

  

Too much Proportional Gain 

The axis has started to oscillate, which is evident from the Actual Speed and Control 

Output. 
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Correct Proportional Gain 

The Actual Position parallels the Target Position during the constant velocity portion of the 

move and does not overshoot. 

 

  

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: 

• 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. 

  

• Make long slow moves in both directions. Adjust the Velocity Feed Forward until the 

axis tracks within 10% in both directions. 

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

• Click the Download button  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. 

 

  

Too much Velocity Feed Forward 

The Actual Position starts leading the Target Position. 
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Correct Velocity Feed Forward 

The Actual Position tracks the Target Position perfectly during the latter half of the move. 

 

  

8. Adjust the Acceleration Feed Forward 
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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. 

• 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. 

  

• Look for following errors during acceleration and deceleration. Increase the 

Acceleration Feed Forward parameter until the errors disappear. 

• If you are using Ratioed gains, make sure to adjust both Acceleration Feed Forwards. 

• Click the Download button  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. 

 

  

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. 

 

  

9. Readjust the Proportional Gain 
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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. 

• 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. 

• Click the Download button  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: 
Typically, the Integral Gain should be 3 to 5 times greater than the Proportional Gain. 

  

• Click the Download button  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. 

• 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. 
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• Increase the Differential Gain. It may help the system track better. If it starts 

oscillating or chattering, decrease the gain. 

• If the drive output during the constant velocity portion of the move is smooth, the 

Differential Gain is perhaps not set high enough. 

• 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". 

Note: 
If you use Differential Gain, you may be able to increase the Proportional Gain 

somewhat without making the system oscillate. 

• If the system starts chattering or oscillating before it can achieve proper control, try 

using the Output Filter. 

• Click the Download button  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. 

• If an Output 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. 

• 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. 

• If the actual position lags or leads the target position during the entire constant 

velocity section of the move, adjust the Feed Forwards. 

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

• 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. 
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• 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. 

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

  

14. Save your Settings to Flash 

To retain your settings in the RMC in the event of a power loss, you must save the 

settings to Flash: 

• On the Controller menu, click Update Flash. 

  

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. 

a. Click the down arrow on the command button . 

b. Enter the Pressure/Force, and Ramp Time, then click OK. 

Example: 
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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. 
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3. Change the gain. 

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: 

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

• If the actual pressure lags or leads the target position during the entire constant 

velocity section of the move, adjust the Feed Forwards. 

• 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. 

• If the Control Output is not high, the gains can probably be increased for better 

control, depending on system stability. 

• Adding or changing the pressure/force feedback filter may help if noisy feedback is 

suspected. 

  

  

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: 

• Tuning Overview 

• 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. 
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Do not give a lot of Integral Gain, just enough to make sure it eventually gets to the 

Target Pressure/Force. 

  

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. 

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

• Choose the Ramp Pressure/Force (Linear) (42) or Ramp Pressure/Force (S-Curve) (41) 

command and enter valid command parameters for your axis. 

• Repeat the previous step on the other command button. Enter the same command, 

except for a different Requested Pressure/Force. 

• 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. 
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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. 

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: 

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

• If the actual pressure lags or leads the target position during the entire constant 

velocity section of the move, adjust the Feed Forwards. 

• 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. 

• If the Control Output is not high, the gains can probably be increased for better 

control, depending on system stability. 

• Adding or changing the pressure/force feedback filter may help if noisy feedback is 

suspected. 

  

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. 

b. 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. 

b. Issue the Hold Current Position (5) command to the axis. 

c. 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. 
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a. Set all the gains to zero. 

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. 

  

  

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: 

a. Proportional Gain 

b. Output Filter 

c. Differential Gain 

d. Double Differential Gain 

e. Triple Differential Gain 

f. Double Differential Gain 

g. Differential Gain 

h. Proportional Gain 

i. Integral Gain 

j. 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 

  

Other tips: 
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• Use the Output Filter, setting it to a low value, comparable to the natural 

frequency of the system. 

