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How To Use This User Guide

Assumptions

This user guide is designed to help you install, develop, and maintain your system. Each chapter
begins with a list of specific objectives that should be met after you have read the chapter. This
section is intended to help you find and use the information in this user guide.

This user guide assumes that you have the skills or fundamental understanding of the following
information.

[0 Basic electronics concepts (voltage, switches, current, etc.)

0 Basic motion control concepts (torque, velocity, distance, force, etc.)

Contents of This Manual

iv

Chapter 1:
Introduction

Chapter 2:
Getting Started

Chapter 3:
Installation

Chapter 4:
Application Design

Chapter 5:
SXF Follower

Chapter 6:
Hardware Reference

Chapter 7:
Troubleshooting

This user guide contains the following information.

This chapter provides a description of the product and a brief account of its specific features.

This chapter contains a detailed list of items you should have received with your SX shipment. It
will help you to become familiar with the system and ensure that each component functions properly.

This chapter provides instructions for you to properly mount the system and make all electrical
connections. Upon completion of this chapter, your system should be completely installed and ready
to perform basic operations. Tuning considerations and procedures are also provided.

This chapter will help you customize the system to meet your application’s needs. Important
application considerations are discussed. Sample applications are provided.

This chapter explains the SXF Following function and the SXF’'s capability to support absolute and
incremental encoders.

This chapter contains information on system specifications (electrical, dimensions, and perfor-
mance). It may be used as a quick-reference tool for proper switch settings and connections.

This chapter contains information on identifying and resolving system problems.
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Installation Process Overview

To ensure trouble-free operation, pay special attention to the environment in which the SX equip-
ment will operate, the layout and mounting, and the wiring and grounding practices used. These
recommendations are intended to help you easily and safely integrate SX equipment into your
manufacturing facility. Industrial environments often contain conditions that may adversely affect
solid-state equipment. Electrical noise or atmospheric contamination, may also affect the SX
System.

Developing Your Application

Before you attempt to develop and implement your application, there are several issues that you

should consider and address.

O Recognize and clarify the requirements of your application. Clearly define what you expect the system to
do.

O Assess your resources and limitations. This will help you find the most efficient and effective means of
developing and implementing your application (hardware and software).

O Follow the guidelines and instructions outlined in this user guide. Do not skip any steps or procedures.
Proper installation and implementation can only be ensured if all procedures are completed in the proper
sequence.

Installation Preparation

Before you attempt to install this product, you should complete the following steps:

O Review this entire user guide. Become familiar with the user guide’s contents so that you can quickly find
the information you need.

O Develop a basic understanding of all system components, their functions, and interrelationships.

O Complete the basic system configuration and wiring instructions (in a simulated environment, not a
permanent installation) provided @hapter 2, Getting Started.

O Perform as many basic functions as you can with the preliminary configuration. You can only perform this
task if you have reviewed the entire user guide. You should try to simulate the task(s) that you expect to
perform when you permanently install your application (however, do not attach a load at this time). This
will give you a realistic preview of what to expect from the complete configuration.

O After you have tested all of the system’s functions and used or become familiar with tll of the system’s
features, carefully read Chapter 3, Installation.

O After you have read Chapter 3 and clearly understand what must be done to properly install the system,
you should begin the installation process. Do not deviate from the sequence or installation methods
provided.

O Before you begin to customize your system, check all of the systems functions and features to ensure that
you have completed the installation process correctly.

The successful completion of these steps will prevent subsequent performance problems and allow
you to isolate and resolve any potential system difficulties before they affect your system’s

operation.
Conventions
To help you understand and use this user guide effectively, the conventions used throughout this us
guide are explained in this section.
Commands

All commands that you are instructed to enter are shown in capital letters. The symlibe SX
command prompt. The command is displayed in boldface. A delimiter (space or carriage return) is
required after each command. A description is provided next to each command example.

Command Description
>MR Sets motor resolution to 25,000 steps/rev

The system ignores command syntax that is not within the valid range for a specific comn?and. A
prompt will be returned by the drive when the last command entered was not understood, or a
parameter limit was exceeded.

Contents \



Motors

S Series and SX Series motors are one in the same (interchangeable terms).

Warnings & Cautions

Warning and caution notes alert you to possible dangers that may occur if you do not follow instruc-
tions correctly. Situations that may cause bodily injury are present as warnings. Situations that may
cause system damage are presented as cautions. These notes will appear in bold face and the word
warning or caution will be centered and in all capital letters. Refer to the examples shown below:

WARNING
Do not touch the motor immediately after it has been in use for an extended period of time. The motor
may be hot.

CAUTION

System damage will occur if you power up the system improperly.

Related Publications

[0 Current Parker Compumotor Motion Control Catalog
[0 SX Indexer/Drive Software Reference Guide
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C HAPTER L[]

Chapter Objective

Introduction

The information in this chapter will enable you to:

O

Understand the product’s basic functions and features

Product Description

Features

The SX is a bipolar, recirculating, microstepping drive with built-in indexing capabilities. It is
designed to drive two-phase permanent magnet hybrid step motors. The drive uses MOSFET
technology to give high performance in a small package while providing short-circuit protection,
brownout protection, over-temperature protection, and a built-in power supply. The built in Indexer
is capable of storing 99 multiple move motion programs in battery backed RAM memory. Any of
the programs can be selected in a variety of ways including BCD inputs, programmable controllers
or a computer via RS-232C Interface.

The SX also provides the following features:

g
U

I R By |

N I R

16 selectable motor resolutions are available (200 - 50,800 steps/rev)

Uses low-inductance motors for improved high-speed performance (23, 34, 42 frame size motors available
with torques from 65 - 1,900 oz-in)

Microprocessor controlled microstepping provides smooth operation over a wide range of speeds
Closed-loop positioning interfaces to incremental or absolute encoder standards

One registration input that is given the highest priority (position latched within 50ps)

A complex motion profiling system that allows you to:

O Change velocity based on distance without stopping
O Change distance, or turn on outputs on-the-fly
High-level programming commands such as:

U IF/THEN/ELSE/WHILE
0 REPEAT/UNTIL
0 GOTO AND GOSUB

Complex evaluations such as checking input levels, error conditions, boolean evaluations, and variable
comparisons for basic programming branching decisions can be made

An output can be configured to provide pulse and direction to second axis to control velocity and distance
PLC functionality and interfacing capability using the eight inputs and four outputs

Full short circuit protection for phase-to-phase and phase-to-ground short circuits

Overtemperature and undervoltage protection

Three state current control for reduced motor/drive heating

LED status indicators: power, undervoltage, overtemperature, motor fault, and Indexer monitor fault

Chapter 1 Introduction 1



Motor connector interlock to prevent connector damage
A fault output to signal other equipment if a fault occurs
90VAC - 132VAC, 50/60Hz power input

O 0o o0od

Operates linear motor forcers

Following Option (SXF)

2

Following Option
Features

The SXF option can perform velocity following and distance following moves$adibaving ratio of
a master velocity. The SXF can follow from incremental or absolute encoders.

You can program the SXF for following applications with its command language and report back/
verification feature. You can enter following ratios via thumbwheels and change them on-the-fly.

You can perform preset moves at a specified velocity ratio. You can perform registration moves
while in the Following mode. Registration moves can either follow at a ratio of the master velocity

or be executed in the standard motion modes. The SXF can jog the motor in Following mode to help
set up a system.

You can use the SXF's special Synchronization mode to compensate for system errors (e.g., stretch-
ing in a web processing system).

The Model SXF provides these additional features:

[0 Controls a speed based on a ratio of a primary axis speed

0 Makes preset moves at a velocity ratio of a primary axis

0 Synchronizes speed or position to a primary axis based on registration marks on material
a

Changes following ratio and other functions based on the encoder position of a primaBaaxis (
Following)

SX/SXF Indexer/Driver User Guide
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Getting Started

Chapter Objectives

The information in this chapter will enable you to:
[0 Verify that each component of your system has been delivered safely
[0 Become familiar with the system components and their interrelationships

[0 Ensure that each component functions properly by bench testing

What You Should Have

Inspect the SX upon receipt for obvious damage to its shipping container. Report any such damage
to the shipping company. Parker Compumotor cannot be held responsible for damage incurred in
shipment. The following items should be present and in good condition.

Description Part Number

S Series Fan Kit SFK***

Power Cable (SX 8 has 2 cables) 44-000054-01

SX or SXF Indexer/Drive SX6/SXF6 or SX8/SXF8
SX Indexer/Drive User Guide 88-011850-01

SX Software Reference Guide 88-011871-01

Motor Variety of sizes available**
Mounting Screws (2) 51-006037-01

Mounting Brackets (2) 53-006007-01

*The SX8 Drive includes a fan
**Refer to the following tables for specific motor sizes
***Qptional Equipment

High and Low Power Drives

You should verify which type of SX you have before proceeding with this chapter. The high-power
version of the drive§X8) provides bipolar 0 - 8 amps/phase (up to 1,900 oz-in). The low-power
version of the drive§X6) provides bipolar 0 - 6 amps/phase (up to 400 0z-in). You can determine
which drive you have by checking the label on the side of the drive. The label identifies the unit as
SX8 DRIVE (SX106) orSX6 DRIVE (SX57 & SX83). You must be aware of the drive’s type to

set the motor current correctly (using DIP switches). There are different DIP switch settings for the
two drive types.

Chapter [] Getting Started 3



Quick Test

This section will show you how to set the SX’s DIP switches and wire the unit to quickly ensure that
your system is operating properly. Detailed installation instructions are proviédpter 3,
Installation You will need the following tools to complete these steps:

[0 A phillips-head screw driver (to move mounting brackets)

O A small flat screw driver (to adjust DIP switches and make connections)

CAUTION

Never adjust the DIP switches with a pencil. Lead from the pencil may contaminate the SX.

AN Expanded View
= of DIP Switches

EHO MICROSTEP DRIVE
O - SX SERIES W

DIP Switches
Cover removed

¢|
A

O [ [ O
\

® 000 ®

Phase B Offset —
Tuning Pots Phase A Offset __|
Phase Balance _| -

—— /

Bottom View

DIP Switch & Tuning Pot Locations

WARNING

Never attempt to change DIP switch settings while power is being applied to the unit.

O Set DIPSwitches

The SX has two sets of DIP switches. Each set of DIP switches has eight individual switches. The
first set of switches will be referred to as SW1 and the second3at2asThe individual switch will

be preceded by thesymbol. Hence, the third switch &wW1 will be referred to &N1-#3, while

the third switch orsWawill be referred to aSW2-#3.
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The first thing that you must do is set the motor current on the SX to match the motor that you are
using. Use the directions below to set the DIP switches for your mdotor( Drive combinations

are configured at the factory for the proper current settings.

0 Be sure that power is not applied to the unit.

[0 Remove the panel that covers the DIP switches. (Refer to earlier figure.)

[0 Set the motor current for your Compumotor motor using the following taBM&L-#1 thru SW1-#6
control motor currentrefer to the previous figure for the locationQiV1). Make the required adjustments
to match the drive and motor types that you are using.

The following current tables are for S/SX Motors only.
Motor Size Current  SWI1-#1 SWI1-#2 SWI1-#3 SWI1-#4 SWI1-#5 SWI1-#6

S57-51S 1.18 off off on on off off
S57-51P 2.28 off on on off off off
S57-83S 1.52 off on off off off off
S57-83P 3.09 on off off off off off
S57-102S 1.71 off on off off on off
S57-102P 3.47 on off off on off off
S83-62S 2.19 off on off on on on
S83-62P 4.42 on off on on on off
S83-93S 2.85 off on on on on off
S83-93P 5.62 on on on off on on
S83-135S 3.47 on off off on off off
S83-135P 6.00 on on on on on on

S: Series Configuration P: Parallel Configuration
Setting SX6 Motor Current (Compumotor Motors)

Motor Size  Current  SWI1-#1 SWI1-#2 SWI1-#3 SWI1-#4 SWI1-#5 SWI1-#6

S106-178S  6.02 on off on on on on
S106-178P 8.0 on on on on on on
S106-205S  3.55 off on on on off off
S106-205P  6.99 on on off on on on
S106-250S  6.23 on on off off off on
S106-250P 8.0 on on on on on on

S: Series Configuration P: Parallel Configuration
Setting SX8 Motor Current (Compumotor Motors)

The previous tables show motor current settings for series and parallel motor configurations. Refer
to Chapter 6, Hardware Referenéar specific motor configuration instructions. Compumotor ships
all SX systems in series configurations.

If you use anon-Compumotor motarspecial precautions and instructions are required. Read
the instructions in Chapter 6, Hardware Referender non-Compumotor motors thoroughly
before attempting to set the motor current or wire your motor.

0 TurnSW2-#8 on to enable the Automatic Test function. This function rotates the motor in an Alternating
mode approximately 6 revolutions at 1 rps (12 inches at 2 ips if an L20 linear motor is used) as soon as
power is applied.

[0 After you have properly set motor curreBW1-#1 thru SW1-#6) and the Automatic Test functioB\(/2-
#8), screw the plate that covers the DIP switches back onto the divaot change any other DIP
switch settings

O Attach the Motor

WARNING

POWER MUST BE OFF before cabling the drive.  Lethal voltages are present inside the drive and on its
screw terminals.

The SX motor is pre-wired in seriePlug the pre-wired motor cable into the motor connector on
the drive (refer to the following figure). If you use a non-Compumotor motor, re@hdpter 6,
Hardware Referenctr instructions on wiring the motor to the drive. Do not connect the motor to
the load at this time.
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O Apply Power

Indexer Test

Step O

Rx

Tx

G

+5V
OPTO1
cw
CcCcw
HOME
OPTO2
REG

FLT

Compumotor

AC Power
95-132VAC
50/60Hz

i
2 |_|/o
13
14

MOTOR

L

Protective rubber boot protects
pre-wired cable connections

CHA+
CHA-
CHB+
CHB-
CHZ+
CHZ-
ACC
G

CAUTION!
HIGH
VOLTAGE

ON EXPOSED
TERMINALS

= ENCODER

O MOTOR FAULT

SHIELD
OP1 -HV
OP2-HV

SISISISISISISINSISISISIN SSSSSISISSISINSSNISSISISISIISSISINISY)
o

MICROSTEP DRIVE
SX SERIES

O OVERTEMP
O UNDER VOLTAGE
O POWER

Heatsink

Test Configuration

O Plug the molded AC cable into the power connector on the drive (refer to the previous figure).

00 Plug the other end of the cable into a 115VAC power soufg@u are using the SX8 Drive (high
power), you must also plug in the fan’s power cable to 115VAC. The fan must be on when power is
applied to the drive The motor should rotate in an Alternating mode approximately 6 revolutions at 1 rps.
ThegreenPower LED should be on.

[0 To stop the motor, you must unplug the power cable from the power source. The motor may

(S6 Drive shown)

Motor

continue to run for a few seconds after you remove power.

The successful completion of this test indicates that the amplifier, motor, and microprocessor are

operating properly.

This section will show you how to quickly test the RS-232C Indexer to assure proper operation.

With no power applied to the drive, perform the following steps to test the communications.

The default motor resolution setting for the SX set to 25,000 steps/rev

Remove the panel that covers the DIP switches. Turn DIP s8\h#8 (off) to disable the
Automatic Test function. Ensure that switclsa42-#1 throughSW2-#4 areoff. Do not change

any other DIP switch settings Screw the panel back onto the drive.
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Step O

Step O

Compumotor

Rx
Tx
G
+5V

OPTO1

o ®

ccw

HOME AC Power
95-132VAC

OPTO2 50/60Hz

REG

11
12 Protective rubber boot
|—|/o _
13 protects pre-wired cable
14 connections
15
16
17
18
o1
02
03
04
FLT
G

Motor =

Heatsink
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e HIGH
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ON EXPOSED
CHA+ TERMINALS
CHA-
CHB+
CHB-
CHz+  ta ENCODER
CHz-
®
G O MOTOR FAULT
SHIELD O OVERTEMP
OPLHY O UNDER VOLTAGE
O PowER
OP2-HV
MICROSTEP DRIVE
SX SERIES

Test Configuration (S6 Drive shown)

A terminal emulator program or communications driver is required to establish communications with
the SX. Contact your distributor for a copy of Compumotor’s X-Ware if needed.

Connect a terminal to the RS-232C connector (I/0O) usingRigreceive),Tx (transmit), ands
(ground) connections. The basic communications parameters are listed below:

0 Baud Rate: 9600

Data Bits: 8

Stop Bits: 1

Parity: None

O 0o oo

Full Duplex mode

Refer to the operations manual that accompanied your terminal for instructions on setting the
communication parameters listed above. Chapter 3, Installgtiovides more RS-232C informa-
tion for the SX

Apply power to all system components now The following response should appear on the
terminal:

*READY

>
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Step O

Step O

You must now disable the hardware limits. Type the following command to disable the limits:
>LD3

To check the state of your hardware limits command, enter the following command:

>1LD

You should receive the following response:

*3_No_Limits_Enabled

Enter the following commands to move the motor 25,000 steps.

Command Description

> AlQ Sets acceleration to 10 rps?
> AD1@ Sets deceleration to 10 rps?
>V1 Sets velocity to 1 rps

> D2503D Sets distance to 25,000 steps
>G Initiates motion

Since the default drive resolution is 25,000 steps/rev, the motor should have moved 25000 steps or 1
revolution.

This completes the basic configuration tests. The successful completion of this test means that you
wired the motor, terminal (optional), and power connections correctly. The components of your
system are functioning properly. If the motor does not move as commanded, enter the following
command:

>1RSE
You should receive the following response:
*NO_ERRORS

If an error message flashes, correct the problem and repeat step 5.
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C HAPTER LI

Installation

Chapter Objectives

The information in this chapter will enable you to:
O Ensure that the complete system is installed correctly
O Mount all system components properly

Before proceeding with this chapter, you should have completed the steps and procedures in
Chapter 2, Getting Started

Installation Precautions

This section contains precautions that you must follow to configure and operate your SX system
properly.

Environmental Considerations

An internal thermostat will shut down the drive if it reaches 158°F (70°C) interr@lisrent

settings in excess of 4A in high ambient temperature environments (above 113°F [45°C]) may
require fan cooling to keep the drive’s internal temperature within allowable limits and to keep the
drive from shutting itself down due to over temperature.

The maximum allowable motor case temperature is 212°F (100°C). Actual temperature rise is duty
cycle dependent.

CAUTION

When connected in parallel, SX motors can overheat if operated at high speeds for extended periods of
time.

Wiring Considerations

There are hazardous voltages present on the SX’s connectors when power is applied. To prevent
injuries to personnel and damage to equipment, note the following guidelines:

[0 Never connect/disconnect the motor from the drive when power is applied. If you do, the motor connector
may be damaged. Power should never be applied to the drive when the motor is not connected.

0 Never increase the current setting (using the drive’s DIP switches) to more than 10% greater than the
current specified for the motor you are using. Excessive current may cause the motor to overheat and
result in a motor failure.

O Verify that there are no winehiskersthat can short out the motor connections.

[0 If the motor turns in the opposite direction (from the desired direction) after you connect the motor wires to
the connector and the connector to the drive, you can change the direction by reversing the leads going to
A+ andA- on the motor terminal.

[0 Never extend theNLK jumper beyond the connector. This jumper is intended to protect the motor
connector and shoulibt be used as a system interlock.

[0 Neverprobe the drive Never connect anything other than the motor to the motor terminals. Probing or
opening the drive in any other way will void the warranty. Hazardous voltages are present within the
drive. The thermal interface will be broken if you open the drive. The thermal interface is critical to
the reliability of the drive.
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[0 When connecting the motor to the drive, be sure the connector is firmly seated.
Preventing Electrical Noise Problems

The SX provides power to the motor by switching 170VDC (120VAC input) at 21 KHz (nominal).
This has the potential to radiate or conduct electrical noise along the motor cable, through the motor,
and into the frame to which the motor is attached. It can also be conducted out of the drive into the
AC power line. Should the electrical noise generated by the SX cause problems for your other
equipment use the following steps to prevent problems created by the SX:

[0 Ground the motor casinglfeady done for you with Compumotor mojors

WARNING

You must ground the motor casing. Motor winding case capacitance can cause large potentials to
develop at the motor. This can create a lethal shock hazard.

0 Avoid extended motor cable runs. Mount the drive as close as is practical to the motor.
[0 Mount equipment that is sensitive to electrical noise as far as possible from the SX and motor.

O Filter power to the SX with a Pl type filter and an isolation transformer (refer to the power rating tables
later in this chapter). The filter reduces the AC line noise that the SX generates back into the AC line. The
Corcom® EP Series filter works well with the SX.

Corcom
1600 Winchester Road
Libertyville, IL 60048  Telephone: (847) 680-7400

[0 Provide a separate power line for the SX. Do not use the same power circuit for equipment that is sensitive
to electrical noise and the SX.

[0 Shield the motor cable in conduit separate from low voltage signal wires and ensure the conduit is taken to
a low impedance earth ground at one point.

Installation Overview

The procedures in this chapter will enable you to configure and wire your system. The following
figure shows the front panel of the SX. The following installation steps will be discussed:

[0 Series vs. Parallel Motor Wiring

0 Motor/SX Configuration (Wiring & Motor Current)
0 Compumotor Motors

U SetDIP Switches
Fan Connection (for SX6 —fan is standard for SX8)

O

(0 1/O Connections
0O RS-232C
Limit Inputs
Home Inputs
Programmable Inputs and Outputs
Registration Inputs
Fault Output

Encoder Connections

Oooooo

Apply Power to SX

Test the System

Mount the SX and the Motor
Attach the Load

O 0oo0oogoo
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SX Wiring Diagram (S6 Drive shown)

Do not deviate from the steps in this chapter. Do not wire or apply power to the system until you
are instructed to do so. If you do not follow these steps, you may damage your system.

Series vs. Parallel Motor Wiring

Motor Heating

S Series motors are shipped from the factory wired in series. You may re-wire the motor (shown

later in this chapter-Motor Configuration¥. Parallel configurations provide more torque than

series configurations provide at high speeds (refer to the speed/torque c@hapter 6, Hard-
ware Referende You must observe certain precautionary measures to prevent overheating when

using motors wired in parallel configurations.

S Series motors that are wired in series can be run continuously at speeds that incur peak motor los
S Series motors that are wired in parallel, however, cannot be run at peak motor loss levels continu-
ously without overheating (unless extensive cooling measures are employed). Most applications do
not require continuous operation at high speed. Therefore, the average motor loss will be within saf

limits.

Chapter []
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Motor Configurations

The SX Drive can run Compumotor and Non-Compumotor motors. This section provides instruc-
tions for configuring Compumotor and Non-Compumotor mot&i@low only the directions that
apply to the type of motor that you are using

Compumotor Motors—Drive/Motor Connection

12

Compumotor motors are pre-wired in series and require no setup other than being plugged into the
drive. If you plan to run the motor is series, no further motor wiring setup is required.

Frame size 23 and 34 motors (SX57 or SX83) are 8 lead motors. Frame size 42 ( SX106) are 4 lead
motors.The following figure represents the motor winding color code for 8 lead, 23 and 34 frame

size motors.
0
Red Phase A
Windings
Yellow
Blue
Phase B
Black Windings
o) o
White OrangeBrown Green

8-Lead Motor Winding Color Code

S Series motors in the 23 and 34 frame sizes (SX57 and SX83 series) are constructed with an 8-
conductor motor cable to allow you to change the motor configuration on the connector at the drive.
The 42 frame size motors (SX106 series) are constructed with a 4 lead motor cable, but the motors
can be configured by removing the cover plate on the back of the motor and rewiring at the screw
terminals.

SX106-178 Series and Parallel Connections

The S106-178 is pre-wired in series. If you remove the motor’s back panel, you can wire it in

parallel.
Motor Wire
Terminal # Color
1 Red
3 Black
5 Green
4 White

Inside Motor Wiring

Wire Color Pin #
Dark Orange #1 Drive Terminal Wires

g:;gk ﬁ% Motor ~ Wire  To Drive
White iy o) [ O Terminal # Color  Terminal
Green #5 1| RO [T 4 : Red N
Yellow #6 (OB @ s 3 Bk A&
Brown #H7 2 |(DER) D7 4 White B+
Orange #8 < Hls 5 Green B

O

S106-178 Motor Wiring Diagram
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SERIES PARALLEL

o (o]
RED (1) RED 0
)
2 b3
& f
m
O % O 2
o £ Ot
B g
P4
z 5
& %]
BLACK PHASE B WINDINGS sack —G) PHASE B WINDINGS
o\%
WHITE GREEN

S106-178 Series and Parallel Connections

S106-205 Series and Parallel Connections

The S106-205 is pre-wired in series. If you remove the motor’s back panel, you can wire it in parallel.

Motor Wire
Terminal # Color
1 Red
3 Black
8 Green
7 White

S106-205 Motor

S106-205 Motor Wiring Diagram
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SERIES PARALLEL

RED (1) 2 RED

T
I
>
%)
m
>
S
4
i~
z
[}
17

SONIANIM V ISVHd

BLack — () PHASE B WINDINGS

WHITE GREEN

S106-205 Series and Parallel Connections
S106-250 Series and Parallel Connections

The S106-250 is pre-wired in series. If you remove the motor’s back panel, you can wire it in parallel.

Motor Wire
Terminal # Color
1 Red
3 Black
4 White
5 Green

S106-250 Motor

S106-250 Motor Wiring Diagram

14 SX/SXF Indexer/Driver User Guide



SERIES PARALLEL

RED (1) 2 RED (1) 2
T
® g O, Y
o £ o £
& @O &
5 B
BLACK PHASE B WINDINGS BLACK e PHASE B WINDINGS
of Y Y1 o of Y Y1 o
® @ (% %‘) OO ©
WHITE GREEN WHITE GREEN

S106-250 Series and Parallel Connections

7-Pin Motor Connector

The7-pin versiorof theMOTOR connector is shown below. Before connecting the motor, deter-
mine which motor wires correspond to Phase A and Phase B. The 7-pin motor connector provides
for easier installation when the motor is wired in ser<CT andB-CT are not connections—they

are terminal blocks.

INLK

A+

A -

EARTH MOTOR
B+

B-

INLK

S Drive 7-Pin Motor Connector

The following tables show the color codes for the following types of motor connections to the S
Drive 7-pinMOTOR connector.

O 8 Lead Motors—Series (S57 and S83)

0 8 Lead Motors—Parallel (S57 and S83)

0 4 Lead Motors—Series or Parallel (S106)

Pin 7-Pin/8 Lead Series— 7-pin/8 lead Parallel— 7-pin/4 Lead S & P—
Color Color Color

Connected Yellow & Blue

A+ Red Red & Blue Red

A- Black Black & Yellow Black

EARTH Shield Shield Shield

B+ White White & Brown White

B- Green Green & Orange Green

Connected* Orange & Brown N.C. N.C.
Jumper INLK to INLK Jumper INLK to INLK Jumper INLK to INLK

*Refer to your local electrical code for proper termination of these center tap leads
Color Code—7-Pin Connector/8 Lead Motor (Series)
O Helpful Hint: Scenario #1

The resistance measurements to the two remaining motor leads are virtually identical. Label the twc
remaining motor leads AandA-. Label the motor lead connected to the negative lead of the
ohmmeteA-CT (this is the center tap lead for Phase A of the motor).
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Series Configuration

Terminal Connections

16

O Helpful Hint: Scenario #2

The resistance measurement to the second of the three motor leads measures 50% of the resistance
measurement to the third of the three motor leads. Label the second mofsid@althis is the

center tap lead for Phase A of the motor). Label the third motoAleatabel the motor lead

connected to the ohmmetét.

ad

g

O

Repeat the procedure as outlined in step 6 for the three leads B{BI&ZT is the center tap lead for
Phase B of the motor).

Repeat the procedure as outlined in step 6 for the three leads IBHBI&ZIT is the center tap lead for
Phase B of the motor).

If your S Drive has a 7-pin motor connegtoover the two motor leads label&eCT andB-CT with
electrical tape or shrink tubing to prevent these leads from shorting out to anything else. Do not connect
these leads together or to anything else.

If your S Drive has a 9-pin motor connegtoonnect thé\-CT motor lead to thé-CT pin on the
MOTOR connector. Connect tiB2CT motor lead to th&-CT pin on theMOTOR connector.

Proceed to th&erminal Connectionsection below.

Use the following procedures for series configurations.

ad

g
a
g

If your S Drive has a 7-pin motor connectmwnnect the motor leads labeled A2 and A3 together and cover
this connection with electrical tape or shrink tubing. Make sure these leads are not connected to the S
Drive.

If your S Drive has a 9-pin motor connector, you can connect A2 andA&D. You may also connect
B2 and B3 tB-CT.

Relabel the Al lead t&+.
Relabel the A4 lead tA-.

If your S Drive has a 7-pin motor connector, connect the motor leads labeled B2 and B3 together and cover
this connection with electrical tape or shrink tubing. Make sure these leads are not connected to the S
Drive.

Relabel the B1 lead #®+.
Relabel the B4 lead t®-.
Proceed to th&erminal Connectionsection below.

After determining the motor’s wiring configuration, connect the motor leads to the 9-pin or 7-pin
MOTOR connector using the diagrams below.

4or 61 ead Motor 8 L ead Motor
] Series A1 ] Parallel Al ]
. . .
Srive 2 Ne. § gri\/p 2 232: % S Drive 5 A=2 . %
A+ O _'§ A+ |O '§ A+ | o ' '§
A- |© A |© A3 A | @ A3
EARTH | @ :I EARTH| @ gi’ :I EARTH| QO ;\i :I
B+ |@ o B+ |© o B+ | @ 0
B- % ’j B- % :522: § B- % | B2| §
<] N.C. —j R st J B3 .%
B4 B4

7-Pin Motor Connector (Non-Compumotor Motors)
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9-Pin Motor Connector

The following figure shows the 9-pin version of #®@TOR connector. Before connecting the

motor, determine which motor wires correspond to Phase A and Phase B. The 9-pin motor connectc
provides for easier installation when the motor is wired in seAeST andB-CT are not connec-
tions—they are terminal blocks.

INLK
A-CT

A+

A- MOTOR
EARTH

B+

B -

B-CT

INLK

SX 9-Pin Motor Connector

The following table shows the color codes for the following types of motor connections to the SX 9-
pin MOTOR connector.

[0 8 Lead Motors—Series (S57 and S83)
[0 8 Lead Motors—Parallel (S57 and S83)
0 4 Lead Motors—Series or Parallel (S106)

Pin 9-Pin/8 Lead Series 9-pin/8 lead Parallel 9-pin/4 Lead S & P
Color Color Color

A-CT Yellow & Blue N.C. N.C.

A+ Red Red & Blue Red

A- Black Black & Yellow Black

EARTH  Shield Shield Shield

B+ White White & Brown White

B- Green Green & Orange Green

B-CT Orange & Brown N.C. N.C.

Jumper INLK to INLK Jumper INLK to INLK Jumper INLK to INLK

Color Code—9-Pin Connector

Once you determine the wiring configuration, connect the motor to the drive's screw terminals
according to the appropriate color code table. The following instructions should also be completed.

[0 Connect shield to thelOTOR connector’s shieldThis is a very important safety precaution If your
motor does not have a ground (shield) wire, attach a lug to the motor case and connect the motor to
EARTH.

[0 Connect a short jumper wire frofNLK (first pin of connector) tdNLK (last pin of connector). This is a
connector interlock. The drive will not operate if this jumper is missing or extended.

Extended Motor Cables

This table contains the recommended motor cables for various motor types and the minimum
recommended motor/driver wire size (AWG) and resistance.

Motor Maximum Current Per Less than 100 - 200 ft.
Series Winding (Amps) 100 ft. (20.5M) (30.5M - 71M)
SX57 3 22 AWG 20 AWG
SX83 6 20 AWG 18 AWG
SX106 8 16 AWG 14 AWG

Recommended Motor Cables

Cable runs of more than 200 feet (71M) are not recommended. Cable runs greater than 50 feet
may degrade system performance.
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Setting Motor Current

You should verify which type of SX you have before setting motor current. The high-power drive
(SX8) provides bipolar 0 - 8 amps/phase (up to 1,900 o0z-in). The low-power 8X&p [frovides

bipolar 0 - 6 amps/phase (up to 400 oz-in). You can determine which drive you have by checking
the label on the top of the drive. The label identifies the urBX8sDRIVE (SX106) or SX6

DRIVE (SX57 or SX83). You must be aware of the drive’s type to set the motor current correctly
(using DIP switches). The tables below contain the proper motor current settings for Compumotor
motors. SW1-#1thru SW1-#6 control motor current Adjust the motor current to match the drive
and motor that you are using. A complete list of all motor current settings is providbdpter 6,
Hardware Reference

Motor Size Current SW1-#1 SW1-#2 SW1-#3 SW1-#4 SW1-#5 SW1-#6
S57-51S 1.18 off off on on off off
S57-51P 2.28 off on on off off off
S57-83S 1.52 off on off off off off
S57-83P 3.09 on off off off off off
S57-102S 1.71 off on off off on off
S57-102P 3.47 on off off on off off
S83-62S 2.19 off on off on on on
S83-62P 4.42 on off on on on off
S83-93S 2.85 off on on on on off
S83-93P 5.62 on on on off on on
S83-135S 3.47 on off off on off off
S83-135P 6.00 on on on on on on

S: Series Configuration P: Parallel Configuration
SX6 Drive Motor Current (Compumotor Motors)

Motor Size Current SW1-#1 SW1-#2 SW1-#3 SW1-#4 SW1-#5 SW1-#6
S106-178S 6.02 on off on on on on
S106-178P 8.00 on on on on on on
S106-205S 3.55 off on on on off off
S106-205P 6.99 on on off on on on
S106-250S 6.23 on on off off off on
S106-250P 8.00 on on on on on on

S: Series Configuration P: Parallel Configuration
SX8 Drive Motor Current (Compumotor Motors)

Compumotor A/AX motors may be used with the SX. However, differences in motor design result
in a significant reduction in performance as compared with an SX Motor/Drive system.
Compumotor strongly recommends using an S/SX motor with an SX Indexer/Drive.

In a retrofit application, customers may order an SX option through Compumotor’'s Custom Products
Group for increased performance when using an A Series motor. This is most important with the 57
frame motors. The custom product number for motor sizes A57-51 through 83CIR355X6-
DRIVE-10261. This option is also recommended for better performance with motors rated 25-
30mH per phase and above.

Motor Size Current SW1-#1 SW1-#2 SW1-#3 SW1-#4 SW1-#5 SW1-#6
A/AX57-51 0.32 off off off off on on
A/AX57-83 0.51 off off off on off on
A/AX57-102 0.70 off off off on on on
A/AX83-62 0.80 off off on off off off
A/AX83-93 1.37 off off on on on off
A/AX83-135 1.90 off on off on off off
A/AX106-120 1.90 off on off on off off
A/AX106-178S 3.95 on off on off off on
A/AX106-178P 6.00 on on on on on on
A/AX106-205 6.00 on on on on on on

S: Series Configuration P: Parallel Configuration
A/AX Drive Motor Current using an SX6 (Compumotor Motors)
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Configuration of the Drive

In this section, you will set the following DIP-switch-selectable functions:
O Indexer Address function
0 RS-232C Baud Rate setting

0 Automatic Test function
Setting Indexer Address

SwitchesSW2-#1 - SW2-#4 control the device address (refer to the following table). Each SX is
factory set to device address 1. If you want to daisy-chain you must establish a unique address for
each SX Indexer/Drive. The device address can be changed with s\@t2es1 - SW2-#4.

Address SW2-#1 SW2-#2 SW2-#3 SW2-#4
* 1 off off off off
2 on off off off
3 off on off off
4 on on off off
5 off off on off
6 on off on off
7 off on on off
8 on on on off
9 off off off on
10 on off off on
11 off on off on
12 on on off on
13 off off on on
14 on off on on
15 off on on on
16 on on on on

* Default Setting
Indexer Address Settings

Setting RS-232C Baud Rate
DIP switchesSW2-#5 thru SW2-#7 allow you to set the RS-232C baud rate

Baud Rate SW2-5 SW2-6 SW2-7
* 9600 off off off
9600 off on off
4800 on on off
2400 off off on
1200 on off on
600 off on on
300 on on on
* Default Setting
Baud Rate Settings

Automatic Test Function

The Automatic Test§IP switch SW2-#8 function turns the motor shaft slightly less than six
revolutions in Alternating mode at 1 rps. The Automatic Standby function and motor resolution
settings are disabled when you use the Automatic Test function.

*  SW2-#8 OFF Disables Auto Test
SW2-#8 ON Enables Auto Test
* Default Setting
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Fan Connection

The fan kit is a standard feature of the SX8 (high-power). If you are usigxthdow-power),
you may order the fan kit from your Automation Technology Center (ATC) or Compumotor Dis-
tributor. Ensure that the fan is powered when the SX8.is on

Compumotor
7 © o
: *
- AC Power
- 95.132VAC
Tieors
I )

. E IMOTOR

ca

UTION!
-u!ll HIGH

VOLTAGE

ON EXPOSE!

D
rrrrrr s

Fan Connection

/O Connections

The SX'sl/O connector provides the following communication, input, and output connections.

[0 Communication
0 RS-232C

0 Inputs

O +5\olts

OPTO1-HV & OPT02-HV
End-of-Travel Limits

Home Position Input
Registration Input

Eight programmable inputs
O OP1-HV & OP2-HV

[0 Outputs

O Four programmable outputs
0 Fault Output

OoOooao
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The following figure shows the location of these connections.

Expanded view of I/O

Rx
TX

FLT

SINSISIS IS NSNS IS NSNS

Screw Terminal I/0 (S6 Drive shown)

Compumotor
Rx
% Tx
o |e
o |+sv
@ |opTo1
5 lew ®
o) |cow
O [rowe Ao power
o % i 50/60Hz
o |n
o |r
o | /0
o |
O |s
© |18 INLK
O |7 % A-CT
© |18 %) A+
© |o1 % A-
O |o2 ) EART MOTOR | Heatsink
O |os3 H
@ o4 % B +
@ |Fr @) g--CT
9 |e @ Nk
@ |+sv CAUTION!
O o VO|_I|_|'I§;AHGE
@ |cHA+ ON EXPOSED
O o TERMINALS
@ CHB+
@ |cHB-
% cHz+ j= ENCODER
CHz-
© |acc @
O le @MOTOR FAULT
O lshiewo @ OVERTEMP
O loprhv @ UNDER VOLTAGE
) @STEP
@ _|op2-hv @POWER
MICROSTEP DRIVE
SX SERIES
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RS-232C Connections (RX, TX, GND) 1/0

Tx
Rx
RTS
CTS
DSR
GND
DCD
20 DTR
22 RI

CO~NOORWN

A
L

000000000O0O

@

<

The SX can communicate to any terminal or host computer that can be configured for RS-232C.
The SX has a set of commands that you can use to set up the drive, program the drive, and report
back drive data. Compumotor supplies an editor/terminal emulator program (X-Ware) to facilitate
communications from a host computer. Contact your local ATC or distributor for a copy. Any
terminal emulator or communications driver capable of using the available communications param-
eters will also work.

The SX has a three-wire, optically isolated RS-232C interface that is compatible with RS-232C
specifications. Receive DatRX), Transmit DataTx), and ground GND) signals are connected on

the screw termindlO. Proper shielding of the RS-232C signal wires is required. The shield

should be connected to an earth ground point on the terminal. The following figure shows standard
RS-232C connections. The second figure shows standard 25-pin and 9-pin outputs for serial
communication ports.

a
TX Rx
[ s I | Tx
g GND g G
- +5V
@ | opTO1 (]
g |cw
H . —== o AC Power
I cow 95-132VAC
@ [ HOME 50/60Hz
@ | orPTO2
@ | REG
g In F 1/10
@ |2
@ |3
~LZ 4 ]

RS-232C Connnections

25 Pin Connector 9 Pin Connector

RX 1 DCD 1
—— g 2 Rx [o0% O |rx

o ™ 3 Tx o o 1 O |
o Olexo 4 DIR|g &
o o) 5 GND |4 o _| O |ono
P 6 DSR [ o o
o @) 7 RTS
° o 8 CTS o
° 9 RI 0]

@)
o @)
o @)
o @)
2

RS-232C Standard Pin-Outs

The rest of the signals involve RS-232C handshaking. The SX does not support handshaking. If
your system requires handshaking, connect RTS to CTS and DTR to DSR.

The default communication parameters are

0 Baud Rate: 9600

[0 Data Bits; 8

[0 StopBit: 1

[0 Parity: None

Handshaking is not supported. The terminal should be set for Full Duplex mode.
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You can change the baud rate with the DIP switches (refer to previous section). Baud rates of 300,
600, 1200, 2400, 4800, and 9600 are available. The RS-232C communication interface is optically
isolated. The following figure is a schematic of the RS-232C communication interface.

-12v

S —
L —
I

GND L

RS-232C Input
SX Daisy Chain Wiring

You may daisy chain up to 16 SXs. Individual drive addresses are set with the SX’s DIP switches
(refer to the previous section). When daisy chained, the units may be addressed individually or
simultaneously. You should establish a unique device address for each SX. Refer to the following
figure for SX daisy chain wiring configuration.

NN/

SN75155

Commands prefixed with a device address instruct only the unit specified. Commands without a
device address instruct all units on the daisy chain.

For example the G&Y) command instructs all units on the daisy chain to go, W@iltells only unit
#1 to go.

No SX executes a device-specific command unless the address number specified matches the SXs
unit number. Device-specific commands include both buffered and immediate commands. This
becomes critical if you instruct any Indexer to transmit information. To prevent all of the units on
the line from responding to a command, you must precede the command with the device address of
the designated unit.

The general rule isAny command that causes the drive to transmit information from the RS-232C
port (such as a status or report command), must be prefixed with a device addrissprevents
daisy chained units from all transmitting at the same time.

You must use status-request commands in an orderly fashion. Commands should only be issued
when the host is ready to read the response. You should not send new commands until you receive
response from the previous status-request command. In particular, you should not issue a immedi-
ate-status command until the host receives a buffered command status response. If this is not
followed, the command responses will be intertwined, rendering the data useless.

If you enable the Interactive modeS1J), only the SX that is set to address #1 will respond with a
prompt &). This prevents all the SXs from sending su a daisy chain. Compumotor recom-
mends disabling the interactive mode in all units when in a daisy chain configuration to prevent the
> from address #1 being embedded in programs stored at other addresses. The defa8BFor the
command is enable&§19).

Chapter [1 Installation 23



The following figure shows a multiple-drive configuration (daisy-chain) of RS-232C ports from one
controlling terminal or computer.

RS-232C
Terminal
— RX 4O r— RX r— RX
x |O ™ |O T
G {10 G G
Unit 1 Unit 2 Unit 3

RS-232C Daisy Chain Configuration

Sample Applications

and Commands

Three SXs are on an RS-232C daisy chain. Send the following commands:

Command Description

> MN Sets unit to Preset mode

> A5 Sets acceleration to 5 rps? for all three controllers
>V1ig Sets velocity to 10 rps for all three controllers
>LD3 Disables limits (in case they are not connected)
> 1D2530D Sets Axis 1 distance to 25,000 steps

> 2D53DBD Sets Axis 2 distance to 50,000 steps

> 3D10D0DDD Sets Axis 3 distance to 100,000 steps

>G Moves all axes

Internal +5V Supply

OPTO1

OP1-HV

24

0 Note

This is the connection to the internal, isolated +5V supply. This supply is rated at 250mA maximum
and is primarily designed to power an optical encoder. This supply may be used as a power source
for the optically isolated I/O if an encoder is not being used.

CAUTION

Do not attempt to power both an encoder and the 1/0 from the +5V supply.

This terminal is the (5-12VDC) source input for the optically isol@@gCCW anHOME inputs.
The following figure is a schematic showing tABTOL1 input. Refer t8hapter 6, Hardware
Referencdor the electrical specifications.

Older SX units may not have OP1-HV connections. If not, 12-24VDC will require a zener diode to
clamp the voltage at 12VDC. Applying 12-24VDC to OPTO1 without the zener diode may cause
damage. Customers currently using zeners can continue using them on OPTO2 or choose to use
OP1-HV, which do not require the zener diodes. Ref@hapter 6, Hardware Referente diode
specifications and wiring.

CAUTION
OPTO1 and OP1-HV should not be used at the same time. Damage may occur if they are both wired to
power supplies at the same time.
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CW and CCW Limits

The SX has two dedicated hardware end-of-travel lifiGW an@W on the front panel). When you
power up the SX, these inputs are enabled and are expecting switches/sensors normally closed to
ground (use th®SA command to change the limit active level). If you want to test the SX without
connecting the CCW and CW switches, you must disable the limit inputs witib®ieommand. If

you command a move without disabling the inputs, the SX motor will not turn. You can use the RA
(Limit Switch Status Report), IS (Input Status), aidl (Set Input Functions) commands to test the
limits’ status. The following figures are schematics showing the optically isolated limit inputs,
typical 3-wire sensor wiring, and typical hard contact wiring. Ref@hiapter 6, Hardware

Referencdor the electrical specifications.

The SX also has software limit capabilities. The software limits are disabled when you power up the
system. If you need software limit capabilities, you can enable and define these software limits.
Refer to thesX Software Reference GuideSoftware Limits §L) command.

