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Introduction

The purpose of this app-note is to guide end users through the process of controlling a servo
motor using PWM (Pulse Width Modulation). This guide also provides the necessary steps to
configure a Copley Servo drive in Position Mode with PWM.

Overview

PWM produces a digital square wave which can be used to control motion in a servo motor, as well
as many other applications. In a PWM signal the minimum and maximum voltage are the values
that limit the square wave oscillation. The space between the Vmin and Vmax is called amplitude.

A cycle is the interval of the wave that completes one full repetition, and the time a cycle takes to
finish is called a period. Another important concept in PWM is the duty cycle. The duty cycle
represents the period in which the signal is high, or on the wave.

frequency= 50Hz

I 20ms .
" M= N

— — Ppuise Width 1 ms

T=1/f = 1/50 =20 milli seconds

Copley takes standard hobby RC PWM commands:

wisine, LI+ )
| | puise width 1 ms

Neutral _j T ‘71 [ j

I | Pulse Width 1.6 ms

Max Pulse 7111 1 @we-

Pulse Width 2 ms
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PWM Command Position

The picture below depicts a twisted pair of wires and the breaded shield, connecting to the frame
ground pin on the Copley driver.

Command

Source Copley Drive
F6 Frame Ground
PWM Out |— et /"] PWM Input
\/ \/
A X X )
\ JAN 7y
GND L/ /% ] siqnal Ground

Configuring a Drive for use in Position Mode with PWM
Use the following procedures to configure a drive in CME for use in Position Mode with PWM.

1. In CME, click the Setup icon.

@ CME V8.1 Beta 10 EngRel 1 (ADP-180-18 unnamed)

File Amplifier Tools Help
| ) () ; [ 2 S g™
EGOOEM « B m-w™
Copley Neighborhood CAN Network:  Address: 0
BB virtusl Amplifier
&= coms
L—_RCOM3. unnamed

Input / Output

2. Click the Next button until the screen below appears. On this screen select Position in the
Operation Mode field and select Digital Input in the Command Source field.

Note: High speed, single ended inputs, or differential Multi-mode port is available for use
with PWM.

Setup X

Operating Mode Options
Operating Mode: | Position v
Command Source: Bigital Tnput. T
Digital Input Seurce.
@ High Speed Inputs

O Muitimode Port
O Differential Inputs
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PWM Command Position

3. On the main CME screen, select the Digital Input tab, then in the new screen select
PWM.

2 Digital Input — *

Input Config  PWM Input Config

Control Input: Increment Position on:

() Pulse and Direction Rising Edge

() Pulse Up / Pulse Down Falling Edge
() Quadrature

@® Pl

Stepping Resolution
1| Input Pulses = 1| Output Counts
Invert Command

Close

4. Select the PWM tab Input Config tab, and then configure the position range and pulse
width options.

@ Digital Input = X

Input Config PWM Input Config

Full Scale: 8000 | counts OxA9

Offset: 23 counts Ox40F
Minimum Pulse Width: 1000|| microseconds Qx13C
Maximum Pulse Width: 2000 | microseconds Ox 13D

Close

- Parameter 0xA9 (PWM Input scaling) gives the number of encoders that
correspond to the full range of motion from minimum PWM pulse width to
maximum PWM pulse width.

- Parameter 0x10F (Registration Offset for Pulse and Direction Mode) gives the
number of encoder counts to use as an offset on the final calculated position.

- Parameter 0x13C (Minimum PWM Pulse Width) gives the minimum pulse width
in microseconds.

- Parameter 0x13D (Maximum PWM Pulse Width) gives the max pulse width in
microseconds.
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PWM Command Position

5. On the main CME screen, select the P-loop tab. On the new screen select the Trajectory
Values tab. If Copley is controlling the trajectory limits, please see the values in the
screenshot below.

@ Position Loop - X

Trajectory Values  Position Loop Values

Profile Velocity

Commanded Position 2y & Accoloraion Profile Acceleration
> Limiter
Limited Position
Max Velocity: 0 rpm Max Accel.: 0/ rps?
Max Decel.:
Clear Limits

Set Default Limits

Close

Note: Do not press the Clear Limits button unless a third-party external device is controlling
or limiting the trajectory.