• Deadband may be required on systems with high static friction. 

• The Velocity and Acceleration may need to be filtered, or using the model may 

help. 

  

  

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: 

a. Proportional Gain 

b. Differential Gain 

c. Double Differential Gain or Active Damping Proportional Gain 

d. Triple Differential Gain or Active Damping Differential Gain 

e. Double Differential Gain or Active Damping Proportional Gain 

f. Differential Gain 

g. Proportional Gain 

h. Feed Forwards 

i. Integral Gain 

j. May need to repeat several times. 
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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 

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/O 

Discrete I/O 
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Position-Acceleration 

Velocity-Acceleration 

Control Output 

RMC75/150: ±10 V 

Servo Output 

RMC200: ±10 V, 4-20 

mA, or ±20 mA Servo 

Output 

High-Order 

Active Damping 

Acceleration Control 

  

High-Speed Functions 

Homing 

Registration 

  

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 www.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. In 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 image, with each image having a separate Configuration ID. When a 

http://www.deltamotion.com/
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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 
 

See Note 1 

2.72-S4 to 2.99-S4 2.1C or older 2.1D or older - See Note 2 

2.30 to 2.71 
   

See Note 3 

1.00 to 2.21 
   

  

  

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. 

  

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 Time Settings 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 Time Settings Page of the 

controller properties dialog. 

The High Control Loop Utilization option does the following: 
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• Allows selecting faster loop times given the number of control axes defined in the 

controller. 

• 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 . 

  Loop Time 

  

4000 

µs 

2000 

µs 1000 µs 500 µs 250 µs 

RMC75E 
    

1 axis 

only 

RMC75S 
   

1 axis only with up to 

one reference input 
— 

RMC75P 
(2.1F or 

newer) 
   

1 axis only with up to 

one reference input 
— 

RMC75P 

(2.1E or 

older) 
  

1 axis only with up to 

one reference input 
— — 

RM150E Loop Times 

Loop times that support all axes configurations are indicated by a check mark . 

  Loop Time 

  4000 µs 2000 µs 1000 µs 500 µs 250 µs 

RMC150E 1 
  

1 or 2 axes only2 1 axis only3 

1 4000 µs 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. 

2 500 µs 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. 

3 250 µs 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: 

• All refers to the maximum number of axes supported by the controller, as listed in the 

Axis Types Overview. 

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

• 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. 

• 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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125 µs 0 axes 
Up to 3 control axes 

(or 2 dual-loop) 

250 µs 0 axes 
Up to 7 control axes 

(or 5 dual-loop) 

500 µs 
Up to 11 control axes 

(or 8 dual-loop) 
All 

1000 µs All All 

2000 µs All All 

4000 µs All All 

CPU40 

  Expected Number of Axes Supported with: 

Loop Time Full Load Limited Load 

125 µs 0 axes 
Up to 6 control axes 

(or 4 dual-loop) 

250 µs 0 axes 
Up to 11 control axes 

(or 8 dual-loop) 

500 µs 
Up to 14 control axes 

(or 10 dual-loop) 

Up to 32 control axes 

(or 23 dual-loop) 

1000 µs 
Up to 50 control axes 

(or 36 dual-loop) 
All 

2000 µs All All 

4000 µs 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 µs 0 µs* 52 µs 

250 µs 0 µs* 100 µs 

500 µs 152 µs 302 µs 

1000 µs 302 µs not limited 

2000 µs not limited not limited 

4000 µs 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 µs 10.2 µs 

Dual-loop Control Axis 16.0 µs 14.0 µs 

Virtual Axis 7.9 µs 6.3 µs 

Reference Axis 3.2 µs 2.5 µs 
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Output Only Axis 1.5 µs 1.2 µs 

  

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 
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• 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 

• Reduce the programming loop time used by following the tips in the Program 

Capacity and Time Usage topic. 

Commands: 

• 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. 

• 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. 