Home Position Input

OPTO2

OP2-HV

0 Note

The SX's dedicated Home Position inpHJME] provides a reference for your applications motion.
The following figures show typical switch wiring configurations. This input defaults expecting a
switch/sensor that is normally open (use@®C command to change home active levels) and may
be used to command a machine to start an operation from a repeatable position. You can use this
input in conjunction with the Go Hom&H) command or a Go Home input configured with the Set
Input FunctionsIN) command. When the SX executes a Go HofE Y command, it scans the

Home Position input until the switch activates the Home Position input. The following figure is a
schematic showing the Home Position input. Refer to Chapter 6, Hardware ReferethmeHome
Position input’s electrical specifications. The homing function is discussed in Chapter 4,
Application Design

(Internal to SX)

OPL-HV | H— +5V Note: OPTOL1 is for use with
(5-12VvDC) power supplies and
8.3K OP1-HYV is for use with (12-24VDC)

power supplies.
They should not be used together.

CW, CCW,

and S

HOME e s

ILQ2 ‘{7
I

CW, CCW, and Home Inputs

This terminal is the (5-12VDC) source input for the optically isol&E andll - 18 inputs. The
following figure is a schematic showing the OPT®®ut. Refer taChapter 6, Hardware Reference
for the electrical specifications.

Older SX units may not have OP2-HV connections. If not, (12-24VDC) will require a zener diode to
clamp the voltage at 12VDC. Applying (12-24VDC) to OPTO2 without the zener diode may cause
damage. Customers currently using zeners can continue using them on OPTO2 or choose to use
OP2-HV, which do not require the zener diodes. Ref@htpter 6 Hardware Referenéer diode
specifications and wiring.

CAUTION

OPTO2 and OP2-HV should not be used at the same time. Damage may occur if they are both wired to
power supplies at the same time.
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REG Input

[1—I8 Inputs

REG and

The SX has a dedicated hardware registration input. The following figure is a schematic showing
the optically isolate@REG input. Refer tGhapter 6, Hardware Referendar the electrical
specification. The registration function is discusse@hapter 4, Application Design

The SX has eight general purpose programmable inputs that default expecting switch/sensors that
are normally open (use thidL command to change input active level). Each input can be pro-
grammed to perform 24 different functions. The inputs can be used with PLCs and configured with
the outputs to interface with thumbwheel switches. The following figure is a schematic showing the
optically isolated general-purpose programmable inputs. Re@hdpter 6, Hardware Reference

for the programmable inputs’ electrical specifications.

11 - 18 Inputs

OPTO 2 (Internal to SX)

OP2-HV [ |-} +5V Note: OPTO?2 is for use with
(5-12VDC) power supplies and

33K OP2-HV is for use with (12-24VDC)

Typical 3-Wire Sensor Input

power supplies.
ﬁ They should not be used together.
REG,I1-18 h—ﬁ S
e m
| ILQ2 "-J,?
Connections
(Recommended)

Sinking Sensor —
9 ™ External Supply |

+V
|endG12) |
—[ OPTOL, 2 SX
Sensor |t CW, CCW, HOME, REG, I1-18

G

+v may use the same external voltage supply as OPTO1, 2

Note: Use OP1-HV and/or OP2-HV in place of OPTO1 and/or OP1-HV if (12-24VDC) is being used.

Sourcing Sensor -
9 ™ External Supply |

+V
|ondG12) |
—[ OPTOL, 2 SX
Sensor Uyt CW, CCW, HOME, REG, I1-18
1K l
G

Note: The 1K resistor value may vary depending on sensor type.

CAUTION

The maximum reverse voltage across OPTO1 & 2 and their corresponding inputs is 3VDC. A zener
diode or blocking diode may be required (on the input as well) if applying 24VC to the inputs from a
PLC output or other source.

26 SX/SXF Indexer/Driver User Guide



0O1—04 Outputs

[l Helpful Hint;

Inductive Loads

FAULT

The SX has four general purpose programmable outputs. The output is an optically isolated open
collector darlington transistor. You can program these outputs to perform 16 different functions.

GND

Current Limiting
Resistor

SX

If an inductive load is used, yonustput a diode across the load, with the anode connected to the
SX output (see previous figure). These outputs can sink up to 35mA.

External Supply Voltage Minimum Resistor Value Power Dissipation
5 150 0.167W
15 350 0.411W
24 690 0.835W
30 860 1.050W

Refer toChapter 6, Hardware Referentar the programmable output’s electrical specifications.
The following figure is a schematic showing the optically isolated general-purpose programmable
outputs.

The SX has one dedicated hardware fault output. The output is an optically isolated open collector
darlington transistor. The following figure is a schematic showing the optically isolated fault output.
Refer toChapter 6, Hardware Referentar the electrical specifications. The fault output is

normally conducting current in the non-faulted state. The transistor turns off when a fault occurs.
The following conditions will cause the fault output to turn off;

O User Fault Input O SX in Auto Run mode
0 Brown Out Condition O Excessive Positioning Error
0 Motor Fault O Amplifier Overheating

0 Battery Back-up RAM Corrupted
(Internal to SX)

| rom e - +5V
01-04 & : 3 e
| ‘
FAULT : i {i | i
GND | | | | I
! o aN33
Outputs and Fault
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GND Connection

This terminal is the ground reference for the open collector outputs.

See previous CAUTION if supply is between 13-24V

|

External +5 - 24V N.C. \.
Supply N.C. O

GND N OO
Optional +5 - 24V i
2nd GND o O
External .
Supply oo

* Triggers can use N.O. or N.C.
switches, depending on how
the program is written.

See above for 1
resistor values

Customer
Equipment

Typical I/O Connections

Encoder Connections

I
bobbbbbbbbbbbbbbbddd)

OPTO1
CwW
CCw
HOME
OPTO2
REG

FLT

0 Note

As of January 1, 1995, the SX/SXF will no longer have absolute encoder interface capability as a
standard feature. The standard SX/SXF will not be compatible with the AR-C absolute encoder, but
rather the SX/SXF absolute encoder interface will be an option to the standard system. For help in
determining whether or not your SX/SXF has the absolute encoder interface, see the RvV command

in theSX Software Reference Guide

The SX Indexer/Drive supports incremental and absolute encoders. The following figure shows the
SX's encoder terminals. All encoder connections for incremental or absolute encoders are made to

these terminals.

+5V
G
CHA+
CHA-
CHB+
CHB- —— ENCODER
CHZ+
CHz-
ACC

G
SHIELD
OP1-HV
OP2-HV

0]0]0]0]0]0]0]0]0]6]0]0]6)

28 SX/SXF Indexer/Driver User Guide



Incremental Encoder Connection

Connections for a typical incremental encoder are shown here.

Color codes shown are for Compumotor's -E optional incremental encoder.

Red

Incremental
Encoder

Brown

]

Orange

Brn/Wht |
Green |
Grn/Wht |

Org/Wht |

Incremental Encoder Connections

+5V
G
CHA+
CHA-
CHB+
CHB-

T

. CAUTION!
HIGH

G VOLTAGE

CHA+ ON EXPOSED

CHA- TERMINALS

CHB+

CHB-

CHZ+
CHZ-
ACC

G
SHIELD
OP1-HV
OP2-HV

CHZ+
CHz-
ACC
G O MOTOR FAULT
SHIELD O OVERTEMP
OPLHY O UNDER VOLTAGE
. 0O STEP
OPZHV O POWER

ENCODER

OO0OOBOOORO ©

MICROSTEP DRIVE

SX SERIES

h/

This figure shows the schematic for the incremental encoder inputs.

+5V

680Q 680Q

cHA+[ ] J‘ *
cra[ ]

680Q

N

Incremental Encoder Schematic

Absolute Encoder Connection

The connection for Compumotor’s AR-C Absolute Encoder is shown below. For SX’s purchased
after January 1st, 1995, the -A option must be purchased to have Absolute Encoder capabilities.

Absolute
Encoder

]

Decoder Box

Tx-

Tx+

Rx-
Rx+

Absolute Encoder Connection

[cococo00000060000|

+5V
G CAUTION!
CHA+ @ | v HIGH
CHA. o |c VOLTAGE

@ | cHa+ ON EXPOSED
CHB+ Expanded o | cra- TERMINALS

View © | cHB+

CHB- - o | cre-
CHz+ @ | cHz+ ENCODER
CHZ- © | chz

@ | Acc
ACC o |e : MOTOR FAULT

OVERTEMP

G @ | SHELD ¥ @ UNDER VOLTAGE

(%) OP1-HV [ STEP
SHIELD Q@ | oP2Hv @ POWER
OP1-HV
OP2-HV MICROSTEP DRIVE

SX SERIES
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AC Power Connection

The SX includes a standard molded power cable. Simply plug the power cable into the drive’s
power connector and a 90VAC - 132VAC power source. If your SX is equipped with a fan kit, plug
in a second power cable to the fan kit's power connector and a 90-132VAC power source.

CAUTION

AC power to the SX is limited to 132VAC. Higher voltages will damage the drive. The low-voltage limit is
90VAC.

Transformers

An isolation transformer (optional) can enhance the system’s electrical noise immunitytoRte¢er
Transformer Specificatiorsection for instructions on sizing a transformer for your application. Use
the transformer user guide and the figure below to connect the transformer leads to the AC power
connector on the drive.

WARNING
Do not connect the transformer to the SX while power is applied to the transformer. Do not touch the
wiring studs or terminals on the transformer after it is plugged into an AC outlet. Lethal voltages are
present.
(o] —
Heatsink
® ISOLATION
TRANSFORMER
AC Power
95-132VAC
50/60Hz

Transformer Connections

When powering the SX from a transformer, it is very important that the earth ground terminal is

connected.

L1 L
SX-Drive ‘ ‘ AC
Power |2 N Line

‘T °
Earth Ground Terminal

Transformer Specifications

The following tables contain power rating data to help system designers cool drives and motors, and
size isolation transformers. Each of the tables’ fields is explained below. Combinations of motors
and current levels other than those discussed in this section will result in power values that are not
specified in this discussion.
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Power Ratings

Calculations

Motor Type

Current (Amps)

Motor Cabinet Loss Peak Motor Peak Shaft Peak Total Volt-Amp
Type (Watts) Loss (Watts) Power (Watts ~ Power (Watts) Rating (VA)
S57-51S 11.2 25 55 90 140
S57-51P 15.8 50 110 180 270
S57-83S 12.7 27 72 110 170
S57-83P 19.8 54 144 218 335
S57-102S 14.5 30 95 140 215
S57-102P 25.1 60 190 280 420
S83-62S 14.5 50 120 190 280
S83-62P 25.1 100 240 370 560
S83-93S 18.2 52 172 240 370
S83-93P 36.6 104 343 480 740
S83-135S 21.8 57 205 280 440
S83-135P 40.0 114 410 560 870

S: Series Configuration P: Parallel Configuration

SX6 Power Ratings

Motor Cabinet Loss Peak Motor Peak Shaft Peak Total Volt-Amp
Type (Watts) Loss (Watts) Power (Watts ~ Power (Watts) Rating (VA)
S106-178S 20 140 350 510 790
S106-178P 30 280 700 1010 1570
S106-205S 40 150 230 420 650
S106-205P 40 290 460 790 1230
S106-250S 30 160 360 550 860
S106-250P 40 300 700 1040 1620

S: Series Configuration P: Parallel Configuration
SX8 Power Ratings

O To convert watts to horsepoweliyide by 746
0 To convert watts to BTU/hmultiply by 3.413.
[0 To convert watts to BTU/mimmultiply by 0.0569.

Compumotor S/SX Series motors are custom-made for use with SXs. They are not available as a
standard model from any other manufacturer. These motors are designed for low loss at rest and at
high speed. Motors in the same frame sizes from other manufacturers may sustain considerably
higher iron losses than an S/SX Series motor. S/SX Series motors are wound to render inductances
within a particular range suitable for SXs. If you intend to use a motor other than an S/SX Series
motor, you should consult Compumotor’s Applications Engineering Department for motor heating
and drive performance consequences (800-358-9070). The SX is intended for use with 2 phase PM
step motors only. Do not use variable reluctance or DC motors.

Compumotor has assigned the current ratings (previously shown) to S/SX Series motors to produce
the highest possible torque while maintaining smoothness. Use of higher currents will produce
higher static torque; however, the motor will run roughly and may overheat. The selected motor
current setting for motors wired in parallel is twice the value of the motor current setting selected for
motor motors wired in series. Do not run the parallel rated current into a motor that is wired in
series—it will destroy the motor’s windings. Remember, a motor run in parallel must have a limited
duty cycle or overheating and damage in the motor’s windings will occur.
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Cabinet Loss

Peak Motor Loss

Peak Shaft Power

Peak Total Power

Volt-Amp Rating

32

Summary

The total thermal dissipation in the SX is almost constant, regardless of whether the motor is
stationary or in motion. The current output switch settings determine the motor phase currents that
cause the power losses shown in the previous tables. The cabinet’s thermal resistance is approxi-
mately 0.35°C/W in still air with the heatsink fins vertically positioned. For 6A operation, the

cabinet will rise approximately 15°C above ambient temperature. The fan kit (which is optional for
SX6s) will reduce this temperature rise to 2°C. Application/Product design must prevent ambient
temperature around the drive from exceeding 45°C (temperature above 45°C will activate the drive’s
thermal shutdown feature). If the appropriate temperature cannot be maintained, the fan kit must be
installed.

As the speed of a motor increases,dbee losseghysteresis and eddy current) increase to the level
where the motor loses torque. The peak dissipation includes core and copper losses. The data in the
previous tables does not indicate average power unless the motor is run almost continuously at high
speed. Average motor loss will generally be less than these figures depending on the duty cycle and
dwell times. Motor losses are almost entirely independent on the mechanicéVllotad losses are

not related to shaft power

S/SX Series motors that are wired in series can be run continuously at speeds that incur peak motor
loss. S/ISX Series motors that are wired in parallel, however, cannot be run at peak motor loss levels
continuously without overheating (unless extensive cooling measures are employed). Most applica-
tions do not require continuous slewing at high speed. Therefore, the average motor loss will be
within safe limits (refer to the motor sizing information provided in Compumotor’s sizing software).

WARNING

Do not run the SX with motors in a parallel configuration without inspecting the thermal behavior of the
system. A parallel motor that operates at peak motor loss does not sustain damage immediately. Approxi-
mately 10 - 30 minutes of continuous operation may be required to reveal an overheating problem. In
general, the motor’s case temperature should not exceed 100°C.

Peak shaft power is the product of torque and velocity in the region where the speed/torque curve
appears as a hyperbola. In that speed range, the available shaft power is essentially constant at this
peak value. Most applications do not use more than 50% of the available peak shaft power. You
should use the peak shaft power values shown in the previous tables to determine the maximum
demand on the primary power source.

Peak total power is the sum of cabinet loss + peak motor loss + peak shaft power. The average
demand will be significantly less than the values provided in the tables depending on duty cycles at
high speed and dwell times at rest.

SXs obtain DC power by directly rectifying 120VAC, 60 Hz voltage. This is a low-cost, light-

weight, small size method of obtaining power. However, such a power supply represents a low-
power factor to the line (approximately 0.65 for SXs). The volt-amp ratings provided in the previous
tables were calculated by dividipgak total poweby 0.65.

Selecting an isolation transformer based on these power ratings will provide you with a conserva-
tively rated system. For slow-speed or light-duty applications, smaller VA ratings may be
appropriate.
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Installation Verification

Input Conventions

Input Tests

Example

After you have completed all of the wiring instructions, you should complete the steps in this
section to ensure that you have wired the limits, home, registration, inputs, outputs, motor, and
encoder correctly.

All of the inputs on the I/O connector are optically isolated and are activated by causing current to
flow from the OPTO terminal to the appropriate input terminal typically to logic ground through a
sinking resistor or contact closure. This is the energitatb.

All of the inputs (limitsHM, REG, andI1 - 18) can be tested using the Input Status (IS) command.
ThelS command will respond with the status of all the inputs on the 1/0O connector. Refer to the
figures titledTypical 3-wire Sensor Input Connectiand Typical I/O Connectiorfer a typical input
circuit. The format will be as follows:

> 11S
*ODDD_DDDD_BDDD

Thed in the response string represent the state of the different input functions. From left to right, the
inputs are as follows:

CW LIMIT

CCW LIMIT

HOME INPUT
REGISTRATION INPUT

INPUT 1
INPUT 2
INPUT 3
INPUT 4

INPUT 5
INPUT 6
INPUT 7
INPUT 8

Each input may be tested by energizing the desired input and issulSgciramand. The response
string should indicate & in the position that corresponds to the input that was energized. Refer to
the SX Software Reference Guidnd theDSA,OSA INL commands for changing the various

active levels.

Only theREG input is energized and then iBeommand is issued. The response should be as
follows: *0@01 BOOD BODD

Output Conventions

Output Test

The outputs on the 1/0 connector (O1 - O4) are optically isolated open collector darlington transis-
tors. To view the output signal as a voltage, an external pull-up resistor must be used. Energizing a
output will cause the transistor to turn on, this will result in a low signal if the output is being viewed
as a voltage. If the output is being used as a current node, then energizing an output will cause
current to flow.

All of the outputs (O1-04) can be tested using the Immediate Ou@utgmmand. By issuing the
following sequence of commands you will be able to verify that the outputs are wired correctly.
> 1101833 (energizes only O1)

> 1108133 (energizes only O2)

> 1108319 (energizes only O3)

> 11081 (energizes only O4)
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Fault Output Convention

The fault output will be energized (conducting current), when ever the Indexer thinks that every-
thing is operating correctly. Normally, if the shuts down the amplifier because an amplifier shut-
down commandST1 or OFF) was issued the fault output would not be de-energized. This situa-
tion can be changed by using 88R command (fault de-energized upon amplifier shutdown).
Refer to the fault output description earlier in this chapter for a listing of the conditions that will

cause the fault output to de-energize.

Fault Test
The fault output can be tested by issuing the following sequence of commands. The fault output
follows the same conventions as the general-purpose outputs.
Command Description
>1SSR1 De-energize the fault output upon commanded shutdown
>1ST1 Shutdown Amplifier
This should have resulted in the amplifier being disabled and the fault output being de-energized.
Command Description
> 1STQ Enable amplifier
This should have resulted in the amplifier being enabled and the fault output being energized.
Motor Test

By issuing the following sequence of commands, you will be able to verify that the motor is con-

nected correctly.

Command Description

> A20 Set acceleration at 20 rps?
>V2 Set velocity at 2 rps

> MN Set move to Normal mode

> MR11 Set the motor resolution at 25K
> D+25000 Set distance at 1 revolution CW
> LD3 Disable end-of-travel limits

>G Execute the move (Go)

The motor should have turned 1 revolution CW. If the motor moved in the CCW direction, then the
motor is not wired to the drive correctly. The motor direction may be changed by reversing the leads
connected to thA+ andA- terminal on the motor connector.

Incremental Encoder Test

By issuing the following sequence of commands, you will be able to verify that the incremental

encoder is connected correctly.

Verifies motor moved 25000 steps CW

Command Description

> A20 Set acceleration at 20 rps?
>V2 Set velocity at 2 rps

> MN Set move to Normal mode
>MR11 Set the motor resolution at 25K
> D+25000 Set distance at 1 revolution CW
>LD3 Disable end-of-travel limits

> Pz Disable end-of-travel limits

>G Execute the move (Go)

> 1PR Request motor position
*+BBBDD258DBD

> 1PX Request encoder position

el 1010101010 21%1%1%]

Verifies motor moved 4000 steps CW

If the encoder position report responded with the correct number of encoder counts but in the wrong
direction ¢-@PP3BBBABDD), the encoder is connected backwards. This is easily remedied by
switching channel A and channel B.is very important for closed-loop operation that the motor

direction and encoder direction match.
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Absolute Encoder Test

Drive Mounting

First confirm that the absolute encoder version of the SX is what you have. Reset the unitZvith the
command. Then issue th&VVcommand to report back encoder interface status. By issuing the
following sequence of commands, you will be able to verify that the absolute encoder is connected
correctly.

Command Description

> A20 Set acceleration at 20 rps?

>V2 Set velocity at 2 rps

> FSM1 Set to Absolute encoder mode
> ER16384 Set encoder resolution to 16384
> MN Set motor to Normal mode

> MR11 Set the motor resolution to 25K
> D+25000 Set distance to 1 revolution CW
>1LD3 Disable end-of-travel limits
>PZ Set absolute position to zero
>G Execute the move (Go)

> 1PR Request motor position
*+BBBDD258DBD Verifies motor moved 25000 steps CW
> 1PX Request encoder position
*+@BDBDBD16384 Verifies encoder position

If the encoder position report responded with the correct encoder count, but wrong direction
(*-P23D716384), the absolute encoder is counting backwards. Flip the direction DIP switch
inside the AR-C Decoder Box (refer to thR-C User Guidg It is very important for closed-loop
operation that the motor direction and encoder direction match.

Minimum Width

Minimum Depth

You can mount the SX in either a minimum depth or width configuration, depending on the position
of the mounting clips (refer to the following figure)lse only 6-32 X 3/8" screws to attach the
mounting clips to the drive. Longer screws may damage the drive.

WARNING

Use 6-32 X 1/4" screws to mount the switch cover only. Longer screws will damage the internal printed
circuit board.

Two clips are attached to the side of the drive away from the power connectors for minimum width.
This provides the maximum amount of panel spadee drive is shipped in this configuration

You can move the clips from the minimum-width position to the side opposite the heatsink to create
minimum-depth configuration. Three clips are used in the minimum-depth position—one on top and
two on the bottom.
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Minimum Width Minimum Depth
<4 Mounting —»
== Clips

NTNNNC
VeGTPaE
Mounting the Drive
WARNING

If you mount the SX in the minimum-depth configuration, the screws (6-32) used to attach the clips to the
SX/SXF must not be longer than 3/8". Longer screws will damage the internal printed circuit board.

Panel Layout
If you mount the SX in an enclosure, observe the following guidelines:

O The vertical and horizontal clearance between the SX and other equipment, or the top or bottom of the
enclosure, should be no less than 4".

[0 Do not mount large, heat-producing equipment directly beneath the SX.

O

Do not mount the SX directly below an Indexer (the SX produces more heat than an Indexer). Fan cooling
may be necessary if air flow is not adequate.

i

4" 4" S_X 4"
Drive

X

Panel Layout Guidelines
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Motor Mounting

Rotarystepper motors should be mounted using flange bolts and positioned with the centering flange
on the front face. Foot-mount or cradle configurations are not recommended because the torque of
the motor is not evenly distributed around the motor case and they offer poor registration. Any
radial load on the motor shaft is multiplied by a much longer lever arm when a foot mount is used
rather than a face flange.

WARNING

Improper mounting can compromise system performance and jeopardize personal safety.

The motors used with the SX can produce very large torques. These motors can also produce high
accelerations. This combination can shear shafts and mounting hardware if the mounting is not
adequate. High accelerations can produce shocks and vibrations that require much heavier hardwa
than would be expected for static loads of the same magnitude. The motor, under certain profiles,
can produce low-frequency vibrations in the mounting structure. These vibrations can also cause
metal fatigue in structural members if harmonic resonances are induced by the move profiles you ar
using. A mechanical engineer should check the machine design to ensure that the mounting structu
is adequateDo not attach the load to the motor yet. Coupling the load to the motor is dis-

cussed later in this chapter.

CAUTION

Consult a Compumotor Applications Engineer [800-358-9070] before you machine the motor shaft.
Improper shaft machining can destroy the motor’s bearings. Never disassemble the motor (it will cause a
significant loss of torque). Modifying or altering the motor or shaft may void the warranty.

Attaching the Load

This section discusses the main factors involved when attaching the load to the motor. The follow-
ing three types of misalignments can exist in any combination.

Parallel Misalignment

The offset of two mating shaft center lines, although the center lines remain parallel to each other.

Angular Misalignment

End Float

Couplings

When two shaft center lines intersect at an angle other than zero degrees.

A change in the relative distance between the ends of two shafts.

The motor and load should be aligned as accurately as possible. Any misalignment may degrade
your system’s performanceThere are three types of shaft couplings: single-flex, double-flex, and
rigid. Like a hinge, a single-flex coupling accepts angular misalignment only. A double-flex
coupling accepts both angular and parallel misalignments. Both single-flex and double-flex,
depending on their design, may or may not accept end-play. A rigid coupling cannot compensate fol
any misalignment.

Single-Flex Coupling

When a single-flex coupling is used, one and only one of the shafts must be free to move in the
radial direction without constrainDo not use a double-flex coupling in this situation because it will
allow too much freedom and the shaft will rotate eccentrically; this will cause large vibrations and
immediate failure.

Double-flex Coupling

Use a double-flexed coupling whenever two shafts are joined that are fixed in the radial and angular
direction (angular misalignmentpo not use a single-flex coupling with a parallel misalignment;
this will bend the shafts, causing excessive bearing loads and premature failure.
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Rigid Coupling

Rigid couplings are generally not recommended. They should be used only if the motor is on some
form of floating mounts, which allow for alignment compensation.

0 Coupling Manufacturers

HELI-CAL ROCOM CORP

901 McCoy Lane 5957 Engineer Drive

P.O. Box 1460 Huntington Beach, CA 92649
Santa Maria, CA 93456 (714) 891-9922

(805) 928-3851

For unusual motor installations contact a Compumotor Applications Engineer for assistance.

Tuning
This section contains the issues and concerns that you should be aware of as you tune and develop
your system.
0 Resonance
0 Mid-Range Instability
Resonance

Resonance exists in all stepper motors and is a function of the motor’'s mechanical construction. It
can cause the motor to stall at low speeds. Most full step motor contjuthgrthe motor to a set
minimum starting speed that is greater than the resonance region. The SX’s microstepping capability
allows you to operate a motor smoothly at low speeds.

Motors that will not accelerate past 1 rps may be stalling due to resonance. You can add inertia to
the motor shaft by putting a drill chuck on the shaft. The drill chuck may provide enough inertia to
test the motor when it i#0t loaded. In extreme cases, a viscous damper may also be needed. Refer
to Chapter 6, Hardware Reference for the maximum inertia ratings for your motor.

The SX is factory tuned to minimize resonance problems. If you are running the SX at motor
resolutions of 200 or 400 steps/rev, you may need to implement the Start/Stop V&IBLity (
command.

Mid-Range Instability

All step motors are subject to mid-range instability, also referred to as parametric oscillations. These
oscillations may stall the motor at speeds from 6 to 16 rps.

Tuning Procedures

You can tune the SX to minimize resonance and optimize smoothness by adjusting the small
potentiometers (pots) on the bottom of the unit. The following figure shows the location of the
potentiometers and their functions. A description of each function is listed below.

[0 Phase A Offset: Adjusts the DC offset of the phase current for Phase A.
[0 Phase B Offset: Adjust the DC offset of the phase current or Phase B.
0 Phase Balance: Adjust the phase current of Phase B to approximately +10% of Phase A.

It is not usually necessary to adjust these pots, tuning is done at the factory. Adjustments should be
made only if the load inertia is greater than 2-3 times that of the rotor inertia. For best results, the
drive and motor should be on, connected to the load, and warmed up for 30 minutes prior to tuning.
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Gauging Motor Resonance

There are several methods that you can use to determine the level of motor resonance in your
system.

L Tachometer Method

Use an oscilloscope to gauge the output of a tachometer attached to the motor shaft. The tachomet
will output a DC voltage, proportional to speed. This voltage will oscillate around an average
voltage when the motor is resonating. The amplitude of this oscillation will be at its maximum when
you run the motor at it®esonance speedThe goal of this tuning method is to tune the motor for its
lowest oscillation amplitude.

[] Sounding Board Method

You can practice your tuning skills with an unloaded motor placed on a sounding board or table.
When you command a velocity that is near the motor’s resonance,thegzthenomenon will cause
an audible vibration. The goal of this tuning method is to tune the motor for the least amount of
vibration.

] Stethoscope Method

L Touch Method

When you tune your motor under loaded conditions, you can hear the audible vibration caused by
the motor’s natural frequency by placing the tip of a screw driver against the motor casing and
placing the handle of the screw driver close to your ear (as you would a stethoscope). You will also
be able to hear the different magnitudes of vibration caused by the motor’s natural frequency. The
goal of this tuning method is to tune the motor for the least amount of vibration.

After you have had some experience with tuning, you should be able to locate the rastoresice
speedby placing your fingertips on the motor shaft and adjusting the motor’s velocity. Once the
resonance speed located, you can tune the motor for maximum smoothness in the same way.
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Tuning the Drive to

the Motor

Motor Waveforms

Anti-Resonance

Please note that system tuning has been done at the factory. To tune the drive, it is suggested that
you first return the potentiometers to their center positions. To tune the SX, follow the directions
below:

[0 Locate the motor's natural resonant frequency.
A table of resonant frequencies for unloaded Compumotor motors is shown below.

Motor Size 1st Tuning Speed 2nd Tuning Speed
SX57-51 5.15 rps 2.57 rps
SX57-83 3.92 rps 1.96 rps
SX 57-102 3.75 rps 1.88 rps
SX83-62 3.00 rps 1.50 rps
SX83-93 2.97 rps 1.48 rps
SX83-135 2.95rps 1.47 rps
SX106-178 2.11 rps 1.06 rps
SX106-1250 2.07 rps 1.04 rps
SX106-205 2.67 rps 1.34 rps

By varying the speed slightly from the values given in the table above, locate the speed of worst resonance.

Adjust the Phase A and Phase B offset potentiometers (located on the bottom of the drive), for best
smoothness. Iterative tuning is recommended. That is, adjust Phase A Offset, then B, then C, etc., until no
further improvement in smoothness is noted.

0 Decrease the motor’s velocity to half the value used in step 1.
Adjust the Phase Balance Potentiometer for best smoothness.

Optional Fine Tuning:

O Once again, decrease the motor’s velocity by half.
Adjust the Waveform Symmetry with the Motor Wavefo{) command, for best smoothness.
Repeat the above procedure until no further improvement in motor smoothness is noted.

Step motor manufacturers make every effort to design step motors that work well with sinusoidal
current waveforms. However, due to physical limitations, most motors operate best with a current
waveform other than a pure sine wave.

The purpose of adjusting motor current waveforms is to cause the step motor to move with equal
step sizes as the current waveforms are sequenced through the motaravEfilgm matchingyill

also help the motor run more smoothly. The motor waveform can be changed WwitWtbemmand
(refer to theSX Software Reference Guid®r the command syntax).

Motor waveforms are usually adjusted after the drive has been tuned to its motor. If you do not have
precision measurement equipment, you may select the correct motor waveform with one of the three
methods described previously in this chapter (Tachometer Method, Sounding Board Method,
Stethoscope Method, and Touch Method). These empirical methods generally yield acceptable
results.

As of serial number 95@626XXXXX, the S series contains an anti-resonance circuit designed to
reduce mid-frequency resonance in your system. The circuit acts on the power being supplied to the
motor, which varies greatly when resonance occurs. It will inject a signal opposite to that caused by
the resonance in order to apply torque against the resonance and cancel it.

This circuit does not guarantee resonance won't cause problems in your system if it is bad enough.
It simply works to reduce the affect mid-frequency resonance has on your system. The effect of this
will be smoother motion over the mid-range frequencies and better use of the torque available at
those speeds.
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C HAPTER LI

Application Design

Chapter Objectives

The information in this chapter will enable you to:

O Recognize and understand important considerations that must be addressed before you implement your
application

O Understand the capabilities of the system
0 Use examples to help you develop your application

Motion Profile Application Considerations

This section contains information that you should consider and evaluate when designing and
developing your system.

Positional Accuracy vs. Repeatability

Some applications require high absolute accuracy. Others require repeatability. You should clearly
define and distinguish these two concepts when you address the issue of system performance.

If the positioning system is taken to a fixed place and the coordinates of that point are recorded. Thi
only concern is how well the system repeats when you command it to go back to the same point. Fc
many systems, what is meant by accuracy is really repeatability. Repeatability measures how
accurately you can repeat moves to the same position.

Accuracy, on the other hand, is the error in finding a random position. For example, suppose the jok
is to measure the size of an object. The size of the object is determined by moving the positioning
system to a point on the object and using the move distance required to get there as the measureme
value. In this situation, basic system accuracy is important. The system accuracy must be better
than the tolerance on the measurement that is desired. Consult the technical data section of the
Compumotor Catalog for more information on accuracy and repeatability.

Move Times—Calculated vs Actual

You can calculate the time it takes to complete a move by using the acceleration, velocity, and
distance values that you define. However, you should not assume that this value is the actual move
time. There is calculation delay and motor settling time that makes your move longer. You should
also expect some time for the motor to settle into position. The SX has minimal calculation-delay
time associated with a G&J command. This delay can be as low as 500 ps. The SX has an
internal timer that allows you to monitor the elapsed time of your move. The responsg&Nf the
command shows you the previous move’s execution time.
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Preset Mode Moves

Incremental Mode

A preset move is one in which the distance is specified in motor steps. You can select preset moves
by putting the SX into Normal mode with the Mode NormMN) command. Preset moves allow

you to position the motor in relation to the motor’s previous stopped position (incremental moves) or
in relation to a defined zero reference position (absolute moves). You can select incremental moves
with the Mode Position Increment&fiPl) command. You can select absolute moves with the Mode
Position AbsoluteNIPA) command. At any time, you can request the state in which the SX is
configured by issuing thBR command.

Preset Moves

When you are in Incremental modéF1) and Preset mode (MN), the motor moves the specified
distance from its current position. The preset distance is specified wthdti@mand. You can
specify the direction with the optional sigp¥8J@@ ob-83@J), or you can define it separately
with the Change DirectiorHt orH-) command. If no sign is specified with tBecommand it
defaults to positive.

Command Description

>1LD3 Disables CW and CCW limits (not needed if limits are
installed )

> MPI Sets unit to Incremental Position Mode

> MN Places the SX in Preset mode

> PZ Zeroes the position counter

> A25 Sets acceleration to 25 rps?

> AD25 Sets deceleration to 25 rps?

> V5 Sets velocity to 5 rps

> D8I Sets distance to 8,000 steps

>G Executes the move (Go)

> D1203D Sets distance to 12,000 steps

>G Executes the move (Go)

> 1PR Reports the setpoint (commanded) position

Response: *+@333DB2DDDD

Absolute Mode Preset Moves

A preset move in the Absolute modé¢RA) and Preset mode (MN) moves the motor to the distance in
an absolute coordinate system that you specify relative to an absolute zero position. You can set the
absolute position to zero with the Position Zé?@)Y command or by cycling the power to the

Indexer. The absolute zero position is the initial power-up position.

The direction of an absolute preset move depends upon the motor position at the beginning of the
move and the position you command it to move to. If the motor is at absolute position +12,800, and
you instruct the motor to move to position +5,000, the motor will move 7,800 steps in the negative
direction to reach the absolute position of +5,000.

The SX powers up in Incremental mode. When you issue the Mode Position Abigtitiée (

command, it sets the mode to absolute. When you issue the Mode Position Incrévtieintal (
command the unit switches to Incremental mode. The SX retains the absolute position, even while
the unit is in the Incremental mode. You can use the Position RE)Edmmand to read the

absolute position.
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In the following example, the motor performs the same commands as the incremental position
example. In this case, tiRR command will report a different position because it is working in an
absolute coordinate system.

Command Description

>LD3 Disables CW and CCW limits (not necessary if limits are
installed )

> MPA Sets unit to Absolute Position mode

> PZ Zeroes the position counter

> A25 Sets acceleration to 25 rps?

> AD25 Sets deceleration to 25 rps?

> V5 Sets velocity to 5 rps

> D8I Sets distance to 8,000 steps

>G Executes the move (Go)

> D12@00D Sets distance to 12,000 steps

>G Initiates motion

>1PR Reports the setpoint (commanded) position

Response: *+@@@BD12BDD

The motor will move to absolute position 8,000. The second move is 4,000 more steps to the
absolute position of 12,000 steps. Hi® command reports a setpoint (commanded position) of
12,000 steps.

Continuous Mode Moves

The Continuous modéC) command accelerates the motor to the velocity that you last specified
with the Velocity /) command. The motor continues to move at the specified velocity until you
issue the StopS) or Kill (K) command or specify a velocity change. To interactively change
velocity while the motor is moving, use the instantaneous velocity comm\@ndTp change

velocity on-the-fly in a sequence, use the Motion Profiling mateR).

In Motion Profiling mode, all buffered commands are executed immediately—therefore you only
have to enter th& command to change the velocity. 8as needed following th¥. Continuous

mode is useful for applications that require constant movement of the load, and the motion is not
based on distance but is based on internal variables or external inputs, or when the motor must be
synchronized to external events such as trigger input signals. In this example, velocity is changed
after a time delay of about 1 second.

Command Description

>PS Pauses motion until a C command is reached

MPP Places the SX in the MPP mode

IN1A Sets up 11 (Input 1) as trigger bit 1

IN2A Sets up 12 (Input 2) as trigger bit 2

LD3 Disables CW and CCW limits (not necessary if limits are
installed )

MC Sets unit to the Continuous mode

A25 Sets acceleration to 25 rps?

AD25 Sets deceleration to 25 rps?

V1 Sets velocity to 1 rps

G Executes the move (Go)

Tl Waits 1 second after the move is started

V5 Sets velocity to 5 rps

TR19 Waits for trigger bit 1 to go on and bit 2 to go off

STOP Stops the motor

C Continues execution of commands
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These commands cause the SX to run in Continuous mode. The motor starts accelerating, waits for 1
second, changes velocity to 5 rps, waits for you toltli{mput 1) on and turn I2 (input 2) off,

and then stops. Th& and STOP commands stop the motor (tBecommand is not a buffered

command and cannot be used in this situation, unless you wish to halt the operation in the middle of
the program) TheDIN command (an immediate command) simulates the state you want the inputs

to be in. In the example above, you could simulate the activation of the trigger state without
physically toggling the inputs, by using tbéN command as follows.

> DINEEEE1JEEEEEE E means do not affect the input. A 1 makes the input one,
a 0 makes the input zero. Each E,1, or O represents an
input bit. There are 12 inputs. The 1 and @ in this ex-
ample correspond to I1 and 12 on the front panel. The
first 4 E's correspond to CCW, CW Home limit, and
Registration Input.

Closed Loop Operation

44

As of January 1, 1995, the SX/SXF will no longer have absolute encoder interface capability as a
standard feature. The standard SX/SXF will not be compatible with the AR-C absolute encoder, but
rather the SX/SXF absolute encoder interface will be an option to the standard system. For help in
determining whether or not your SX/SXF has the absolute encoder interface, see the RvV command
in theSX Software Reference Guide.

This section explains the closed-loop operation of the SX. Closed-loop moves use external sensors
to provide position verification signals. Closed-loop operation provides the SX with the ability to
detect a system stall or to adjust the load position to compensate for the system’s mechanical slop.

The standard SX-A can interface only to an incremental encoder. The SX-A can interface to an
incremental encoder or a Compumotor absolute encoder (AR-C). The encoder may be used as a
means of creating a closed-loop system or as an independent means of verifying motor position. The
following functions are added to a system when an encoder is used:

0 Encoder referenced positioning O  Motor stall detection
O Encoder position correction O  Higher accuracy homing function

To implement the closed-loop functions, you must connect an incremental encoder or a
Compumotor AR-C absolute encoder to the SX. The SX can supply up to 250mA/+5VDC to power
the incremental encoder (the AR-C provides it's own power). When you use incremental encoders
with single-ended outputs, do not connect channels A-,B-, and, Z- to the SX’s encoder connector.
Refer toChapter 3, Installatiorior details on wiring encoders to the SX.

Selecting Encoder
Resolution Values:
Incremental
The number of encoder steps that the SX system recognizes is equal to four times the number of

encoder lines. For example, a 1000-line encoder mounted directly on the motor will generate 4000
encoder steps per revolution of the motor shaft. The SX reads in a quadrature signal.

Selecting Encoder
Resolution Values:
Absolute
The number of encoder steps that the SX system recognizes is equal to the specified number of

absolute encoder steps that are selected at the AR-C decoder box. The absolute encoder is capable of
providing either 16384, 8192, 4096, or 2048 steps per revolution.

Motor-to-Encoder
Ratios

A minimum of three motor steps per encoder step is required for successful operation of the Position
Maintenance function. If a 1000-line incremental encoder is mounted directly to the motor shaft, the
motor must have a resolution of 12,000 steps/rev or higher. Ratios above three motor steps per
encoder step ensure stability of the position maintenance correction furldimm operating in

Encoder Step mode, system accuracy depends on the accuracy of the encoder and not on the
accuracy of the drive and motor combination in Open-Loop mode.
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If you install a reducer (gear box) between the motor shaft and the encoder, the number of encoder
steps that the Indexer receives is equivalent to the number of encoder steps divided by the encoder
gear ratio.

For example, using a 12,800 steps/rev motor, a 1,000-line encoder, and a 10:1 reducer, the ratio of
motor revolutions to encoder steps would be changed as described in the following table.

Parameter 1:1 Ratio 10:1 Ratio
Number of encoder steps recognized by the SX (per motor rev) 4,000 400
Required ratio of motor revs to encoder steps 1/4,000 1/400
Motor-to-encoder step ratio 3.2/1 32/1

Setting Encoder Resolution

Incremental Encoder

Absolute Encoder

Encoders are available in a wide range of resolutions. Using the Encoder ResBRjion (
command, you must specify the resolution of the encoder that is connected to the SX.

Compumotor offers an absolute encoder for use with the SX-A system. The AR-C absolute encoder
is capable of providing one of four resolutions (16384, 8192, 4096, or 2048 steps/rev). The encoder
resolutions are selected using DIP switches inside of the AR-C decoder box.

Using the following example as a guide, you can specify the encoder’s resolution to the with the
Encoder Resolutior5R) command.

Commmand Description

> ER4000 Sets encoder’s post-quadrature resolution to 4000 steps/
rev (1,000 lines)

> ER8192 Sets absolute encoder resolution to 8192 steps/rev

The number entered with the ER command is the number of encoder steps that will be
counted when the motor has moved 1 revolutianlf a 1000-line encoder is directly mounted to a
25000 step motor, there will be 4000 encoder steps for 1 motor revolution.

Encoder Step Mode

Incremental Encoder

The Indexer can perform moves in either motor steps or encoder steps. In Motor StepSBadle (

the distancel) command defines moves in motor steps. In Encoder Step Fel#)( the

distance command defines moves in encoder steps. When the AR-C is used, the Enable Absolute
Encoder command-EM1) must be used prior to enabling the Encoder Step R&@d). You

must set up the Indexer for the correct encoder resolution. The Encoder ResBR)ieorimand
defines the encoder resolution. The sample move below gives examples of incremental and
absolute encoder step moves.

Command Description

>1LD3 Disables CW and CCW limits (not necessary if limits are
installed)

> MN Sets motor to Normal mode

> ER4000 Sets encoder resolution to 4000 counts/rev

> FSB1 Sets move to Encoder Step mode

> Al10 Sets acceleration to 10 rps?

> V5 Sets velocity to 5 rps

> D4000 Sets distance to 4000 encoder steps

>G Executes the move (Go)

The motor will turn CW until 4000 encoder steps (1 rev) are received. If this move does not work,
refer toChapter 7 , Maintenance & Troubleshooting

If the encoder is accidentally disconnected during the execution of this move, the motor will
continue to move CW indefinitely. This is because the system continues to move, while waiting for
the remaining encoder pulses. To prevent this, use the Stop-OrFS@llY command.
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Absolute Encoder

If this example causes a very slow, creeping motion, the encoder is not wired properly or the encoder
resolution being seen is too low. Confirm the encoder count is increasing with CW motion using the
PX command.

Command Description

>1LD3 Disables CW and CCW limits (not necessary if limits are
installed)

> MN Sets motor to Normal mode

> MR15 Sets motor resolution to 50000 steps/rev

> FSM1 Enable absolute encoder

> 1RSE Check for AR-C problems

> ER16384 Select (default) AR-C encoder resolution

> FSB1 Sets move to encoder step mode

>Al10 Sets acceleration to 10 rps2

> V5 Sets velocity to 5 rps

> D16384 Sets distance to 16384 encoder steps

>G Executes the move (Go)

The motor will turn CW until 16,384 encoder steps (1 rev) are received. If this move does not work,
refer toChapter 7, Maintenance & Troubleshooting.

If the encoder is accidentally disconnected during the execution of this move, the motor will stop
immediately as if stop-on-stall was enabled and the motor has s1&8& will respond with
*ABSOLUTE_ENCODER_FAULT abR will respond with *S (attention required). To clear this
fault condition, execute tHeN command.

If this example causes a very slow, creeping motion, the encoder is not wired properly or the encoder
resolution being seen is too low. Confirm the encoder count is increasing with CW motion using the
PX command.

If you need to power up the SX and an absolute encoder simultaneously, enter the following com-
mands into sequence 100.

Command Description

> FSMO Disable absolute encoder
>T1 Pause for 1 second

> FSM1 Enable absolute encoder

This gives the absolute encoder time to fully power-up before the SX checks the interface.

Position Maintenance

0 Note

The Position Maintenanc&$C) command enables and disables the position maintenance function.
You must enable Position MaintenanE&C1) to activate closed-loop position correction and

ensure that encoder step moves are positioned within the specified Dedd¥jraf {(he com-

manded encoder position. Enabling position maintenance will cause the Indexer to servo the motor
until the correct encoder position is reached. This occurs at the end of a move (if the final position is
incorrect) or any time the Indexer senses a change in position while the motor is at @ velocity. To
enable position maintenance, you must have an encoder connected and the Indexer set in Encoder
Step modeKSB1).

If a stall occurs during position maintenance, the position error is set equal to zero and the motor
does not move. If you disable Stop-on-StaBDd), the SX will continue to try to move the motor
the commanded distance.

Position Maintenance is not cancelled by a Stop (S) or a Kill (K) command. Use the FSDZ orOFF
commands.

The SX's Position Maintenance mode corrects for final positional accuracy after a move is com-
pleted. If a 4,000 encoder step move is commanded, the motor will attempt to go 25,000 motor steps
(or 1 rev). After the move is complete, the system checks the encoder to ensure the encoder reads
4,000 steps or 1 revolution. If it is not at 4,000, it will correct the motor’s final position by com-
manding the motor to move until the encoder reads 4,000 steps. You can use the following com-
mands to set up a position maintenance application.
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Command Description

DPA Displays actual motor position indicated by the encoder—
displayed in encoder steps.