Once the basic PWM configuration is done, verify the signal is wired to the correct input. Click
the Input/Output tab in main CME screen and the Input/Output screen displays. One of the
inputs should carry a PWM signal to the Copley Controller. In the example below IN3 is
carrying the PWM signal to the Copley Controller.

@ Input/Output - o X
Digtal Inputs . Digital Outputs
D2tz A Debounce  State CANMNodeD

[IN1]  Amp Enable+I Enables 0oms M

[M2]  Not Configured x oms Hi

m3] ¢ = ms Lo

[IN4] Mot Configured oms Hi

[INS] Mot Configured A 0 ms Hi

[IN6]  Not Configured oms Lo

m7] paster Input m Lo

Restore Defauits Close

(4] Use Switch and LED Interface (L)

Note: Please keep in mind that different drive models might display differently.

Copley Controls 16-131982rev00



PWM Command Position

Configuration Notes

Before the drive can be used in PWM Position Mode, there are several key bits of configuration
that need to be checked and verified. This section highlights the key points of configuration that
should be checked to ensure the driver is properly prepared after setup has been complete.

1. To operate correctly, PWM requires Parameter 0x24 (Desired State) to be set to state 23
(digital inputs drive position).

To verify that the drive is properly configured to state 23, open the Tools menu and select
ASCII Command Line option.

Q CME V8.1 Beta 10 EngRel 1 (BE2-090-20 unnamed) Axis A - O x
File Amplifier Tools Help
m @ C\] Communications Wizard
=, Copley Ne| Communications Log
L ity
-3 coy Download Firmware & FPGA Program
N0

Manual Phase

View Scope Files

— VL — L — Mot
CME Lock/Unlock [ er er o

ASCII Command Line

Legin

(@) Axis A 1/0 Line States
(O Axis B

Axis C Configure Filters

Configure Faults

Axis D

‘Amp Enabled

In the Command field type, “g r0x24” and then press the Enter key.

@ ASCll Command Line - X

Command: |g r0x24

Response: v' 23
\ < >

Close

The value returned in the Response field should read as “v 23”. If the value does not
return as “v 23" then type, “s rOx24 23" into the Command field, and press the Enter key.
This saves the value of 23 to flash for Parameter 0x24.
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PWM Command Position

2. To enable PWM mode, the PWM Digital Input Command parameter (0xA8) needs to have
several bits set:

- Bit 1 inverts the PWM input.

- Bit 5 configures the PWM inputs to allow for very slow PWM periods. It should be set
since most users are using very slow PWM periods (20ms).

- Bits 8 and 9 are used for Input pin interpretation for position mode. They also
define the style of input.

When using the windows calculator (Programmer mode) a value of 802 is returned for all
bits used in PWM Position mode.

= Programmer Memory

The ASCII Command Line can be used to easily set all bits to the required values, and then
can be saved to Flash. In the Command field type, “s rOxa8 802" and the press the Enter
key.

@ ASCIl Command Line = X

Command: |s rOxad 802

Response: |0k
< > ‘

Close
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PWM Command Position

3. Before inputting any commands for motion, ensure that the system is using some
conservative values. In the example below a motor is used that has a full rotation of the
motor shaft at 4000 counts. To test PWM pulses, the following values are used in the PWM
Input Config screen. These values are set to equal half of the rotation.

@ Digital Input - x

Input Config PWM Input Config

Full Scale: 2000 | counts

Offset: 0|| counts
Minimum Pulse Width: 1000 | microseconds

Maximum Pulse Width: 2000 | microseconds

Close

For this example, an inexpensive RC pulse generator is being used that is like the one in
the screen shot below.

Servo
Consistency Test

PulseWidth

rwemm—————

Select

For the model above the Select button changes the circulation patterns, the Pulse Width
button controls the frequency, and the knob controls the speed of the amplitude signal.

4. Once the PWM generator is wired to the correct input, commanded position can be
calculated. The absolute commanded position is calculated as follows:

PW — MIN

pPos = <MAX _MIN

) « SCALE + OFFSET

PW = captured pulse width (microseconds)
MIN = minimum pulse width

MAX = maximum pulse width

SCALE = scaling factor

OFFSET = position offset
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General notes

PWM Command Position

PWM in position mode works on drives with processor DSP 8367, and with firmware 3.62 or

higher.

PWM in position mode works on ARM drives with firmware 2.02 or higher.

PWM in position mode works on Plus drives with firmware 4.66 or higher.
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