• 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: 

• Reduce the Cyclic I/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. 

  

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: 

Register Name 

Units in seconds 

Loop Time Used, Last 

Loop Time Used, Maximum 
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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. 

  

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 

• The Program Triggers are started (if the Enable the Program Triggers task checkbox is 

checked in the Programming Properties). 

• User Programs can run. 

• LEDs 

o The RMC75 Controller LED is steady green. 

o The RMC150 RUN Mode LED is steady green. 

o The RMC200 RUN LED is steady green. 

• The RMCTools toolbar will display . 

PROGRAM mode - RMC75/150/200 

• The Program Triggers are stopped. 

• User Programs cannot run. 

• LEDs 
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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 . 

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 . 

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. 

• 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 PROGRAM mode will not affect the motion on the axes. The axes will continue 

doing what they were doing. 

Fault Controller 
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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 , , or    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. 

  

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 
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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 (500μs to 4000μsec). 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 

RMC150 Quad 

RegX/PosLim input 

RegY/NegLim input 

RMC150 UI/O DI/O inputs R0 and R1 

RMC75 Q1 Reg input 

RMC200 Q4 Depending on the quadrature input: 

Input Registration Sources Inputs 

Quadrature input 0 and/or 1 Reg0, Reg1, Hm0, Hm1 

Quadrature input 2 and/or 3 Reg2, Reg3, Hm2, Hm3 

  

RMC200 U14 Reg/Z0, Reg/Z1, D0, D1 

RMC200 D24 Depending on the quadrature option: 

Option Registration Sources Inputs 

One quadrature input (A,B,Z) D22,D23,D18,D19 

One quadrature input 

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

detection 

D22,D23,D18,D19 

Two quadrature inputs, 

using inputs D20&D21 

D18, D19 

Two quadrature inputs, 

using inputs D22&D23 

D16,D17,D18,D19 

 

Arming the Registration 

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: 
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• 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. 

• The corresponding latched status bit will be set (Registration 0 Latched or Registration 

1 Latched). 

• 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). 

  

3.2.6. Homing 

Certain encoders, such as quadrature 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 

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. 
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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. 

2. 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 
Type Description 

Valid for 

RMC75 RMC150 RMC200 

0 H Rising Trigger a Home on the rising edge of the Home 

Input. 

QAx, Q1 Quad, UI/O Q4, D24, U14

1 H Falling Trigger a Home on the falling edge of the Home 

Input. 

QAx, Q1 Quad, UI/O Q4, D24, U14

2 Z Trigger a Home on the Index (Z) Input. QAx Quad Q4, D241, U14

3 Z And H Trigger a Home on the Index (Z) Input if the 

Home Input is high. 

QAx Quad Q4, D241, U14

4 Z And 

Not H 

Trigger a Home on the Index (Z) Input if the 

Home Input is low. 

QAx Quad Q4, D241, U14

1For the ABZ option only. 

Using the Home Input (Trigger Types 0 - 1) 

The Home input is defined as follows: 

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 

input 

Corresponding Reg n input on the module. 

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. 
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RMC200 U14 quadrature input Selection is made in the Home Input parameter 

of the Arm Home (50) command: 

For channel 0: Reg/Z0 or D0. 

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: 

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: 
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• Offset Position (47) 

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

Command Positions. 

• 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. 

• 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 
Type Description 

Valid for 

RMC75 RMC150 RMC200 

0 H Rising Trigger a Home on the rising edge of the 

Home Input. 

SSI*   

none 

1 H Falling Trigger a Home on the falling edge of the 

Home Input. 

SSI*   

2 Z Trigger a Home on the Index (Z) Input. SSI* SSI*, Resolver* 

3 Z And H Trigger a Home on the Index (Z) Input if the 

Home Input is high. 

SSI*   

4 Z And 

Not H 

Trigger a Home on the Index (Z) Input if the 

Home Input is low. 