PR Displays number of steps motor was commanded to go—
motor or encoder steps.

PX Displays actual motor position indicated by the encoder—
displayed in encoder steps.

DPE Displays the PositionError between where the motor was

commanded to go (setpoint) and where the encoder
indicates the motor is(actual position). In the Motor step
mode, the error is displayed in motor steps. In the
encoder step mode, the error is displayed in encoder
steps.

CPE Configures the maximum Position Error allowed. The
actual motor position that is off from the setpoint or
commanded position. This determines when a stall is
detected (FSD1)

CPG Configure PositionGain. This is the percentage gain that is
applied to the position error to determine a correction
velocity.

CPM Maximum gain value for which the CPG determines the %
of to use for correction.

MV The maximum velocity that the SX can command when
correcting for position while in Position Maintenance
mode.

FSC Enters and exits Position Maintenance mode.

FSD Enters and exits the Stall Detect mode.

DW This is the deadband window, when the error is greater

than this number of steps, the SX will perform position
maintenance. A wider window Prevents dither.

In Position Maintenance mode, the SX performs an end-of-move correction. It corrects for any
position error that is detected between the commanded position and the encoder position which is
greater than the deadband window. The SX has a 1-ms update rate. Every ms it will correct for any
position error above the deadband window. It will continue to send pulses to the motor until the
motor is in position according to the encoder. Position maintenance can be used only in Encoder
Step mode.

In the encoder mode, the SX determines the motor position from the encoder. A move is considerec
complete when the encoder position reaches the commanded position. When a step motor is
accelerated or decelerated, it will ring about the commanded move trajectory. The higher the
acceleration, the larger the amplitude of the ringing. If the amplitude of the ringing is larger than
one motor pole, the motor and drive will lose synchronism and a stall will result. Microstepping
reduces the violence of this ringing, but does not totally eliminate it.

Because of this ringing, it is possible for the motor to overshoot or undershoot its commanded goal.
This occurs because at the moment the encoder indicates the correct terminal position and the SX
stops commanding motion, the motor may still ring back to a different resting position. The magni-
tude of this final error can be anywhere from a few steps to 30-50 steps depending on the accelera-
tion. The purpose of Position Maintenance is to correct this end of move error.

Position maintenance is also very useful in correcting for system errors if the encoder is mounted on
the load rather than directly behind the motor. Mounting an encoder on the load is preferred when
the system mechanics allow.

If the Position Maintenance modeSC1) is on, the motor will servo to the commanded position

after the move is completed. With both Stall DetE&[1) and Position MaintenandeSC1)

modes activated, the SX will apply the position error to the following algorith@PH (position

error) >CPE (maximum allowable position error), a stall condition exists. Stall errors occur and the
step and direction output is turned off. DPEposition error) >DWdeadband window), position
maintenance occurs, unless a stall is detecidlls are checked for each sample period, and
position maintanance is checked each sample period at the end of a commanded move.
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Example

Step O

Step O

Step O

Stop-On-Stall

Correction velocity is determined by the following equation:
Velocity =CPG (Proportional gain percentag€RM (Proportional gain maximumPPE (position error)

If this is less than thBIV value (maximum correction velocity), it is the commanded correction
velocity. If it is greater than thdV value, theMV valueis the commanded position maintenance
correction velocity.

If DPE is <DW, no correction occurs. If oscillation occurs after the move, the Position Mainte-
nance gains may be set too high.

Perform the following steps to make a move with stall detect and position maintenance activated:

Type the following commands:

Command Description

> 1CPE20DD Maximum position error is 2,000 motor steps

> 1CPG59J Sets position gain to 50% of maximum gain (CPM)
> 1CPM6Q Maximum position gain is 60

> 1MV1Qg Sets maximum correction velocity to 10 rps

> 1DW5 Sets deadband window to 5 steps

> 1FSD1 Invokes Stall Detect mode

> 1FSB1 Set system to Encoder Step mode

> 1FSC1 Invokes Position Maintenance mode

This enables the Position Maintenance mode. The above selected parameters may make the motor
unstable when unloaded.

Type the following commands to make a move:

Command Description

> Al18Q0 Sets the acceleration to 100 rps?

> AD1@J Sets the deceleration to 100 rps?

>V1ig Sets velocity to 10 rps

> D1@@DDD The motor is set to move 100,000 encodersteps
>G Initiates motion

Use the following commands to observe the position error and actual position.

Command Description
> 1DPA Display the actual position
> 1DPE Display the position error

The motor should move to the commanded position, +100,000 encoder steps.

You can enable the Stop-on-Stall function with the FSD1 command. The move will terminate,
without any delay, as soon as a stall is detected. This function works either in Motor Step or
Encoder Step mode and is independent of position maintenance.

CAUTION

Disabling the Stop-on-Stall function with the FSD@command will allow the SX to attempt to finish the
move profile regardless of a stall detection, even if the load is jammed. This can potentially damage user
equipment.

The Stop-on-Stall feature depends on the maximum allowed position error (set with the Configure
Position Error CPE] command). The factory default setting for maximum position error is 4000
encoder steps.
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Command Description

> CPE1Q9 Sets maximum position error to 100 steps
> ER4GDD Sets encoder resolution to 4,000 steps/rev
>FSD1 Enables Stop on Stall mode

While at rest the position error will normally never exceed 30 to 50 steps. When operating at high
speeds, the difference between the command and actual position (position error) can easily exceed
50 steps. This is because the motor has already been moving for 1 ms before the position error is
calculated. For example, BitR11 (25,000 steps/rev) the position error can be 1,250 steps at 50 rps.
This number could be larger by a ringing motor or motor windage.

Stall detection does not occur until the error exceeds the maximum position error (set with the CPE
command). Consequently, if the commanded motor position and the encoder position differ by 100
motor steps, the SX will detect a stall and stop the motor immediately.

Output-On-Stall

You can define one of the outputs to act as an output-on-stall. By defining the output type as L it
becomes an output-on-stall. Whenever a stall condition occurs the output will be activated. You car
be in either Motor Step mode or Encoder Step mode, and you do not have to be in Position Mainte-
nance mode. By selecting an output as an output-on-stall you are not causing the motor to stop on-
stall. The motor will not stop on a stall unless you enable itR&D1.

Command Description

> MN Sets the system in the Preset mode

>FSB1 Enables Encoder mode

> CPE3g Selects maximum position error of 30 motor steps
> OUTI1L Enables stall detect function on output #1

>FSD1 Stops motor if a stall is detected

> A2 Sets acceleration to 2 rps?

>V.1 Sets velocity to 0.1 rps

> D128@D Sets distance to 12,800 encoder steps

>G Execute the move (Go)

While the motor is moving, you can cause a stall by holding the shaft. If you can not manually stall
the motor, you can simulate a stall by carefully disconnecting the +5V encoder lead from pin #1 on
the SX encoder connector. When the stall occurs, output #1 is turned on and the motor stops (this
signals you that the motor has stalled).

Fault Sequence
Execution with Stall
Detect

If the user has an error or kill sequence defirf@feKn), a stall will cause the program to execute the
SFX sequence. This can be very useful in alerting machine operators to error conditions or mechan
cal difficulties.

Mechanical Resonance

Resonance, a characteristic of all stepper motors, can cause the motor to stall at low speeds. Most
full-step motor controllerpimpthe motor to a set minimum starting speed to avoid this resonance
region. This causes poor performance below 1 rps. In nearly all cases, the stepping features of the
SX will overcome these problems. However, in some cases the drive will need to be optimized with
some simple adjustments to overcome resonance.

Resonance occurs at speeds which approach the natural frequency of those speeds. It causes the
motor to vibrate at these speeds. The speed at which fundamental resonance occurs is typically
between 0.3 and 0.8 rps and is highest for small motors and lowest for large motors.
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Motors that will not accelerate past 1 rps may be stalling due to resonance. The resonance point may
be lowered to some extent by adding inertia to the motor shaft. This may be accomplished by

putting a drill chuck on the back shafthis technique is applicable only to double-shaft motors with

the shaft extending from both ends of the mdtoextreme cases, you may also need a viscous

damper to balance the load. One of the manufacturers of viscous dampers is listed below:

Ferrofluidics Corporation
40 Simon Street
Nashua, NH 03061
(603) 883-9800

Adjusting the waveformMW command) or changing the veloaitycommand) and acceleratiof (
command) may also help a resonance problem. Refer to the Tuning Proce@inagstar 3,
Installation

Ringing or Overshoot

Registration

The motor’s springiness, along with its mass, form an underdamped resonant systiemgsthnat
response to acceleration transients (such as at the end of a move). Ringing at the end of a move
prolongs settling timeOvershoobccurs when the motor rotates beyond the actual final position.

The actual settling time of a system depends on the motor’s stiffness, the mass of the load, and any
frictional forces that may be present. By adding a little friction, you can decrease the motor’s
settling time.

Registration with the SX provides the ability to change the move profile which is being executed to
an unrelated move profile defined as a registration mdWés unrelated registration move is

executed when an input to the SX transitions from an inactive to active stat&ou can only use

the input labeledREG as a registration input. This input will interrupt the SX microprocessor at the
highest priority level in the system. The registration input and the motor’s current position will be
captured within 5Qus. The registration profile will be executed at the next update period. The
registration move uses the actual position captured withis%® its reference point.

Velocity Original Move Profile
(rps)

T
|
|
: Registration Move Profile
|
|
|

Registration Input Time
Is Activated

Registration Move

The interrupt iedge-sensitiveo the voltage transition (if you have a bouncy switch for the registra-
tion input, you must use the debount®R) command to ensure that false registration interrupts do
not occur). With the SX, another registration interrupt can interrupt the current registration move.
When the REG input isenabled, it cannot be toggled at a frequency higher than 1 kHz, or
once every ms.

REG defines the move when the REG input is enabled (refer to the figure beloWyREhe
command enables registratidNRJ will disable it (se&X Software Reference Guider further
explanation.)
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Bouncy Registration

Inputs

Jogging the Motor

—1-0O| +5v
Note: Use OP2-HV if
(12-24VDC) is used.

15 To Program
16
> INRE
18 > REG1,A1@,AD5,V5,D25000

[OXCHONONONONONONONONONCHONONONG)
5

|

Partial View of SX

The syntax for defining a registration move usingRIES inpubn the front panel is:
REG1,A10,AD190,V10,D2503D

The registration movREG1, will be performed when tiREG input is activated. The acceleration
will be 10 rp$, the deceleration will be 10 fpshe velocity will be 10 rps, and the distance traveled
will be 25,000 steps from the captured position. The SX motor must be in motion for a registration
move to be performed.

The registration switch may be bouncy or noisy and may take a few ms to\&étile bouncy

switch, each edge appears like a registration interrupt and the registration move is made from the
distance position at which the latest edge was detected. The SX allows you to debounce the inputs
(with a software command). You can ignore any bouncing transitions from your switch after the
initial registration interrupt has occurred. The time in which the interrupts or false edges are ignored
is determined by the number you enter forTRRR command. TDR is the debounce time in ms

that you specify so that the inputs cannot cause another registration interrupt until the switch is
settled.

As an example, an application needs a registration move. The motor has a resolution of 25,000 stej
per revolution. The registration move must turn the motor 1 revolution at 10 rps. If the input does
not occur, the move will be a 500,000-step move at 5 rps. The SX is configured as follows:

Command Description

> INRE Enables registration input (REG)
> REG1,A198,AD13,V13,D2500@ Defines the registration move

> D5@@DDD Sets distance to 500,000 steps
> V5 Sets velocity to 5 rps

>G The preset move is initiated

If REG is toggled, the corresponding registration move is performedINmmmand will not
activate registration input (the registration input is hardware oriented).

In some applications, you may want to move the motor manually. You can configure the SX to
allow you to move the motor manually with the Configure Input (IN) command. You can define the
jogging velocity with the Jog Velocity HigllYH) and Jog Velocity Low (JVL) commands. You can
define three different inputs for jogging: CW Jog ingbit#J ), CCW Jog InputlN#K), and Jog

Speed Select High/LowN#L). You must also enable the jogging feature with @8E1 command.
Once you set up these parameters, you can attach a switch to the jog inputs that you defined and
perform jogging # represents digits 1 - 8, which you enter). The following example shows how
you can define power-up sequence #100 to set up jogging.
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Step O

Step O

Step O
Step O
Step O

Step O

Define a power-up sequence.

Command Description
> XE18Q Erase sequence #100
> XD1@D Define sequence #100
LD3 Disables the limits (not needed if the limit switches
installed)
JA25 Set jog acceleration to 25 rps?
JAD25 Set jog deceleration to 25 rps?
OSE1 Enables Jog function
JVL.5 Sets low-speed jog velocity to 0.5 rps
JVH5 Sets high-speed jog velocity to 5 rps
IN1J Sets 11 as a CW jog input
IN2K Sets 12 as a CCW jog input
IN3L Sets 13 as a speed-select input
XT Ends sequence definition
Reset the SX.
Command Description
>Z Reset the SX

Turn 11 input on to move the motor CW at 0.5 rps (until you turnlajt
Turn 12 input on to move the motor CCW at 0.1 rps (until you turnI@jf
Turn I3 input on to switch to high-speed jogging.

Repeat steps 3 and 4 to perform high-speed jogging.

Changingl3 during a current jog will change the velocity on the fly.

Backlash Compensation

52

The SX can compensate for backlash in the gearing of your system. You can specify different
compensations depending on the direction the motor is moving. You will uBé t@mmand for
backlash compensation. Refer to 8% Software Reference Guider a detailed description of the
backlash command. The command syntax is as follows:

Command Description

> BLn,m Variable n is the amount of CCW steps that should be
compensated.
Variable m is the number of CW steps that will be
compensated.

TheBL command is only functional in Motor Step modfea CW move is made, an extrasteps

will be made to account for backlash. The concept is that the load will not begin to move until the
motor moves enough to make contact with the gearing (refer to the figure below). This is also true
for CCW moves. The backlash compensation may be different in either direction, so you can
program them independently. The load will not move until point A contacts point B. This backlash
is associated with changing direction. If the desired distance is 1,000 motor st&tsctimemand

will have the following parameters:

Command Description
> BL10DD,280D 1000 is the amount of CCW steps that should be

compensated. 2000 is the number of CW steps that will

be compensated.
For a 25,000-step CCW move, the motor will actually move 26,000 steps to remove the backlash,
but the position counter will only change by 25,000 steps. This is done because the load is expected
to move whenever the motor moves. The load should move a certain distance when the motor
moves a certain distance. If there is backlash in the system, the load will not move the correct
distance when the motor is commanded to move in the opposite direction from its previous move. In
this example, the motor was moving CW. The gearing was flush and the teeth were touching. When
the direction changes, the teeth must move 1,000 steps before they are again in contact with the load
gear. Thus, for the load to move 25,000 steps, the motor will have to move 1,000 steps until the
teeth are in contact, then move 25,000 steps so that the load will actually move 25,000 steps. This
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mode allows you to compensate for the error between the motor and the actual load pidsdtion.
compensation only occurs when you change direction

MOTOR SHAFT

1000 steps

Backlash Compensation

Defining a Home Location

The SX's go home function brings your motor to a home reference position. The homing function
allows you to back up to a home switch and come to a stop on a specific edge of the switch. You ca
program the active level of the switch. The homing function also allows you to home to the Z
channel of the SX motor’s encoder.

Homing to a Switch

There are two homing modes. Normal mo@&BO0) is where the motor decelerates from the go
home velocity GHV) to a stop, upon the first home input transition, regardless of direction.

Back Up to Home mode)SB1) is where the motor decelerates from the go home velocity to a stop,
upon the first home input transition, and either changes direction or continues on at the go home
final velocity (GHF), looking for another transition of the home switch. This part of the back up to
home move is dependant upon the initial homing direction, the final homing dire0gs)( and
whether the initial deceleration takes you through the other side of the home &afsotto the

included homing diagrams for your needs and set-up parameters.

A Go Home move is initiated with theéH command or with an input defined as a Go Home Input
(INnS). The GH command can also be used to specify the initial homing velocity and direction.
These parameters can also be set witlsiH¥ command, which does not initiate motion by itself.
For example, GH-2 would initiate the go home move in the negative direction at 2 rps. This could
also be accomplished with GHV-2 and GH or GHV-2 and a go home inputGRIAeandGHAD
commands control the go home acceleration and deceleratiorOSeommand allows you to
adjust the active level of the home inp&efer to the SX Software Reference Guider further
descriptions of all the noted commands.

Go Home Status Report

The Go Home Status RepoRG) can be used to determine if the home move was successful or not.

Homing to a Z Channel

The SX also allows you to home to an encoder’s Z channel after locating the home sensor and doin
its back up to home move. It is required to see the home input transitions and to be doing a back uf
to home move in order to home to the Z channel. You do not have to be in encoder mode. Homing
to a Z channel is enabled with t&&D command and can be configured with @®J command to

search for the Z channel until it is received or through one revolution onlyRGhmmmand will

report back *A, home successful, as long as the home input transitions have been seen. It is inde-
pendent of whether the Z channel is seen.
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Homing and End-of-
Travel Limits

Homing Diagrams

Hitting an end-of-travel limit (hardware or software) once during a go home move will cause the
motor to reverse direction and seek the desired home transition in the other direction. The home
move will then act as though the new direction was the original direction. Hitting the other end of
travel limit (hard or soft) in the course of the same go home move will cause the motor to decelerate
to a stop. If a home transition has not been found before the two limits are RG t@mmand will

report back *@, home unsuccessful. However, if a home transition has been encountered before the
second limit is hit, th&G command will report ba&R, home successful, so this condition should

be avoided for accurate homing. Hitting the second limit after encountering home transitions will

not cause a fault (run the fault sequence), since this is considered a successful home.

The following diagrams are examples of the many possible homing set-ups. Your parameters may
vary and the results may vary slightly depending on your settings. The following parameters were
used for the diagrams shown below.

Set-up Parameters: GHV1 GHF0.2 GHA1 GHAD1

The CW side of the home pulse is the side closest to the CW limit. The CCW side of the home pulse
is the side closest to the CCW limit.

The long pulse diagrams are indicative of situations where the motor decelerates while remaining
inside the home pulse width due to a rapid homing deceleration or a very wide home pulse. The
short pulse diagrams are indicative of situations where the motor decelerates through the home pulse
width due to a slow deceleration or a very narrow pulse width.

If an end-of-travel limit is hit during the initial homing, refer to the homing diagram for the opposite
direction of travel.
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0 Note

The diagrams are drawn as a general guide. Velocity levels and slopes are drawn to indicate the
general move profile the motor will make during the go home move. The vertical axis is velocity
and the horizontal axis is position in relation to the home input transitions. Some lines are drawn as
closely as possible together to indicate identical velocities yet remain discernible.

OSB@
CCw CwW CCw CwW
GH+1—> <+ GH-1
V=0 V=0
0SB1 CcCcw CwW
0SDg CCw Ccw
OSG@ GH+1— GH+1—»
OSH@ GHF.2 GHE.2
0SJZ  v=0 V=0
CcCcw cw CCw cw
T GH1 +—GH-1
GHF.2 GHF.2
V=0 V=0
OSB1 CCW Ccw
OSD@ CCcw Cw
GH+1—» GH+1—»
0SGyY
OSH1 ~ GHF2 GHF.2
0SJP v=0 V=0
CcCcw Cw CCw cw
<— GH-1 < GH1
GHF.2 GHF.2
V=0 V=0
OSB1 ccw cw ccw cw
OSDY  GH+1—* GH+1—*
0SG1 GHF.2 GHF.2
OSH@ V=0 ' / V=0 '
0SJ@ -
CCw CW CCwW CW
<+— GH-1 < GH-1
GHF.2 GHF.2
V=0 V=0

Homing Examples
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OSB1

ccw cw
0sSDJ ccw cw
0SG1 GH+1 —» GH+1—»
OSH1 GHF.2 GHF.2
0SJZ v=0 AN V=0
CCw cw ccw CcwW
< GH1 <— GH-1
GHF.2 GHE.2
V=0 V=0

Note:  The final stopping point in the diagrams below is dependant
upon the location of the encoder's Z channel. As shown, the Z
channel can occur anywhere in relation to the home switch,
once the final homing move is started.

ccw cw ccw cw

0osB1 GH+1—» GH+1* 7
0OSsD1 VA ‘
0SGD GHF.2 | ¥ GHF.2
OSH@  v=0 \ V=0 ‘

or
OSH1 cow cw oW ow
0sJg <— GH-1 < GH-1

or 7 f
0SJ1 GHF.2 - GHF, -

v=0 £ . V=0 / :
CCwW CW CCwW CcW

OSB1  GH+1—> GH+1 —»
0SD1 z
0SGL  Teayt N GHF.2y
OSHg V=0 : 1 V=0

or ccw

H1 CCw cwW cwW
T

or 2 GHF.2 GHF.2¢
0SI1 oo™ AN V=0

Homing Examples

Motion Programs and Sequences

You must program the SX to perform motion functions. A motion program typically consists of
initialization (or SX set-up), move profiles, and an 1/0 or RS-232C interface to execute motion
instructions. Refer to th&X Software Reference Guid® determine if a command is buffered or
immediate.

Sequence Commands

56

Sequences are the building blocks of SX motion programs. A sequence can be 1 command or up to
8K bytes of commands. The sequences are stored in battery backed RAM. All commands are
followed by a delimiter. You can use either the space character or a carriage return. Either format is
acceptable. The following commands define, erase, and run sequences as well as other specialized
sequence functions. Refer to B¥ Software Referenc@uidefor detailed descriptions and syntax

of the following commands.
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Seqguence Status

Commands
Command Description
XBS Reports the number of bytes available for sequence
programming
XC Sequence checksum report
XDIR Reports the defined sequences and the bytes of memory

Sequence Programming
Commands

they occupy

Command Description
XD Starts sequence definition
XEALL Deletes all sequences from battery-backed RAM
XT Ends sequence definition
Sequence Execution
Commands
Command Description
XQ Sets/resets interrupted Run mode
XRP Runs a sequence with a pause
XR Runs a sequence
SSJ1 Runs a sequence defined by binary weighted sequence

Sequence Branching

inputs

Commands
Command Description
XG Exits current sequence to execute another sequence
GOTO Exits current sequence to execute another sequence
XR Jumps to execute another sequence then returns to the
originating sequence
GOSUB Jumps to execute another sequence then returns to the
originating
sequence
Sequence Debugging
Commands
Command Description
XTR Sequence Trace mode
XST Sequence Single Step mode
XS Sequence Execution status
# Step sequence command
DIN Simulate input state command
DOUT Simulate output state command
Special Sequence
Commands
Command Description
WHEN Special condition command
XWHEN Special condition sequence
XFK Fault sequence

A sequence is a series of commands. These commands are executed in the order in which they are
programmed when the sequence is run. Immediate commands cannot be stored in a sequence, jus
they cannot be stored in the command buffer. Only buffered commands may be used in a sequence
Refer to theSX Software Reference Guid® determine if a command is buffered or immediate.
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The SX has 8,000 bytes of nonvolatile memory to store 100 sequences. You carXiER the

command to determine how many bytes are available in the sequence buffer and the XDIR command
to determine what sequences have been programmed. The sequence buffers may have variable
lengths, so you may have one long sequence or several short ones, as long as the combined total
length does not exceed the 8,000 bytes of allocated space.

To begin the definition of a sequence, enter the Define Sequébieg¢mmand immediately

followed by sequence identifier number (1 to 100) and a delimiter. The Terminate Segiience (
command ends the sequence definition. All commands that you enter aX& tdoenmand and

before theXT command will be executed when the sequence is run. An example is provided below.
Type1DR to see the state of the SX.

Command Description

>1DR Displays the present state of the SX.
Perform the following commands:

Command Description

> MPI Places the SX in Incremental mode
> MN Places the SX in Preset mode

> FSIg Places the SX in Indexer mode
>LD3 Disables the SX'’s limits
Command Description

> XE1 Erases sequence #1

> XD1 Begins definition of sequence #1
A25 Sets acceleration to 25 rps?
AD25 Sets deceleration to 25 rps?
Vig Sets velocity to 10 rps

D503d Sets distance to 5,000 steps

G Executes the move (Go)

H Reverses direction

G Executes the move (Go)

XT Ends definition of sequence

> XR1 Runs sequence #1

You can run a sequence by enteringXiRecommand immediately followed by a sequence identifier
number (1 - 100) and a delimite@nce you define a sequence, it cannot be redefined until you
delete it. You can delete a sequence by enteringilBeommand immediately followed by a
sequence identifier (1 - 100) and a delimiter. You may then redefine that seq¥enaan use
XEALL to delete all defined sequences from battery-backed RfsEIthese commands with
extreme caution. Erased sequences cannot be retrieved

Sequence #100 is a power-up sequence (if you have defined it). It is always run when you power up
the system or when you reset the Indexer with the Reset (Z) command. For convenience, you may
find it advantageous to place all of your set-up commands in sequence #100. Sequences that you
define are automatically saved into the SX's nonvolatile memory. The only way to erase these
sequences individually is by using the Erase SequatEedommand.

Creating and Executing Sequences

58

Sequences can be created via RS-232C serial communications. Before you create sequences, you
must understand the types of motion and the required user interfaces. To determine the proper user
interface, you should be familiar with the methods of selecting sequences within your application.

Selecting Sequences

After you define the sequences from the RS-232C interface, you can execute the sequences by using
one of the following modes of operation:

[0 StandAlone: Select sequences using discrete inputs or thumbwheeBt&eed Alone Operatioim this
chapter for an example of this feature.

[0 Computer Interface: Use the Execute SequexiBg ¢ommand to run sequences. S¢and Alone
Operationin this chapter for an example.

O PLC (Programmable Logic Controller): Use the sequence select inputs to run sequen&andsamne
Operationin this chapter for an example.
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Subroutines

When you use th€OTO Sequenck¥®) and the Run a Sequeni &) commands, you can execute
new sequences from within the current sequence. These commands can re@&rEQrend
GOSUB commands respectively. If youXi8eorGOTO, the program will move to the specified
sequence. After executing the specified sequence, the system will not return to the original se-
quence. It will remain in the current sequence, unless it receives another execution caX@®hand (
GOTO oKR/GOSUB). However, if you ugdk orGOSUB, the program will return control to the
original sequence that contain€® orGOSUB, wheXT is reached in the subroutine. This prompts
the program to return to the sequence that initiated the move to another sequence.

You can nest as many as 16 different levels of sequences within one program. For example, when
you exit sequence #1 to execute sequence #24Rth you couldGOSUB to sequence #3 from
sequence #2. This procedure of nesilRgcommands can be repeated 16 times. Xtheommand

has no nesting limit since the program will not return control to the original sequence.

Command Description

> XE2 Erases sequence #2

> XD2 Defines sequence #2

A12d Sets acceleration to 100 rps?
AD12d Sets deceleration to 100 rps?
V5 Sets velocity to 5 rps
D2503% Sets distance to 25000 steps
G Executes the move (Go)

XT Ends sequence #2 definition
> XE3 Erases sequence #3

> XD3 Defines sequence #3

AlQ Sets acceleration to 10 rps?
V5 Sets velocity to 5 rps
D-25099 Sets distance to 25000 steps (CCW direction)
G Executes the move (Go)

XT Ends sequence #3 definition
> XE1 Erases sequence #1

> XD1 Defines sequence #1

XR2 Executes sequence #2
GOSUB3 Executes sequence #3 (same as an XR command)
XT Ends sequence #1 definition
> 1XTR1 Enables the Trace mode

> XR1 Executes sequence #1

In the previous example, when you execute sequence #1, the program moves to sequence #2. Afte
executing sequence #2, the program returns to sequence #1. The program then moves to execute
sequence #3. The Trace moddR1) was enabled to help you see how the sequence was executed.

Asynchronous Events—FAULT and WHEN

FAULT Sequence

The SX has special sequences that can be run when a certain condition occurs.

[0 The power-up sequence has already been explained (sequence #100). This sequence is always run on
power up and is often used to store the set-up commands for the application.

00 FAULT sequence
[0 WHEN sequence

The fault sequence is a sequence that is automatically executed when a fault condition &) a Kill (
occurs. Any condition that causes the SX to fault invokes the fault sequence (if one is defined).
Refer to the list below for conditions that will prompt execution of the fault or kill sequence. A
sequence is designated as a fault or kill sequence wikRKeeommand. You can use the fault
sequence to place the SX in a safe state and turn off outputs that may be harmful to the rest of the
system. You can use #h command to determine what condition caused the fault so that the
appropriate action can be performed. Thstatement is explained in the next section. The

following steps illustrate the use of a fault sequence. IFlsgatement section explains more about
theERnnnnn flag that indicates what fault condition occurred.
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Example

60

Step O

Step O

Step O

Step O

Define an input as a user fault input. You can use this input to indicate that a fault has occurred
somewhere external to the system. This input will cause a fault condition.

Command Description

> IN1U Defines input #1 as a user fault input

Designate sequence #10 as the fault sequence.

Command Description

> XFK1g Designates sequence #10 as the fault sequence
> XE19 Erases sequence #10

> XD1g Defines sequence #10

1"External_Fault Quote command

XT End definition of sequence #10

This defines the fault sequence. The quote command sends a message over the RS-232C link to the
terminal to tell the operator that a fault has occurred. You can use the Quote command to write
statements to the terminal. Remember, the space character is a delimiter so the underscore character
should be used to separate words in the quote command. Sequence #10 will now be executed
whenever a fault occurs. In the following example, an alternating loop will be performed.

The normal state of this example application will be an alternating loop.

Command Description

> A5 Acceleration is 50 rps?
> AD4Q Deceleration is 40 rps?
> D5@BDD Distance is 50000 steps
> V7 Velocity is 7 rps

>L Loop command

G Initiates motion

H Change direction

N End the loop

The motor will alternate back and forth continuously.

You will now cause a system user fault error. Input states can be simulated using the DIN command.
Type the following to simulate the activation of the user fault input.

Command Description

> DINEEEE1 Input #1 is activated
The user fault should have occurred and sequence #10 should have automatically been executed
when the fault occurred. To clear the fault from the display, enter the following command.

Command Description

> DINEEEE@ Input #1 is de-activated

An IF statement could have been used in the fault sequence to determine what fault condition
occurred then branch to a sequence that handled that fault condition appropriately. For example, the
fault sequence will run for several faults. These faults are limits reached, general product faults, and
user faults. Each bit in the error flagRnnnn) will correspond to one of these fault conditions.

Use thdF statement to determine which one occurred. Retype Sequence #10 (the fault sequence)
as follows:
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List of Fault or Kill
Sequence Causes

WHEN Sequence

Step O

Command

Description

> IXE1Q@

> 1XD1@

IF(ER1)
1"CCW_LIMIT_WAS_HIT
NIF

IF(ERX1)
1"CW_LIMIT_WAS_HIT
NIF

IF(ERXXXXXX1)
1"USER_fault

NIF

XT

Erases sequence #10
Defines sequence #10
If CCW limit is hit,

End the IF (ER1) statement
If CW limit is hit,

End the IF (ERX1) statement
If user fault occurs

Ends the IF (ERXXXXXX1) statement
End fault sequence statement

Depending on which error caused the program to branch to the fault sequence, the appropriate
message will be displayed. Before continuing with the user guide, disable the fault sequence with

the XFK@ command.

OoooooooOoodg

Over Temperature Fault (motor de-energized)

Motor Fault (motor de-energized)

Under Voltage Fault (motor de-energized)

Commanded Motor Shutdown (motor de-energized)
End-of-Travel Limit Hit (hard or soft) (motor not de-energized)
Excessive Position Error (motor not de-energized)

Absolute Encoder Rollover (motor not de-energized)

User Fault Input Active (motor de-energized)

Commanded Kill K command) (motor not de-energized)

Kill Input Transition (motor not de-energized)

TheWHEN sequence is a sequence that can be designated to run when a specific condition evaluat
true. This could be a variable having a certain value, the inputs being in a specific state, or the user
flag having a set state. Whatever sequence or program is currently being run will be interrupted
when the condition is true and the sequence designated BYMHEN command will be executed.

There are certain commands which will not be interrupted bWAHEN condition. These &g5H,
TR,U,PS, or a jogging move. THEWNHEN sequence can be executed duthmave or a jogging

move if in Position Profile modeVPP). However, the move itself will not be stopped automatically.

In the following example, when variable 3 is greater than 50, or Input #1 is on, the SX will execute

the XWHEN sequence.

Command

Description

> WHEN(VAR3>5@ OR_INXXXX1)

Defines the WHENSstatement that must be true in order for
the XWHEN sequence to be run.

TheWHEN sequence is now defined. Sequence #8 is designated/Bl&tesequence.

Command Description

> XWHENS8 Sequence #8 is designated as a WHEN sequence
> XE8 Erases sequence #8

> XD8 Defines sequence #8

A50 Acceleration is 50 rps?

AD4gJ Deceleration is 40 rps?

DX1%1%1%1%] Distance is 30000 steps

V5 Velocity is 5 rps

G Initiates motion

XT Ends the sequence definition
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Step O The normal program to be executed is defined and executed here.

Command Description
> VAR3=0 Variable 3 is initialized to @
> A50 Acceleration is 50 rps?
> AD4g Deceleration is 40 rps?
> D5@PDD Distance is 50000 steps
>V7 Velocity is 7 rps
>L Loop command
G Initiates motion
VAR3=VAR3+1 Variable 3 is increased
N End the loop

Step O You can activate th&/HEN sequence in two ways.

O TheDIN command can activate the input that will satisfyWeEN condition.
O The current program can be run 50 times, theWMhEEN sequence will be run.

Step O Using an input to cause program execution to jump to the XWHEN sequence can change or interrupt
the program. Within the XWHEN sequence, you can use afF statement to check the state of one or
more inputs. Based on the state of the inputs, different sequences can be executed. Disable the
XWHEN sequence before continuing with this procedure by entering XWHEN.

Power-Up Sequence Execution

You can program the SX to execute a sequence of commands on power up (sequences can be used as
subroutines). Sequence #100 always runs on power up. To run another sequence on power up, put
anXR<num> (or XG<num>) at the end of sequence #100. If sequence #100 is empty, nothing

happens on power up. Refer to 8% Software Reference Guider detailed descriptions and

syntax of the following commands.

Command Description

> XE199D Erases sequence #100

> XD12@ Begins definition of sequence #100

LD3 Disables limits

A2Q Sets acceleration to 20 rps?

AD29 Sets deceleration to 20 rps?

V5 Sets velocity to 5 rps

D125@9 Sets distance to 12,500 steps

MN Sets SX in Preset mode

MPI Sets SX in Incremental mode

FSIO Sets unit to the Indexer mode (non Follower)
XG1l Go to sequence #1

XT Ends sequence definition

> XE1 Erases sequence #1

> XD1 Defines sequence #1

G Executes a go command

XT Ends sequence definition

>Z Resets the Indexer and runs sequence #100

A power-up sequence is typically used to store set-up or initialization parameters that your applica-
tion requires. Having motion in your power up sequence is not recommended. Examples of these
set up commands are listed below.

Command Description

SSJ1 Continuous Sequence Scan Mode
SN Scan time

JA Jog acceleration

JVL Jog velocity low

JVH Jog velocity high

SS,FS, OS,IN, and OUT commands are examples of set-up commands typically put into sequence
#100. You can put any buffered commands into sequence #100 (if you want to execute them during
power up).
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Sequence Debugging Tools

After creating your sequences, you may need to debug them to ensure that they are performing
properly. The SX provides several debugging tools.

[0 In Trace mode, you can trace a sequence as it is executing.

[0 You can set the desired state of the SX ‘s I/O via software commands.

0 Error messages can be enabled explaining why the SX has stopped execution due to a programming error

Trace Mode

You can use the Trace mode to debug a sequence or a program of sequences. The Trace mode all
you to track, command-by-command, the entire sequence. It displays to your terminal, over the RS-
232C serial link, all of the commands as they are executed. The following example demonstrates th
Trace mode.

Step O Create the following sequence:
Command Description
> XE1 Erases sequence #1
> XD1 Begins definition of sequence #1
AlQD Acceleration is 10 rps?
AD1@ Deceleration is 10 rps?
V5 Velocity is 5 rps
L5 Loop 5 times
GOSUB3 Jump to sequence #3
N Ends the loop
XT Ends the definition of sequence #1

Step O Define sequence #3.
Command Description
> XE3 Erases sequence #3
> XD3 Begins definition of sequence #3
D50330D Sets the distance to 50000 steps
G Initiates motion
XT Ends the definition of sequence #3

Step O Enter the following command to enable the Trace mode.
Command Description
> 1XTR1 Enables the Trace mode

Step O You will now execute the sequence. The commands will be displayed on the terminal as each
command in the sequence is run. Enter the following command.
Command Response
> XR1 Run sequence #1—response:

*SEQUENCE_@@1
*SEQUENCE_@@1
*SEQUENCE_@@1
*SEQUENCE_@@1
*SEQUENCE_@@1
*SEQUENCE_@@3
*SEQUENCE_@@3
*SEQUENCE_@@3
*SEQUENCE_@@1
*SEQUENCE_@@1
*SEQUENCE_@@3
*SEQUENCE_@@3
*SEQUENCE_@@3
*SEQUENCE_@@1
*SEQUENCE_@@1
*SEQUENCE_@@3

*SEQUENCE_@@3
*SEQUENCE_@@3
*SEQUENCE_@@1
*SEQUENCE_@@1

The format for the Trace mode display$&quence Number_Command_Loop Count
Chapter 1  Application Design

COMMAND_A1@

COMMAND_AD1@

COMMAND_V5

COMMAND_L5
COMMAND_GOSUB3____LOOP_COUNT 1
COMMAND_D5@@@@____LOOP_COUNT _1
COMMAND_G____LOOP_COUNT _1
COMMAND_XT____LOOP_COUNT_1
COMMAND_N___LOOP_COUNT_1
COMMAND_GOSUB3____LOOP_COUNT _2
COMMAND_D5@@@@ ___LOOP_COUNT _2
COMMAND_G____LOOP_COUNT 2
COMMAND_XT____LOOP_COUNT_2
COMMAND_N____LOOP_COUNT 2
COMMAND_GOSUB3____LOOP_COUNT_3
COMMAND_D58@@@  LOOP_COUNT_3

COMMAND_G____LOOP_COUNT_5
COMMAND_XT___LOOP_COUNT 5
COMMAND_N___LOOP_COUNT 5
COMMAND_XT
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Step O To exit the Trace mode, enter the following command:

Command Description
> 1XTRQ Exits Trace mode

Single-Step Mode

You can debug your program with another level of debugging with the Single-Step mode. Single-
Step mode allows you to execute one command at a time when you want the command to be
executed. Use theST command to enable Single-Step mode. Once you are in the mode, you can
execute a sequence one command at a time. To execute a command, you mustsiga.thgy
entering & followed by a delimiter, you will execute the next command in the sequence. If you
follow the# sign with a numbem) and a delimiter, you will execute the nextommands. To

illustrate Single-Step mode, use the following steps:

Step O Enter Single-Step mode and Trace mode.
> XST1
> 1XTR1
Step O Begin execution of sequence #1.
> XR1
Step O You will not execute any commands until you use the # command. Type the following.
Command Description
# Executes one command

The response will be:
*SEQUENCE_@@d1 COMMAND_A1@

Step O To execute more than one command at a time follow, the # sign with the number of commands you
want executed.

Command Description

#3 Executes 3 commands, then pauses sequence execution

To complete the sequence, use#tsgn until all the commands are completed. To exit Sequence-
Step mode, type:

> XSTQ

Simulating 1/0
Activation

If your application has inputs and outputs that integrate the SX with other components in your
system, you can simulate the activation of these inputs and outputs so that you can run your se-
quences without activating the rest of your system. Thus, you can debug your program indepen-
dently of the rest of your system. This is the same way in which a PLC program can be debugged by
simulation of input and output states to run various portions of the program. The SX uses two
commands that allow you to simulate the input and output states desireBINTbemmand

controls the inputs and tiBOUT command controls the programmable outputs.

You will generally use thBIN command to cause a specific input pattern to occur so that a se-
guence can be run. Use B®UT command to simulate the output patterns that are needed to
prevent an external portion of your system from operating. You can set the outputs in a state that
will be the inactive state of your external system. When you execute your program, a part in the
program that will activate the outputs will not actually turn the outputs on to their active state
because thBOUT command overrides this output and holds the external portion of the machine in
an inactive state. When the program is running smoothly without problems you can activate the
outputs and the SX will affect the external system.
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Outputs

The following steps describe the use and function obB&T command.

Step O Display the state of the outputs with @&JT command and tli& command.
Command Description
>10UT Displays the state of the outputs
The response will be:
*1_A_PROGRAMMABLE_OUTPUT (STATUS_OFF)
*2_A_PROGRAMMABLE_OUTPUT (STATUS_OFF)

*3_A_PROGRAMMABLE_OUTPUT (STATUS_OFF)
*4 A _PROGRAMMABLE_OUTPUT (STATUS_OFF)
*5_DEDICATED_FAULT_OUTPUT (STATUS_OFF)

Command Response
> 10 i %101%1010]
> DOUT11EE
Step O Change the output state using the O command.
Command Description
> 01119
Step O Display the state of the outputs with the OUT command and theO command.
Command Description
>10UT Displays the state of the outputs
The response will be:
*1_A_PROGRAMMABLE_OUTPUT (DISABLED_ON)
*2_A_PROGRAMMABLE_OUTPUT (DISABLED_ON)
*3_A_PROGRAMMABLE_OUTPUT (STATUS_ON)
*4_A_PROGRAMMABLE_OUTPUT (STATUS_OFF)
*5_DEDICATED_FAULT_OUTPUT (STATUS_OFF)
Command Response
> 10 *1110
Step O You can now disable the outputs into the inactive state using the DOUT command. ArE does not
affect the output.
> DOUTOOEE
Step O Display the state of the outputs with the OUT command and theO command.
Command Description
>10UT Displays the state of the outputs
The response will be:
*1_A_PROGRAMMABLE_OUTPUT (DISABLED_OFF)
*2_A_PROGRAMMABLE_OUTPUT (DISABLED_OFF)
*3_A_PROGRAMMABLE_OUTPUT (STATUS_ON)
*4_A_PROGRAMMABLE_OUTPUT (STATUS_OFF)
*5_DEDICATED_FAULT_OUTPUT (STATUS_OFF)
Command Response
>10 *BD1D

Inputs

The following steps describe the use and function obihecommand. You can use it to activate
an input state. The inputs will not actually be in this state, but the SX treats them as if they are in the
given state and will use this state to execute its program.
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Step O This sequence will wait for a trigger state to occur and will then begin moving in Continuous mode.
An input that is configured as a std) (nput will stop motion.

Command Description
> 1IN1A Input #1 is a trigger input
> 1IN2A Input #2 is a trigger input
> 1IN3D Input #3 is a stop input
> 1INLD The active input level is low
> 1XE1 Erase sequence #1
> 1XD1 Define sequence #1
TR11 Waits for the input trigger state to be 11
A10D Acceleration is set to 100 rps?
AD12dJ Deceleration is 100 rps?
V5 Velocity is 5 rps
MC The Continuous mode is activated
TR1Q2 Waits for a trigger input state of 10
G Begins motion
XT Ends sequence definition
Step O Turn on Trace mode so that you can view the sequence as it is executed.
Command Description
> 1XTR1 Turns on the Trace mode
Step O Execute the sequence.
Command Description
> XR1 Runs sequence #1
Step O The sequence will execute until thiR11 command is encountered and will then pause waiting for

the trigger condition to be satisfied. Simulate the input state usirigjtheommand. Inputs with
anE value are not affected.

1DINEEEE11EEEEE
Step O The sequence will now execute until fiRR19 trigger is encountered and will pause waiting for the
new input pattern. Use tliEN command to simulate the desired input state.
1DINEEE1@EEEEE
Step O The motor will now move continuously until a the stop input is activated. Activate the stop input
with theDIN command.
> 1DINEEEEEE1EEEE

The motor will stop. This illustrates the use of (& command to simulate the activation of input
commands. To deactivate the I/O simulation commands, type the following commands:

> 1DINEEEEEEEEEE
> 1DOUTEEEE
Error Messages

The SX has an Error Message mode that can display error messages when an invalid command is
attempted. This error message can be useful in debugging a sequence to determine what was wrong
with the command that caused the sequence to not run proB&NL enables Error Message mode.

Command Description

> 1SSN1 Enters Error Message mode

> 1D10@BBBBBBBDBD Invalid data field (distance specified is too large)

The SX will respond with an error messag&NVALID _DATA_FIELD

Command Description

> 1SSN1 Enters Error Message mode

> 1DK1333D Invalid command (DK is not a valid X Series command)

The SX will respond with an error messagéNVALID _COMMAND
SSN@ disables Error Message mode.

Command Description

> 1SSNg Exits the error message mode
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High-Level Programming Tools

Variables

The Model SX's X-language includes several commands that are common in most high-level
programming languages (Pascal, Fortran or BASIC). In addition to these commands, 50 variables
VAR1-VARS5@ are provided for performing mathematical functions and boolean comparisons.
Along with these variables are certain system variables that you can aB@Ss{commanded

Position or SetpointfEP (Following Encoder Position) oABS (Actual Encoder Position). This
section will introduce and explain how to use these structures with the SX.

The SX has up to 50 variables that can be used to perform multiplication, division, addition, and
subtraction. You can assign these variables to various motion parameters. These parameters and t
syntax of assigning a variable to them are listed here.

Command Description

D(VAR1) Loads the distance with the value of variable 1
V(VAR4) Loads the velocity with the value of variable 4
A(VAR5) Loads the acceleration with the value of variable 5
AD(VARY7) Loads the deceleration with the value of variable 7
FP(VAR9) Loads the following port with the value of variable 9
DP(VAR1) Loads the distance point with the value of variable 1
L(VAR3@) Loads the loop count with the value of variable 30
XR(VAR21) Executes the sequence number held in variable 21
T(VAR3) Loads the time delay with the value of variable 3
FOL(VAR29) Loads the following ratio with the value of variable 29

Variable assignments can be made in sequences or in Immediate Terminal mode. If a variable that
has a fractional portion is assigned to a parameter that requires a whole humber (such as distance),
only the whole number portion of the variable gets assigned to the parameter. As an example of the
use of the variables and the math functions they can perform, complete the steps below.

Assigning Variables

to Constants

Step O

Step O

You can set up parameters as variables in a seque(\AR)). You can define these variables by
assigning a constant value. When the sequence is executed, this value is assigned to the correspot
ing parameter in the sequence.

The sequence below executes a move and travels the distance provided in variable 1 and the veloci
provided in variable 2. Enter the following commands.

Command Description

>1LD3 Disables limits (Not needed if limits are installed)

> MPI Places the SX in Incremental mode

> MN Enters the Normal mode

> FSIg Sets to Indexer mode (not needed if you do not have
Following option—SXF)

> XE1 Erases sequence #1

> XD1 Defines sequence #1

AlQD Sets Acceleration to 10 rps?

AD1g Sets deceleration to 10 rps?

V(VAR2) Assigns variable 2 to the velocity term

D(VAR1) Assigns variable 1 to the distance term

G Initiates motion

XT Ends the sequence definition

You will now assign numbers to the variables VAR1 and VAR2.

Command Description
> VAR1=2500% The distance parameter is assigned 25,000
> VAR2=5 The velocity parameter is assigned 5
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Step O Execute sequence #1 witk1). The motor will move 25000 steps at 5 rps. Verify that the
distance D) and the velocit¥) have been assigned these values.

Command Response
> 1V *\V@5.83BBDD
> 1D *D+PBBB25BBD
Step O Now change the values of the variables as follows.
Command Description
> VAR1=7500% The distance parameter is 75,000
> VAR2=19 The velocity parameter is assigned 10
Step O Repeat steps 3 and 4.
Variables Via
RS-232C
When using variables in sequences,RI%#N command is a useful tool for interactively prompting
the user to enter a variable number. An exampRSIN is given in the following steps.
Command Description
> 1XE1 Erases current sequence #1
> 1XD1 Defines sequence #1
1"ENTER_THE_NUMBER_OF_PARTS Prompts you for the # of parts to make
1CR Inserts a carriage return
1LF Inserts a line feed
VAR5=RSIN Sequence execution stops until you enter a #
1CR Inserts a carriage return
1LF Inserts a line feed
L(VAR5) The loop count is loaded with the # of parts to make
D25030 Distance is 25000 steps
G Initiates motion
N Ends the loop
1"FINISHED_WITH_PARTS_RUN Indicates that the run is finished
1CR Carriage return
1LF Line feed
XT Ends definition of sequence #1
Entering TheRSIN command prompts you to enter a variable via RS-232C that will be used in a
sequence. When a variable is assigndRiStN, the execution of the sequence is stopped until you
enter the variable . To enter the variable, you must precede the number with an exclamation point
M.
Step O Turn on the Trace mode and run the sequence.
> 1XTR1
> XR1
Step O The program will stop at tHRSIN command and wait for you to be enter a variable number. Enter
the variable number.
> 119

The sequence executes a 25,000-step move 10 times making 10 parts.

Math Operations

In addition to assigning constants to variables, three system parameters can be assigned to a variable.

0 POS—Commanded Position

0 FEP—Following Encoder Position

O ABS—Actual Encoder Position

These areead-onlyvariables. They allow you to read commanded positions, following encoder

positions, or actual encoder positions at any time by setting a general-purpose variable equal to the
read only variable. They can be also be used for conditional comparisons(f.©$>25879)).

Command Response
>VAR1=POS Assigns the current value of the command position to
variable #1
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Performing Math
Operations with
Variables

Step O

Step O

Step O

Step O

The SX has the ability to perform simple math functions with its variables (add, subtract, multiply,
and divide). The following sequence of steps illustrates the math capabilities of the SX. Note; Only

one math function can be performed per command line\(kdR1=4*5+6 is illegal).

Addition:

Command

Response

>VAR1=5

> VAR23=100?.565

> VAR11=VAR1+VAR23
> VAR23=VAR11+VAR1
> VAR1=VAR1+5

> 1VAR1

> 1VAR11

> 1VAR23

> VAR3=POS+2500J
> 1VAR3

Subtraction:

Command

* +@DDDDDDDDDDDDND.DDDDD
* +@ODBDBDDBDD1DDB5.5658D
*+@01010.56500

(Commanded Position plus 25@33J)

Response

> VAR3=19

> VAR2@=15.5

> VAR3=VAR3-VAR20
> VAR19=ABS-25000
> 1VAR3

* -BDDDDDDDDDDDDS.5BDDD

> 1VAR2Q * +@DBDDDDDBDDDBD15.58DBDD

> 1VAR19 (Actual Encoder Position minus 25339)
Multiplication:

Command Response

> VAR3=1g

> VAR2@=15.5

> VAR3=VAR3*VAR20
> VAR19=ABS*POS
> 1VAR3

*+DODDDDDDDDDDBD155.DDDDD

> 1VAR2g *+DDBDDDDDDDDDD15.58BDD

> 1VAR19 (Actual Encoder Position multiplied by commanded
position)

Division:

Command Response

> VAR3=1g

> VAR2@=15.5

> VAR3=VAR3/VAR2Q

> VAR3@=75

> VAR19=VAR3J/VAR3
> 1VAR3

> 1VAR2Q

> 1VAR3Q

> 1VAR19

* +@DDDDDDDDDDDDDD.64516

* +@DDDDBDDBDBDD15.58DDD
* +@DDBDDDDBDDDDTS5.DDBDD
* +@ODBDDDDBDDD116.25023
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Data

Inputs can be defined as data inputs to allow for external entry of motion data, loop counts, sequence
select, time delays, and variable values. The following commands will read and enter data from the

inputs:

0 VARD Variable Read

O DRD Distance

O VRD Velocity

0 LRD Loop Count

0 TRD Time Delay

0 XRD Sequence Number
0 FRD Following Ratio

The weighting for data inputs Bnary coded decimair BCD. This weighting allows you to enter

data via thumbwheels. To use the data inputs to enter data, the outputs must also be used. Outputs 1
- 3 must be configured as data strobe outputs. They are used to select or strobe the appropriate digit
while reading data. Up to 16 digits of data and one sign bit may be entered. The recommended and
most common method of controlling the input lines to read data is through thumbwheels. APLC

may also be used to enter data. An explanation of interfacing to thumbwheels or a PLC is introduced
later in this chapter.

Delays

You can use the Timd) command to halt the operation of the Indexer function for a preset time. If
you are in the Continuous mode and Position Profile Mode, you may use theTJiooenfmand to

run the motor at continuous velocity for a set time, then change to a different velocity. In Preset
mode, the motor finishes the move before the Indexer executes the time delay.

Command Description

>PS Waits for the SX to receive a C command before executing
the next command

D2503% Sets distance to 25000 steps

Moves motor 25,000 steps

Waits 5 seconds after the move ends

Changes motor direction

Moves motor 25,000 steps in the opposite direction

Continues execution

OOI;O

Complex Branching and Looping

70

The SX supports the high-level language structures for branching and looping. Each conditional
branch or loop evaluates a condition statement. Depending on whether this condition statement
evaluates true or not determines where the SX will branch to. The unconditional branching and

looping statements have been introduced already. These &©1@ (Branch)GOSUB (Branch

& Return) and_ (Loop) command. The command is explained further here.
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Unconditional
Looping

[ Helpful Hint:

This command

The Loop [) command is an unconditional command. You maylusgerepeat a series of com-
mands. You can nest loop commands up to 16 levels deep.

Command Description

>PS Pauses command execution until the SX receives a C
command

MPI Sets unit to Incremental mode

A5 Sets acceleration to 50 rps?

V5 Sets velocity to 5 rps

L5 Loops 5 times

D28@D Sets distance to 2,000 steps

G Executes the move (Go)

T2 Delays 2 seconds after the move

N Ends loop

C Continue—Initiates command execution to resume

The example below shows how to nest a loop inside a loop. The motor makes two moves and
returns a line feed. The unit repeats these procedures until you instruct it to stop.

execution continues
until you issue the
Stop (S) or Kill (K)

commands.

Unconditional
Branching

Conditionals

Description Command

Pauses command execution > PS

Loops indefinitely L

Sends a line feed 1LF

Loops twice L2 —0

Executes 2,000-step move G | Nested — Loop
Waits @.5 seconds T.5 Loop

Ends loop N

Ends loop N

Continues command execution C

The unconditional branching commar@®TO and GOSUB were explained earlier in the sequence
section.

The branching commands evaluate condition statements to make branching decisions. If the
condition is true, one set of commands is processed. If the condition is false, another set of com-
mands may be executed. The commands that evaluate conditions are listed below.

IF (condition true)— execute these commands
ELSE—execute these commands
NIF

WHILE (condition true)— execute these commands
NWHILE

REPEAT—execute these commands
UNTIL (condition true)

Condition statements can be very complex.
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You can use the following types of conditional statements with the SX.
O Error Flags

User Flags

Input State

Variable Comparisons

O oo o

Boolean Comparisons

Error Flags

The error flag ERXXXXXXXXis useful if you want to trap different error conditions and create
different sequences to respond to them. SKeSoftware Reference Guidexplains the errors that
can be trapped in the evaluation command description. An example of the statement’s use is
provided below.

> IF(ER110XXXX)
> GOSUB2
> NIF

User Flags

You can set the user fld§LDDD111XJ) and modify it within sequences to mark where the
program has gone or to indicate any special state so that a conditional statement can be made. An
example of the statement’s use is provided below. SHiecommand is used to set the user flag.

> WHILE(FL@@11XXXX)
> D12D

>G

> NWHILE

Input State

An example of this statement’s use1111183@@19) is provided below.

> REPEAT
> GOSuB4
> UNTIL(INGGIXXLIXXXXX)

Variable
Comparisons

Typical variable comparisons are shown below.

> VARN>VARM

> VARN<VARM

> VARN=VARM

> |[F(VAR1>VAR2)

> WHILE(VAR3=10)
> GOSUB2

> NWHILE

> NIF

> |[F(VAR1>POS)

> GOSUB3

> NIF

> REPEAT

> [F(INXXXX1)

> GOTO3

> NIF

> UNTIL(POS>133DDD)
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Boolean Comparisons

AND
OR

An example of the statement’s use is provided below.

SWHILE(VAR3>1@ AND_IN11@@1 OR_VAR4=1)
>GOSUBS
SNWHILE

Condition statements are explained in #€Software Reference Guide

Conditional Looping

REPEAT/ UNTIL

Step O

Step O

WHILE

The SX supports two conditional looping structures—REPEAT/UNTIW&ILE/NWHILE.

With theREPEAT command, all commands are repeated beREBEAT andUNTIL, until the
condition is true. Enter the following sequence.

Command Description

> VARS5=@ Initializes variable 5to 0
> 1XE1Q9 Erases sequence #10

> 1XD1g Defines sequence #10
REPEAT Begins the REPEATIoop
A50 Acceleration is 50 rps?
AD5@ Deceleration is 50 rps?
V5 Sets velocity to 5 rps
D2530D Distance is 25,000 steps
G Executes the move (Go)
VAR5=VAR5+1 Variable 5 counts up from 0

UNTIL(INXXXX111g OR_VAR5>1d) When the 111 input condition occurs, the programmable
inputs or VAR5 > 10, the loop will stop

1"DONE_LOOPING Quote command indicates that the loop is finished
1CR Inserts a carriage return

1LF Inserts a line feed

XT Ends definition of sequence #10

Use the Trace mode to display the commands as they are run.

> 1XTR1
> XR19

The loop can be exited either by using EH8l command to satisfy the input state or letting the
VAR5 counter count to 10.

With theWHILE command, all commands are repeated betuiétéh E and NWHILE until the
WHILE condition is true. Enter the following sequence.
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Step O

Command Description

> VARS5=@ Initializes variable 5to 0
> 1XE1Q9 Erases sequence #10

> 1XD1g Defines sequence #10

WHILE(INXXX1112d OR_VAR5<1d)

A5Q

AD5@

V5

D25090

G
VAR5=VARS5+1
NWHILE
1"DONE_LOOPING
1CR

1LF

XT

Step O

While input pattern is XXX1119 or variable 5 is<10, repeat
loop

Acceleration is 50 rps?

Deceleration is 50 rps?

Velocity is 5 rps

Distance is 25000 steps

Executes the move (Go)

Variable 5 counts up from 0

Indicates that the loop is done
Inserts a carriage return

Inserts a line feed

Ends definition of sequence #10

Use the Trace mode to display the commands as they are run.

> 1XTR1
> XR19

You can exit the loop with thBIN command (the input state does not matchHkheommand).
You can also exit the loop by letting ti&R5 counter get to 10. If the input pattern is not

XXX1119, the loop will not be run.

Conditional Branching

You can use th&= statement for conditional branching. All commands betwieand ELSE are
executed if the condition is true. If the condition is false, the commands bdfw8&nand NIF are
executed.ELSE may not be required. The commands betileamd NIF are executed if the
condition is true. Examples of these statements are provided.

U Note

If statements are evaluated at the time the command is executed they are not continually evaluated in

the background.

O Error Flag
0 User Flag
O Input State
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Error Flag

User Flag

Input State

ThelF command checks to see if any error condition exists to execute a conditional command.
This command is useful if you wish to trap different error conditions (Drive Disabled, User Fault
Input Activated, Excessive Position Error, etc). Refer tdieSoftware Reference Guide.

Command Description
> XE19 Erases sequence #10
> XD1@ Defines sequence #10—if a fault occurs, sequence #10

will execute—defined with Set Fault or Kill Sequence
(XFK1g) command

IF(ER1) If hardware CCW limit switch is reached, run the
following commands:

1"CCW_LIMIT_HIT Display the error message

NIF Ends IF statement

IF(ERX1) If hardware CW limit switch is reached, perform the
following commands:

1"CW_LIMIT_HIT Display the error message

NIF Ends IF statement

XT Ends sequence

> XFK1g Sets sequence #10 as the Fault sequence

This example uses the pattern set by the User Blag)(command to run the conditional com-

mands. This command is useful if you wish to make a decision based on previous sequence execu
tions that will set or clear the user flag bits. For example, if an application has several sequences,
you can assign different bit patterns with 8feL command at the end of each sequence. If you

select these sequences from the host computer, you may wish to make different moves depending c
the sequence you ran. Refer to 8¢ Software Reference Guider a detailed description.

Command Description

>PS Waits for the SX to receive a C command before executing
the next command

SFL1919 Sets user flag bits 7 and 5 and clears bits 6 and 4,
remaining bits are not altered

IF(FL1919@) If user flag bits 5 & 7 are set, and bits 6 & 4 are clear,
perform these commands

AlQ Sets acceleration to 10 rps?

V5 Sets velocity to 5 rps

D2530D Sets distance to 25,000 steps

G Executes the move (Go)

NIF Ends IF statement

C Continues execution

If the FL pattern matches tHeFL setting, the motor moves 25,000 steps. You can changdthe
pattern at different points in sequences to map a path for sequence execution.

The (IN) command compares the input patt@WCCWHOME REG,and 11 - 18) to execute the
conditional commands. This command is useful for branching and performing conditional moves
using the programmable inputs. For a detailed description of this command, refe®Xo3bé-

ware Reference Guide
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Command

Description

> 1XE5
> 1XD5
IF(INXXXX 1)

AlD

V5

D2500@

G

NIF
IF(INXXXX@1)

AlD

V5
D-5@0D

G

NIF
IF(INXXXX1)
1"DONE
NIF

IXT

Erases sequence #5

Defines sequence #5

If I1 is active and 12 is not active, issue the following
commands:

Sets acceleration to 10 rps?

Sets velocity to 5 rps

Sets distance to 25,000 steps

Executes the move (Go)

Ends IF statement

If I1is inactive (open) & 12 is active (closed), run the
following commands:

Sets acceleration to 10 rps?

Sets velocity to 5 rps

Sets distance to 5,000 steps in the opposite direction
Executes the move (Go)

Ends IF statement

If 11 is active, do the following command.

Ends message saying done

Ends IF statement

Ends sequence definition

Use theDIN command or the inputs themselves to execute the different trigger input states. You can
use the Trace mode to see what commands are executed. The input state represents the state of all
inputs regardless of whether they are dedicated limits or programmable inputs. This is different than
the trigger TR) command where only the inputs defined as triggers are used in the command.

Branching Using Variables and Boolean Logic

You can use thd- statement to branch based on variable values. Multiple comparisons can be
made in one condition statement using the Bool®&h,and\ND functions as long as the statement

doesn’'t exceed 40 characters.

Command Description

> XE8 Erases sequence 8
> XD8 Defines sequence 8
VAR5=15 Variable 5 = 15

IF(VAR5<1Q AND_VAR4=20)

Al1DD
AD10@
V5
D25009
G
VAR5=VAR5-1
ELSE
Al1DD
AD10J
V5
D-50@%
G

NIF

IXT
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If variable 5 < 10 & variable 4 = 20, run commands up to
the ELSE command

Sets acceleration to 100 rps?

Sets deceleration to 100 rps?

Sets velocity to 5 rps

Sets distance to 25,000 steps

Executes the move (Go)

Variable 5 decrements one

Ends IF statement

Sets acceleration to 100 rps?

Sets deceleration to 100 rps?

Sets velocity to 5 rps

Sets distance to 5,000 steps in the CCW direction
Executes the move (Go)

Ends the IF statement

Ends the sequence definition



Motion Profiling Mode—On-the-Fly Changes

Motion Profiling mode allows you to execute buffered commands while a move is being made (on-
the-fly). When you enter this mode, the SX will execute commands while the move profile is in
progress. You can enter and exit this mode from within a sequence. This mode allows you to
change velocity on-the-fly based on distance, turn on outputs based on distance, perform math and
other commands while in motion. Changing the acceleration, deceleration, or distance parameters
will not affect any move already in progress, but will be in effect for any subsequent moves. The
following commands are used with Motion Profiling mode.

0 MPP—Enter Motion Profiling Mode
0 NG—Exits Motion Profiling Mode
0 DP—Sets Distance Points within Motion Profiling Mode

While the SX is in Motion Profiling mode, you can execute most command while a move is being
made. The exceptions are other move commands s&ldsH. When the SX reachesMRP
command, all subsequent commands will be executed untliGheommand is encountered. An
example of theMPP command is provided below.

XD1 D5@@@3@ V1 MPP G O1 TR1X1 V4 NG XT

In this example, a 50,000-step move is made. The initial velocity is 1 rps. Motion begins V@th the
command. Output #1 is turned on with @& command. The SX then runs the trigger command

(TR) until the condition is true, at which point, it changes the velocity. When the SX encounters the
NG command, it will not receive any additional commands until the 50,000-step move is completed.
The 50,000-step move will be completed even if the TR1X1 is not satisfied. The SX will however,
wait until theTR condition is satisfied, at which point it will update the last specified velocity from
V1toVA4.

Changes Based on

Distance

Changes are made based on distance using the distancedfinbMmmand. This command causes

a delay in the processing of the commands until the motor reaches the specified distance point.
Processing will continue once the distance point is reached. In this way, velocity changes and the
activation of outputs can be based on distance.

The distance point is interpreted differently for Absolute mode versus Incremental mode. To change
velocity on-the-fly based on distance, the Motion Profiling Mode (MPP) command must be used with
the Distance PoinOP) command. The following sequence example executes the profile shown in
the figure below.

1XD1 PZ D1@@3DD V2 MPP G DP25@@@ O1 DP5@3PP@D V1 Od NG XT

Distance covered is 100,000 steps

V2 |- —

Velocity
(rps)
vl |-/ -+ ————— -

|| | -]
ta tcl ‘ td1 ‘ tc2 ‘ td2

A(ta) = 10 rps? V(tcl) =10 rps V(tc2) =5 rps
A(td1) = -10 rps? A(td2) = -10 rps?

Motion Profiling Mode Example

In Incremental mode, commands are processed unfifheommand is reached. The SX pauses at
DP until the motor moves 25,000 steps. The SX then turns on output #1. The 25,000 steps are
counted from the point at whidbP is encountered. Wh&P533@J is reached, the SX pauses until
the motor moves an additional 50,000 steps. The SX then turns output #1 off and decreases the
velocity to 1 rps. In this example, if the SX is in Incremental mode, the output will be turned on at
25,000 steps and turned off after the motor has moved a total of 75,000 steps from the beginning of
the first move.
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In Absolute mode, the value specified WilR is interpreted as an absolute position relative to the
zero point location. In this example, the output would be turned on at 25,000 steps and turned off
after the motor had passed the 50,000-step point.

Stopping Motion with

a Stop Input

Step O

Step O

Step O

Step O

A common use of the Motion Profiling mode is to perform a continuous move and stop the move
from the inputs. This can be done in two ways. You can define an input as a stop input. Motion can
be stopped by activating the stop input.

The other method is to use 88 OP command and place it within a sequence. The following
example illustrates the steps of these two methods.

Define the input as a stop input.

Command Description

> IN1D Defines input #1 as a stop input
Create the sequence with a continuous move

Command Description

> XE1 Erase previous sequence #1

> XD1 Begins definition of sequence #1
V5 Sets velocity to 5 rps

A10D Sets acceleration to 100 rps?
MC Sets the SX to Continuous mode
MPP Sets the SX to Motion Profiling mode
G Executes the move (Go)

XT Ends sequence #1 definition

Execute sequence #XR1). The motor will move at 5 rps and will not stop until you activate the
stop input (input #1). Activate the stop input.

The motor will stop at a controlled deceleration. In this case, the buffer will be dumped and the
sequences will not be finished. The SX can also be set to stop only the motion when the stop input is
activated. Enabling th8SH1 command will cause the stop input to stop the move in progress and
whatever command is currently being executed and go onto the next command in the sequence or
input buffer.

Issue Display Parameters (1DR) command. The SX is still in Motion Profiling mode. Ent& the
command to exit the mode.

Stopping Motion with
the STOP Command

Step O

The following step-by-step example illustrates the method of stopping a continuous move with the
STOP command.

Configure input #1 as a trigger input.

Command Description
> IN1A Configures input #1 as a trigger input
> SSHP Disable SSH mode
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Step O

Step O

Sequence Scan

Create a sequence wittfs8OP command after the trigger.

Command Description

> XE1 Erases previous sequence #1

> XD1 Begins the definition of sequence #1
V5 Sets velocity to 5 rps

A129d Sets acceleration to 100 rps?

MC Sets the SX to Continuous mode
MPP Sets the SX to Motion Profiling mode
G Executes the move (Go)

TR1 Activates trigger #1

STOP Stops motion when the trigger condition is met
NG Exits Motion Profiling mode

XT Ends sequence #1 definition

Issue the Display Parametet®dR) command. The SX is still in Motion Profiling mode. In this
example, atNG command was required after motion was stopped. WHBEOR command is

issued, the command buffer is emptied. Therefore, the commands that have not been executed in tl
sequence at the time the stop occurs will not be executed. In this exampl&, tbenxmand is not
executed because motion was stopped. Inf#&tcan never be executed under these conditibns.
theSTOP command is used to stop continuous motiotN@&must be issued either at the beginning

of the next sequence, directly via the RS-232C interface or at some point in the sequence prior to th
stop.

To prevent the SX from stopping without finishing the sequence that it is currently executing, a
software switch has been provided that will cause the SX to continue executing the sequence it was
running when th&TOP was issued. By entering the Clear/Save the Command Buffer on Stop
(SSH1) command, the SX will stop motion when it encount&$@P and continue processing the
commands in the sequendenter SSH1 and repeat the previous step. Notice how the Motion
Profiling mode is exited.

Mode and the Stop

Command

Step O

Step O

In applications that use the Sequence Scan mode (see Sequence Select, Sequence Scanning, and
Programmable Inputs and Outputs sections in this chapter) a8d @i¢ command, you must use

the SSH1) command to prevent the Sequence Scan mode from being disabled. Under normal
conditions, the Sequence Scan mode is aborted when the SX enco@T&® aommand. If the

STOP command is issued from a stop input or from within a sequence, the Sequence Scan mode w
be aborted. In some cases, you will not want to abort the mode. SSH1 allows the SX to complete
the current sequence from the point at which3M®P was issued and continue in Sequence Scan
mode. TheDSI1 command would allow continuing in Sequence Scan modeSQP but not

continuing in the current sequence. The following example illustrates such a sequence.

Configure input #1 as a trigger input and input #2 as a sequence-select input.

Command Description
> IN1A Configures input #1 as a trigger input
> IN2B Configures input #2 as a sequence-select input

Enable the Sequence Scan mode witt5881 command and the Clear/Save Command Buffer on
Step mod€SSH1).
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Step O

Step O

Step O

Create a sequence wittfs8OP command after the trigger.

Command Description

> XE1 Erase Previous Sequence #1

> XD1 Begins the definition of sequence #1
V5 Sets velocity to 5 rps

A10D Sets acceleration t0100 rps?

MC Sets the SX to Continuous mode
MPP Sets the SX to Motion Profiling mode
G Executes the move (Go)

TR1 Activates trigger #1

STOP Stops motion when the trigger condition is met
NG Exits Motion Profiling mode

XT Ends sequence #1 definition

Execute the sequence by activating input #2. Stop the move at any time by activating input #1.

The SX is still in Sequence Scan mode and the move can be repeated by activating Input #2 again
(and stopped with Input #1). The SX is not in MPP mode in-between the sequence execution since
the SX executed thdG command at the end of the sequence dagkl. OSI1 would have saved

the Sequence Select mode but not allowed executing@emmand after t1&TOP.

Other Uses of Motion

Profiling Mode

Motion Profiling mode allows a great amount of flexibility in the complexity of the control of the
SX during motion. You can turn on outputs, change velocity, and perform math fundthans.
primary application concern to consider during sequence execution is the amount of time
required to perform the commands. In some cases, the execution of commands may depend on
the motion. The following examples show additional uses of the Motion Profiling mode.

Turning on Inputs, Using
Time Delays, and Math

Command Description

> XE1 Erase previous Sequence #1

> 1XD1 Begins the definition of sequence #1
1Pz Sets axis #1 position counter to @
imMC Sets the SX to Continuous mode
1MPP Sets SX to Motion Profiling mode
1G Executes the move (Go)

1T.5 Sets a 0.5 second delay

10119 Turns outputs #1 and #2 on, #3 off
1T.5 Sets a 0.5 second delay

10071 Turns outputs #1 and #2 off, #3 on
REPEAT Starts repeat loop

VAR1=VAR1+1 Increases variable #1 by 1

T.1 Sets a 0.1 second delay
UNTIL(POS>400DDD) Continues looping until the SX's position is > 400,000
STOP Halts command processing

NG Exits SX from Motion Profiling mode
XT Ends the definition of sequence #1

Triggers, input states (INXX111), time delays, and the distance points allow you to control when
and where procedures occur during motion in your program. Motion Profiling mode offers you the
flexibility to satisfy a variety of different application needs. In the above exa®$lé]l should be
enabled to exiMMPNG) after th&TOP is executed.
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Interfacing to the SX

This section discusses interfacing the SX to other equipment in a system using the programmable
inputs and outputs.

O Input and Output Function Types
Switches

Sequence Selecting

Thumbwheels

Sequence Selecting from a Thumbwheel
PLC Operation

Sequence Selecting from a PLC

s s [ [

Miscellaneous Control from a PLC
0 RP240 Operator Panel

Programmable Inputs and Outputs

Output Functions

The SX has a very flexible input and output scheme for defining 1/0 in a way that is suitable for
almost any application. There are 8 programmable infiLitsI8 on the front panel). The other

four inputs are dedicated for limits, home, and registration. There are also 4 programmable outputs
in addition to a dedicated Fault output. This section explains some of the functions that the inputs
and outputs can perform and explains how to use thumbwheels for an interface with the SX. Using
the inputs in combination with the outputs you can use up to 32 digits of thumbwheels with the SX.
Refer toChapter 3, Installatiorior more information on wiring the inputs and outputs to other
equipment and later in this cchapter for wiring to the Compumotor TM8 Module.

You can turn the programmable outpu®s (-O4) on and off with the Outpu®) and Immediate

Output (O) commands. Output®1 -O4 are factory set as programmable outputs. The Fault

output is dedicated as a fault output. However, you can configure all of the programmable outputs t
perform different functions (Moving/Not Moving, Amp Off, Strobe, etc.) with the Configure Output
(OUT) command. Refer to th&JT command in theX Software Reference Guider descriptions

of the available functions. You can use these outputs to turn on and off other devices (i.e., lights,
switches, relays, etc.). The output functions have unique letter assignments.

A: Programmable Output L: Position Error Fault

B: Moving/Not Moving N: CW Software Limit Reached

C: Sequence in Progress P: CCW Software Limit Reached

D: At Soft or Hard Limits R: CW Hardware Limit Reached

E: At Position Zero S: CCW Hardware Limit Reached

F: Fault Indicator T: Output Based on Position

H:  Shutdown Commanded U: Pulse Output

J:  Strobe Out Z:  No Function Assigned

K: Invalid Command Error

Command Description

>PS Pauses command execution until the SX receives a
Continue (C) command

MN Sets unit to Normal mode

LD3 Disables the SX’s limits

AlQ Sets acceleration to 10 rps2

V5 Sets velocity to 5 rps

D2530D Sets distance to 25,000 steps

OUT1A Sets O1 as a programmable output

OUT2A Sets 02 as a programmable output

OouT3B Sets 03 as a Moving/Not Moving output

019 Turns O1 on and O2 off

G Executes the move

0og1 Turn O1 off and O2 on

C Initiates command execution to resume
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This example define®1 and O2 as programmable outputs @8cas a Moving/Not Moving output.
Before the motor moves 25,000 step4, is turned on an@2 is turned off. These outputs will
remain in this state until the move is completed, thé&mwill turn off andO2 will be turned on.
While the motor is moving®3 remains on.

The active level of the programmable outputs can be changed wiflutfie command. Refer to the

SX Software Reference Guider more details.

Programmable Output

Moving/Not Moving Output

Sequence in Progress Output

At Soft or Hard Limit Output

At Position Zero Output

Fault Indicator

Shutdown Commanded

Strobe Output

Invalid Command Error

Position Error Fault

CW Software Limit Hit

CCW Software Limit Hit

CW Hardware Limit Hit

CCW Hardware Limit Hit

Output Based on Position

Pulse Output

No Function Assigned
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This output type gives the user on/off control over an output using
the O orlO commands.

This output type indicates motion due to a G orGH command. This
output does not indicate motion due to a position maintenance
move.

This output type indicates the SX is busy running a defined
sequence.

This output type will indicate whenever any type of end of travel
limit is hit during a move if the limits are enabled. This output is
reset with the STO or ON command.

This output type indicates when the absolute position counter (1PR
command) is equal to zero.

This output type indicates when certain fault conditions are true.
The conditions that will activate it are:Over-temperature faultMotor
faultLow-line fault (brown out)Excessive position error (cleared by
STO or ON command)Auto run mode activeUser fault input
activeThese errors are only cleared by resetting the unit or cycling
power unless otherwise noted.

This output type indicates a drive disabled condition caused by the
ST1 or OFF command. This output is reset with theSTO or ON
command.

This output type is used in conjunction with the SX’s programmable
inputs configured as data inputs. The strobe outputs will cycle
through different output patterns to tell external devices which digit
of information to put on the data inputs. Refer to later in this
chapter for more information on this topic.

This output type indicates that an invalid command was seen by the
SX, either due to a value out of range, a syntax error, or an
impossible request This output is reset by resetting or cycling
power.

This output type indicates when the encoder input counter (1PX)
differs from the number of pulses sent out (1PR) by more than the
acceptable position error (set with the CPE command). TheDPE
command also reflects this positional error. This output is reset with
the STO or ON command.

This output type indicates that the CW software limit was hit. This
output is reset with the STO or ON command.

This output type indicates that the CCW software limit was hit. This
output is reset with the STO or ON command.

This output type indicates that the CW hardware limit was hit. This
output is reset with the STO or ON command.

This output type indicates that the CCW hardware limit was hit.
This output is reset with the STO or ON command.

This output type indicates that a certain position has been reached,
either an incremental or absolute position, depending on the setting
of the OUTP command. Refer to the OUTP command for more
details and how to calculate the accuracy of this output.

This output type generates a pulse train output that can be used for
a limited motion axis output. The number of pulses sent out and
the appropriate pulse width will be set with the PUL command. Itis
not intended as a full axis output and has no acceleration or
deceleration ramp.

This output type has no function assigned to it and can be used to
disable an output when needed.



Input Functions

The inputs can individually be programmed to perform any of the following functions. Each
function has an assigned letter:

A: Trigger

B: Sequence Select
C: Kill

D: Stop

E: Command Enable
F: Pause/Continue
G: Go

H: Direction

I: Synchronization

J: Jog+ (CW)

K: Jog- (CCW)

L: Jog Speed Select

M: Terminate Loop
N: Data

P: Memory Lock
R: Reset

S: Go Home
T: Position Zero

U: User Fault

V: Data Valid

W: Data Sign

X: Increase Following Ratio
Y: Decrease Following Ratio
Z: No Function Assigned

The input functions are level sensitive unless otherwise specified.

Trigger Input

Sequence Select Input

Kill Input

Stop Input

Command Enable Input

Pause/Continue Input

Go Input

Direction Input

Synchronization Input

Jog CW Input

Jog CCW Input

Jog Speed Select Input

Terminate Loop Input

This input type is mainly used in conjunction with the TR command
to pause command processing until the specified input pattern is
satisfied. This input function is explained in more detail later in this
chapter.

This input type is used to remotely execute predefined sequences
using the inputs. This input function is explained in more detail later
in this chapter.

This input type is used to immediately halt all motion with no
deceleration, stops the current sequence execution, and dumps the
command buffer. Functions the same as the K command.

This input type is used to immediately stop the motor at the
specified deceleration rate (AD command). It will also dump the
sequence and command buffer unless the SSH orSSL command
has been set previously.

This input type is used to enable or disable the drive. Functions the
same as the ONand OFF commands. This input type is edge
sensitive.

This input type is used to pause and continue command execution.
This input will not pause motion in progress. The input is a pause
in the active state and a continue in the inactive state. Functions
the same as the Uand C commands

This input type is used to initiate a move. Functions the same as
the G command. This input type is edge sensitive.

This input type is used to change the direction of the motor. The
direction change will not affect a move in progress. Functions the
same as the H command. This input type is edge sensitive.

This input type is used in the following self correction mode to
adjust the following ratio. Refer to the FSK and FSL commands as
well as Chapter 5, SXF Following for more information.

This input type is used to jog the motor in the CW direction. The
jogging velocity is set with the JVL and JVH commands. Jogging is
enabled with the OSE command. This input is normally level
sensitive, except after stopping or killing a jog. In this case the
input needs to see the edge transition again.

This input type is used to jog the motor in the CCW direction. The
jogging velocity is set with the JVL and JVH commands. Jogging is
enabled with the OSE command. This input is normally level
sensitive, except after stopping or killing a jog. In this case the
input needs to see the edge transition again.

This input type is used to select between the JVH and JVL veloci-
ties. If not defined or used, the jogging velocity defaults to JVL.
This input will affect a jog in progress.

This input type is used to terminate an L, N command loop at the
end of the current iteration. It will continue program execution with
the statement immediately after the N command. This input type is
edge sensitive.
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Data Input This input type is used to load parallel bytes of data into the SX.
The data is put on the SX inputs in BCD format. This input type is
explained in more detail later in this chapter.

Memory Lock Input This input type is used to lock out sequence editing commands and
a couple others. These commands are XE, XD,RIFS, CPE,CPG,
and CPM. The SX will report back what they are currently set to but
will not allow them to be changed while the memory lock input is
active.

Reset Input This input type is used to execute a software reset of the SX. Upon
recovery, the power-up sequence will execute, unless a serious
fault condition still exists. This input is equivalent to the Z com-
mand. This input type is edge sensitive.

Point Zero Input This input type is used to zero the absolute position counter. It is
equivalent to the PZ command. This input type is edge sensitive.
User Fault Input This input type is used to tell the SX that a fault condition exists

external to the Indexer. It may come from a pushbutton, PLC, or
other device. This fault condition is latched and must be cleared by
cycling power, resetting the SX, or issuing the ON orST@ command.
This input type is edge sensitive.

Data Valid Input This input type is used in conjunction with data inputs when loading
data from an external source. If an input is defined as data valid,
the SX will not load information with one of the data entry com-
mands (DRD,VRD,LRD,FRD,TRD,VARD, andXRD) unless the data
valid input is active. A data read is attempted as often as the STR
command setting allows. If no inputs are defined as data valid, the
data is read in synchronously according to the STR command. This
input function is explained in more detail later in this chapter.

Data Sign Input This input type is used in conjunction with data inputs to indicate to
the SX whether the data is a positive or negative value. This input
is evaluated at the end of the data read and an active input will give
a negative sign. If no input is defined as a data sign input the sign
will default to positive.

Increase Following Ratio Input  This input type is used to increase the following ratio on the fly
when following is enabled and a move is in progress. This input will
increase the following ratio by the set FIN value every 1 msec that
the input is seen as active.

Decrease Following Ratio Input  This input type is used to decrease the following ratio on the fly
when following is enabled and a move is in progress. This input will
decrease the following ratio by the set FIN value every 1 msec that
the input is seen as active.

No Function Assigned This input type is used to disable the input from any functions. It
can be used to temporarily prevent an input from executing any
functions even though the input is still being activated externally. It
will remain this type until redefined.

To designate each input to a particular function, use the Set Input Funtitiposrimand. To see
what the inputs are currently defined as, t¢f¢. To see the inputs’ states, use tH& command.
Enter the following commands as an example.

> 1IN
Change input 1 to be a stop input by enteringiN1D
Check that it was assigned properly by again enter#igN1

With this method, you can assign all the inputs to any of the input functions listed above.
Switches

This section contains information on SX triggers and sequence scanning with inputs. Refer to
Chapter 3, Installatiorfor more information on wiring the inputs to other equipment.
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Triggers

You can use the Wait for TriggefR) command to pause a sequence of buffered commands until
one or more inputs reach a preferred state. Iifiuts I8 are set (default setting) to function as
trigger inputs.

Command Description

> IN1D Sets I1 as Stop input

> IN2A Sets 12 as Trigger # 1

> IN3A Sets 13 as Trigger # 2

> IN4A Sets 14 as Trigger # 3

>MC Sets the unit to Continuous mode

> MPP Enters the Motion Profiling mode

> V19 Sets velocity to 10 rps

> Al5 Sets acceleration to 15 rps?

> AD15 Sets deceleration to 15 rps?

>TR1 Waits for trigger input 1 (12 )to be on

G Executes a go (Go) command

L Loops infinitely

V5 Sets velocity to 5 rps

TRXQ1 Waits for trigger input 2 (I13) to be off and trigger input 3 ( 14) to be on
V1 Sets velocity to 5 rps

TRX19 Waits for trigger input 2 (I3) to be on and trigger input 3 ( 14) to be off
N Ends the loop

This example program configurklsas a stop input and 12,13, and 14 as trigger inputs. The

command execution will pause (be buffered) until the Tigtcondition is satisfied by activating

Trigger #1 (N2). Because the SX is in Motion Profiling mode, it will execute the loop and subse-
quent commands during the move. As it reaches each trigger statement, it waits for that input state
to become true and then executes the commands followingr@cbmmand. The loop is infinite

so it will continuously toggle between 1 rps and 5 rps as the trigger statements come true and will
not stop until the stop input is activated. If you activatduring the operation of the SX, the

Indexer immediately decelerates the motor at 15apd clears the command buffer.

Sequence Select & Sequence Scanning

Inputs can be defined as sequence-select inputs. This allows you to execute sequences defined via
RS-232C and stored in the SX’s memory, by activating the sequence-select inputs. Sequence-selec
inputs are assigned BCD (binary coded decimal) weightiiigs.lowest input number assigned
as a sequence-select input will have the least significant valughe following figure shows the
BCD weights of the SX’s inputs when all 8 inputs are configured as sequence-select inputs.
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BCD Weight of SX Inputs

The following table illustratesne possiblenput configuration and binary weighting.

Input Function BCD Weighting
11 Sequence Select 1
12 Trigger —
13 Stop —
14 Sequence Select 2
15 Sequence Select 4
16 Sequence Select 8
17 Sequence Select 10
18 Sequence Select 20

Input Configuration/BCD Weighting Example

ThelIN command is used to configure an input as a sequence select input. For eXdfiple,
defines Input #1 as a sequence select iniNBB defines input #5 as a sequence select input.

If the inputs are configured as in the following table (Inputs 1-8 all defined as sequence select
inputs), Sequence #6 will be executed by activating Inputs #2 and #3. Sequence #19 will be ex-
ecuted by activating Inputs #1, #4, and #5.

Input BCD Weight
1 1
2
4
8
10
20
40
8 80

BCD Weighting of Sequence Select Inputs

~No g~ WwN
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Step O

To execute sequences, the SX must be in Sequence Scan mode. In this mode, the SX will continu-
ously scan the input lines and execute the sequence selected by the active sequence-select lines. T
SSJcommand is used to enable/disable the Sequence Scan modeS8Meis entered, the

Sequence Scan mode is enabled. To disable the modeS8d@rThe sequence select inputs are

not latched and are only looked at for sequence scanning when no other sequence is being execute

Once enabled§SJ1), the SX will run the sequence number that the active sequence-select inputs
and their respective BCD weightings represent. After executing and completing the selected
sequence, the SX will scan the inputs again and run the selected sequence. If a sequence is select
that has not been defined via RS-232C, no sequence will be executed.

If it is not desirable for the SX to immediately execute another sequence after running the currently
selected sequence, the Sequence Interrupted Run XQde ¢an be enabled. In this mode, after
executing a sequence, all sequence-select lines must be placed in an inactive state before a new
sequence can be selected. The active state of the inputs is determineiNbycthramand.

The Scan (SN) command determines how long the sequence-select inputs must be maintained befao
the SXexecutes the program. This delay is referred delasunce time

The SN value also determines how long the inputs must remain inactivE@limmode.Increasing

the SN value can help with bouncy switches and electrically noisy environnTdr@SN value can

also help when running higher sequence numbers and combinations of inputs need to be synchro-
nized. The higher th8N value, the more time allowed for all of the inputs desired to be activated.

The following example demonstrates how to use Sequence Scan mode with Sequence Interrupted
mode and th&N command.

Define a power-up sequence. (Sequence #100 is always the power-up sequence.)

Command Definition

> XE189D Erases sequence #100

> XD1ggd Defines sequence #100

SSJ1 Enables Sequence Scan mode

SN2@ Sets scan time to 20 msec

XQ1 Sets SX to Interrupted Run mode

AlQ Sets acceleration to 10 rps?

AD1@ Sets deceleration to 10 rps?

V2 Sets velocity to 2 rps

IN1B Sets Input 1 as a sequence-select input
IN2B Sets Input 2 as a sequence-select input
IN3B Sets Input 3 as a sequence-select input
IN4B Sets Input 4 as a sequence-select input
IN5B Sets Input 5 as a sequence-select input
IN6B Sets Input 6 as a sequence-select input
IN7B Sets Input 7 as a sequence-select input
IN8B Sets Input 8 as a sequence-select input
OuT1C Sets Output 1 as sequence-in-progress output
LD3 Disables the limits

XT Ends the sequence definition

Every time you power up the SX Indexer, it executes Sequence #100 and enables the SX t
read up to 100 sequences from the sequence-select inputs.
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Step O

Step O

Step O

Step O

Step O

Step O

Define any sequences that your application may require.

Command Description

> XE1 Erases sequence #1

> XD1 Defines sequence #1
D203D Sets distance to 2,000 steps
G Executes the move (Go)

XT Ends sequence #1 definition
Command Description

> XE2 Erases sequence #2

> XD2 Defines sequence #2
D4BDD Sets distance to 4,000 steps
G Executes the move (Go)

XT Ends sequence #2 definition
Command Description

> XE3 Erases sequence #3

> XD3 Defines sequence #3
D8@3D Sets distance to 8,000 steps
G Executes the move (Go)

XT Ends sequence #3 definition
Command Description

> XE99 Erases sequence #99

> XD99 Defines sequence #99
D-1400@ Sets distance to -14,000 steps
G Executes the move (Go)

XT Ends sequence #99 definition

Verify that your programs were stored properly by uploading each entered sequence U§ihg the
command IXU1 1XU2 etc.). If you receive responses that differ from what you programmed, re-
enter those sequences.

Run each program from the RS-232C interface with the Run SequéRredmmandXR1,XR2,
etc.). Make sure that the motor moves the distance that you specify.

Wire normally open switches to the inputs. RefeChapter 3, Installatiofior more information on
wiring the inputs to other equipment.

To execute sequences, cycle power to the SX. The system will execute sequence #100.