SSI*   

5 Absolute 

Adjust 

(H 

Rising) 

On the rising edge of the Home Input, the 

zero Raw Counts point of the SSI encoder is 

set to the requested Home Position. 

SSI*   

6 Absolute 

Adjust 

(H 

Falling) 

On the falling edge of the Home Input, the 

zero Raw Counts point of the SSI encoder is 

set to the requested Home Position. 

SSI*   

7 Absolute 

Adjust 

(Immed) 

The zero count point of the SSI encoder is 

set to the requested Home Position 

immediately when this command is issued. 

SSI* SSI*, Resolver* 

  

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 
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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 (500μs to 4000μs). 

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. 

  

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. 

  

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. 

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. 

Register 
Name 

Dat

a 

Typ
e 

Time 
Base 

Rollove
r Tag Name 

RMC7
5 

RMC15
0 

RMC20
0 

System Time - Time base starts when RMC powers up 

Time Gear 

Master 

REA

L 

1.0 s 1 s _Time       

Time, 16th 

Milliseconds 

DIN

T 

0.000 

062 5 

s 

1.5 

days 

_Controller.SysTime_16thm

sec 
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(231 

ms/16) 

Time, 

Seconds 

DIN

T 

1.0 s 68 

years 

(231 s) 

_Controller.SysTime_sec       

Time, 

Milliseconds 

DIN

T 

0.001 

s 

24.8 

days 

(231 ms) 

_Controller.SysTime_msec 

Or: _SysMS 
      

Time, 

Microsecon

ds 

DIN

T 

0.000 

001 s 

35.7 

minutes 

(231 µs) 

_Controller.SysTime_usec       

Time, 

Nanosecond

s 

DIN

T 

0.000 

000 

001 s 

1 

second 

(1 

billion 

ns) 

_Controller.SysTime_nsec       

Time, Loop 

Ticks 

DIN

T 

Same 

as the 

Loop 

Time  

(0.00

0 125 

s to 

0.008 

s) 

3.1 - 

198 

days 

(231 loop 

times) 

_Controller.SysTime_loops 

Or: _SysTicks 
      

Real Time - Time base starts Jan. 1, 1970 

Real Time 

UTC, 

Seconds 

DIN

T 

1.0 s Februar

y 7, 

2106  

(232 s) 

_Controller.RealTimeUTC_se

c 

      

Real Time 

Local, 

Seconds 

DIN

T 

1.0 s Februar

y 7, 

2106  

(232 s) 

_Controller.RealTimeLocal_s

ec 

      

Real Time, 

Nanosecond

s 

DIN

T 

0.000 

000 

001 s 

1 

second 

(1 

billion 

ns) 

_Controller.RealTime_nsec       

  

Using the Time registers 

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.  
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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: 

time0 := _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 231-1 

(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 231 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 µs, its time base 

will be 500 µs. 

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 µs 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. 
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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, or a 

network time protocol. 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 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. 

• 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. 

• TIME_ELAPSED_SEC(DINT t0_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. 

• TIME_ELAPSED_MSEC(DINT t0_sec, DINT t0_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: 

• 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. 

• 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. 

• 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 

https://forum.deltamotion.com/
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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. 

• DURATION_SEC(DINT dur_sec, DINT dur_nsec) : REAL 

Converts from a duration in seconds and nanoseconds to seconds with fraction as a 

REAL. 

• 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. 

 

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: 

 

  

Next, capture the time that the second event occurred: 

 

  

Finally, calculate the difference between the two times: 

 

  

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 

https://forum.deltamotion.com/
https://forum.deltamotion.com/
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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: 

• Calculating the time between pulses on a single input. 

• Calculating the time between two different inputs turning on. 

• 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 

B11 2–10 

B15 2–14 

2.   

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 
Timers Event Source Names 

Hardware 
Input 

0 or 1 Quad Count: Any change in the quadrature 

count, useful for calculating velocity from last 

two counts. 