You can now execute sequences by closing the corresponding switch or combination of switches.

ad Close switch 1 to execute sequence #1

ad Close switch 2 to execute sequence #2

ad Close switches 1 & 2 to execute sequence #3

O Close switches 1, 4, 5, and 8 to execute sequence #99

Thumbwheel Interface

88

With the SX, you can use up to 16 digits of thumbwheels. The SX uses a multiplexed BCD input
scheme to read thumbwheel data. Therefore, a decode circuit must be used for thumbwheels.
Compumotor recommends that you purchase Compumotor’s TM8 Module if you want to use a
thumbwheel interfaceThe following section assumes that you are using Compumotor’s TM8
module with the SX
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Reading Parallel
Data

The SX has seven parallel read commands that allow data to be read on inputs defined as Data
Inputs. These commands are listed below:

Command Description

> DRD Read distance via thumbwheels

>VRD Read velocity via thumbwheels

>LRD Read loop count via thumbwheels

>TRD Read time delay via thumbwheels

>VARDN Read variables via thumbwheels

> XRD Read sequence count via thumbwheels

>FRD Read following ratio via thumbwheels (SX-F only)

The following section describes the method used to read parallel data and the different modes
available (for a description of the individual commands, se&xh8oftware Reference Guijle

The software description of the parallel read commands assumes the SX\M$ mode. The
parallel read commands can be used in one of three modes selected\Wabmmand. A
description of each mode is given below.

TWQ

TW1

TWO mode reads two BCD digits at a time over the inputs. It requires that eight inputs be defined
as Data Inputs, and at least one output be defined as a Strobe Output. Inputs 5-8 have a higher
significance than inputs 1-4 in TWO mode. The number of times it reads a pair of BCD digits on the
inputs is equal to the number of outputs defined as Strobe Outputs. The table below shows the
output patterns during the strobing when all four outputs are Strobe Outputs. If fewer than four are
used as Strobe Outputs, disregard the extra columns and rows in the table. (i.e. 2 outputs are Strok
Outputs Refer to the first two columns and rows in the table). The time delay between the
changes are specified by the Strobe Output DEaRj command.

During each strobe time, the proper BCD data should be put on the SX’s Data Inputs. If only one
digit of information is desired, only four inputs need to be Data Inputs and only one Output as a
Strobe Output. In this configuration, another input could then be defined as a Data Valid Input to
trigger the data read instead of 8iER value.

Strobe Out #1 Strobe Out #2 Strobe Out #3 Strobe Out #4

0 1 1 1
1 0 1 1
1 1 0 1
1 1 1 0

@ = Inactive, 1 = Active

TW1 mode is compatible with Compumotor’s Thumbwheel Interface Module (TM8). It reads one
BCD digit at a time over the data inputs. Four of the eight inputs must be defined as Data Inputs
with the lowest numbered input having the least significance. Three of the four outputs must be
defined as Strobe Outputs.

When a parallel read command is issued, the Strobe Outputs toggle in a binary pattern as shown in
the table below. One digit is read in from the four lowest numbered Data Inputs for each binary
pattern toggled on the outputs. The Strobe Outputs remain in each state for the amount of time
specified by the Strobe Output Del&TR) command and the inputs are read at the end of each
strobe delay time. To allow for external or varying strobe rates, an input can be defined as a Data
Valid Input. The SX will not read the inputs until it sees a data valid signal for each digit being

read. In this case tf&®TR value determines how long the data valid input must remain active to be
seen.

TW1 mode also allows you to select a range of digits to be read and to provide a scale factor for the
data. Three values can be added to the end of each command B&ibcale. Variables ¢ and d

select the range of digits to be read from the inputs and may range from 0-7 to represent the desirec
thumbwheel digits. The TM8 Module’s left most digit is 0 and the right most is 7. The variables ¢
and d must satisfy the equation 0 ¢ d 7. The variable e scales the thumbwheel read value by
108 If any of the extra digits are to be used, all three must be specified.
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Strobe #1

Step O

Strobe #2 Strobe #3
1 1 1
0 1 1
1 0 1
0 0 1
1 1 0
0 1 0
1 0 0
0 0 0

@ = Inactive, 1 = Active

TW2 TW2 mode is identical ToV@ except that only one BCD digit is read at a time rather than two.
Hence, only four inputs must be defined as Data Inputs and a maximum of four digits can be read,

one for each output defined as a strobe output.

When reading digits from the Thumbwheel the most significant number (digit &) is read in first.
The output strobe pattern is the same a3W& mode. Refer to the previous table for the outputs
you are using. The following is an example using one or two TM8 Modules.

If you are using one TM8 Module, wire your module to the SX as shown in the first figure. If you
are using two TM8 Modules (the maximum allowed gachSX), wire the modules as in the second
figure.

112l flalsHefl7He

TM8 Module

Compumotor

Rx
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+5 GI5S 14 I3 12 11 O5 04 O3 02 O1
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Wiring 1 Thumbwheel Unit (TM8) to the SX

If you are powering an encoder with 5V from the SX along with one or two TM8 Modules, an
external 5V supply must be used to power OPTO1 and OPTO?2 or the encoder.
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Wiring 2 Thumbwheel Units (TM8) to the SX
Step O Configure your SX as follows:
Command Description
>0UT1J 01 configured as a strobe
>0uUT2J) 02 configured as a strobe
>0UT3J O3 configured as a strobe
> IN1IN 11 configured as a data input
> IN2N 12 configured as a data input
> IN3N I3 configured as a data input
> IN4N 14 configured as a data input
> INSW I5 configured as a sign input (optional)
> INLD Inputs configured active low
> STR5@ Data strobe time of 50 ms per digit read. If using one TM8
Module, you should now be ready to read in thumbwheel
data. If using two TM8 Modules, enter the additional set-
up commands. Minimum recommended strobe time for
the TM8 module is 10 ms.
> OUT4A O4 configured as a programmable output
> OUTLD Outputs set active low
>01 Set output 4 high—this enables TM8 Module #1
Step O Set the thumbwheel digits on your TM8 Moduleti?345678. If using two TM8 Modules, set

the second module t87654321. To verify that you have wired your TM8 Module(s) correctly
and configured your SX I/O properly, enter the following commands:

Command Description

> DRD Request distance data from all 8 thumbwheel digits

>1D Displays the distance read—D+0012345678. If you do
not receive the response shown, return to step #1 and
retry.
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If you are using two TM8 Modules, enter the following commands:

Command

Description

> 00

> DRD
> 1D

04 becomes 0V—this disables Module #1 and enables
Module #2.

Request distance data from all 8 thumbwheel digits
Displays the distance read—D-0087654321 The sign is
positive.—only one sign digit may be used when two TM8
Modules are used. If you do not receive the response
shown, return to step #1 and retry.

Re-enables the first TM8 Module.

Selecting Sequences with Thumbwheel Module

The following example shows how the SX is often used with thumbwheels. In the example, only
three sequences are entered. As many as 100 sequences may be defined and up to 100 may be
executed with the TM8 Module. Sequence #100 is automatically executed during power-up, reset,
or by XR10d. Refer to the Res&} tcommand in th&X Software Reference Guide

92

Ensure that the thumbwheel module is properly installed (as shown in the previous figures). Wire
input 5 as shown in the following figure. The switch shown in this configuration is a data valid
switch. Note that the sign bit is not being used.
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Step O Define a power-up sequence. Set inplits 14 as data inputs andb as a data valid input. Enter
the following program.

Command Description

> XE19Q Erases sequence #100

> XD12D Begins definition of sequence #100

ININ Sets 11 as a data input

IN2N Sets 12 as a data input

IN3N Sets 13 as a data input

IN4AN Sets 14 as a data input

IN5V Sets |5 as a data valid input

INLG Sets @V as active level

STR19 Sets strobe time of 10 ms per digit

OouT1J Sets O1 as a strobe output

ouT2J Sets O2 as a strobe output

OouUT3J Sets O3 as a strobe output

OuUTLD Outputs set active low

L Start a continuous loop

XRD679 Run the sequence displayed on thumbwheel digits 6 & 7

N Ends loop

> XT Ends definition of sequence #100
Step O Define any sequences that your application may need.

Command Description

> XE1 Erases sequence #1

> XD1 Begins definition of sequence #1

MN Sets to Normal mode

A25 Sets acceleration to 25 rps?

AD25 Sets deceleration to 25 rps?

V5 Sets velocity to 5 rps

D2503& Sets distance to 25000 steps

G Executes the move (Go)

> XT Ends definition of Sequence #1

> XE2 Erases sequence #2

> XD2 Begins definition of sequence #2

MN Sets to Normal mode

A25 Sets acceleration to 25 rps?

AD25 Sets deceleration to 25 rps?

V5 Sets velocity to 5 rps

DNN%1%1%1%] Sets distance to 10000 steps

G Executes the move (Go)

> XT Ends definition of sequence #2

> XE99 Erases sequence #99

> XD99 Begins definition of sequence #99

MN Sets to Normal mode

A25 Sets acceleration to 25 rps?

AD25 Sets deceleration to 25 rps?

V5 Sets velocity to 5 rps

D-35000 Sets distance to 1000 steps

G Executes the move (Go)

> XT Ends definition of sequence #99
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Step O

Step O

StepOd

Step O

PLC Operation

Reset the SX. This will execute the power-up sequence (Sequence #100).

Command Description

>Z Resets the SX

Set thumbwheel digits 7 and 8@d and activate the Data Valid Input (#5) to move 25,000 steps
CW.

(Execute Sequence #1)

222z Z2ER

The shaded digits do not affect the test.

Set thumbwheel digits 7 and 8@ and activate the data valid input (#5) to move 10,000 steps CW.

(Executes Sequence #2)

U EEEEEZ

The shaded digits do not affect the test.

Set thumbwheel digits 7 and 836 and activate the data valid input (#5) to move 10,000 steps
CCW.

(Executes Sequence #99)

ZEEEEERE

The shaded digits do not affect the test.

If you select an invalid or unprogrammed sequence with the thumbwheels, no motion will occur and
if the SSN command is enabled you will get the error message:

*UNDEFINED_SEQUENCE

This section explains and provides examples of how to use a PLC with the SX.

Interfacing with a PLC

In many applications, it is desirable to interface to a PLC. The SX performs the motion segment of a
more involved process controlled by a PLC. In these applications, the PLC will start sequences, load
data, manipulate inputs, and perform other specific input functions to control the SX and the motion
segment of a process. This section assumes the SX\8irmode. [TW@ of W2 mode is desired,

refer to the Thumbwheel section for more details.
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Parallel Data Read

with a PLC

As in the thumbwheel case, the PLC can be used to enter data for sequencERBlgdistance
(DRD), velocityYRD), loop countRD), time delayTRD), variable data/ARD), and Following
Ratio FRD). Refer to th8X Software Reference Guider more details on these commands.

To read data from the PLC, four of the SX’s inputs must be configured as data inputs. If a sign digit
is required, an input should be configured as a sign input. Configure 3 outputs as data strobe
outputs. The active level of the inputs can be changed usihglttommand. The active level of

the outputs can be changed using@éETL command.

When the SX executes a data read command, it will cycle its outputs and read BCD data as shown i
the following table. The strobe outputs tell the PLC what digit of data to put on the SX inputs for
each step in the process.

The Strobe Output Delay Tim&8TR) command sets the maximum rate that the SX will cycle
through the output levels. The SX synchronously cycles through the stateSaRthiene if no data
valid line is used. If a data valid line is used, the SX maintains its current state until the data valid
input is activated. This allows the PLC to control the SX’s data strobe rate.

The following table shows inputs 1-5 and outputs 1-3 being used. Any combination of inputs/
outputs may be used. Their significance is always from the lowest numbered one to highest num-
bered one.

SX Outputs Corresponding Digits Read SX Inputs

01 02 03 Data In (Active Low) 11 12 13 14 15

1 1 1 MSD (Digit 1) Isb msb + sign bit
0 1 1 Digit 2 “ “ “

1 0 1 Digit 3

0 0 1 Digit 4

1 1 0 Digit 5

0 1 0 Digit 6

1 0 0 Digit 7

0 0 0 LSD (Digit 8)

@ = Inactive, 1 = Active (Connection to GND)
Data Strobing Table

Simply put, the SX executes a parallel read command and if there is no data valid input defined,
places the first strobe pattern on its outputs and waits a time specified®yRhealue. At the end

of this time it reads the four lowest numbered Data Inputs, places the next strobe pattern on its
outputs, and again waits for the STR value before reading its Data Inputs. This pattern repeats until
all of the strobe patterns have been executed. If there is a Data Valid Input, the SX sees the Data
Valid Input go active before each input read and strobe pattern change.

This figure shows a possible PLC-to-SX connection that would allow the SX to input data from the
PLC. Adata valid line controls the SX'’s strobe rate. A data sign line is also used.

PLC SX
Voltage out (24V) 7[D-i0d:e|7 OPTO 2
LSB
Output 1 11
Output 2 12
Output 3 13
Output 4 MSB 14
output 5 Data Sign 15
output 6 Data Valid 6
Input 1 | Data Strobe | Output 1
Input 2 Data Strobe Output 2
Input 3 Data Strobe Output 3
GND GND
PLC/SX Connnection
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CAUTION

If voltages of 13VDC - 24VDC are used on OPTOs 1 & 2, a zener diode should be placed in series with
the DC voltage supply and the OPTOs. If your PLC outputs are at a 13-24 Volt level a zener diode
should be placed on each SX input with the same polarity as the OPTO2 diode shown in the previous
figure. This will prevent reverse biasing and possibly damaging the SX inputs. Refer to Chapter 6,
Hardware Reference for diode specifications.

If the SX executes a Read Distance Via Parallel DR) command, the following events must
occur to transfer distance data from the PLC to the SX. This is assiNbin@UTL, and the same
inputs/outputs as used in the previous figure.

O The SX executes a DRD command and places its outputs #1 - #3 at @V.

0 The PLC places and holds a BCD digit at the SX's inputs #1 - #4. (This value will be the most significant
distance digit). The PLC places a sign value at SX input #5. (This sigusitoe the same for each
digit read.)

[0 When the data is valid, the PLC should activate the data valid lin8T&t)(milliseconds. The SX will
read the digit and sign values.

O The PLC must deactivate the data valid line.
O After reading a data valid, the SX will place its output #1 in an inactive state and outputs #2 and #3 at @V.

[0 The PLC must place and hold its second BCD digit at the SX’s inputs #1 - #4. The PLC should place the
same sign value as that given for input #5.

0 When the data is valid, the PLC must activate the data valid line for (STR) milliseconds. The SX will read
this second BCD digit as the second significant distance digit.

0 The PLC must deactivate the data valid line.

This process continues until the SX reads the eighth digit (LSD). At this point, the SX enters the
eight digits read into its distance register and proceeds with the execution of subsequent commands.

Sequence Select
With a PLC

The PLC can execute sequences through two different methods. First, the sequences may be
selected by using the inputs defined as Sequence-Select Inputs. In this case, the input lines are BCD
weighted (refer to the following figure). The SX must be in Sequence Scan 8fdlE) @nd may

either operate in Interrupted mod&J1) or Continuous Scan mod€Jd). Refer to the earlier

switch and thumbwheel discussions for more information on Sequence Select methods.

The PLC activates the lines that will execute the desired sequence. It may be desirable to have the
SX indicate to the PLC when it has completed a sequence or to indicate to the PLC when it should
select another sequence. A programmable output can be used for this handshake to the PLC.

BCD

Weighted
PLC Values ox
Diode
Voltage Supply 24v—LB__1— oPTO2
ouT1 1 1
ouT2 2 12
ouT3 g 13
ouT4 14
ouTs 10 15
20
ouTé 20 16
ouT? 30 17
ouTs 18
IN1 o1
GROUND G

PLC Connection

CAUTION

If voltages of 13VDC - 24VDC are used on OPTOs 1 & 2, a zener diode should be placed in series with
the DC voltage supply and the OPTOs. If your PLC outputs are at a 13-24 Volt level a zener diode
should be placed on each SX input with the same polarity as the OPTO2 diode shown in the previous
figure. This will prevent reverse biasing and possibly damage the SX inputs. Refer to Chapter 6,
Hardware Reference for diode specifications.
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Miscellaneous
Control by a PLC

You can use a PLC to control the activation of the inputs for many of the input functions that the SX
supports (see tHerogrammable Input section). For example, you can use the PLC to stop, kill,
go, go home, or reset the SX.

RP240 Operator Panel
Refer to theRP240 User Guiddor information on using it with the SX.

Rotary vs. Linear Indexers

Most Compumotor Indexers are used for rotary motor systems. Hence, velocities and accelerations
are selected in rps and #pespectively. The default is often 25,000 steps per revolution. For linear
motors, acceleration and velocities are usually defined in g's and inches per second (ips) respec-
tively. Use the following equation to convert4ps g’s (1g = 386 ip3.

_A[rpsz] « Rotary Resolution [steps/rev]

Alg]l =— ) - )
Linear Resolution [steps/in] ¢ 386 ips

For example, if the rotary resolution is 25,000 steps/rev, the acceleration value is2100 rps
and the linear resolution is 10,000 steps/in. The equation is as follows:

100 [rpsz] » 25000 [steps/rev]
10000 [steps/in] * 386 ips?

=0.648 g

Use the following equation to convert rps to ips:

V[rps] ¢ Rotary Resolution [steps/rev]
Linear Resolution [steps/in]

Vlips] =
For example, if the resolutions are the same as defined above, and the velocity value is 1 rps,
the equation would be as follows:

1 [rps] « 25000 [steps/rev]
10000 [steps/in]

=2.5[ips]

O  Helpful Hint:
Rotary vs Linear
Indexer Example
0O Set the unit with the following move parameters:
O Acceleration = 1000 rps
O Velocity =1 rps
O Distance = 10,000 steps
0 Execute thé&s (Go) command:
If the resolution is 25,000 steps/rev, the forcer should move 1 inch at a velocity of 2.5 ips.
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C HAPTER LI

SXF Follower

Chapter Objectives

The information in this chapter will enable you to:
O Understand basic following concepts
0 Understand the basic types of following and their common applications

[0 Become familiar with the SXF commands associated with following

What is Following?

The SXF can perform velocity following and distance following moves. The SXF can follow from
an incremental or absolute encoder input. Unless otherwise abtéd features that will be
presented or have been discussed are also valid in Following mdtie only difference is that

you replace the velocity command with a speed ratio and the acceleration with a following
acceleration for distance following. Instead of specifying the speed witt teenmand, you will
specify the speed with respect to the primary using@ile command.The following figure shows
the basic following system configuration.

Compumaotor
@ |rx
@ |1x
Q |
@ |+sv
@ |opTO1
@ |cw ®
8 cew AC Power
& |hove 95-132VAC
5 |2 50/60Hz
REG .
@ [n | Protective rubber
D |2 110 boot protects
g :i |- / pre-wired cable
Q s connections
@ | @ Nk
ol |ofe
@ |8 @ |a- I
@ o @ EﬁRTH MOTOR Secondary
% 02 D Is- . Motor
45V, 03 @ [sct Heatsink
. O @ |oa @ [Nk
Incremental Primary AC G| D |t @ [N
Encoder or DC Motor CHA+ﬂ 2 |s CAUTION!
—( — HIGH
CHA-| @ |+sv VOLTAGE
—O ol ON EXPOSED
CHB+ O @ |cHa+ TERMINALS
CHB- O @ |cHA-
@ |cHB+
A & | |ENCODER
@ |cHz: -
__CHz-| O %) CHZf
Acc| O @ |acc @ MOTOR FAULT
2 le ® OVERTEMP
| O @ |smewo | @ UNDER VOLTAGE
SHIELD;O @ loprry  ®POWER
OPLHV (O L2 lopzav
opP2-HV| O RS aCr DRIVE [Parer]

Typical Following System Configuration
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In the previous figure, the primary axis is an AC or DC motor. The encoder is mounted on the shaft
of the primary motor. The encoder provides the SXF with data on the primary motor’s position and
velocity. The SXF uses the position and velocity data to move the secondary axis. Therefore, the
secondary motor is followirttpe motion of the primary motor. The SXF controls the motion of the
secondary motor according to the motion of the primary. This concept of following can be used in
different forms to satisfy many different applications.

Types of Following

There are four types of Following application motion.

O Velocity following

O Velocity and position following

[0 Recede and advance while following (includes electronic cam)
0 Phase error correction (synchronization)

The order in which the categories are presented are roughly in order of increasing complexity. By
identifying how the secondary axis motion relates to the primary axis, you will be able to determine
your application’s type and the applicable programming commands. The SXF also provides several
addition features that have been added to address more specific attributes of the various applications.
The SXF has several additional features that enhance the functionality for an application.

Registration while following

Jogging in the following mode

Following a pulse train and a direction

Following encoder pulses and the encoder direction

Entering following ratio via thumbwheels

Capability of loading the primary encoder position into a variable

OoooOoood

The SXF can perform all of the SX’s programming functions. The only difference is that the motion
profiles are now following moves and motion is based on a primary axis. The SXF can also be used
in its Indexer mode. You can easily switch back and forth from follower and Indexer functionality
and create motion programs in which the SXF serves as both a follower and an Indexer. The SXF
has the following programming capabilities:

[0 \Variables, general-purpose & read-only (position, primary encoder position, etc.)
0 Math

[0 Complex branching+F ELSE, REPEAT UNTIL, WHILE

[0 On-the-fly changes-MPP mode

0 Flexible I/O

For an explanation of the features that are common to both the SX and the SXF,Cafgrtay 4,
Application Design You should understand how to set the SXF for following. You can use one
command ESI) to enter and exit the Indexer and Following modes.

Command Description
FSl1 Enters the following mode
FSIg Exits the Following mode(Indexer mode)

The rest of this chapter explains the four following types. Additional features of SXF following
will also be covered.

Velocity Following

100

In velocity following the secondary axis is concerned only with the primary axis’ speed. The
relationship of the primary axis position with respect to the secondary axis is irrelevant. In this type
of application, the secondary axis accelerates at a specified acceleration up to a ratio of the primary
axis’ speed. Preset or continuous moves are performed in the same manner as in Indexer mode.
Exact distances on the secondary axis can be moved in Preset mode. However, instead of moving at
a velocity specified by thé command, the secondary axis moves at a ratio of the primary axis’

velocity specified by theOR andFOL commands. The acceleration is independent of the primary

axis encoder and is specified AyandAD (as with an Indexer).

SX/SXF Indexer/Driver User Guide



The following figure shows velocity following. Once the secondary axis accelerates to the specified
following ratio, it tracks the primary axis’ speed and position at the specified ratio. During accelera-
tion, the primary encoder speed and position are not followed. The acceleration ramp is independer
of the primary axis. Once the secondary axis has accelerated to the specified following ratio, it will
be following the primary axis (if the primary axis slows down, the secondary axis slows down).

Velocity Following

Velocity
Primary Axis
N \
Time
Velocity

Secondary Axis

\

Time

Velocity Following

Velocity followingis used in dispensing and on-the-fly cutting applications.

In each of the following categories described, the secondary axis only moves in the direction
specified by either thB command, thg command, or thel command. If the primary axis changes
direction, the secondary axis will still move in the same direction. Only the number of pulses and
the rate of the pulses determines the secondary axis’ motion. With position and direction tracking
enabled, the secondary axis will follow the primary axis’ direcflonllustrate velocity following,
detach the encoder from the primary axis and manually move the encoder

In the previous figure, if the primary velocity changed after the following ratio was achieved,
position and velocity were tracked exactly. If the primary axis’ velocity were half as fast as the
example in next figure, a different phase or positional relationship would result during acceleration
from rest. This is why it is velocity followingAgain, once the secondary axis accelerates to the
specified following percentage, it will follow velocity and position exactly

Velocity Following

Velocity
Primary Axis
1/2 V1
~
Time
Velocity
172 v1 Secondary Axis
~
Time

Primary Axis as Half Speed with Velocity Following

Setting Up Velocity Following

To perform velocity following, you must use two commands.

Command Description

FOR Relates the number of secondary motor steps per unit of
travel to the corresponding primary encoder steps per unit
of travel.

FOL Relates the speed of the secondary axis to the speed of

the primary axis as long as FOR is set correctly. The value
is entered as a percentage of the primary axis speed.
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Step O

Step O

Step O

Step O

Step O

Step O

The SXF uses the equation below to determine the number of motor steps.

FOL
100

These two command$:QR and-OL) remove the complication of having a different resolution for
measurement of distance on the primary and secondary axes. Once you relate the number of primary
encoder pulses per unit of travel to the number of secondary motor pulses per that same unit of
travel, you can relate their speeds. You can specify the secondary axis to move at 50% of the speed
of the primary axis (1:2 ratio) or 100% of the speed (1:1 ratio). The encoder is usually mounted on
the primary axis or through gearing and will measure a certain number of pulses per inch. The
secondary axis would also have some certain number of pulses per inch. The ratio of the secondary
axis steps to the primary axis’ steps is entered ifr@Re command. If the primary axis moves at 10
inches per second (ips) and the secondary axis is also set to move at 10 ips, a speed percentage of
100 is all that needs to be programme®I13J).The remaining commands are standard SX
commandsUse the following commands to implement the velocity following feature:

Motor Steps = FOR * Encoder Steps

Enter the number of secondary motor steps per unit of travel per number of primary encoder step per
the same unit of travel. In this example, the motor step resolution is 25,000 steps/rev and the
encoder resolution is 4,000 steps/rev. The unit of travel is 1 revolution—the ratio is 25,000/4,000 or
6.25.

Command Description

> FOR6.25 Sets the motor step to encoder step ratio of 6.25
> OFF Turns the SXF off

> CMR25@309 Sets motor resolution to 25000 steps/rev

>ON Turns the SXF on

Enter the following mode with the FSI command.

Command Description

> FSl1 Enters the Following mode

Set the speed ratio. If the secondary axis is to move at the same speed as the primary axis (100% of
the primary axis’ speed), ente®L1JJ.

Command Description
> FOL1@QJ The secondary axis will move at 100% of the primary axis’
speed

Set the SXF to .i. continuous mode and begin motion with the G command.

Command Description

>MC Enters Continuous mode
> AS5@Q Sets acceleration

> AD5@@ Sets deceleration

>G Initiates motion

Turn the encoder. The SXF should begin moving at the same speed that you are turning the encoder.
Change the direction that you turn the encoder and note the motion of the secondary axis. Follow
the steps below.

Execute the following commands.

Command Description

>S Stops the continuous motion command issued above
> 1FSP1 Enables the Position and Direction Tracking mode
>G Initiates motion

Now turn the encoder or move the primary so that the encoder moves. The SXF will begin moving.
Change the direction that the encoder is moving. The SXF will change direction. To change the
relative direction between the SXF and the encoder, use the .i.change direction; command (Hz).
Now turn the encoder and note that the SXF's relative direction has changed. Tracking the direction
as well as pulses can only be used in continuous mode. Preset moves can also be performed in
velocity following.
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Preset Moves In Velocity Following

A preset move is performed as in the standard Indexer mode. Issue the mode normal ctihthand (
and specify a distance in terms of secondary motor steps. In a preset move:

[0 The secondary axis acceleratd} o the desired speed percentage.
[0 It decelerates at the rate set with &2 command.
[0 It moves the specified distand®)(and stop.

If the primary axis’ speed varies, the acceleration ramp will be the same, but the distance that the
secondary axis travels to reach its following ratio will be different. The positional relationship or
phase relationship is not maintained during acceleration. Once the secondary axis achieves the
following percentage speed, it will track both velocity and position exactly.

Step O Attach the encoder to the primary axis. Start the primary axis moving.
Step O Enter the following set of commands.
Command Description
> MN Enters Normal mode
> FSPYJ Exits the direction Tracking mode
> AS@J Sets acceleration
> AD5@@ Sets deceleration
> FOL1@QJ Sets the following speed percentage to 100
> D125@3D Sets the distance to 125000 steps
>G Initiates motion

The secondary axis will move 125000 motor steps at the same speed as the primary axis. Repeat tl

example, but vary the speed of the primary aXise secondary still moves 125000 steps, and its
speed varies with the primary axis

Velocity following is the simplest form of following. All motion in the SXF is programmed in the

same manner as the SX. The only exception is that the velocity command is replaced by a followinc
percentage.

Position and Velocity Following

Position and velocity following is the most common form of following. In this case, the secondary
axis must maintain a specific positional relationship with the primary axis. The primary axis moves
a specific number of primary encoder pulses while the secondary axis must move a specified numbe
of secondary motor steps. The secondary axis moves at the same speed as the primary axis (a 1:1
speed ratio) in most of theagplications.Coil winding applications, however, are an exception. In

coil winding applications, the relationship between the primary (usually the spindle axis) and
secondary axes (usually the traverse axis) is based on a desired pitch. This pitch defines a position
and velocity relationship that will have an arbitrary speed relationship based on the particular
application. The positional relationship is usually defined by a single traverse corresponding to a
specific number of spindle axis turns, thus defining a specific number of primary encoder pulses
while a specific number of secondary pulses must be traveled.

Primary Axis at Rest

There are twavariations ofposition and velocity following The difference is in the motion of the
primary axis. The less common form starts the primary axis motion from rest. The secondary axis
must follow the primary axis pulse for pulse. In this type of application, the secondary axis will be
in a continuous move and will track the motion of the primary axis exactly. A web positioning
systemwhere two axes are guiding the web (one edge is the primary axis and the other edge is the
secondary axis), is an example of such an application. The web can be positioned based on the
motion relationship between the primary and secondary axes. The following figure shows the
profiles of a secondary axis following a primary axis pulse for pulse.
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Primary Axis

Vmax

1

Vimax Secondary Axis

1

)]

t (sec)

Pulse-for-Pulse Following

If the primary axis starts from restthe secondary axis must track it pulse for pulse. FSA enables

this capability. If position tracking is disabled, the SXF will follow the pulse count only and will not
change direction if the primary axis changes direction. This is acceptable in many applications. In
some applications, however, the primary axis may overshoot when it comes to a rest and the encoder
will change directions.

Since the SXF is following the primary axis’ pulse count only, it will actually move the secondary
axis too many pulses. By enabling Position TrackigHR1), you can you can track the primary
encoder’s direction and pulse count and therefore not accumulate excess pulses caused by overshoot.

Command Description

FSA1l Enables Pulse Tracking mode where secondary instanta-
neously accelerates between commanded velocities

FSP1 Secondary tracks both the direction & pulse count from the

primary encoder
You must disable the Following Synchronized Acceleration mB8&@) and activate Continuous
Move mode to use Pulse Tracking moB8AL). FSAQJ disables Pulse Tracking mode.

Primary Axis in Motion

104

The most common form giosition and velocity followindegins with the primary axis already in
motion. The secondary axis must accelerate up to the specified speed ratio of the primary axis. In
this type of application, the secondary axis must accelerate to a known positional or phase relation-
ship with the primary axis. The primary axis is usually a conveyer or web and the secondary axis is
performing an operation on the web or parts on the conveyer. The primary axis is always moving so
the secondary axis must be moving at the same speed and with the correct orientation to perform
some operation on the moving primary axis. To maintain positional and velocity relationships, the
secondary axis must be able to accelerate over a known distance with respect to the primary axis
(i.e., following acceleration is needed). The Set Following Synchronization FR&@) and Set

Following Synchronization CounEEN) commands are used in conjunction with the velocity
following commands.

The A andAD commands used in velocity following are replaced by a following acceleration. A
following acceleration is accomplished by stepping through subsequent ratios from the present
following ratio to the final following ratioROL). The increment between ratios is set byRhE
command. Incrementing from one ratio to the next is based on the primary encoder changing by a
set number of primary encoder pulses. This number of pulses is setfiyNtgommand. For

example, if the value fdfAC is 1, the value fdfEN is 10, and the final following speed percentage

is 100 (FOL), the secondary axis must accelerate from zero speed to 100% of the primary speed.
From rest, every 10 primary encoder steps (FEN) the following percentage will change by an
increment of 1% (FAC) until it is equal to the final following percentage of 100% (FOL). Therefore,
the secondary axis will accelerate over 1000 primary encoder steps. It does not matter if the speed
of the primary axis varies, the secondary axis’ acceleration is based on primary encoder steps (not
time).
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The following figures illustrate position and velocity following. The shaded area indicates the
distance moved by both the primary and secondary axes while the secondary axis is accelerating.
The secondary axis moves 1/2 the distance that the primary axis modagis will always be the

case when the secondary axis accelerates from rest to the same speed as the primary axis, when tf
primary axis is already moving.

Vmax Primary Axis

t t t i
1 5
t (sec)

Vmax Secondary Axis

! t (sec)

Following Acceleration

This figure shows how thacceleration ramp varies if the primary axis’ speed varies. If the primary
axis’ speed is 1/2 the maximum velocity, the acceleration ramp will be twice as long. The shaded
portions in the following figure are equivalent to the shaded portions in the previous fidnere.

primary axis’ velocity can change at any time, even during the secondary axis’ acceleration ramp,
without changing the positional relationship

Primary Axis

1/2 Vmax

t (sec)

Secondary Axis

t (sec)

1/2 Vmax

Following Acceleration With Primary Axis Velocity Change

The shaded area for the secondary axis is 1/2 of the shaded area under the primary axis curve. Wh
the primary axis is moving and the secondary axis must start from rest and accelerate to the primary
axis’ velocity, the secondary axis will always move 1/2 the distance. Using following acceleration,
the secondary axis adjusts its acceleration according to the primary axis’ velocity so that it will
always accelerate over the same distance while the primary axis moves a specified distance. To
synchronize secondary and primary axes’ positions, the secondary axis must start ahead of the
primary axis (Refer to the figure titl&starting a Velocity & Position Following Move—1:1 Ratio)
compensate for the fact that the primary axis is already moving (velodafty)=
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Position and Velocity Following
Primary Axis
‘ velocity =Vp ——p
8000 16000 24000 32000 40000 48000
. velocity = 0
Secondary Axis
The secondary axis begins moving when the primary axis is at location 0 on the scale.

Starting a Velocity & Position Following Move—1:1 Ratio

The key to position and velocity following is that the Vp value does not matter (previous figure).
Assuming the application in the previous figure is programmed with following acceleration, acceler-

ating over 8000 primary encoder steps, the spots will always be at a 1:1 speed ratio after the primary
axis moves the 16000 steps (see the following figure).

Velocity and Position Following

Primary Axis
. velocity = Vp ——»
UL T TR ET T e
8000 16000 24000 32000 40000 48000
. velocity =Vp ——@p»
Secondary Axis

The secondary has achieved a 1:1 ratio and they are synchronized positionally.

Velocity & Position Following After Acceleration Is Done

Following Acceleration

Accelerating over a known distance with respect to a known primary axis distance allows you to

synchronize the exact phase relationship you want between the primary and secondary axes. Fol-
lowing acceleration enables this synchronization.

Command Description
FAC

The increment of following ratio by which the following
ratio changes during acceleration

The number of encoder pulses that cause the following
ratio to increment to the next value

Enables Following Acceleration mode

FEN

FSF1
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Determining FAC and

FEN with Primary
Axis Data

Equation 5-1. FEN

Equation 5-2. FAC

To determine wha@ACandFENare, you must know:

[0 The maximum velocity that the primary axis can travel (the velocity must be in units of primary encoder
steps per second)

[0 The distance in primary encoder steps that the primary axis will move during which time the secondary
axis will accelerater the maximum acceleration that the secondary axis can accelerate

These parameters will be denoted as follows:

VpPmax = Maximum primary velocity in encoder steps per second

Dpacc = Distance primary axis travels while secondary axis
accelerates in primary encoder steps

OR

Asuax = Maximum acceleration of the secondary axis

Based on these equations, the value&&€ and FEN can be determined:

B TF Ve = Primary Encoder Counts
FEN = VpmAx 1000 ax = Second

TF = Primary Encoder Sample Period in ms

FOL[VPmax — TF Primary Encoder Counts
FAC = tl VPmax =
Dpacc 1000 Second

TF = Primary Encoder Sample Period in ms

FOL = Following percentage in units of percent

Dpacc = Distance primary moves during secondary axis accel in units of primary axis enc counts

Typically, the application will have the secondary axis start from rest and accelerate &Dtio an

value of 100 (1:1 ratio). However, tROL value can be any value that is within the limits of the
motor/drive system.Dgccis in units of primary encoder stepsDetermining théAC and FEN

values sets the number of primary axis encoder steps over which the secondary axis will accelerate
(independent of the primary axis’ speed). The secondary axis always travels the same number of
motor steps during acceleration while the primary encoder movgg Dp

TheTF command allows you to set the sample period of the primary axis’ encoder. It is program-
mable from 1 - 32 msThe default is 4 ms TF simply scales theFAC and FEN values. In

Equations 5.1 and 5.ZF is used in units of ms—the constant of 1000 converts it to seconds so that
the units cancel properly. Typically you will wah to be as fast as your system will allow (1 ms).

If the primary encoder is moving slowly, you may need to increase the sample rate to more than 1 m
because the actual encoder count does not change by much in a sample period and thus you have
coarser resolution on the changes in encoder counts. For example, if your sample period is 1 ms ar
the maximum speed is 1 rps, the encoder count only changes by 4 counts each sample period. If
there is a slight variation in speed and you read a change of 3 counts, there is a 25% variation. This
may cause choppier secondary axis motion. Changing the encoder sample period can have a
smoothing effect.

Determining FAC and
FEN with Secondary

Axis Data

Instead of knowing the distance that you want the secondary axis to accelerate over, you may know
the maximum acceleration that your secondary axis can accelerate at. You can detesgine Dp

using Asnaxand the following speed percentage that you are accelerating to. Use Equation 5-3 to
determine Dgccfrom Asmax
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Equation 5-3.
Dpacc

V Pmax2 DFORD& = M DFORDﬂ

DPece = 2A Smax 100 2ASmAX 100

The acceleration is in units of secondary motor steps?s&te maximum velocity of the primary
axis is in primary encoder steps/sec.

Using this value for Dgcg you can use Equations 5-1 and 5-2 to deterfk@ and FEN. Remem-
ber to enable the Following Synchronized Acceleration mB8&1) to enable following accelera-
tion.

How Following Acceleration Works

108

The concept of accelerating the secondary axis over a known distance with respect to a known
primary axis distance (independent of the primary axis’ speed) is developed on the analogies drawn
betweerfollowing and time-based motion. fime-based motion, the velocity describes the rate of
change of the position with respect to a change in timéllowing-based motion, the secondary

axis moves at a ratio of the primary axis’ velocity. This following ratio is of the same units as the
velocity it is following, but is simply scaled. Therefore, the following ratio is analogous to a

velocity. In the same manner, an acceleration in the time domain is defined as the rate of velocity
change. The analogy in following would be to have a following acceleration that is a rate of change
of the following ratio. Time-based motion is based on sampled time whereas following is based on
the sampled primary axis encoder pulses (for digital systems). Examine the following example.

O Primary axis encoden 4000 counts/revolution
Secondary axi§l 4000 steps/revolution.

Primary axis speed = 1 rps

Secondary axis following speed percentage = 100%

Distance that secondary axis accelerates = 2000 primary axis encoder steps

O Ooo0oogoo

Primary axis encoder sample period =1 ms

Therefore, the secondary axis must now accelerate over 2000 primary encoder steps to a following
percentage of 100% or a speed of 1 rps. Specifying the number of primary encoder pulses and the
final speed that the secondary axis must attain after acceleration definesdlezation ramp If

the secondary axis’ acceleration is based on time, you can calculate an acceleration ramp that would
accelerate the secondary axis in the desired fashion.

2000 steps

steps
4000 Sec

Acceleration time = = 0.5seconds

Change in velocity =4000 steps/sec —O0 steps/sec =4000 steps/sec

steps steps
Accelerati n——4000 S€C_ _goooteRs - se¢
ceeleralion=—gg5sec  ~ sec2 ~ ms

If you changed the velocity by 8 steps/sec every sample péiffodX ms), you would achieve the

desired acceleration ramp. The problem is that application is dependent on time. If the primary axis’
speed changes, the secondary axis would no longer be accelerating over 2000 primary encoder steps.
Therefore, the application requires a following acceleration that is based on encoder pulses rather
than time.
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Decelerating

Change in Following Percentage =100% - 0% = 100%
2000 steps

steps
4000 sec

Following Acceleration time = = 500 ms =500 sample periods

Following Acceleration :% =0.2(FAQ

The application is still time dependent. To remove the time dependency and make the acceleration
dependent on the encoder pulsgsace the time sample period by an encoder periddthe above
example, following percentage was based on changing the following percentage by 0.2 every sampl
period. It will take 500 sample periods to achieve a 100% following percentage. At 4000 steps/sec,
the primary encoder is changing at a rate of 4 steps per ms or 4 steps/sample period.

1 sample period = 4 steps (encoder periGiEN)

Instead of changing the following percentage every sample period, change it every time the encoder
count changes by 4 stepl the primary encoder is moving at the maximum velocity, the accelera-
tion ramp will be equal to the maximum acceleration provided. However, if the primary encoder
velocity is less than the maximum velocity, the acceleration will also be reduced. The distance that
the secondary axis accelerates and travels (with respect to the primary axis’ moves during this
acceleration) will remain unchanged. If the primary axis exceeds the maximum velocity, the
acceleration ramp would also increase and exceed the maximum acceleration, which may cause a
motor stall.

In summary, following acceleration uses the analogy that a change in velocity per change in time
(normal acceleration) is the same concept as a following acceleration being a change in following
percentage per change in encoder steps. In the SXF, the following percentage changes by the FAC
value for each change in encoder stepSEN steps. Several different combinationEA€ and

FEN can achieve the same acceleration ramp. However, only dfgquand FEN values will

satisfy a specific maximum velocity and maximum acceleratiohC and FEN can easily be

determined with the equations and examples discussed earlier.

The SXF decelerates to zero speed usind\ih@alue. Although you may expect that this will

diminish the positional relationship, this is usually not a concern at the endpoint in a profile. The
following move is usually started by a trigger, which indicates that the primary axis is at a particular
location. The move could also be started based on the primary axis’ encoder position. The move is
typically of a preset distance. The important point is that the secondary axis is at a known position
with respect to the primary axis when the profile beginBhis positional relationship is maintained
during acceleration. After the secondary axis moves the appropriate distance, it will normally return
the same distance it just traveled at a high speed to prepare for a repeat move. This is why the
deceleration is not important. However, in cases where the SXF must perform electronic cam
profiles, a deceleration’s positional relationship may be necessary. In this case, the SXF can decele
ate to a stop using tAC and FEN values by setting the following ratio t6OL@) while in

Position Profile mode. To terminate this move, a stop command must be issued after the secondary
axis reaches zero speed.

Position and Velocity Following Example

In this example, you will perform a preset move using following acceleration (with the parameters
and motion requirements listed below).

Primary axis encoder resolution = 4000 counts/rev

Secondary axis motor resolution = 25000 steps/rev

Maximum primary encoder speed = 2 rps

Distance in primary encoder steps that the secondary axis must accelerate over = 2000 steps
Desired speed ratioFOL = 100% (1:1 ratio)

Preset secondary axis move distance = 3 motor revolutions

Ooo0oo0ooood

Encoder sample periodH =4 ms
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Step O

Step O

Step O

Step O

A preset move of 75000 steps will be made. The secondary axis will accelerate over 2000 primary
encoder steps up to the same speed as the primary encoder. A trigger will initiate motion. Follow
these steps to perform the move profile. The encoder sampling period is set to the default of 4 ms.

Determine the values for FAC and FEN from Equations 5-1 and 5-2.

TF revs counts 4
— * - * —_— =
FEN=Vpmax 1000 - 2 Sec 4000 oV 1000 seconds = 32encoder counts
counts
100 * 8000 ———
FAC= FOL * VPmax L = sec . 4 seconds = 1.6 percent
Dpacc 1000 2000 counts 1000

Enter the values fdfFEN and FAC.

Command Description

> FEN32 Number of encoder counts of change required to incre-
ment the following percentage by FAC

>FACL1.6 The amount the following percentage increments for each

FEN change in encoder counts
If you want to change the sample period of the primary encoder to 1 ms, scai&hiotimd FAC by
the change in th€F value. For example, if you go from 4 ms to 1 ms, divide FAC and FEN by 4 to
get the following values.

FEN =8
FAC=0.4

If we went from TF4 toTF8, multiply FAC and FEN by 2Remember to changeACand FENIf
you changeTF.

Enable Following Acceleration mode.

Command Description

> FSF1 Enables following acceleration

Start the primary axis into motion, then enter the commands below to perform the following accel-
eration move. If the primary axis’ speed exceeds 2 rps, the following acceleration will not work
properly.

Command Description

> MN Sets SXF to Normal mode

> FSl1 Enables following

> D75000 Sets the preset move distance to 75000 steps
> FOL12d Sets the following percentage to 100%

>G Starts the following move

The secondary axis will accelerate over 2000 primary encoder steps. The secondary axis will move
1000 * FOR or 6250 motor steps over this acceleration ramp.

Following Acceleration Example: Bottle Filling

110

Typically, an application that requires position and velocity following will start the secondary axis
from rest and accelerate it to 100% of the primary axis’ speed (a 1:1 speed ratio). A trigger initiates
motion on the secondary axis when a part or product is in a particular location on the primary axis.
In this example, a conveyer belt moves bottles on a production line. The secondary axis is a filler
that accelerates up to the conveyer line speed and fills the bottles. It fills six bottles at a time and
then returns to the start point to fill six more.
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- 4
T g V =8 ips (inches per sec)

— >

Position & Velocity Following—Bottle Filling Application

One cycle of operation consists of the following steps.
0 The secondary axis accelerates to the conveyer line speed.
[0 The secondary axis enables an output that tells the dispenser to begin filling the bottles.

[0 The secondary axis decelerates to a stop and returns to the starting point (at a high speed) to begin filling
the next set of bottles.