Quadrature 

Channel 0 

In0 Rising Edge, In0 Falling Edge Discrete Input 

D20 

In1 Rising Edge, In1 Falling Edge Discrete Input 

D21 
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2 or 3 Quad Count: Any change in the quadrature 

count, useful for calculating velocity from last 

two counts. 

Quadrature 

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. 

• 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. 

• 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. 

• 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. 

• Event Timer n Seconds 

• 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. 
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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. 

• 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. 

  

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. 
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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 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: 

 

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. 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. 

2. Wait for the timers to latch. 

https://forum.deltamotion.com/
https://forum.deltamotion.com/
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3. Calculate the time difference. 

Example user program: 

 

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: 

 

  

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. 
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Fault 

Input 

RMC75: The Fault Input of the axis. 

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. 

general 

input 

RMC75: any input from a D8 module, but only 

from the first 12 I/O 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: 
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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. 

 

Poor Practice 

  

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. 

b. 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 µs/in, the resolution of obtained by the RMC is: 

• RMC75 MA Module: 0.0005 inch with 1 recirculation 

• RMC150 MDT Module: 0.001 inch with 1 recirculation 

• 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: 

• RMC75 MA module: 8 to 32 SSI bits 
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• RMC150 Universal I/O module: 8 to 32 SSI bits 

• RMC150 SSI module: 8 to 31 SSI bits 

• 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 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. 

• Analog 

The RMC Analog-to-Digital converter support the following number of bits: 

• RMC75 AA, A2, and AP2: 16 bits 

• RMC150 H, G, and Universal I/O: 16 bits 

• RMC150 A: 12 bits 

• 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 a 

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 ±10 V ±5 V 4-20 mA 

AA 

AA, A2, AP2 

38.1 µV   0 .15 µA 

Analog (H) 38.1 µV 19.1 µV 0 .076 µA 

Analog (G) 38.1 µV       
Analog (A) 610 µV 305 µV 1 .221 µA 

Universal I/O 38.1 µV   0 .15 µA 

A8 20.1 µV   0 .0805 µA 
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U14 9.77 µV   0 .0316 µA 

  

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. 

• 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 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, Q1 8,000,000 

RMC150 Quad 

RMC150 UI/O 

4,000,000 

8,000,000 

RMC200 Q4 

RMC200 S8 

RMC200 D24 

RMC200 U14 

12,000,000, depending on input type 

8,000,000 

1,000,000, depending on input type 

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 
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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. 

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. 

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 

command signal input and 

does not require linearization. 

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. 

Single-knee Curvilinear 

The flow has a single sharp 

'kink' and can be linearized 

via the Single-Point method.  

These flow profiles can be 

linearized via curves.  
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Linearization Types 

Valve linearization is applied only when the axis is in closed loop control. The RMC supports 

valve linearization via two methods: 

• Single-Point 
Used only for valves with a single "knee" or "kink" in the flow versus command signal 

diagram 

• Curves 

Used for valves with any flow diagram, especially curvilinear valves. 

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%. 
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5. Download the changes and update Flash. 

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: 

• Curve Properties: 

• Curve Type must be Valve Linearization. 

• Endpoint Behavior must be Natural Velocity. 

• Interpolation must be Linear or Cubic. 

• The first point must be (-100, -100). 

• The last  point must be (100, 100). 

• The curve must contain the point (0,0). 

• The x-values must be within the range -100 and 100.  

• The y-values must be within the range -100 and 100, including the interpolated 

portions of the curve between points. 

• 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 lpm, you will need to convert them to 

percent when creating the curve. 

  

Example: 

Consider profile E in this valve flow profile diagram: 

 

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: 

 

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 left 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: 

 

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: 

 

  

  

3.3. Axes 

3.3.1. Axis Types 

The axis types listed in this topic are available on the RMC. 

What is an axis? 
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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: 

• 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. 

• 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.  

• 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. 

• 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: 

• A position-force application may require one analog position input, two analog 

pressure inputs, and 1 output, and is considered one axis. 