In this application, the rate at which the bottles can be filled determines the maximum rate of the
entire dispensing cycleNote the following information about the application

Maximum conveyer spee@ ips

Time to bill bottles 2.5 seconds

Primary encoder resolution4000 counts/rev

Primary encoder linear resolution2 revs/inch = 8000 counts/inch
Distance between bottles8 inches

Bottle filler motor resolution 25000 steps/revolution

Bottle filler linear resolution 1 revolution/inch = 25000 steps/inch
Distance over which bottle filler accelerate® inches

An output must be activated at the point that the bottle filler is moving at the same speed as the
conveyer to initiate the dispensing of fluid into the bottles. A photoelectric sensor detects a bottle
and begins the filling cycle. The SXF waits for the sensor as a trigger. When a bottle is detected, th
SXF accelerates to the line speed, turns on an output, fills the bottle stops, and returns to the startin
point to wait for the next trigger. The following figure depicts the conveyer and the filler axis at the
start of a filling cycle.

Conveyer

00000 O .

T : T T T T T T T T T T
48 56 64 72 80 88 96

1 :
+—t
16 24 32
Sensor V= Vmax >

[ . &

|

Bottle Filler V=0

Start of A Filling Cycle

When the bottle markesl crosses the trigger sensor, the cycle begins.
[0 The secondary axis accelerates to the conveyer line speed.
[0 The secondary axis enables an output that tells the dispenser to begin filling the bottles.

0 The secondary axis decelerates to a stop and returns to the starting point (at a high speed) to begin filling
the next set of bottles.
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This figure shows the two axis after the bottle filler reaches line speed and is ready to begin
dispensing.

Conveyer

00

E
O Bottles
1 1 1 1 1 1 1 1 1 1 1 1 1
—t

8 56 64 72 80 ' 88 ' 96

1 1
T T
3

1

0 0 0
6 24 32

V=Vmax ——p

At

40

e

|

Bottle Filler V=Vmax ——p

Bottle Filler Has Accelerated to Line Speed

A bottle can be filled in 2.5 seconds. At a maximum conveyer speed of 8 ips, the conveyer will
move the bottles 20 inches. The next figure shows the bottle’s location after the first six bottles have
been filled. Note the location of the next set of bottles that will be filled

Conveyer E s

E
O O O ' ' ' ' ' ' Bottles
L L L L L L L L L L L L L L L L L L L
T T T T T T T 1 1 T T J T T T ) T
8

16 24 32 40 48 56 64 72 8 8 96
Sensor V=Vmax ——>p

I I T

Bottle Filler V=Vmax ——»

e

Dispensing is Completed

The bottle filler must now stop and return to the start location before the bottle rBackesses the
trigger point. The following figure shows the location of the bottle filler after it has stopped. It must
now return 22 inches to the start before the bottles have moved 20 inches. The bottle filler will be in
place, ready for the next trigger from the next set of bottles. It will arrive in place 4 inches before
the next bottle. At 8 ips, 500 ms will elapse before the next bottle.

Conveyer
Y E S E
000 0000 0 0 s
o
8 16 24 32 40 48 56 64 72 80 Sg 96
A. Sensor V=Vmax ——p
1
1
1
1
1
L M
Bottle Filler V=0
Bottle Filler Stops
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Step O

Step O

Step O

To get back to the starting point before the conveyer has moved 20 inches, the bottle filler must
return at a speed faster than the conveyer. It will accelerate at the same following acceleration set
for the first part of the cycle. The following figure shows the bottle filler after it returns to the
starting point. After the conveyer travels 4 more inches, the cycle will resume.

Conveyer
S E S E
000 00006 060 0 0 0 e
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
"' 8 16 24 32 40 48 56 64 72 80 88 96
Sensor V= Vmax ——»

R S

|

Bottle Filler V=0

Bottle Filler Ready to Start a New Cycle

To program the application, use the following steps.

Determine thé-OR value.
Primary conveyer axis steps per inch = 8000

Secondary bottle filler axis steps per inch = 25000

25000
8000

FOR= =3.125

Determine thd&=AC and FEN following acceleration parameters. The encoder sample period time
(TF)is 1 ms.

steps , ,inches . 1 _
Teh 8 =64steps

FEN=8000 second 1000

100% * 8000.steps* inches
inch second, 1

16000 steps 1000

FAC= 0.4

Determine how far the primary and secondary axes will move during the dispensing part of the
cycle. This includes the acceleration and deceleration parts of the move for the bottle filler when no
fluid is dispensed.

t
VPmax = 64000 ===

The dispensing takes 2.5 seconds. During the time that a constant following percentage occurs, the

conveyer will have moved:
Dpcon = 64000%6’;5 * 2.5 sec = 160000

The secondary axis will move this distancdeOR:

_ . . ondary motor steps
Dscon = 160000 primary encoder steps 3.1%fmms— 500000 secondary motor steps
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The secondary axis or bottle filler axis will accelerate over 2 inches of the conveyer at maximum
speed and decelerate over two inches. If the conveyer moves slower, the dispensing part of the
process will become a smaller percentage of the total cycle. The distance the secondary axis travels
during acceleration will be one half of the distance the conveyer or primary axis travels. The
secondary axis starts from rest and accelerates to match the primary axis’ speed. The secondary axis
will move 1 inch during acceleration and 1 inch during deceleration. The total distance of the bottle
filler move is:

Dsec =500000+ 2* (Linch * 25000Stelos

) =550000 steps (secondary motor steps)
The value to be entered for tA® command for deceleration is:

h
V2 %%

~2D ~ 29 inch

inches
sec2

revolution _
inch

revs
sec2

*

If the primary axis’ speed changes, the SXF will still decelerate at this rate. The distance that the
bottle filler moves will be identical, regardless of the primary axis’ speed, so the bottle filler will still
have to make a 22-inch molack while the primary axis moves 20 inches.

Step O

You have determined the parameters necessary for the first part of the move. Next, you must
determine the following percentage required to move the secondary axis back 22 inches while the
primary axis moves 20 inches. Use Equation 5-4 to deterfrtrhe

Equation 5-4. FOL

Dsec

prlm prim _ FEN

FO g; Where K =—EN__

~ 200K \/ 00*K g FORK 100*FAC
160000 60000 550000

FOL=56076 - \/Swg 3516 200 -3742=1258%

125.8% is the return following percentage.

Step O

Enter the sequence below to implement the motion.

Command Description

> XE1 Erases sequence #1

> XD1 Defines sequence #1

FOR3.125 Sets motor to encoder steps per unit travel ratio

FAC.4 Sets the following acceleration increment to .4 % per
encoder period

FEN64 Sets the encoder period, which increases the percentage
to 64 steps

D550030 Sets the secondary axis move for the cycle to 550000
motor steps

FSI1 Enables following mode

AD32 Sets the deceleration to 32 rps2

IN1A Defines input 1 as a trigger input

IN2D Defines input 2 as a stop input

L Starts a continuous loop

FOL129Y Sets the initial following percentage to 100%

TR1 Waits on the input trigger

G Starts motion

FOL125.8 Sets return move following percentage to 125.8%

H Changes the direction

G Starts the return following move

H Changes direction again

N Ends the loop—the following cycle will repeat

>XT Ends the sequence
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To decelerate using theAC and FEN values, modify the program as follows:

Command Description

> XE1 Erases sequence #1

> XD1 Defines sequence #1

SSH1 Sets save buffer on stop

FOR3.125 Sets motor to encoder steps per unit travel ratio

FAC.4 Sets the following acceleration increment to 0.4 % per
encoder period

FEN64 Sets the encoder period, which increases the percentage
to 64 steps

TF1 Sets the following encoder sample period to 1 ms

D55033D Sets the secondary axis move for the cycle to 550000
motor steps

FSi1 Enables Following mode

AD32 Sets the deceleration to 32 rps?

IN1A Defines input 1 as a trigger input

IN2D Defines input 2 as a stop input

L Starts a continuous loop

FOL199@ Sets the initial following percentage to 100%

TR1 Waits on the input trigger

MPP Enters the Motion Profiling mode

G Starts motion

FP176000 Waits until 176000 encoder pulses have passed

FOLQD Stops the motion of the secondary

FP16002 Waits for the decel ramp distance

STOP Stops the move itself

FOL125.8 Sets return move following percentage to 125.8%

H Changes the direction

G Starts motion

FP139782 Waits until 139782 encoder pulses have passed

FOLQD Stops the motion of the secondary

FP27218 Waits for the decel ramp distance

STOP Stops the move itself

H Changes direction again

N Ends the loop—the following cycle will repeat

> XT Ends the sequence

The value fof=P during the return move is determined by calculating the distance the primary axis
will move during acceleration and the constant following percentage portion and determining the
distance it moves during the deceleration portion. This is determined from:

FEN 64
Dpacc =FOL ez =1258% 57z =20218 en coder steps

Dpdec =Dpaoc =20218 in ches

Dpcon=Dprim - DPdec - DPacc = 11564

Dpnm =20inches =16 M 00

Thefirst FP = Dpzon+ Dpacc= 119564 + 20218 = 139782. Teecond-P = Dpjec= 20218. The secoreP

(20218 steps) measures the deceleration ramp. After deceleration, the move stops. The acceleration and
deceleration ramps are based on the primary axis’ speed.

Recede and Advance While Following

Receding and advancing while following requires position and velocity following. In this type of
application, the secondary axis follows the primary encoder at a 1:1 ratio or at the same speed. The
secondary axis has a specific positional or phase relationship with the primary encoder. This type o
application is used when multiple operations (such as welds) must be performed on one moving par
The operations are performed at various places on the part, requiring the secondary axis to advance
or recede.
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In anadvance applicationthe secondary axis must accelerate and move a specific distance beyond
the primary axis, then decelerate to a 1:1 ratio. The secondary axis moves a specific distance with
respect to the primary axis while both axes are moving.réeede applicationthe secondary axis
decelerates until it recedes a specific distance behind the primary axis and then resumes a 1:1 speed
ratio with the primary axis.

The point at which the advance move or recede move occurs is based on a specific position on the
primary axis or on an input trigger. This type of application requires that the following ratio be
changed on-the-fly while based on either an input or the primary encoder’s position. It also requires
that the secondary axis be able to move a specific distance while the primary axis moves a corre-
sponding specific distance. In this manner, the secondary can advance or recede a specific distance
with respect to the primary axi3o change the following ration-the-fly, you must use Motion

Profiling (MPP) mode. You will need to measure the distance traveled by the primary encoder. Use
the set of commands below.

Command Description

> FPn Delays processing for n primary encoder steps

> FPAN Delays processing until the absolute count of the primary
encoder reaches n

>VAR1=FEP Allows you to read the value of the Following Encoder

Position into variable 1.

Advance Following Example

In this example, the primary axis has a 4000 count per revolution encoder. The secondary motor has
a 4000 step per revolution motor. Therefore, the valuE@®R is 1. The application requires that
the secondary axis:

[0 Accelerate over 4000 primary encoder steps

[0 Move at a 1:1 ratio for 2 primary encoder revolutions
O Advance (with respect to primary axis) 12000 primary encoder steps
[0 Move 2 more primary encoder revolutions at 1:1 after advancing
[0 Stop. The move profiles are shown below.
Primary Axis
Vp
1 2 3 4 5 6
T T ; T 1
5 10
t (sec)
2*Vp
Secondary Axis
Vp
4 2 3 4 5 6 \

t (sec) 10

Advancing with Respect to the Primary While Following

The darkly shaded area in the previous figure represents the distance that the secondary axis ad-
vances with respect to the primary axis. The lightly shaded area represents the distance that both the
primary and the secondary axes move duringath@nce portiorof the profile. In these types of
applications, the phase relationship or positional relationship is set witA@@nd FEN values

(for as long as the following acceleration is performed). When the secondary axis accelerates from
the 1:1 ratio to the 2:1 ratio, it will again accelerate at the following acceleration set. When it
decelerates back to the 1:1 ratio, it decelerates in the same manner as it accelerates Fgihg the
andFEN following acceleration rate). When the secondary axis decelerates bask oo zero

speedit will decelerate at thAD rate. If the secondary axis must decelerate to zero speed at the FAC
and FEN values, you must us®LJ and set the following ratio to zero to make it stop.
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Equation 5-5 Dsgcc

Before programming this move profile, we will completely analyze the motion of the secondary and
primary axes and then describe the sequence of commands necessary for performing the move.

In the previous figure, assume that the primary axis is moving at a maximum speed of 4000 steps/
second. The area of each 1-second block represents 4000 primary encoder counts. Starting with
Section #1, the primary encoder begins the section at a speeghak¥p/p = 4000 steps/sec.
Therefore, the primary encoder moves 4000 counts during this section. From Section #1 of the
secondary profile’s plot, you can see that the secondary motor starts from rest and accelerates to a
1:1 speed ratio over 4000 counts of the primary encodeigd3>p4000 steps. You can calculate the
desiredFAC and FEN valueto create such an acceleration ramp. This following acceleration will

be used throughout the profile when changing from one following ratio to another. Set the encoder
sample rateTF, to 1 ms.

V fmax =4000step s/sec
Dpg oc =4000steps

_ « JF steps, 1 _
FEN =VPmax *Toog =4 00— *Tom sec =4en o der co unts
steps
FAC _FQ*VPmax , TF _ 100 % * 4D 0=55= L1 —o1 ¢
= Dpax 1000 -~ 4000steps Tooo Sec =01 percen

By calculating the area under the secondary axis profile curve, you can determine that the secondar
motor has moved 2000 motor steps. If the secondary axis is accelerating to the same speed as the
primary axis, it will always travel half of the primary axis’ distance. In this manner, the secondary
axis will be physically aligned with this point when it reaches a 1:1 speed ratio. The next figure
shows two conveyer belts—primary and secondary axes. The primary and secondary axes’ spots a
at different locations at different times in the profile.

Advance Example

Primary Axis Time t=0
‘ ' Velocity =V p 'S
PRV PR TR TR e EEE [T =
8000 16000 24000 32000 40000 48000
. Velocity = 0
Secondary Axis

Advance Example at the Start of Section # 1

Usually, you will use an equation, not a graphic, to determine the distance traveled. Equation 5-5
calculates the distance the secondary axis travels for any acceleration, even if the secondary axis
starts acceleration while it is already moving at a given ratio to the primary axis.

FEN FEN
_ * * e) 2 K —_— oL* * —
Dsace= FOR % AFOL= ™ ToosFac * AFOLFOL ™ ToosFac B

FOL = The change in following percentage
FOL = The initial following percentage

In Equation 5-5, the change in following percentage is the difference between the final following
percentage that you are accelerating to and the following percentage you are starting from. If you
are starting from rest, the initial following percentage is @ and the change in following percentage is
FOLQ o-OL. If you are aFOL1@@ and want to accelerate to a following percentageOaf2@0J,

the change in following percentage is 100 and the initial following percentage i§AQCand FEN

are the values calculated from the equation&#&€ and FEN using thenyaxand primary encoder
acceleration distance.
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The equation has two parts. The first part has the square of the following percentage change and the
second part has a single following percentage change téime first term determines the distance

that the secondary axis travels due to the acceleration ramp portion of the curve. The second term
gives the distance that the secondary axis travels due to its initial velocity. In this case, the second-
ary axis starts from rest (the second term contributes zero to the distance traveled). From the plot of
the profile (Section # 1), the initial following percentage is @ and the final percentage is 100, or the
same speed as the primary axis. Using the general equation above, you should get 2000 steps, which

is the area under the curve.

1002

Dsacc=1* ( >

*

4

100*0.1

+100*0*

100*0.1

) = 2000 secondary motor steps

Therefore, in Section #1, the primary axis moved 4000 encoder counts and the secondary axis
moved 2000 motor steps. We have determined the valueaand FEN based on the plots of the
primary and secondary axes’ profiles and the fact thags 4000 steps/sec. At the end of Section
#1, the spots will be in the locations shown in the following figure (t = 1 second).

Primary Axis

Advance Example

Time t=1 second

. velocity = Vp —9>

8000

16000

24000 32000 40000 48000

steps

Velocity = Vp —9>

Secondary Axis

Advance Example—End of Section #1

In Section #2, the primary axis is moving ah¥xand the secondary axis is moving at the same

speed because the ratio is IFD[18d). Section #2 lasts for 2 seconds. The primary axis travels
8000 steps during this section. The secondary axis travels 8000 steps too. This can be determined
from the profile plot by calculating the area beneath the curve for the section. The primary and
secondary axes are lined up at the start of Section #2 and they travel at a 1:1 ratio for the duration of
the section. At the end of Section #2, the primary axis has moved 12000 steps and the secondary
axis has moved 10000 steps (thru Sections #1 and #2). The next figure shows the relative location of
the spots at the end of Section #2 (t = 3 seconds).

Advance Example

Primary Axis Time t=3 seconds
. . velocity = Vp >
8000 16000 24000 32000 40000 48000
. velocity = V >

Secondary Axis

Advance Example—End of Section #2
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Equation 5-6. Dscon

In Section #3, the advance portion of the secondary profile begins. The secondary axis accelerates
from a following percentage of 100% to 200% (a 2:1 ratio). Look at the plot of the profiles to
graphically determine the distance that the primary and secondary axes have traveled. The primary
axis moves 4000 steps and the secondary axis moves 6000 steps. The secondary axis’ distance ca
also be determined from the previous equation..

4 4
- * 2 F — * =
Dsace= 1* % 100 10070 1 100 * 100 *—100*0.1 E 6000 steps

At the end of Section #3, the primary axis has moved 4000 steps since the beginning of the advance
portion of the profile. The secondary axis has advanced 2000 steps with respect to the primary axis
The following figure shows the location of the spots at the end of Section #3.

Advance Example

Primary Axis Time t=4 seconds
. . Velocity =Vp —9
8000 16000 24000 32000 40000 48000
. Velocity = Vp —9>

Secondary Axis

Advance Example—End of Section #3

At the start of Section #4, the secondary axis is at a following percentage of 200% and is moving at
2 *Vp (a 2:1 ratio). Section #4 lasts 3 seconds. The primary axis moves 12000 steps, while the
secondary axis moves 24000 steps. The distance the secondary axis traveled can be determined fr
the equation below.

FOL 200
Dscon= Tog * Dprim =1 *Tgg * 12000 = 24000

Since the start of the advance portion, the primary axis has moved a total of 16000 steps and the
secondary axis has moved 30000 steps. The secondary axis has advanced 14000 steps with respe
to the primary axis. The next figure shows the location of the spots at the end of Section #4.

Advance Example

Primary Axis Time t=7 seconds

Velocity = Vp —p» . .

8000 16000 24000 32000 40000 48000

| | steps

Velocity = 2*Vp —p» .

Secondary Axis

Advance Example—End of Section #4

During Section #5, the secondary axis decelerates to a following percentage of 100% (a 1:1 ratio).
After it decelerates, it will have completed the advance portion of the profile. The primary axis
travels 4000 steps in Section #5. The secondary axis travels 6000 steps. When the secondary axis
accelerates from one following percentage to another, then decelerates to the original following
percentage (as in this examplisg secondary axis’ acceleration distance will always equal the
deceleration distance However, the deceleration distance can also be calculated from the following
equation.
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Equation 5-7. Dsdec

FEN FEN
— * 2 F —_—— * * o——
Dsdec= FOR* % AFOL2 * o= + FOL * FOU * 1o F

When decelerating, the initial following percentage is the percentage you are at when you begin
deceleration. In this example, it is 200%. The final following percentage is 100%. Therefore, the
change in following percentage is a negative number (-100%).

1 4 4
Dsdec= 1* (7 (-100)2 * 155751 + 100 * 200 *155551 ) =-2000 + 8000 = 6000 steps

At the end of Section #5, the advance portion of the move profile is complete. The secondary axis is
moving at a 1:1 speed ratio with the primary axis. The secondary axis has moved 36000 steps and
the primary axis has moved 20000 steps during the advance portion. The secondary axis has
advanced 16000 steps with respect to the primary axis. The following figure shows the locations of
the axes at the end of Section #5.

Advance Example

Primary Axis Time t=8 seconds
Velocity = Vp —p» . .
8000 16000 24000 32000 40000 48000
Velocity = Vp —»> .

Secondary Axis

Advance Example—End of Section #5

During Section #5, the secondary axis travels at a 1:1 ratio until the deceleration ramp begins. If the
move is a preset move, it will begin the deceleration ramp at the appropriate time basedlbn the
command. It will be at rest at the exact distance of the preset move. If the move is a continuous
move, it will decelerate according to tA® value when a Sto@) or Kill (K) command is encoun-

tered. From within a sequence, you can use the buffered Stop command. If you want the decelera-
tion ramp to use the following acceleration value to decelerate, us®tl# command. After the
secondary axis rests, a Stop command must be used to terminate the move. As depicted in the move
profiles, the secondary axis moves at a 1:1 ratio for 8000 more steps, then decelerates to zero.
During this time, the primary axis moves 8000 steps too.

Programming this profile requires the Following Encoder Distance Femtdr Following Encoder
Absolute PointFPA) commandFP is a delay-based on an incremental encoder distance. FPA is a
delay-based on an absolute encoder distance.

FP Delay Example

120

Step O

Step O

To perform the advance move profile, breakpoints are needed to indicate when the secondary axis
should accelerate to new following percentages. FthandFPA commands define these

breakpoints. These changes are performed on-the-fly and require the Motion Profiling mode. The
breakpoints are the points at which acceleration or deceleration begin. This example will show the
program using thEP command.

Set up the SXF with the appropriate encoder interface and enable the Following mode.

Command Description
> FSl1 Enables SXF's Following mode

Set up the velocity following portion of the application. The number of secondary motor steps per
unit of travel is 4000. The number of primary encoder steps per unit of travel is also 4000. There-
fore, theFOR value is 1. THEOL command will be set up in the sequence for running the profile.
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Command Description

>FOR1 Relates the number of secondary motor steps for a
distance to the number of primary encoder pulses for the
same distance

Step O Set-up the following acceleration value and enable Following Acceleration mode. The values chosen
are the same as were calculated in the explanation of the example above.
Command Description
>FAC.1 Increases the following percentage to 0.1 for every change
in encoder pulses by FEN
> FEN4 Sets the number of encoder pulses required before the
following percentage is incremented by FAC.
> FSF1 Enables the use of following acceleration
Step O The breakpoints in the desired profile occur at the end of Section #2, the end of Section #4, and if

FAC and FEN are used for deceleration, a breakpoint is set at the end of Section #&QRyour
command differs from this example, the distance command is entered in terms of your secondary
motor. The following sequence performs the desired profile. Each step of the sequence is explaine
Enter the sequence.

Command Description

> XE1 Erases Sequence #1

> XD1 Begins the definition of Sequence #1

D5602Y The total distance the secondary moves is 56000 steps.

FOL19@ The first following percentage to accelerate to is 100%.

MPP Enters Motion Profiling mode so changes can be made on
the fly.

G The secondary motion begins.

FP1200@ The first breakpoint occurs after the primary axis moves

12000 steps. FP causes command processing in the
sequence to delay until 12000 primary encoder steps have
been counted.

FOL2@D After 12000 primary encoder steps the following percent-
age is changed to 200%. The secondary axis begins to
accelerate at the following acceleration. Distance is
known from previous analysis.

FP16022 Right after the command to begin acceleration to an FOL
of 200%, the command processing is delayed until the
primary axis has moved 16000 more pulses (from when
FP is encountered and thus is an incremental encoder
distance).

FOL129@ After 16000 more primary encoder pulses, the following
percentage changes to 100% and the secondary axis
decelerates to a 1:1 ratio.

FP1200@ Command processing is delayed 12000 more steps.
FOLQ The secondary axis decelerates to an FOL of 0.

S 22101010] It takes 4000 primary encoder steps to decelerate.
STOP A Stop command is needed because the SXF would still

think it was in a move and that the current following ratio
was set to zero.

NG Exits the Motion Profiling mode.
XT Ends the definition of Sequence #1
Step O Typically, in an application that requires velocity and position following, it does not matter how you

decelerate to a stop (you are moving from a synchronized state to rest). At the end of such a move,
you will need to reverse direction and return to the starting location to repeat the profile. In this
case, the optimal profile is as follows:

0 Accelerate to a known positional relationship
[0 Perform the operation required at the synchronized speed

O When itis complete, decelerate as fast as possible to repeat the cycle
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Step O
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You must decelerate at a rate unrelated to the primary encoder speed. The SXF allows you to do
this. This will also simplify the programming. The same profile is programmed below usiAD the

deceleration value.

Command Description

> XE1 Erases sequence #1

> XD1 Defines sequence #1

D5603J The total distance the secondary moves is 56000 steps

FOL1@9Y The first following percentage to accelerate to is 100%

MPP Enters Motion Profiling mode so changes can be made on
the fly

G The secondary axis’ motion begins

FP1200D Delays processing until primary axis moves 12000
encoder pulses

FOL20@ Change to 200% following percentage

FPA16099D Delays processing until primary axis moves 16000
encoder pulses

FOL129 Change ratio back to 100%

NG Exits the Motion Profiling mode

XT Ends sequence #1 definition

In this sequence, only two breakpoints are needed, the breakpoint to accelerate to 200% and then to
decelerate back to 100%. Since the SXF will decelerate at the valile inwill automatically
decelerate to a distance of exactly 56000 secondary motor steps at the appropriate time.

This step useBPA instead oFP. FPA delays processing until the absolute value of the following

encoder counter exceeds tfleA value.

Command Description

> XE1l Erases Sequence #1

> XD1 Defines Sequence #1

D5603J The total distance the secondary moves is 56000 steps.

PFz Zero the following encoder counter.

FOL1929 The first following percentage to accelerate to is 100%.

MPP Enters Motion Profiling mode so changes can be made on
the fly.

G The secondary motion begins.

FPA1200D Delay command processing until primary encoder count
exceeds 12000 encoder pulses.

FOL2Q@ Change to 200% following percentage.

FPA280DD Delay command processing until primary encoder counter
exceeds 28000 encoder pulses or an incremental change
of 16000 pulses.

FOL129 Change ratio back to 100%.

NG Exits the profiling mode.

XT Ends Sequence #1 definition

In Steps 5 and 6, the encoder is counting in the positive direction. If the encoder is counting in the
negative direction, a negative sign is required for botlrthand FPA commands. Use either the
FP or the FPA command, depending on your application.

Use FPAwhen repetitive cycles of the same move profile are done without a trigger to start each
cycle By making the delays dependent on an absolute encoder position, there is no accumulative
error. In many cases, a trigger input from a sensor is used to start the move profile that is repeated.

If you use a trigger to start the move each time,f/fBand the trigger will remove araccumulative
error. The following sequence illustrates the uses offth& command and a variable to perform a
repetitive move that does not use a trigger to start it. This case is more like a cam cycle and the
position relationship must be maintained while the cycle repeats.



Command

Description

> XE1l

> XD1
VAR1=1203J
VAR2=28030
VAR3=Q
D5623J

PFz

L

FOL129@

MPP

FPA(VARS)

G
VAR3=VAR3+8300J
FPA(VAR1)

FOL20@
VAR1=VAR1+80003
FPA(VAR2)

FOL1@@
VAR2=VAR2+80000
NG

FOL2@@

X ZIOI

T

Erases sequence #1

Defines sequence #1

Sets variable 1 equal to the first breakpoint.

Sets variable 2 equal to the second breakpoint

Sets variable 3 equal to the primary reference point

Sets distance of secondary axis move to 56000 steps
Zeroes the following encoder counter

Begins the continuous loop of the profile cycle

The first following percentage to accelerate to is 100%
Enters Motion Profiling mode so changes can be made
on-the-fly

Variable 3 synchronizes the move start with the primary
axis. For the first 40000 primary steps, the secondary axis
is moving, then it moves back during the next 40000 steps
of the primary then it repeats.

Begins secondary axis motion.

Sets variable 3 equal to the start of the next cycle

Delays command processing until primary encoder count
exceeds 12000 + 56000n encoder pulses, n = # of times
through the loop.

Changes following percentage to 200%.

Sets variable 1 equal to the first breakpoint for the next
cycle

Delays command processing until primary encoder count
exceeds 28000 + 56000n encoder pulses, n = the # of
times through the loop.

Changes ratio back to 100%.

Sets variable 2 equal to the second breakpoint for the next
cycle

Exits the profiling mode and complete the 56000 step
move

Sets the following ratio to a higher speed to move back to
the starting point at a fast speed

Changes direction

Moves back to the starting point.

Changes direction

Repeats the cycle

Ends sequence #1 definition

In this example, the move profile is repeated. One cycle consists of the following events:

0 Secondary axis moves 56000 steps while primary axis moves 40000 steps.

The secondary axis retreats to the start and after another 40000 primary encoder steps the cycle is repeats

g
0 No operation during the secondary axis’ retreat.
a

The retreat is set to a high following ratio to get the secondary axis back to the start before the primary axis

moves 40000 steps.

This cycle is very similar to a cam cycle (which will be described in the next section). You can load
theFP command with a variable (like th®A command). You can check the following encoder
counter value at any time by loading it into a variable.

Command

Description

> VAR1=FEP

Loads variable 1 with the value of the following encoder
counter
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Calculating FOL, FP,

or FPA For An

Advance or Recede

Application

Equation 5-8.

The advance example explained how an advance move is made and how the different commands
(FOL, FAC and~EN) contribute to the move. This section provides some simple formulas that you
can use to set up such a profile. To do position and velocity following, you must be able to accelerate
the secondary axis to a known position with respect to the primary axis. This is what determines the
FAC and FEN following acceleration values. Once you determine these values, you will use them to
calculate the acceleration ratio that you must use to make the advance move. The following informa-
tion will help you understand the move profile in the example.

[0 FAC: Following speed percentage increment
0 FEN: Change in primary encoder pulses to cause an increnfehCof

* Dprim: The distance the primary axis will travel during the advance portion of the secondary move
profile. This is 20000 primary encoder steps in the example above.

* Dseg¢ The distance the secondary must advance with respect to the moving primary, measured in
primary encoder steps. In the example above this is 16000 primary encoder steps.

* FOL,: The initial following percentage that you will accelerate from to the new following percentage.
In applications that require an advance move, you will usually know the distance that you want to
advance with respect to the primary axis and the distance the primary axis will move during the
advance. The distance that you want the secondary axis to advance with respect to the primary axis
is given in terms of primary encoder steps. The distance can be converted from secondary motor
steps to primary motor steps (and vice versa) witfF@BR command. After determining the
parameters listed above, you can use the following formula to determine the following percentage
you must accelerate to. First, determine a following acceleration cori§tdaatsimplify the
equations.

Following Constant

FEN

K= T00"FAC

The constank is used in Equation 5-9 to determir@L.

Equation 5-9. FOL

B Dprim [Pprim[?  [Psed]
FOL=FOL + 200*K [200+K[] Ok O

With an advance move, the valueraily will always be 100. Apply the formula to the example

above (the following percentage should be 200%). This is the following percentage that you must
attain to advance 16000 steps with respect to the primary axis, while the primary axis moves 20000
steps.

Dprim = 20000 primary encoder steps
Dsec = 16000 primary encoder steps
FAC=0.1

FEN =4

FOL =100

We will first determine the following acceleration constant K.

4
K= 100%0.1 =04

We will now determing=OL.
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FOL is the same &0OLg in the equations used earlier for determining the distances traveled by the
primary and secondary axes.

20000 0000 6000
FOL=100+ 50004 - \/5?700*0.49 - Hor H

=100 +250 —‘\/(250)2 - 40000 =350 - 4/22500 =350 - 150=200 =FOLf

The following percentage that must be accelerated to is 2008% calculate what the breakpoint
is for decelerating back to a 1:1 ratio or 100%. FRevalue will be determined from the
Equation 5-10.

Equation 5-10.
Following Breakpoint

FP =Dhrim -%*(FOLF - FOL|) :2(1)00-04—1* (200 - 100) =16000 steps

The value you would use féiP is 16000. The breakpoint at which you begin the advance portion of
the move profile was not calculated. This value varies from application to application and you may
want to use a trigger to begin the advance move ratheFfain example of using a trigger to

begin an advance move is described below.

Configure an input as a trigger input with thecommand.

Command Description

> IN1A Configures input #1 as a trigger input.

> IN2D Configures input #2 as a stop input.

> XD1 Defines sequence #1.

MC We will make this a continuous move.

FOL199@ The first following percentage to accelerate to is 100%.

MPP Enters Motion Profiling mode so changes can be made
on-the-fly.

G Initiates motion.

TR1 Command processing pauses until input #1 (trigger input)

is activated. The secondary axis will move continuously at
a speed percentage of 100% (with respect to the primary

axis).

FOL2QD The following percentage is changed to 200%. Accelera-
tion begins.

FP160039 Command processing will delay 16000 primary encoder
steps.

FOL129@ The following percentage is changed to 100%. Decelera-
tion begins.

NG Exits Motion Profiling mode.

XT Ends sequence #1 definition.

In this sequence, the secondary axis will begin moving at a 100% speed percentage. When trigger
input #1 is activated, the secondary axis will advance 16000 steps with respect to the primary axis. |
will then decelerate to a 100% or 1:1 ratio and continue until the stop input (input #2), is activated
(or a Stop [S] command is issued).

Recede vs Advance

Recede moves are similar to advance moves. In the illustration of the spots for the advance ex-
ample, the secondary axis synchronized with the first primary axis, then receded while the primary
axis moved. This motion can be analyzed in the same manner as the advance move with the
exception that a different equation is used to determine the required vaf@LfoAgain, you will

have to provide the distance that the primary axis will move during the recede move and the distanc
with respect to the primary axis that the secondary axis must recede (measured in terms of primary
encoder steps). For example:

O A primary encoder has a resolution of 4000 steps/rev (1 rev = 1 inch)
0 The secondary motor has 25000 steps/revolution and also has 1 rev = 1 inch
0 TheFOR command is set to 6.25.
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Equation 5-11.
FOL

Equation 5-12.
FP

Typically you will know what distance you want the secondary axis to recede. If the secondary is to
recede 1.5 inches with respect to the primary axis while the primary axis moves 3.5 inchggmset D
and Dyecequal to:

Dprim = 3.5" = 3.5" * 400G=£° = 14000 primary steps

Incl
Dsec = 1.5" = 1.5" * 25008P° = 37500 secondary motor stepSasse = 6000 primary encoder steps

Both distances are provided in primary encoder steps. The two terms are used to determine the
requiredFOL in Equation 5-11.

FOL = FOl, - Dprim + 4 ,( Dprim) 2 Dsec

Where K is the following acceleration constant (as in Equation 5-8).

K:m

To calculate thé&OL value, determine a value 6AC and-EN. This will depend on your

application’s maximum velocity and either the maximum acceleration for the secondary axis or the
distance the primary axis travels while the secondary axis must accelerate. Use thAGand

FEN values from the advance example:

FAC=0.1
FEN =4
In an advance or recede application, the initial following percem@gewill always be 100.

The value foFOL produced by the equation above is:

K = rogegy = 0.4
FOL = 100 Wuooo + (Zlﬁ‘%%) -%9 =100-175 +\(1752 - 15000= 50%

The value needed f&iP can be determined from Equation 5-12.

FEN 4 )
FP = Dprim *£ac * (FOLF - FOL|) = 14000 45 * (50 - 100) = 12000 primary enc. steps
The move profile is shown below.
Primary Axis
vp
t t t t t t t t t t i
5 t (sec) 10
Secondary Axis
vp
1/2 Vp
t t t t 1 t t t t } i
5 t (sec) 10

Recede While Following Profile
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Cam Following

The sequence that will execute this profile is provided below:

Command Description

>FAC@.1 Sets the percentage increment to 0.1

> FEN4 Sets the number of encoder counts for an increment to 4

> FSF1 Enables following acceleration

> FOR6.25 Sets the secondary motor steps per unit distance to primary

encoder steps per unit distance ratio

> XD1 Defines sequence #1
MN Enters Normal mode
D1758039 Sets distance to 175000 steps
FOL129Q The first following percentage to accelerate to is 100%
MPP Enters Motion Profiling mode so changes can be made on-the-fly
G Initiates motion
FP120030 The command processing will pause here until the primary

encoder has moved 12000 steps. The secondary will then
decelerate to 50%

FOL59 Changes following percentage to 50%—the recede portion begins

FP12003D Command processing will delay 12000 primary encoder steps.

FOL1@@ The following percentage is changed to 100%—deceleration
begins

NG Ends the Motion Profiling mode

XT End sequence definition

A common application that requires velocity and position following is the simulation of a cam or an
electronic cam. To simulate the motion produced by a cam, you must satisfy the following
requirements:

[0 Follow both the position and the velocity of a primary encoder.
You must also be able to change following ratios during motion and still maintain a positional relationship.
Change ratios based on primary encoder distance.

Must be able to keep track of the primary encoder position even if the secondary axis is not moving.

O Ooood

Must be able to continuously repeat a cam cycle without developing accumulative error.

You can simulate a cam profile electronically using the commands and equations developed earlier.
Motion Profiling mode MPP) is required for cam following. For more information on Motion
Profiling mode, refer t€hapter 4, Application DesignThe next figure shows a typical cam profile.

Primary Axis
Vm
8 16 24 32
t (sec)
Secondary Axis
1.5Vm
Vm
0.5Vm
t (sec)

Cam Following
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In this example, the encoder is a 4000 pulse per revolution encoder and it is mounted on the primary
axis. Thesecondary axiwill perform an electronic cam cycle, which consists of the following
steps:

00 Sitting at rest for one primary encoder revolution, then executing a step profile of 3 following percentages
from 50% to 100%, then to 150%, and back down to 0%.

O It will then delay 1 primary encoder revolution and perform the same profile in the opposite direction.

00 This cycle is to be repeated until a stop is issued. The secondary axis will accelerate at its maximum rate
when the primary axis is at its maximum velocity. Table 5-1 defines the cam cycle for this profile.

Primary Position Secondary Position
Segment Absolute Incremental  Absolute Incremental Following %
0 0 0 <+
— 0%
4000 0 0 <

— 90%
— 100%
— 150%
— 100%

12000 34375 34375 <+—
12000 106250 71875 <€—
10000 196875 90625 w—

12000 275000 78125 <*— 500/
T 0
12000 315625 40625 <« 0
— 0%
6000 318750 3125 <«

Cam Cycle

The following percentage is given for each segment. Each of the distance points is a breakpoint
where the following percentage changes. Use the following acceleration to change from one
following percentage to the next. The data needed to program this type of profile is listed below.

Vpmax Maximum velocity of the primary axis

Asmax. Maximum acceleration of the secondary axis

FOR: Relative resolutions per unit of distance for the primary and secondary axes
FAC: Following acceleration value, percentage increments

FEN: Following acceleration value, encoder counts for an increment

For each ratio segment, you must know the distance the primary axis will travel and the correspond-
ing distance the secondary axis will travel. The breakpoints can be determined from the graph.
Usually, you will not be able to graphically describe the motion relationship, and will simply know
that you want the primary axis to moxesteps and the secondary axis to mp\steps in the same

time frame.

After you determinég-AC and FEN from your maximum acceleration and maximum velocity, or from
the distance you want the secondary axis to accelerate over and the maximum velocity, you can use
FAC and=EN and the primary and secondary axes’ travel distances to determine the following
percentages and the values for the breakpoints to change to new following percentages. When
accelerating to a higher following percentage, you can use Equation 5-13 to determine the required
FOL percentage that you must accelerate to usingAfieand-EN values you have determined.
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Equation 5-13.
FOL ACCEL

Equation 5-14.
FOL DECEL

FOL=FOL, + I:)prim \/DDprim ) 2*FOI-I*Dprim 2*Dgec

100%K [J00*k] = ~ 100°K _  FORK
Where K is the following acceleration constant determinedA® and-EN in Equation 5-8.

FEN

K= T00°FAC

If you are decelerating to a lower following percentage, use Equation 5-14 to determine the follow-
ing percentage you must use to move the secondary axis the specified number of steps for the
corresponding motor steps.

Dy Dpyi 2*FOL*Dyi 2*D
FOL =FOL, + prim \/D prim [ 1" Pprim + sec

100*K aoo*kd 100*K FORK

In both the accelerating and decelerating equations, the terms listed below for the primary encoder
steps and the secondary motor steps are required.

Dprim = The number of primary encoder steps that the motor will move in the segment.

Dsec= The number of corresponding secondary motor steps that the secondary will move during which time
the primary encoder will movedaim.

To illustrate the programming of the profile above, we will assign values to the application’s
requirements. The maximum velocity, acceleration an& @R value are to be determined by the
application. Thé-AC and FEN values are calculated. The maximum velocity and acceleration are
given below. The example has the following parameters:

Primary encoder resolution 4000 steps/revolution
Secondary motor resolution 25000 steps/revolution
1 encoder rev 1 motor rev

FOR 6.25

Vpmax= 4000 steps/second
Asmax= 1 rev/second
Encoder sample period TF=1ms

From the equations in théelocity and Position FollowingectionFAC and FEN are determined:

TF
FEN = Vomax " Togs
FOL*VP max TF
FAC = *
Dpacc 1000

Since we are starting with Wxand Asnax we must determine facfor the equations above.

2
(40005tep3 *6.25 * 100
sec

S = 4000 primary encoder steps
se

_ Vpmay’ * FOR*FOL
Dpacc= ASr * 100 = 25000

VpmaxIs in primary enc. steps/sec

Asmaxis in secondary motor steps/8ec

Chapter 1 SXF Follower 129



130

Segment 4

Segment 6

The FOR term converts the acceleration units to primary encoder stepsFAfisand FEN can now
be calculated.

steps. 1 ms
FEN = 4000—p— * ——— =4 steps

sec 1000
eps
100 * 400
FAC = Sec = 1 ms:o_l

4000 steps 1000

You can now use these equations to determinE@ievalue for each segment of primary encoder
distance and secondary motor distance. HBE values are already given in fiam Cycldaable,

but it will be illustrative to determine tHeOL required for some of the segments. Evalb@te for
Segments #4 and #6. Typically, you will know the distance you want the primary axis to move and
the corresponding distance that you want the secondary axis to move. You will have to enter the
FOL values for the table from the equations given in this chapter.

Dprim = 10000 primary encoder steps
Dsec= 90625 secondary motor steps

Using the equation for accelerating, we can evaluate@br in Segment #4.

4
The acceleration constant KlOO*O 1 =04

10000 2*100*10000 . 7 10000 2*90625
FOL =100 + - )
100 * 0.4 \/ 1000.4  [100 * 0.4 % 6.25%0.4

=100 +250 4/50000 + (2503 - 72500= 150%

The breakpoint is given automatically by the table and is 10000 for FP and is 3806BA fahere
n is the number of cycles completed thus far.

Dprim = 12000 primary encoder steps
Dsec= 40625 secondary motor steps

Using the equation for decelerating to a lower percentage we can calculate the Vialle for
Segment 6.

12000 712000 2*12000*100 + 2*40625

FOL =100 - -
100%0.4 4 (100%0.4 100*0.4 6.25*0.4

=100 - 300 +4/(300R - 60000 + 3250G° 50%

The breakpoints fofP and FPA are 12000 and 62008teps respectively. In many cases involving

a cam cycle, a trigger is not used to start each cycle and the repetition of the cycle is based on the
primary encoder. In these situations, useRB& command (it is based on the following encoder’s
absolute count). The absolute count comes from a hardware counter that can be accessed by assign-
ing it to a variable:

>VARI1=FEP FEP is the value in the hardware counter, it is a read only value

The following sequence will perform the cam profile. The secondary axis will be put in a continu-
ous move. Two parts occur in a cycle. The first part moves the stepped profile in one direction.
The second part reverses direction and returns to the start to repeat the cycle.
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Command

Description

> FOR6.25
> FACO.1
> FEN4
> FSF1
> FSI1
> SSH1
> VAR1=64000
> VAR2=4000
> VAR3=16000
> VAR4=28000
> VAR5=38000
> VAR6=50003
> VAR7=62000
> VAR8=64000
> 1XE1
> 1XD1

MC

FOL@

L

MPP

G

FPA(VAR2)

FOL5@
VAR2=VAR2+VAR1
FPA(VAR3)

FOL10@
VAR3=VAR3+VAR1
FPA(VAR4)

FOL15@
VAR4=VAR4+VAR1
FPA(VARS)

FOL10@
VAR5=VAR5+VAR1
FPA(VARS)

FOL5@
VAR6=VAR6+VAR1
FPA(VAR?)

FOL®
VAR7=VAR7+VAR1
FPA(VARS)

STOP

NG
VAR8=VAR8+VAR1
H

N

XT

This sequence is an example of a complex following profile. Position and velocity are synchronized

Sets the secondary motor steps to primary encoder steps ratio
Sets the change in following percentage for following acceleration
Sets the number of encoder pulses required to change by FAC
Enables following acceleration

Enables following

Saves buffer on stop

Variable for the incrementing the cycle

Breakpoint 1

Breakpoint 2

Breakpoint 3

Breakpoint 4

Breakpoint 5

Breakpoint 6

Breakpoint 7

Erases sequence #1

Defines sequence #1

Enables continuous mode

Sets the current following percentage to 0%

Begins the loop cycle

Enters the Motion Profiling Mode

Initiates motion

Pauses execution until absolute value of the primary encoder
counter exceeds breakpoint 1

Following % is changed to 50% or 1/2 as fast as the primary motor
Set variable 2 to the breakpoint value for the next cycle
Pauses execution until absolute value of the primary encoder
counter exceeds breakpoint 2

Speed ratio is changed to 1:1

Set variable 3 to the breakpoint value for the next cycle
Pauses execution until absolute value of the primary encoder
counter exceeds breakpoint 3

Speed ratio is changed to 1.5:1

Set variable 4 to the breakpoint value for the next cycle
Pauses execution until absolute value of the primary encoder
counter exceeds breakpoint 4

Speed ratio is changed to 1:1

Set variable 5 to the breakpoint value for the next cycle
Pauses execution until absolute value of the primary encoder
counter exceeds breakpoint 5

Speed ratio is changed to 5:1

Set variable 6 to the breakpoint value for the next cycle
Pauses execution until absolute value of the primary encoder
counter exceeds breakpoint 6

Speed ratio is changed to O

Set variable 7 to the breakpoint value for the next cycle
Pauses execution the absolute value of the primary encoder
counter exceeds breakpoint 7

Ends the move (this is required)

Ends Motion Profiling mode

Set variable 8 to the breakpoint value for the next cycle
change the direction

Ends the loop cycle

Ends sequence #1 definition

and the positional relationship is maintained.
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Synchronization

The SXF can synchronize its speed and phase with respect to a primary axis. In many applications, it
is necessary to have the position and speed of a secondary axis synchronized with the speed and
position of the primary axis with registration marks on the secondary axis parts or material. These
marks must be evenly spaced so that at a constant speed (with respect to the primary axis) the
number of primary axis encoder steps recorded between registration marks is an expected constant
number. If these marks should come further apart (e.g., the material stretches) the SXF will adjust
the speed ratio to correct for the error between the registration marks. The following figures

illustrate this process.

In the figure below, a secondary axis has parts that are to be synchronized to the primary axis’ parts.
The registration sensor detects the location of the parts with respect to the primary axis. This sensor
goes to the SXF. It indicates the start of the part. The SXF then counts the encoder pulses from the
primary axis that occur between registration marks.

Secondary Axis

QQOQQ,J

4000
Pulses Direction of Motion

Reglstratlon
mark senser
Encoder

L0000 ,o,J/

—_—
Direction of Motion

Secondary Parts Synchronized With the Primary Axis

If the material on the secondary axis stretches, as indicated in the following figure, all parts after the
stretched material will no longer be synchronized with the primary axis’ parts. The next figure
depicts the result of not using Synchronization mode.

Material stretches
Secondary Axis +

O,0, 0O, ,0

4000 \ Direction of Motion ——> ﬂ \
pulses

Parts are not synchronized Registration
and out of phase mark senser (3

|_| Encoder N /

Direction of Motion

Material Stretches—~Parts Out of Sync

With the SXF's Synchronization mode, the secondary axis accelerates to re-synchronize with the
primary axis. It removes the phase shift between the two axes. The SXF detects that the number of
pulses between the registration marks has increased (due to stretching). The speed ratio is increased,
so the secondary axis speeds up. The material after the stretched portion is good material, so the
pulses between the next two registration marks will be slightly less than 4000 because the speed ratio
is now higher. The speed will now be reduced. The secondary and primary axes will be synchro-
nized again. Every time a registration mark is encountered, a new actual count is latched and the
speed ratio is adjusted to synchronize the axis. Corrections will continue until the secondary axis
again has the expected number of pulses between registration marks.

132 SX/SXF Indexer/Driver User Guide



Material stretches

Secondary AXis
| 1 1 : | : 1 : IJ
4000 \ —>
pulses Direction of Motion
Material is Registration
synchronized mark senser

|_| Encoder /
0 0 0 0 0

| 1 1 | 1 |
Direction of Motion
—_—

SXF Synchronizes Parts (After Stretching)

You can determine and program the amount of correction that is applied to the speed ratio between
each registration mark to fit your application. Use the following commands to program a synchroni-
zation application.

Command Description

>FC Expected encoder count between registration marks

> FBS Normalizing count for determining new speed ratio to move at
> FIN Increment used to determine the new following speed

> FSL Enables the Synchronization mode

> FSK Enables the expected encoder count teach mode

> INnl Defines an input as the registration mark synchronization input.
>TF Sets the sample rate of the encoder input

>FOR Motor to encoder count ratio

>FOL Primary to secondary axis speed ratio

> FSI Enables Following mode

The FOL and=OR commands determine the number of secondary motor steps that will be com-
manded for the encoder pulses that are received FBBeand FIN commands determine the

amount of correction that will be applied to f@L andFOR motor to encoder rati&C is the

number of encoder pulses that are expected between the registration marks if the speeds are synch
nized properly. This number is compared to the actual number of pulses that are counted between
each registration mark. The difference between these two values represents the effth aflde

FBS numbers are applied to this error to determine the new speed ratio.

ThelNnl command configures an input to the SXF for accepting the signal from the sensor that
detects the registration marks on the parts or material TFl@®mmand is the rate at which the

encoder interface is sampled. TH®L command enables the Synchronization mode. When
Synchronization mode is enabled the first time, the Synchronization input is toggled, the encoder
counter is started. The next time it is toggled, the count is latched and the counter is reset to zero.
The latched count is the actual number of encoder pulses counted between registration inputs. This
is compared to the expected val&€]. The difference is multiplied by the correction fackdN(

andFBS) to determine the speed ratio to run at until the synchronization input is toggled again. This
process is continuous as long as the synchronization ra&dg is enabled.

If you do not know the expected encoder count between registration marks, use the Self Learn mod
(FSK) to determine the expected coUriC]. To determine the expected count (FC) using the Self
Learn modeKSK) you must start the process at the speed ratio that you want to run at, turn on the
Self Learn mode. The SXF will count the pulses between the registration marks. When the second-
ary axis stops, the last recorded number will be placed in the expectedr@untumber. This will

be used when you are in Synchronization mode.
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As an example, the process in the previous figures use an encoder that has 4000 pulses per revolu-
tion and the secondary motor has 25000 steps per revolutiorFORe&ommand is set to 6.25. The

motor is mounted on the secondary conveyer belt so that one revolution is 4 inches. The encoder is
mounted on the primary axis so that one encoder revolution is 4 inchesOLrmmmand must be

set to 100%KOL1JQD) for the secondary axis to move at the same speed as the primary axis. If the
primary axis moves at 1 rps, the secondary axis must move at 1 rps. In one Figure, the two axes start
moving at the same speed. The registration marks are 4 inches apart on the secondary axis. Use the
Self Learn mode to determine how many encoder pulses are between the registration marks on the
material on the secondary axis. The following steps show how to program the application.

Step O Set up Self-Learn mode.
Command Description
> FOR6.25 Set the motor to encoder ratio to 6.25
> FOL199 Set the motor to encoder ratio speed percentage to 100%
> FSI1 Enable the Following mode
> FSK1 Enable the Self Learn mode
> TF1 Set the encoder sample rate to 1 ms
> AS3J Set the acceleration of 500 rps?
> AD5@@ Set the deceleration of 500 rps?
> MC Place the SXF in the continuous mode
> N1l Defines input #1 as a synchronization input
Step O The registration sensor should be wired to the synchronization input. The primary and secondary

axes should now be started. After the SXF has passed more than 3 registration marks, it can be
stopped. The number of encoder pulses between registration marks can be checkedr@ith the
command. In this example, the number that is determined is 4000 counts.

Command Response
> 1FC *4000

If you know the number of encoder pulses you expect to record between registration marks, this
number can be entered directly for #@ command and will override the number determined in Self

Learn mode.
Command Description
> 1FCA00D Manually entering the expected count

Step O

The SXF now has the number of counts expected between registration marks. The next step is to
determine the correction gain desired. The correction will be applied to the difference between the
expected count that was just determined and the actual counts that will be counted during actual
operation. The equation for the determination of the correction is;

Equation 5-15.

Correction

Correction 5{Actual encoder count - Expected encoder couRi\
FBS

This motor-to-encoder step ratio is determined by the following equation.

Equation 5-16.
Speed Ratio

New Speed Ratio EOR *FOL + Correction

To determine the number of motor steps that will be commanded for the number of encoder pulses
received, use the following equation.
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Equation 5-17.
Motor Step
Correction

Step O

Step O

Other Following

Motor Steps = Encoder StepsPQR*FOL + Correction)

You must determine the amount of correction you want to have for a given amount of error. Once
this has been determined, you can enteFtNeand FOR commands.

Command Description

> 1FIN3.12 The following increment is 3.12

> 1FBS129@ The following base number is 100
Disable Self Learn mode and enable Synchronization mode.
Command Description

> 1FSKQ@ Disable Self Learn mode
>1FSL1 Enable Synchronization mode

Orient the primary and secondary axes to attain the desired phase relationship. Start both axes at tl
same time, or start the SXF first and the primary axis second.

The SXF will now correct any errors in the phase relationship between the two axes and maintain a
synchronized speed. The new speed ratio that is determined will be applied for the entire period
between registration marks. The time between the registration marks is effectively the sample
period. A correction is made for each sample period.

Another method for synchronization is to use the inputs to the SXF for increasing and decreasing the
following speed ratio. The SXF inputs can be defined to increase or decrease the following ratio.
By setting one input for increasing the following ratio and one input for decreasing the following
ratio, synchronization can be achieved. In this case, use an external circuit to determine whether th
secondary axis should accelerate (increase ratio) or decelerate (decrease ratio) the secondary axis.

Define the input with théN command. INnX defines the input for increasing following ratio,

INnY defines the input for decreasing the following ratio. The following ratio will be increased or
decreased while the input is active. During the SXF's sample periods, the ratio will increase or
decrease while the inputs are active. The inputs have a 2 ms debounce time. If the input remains
active for 4 ms, the following ratio will be increased or decreased twice. The amount that the
following ratio is increased or decreased is determined byltdheommand. IfFIN is 1,FOL is
increased or decreased by 1 during each sample period.

Features

This section discusses following features that the SXF provides for special following requirements.

Registration in Following Mode

With the SXF, registration can be performed in Following mode. It is like programming registration
in the Indexer version, but the velocity term is replaceB®lyfor the desired speedrhis figure
illustrates registration in Following mode.

Registration in Following

VELOCITY Primary

TIME

Secondary

. . TIME
Registration Input

Registration in the Following Mode
Registration can only be performed if the Following Synchronized Acceleration mode is disabled
(FSF@). For this example, re-attach the encoder to the primary axis.
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Step O
Step O

Step O

Step O

Step O

Repeat steps 1 - 5 of tMelocity Following Example.
Use the dedicated registration input to start a registration move

Define registration move #1 as follows:
> REG1,A198,AD10,FOL20D,D258DD
Begin motion on the primary axis, then begin motion with the SXF.

Command Description
>MC Change to continuous mode
>G Initiate motion

Toggle the registration input. The motor will begin following at a speed ratio of 2:1 for 25,000
motor steps.

Jogging in Following Mode

136

Step O

Step O

Step O

Step O

In some applications, you may want to move the motor manually while in Following mode. This
allows you to follow the primary axis at a following ratio by toggling a switch. You can configure
the SXF to allow you to follow the primary motor manually with the Configure Inpi)tdom-

mand. Jogging in Following mode does not requirelHi¢ orJVL commands. In this case, you

will jog at whatever speed ratio tROL command is set to. To use the inputs, you can either
configure the input as a CW or a CCW jog as with the preset Indexer jog. However, you cannot use
the high-speed/low-speed jog input because you can only jog at the speed s&Qily speed ratio.

Therefore, you use the two jog input functions: CW Jog inpl#t)) and CCW Jog Input IN#K).

You must also enable the jogging feature with@&E1 command. Once you set these parameters,
you can attach a switch to the jog inputs (predefined) and jog the motor(s¥. chheacter

represents digits 1 - 8, which you enter. You must have the SXF in Following mode to jog at a speed
ratio of the primary. The following example shows you how to define power-up sequence #100 to

Jog.

Define a power-up sequencBosition Tracking mode must be disabl@SPd)to enable direction
jogging.

Command Description

> XE199D Erases sequence #100

> XD12D Defines sequence #100

> LD3 Disables the limits(not needed if you have limit switches installed)
> JA25 Sets Jog Acceleration to 25 rps?

> JAD25 Sets Jog Deceleration to 25 rps?

> OSE1 Enables Jog function

>[N1J Sets IN 1 as a CW jog input

> IN2K Sets IN 2 as a CCW jog input

> FOR6.25 Sets the motor to encoder steps

>FOL75 Secondary moves at 75% of the primary speed
> FSI1 Enables Following mode

> XT Ends sequence definition

Command Description

>Z Resets the SXF

Reset the SXF. Move the primary or primary axis.
Turn onIN 1 to move the motor CW at 75% of the primary axis’ speed (until you tiNri off).

Turn onIN 2 to move the motor CCW at 75% of the primary axis’ speed (until youXu2n off).

SX/SXF Indexer/Driver User Guide



Following a Step and/or Direction Signal

The SXF can follow a step (or pulse) and a direction signal rather than quadrature encoder pulses.
The same incremental encoder interfaces used for quadrature following are used for the step and
direction following. ThePhase A+ and Phase A- inputs are now the Step+ and Step-

inputs. ThePhase B+ and Phase B- inputs are now the Direction+ and Direction-

inputs. The only other requirement is to put the SXF in the pulse and direction mode. This is
accomplished with thESNcommand. By typinggSN1 the pulse and direction capability is enabled
and thePhase A andPhase B inputs are now step and direction inputs. Once the pulse and
direction capability is added, any following applications are performed exactly as if the input were
quadrature signals. If your application requires pulse and direction, enable the Pulse and Direction
mode and repeat the procedures in this following section.

Following Equation and Command Summary

This section provides a reference for the following equations and the SXF software commands that
are associated with following.

Following Command Summary

For a complete explanation of these following commands, refer @xi#oftware Reference
Guide Set-up commands are required for any following application.

FSA Followed by a 1—enables instant acceleration between commanded velocities for each resulting velocity change after sampling the
encoder and determining the ratio.

FSF Followed by a 1—enables the use of following acceleration as determined by FAC andFEN.

FSI Followed by a 1—enables following mode versus Indexer mode

FSK Followed by a 1—enables the calculation of FC for Synchronization mode.

FSL Followed by a 1—enables Synchronization mode

FSN Followed by a 1—enables a step & direction signal to be followed or just a pulse train if direction is not used in conjunction with FSP.

FSP Followed by a 1—enables position tracking.

FOR The number of secondary motor pulses per unit of travel divided by the primary encoder pulses per the same unit of travel.

FOL The % of the primary encoder speed that the secondary axis moves at.

FAC The change in following % for each change in encoder pulse count of FEN during following acceleration.

FEN The number of encoder pulses that the encoder count must change by to increment the following percentage by FAC.

FP In Motion Profiling (MPP) mode, command execution is paused for the number of following encoder steps entered in the FP
command.

FPA In Motion Profiling (MPP) mode, the execution of commands pauses until the value in the encoder counter exceeds the FPA value.

FIN The amount by which the following % changes when changed by inputs.

FBS In synchronization, used with FIN to determine the amount of following percentage correction.

FC In synchronization, the expected number of encoder counts between registration marks.

TF The following encoder sample period

VARN=FEP FEHSs a read only variable of the actual encoder count. Set it equal to the variable to get the current value of the encoder counter.

PF Gives you a report back of the encoder count.

PFz Clears the encoder counter.

INNX An input function that lets you increase the following percentage by FIN.

INnY An input function that lets you to decrease the following percentage by FIN.

INNI An input function used for the registration mark sensor of the synchronization mode.

The commands are categorized according to the applications the support.

Velocity Following Velocity and Position Following
FOR FOR FSF
FOL FOL FEN
FSI FsI FAC
TF TF FSA
FSP
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Advance and Recede Synchronization Special Function

FOR FSF FOR FSF FBS FSN

FOL FAC FOL FAC FSK FSM

FSI FEN FSI FEN FSL PF

TF FP TF FC Nnl PFZ
FPA INnY FIN INNX

Following Equation Summary

138

The following equations were discussed throughout this chapter. They are provided again here for
reference and convenience

Velocity Following

. FOL
Secondary Motor steps = Primary encoder colfOR * 100
Velocity and Position Following
Given Vmaxand Dycg
TF Primary encoder counts
FEN =Vmax™ 1600 Vmax= second
TF = Primary Encoder Sample Period in ms
FAC = FOL*Vmax = TF Vo= Primary encoder counts
~ Dacc 1000 Ymax— second

TF = Primary Encoder Sample Period in units of ms

FOL = Following percentage in units of percent

Dacc = Distance primary axis moves during secondary axis acceleration in units of primary encoder counts
Vmax’ FOL

Given Vmaxand AmaxDetermine Rccfrom Dace= —v—— *FOR *
Amax 100

The acceleration is in units of secondary motor steps/sec2. The maximum velocity of the primary is
in primary motor steps/sec.

The following figure illustrates the motion profiles of a secondary and the primary. The different
parameters are shown on the profiles and the equations to determine the parameters are given below.
AD is used for the deceleration.

Velocity and Position
Following With AD Decel

FOL .
— *Vprim Dsacc

100

Primary Axis
Vprim
t
Secondary Axis
l AD
t

FEN FEN
— * ¥ —
100*FAC AFOLFOL 100*FAC E

Dsacc= FOR * % * AFOL2 *

FOL= The change in following percentage
FOL = The initial following percentage
The equations above can be simplified by defining a following acceleration constant deterntiA&hgFEN

SX/SXF Indexer/Driver User Guide



FEN
100*FAC

The equations can now be written as:

K=

Dsec= FOR * K * % * AFOL2 + AFOL*FOL| H

Dsec(Deceleration) = FOR * K * % * AFOLZ + AFOL*FOL, E

Use the equations and parameters in the next figure To make a trapezoidal move (deceleration is
done according to tHeAC and FEN commands).

Primary Axis
Vprim
t
FoL Secondary Axis FAC and FEN
—_— pri
100 Vprim

Dsace

Dsdec
t

Velocity and Position Following With Following Decel

Dprim = DPacct DPcon+ DPdec
Dsec= DSicc* D%on* Dstec

DSycc= FOR * K * (%* AFOL2 + AFOL*FOL )

DSyec= - FOR * K * (%*AFOLZ + AFOL*FOL )

FEN
Dpgcc= FOL* FAC
FOL
Ds¢on= Dpeon* FOR * 100
Dpyri ;
FoL= —Rim [Pprim(2  [Psed]
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K is the following acceleration constant,R and Qe are the distances that the primary axis and
secondary axes will move, respectiveROL, is the initial following percentage. In the case of a
trapezoidal move, it will always be 0. The required sequence is:

Command Description
> XE1 Erases sequence #1
> XD1 Defines sequence #1
FSI1 Enables Following mode
FORnN Sets motor to encoder steps per unit travel ratio
FACn Sets the following acceleration increment
FENnN Sets the encoder period
Dn Sets the secondary axis distance to n motor steps
FOLn Sets the initial following percentage to n
TR1 Waits on the input trigger
MPP Enters the Motion Profiling mode
G Starts motion
FPa Waits until a encoder pulses have passed
FOLgZ Stops the motion of the secondary
FPb Waits for the decel ramp distance
STOP Stops the move itself
> XT Ends the sequence #1 definition

The value for a in the fir$tP = Dgacc+ Dpcon
The value for b in the seco®® = Dpgec

Advance and Recede

Primary Axis
Dprim
Vp
t t t t 1
t
Vp
Secondary Axis
FOL * Vp
100
t t T t t T t
Advance Profile Mode

In the figure shown below, Bim is the distance that the primary axis moves in encoder steps during the
advance portion of the profile (lightly shaded regionkegls the distance in secondary motor steps that the
secondary axis advances with respect to the moving primary axis (darkly shaded region).

Dori - D
_ prim prim sec
FOL =FOL + o - \/HOO*K - Hromre

The .i.breakpoint; to decelerate to FOL12@ is entered for the FP value in the advance sequence. FP is a
distance equal to the sum of areas 1 and 2 in the primary profile.

FEN
=P = Dy FR* (FOLE - FOL)
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Primary Axis D prim
Vp
t t t t t i
FP
v t
P Secondary Axis
DSEC

FOL*Vp
100

Recede Profile

The dark shaded area is the distance that the secondary will recede with respect to the moving primary. The
lightly shaded are is the distance the primary will move while the secondary recedes.

Dpri i D
_ prim prim sec
FOL =FOL - 50k * g;oo*Kg " FOR'K
. . . . FEN
K'is the following acceleration constant and is equakigyrac

FEN

FP is equal to:Dyim + FAC

* (FOLg - FOL))

Cam Following

The following figure is a cam profile.

Primary Axis
Dp6

jw)
S
R
lw)
=]
w
lw)
°
Y
jw)
=]
a
<+

Dpl

FOL3*Vm

Secondary Axis
FOL2*Vm / \

FOL1*Vm /7
Ds6
Ds2 Ds3 Ds4 | W
Ds1 Ds5 *
1 1 1 1 1 1 1 1
1

Cam Profile

Each segment of the secondary and primary move profile is marked by a primary distance Dpn and a secondar
distance Dsn. The following percentage required for each segment is determined from the equations below.
Dprim and Dsecare equal to Dpn and Dsn for each segment. When accelerating to a higher percentage use.

Dpyri i 2*FOL|*D pri 2*D
_ prim prim I"Yprim sec
FOL =FOY + 150k \/ 00K ¥~ I00°K  ~ FORK

When decelerating to a lower percentage, use:

Dpyri i 2*FOL*D pri 2*D
_ _ Pprim prim 1"V prim sec
FOL=FOL - oo * \/H;OO*KE - —I0K ' FOUK

FP or FPA are equal to Dpn or the accumulative Dpn respectively.
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Each segment of the cam can be broken down as shown in below and described the equations below.

Primary Axis
vm
DpaCC Dpcon
—+—+—+—+—+—++—+++++t+t+++t++t++++++
I I ‘

Secondary Axis

FOLE*Vm

FOL | *Vm

Cam Profile Segment

Dprim =Dpacc* Dpcon
Dsec=Dsacc+ Dscon

1
Dsacc= FOR * K * (5 * (FOLE - FOL)? + (FOLg - FOLy) * FOL))

FEN
Dpacc= FOLg - FOL * gxE

FOL
Dscon=Dpcon* FOR * 100

The distance for FP is Rgc+ Dpcon for FPA, is the absolute value of the primary distance since the start of
the cam cycle.
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C HAPTE R O

Hardware Reference

Chapter Objectives

The information in this chapter will enable you to:

[0 Use this chapter as a quick-reference tool for most system specifications (dimensions and performance)

0 Using this chapter as a quick-reference tool for DIP switch settings

Environmental Specifications

Drive Temperature

122°F (50°C) ambient air temperature, measured at the heatsink fins. An internal thermostat will
shut down the drive if the unit reaches 158°F (70°C) internally. Current settings in excess of 4A in
high ambient temperature environments, above 113°F (45°C), may require fan cooling to keep drive
temperature within allowable limits and to keep the drive from shutting itself down due to
overtemperature. Low temperature of 32°F (0°C).

Motor Temperature

212°F (100°C) maximum allowable motor case temperature. Actual temperature rise is duty cycle
dependent.

Humidity
0 - 95%, non-condensing
Drive Electrical Specifications

Input Power
90VAC to 132VAC @50/60Hz, Low voltage fault below 85VAC
Output Power

O Low power: 0.1 to 6 amps per phase at 170 VDC (PWM)
O High power: 0.2 to 8 amps per phase at 170 VDC (PWM)

Motor Output

0 Two phase Mosfet bipolar (H-bridge) switching at 20kHz (nominal), recirculating current, pulse width
modulated.
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I/O Electrical Specifications

144

Rx & Tx (RS-232C)

0 Rxz 24VDC maximum input voltage
High-level input 2VDC minimum
Low-level input 0.8VDC maximum
Tx+ 11VDC output voltage typical

o e |

10 mA current limited output.

Rx

L
Tx A\
I

SN75155
GND

Schematic:RS-232C Input

OPTO1 and OPTO2

TheOPTO1 and OPTO2 terminals are the (5-12VCD) source inputs for the limit, home, registration,
and general-purpose inputs. The voltage range is from +5 VDC to +12 VDC. A diode must be used
for 13VDC - 24VDC voltage supplies, or OP1-HV/OP2-HV may be used without the zener diode.

[l Helpful Hint: Zener
Diode Specifications

If a voltage source from 13VDC - 24VDC is used, a Zener Diode must be placed in series with the
voltage source. Voltages from 13VDC - 24VDC cannot be wired direc@pPfbO1 olOPTO?2 (this
voltage would overdrive the internal components and damage the SX Indexer/Drive). The Zener
Diodes limit the maximum voltage seen by @@TO1 and OPTO2 inputs. The following Zener
Diode values are recommended:

O Supply =13VDC - 17VDC—Use a 5-watt Zener Diode with nominal Zener voltage of 6.8VDC

* Motorola 1N5342, General Semiconductor 1N5342, Microsemi Corp., 1N5342, Diodes Inc. 1N5342,
SGS Thompson 1N5342
O Supply =17VDC - 24VDC—Use a 5-watt Zener Diode with nominal Zener voltage of 12VDC

e Motorola 1N5349, General Semiconductor 1N5349, Microsemi Corp., 1N5349, Diodes Inc. 1N5349,
SGS Thompson 1N5349

Power Supply
24VDC GND

Rx
Tx

+5V
OPTO1
CW
CCw
HOME
OPTO2

Q22202222

Zener Diode
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Cw, CCW, and
HOME Inputs

Registration
General-Purpose
Inputs (11-18)

General-Purpose

The inputs are optically isolated and may be driven by providing a negative signal with respect to the
OPTO1 input. The input driver must be capable of providing a minimum sink current of 2 mA to
ensure proper operation. The maximum reverse voltage on these terminals is -3VDC with respect tc
theOPTO1 input@PTO1 +3 VDC).

(Internal to SX)

OPL-HV | H— +5V Note: OPTOL is for use with

(5-12VDC) power supplies and
3.3K OP1-HV is for use with (12-24VDC)

power supplies.
CW, CCWw,

ﬁ They should not be used together.
and _—

HOME ‘*****”:(52**** IllJ'?

CW, CCW, and Home Inputs

The inputs are optically isolated and may be driven by providing a negative signal with respect to the
OPTO2 input. The input driver must be capable of providing a minimum sink current of 2 mAto
ensure proper operation. The maximum reverse voltage on these terminals is -3 VDC with respect t
the OPTO2 input@QPTO2 +3 VDC).

(Internal to SX)

OP2-HV [ |-} +5V Note: OPTO?2 is for use with
(5-12VDC) power supplies and

33K OP2-HV is for use with (12-24VDC)
power supplies.

ﬁ They should not be used together.
REG,I1-18 S
T v

REG and I1 - 18 Inputs

CAUTION

The maximum reverse voltage across OPTO1 and OPTO2 and their corresponding inputs is 3VDC. A
zener diode or blocking diode may be required on the input as well if applying 13-24VDC to the inputs

from a PLC output or other source.

Outputs (01-04) and

Fault Output

The general-purpose outputs and the fault output are optically isolated darlington drive transistors.
The maximum sink current is 35 mA with respect to the GND terminal. The maximum pull-up
voltage at these terminals is 24VDC. The maximum reverse voltage at these terminals is -5VDC
(GND - 5VDC). To provide a stable output signal, a maximum pull-up resistor of 1K is recom-
mended.

\Y
RL = WFC;S < 47kQ RL = Pull-up Resistor (Ohms), Vp = Pull-up Voltage (vCD)
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390Q

|

|

01-04 & |
FAULT |
|

|

Outputs and Fault
Refer toChapter 3, Installationfor more information on the inputs, outputs, and fault output.

GND

The GND terminal is the ground reference for the general-purpose outputs, the fault output, the Rx
input, and the Tx output.

+5V

The +5V terminal is a +5VDC internal supply designed to provide +5VDC power at a maximum of
250 mAto run an optical encoder. The +5V supply may be used to power the I/O only if an encoder
is not used.

Encoder Inputs
CHA+, CHB+, and
CHz+

The plus inputs to the encoder are pulled up to +5 VDC with a 680 resistor . The input driver
connected to this input must be capable of sinking 6.3 mA of current (minimum).

Encoder Inputs
CHA-, CHB-, and
CHz-

The minus inputs to the encoder are biased at +2.5VDC with a 680 pull-up and a 680 pull-down.
The input driver connected to this input must be capable of sinking and sourcing 6.3 mA of current
minimum.

+5V

680Q % 680Q
!

cHA+[ |
cHA-[ |

680Q

N

Incremental Encoder Schematic

The maximum encoder input frequency is 160 KHz (pre-quadrature) with a minimum pulse width of
500 nsec.

ACC

Reserved for expansion of Compumotor product features.
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OP1-HV and OP2-HV

Formerly, OP1-HV and OP2-HV were labelled RSV+ and RSV-. If your unit is marked RSV+/RSV-
these terminals have no function. If labeled OP1-HV/OP2-HYV, these terminals can be used in place
of OPT01/OPT02 when using a +12-24VDC power supply to pull up the I/O. They should not be
used at the same time as OPT01/OPT02, power supply damage could occur.

Motor Electrical Specifications

Minimum Motor
Winding Inductance

0.5 mH—Compumotor strongly recommends 2mH measured in series or parallel.

Maximum Motor
Winding Inductance

None—Compumotor recommends 50mH measured in series or pat#dkelof motors with a
winding inductance greater than 50mH may result in a significant reduction in system performance.

Minimum Motor Hipot
500VDC

Operational Specifications

Accuracy

15 arcminutes typical (unloaded, bidirectional) with Compumotor motors.
Repeatability

15 arcseconds typical (unloaded, unidirectional).

Hysteresis

Less than 2 arcminutes (0.0334°) unloaded, bidirectional.

Rotor Inertia

Size Rotor Inertia oz-in 2 Rotor Inertia (Kg-m 2X10'6)
S57-51 0.546 9.998

S57-83 11 20.1

S57-102 1.69 30.9

Size 34 Rotor Inertia oz-in 2 Rotor Inertia (Kg-m 2X10'6)
S83-62 3.47 63.4

S83-93 6.76 124.0

S83-135 10.47 191.0

Size 42 Rotor Inertia 0z-in 2 Rotor Inertia Kg-cm 2
SX106-178 44.0 8.05

SX106-205 52.0 9.51

SX106-250 63.0 12.14

Rotor Inertia (Compumotor Motors)
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Motor Current & Torque

Speed/torque curves for the SX are provided later in this chapter.

Motor Size Current Static Torque (in-0z)
S57-51 S 1.18 65
S57-51 P 2.28 65
S57-83 S 1.52 100
S57-83 P 3.09 100
S57-102 S 171 125
S57-102 P 3.47 125
S83-62 S 2.19 160
S83-62 P 4.42 160
S83-93 S 2.85 300
S83-93 P 5.62 300
S83-135 S 3.47 400
S83-135 P 6.00 343

S: Series Configuration P: Parallel Configuration
Motor Specifications (57 & 83 Series Motors)

Motor Size Current Static Torque (in-0z)
SX106-178 S 6.02 1000
SX106-178 P 8.0 667
SX106-205 S 3.55 1900
SX106-205 P 6.99 1900
SX106-250 S 6.23 1450
SX106-250 P 8.0 967

S: Series Configuration P: Parallel Configuration

Motor Specifications (106 Series Motors)
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Drive Dimensions

< 4.23
(107.40)
0.62 —>| |-
(15.70)
L 1) s e B
l
Low Power
(SX6) Drive
with Heatsink
11.12
(282.45)
i I
) ‘4—4 125
(31.75)
- 417 >
(105.9)
5.53
(140.50)
0.62 -
(15.70)
0.44 —| ~— 1.25
a1~y o [PECIL N
—\
O D
High Power
(S8) Drive
with Fan 11.12
(282.45)
9.48
(240.79)
¢}
X
062 Ry /
Slot for #10
Mtg Screws
SX Dimensions

Optional
Mounting Tabs

10.37
(263.4)

0.44 >
(11.18)

- 7.13
(181.10)
R e
9.48
(240.79)
A A
| i
- 6.90
(175.26)
- 7.13
(181.10)
125

M (31.75)
T T

10.72
(272.28)

- fng

5.12

(130.05) [

Optional
Mounting Tabs

The fan kit is optional with the low-power version of the SX Drive
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Motor Dimensions

0.215 5.461 Dia. (4)
0.195 4.952

on 2.625 66.67 BC

[1

T ~
2.27 T
1.856
(57.66)
o TM}
i —

1.505 38.23 Dia.
1.495 37.97

#6-32 UNC Thread
(4) Equally Spaced on
2.952 (74.98)BC x .25 (6.50) DP

0.75 (79.05) Dia.
x 0.050 (7.27) Deep Bore Min.

150

Size 23 frame

Model # Dim A

SX57-51-MO 2.0 50.23
SX57-83-MO 3.1 75.23
SX57-102-MO 4.0 101.6

0.82 (20.83)
0.72 (18.29)

0.2500 (6.35)

0.2495 (6.34,
Shaft Dia. (2)

NEMA 23 Motor

l«—Dim A——>

> ll< 0063 (.60 Jj

N =

< 019 (483

Mo

Size 34 frame
del # Dim A

SX83-62-MO
S5X83-93-MO
SX83-135-MO

25 620
3.7 93.98
5.2 129.0

1.23
1.15

(31.24)
(29.21)

<— DIimA —

< 0063 (2.60) D,

{Ifff,

0.3750 (9.52)
0.3745 (951

Shaft Dia. (2)

»‘ ‘4— 019 (483

NEMA 34 Motor
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0.83 (22.08)

<~ 0.73 [@854)

1.23
1.15

(@1.24)
(29.21)

2.750 (69.85)
2.730 (69.34)

o
l

#6-32 UNC-2B Thread
(3) Equally Spaced on
1.865 (47.37) BC
x 0.25 (6.50) DP

) 3.40 (86.36) N
Max Casting Size

3.25
(82.55)
Max

2.885 (73.28) Dia,
2.865 (72.77)

0.228 (5.79) Dia
0.208 (5.28

(4) on 3.875 98.43 BC



SX106-178
7.56 (192.02) Single Ended

< 7569 (195.32) Double Ended ™ 30°
A 1
117 0.50-14 NPT - -~
133.78 / 35.56
2072 ) [F— 34.54

C ,
[ ]

! |\

0.6250 (15.87

ﬁ
34

0.057 (145 \ po!|q_ 0.6245 \15.86
05000 /12.70y ¥ | |<& 0.09 (2.29) Max 0.067 \1.70 Shaft Dia.
0.4995 | 12.69 See Detail View
Shaft Dia. #6-32 UNC 2-B Thread x .25 (6.50) DP
(4) equally spaced on
2.952 (74.98) BC
2.186 (55.52) Dia. 0.1255 (3.19
0518 13.16 0.1240 (315
/\—\ 0.500 W Wide
T ‘ a 0.69 (17.53) \( | |
4.20 4.26
(106.68)  3.50 (108.20)
Max.  (88.90) Max. i
l _
— & ) oss 3882
‘\\}/ Detail View 0.000
#404 Woodruff 12.27 +0.000
0.291 ( 7.39 ) ( -0.127
0.271 \6.88
30°
/ | 0.09 (2.28) Max ™~ 0553 ?ﬁﬁ?ﬁ

0.05-14 NPT Q067 (1.70)
05 12.70 0.057 (14.05)
04095 (1269 |l§” — >

6I3 T @ T Shaftdia.i (
\ ©} F O =
N | T4 i

‘ #6 - 32 UNC-2B Thread

<

223
(4) Equallty spaced on 2.15 Q6250  (15.87)
— 0.6245 (15.86)
2.952 (74.980) BC St Dia.
x0.25 (6.50) DP ?L“%Ell 8.160 (207.26) Max. % See Detail View
) }
(32.76)
2.187 (55.55 (30.73)
men |- a4 -
2.186 (55.52) (88.90) Detail Vi
q: 1.41 (35.41) etail View

1.25 (31.75)
@ ‘ — -4— 0.1875(4.75)
- ‘ +0.000
-0.002
4.40
(111.76) 0.705 (17.91)
Sq aMax.
+0.000
-0.002
Z )
0333 846
0323 820
(4) Holes
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SX106'250 | |A|0.003

© | B| @.003

2X 0.04 X 45°
‘% —»~| <— 0.15 Max — | |- 03
/ 0.0000 q 0.0000
0.500 + 475005 q 0.625 £ 00005
‘ . \J
30°
4X 6-32 EQ. SP.
2.95B.C.
3X 8-32 EQ. SP. & 0.06
@ @ 3.87B.C.
9.82
—® 125 |- > 138 €-———
Install 4X 6-32 X 1/4 2 4.25 MAX
Pan Head Phillips
- 42TYP ——>
. 1.75 TYP
Keyway Detail
U
<— Mounting Surface % : @
0.690
<>
(| ' -o0509 0.005 1 0.005 - % -~~~ - o 425MAX
' +0.009 0.135 *0.000 +5008
: A A 0063 0125
| l |
)] A |
- | PR !
L— — o/ Y
i \
Keyway Woodruff #404 Supply key and tape to shaft 0.35 R. MAX

@ 2.186 +0.002

DIP Switch Summary

The SX has two sets of DIP switches (refeCtmpter 2, Getting Start¢d Each set of DIP switches
has eight individual switches. The first set of switches is referred3@vdsand the second set as
SW2. The individual switch will be preceded by#&ymbol. Hence, the third switch &@wW1 is
referred to aSW1-#3, while the third switch oSW?2is referred to aSW2-#3.

Switch # Function Default
SW1-#1 Current - most significant bit *off
SW1-#2 Current *off
SW1-#3 Current *off
SW1-#4 Current *off
SW1-#5 Current *off
SW1-#6 Current - least significant bit *off
SW1-#7 No function *off
SW1-#8 No function *off
SW2-#1 Address - least significant bit *off
SW2-#2 Address *off
SW2-#3 Address *off
SW2-#4 Address - most significant bit *off
SW2-#5 Baud Rate - least significant bit *off
SW2-#6 Baud Rate *off
SW2-#7 Baud Rate - most significant bit *off
SW2-#8 Auto Test *off

DIP Switch Summary
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Motor Current

Motor Size Current SWI1-#1  SW1-#2 SWI1-#3 SWI1-#4 SWI1-#5 SW1-#6

S57-51S 1.18 off off on on off off

S57-51P 2.28 off on on off off off

S57-83S 1.52 off on off off off off

S57-83P 3.09 on off off off off off

S57-102S 1.71 off on off off on off

S57-102P 3.47 on off off on off off

S83-62S 2.19 off on off on on on

S83-62P 4.42 on off on on on off

S83-93S 2.85 off on on on on off

S83-93P 5.62 on on on off on on

S83-135S 3.47 on off off on off off

S83-135P 6.00 on on on on on on

S: Series Configuration P: Parallel Configuration

SX6 Drive Motor Current Settings (Compumotor Motors)

Motor Size Current SWI1-#1  SW1-#2 SWI1-#3 SWI1-#4 SWI1-#5 SW1-#6

S106-178S 6.02 on off on on on on

S106-178P 8.0 on on on on on on

S106-205S 3.55 off on on on off off

S106-205P 6.99 on on off on on on

S106-250S 6.23 on on off off off on

S106-250P 8.0 on on on on on on

S: Series Configuration P: Parallel Configuration

SX8 Drive Motor Current Settings (Compumotor Motors)
Low-Power SX6 and High Power SX8 Drives
Current SWI1#1 SWI1#2 SWI1#3 SWI1#4 SWI1#5 SWI1#6 Current SW1#1 SW1#2 SW1 #3 SW1 #4 SW1#5 SW1#6
0.04 off off off off off off 3.09 on off off off off off
0.13 off off off off off on 3.19 on off off off off on
0.23 off off off off on off 3.28 on off off off on off
0.32 off off off off on on 3.38 on off off off on on
0.42 off off off on off off 3.47 on off off on off off
0.51 off off off on off on 3.57 on off off on off on
0.61 off off off on on off 3.66 on off off on on off
0.70 off off off on on on 3.76 on off off on on on
0.80 off off on off off off 3.85 on off on off off off
0.89 off off on off off on 3.95 on off on off off on
0.99 off off on off on off 4.04 on off on off on off
1.08 off off on off on on 4.14 on off on off on on
1.18 off off on on off off 4.23 on off on on off off
1.27 off off on on off on 4.33 on off on on off on
1.37 off off on on on off 4.42 on off on on on off
1.46 off off on on on on 4.51 on off on on on on
1.52 off on off off off off 4.58 on on off off off off
1.62 off on off off off on 4.68 on on off off off on
1.71 off on off off on off 477 on on off off on off
1.81 off on off off on on 4.86 on on off off on on
1.90 off on off on off off 4.96 on on off on off off
2.00 off on off on off on 5.05 on on off on off on
2.09 off on off on on off 5.15 on on off on on off
2.19 off on off on on on 5.24 on on off on on on
2.28 off on on off off off 5.34 on on on off off off
2.38 off on on off off on 5.43 on on on off off on
2.47 off on on off on off 5.53 on on on off on off
2.57 off on on off on on 5.62 on on on off on on
2.66 off on on on off off 5.72 on on on on off off
2.76 off on on on off on 5.81 on on on on off on
2.85 off on on on on off 5.91 on on on on on off
2.95 off on on on on on 6.00 on on on on on on

Setting SX6 Drive Motor Current (Non-Compumotor Motors)
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Current SWI1#1 SWI1#2 SWI1#3 SWI1#4 SWI1#5 SWI1#6 Current SW1#1 SW1#2 SW1 #3 SW1 #4 SW1#5 SW1#6
0.05 off off off off off off 4.12 on off off off off off
0.18 off off off off off on 4.25 on off off off off on
0.30 off off off off on off 4.38 on off off off on off
0.43 off off off off on on 4.50 on off off off on on
0.56 off off off on off off 4.63 on off off on off off
0.69 off off off on off on 4.75 on off off on off on
0.81 off off off on on off 4.89 on off off on on off
0.93 off off off on on on 5.01 on off off on on on
1.06 off off on off off off 5.14 on off on off off off
1.19 off off on off off on 5.26 on off on off off on
1.31 off off on off on off 5.39 on off on off on off
1.44 off off on off on on 5.51 on off on off on on
1.59 off off on on off off 5.64 on off on on off off
1.69 off off on on off on 5.77 on off on on off on
1.82 off off on on on off 5.90 on off on on on off
1.94 off off on on on on 6.02 on off on on on on
2.03 off on off off off off 6.11 on on off off off off
2.16 off on off off off on 6.23 on on off off off on
2.28 off on off off on off 6.36 on on off off on off
2.41 off on off off on on 6.48 on on off off on on
2.54 off on off on off off 6.61 on on off on off off
2.66 off on off on off on 6.73 on on off on off on
2.79 off on off on on off 6.87 on on off on on off
291 off on off on on on 6.99 on on off on on on
3.04 off on on off off off 7.12 on on on off off off
3.17 off on on off off on 7.24 on on on off off on
3.297 off on on off on off 7.37 on on on off on off
3.42 off on on off on on 7.49 on on on off on on
3.55 off on on on off off 7.62 on on on on off off
3.67 off on on on off on 7.75 on on on on off on
3.80 off on on on on off 7.87 on on on on on off
3.93 off on on on on on 8.00 on on on on on on
Setting SX8 Drive Motor Current (Non-Compumotor Motors)
Address Settings
Address SW2-1 SW2-2 SW2-3 SW2-4
*1 off off off off
2 on off off off
3 off on off off
4 on on off off
5 off off on off
6 on off on off
7 off on on off
8 on on on off
9 off off off on
10 on off off on
11 off on off on
12 on on off on
13 off off on on
14 on off on on
15 off on on on
16 on on on on
* Default Setting
Address Settings
RS-232C Baud Rate
Baud Rate SW2-5 SW2-6 SwW2-7
* 9600 off off off
Reserved on off off
9600 off on off
4800 on on off
2400 off off on
1200 on off on
600 off on on
300 on on on

154

* Default Setting

RS-232C Baud Rate
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Automatic Test

* SW2-#8 OFF Disables Auto Test
SW2-#8 ON Enables Auto Test

* Default Setting

Non-Compumotor—Drive/Motor Connection

Compumotor does not recommend that you use non-Compumotor motors with the SX. If you do us
a non-Compumotor motor, it must meet the following requirements:

0 A minimum inductance of 0.5 mH, series or parallel, may be used (Compumotor strongly recommends a
minimum inductance of 2 mH).

A minimum of 500VDC high-pot insulation rating from phase-to-phase and phase-to-ground.
The motor must not have riveted rotors or stators.

Do not use solid rotor motors.

O O oo

Test all motors carefully. Verify that the motor temperature in your application is within the system
limitations. The motor manufacturer’s maximum allowable motor case temperature must not be exceeded
You should test the motor over a 2- to 3-hour period. Motors tend to have a long thermal time constant,
but can still overheat, which results in motor damage.

CAUTION

Consult a Compumotor Applications Engineer if you have any questions regarding the use of a non-
Compumotor motor.

Wiring Configurations

4-Lead Motor

6-Lead Motor

Scenario #1

You can determine the motor’s wiring configuration by referencing the manufacturer’s motor
specification document supplied with the motor. You can also determine the wiring configuration
with an ohmmeter using the procedures below (4-Lead Motor, 6-Lead Motor, 8 Lead. Mohme

you determine the correct motor wiring configuration, use the terminal connection diagram that
applies to your configuration (refer to the following figure).

I Label one motor lead A+

1 Connect one lead of an ohmmeter toAkelead and touch the other lead of the ohmmeter to the three
remaining motor leads until you find the lead that creates continuity. Label this-lead

|

Label the two remaining leads+ andB-. Verify that there is continuity between the B+ and B- leads.

O

Proceed to th@erminal Connectionsection.

Determine, with an ohmmeter, which three of the six motor leads are common (one phase).
Label each one of these three motor leads

Using the ohmmeter, verify that the remaining three leads are common.

Label the other three lea8s

Set the ohmmeter range to approximately the 100 ohm scale.

OO0oQgoogoogd

Connect the ohmmeter’s negative lead to one of the motor leads labeldtbrnately measure the
resistance to the two remaining motor leads also laldelethe resistance measurements will reflect one
of the following scenarios.