• A reference axis with only one input is considered one axis. 

• A virtual axis has no feedback or output and is considered one axis. 

Supported Number of Axes per Controller 

  RMC75 RMC150 

RMC200 

CPU20L 

RMC200 

CPU40 

Max Control Axes1 2 8 18 50 

Max Total Axes, including Virtual, Reference, and 

Outer Loop 

4 16 48 128 

1 For 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 Transducer Type 
Supported Transducer 
Output Types 

Position 

Notice that a position 

feedback control axis 

can also control 

velocity. 

position MDT 

SSI 

Quadrature 

Resolver 

Analog Voltage or Current  

Velocity tachometer Analog Voltage or Current  

Acceleration 

(single- or dual-input) 
1 or 2 accelerometers Analog Voltage or Current  

Pressure pressure sensor Analog Voltage or Current  

Force 

(single-input) 

load cell (±10V, 0-10V, ±5V, 

4-20mA) 

Analog Voltage or Current  

Force 

(single-input) 

load cell (mV/V) Millivolts/Volt 

Force 

(dual-input, 

differential) 

2 pressure sensors Analog Voltage or Current  

Custom Feedback 

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 Description 

Position-Pressure Used for controlling both position and pressure with one 

actuator. Typically used with hydraulic cylinders. 

Position-Force Used for controlling both position and force with one actuator. 

Typically used with hydraulic cylinders. 

Position-Acceleration Used for advanced control such as active damping, which 

provides precision control of difficult systems, such as pneumatic 

systems. 

Velocity-Pressure Used for controlling both velocity and pressure with one 

actuator. 

Velocity-Force Used for controlling both velocity and force with one 

actuator. 

Velocity-Acceleration Used for advanced control applications. 

Defining Axes 

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 



RMC70/150/200 and RMCTools User Manual 

90  Delta Computer Systems, Inc. 

In addition to the axis types listed above, further distinction can be made between axes: 

• Rotary vs. Linear 

• Absolute vs. Incremental 

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. 

• To remove an axis, click the Remove button. To add a new axis, click New. To 

change an existing axis, click Change. 

• To change the axis order, use the Move Up 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 Options 

Axis Type 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 

  

Control Loops 

(Control Axes and 

Cascading outer Loop 

Axes Only) 

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. 

  

Output 

(Control Axes Only) 

Type: Analog output. 
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Using: Choose which physical Control Output on the RMC to 

use. 

Feedback Types 

(for axes with feedback) 

Type: 

• Position 

• Velocity 

• Acceleration (single- or dual-input) 

• Pressure 

• 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 name 

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. 

  

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 
Control 

Axis Types 
Required 
Inputs 

Required 

Control 
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 1 or 2 1 Analog Voltage, Current, 

Load Cell 

  

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. 
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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 
Control 

Axis Types 

Required 
Primary 

Inputs 

Required Secondary 
Analog or mV/V 

Inputs 

Required 

Control 

Outputs 

Position-Pressure 1 1 1 

Position-Force 1 1 or 2 1 

Position-

Acceleration 

1 1 or 2 1 

Velocity-Pressure 1 1 1 

Velocity-Force 1 1 or 2 1 

Velocity-
Acceleration 

1 1 or 2 1 

  

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 

  

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". 

Reference axes are typically used for monitoring some quantity, such as: 

• Position 

• Velocity 

• Acceleration 

• Pressure 

• 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: 
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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: 

• 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. 

  

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 

Axis Types 
Required 
Inputs Transducer Types 

Position 1 MDT, SSI, Analog, Quadrature, 

Resolver 

Velocity 1 Analog Voltage or Current 

Pressure 1 Analog Voltage or Current 

Force 1 or 2 Analog Voltage or Current, or mV/V 

  

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 
Control 
Axis Types 

Required 
Primary 
Inputs 

Required Secondary Analog or mV/V 
Inputs 

Position-Pressure 1 1 

Position-Force 1 1 or 2 
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