The resistance measurements to the two remaining motor leads are virtually identical. Label the twc
remaining motor lead&+ andA-. Label the motor lead connected to the negative lead of the
ohmmeteA-CT (this is the center tap lead for Phase A of the motor).
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Scenario #2

The resistance measurement to the second of the three motor leads measures 50% of the resistance
measurement to the third of the three motor leads. Label the second mofoxdé&ahis is the

center tap lead for Phase A of the motor). Label the third motoAleatabel the motor lead

connected to the ohmmetét.

[J Repeat the procedure as outlined in step 6 for the three leads BH&eTT is the center tap lead for
Phase B of the motor).

[0 Connect theéA-CT motor lead to thé-CT pin on theMOTOR connector. Connect tBeCT motor lead
to theB-CT pin on theMOTOR connector.

O Proceed to th@erminal Connectionsection.

8-Lead Motor

Because of the complexity involved in phasing an 8-lead motor, you must refer to the manufacturer’s
motor specification document. You can configure the 8-lead motor in parallel or series. Using the
manufacturer’s specifications, label the motor leads, as shown in chapter 3, on page 12.

Parallel Configuration
Use the following procedures for parallel configurations.
[J Connect motor leads Al & A3 together and relabel this common @sint
[0 Connect motor leads A2 & A4 together and relabel this common faint
[0 Connect motor leads B1 & B3 together and relabel this common®eint
[ Connect motor leads B2 & B4 together and relabel this commonRoint

Series

Configuration

Use the following procedures for series configurations.
[0 ConnectA2 & A3 toA-CT. You may also connect B2 & B3BCT.
[l Relabel the Al lead t&+.

] Relabel the A4 lead t&-.

[l Relabel the B1 lead #®+.

[l Relabel the B4 lead 1®-.

U

Proceed to the Terminal Connections section below.
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Terminal Connections

After you determine the motor’s wiring configuration, connect the motor leads to theMIDJiOR
connector according to the figure below.

4 Lead Motor 6 Lead Motor
S Drive * S Drive *
INLK [ T2 ] INLK 21| —
A-CT| | @ * ACT| | *
A+| | @ A+ i
Al o— ] = ]
EARTH| | & EARTH| [
B+| [E@H—— B[ [EH——
B-| | & - B-| = -
B-CT| | @ B-CT| [
INLK Lz % INLK T2 I—%
8 L ead Motor
Series _ Parallel _
Al Al
S Drive '% S Drive 'é
— ] A2 — ] A2
INLK —H2 INLK —HZ
A-CT A+| | & | '_A?’? ACTA+| |@ A3 '%
A- 7 A4 A- 7 A4
EARTH or— [ ] EARTH | |2 l [ |
B+ (2 B+ | 2
B-| ['¥T— 184l B-| |2 81
B i} . (= .
IIBNEE iz B2 § B-LT) 1z | B2 %
L I_'—B3__§ INLK L L=, ==
B4 B4 %

Extended Motor
Cables

9-Pin Motor Connector (Non-Compumotor Motors)

CAUTION

Do not connect or disconnect the motor with the power on. This will damage the contacts of the motor
connector and may cause personal injury.

The following table contains the recommended motor cables for various motor types and the
minimum recommended motor/driver wire size (AWG).

Maximum Current Per Winding (Amps) Less than100 ft. (20.5M) 100 - 200 ft.(30.5M - 71M)

3 22 AWG 20 AWG
6 20 AWG 18 AWG
8 16 AWG 14 AWG

Recommended Motor Cables

Cable runs of more than 200 feet (71M) are not recommended. Cable runs greater than 50 feet
may degrade system performance.
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Non-Compumotor Motors—Setting Motor Current

4-Lead Motors

6-Lead Motors

8-Lead Motors

Compumotor does not recommend that you use non-Compumotor motors with the SX. If you do,
refer to the formulas below that correspond to your motor (4-lead, 6-lead, or 8-lead) and use the
previous tables title@etting SX6 Drive Motor Curreaind SettingsX8 Drive Motor Currento set

the motor’s currentNever increase current more than 10% above the specified rating

If you use a 4-lead motor, the manufacturer’s current setting will translate directly to the values
shown in the previous tables titled Setting SX6 Drive Motor CuaedtSetting X8 Drive Motor
Current.

If you use a 6-lead motor, and the manufacturer specifies the motor current as a unipolar rating, you
must use the following formula to convert the unipolar current rating to the correct bipolar rating.

Unipolar Current X .707 = Bipolar Current

After you make the conversion, use the Motor Current tables to set the motor current. If the manu-
facturer specifies the motor current as a bipolar rating, you can use the Motor Current tables directly
(no conversion) to set motor current.

If you are using an 8-lead motor, manufacturers generally rate the motor current in one of two ways:

[0 If the motor current is listed as a unipolar rating, use the following formula to convert the unipolar current
rating to the correct bipolar current rating.

Unipolar Current X .707 = Bipolar Series Current

If you are wiring the motor iseries, use the tabfetting SX6 Drive Motor Current (Non-Compumotor
motors) previously in this chapter, the converted value to set the motor current.

If you wire the motor irparallel, you musdouble the converted value and use the tables tBletling SX6
and SX8 Drive Motor CurrerfiNon-Compumotor motorspreviously in this chapter, to set the motor
current.

O If the motor current is listed as a bipolar series rating, you can wire the metigs and use the tables
titled Setting SX6 Drive Motor Currefion-Compumotor motorspreviously in this chapter, aigktting
SX8 Drive Motor CurrenfNon-Compumotor motorspreviously in this chapter, directly (no conversion)
to set motor current.

[0 If the motor current is listed as a bipolar series rating and you wire the mptmaitel, you mustdouble
the manufacturer’s rating and then use t&w@tting SX6 Drive Motor Current (Non-Compumotor motors)
previously in this chapter, to set the motor current.

If you have any questions with regard to the configurations, please call Compumotor’s Applications
Engineering Department at 800-358-9070.

Motor Performance Specifications
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SX Series motors are designed to allow you to change the motor winding configuration easily. The
performance curves shown below indicate that different levels of performance can be obtained by
connecting the step motor windings in series or in parallel. You must exercise caution when you run
motors in a parallel configuratioBustained operation at high speeds may cause the motor to
overheat due to electrical pole heating.
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C HAPTER LI

Maintenance & Troubleshooting

Chapter Objectives

The information in this chapter will enable you to:
[0 Maintain the system’s components to ensure smooth, efficient operation
O Isolate and resolve system hardware problems

[0 Isolate and resolve system software problems

Maintenance

The following items are included with the SX Indexer/Drive.

Part Part Number

13-Pin Phoenix Connector 43-011796-01
7-Pin for SX8 43-013575-01
8-Pin Phoenix (3) 43-007483-01
AC Power Cord 44-000054-01
Battery 47-011743-01
Mounting Bracket 53-006007-01

Spare Parts List
Part Part Number
ESD Service Strap 58-011184-01

Optional Equipment List
Battery Maintenance

The battery provided with the SX is a lithium battery which should last approximately 4-5 years. If a
battery failure occurs, the battery may be replaced with a commonly available 3V, 500MAH, 24.5 x
5 mm lithium battery. Ensure that the battery clip maintains good contact with the battery after
replacement. Some manufacturers and part numbers are:

Duracell - DL2450
Sanyo - CR2450

Drive Maintenance

Ensure that the SX's heatsink is free of particles and has a free flow of air over its entire surface.
Enclosures must be connected to earth ground through a grounding electrode conductor to provide
low-impedance path for ground-fault or noise-induced currents. All earth ground connections must
be continuous and permanent.
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Motor Maintenance

You should inspect all mechanical parts of the motor regularly to ensure that no bolts or couplings
have become loose during normal operation. This will prevent some minor problems from develop-
ing into more serious problems.

You should inspect the motor cable periodically for signs of wear. This inspection interval is duty-
cycle, environment, and travel-length dependent. The cable should not have excessive force applied
to it and should not be bent beyond a one-inch radius of curvature during normal operation. Tighten
all cable connectors.

Reducing Electrical Noise

Problem Isolation

Front Panel LEDs

For detailed information on reducing electrical noise in your system, refer to the current
Compumotor Catalog.

When your system does not function properly (or as you expect it to operate), the first thing that you
must do is identify and isolate the problem. When you accomplish this, you can effectively begin to
resolve and eradicate the problem.

The first step is to isolate each system component and ensure that each component functions
properly when it is run independently. You may have to dismantle your system and put it back
together piece by piece to detect the problem. If you have additional units available, you may want
to use them to replace existing components in your system to help identify the source of the problem.

Determine if the problem is mechanical, electrical, or software-related. Can you repeat or re-create
the problem? Do not make quick rationalizations about the problems. Random events may appear
to be related, but they may not be contributing factors to your problem. Carefully investigate and
decipher the events that occur before the subsequent system problem.

You may be experiencing more than one problem. You must solve one problem at a time. Docu-
ment all testing and problem isolation procedures. You may need to review and consult these notes
later. This will also prevent you from duplicating your testing efforts.

Once you have isolated the problem, take the necessary steps to resolve it. Refer to the problem
solutions contained in this chapter. If your system’s problem persists, contact Parker Compumotor at
800-358-9070.

There are four LEDs on the front panel of the SX (refer to the following figure).

© MOTOR FAULT
© OVERTEMP
@ UNDER VOLTAGE

POWER
©

MICROSTEP DRIVE
SX SERIES

Bottom of SX Drive Front Panel

U Motor short-circuit
O The interlock is broken (opened)
The OVERTEMRED isred and turns on when the internal drive temperature exceeds 70°C.

The UNDERVOLTAGIEED isred and turns on when AC line voltage is below 85VAC.

The POWER LED igreenand turns on when the internal bias supply is operating and providing
+5V.

If all LED’s are on, the board monitor alarm will be activated.

162 SX/SXF Indexer/Driver User Guide



Common Problems and Solutions

The following table contains common problems, probable causes, and solutions to the problems. It should helf

you eradicate most problems you might encounter.

mptoms

The power LED is not on
(iluminated).

The power LED is flashing.

Little or no holding torque. Power
LED is on, motor fault LED is off.

The motor fault LED is on.

Overtemperature LED is on.

The undervoltage LED is on.

Motor fault, overtemperature, and
undervoltage LEDs are on.

The motor moves erratically at
low speeds.

The motor stalls at high speeds.

Probable Causes

The drive is not receiving AC voltage.

AC Line voltage is too low.

There is insufficient load regulation on
the AC line.

The motor current is set too low.

The motor winding or cable is open.

The Auto Standby function is enabled.

Amplifier shutdown is enabled.

The motor cable is disconnected or not
fully seated at the drive.

The motor connector interlock jumper
is missing or is disconnected.

The SX has detected a motor/wiring
short circuit.

The internal drive temperature is
greater than 70 C.

AC line voltage is less than 85VAC.
The internal Indexer monitor has reset
the Indexer.

Motor current is set incorrectly.

One motor phase open.

Motor resolution is set for 200 or 400
steps per revolution.

Motor current is not set correctly.

Motor is undersized for the application.

Chapter 1 Maintenance and Troubleshooting

Solutions

Verify that the connector on the SX is
fully seated

Verify that there is AC voltage at the
AC outlet that the drive is plugged into

Verify that there is AC voltage at the
drive at the AC power connector

Check AC line voltage (90VAC
minimum).

Increase the AC line wire size.
Increase the isolation transformer size
(if used).

Check the current select switches and
verify that the current is set correctly.

Check motor and cable with an
ohmmeter.

Disable Auto Standby function if this
function does not allow enough holding
torque.

Use the RSE command to inform you if
the drive has been disabled and the
reason.

Check the motor cable.

Check the interlock jumper.

Check the motor and cable wiring.

Remove fin cooling obstructions or add
fan cooling to the SX (Compumotor
offers a fan kit).

Provide a minimum of 90VAC
underload.

Excessive electrical noise. Verify the
drive case is properly grounded.

Check the current select switches and
verify that the current is set correctly.

With motor connector removed from
the SX, use an ohmmeter to measure
continuity of motor windings.

Full and half step modes will cause the
motor to run roughly at low speeds.

Check DIP switches verify that motor
current is set correctly.

Verify that the motor is sized correctly.
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Smptoms

The motor stalls during
acceleration.

The motor (unloaded) stalls at
nominal speed.

The motor does not move the
commanded distance.

The drive moves the motor in the
wrong direction.

A SX move is commanded and
no motion occurs.

A following move is attempted
and no motion occurs.

The unit may appear to not be
responding to commands.

Probable Causes

Motor current is not set correctly.

The acceleration is set too high.

There is insufficient rotor inertia.

Motor is undersized for the application.

There is insufficient rotor inertia.

The motor resolution is set incorrectly.

The motor is not wired to the drive
properly.

Following mode may be enabled when
you are trying to make a move as an
Indexer.

A limit may be enabled and active.

You may be in Absolute mode and are
already at the position you are
commanding the motor to move to.

The SX may not be in the Following
mode (FSI).

Limits are enabled, you may be in the
absolute mode and are already at the
position you are commanding the
motor to move to.

If you defined a sequence and never
issued XT, the SX still thinks you are
defining a sequence.

Problems & Solutions Table

Motor

Solutions

Check the current select switches and
verify that the current is set correctly.

Decrease the acceleration.
Add inertia to the motor shatft.

Verify that the motor is sized
correctly.

Ad inertia to the motor shaft.

Ensure that the SX's indexer and
drive resolution settings are the same.

Verify motor connections. Swapping
motor leads A+ and A- at the drive
connector to change direction if
necessary.

Check your configuration and motion
settings.

Set the SX to Following mode. Check
your configuration and motion
settings.

Issue an XT command at the end of
the sequence to end sequence
definition.

If the motor fails to move, you should test the motor witlolammeterto examine the resistance
between the motor connections. If the motor is not malfunctioning, the source of the problem is
probably within the drive. If you operate a faulty drive with a reliable motor, you may damage the
motor. If you find that the motor is not faulty, remove power, and remove the motor from the drive.
Use the following steps to test the motor.

0 Remove power from the system. Detach the motor from the drive.

[1 with the motor detached from the system, use an ohmmeter to check the resistance acrossitPhase A.
should be approximately 2 ohms

0 Now use the ohmmeter to check the resistance across PhisshBuld be approximately 2 ohms too
(the resistance across Phase A and Phase B should be nearly idéntical

[0 Use the ohmmeter to check the resistance between Phase A and Phas®@éld be infinite.

[l Use the ohmmeter to check the resistance between Phase A and Earth (the motor cakieskbaft) be

infinite.
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[l Use the ohmmeter to check the resistance between Phase B and Earth (the motor calsesishalii) be
infinite.
L Turn the shaft manuallyThere should not be any torque
If the motor responds as described to each of these steps, it is probably functioning properly (it may

still fail when connected to the drive because of the high motor voltage). The source of the problem
is probably within the drive.

RS-232C Problems

Use the following procedure to troubleshoot communication problems that you may have with the
SX.

[J Be sure the host computer’s transtii)wire is wired to the peripheral’s receivi@x) connection, and
the host computer’s receivRX) wire is wired to the peripheral’s transniixj connection. Switch the
receive and transmit wires on either the host or peripheral if the problem persists.

[0 Confirm that the host and peripheral are configured for the same baud rate, 8 data bits, 1 stop bit, and no
parity.

L] If you receive double characters, for instance typing A and receéiinthe computer is set for half
duplex mode. Change the setup to full duplex mode.

[J Use DC common or signal ground as a reference, not earth ground.

[0 cable lengths should not exceed 50 ft. unless you are using some form of line driver, optical coupler, or
shield. As with any control signal, be sure to shield the cable-to-earth ground at one end only.

[] To test the terminal or terminal emulation software and the RS-232C cable for proper three-wire communi-
cation, unhook the SX and enter a character. You should not receive an echoed character. If you do, you
are in half duplex mode. Connect the host’s transmit and receive lines together and send another characte
You should receive the echoed character. If not, consult the manufacturer of the host’s serial interface for
proper pin outs.

Software Debugging Tips

Trace Mode

This section offers some helpful tips for debugging your programs or to understand why something
may be happening. The SX has several tools that can be used to aid in the determination of a
problem in the system design. The software tools are listed below:

R Report Indexer Status

XTR Trace Mode

DIN,DOUT 1/0 Simulation

XST Single Step

XS Sequence Execution Status

DF Displays Indexer Status

X Displays state of the Indexer

DR Displays Interface Option Status

FS Displays Indexer Status Options

oS Displays Homing/Jog Status
Report backs

IS Display inputs

Trace mode is used to display what is occurring as you execute your sequence. By running the trac
mode you can see what commands are being executed and if the program stops running you can se
what command was last executed. The trace mode along with the interactiveS@bdeil{ help

you to find commands that the Indexer may not recognize. Trace mode is enabled and disabled wit!
theXTR command. When enabled, you will execute sequences as you normally woukRusig)

the sequence is running, the commands are displayed on the s¢fé&henables the Trace mode,
XTRY disables it.
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I/0O Simulation

I/0 simulation can be done without actually physically toggling the inputs or outputs usiNthe
andDOUT commands. These commands can be used to your sequences and program.

Displaying SX Status

There are several commands that you can use to check the SX’s status. You can report back the
value or setting of almost all of the SX commands by typing the device address followed by the
command then a carriage return or a space bar. In this way, you can find out what values you have
entered in different commands. TRB& command reports the current state of the SX. Use this to
verify that the SX is configured as you want it. You can use four other report back commands to
determine the unit’s state. These commands report a binary number. Each bit of the report corre-
sponds to different functions or modes that the SX could be in.

DFX Command
Report Back

The DFXcommand reports the SX ‘s current states and conditions.

32 31 3@ 29 23 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 1211 10987654321 @
‘D 300 B0 00 D 00D O 00D D 0D 0 0000 00D BDBDBD

Bit representations —25-32,13 reserved
Bit.

24 Mode Profile: no=@,yes=1 10 Execute a sequence: no=d;yes=1
23 Mode Alternate: no =@, yes =1

21 Hit a software CCW limit: no =@, yes=1
20 Hit a software CW limit: no = @, yes=1
19 Home limit not found = &, found = 1

Waiton atimer: no=@,yes=1

Hita CCW limit: no=@,yes=1

Hita CW limit: no=@,yes=1

PS (Pause): not waiting = @, waiting = 1
Abs. move direction: CW =@, CCW =1
Incremental/absolute: MPI =@, MPA =1
Mode preset = @; Continuous = 1

Move direction: CW =@, CCW =1

Preset move: not moving = @, moving =1

18 Jogging: no=d,yes=1

17 Queued for RM mode: no=d,yes=1

16 Run sequence on power up: no=@,yes =1
15 U command: not waiting =, waiting = 1

14 Waiting for a trigger: no=@,yes=1

Q P N W~ OO N O O

12 Back up to home limit: no =@;yes =1 Continuous move: not moving = @, moving = 1

11 Home move—High-speed: no = d; in process = 1

FS reports a binary word that has various interface options associated with ea28 béports the
homing options and the Jog enable option. SS reports various Indexer software optidasn If
the bit location, the feature or mode is enabled. Refer to the example below.

ABCD_EFGH_IJKL MNOP_QRST
SS ‘O000 0000 0000 P00 QBDD
FS ‘0000 0000 0000 03D
0S *PO00 PODD

SSA RS232 Echo: Echoon =@, Echooff=1

SSD  Alternate Mode Stop: end of cycle = &, immediately = 1
SSG Clear/Save buffer on limit : clear = @, Save = 1

SSH Clear/Save buffer on stop: clear = @, Save =1

SSi Enable/Disable Interactive Mode

SSJ  Enable/Disable Continuous scan mode

SSL  Resume execution enable

SSN  Enable Error Message mode

SSQ Enable Drive Fault indicator

FSD Enable/Disable Stop on Stall

FSI Enable/Disable Following

FSK  Enable Following Learn mode

FSL  Enable following Self Correction mode
FSN  Enable Pulse and Direction following
FSP  Enable Position Tracking
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OSA
0SB
OSsC
OSD
OSE
0SG
OSH

Returning the System

If your SX system is faulty, you must return the drive and motor for replacement or repair. A failed
drive can damage motors. If you must return your SX to effect repairs or upgrades, use the follow-
ing steps:

Step O

Step O

Step O

Step O

Define Active Level of Limit Switches 1 = Active Low (N.O.)
Enable back-up to home switch

Define Active Level of Home switch 1=Active high signal
Enable Encoder Z channel Input for Homing

Enable Jogging

Define Final Home approach direction 1=CCW

Define Active edge of home switch to stop on 1=CCW

Get the serial number and the model number of the defective unit(s), and a purchase order number to cover
repair costs in the event the unit is determined by Parker Compumotor to be out of warranty.

Before you ship the drive to Parker Compumotor, have someone from your organization with a technical
understanding of the SX Indexer/Drive and its application include answers to the following questions:

O

O 0o o0od

Ooo0Oooogood

Call

What is the extent of the failure/reason for return?
How long did it operate?

How many units are still working?

How many units failed?

What was happening when the unit failed (i.e., installing the unit, cycling power, starting other equipment,
etc)?

How was the product configured (in detail)?

What, if any, cables were modified and how?

With what equipment is the unit interfaced?

What was the application?

What was the system sizing (speed, acceleration, duty cycle, inertia, torque, friction, etc.)?

What was the system environment (temperature, enclosure, spacing, unit orientation, contaminants, etc.)?

What upgrades, if any, are required (hardware, software, user guide)?

Parker Compumotor’s Applications Engineering Department [(800) 358-9070] for a .i.Return Material

Authorization (RMA); number. Returned products cannot be accepted without an RMA number.

Ship the unit to: Parker Compumotor Corporation

5500 Business Park Drive, Suite D
Rohnert Park, CA 94928
Attn: RMA # XXXXXXX
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A

absolute encoder 35, 44

Absolute mode 42, 78

AC power 30

ACC 146

accumulative error 122, 127

accuracy 41

advance 116, 120, 124
encoder sample rate 117

final following percentage 117
following acceleration constant

124

initial following percentage 117

phase relationship 116

positional relationship 116
air flow 36
Angular Misalignment 37
AR-C

DIP switches 45
AR-C Absolute Encoder 29
AR-C absolute encoder 44
AR-C Decoder Box 35
AR-C decoder box 44
Automatic Standby 19

B

backlash 52
compensation 52

backlash compensation 52

BASIC 67

battery backed RAM 56

battery-backed RAM 58

baud rate 23

BCD 85

branching 70, 75

breakpoints 121

brownout protection 1

C

cam 127

cam cycle 122

cam following 127

cam profile 127

CE 176

closed-loop operation 34

closed-loop position correction 46

coil winding 103
communication parameters 22
Compumotor motors 18
Condition statements 71
conditional branching 74
IF 75
input state 76
Conditional Looping 73
NWHILE 73
REPEAT 73
UNTIL 73
WHILE 73
conditional statements 72
Boolean Comparisons 73
error flag 72
Input State 72
user flag 72
constant value 67
Continuous mode 43, 44, 70
copper losses 32
Corcom® EP Series filter 10
core losses 32
current node 33
current ratings 31

D

daisy chain 23
daisy-chain 19
Data Inputs 89
data inputs 70

BCD 70

weighting 70
data strobe rate 95
data valid line 95
data valid switch 92
deadband window 47
debounce time 51, 87

debugging 165
I/0 simulation 166
report back 166
Trace mode 165
debugging tools 63
Single-Step mode 64
Trace mode 63
deceleration 122
device address 23
Dimensions 149
DIP switch settings
Automatic Test 5, 19
baud rate 19
device address 19
motor current 5
motor current settings 18
DIP switches 4, 9, 152
SW1 4
SW2 4
Direction+ 137
Direction- 137
distance point 77
double-flexed coupling 37
drive resolution 8

E

EARTH 17

eddy current 32

electrical noise 10, 162

electronic cam 127

ELSE 74

enclosure 36

Enclosures 161

encoder 44, 146
current 146
reducer 45
resolutions 45

encoder gear ratio 45

Encoder Step mode 44, 45, 47

End Float 37

Index
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end-of-travel limits 25
energized state 33
equations 138, 140, 141
Error Flags 72

Error Message mode 66
Error Messages 66
execution time 41

F
failed drive 167
fan kit 20, 30

fault output 145
FAULT sequence 59
filter 10
flange bolts 37
Following Acceleration 106
following acceleration 104
following commands 137
Following Encoder Absolute Point
120
Following mode 135
registration 135
following ratio
on-the-fly 116
Following Synchronized Acceleration
104
Fortran 67

G

Gauging Motor Resonance 39
tachometer 39
GND 146

H

handshake 96
Handshaking 22
hardware limits 8
heatsink 161
homing 53
host computer 22
How To Use This User Guide vi
How to Use this User Guide
Assumptions
Contents of This Manual vi
hysteresis 32

/O 20
fault output 27
Home Position input 25
programmable outputs 27
RS-232C 22
IF statement 74
immediate-status command 23

incremental encoder 29
inputs 29

incremental encoders 44
single-ended outputs 44

Incremental mode 42, 77

Indexer mode 100

INLK 17

INLK jumper 9

inputs 81, 144
reverse voltage 145
sink current 145
voltage range 144

internal thermostat 9

internal timer 41

J

Jogging 136
FOL 136
Following mode 136
Jog Acceleration 136
power-up sequence 136
jogging 51
CCW jog input 52
CW jog input 52

L

LEDs 162
Overtemp LED 162
Power LED 162
Undervoltage LED 162
load 37
loop commands 71
Looping 71

M

math functions 69
Addition 69
Division 69
Multiplication 69
Subtraction 69
mechanical slop 44
metal fatigue 37
Microstepping 47
mid-range instability 38
misalignments 37
Motion Profiling 116, 120, 127

Motion Profiling mode 43, 77, 80

motor 155, 162
4 lead motors 12
4-Lead Motor 155
6-Lead Motor 155
8 lead motors 12
8-Lead Motor 156
Compumotor motors 12
motor waveform 40
motor case temperature 9
motor connector 17
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motor current 5
Motor Mounting
foot mount 37
motor resolution 19
Motor Step mode 45
motor windage 49
Motor Winding Inductance 147
motor/driver wire size 17
motors 31
current 158
heating 31
inductance 31
motor cables 17, 157
Motor Specifications (57 & 83
Series Motors) 148
mounting 35
clearance 36
minimum width 35
minimum-depth 35

N

NEMA 23 Motor 150

NEMA 34 Motor 150

nesting 59

NIF 74

noise immunity 30

non-Compumotor motors 158
4-Lead Motors 158
6-Lead Motors 158
8-Lead Motors 158
bipolar current 158
unipolar current 158

nonvolatile memory 58

O

ohmmeter 155
on-the-fly 77
distance 77
turn on outputs 77
velocity 77
Open-Loop mode 44
OPTO1 144
OPTO2 144
OPTO2 input 25
oscillation 39
oscilloscope 39
output functions 81
Output-On-Stall 49
outputs 33, 81, 145
pull-up resistor 145
pull-up voltage 145
reverse voltage 145
sink current 145
over-temperature protection 1
overheating 11



P

Panel Layout 36
Parallel configurations 11
parallel configurations 156
parallel data 89
TW2 mode 90
Parallel Misalignment 37
parallel misalignment 37
parametric oscillations 38
Pascal 67
peak motor loss 11
Peak shaft power 32
Peak total power 32
Phase A 17, 137
Phase B 17, 137
Pl type filter 10
pitch 103
PLC 26, 70, 94, 95
Miscellaneous Control 97
Parallel Data Read 95
Sequence Select 96
Position and velocity following 103
acceleration ramp 105, 108
applications 103
deceleration 109
FOL 114
following percentage 114
trigger 110
variations 103
Position Maintenance 46
Position Maintenance mode 47
Position Profile Mode 70
Position Tracking 104, 136
potentiometers 38
Phase A Offset 38
Phase B Offset 38
Phase Balance 38
power 30, 146
power supply 1
power up 62
sequences 62
power-up sequence 51, 52, 59
precautions 9
Preset mode 70
preset move 42
absolute position 42
power-up position 42
primary axis 100
programmable outputs 81
inductive load 27
programming 67
buffered commands 57
Immediate commands 57
nonvolatile memory 58
sequence 57
Pulse and Direction mode 137
Pulse Tracking 104

Q

quadrature signals 137

R

radial load 37
Recede 125
distance 125
following acceleration constant
126
initial following percentage 126
recede application 116
Recede Profile 141
Receding and advancing
following ratio 116
recommended strobe time 91
REG input 26
Registration 50
registration 51, 135
FOL 135
Following Synchronized Accelera-
tion mode 135
registration input 26, 51
repair 167
repeatability 41
Reset 92
Resonance 38, 49
resonance speed 39
Rigid coupling 38
ringing 47
Rotary stepper motors 37
RS-232C 7, 22, 58, 85
Baud Rate 7, 22
daisy-chain 24
Data Bits 7, 22
Full Duplex mode 7, 22
ground 22
Parity 7, 22
Receive Data 22
Stop Bit 22
Stop Bits 7
Transmit Data 22
RS-232C Baud Rate 154
RSV+ and RSV- 147

S

schematic
CW, CCW, and Home Inputs 145
Incremental Encoder Schematic
146
Outputs and Fault 146
REG and I1 - 18 Inputs 26, 145
secondary axis 100
Self Learn mode 133, 134
sequence
definition 58
power-up sequence 58
redefine 58
Sequence Branching Commands 57
sequence buffers 58
Sequence Debugging Commands
57
Sequence Execution Commands 57
Sequence Interrupted Run mode 87
Sequence Programming Commands
57
Sequence Scan mode 79, 87
Sequence Status Commands 57
sequence-select input 79
Sequences 56
sequences
variables 68
series configurations 11, 156
shaft couplings 37
double-flex 37
rigid 37
single-flex 37
short-circuit protection 1
sign bit 96
sine wave 40
single-flex coupling 37
sinusoidal current waveforms 40
smoothness 39
software limits 25
Spare Parts List 161
Speed/torque 148
Stall Detect mode 47
static loads 37
status-request commands 23
stepper motors 49
Resonance 49
stop input 66, 78
Stop-On-Stall 48
position error 48
SX 3, 18
high-power 3, 18
low-power 3, 18
synchronism 47
Synchronization 104, 133
encoder pulses 133
latched count 133
primary axis 132
registration 132
secondary axis 133
sensor 133
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synchronization 106, 135

Synchronization mode 132

T

Temperature 143
drive 143
motor case 143
terminal 22
terminal blocks 17
thermal dissipation 32
thermal interface 9
thumbwheel switches 26
thumbwheels 70
time delay 70
time-based motion 108
TM8 Module 88, 91
tools 4
Trace mode 73, 74
transformer 30
earth ground 30
trigger 76, 79, 110
trigger input 79
Triggers 85
tune 40
tuning 38
potentiometers 38

U

update rate 47
User Flags 72

V

variables 67
general-purpose 68
read-only 68

Velocity following 101
applications 101
preset move 103

velocity following 100, 101

viscous damper 38

viscous dampers 50

volt-amp ratings 32
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waveform 50
waveform matching 40
waveforms 40

WHEN sequence 59

Z

Z channel 53



APPENDICES

Command Listing

“—Quote Command
#—Step Sequence
:—Comment Field

A—Acceleration

[ABS]—Absolute Encoder Comparison
AD—Deceleration

[AND]—Boolean AND Operator

B—Buffer Status Report

BCPE—Buffered Configure Position Error

BCPG—Buffered Configure Proportional
Gain

BCPM—Buffered Configure Proportional
Max.

BL—Backlash

BRK—Break Command

BS—Buffer Status Report

C—Continue

CEW—Configure Error Window
CIT—Configure In Position Time
CPE—Configure Position Error
CPG—Configure Proportional Gain
CPM—Configure Proportional Maximum
CR—Carriage Return

D—Distance
DCLR—Clear Display

DCNT—Enable/Disable Pause and
Continue

DFS—Display Flags for Drive
Parameters

DFX—Display Flags for Indexer Status
DIN—Disable Inputs

DLED—Turn RP240 LEDs On/Off
DOUT—Disable Outputs
DP—Distance Point

DPA—Display Actual Position
DPC—Position Cursor

DPE—Display Position Error

DPI—Display Position Indexer
DR—Display Parameters

DRD—Read Distance Via Parallel I/O
DSTP—Enable/Disable Stop
DTXT—Display Text Data on RP240 LCD
DVA—Display Actual Velocity

DVO—Display Variable Data on RP240
LCD

DVS—Display Velocity Setpoint
DW—Dead Band Window

E—Enable Communication Interface
ELSE—Else

ER—Configure Encoder Resolution
[ER]—ETrror Flag Operator

F—Disable Communication Interface

FAC—Set Following Synchronization
Rate

FBS—Following Base
FC—Following Learn Count

FEN—Set Following Synchronization
Count

[FEP]—Following Encoder Position
Comparison

FIN—Following Increment

[FL]—User Flag Operator

FOL—Following Percent

FOR—TFollowing Ratio

FP—Following Encoder Point

FPA—Following Encoder Absolute Point

FRD—Read Following Via Parallel I/O

FS—Encoder Function Report

FSA—Enable Following Mimic Mode

FSB—Enable/Disable Encoder Step
Mode

FSC—Enable/Disable Position Mainte-
nance

FSD—Stop on Stall

FSF—Enable Following Synchronized
Acceleration

FSG—Stop Position Maintenance Move

on Limit Encountered

FSH—ADbort Position Maintenance on

Limit Encountered

FSI—Enable/Disable Following Mode

FSK—Set Following Learn Mode

FSL—Enable/Disable Self Correction
Mode

FSM—Set Absolute Encoder
FSN—Set Pulse Following
FSP—Set Tracking Mode

G—Go

GD—Go Defined
GDEF—Move Definition
GH—Go Home

GHA—Go Home Acceleration
GHAD—Go Home Deceleration
GHF—Go Home Final Velocity
GHV—Go Home Velocity
GOSUB—GOSUB Sequence
GOTO—GOTO Sequence

H—Set Direction
"H—Backspace
HALT—Halt

ID—Immediate Distance
IF—If

IN—Set Input Functions
[IN]—Input Flag Operator
INA—CW Limit Status
INB—CCW Limit Status
INC—Home Limit Status
INL—Set Active Input Level

INR—Enable/Disable Registration Input

I0—Immediate Output
IS—Input Status Report
IV—Immediate Velocity
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JA—Jog Acceleration
JAD—Jog Deceleration
JVH—Jog Velocity (High)
JVL—Jog Velocity (Low)

K—Kill

L—Loop

LAD—Limit Deceleration

LD—Limit Disable

LF—Line Feed

LRD—Read Loop Count via Parallel I/O

MC—Mode Continuous
MN—Mode Normal

MPA—Mode Position Absolute
MPI—Mode Position Incremental
MPP—Mode Position Profile
MR—Configure Motor Resolution

MSP—Maximum Synchronization
Percent

MV—Maximum Correction Velocity
MW—Set Motor Waveform

N—End of Loop
NG—End Position Profile
NIF—End of IF
NWHILE—End of While

O—Output

OFF—Off

ON—On

[OR]—Boolean OR Operator
OS—Function Set-Up Report

OSA—Define Active State of Limit
Switch/Sensor

OSB—Backup to Home Switch

OSC—Define Active State of Home
Switch

OSD—Enable Encoder Z Channel Input
OSE—Jog Enable

OSF—Acknowledge STOP & KILL Inputs
On Power-up

OSG—Final Homing Direction
OSH—Reference Edge of Home Switch

OSl—Save Sequence Scan Mode on
Stop

0OSJ—Configure Z-Channel Search
Mode

OUT—Output Functions
OUTL—Set Active Output Level
OUTP—Output on Position

PF—Follower Position Report
PFZ—Set Follower Counter to Zero
PHZ—Zero Motor Phase

SX/SXF Indexer/Driver User Guide

[POS]—Position Counter Comparison
PR—Absolute Position Report
PS—Pause

PU—Configure Square Wave Output
PUL—Activate Square Wave Output
PX—Report Encoder Position
PZ—Set Absolute Counter to Zero

QO—EXxit Velocity Profiling Mode
Q1—Enter Velocity Profiling Mode

R—Request SX Status
RA—Limit Switch Status Report

RB—Loop, Pause, Shutdown, Trigger
Status Report

REG—Configure Registration Move
REPEAT—Repeat
RG—Go Home Status Report

RIFS—Return Indexer to Factory
Settings

RM—Rate Multiplier in Velocity Stream-
ing Mode

RS—Report Status Sequence Execution

RSE—Report Servo Errors

RSIN—Set Variables Interactively

RV—Revision Level

RVV—Report RevisionVerbose

S—Stop

SCR—Set Standby Current Reduction
SFL—Set User Flag

SL—Software Limits

SLD—Software Limits Disable
SN—Scan Delay Time

SP—Set Position Absolute

SPA—Set Position Zero
SS—Function Set-Up Report
SSA—RS-232 Echo Control

SSC—Enable End of Move In-Position
Window

SSG—Clear/Save the Command Buffer
on Limit

SSH—Clear/Save the Command Buffer
on Stop

SSI—Enable/Disable Interactive Mode

SSJ—Enable/Disable Continuous Scan
Mode

SSL—Enable Resume Execution
SSN—Set Message Mode

SSP—Clear All Position Offsets with PZ,
PFz

SSR—Enable/Disable Fault On Shut-
down

ST—Shutdown
STOP—Stop
STR—Set Strobe Output Delay Time

T—Time

TD—Set Input Debounce Time

TDR—Set Registration Input Debounce
Time

TEST—Test

TF—Set Following Time

TM—Move Time Report

TR—Wait for Trigger

TRD—Read Timer from Parallel I/O

TS—Trigger Input Status

TW—Thumbwheel Input Mode

TX—Transmit Variable and String

U—Pause and Wait for Continue
UNTIL—Until

V—Velocity

VAR—Variables

VARD—Read Variables via Parallel /0

VARN=FUN—Enable and Read Function
Keys

VARN=NUM—Enable and Read Numeric
Keypad

VRD—Read Velocity via Parallel /10

VS—Start/Stop Velocity

W1—Signed Binary Position Report
W2—Hexadecimal Position Report

W3—Signed Hexadecimal Position
Report

WHEN—Set When Condition
WHILE—While

XBS—Sequence Memory Available
Report

XC—Sequence Checksum Report
XD—Sequence Definition
XDIR—Sequence Directory
XE—Sequence Erase

XEALL—Erase All Sequences
XFK—Set Fault or Kill Sequence
XG—GOTO Sequence
XQ—Sequence Interrupted Run Mode
XR—Run a Sequence

XRD—Read Sequence via Parallel 110
XRP—Sequence Run with Pause
XS—Sequence Execution Status
XST—Sequence Step Mode
XT—Sequence Termination
XTR—Set Trace Mode

XU—Upload Sequence

XWHEN—Set When Sequence

Y—Stop Loop

Z—Reset



SX Example Programs

The following programs are example sequences to show general programming flow for the SX Indexer/Drive. These are not
intended to be an actual application solution. For more example programs call the Compumotor BBS number at 707-584-4059 or
look on the Xware diskette.

:‘REFER_TO_THE_SX_SOFTWARE_REFERENCE_GUIDE_OR_EARLIER_IN
;THIS_USER_GUIDE_FOR_MORE_INFORMATION_CONCERNING_SPECIFIC
:COMMANDS_AND_WHAT_THEIR_FUNCTIONALITY_IS_IN_THESE_EXAMPLE
;PROGRAMS.
;This_program_is_the_power_up_sequence.__Sequence_#100_is_always_the_power
;up_sequence.__All_of_the_applicable_set_up_parameters_for_the_other_sequences
;are_typically_set_in_the_power_up_sequence.__Anything_that_needs_to_be_set
;or_enabled_but_isn’t_changed_again_should_be_placed_in_the_power_up_
;sequence.__This_example_also_uses_the_sequence_selecting_feature_of_the
;SX.__Anytime_it_is_not_in_the_middle_of _a_sequence_already,_a new_
;sequence_can_be_run_by activating_the_appropriate_inputs_that_are_defined
;as_sequence_select_inputs.

1XE100 ;erase_sequence_#100_(power_up_sequence)
1XD100 ;begin_definition_of_sequence_#100
1XFKO ;disable_fault_or_kill_sequence_NOTE:_this_allows_

;someone_to_be_able_to_kill_the_program_execution
;immediately_after_powering_up_so_they_can_edit
;the_programs

10SA0 ;set_hard_limit_inputs_for_normally_closed_switches
1LAD100 ;set_limit_deceleration_to_100_rps

1LDO ;enable_both_hard_limits

1GHA50 ;set_go_home_acceleration_to_50_rps

1GHADS0 ;set_go_home_deceleration_to_50_rps

1GHF.5 ;set_final_homing_velocity to 0.5 rps

1GHV2 ;set_initial_homing_velocity_to_2_rps

10SCo ;set_home_input_active_level_for_normally_open_switch
10SB1 ;enable_backup_to_home_function

10SG1 ;set_final_homing_approach_direction_to_ CCW

10SHO ;set_home_switch_reference_edge_to_CW(nearest_to_CW_limit)
1INLO ;set_inputs_active_level_for_normally_open_switches
1IN1A ;set_input_#1_to_a_trigger_input_(default_type)

1IN2C ;set_input_#2_to_a_kill_input

1IN3J ;set_input_#3 to_a_jog_CW_input

1IN4K ;set_input_#4 to_a_jog_ CCW_input

1IN5L ;set_input_#5_to_a_jog_velocity_select_input

1IN6B ;set_input_#6_to_a_sequence_select_input_(weighting=1)
1IN7B ;set_input_#7_to_a_sequence_select_input_(weighting=2)
1IN8B ;set_input_#8 to_a_sequence_select_input_(weighting=4)
1SN50 ;set_sequence_scan_input_debounce_time_to_50_milliseconds
1TD10 ;set_general_input_debounce_time_to_10_milliseconds
1JA100 ;set_jog_acceleration_to_100_rps

1JAD100 ;set_jog_deceleration_to_100_rps

1JVH10 ;set_jog_velocity_high_to_10_rps

1JVLO.5 ;set_jog_velocity_low_to_0.5_rps

10UT1A ;set_output_#1_to_a_programmable_output_(default_type)
10UT2J ;set_output_#2_to_a_strobe_output

10UT3J ;set_output_#3_to_a_strobe_output

10UT4J ;set_output_#4_to_a_strobe_output

1STR100 ;set_strobe_output_delay_time_to_100_milliseconds
1XQ1 ;set_sequence_interrupted_run_mode

1SSJ1 ;enable_sequence_scan_mode

1XFK99 ;set_fault_or_kill_sequence_to_be_sequence_99

1SFLO ;initialize_user_flag_to_zero

1IXT ;end_definition_of_sequence_#100

;This_sequence_performs_a_simple_preset_move_(MN)_at_5 rps.__It_will
;cause_the_motor_to_travel_a_distance_of _50000_steps_(2_revolutions_with
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;the_default_drive_resolution_setting)._This_sequence_can_be_run_by
;activating_input_#6_(sequence_select_weighting_of 1)

1XE1l ;erase_sequence_#1

1XD1 ;begin_definition_of_sequence_#1

1A50 ;set_acceleration_to_50_rps

1AD50 ;set_deceleration_to_50_rps

1V5 ;set_velocity to_5_rps

1D50000 ;set_distance_to_50000_steps

1MPI ;set_SX_to_incremental_positioning_mode
1MN ;set_SX_to_preset_distance_mode

1G ;start_move_(GO)

1IXT ;end_definition_of_sequence_#1

;This_sequence_is_a_simple_example_of_a_registration_move.___The_SX_is_put_into

;continuous_mode_and_the_continuous_move_is_started_with_the_G_command.__
;I will_move_at_3_rps_until_the_registration_input_goes_active_(or_a_limit_is_
;encountered).__ After_the_registration_input_goes_active,_the_motor_will
;decelerate_at_10_rpss_to_a_velocity _of 0.1_rps_and_travel_25000_steps_from_
;the_point_at_which_the_registration_input_was_seen_as_active._(within_50_
;seconds)._If_it_never_sees_the_registration_input,_the_motion_will_stop
;at_the_software_or_hardware_limits._This_sequence_can_be_run_by
;activating_input_#7_(sequence_select_weighting_of 2)

1XE2 ;erase_sequence_#2

1XD2 ;begin_definition_of_sequence_#2

imMC ;set_SX_to_continuous_positioning_mode
1A100 ;set_acceleration_to_100_rps

1AD100 ;set_deceleration_to_100_rps

1v3 ;set_velocity to_5_rps
1REG1,A100,AD10,V0.1,D25000 ;define_the_registration_move

1G ;start_continuous_move_(GO)

1IXT ;end_definition_of_sequence_#2

;This_sequence_performs_a_more_complex_move_profile.__The_motion
;begins_at_velocity 5 rps_and_then_runs_at_this_velocity_for_2_seconds.
;After_the_2_seconds,_the_velocity_is_changed_to_1 rps.__ The_program
;then_waits_for_a_trigger_input_(trigger_#1).__After_the_trigger_is
;activated_the_velocity_is_changed_to_0.1_rps_for_the_rest_of

;the_move._ The_MPP_mode_is_used_to_allow_the SX to_
;process_other_commands_while_a_move_is_in_progress._
;If_not_in_MPP_mode_the_SX_will_wait_until_the_current_move
;is_completed_before_processing_the_next_command._This_sequence_can_be_run_by
;activating_input_#6_&_input_#7_together_(sequence_select_weighting_of 1 _and_2 = 3)

1XE3 ;erase_sequence_#3

1XD3 ;begin_definition_of_sequence_#3
1MN ;set_SX_to_preset_distance_mode
1MPP ;enable_mode_position_profile
1A50 ;set_acceleration_to_50_rps
1AD50 ;set_deceleration_to_50_rps

1V5 ;set_velocity to_5_rps

1D500000 ;set_distance_to_500000_steps

1G ;start_move_(GO)

1T2 ;wait_2_seconds_before_continuing
11 ;reduce_velocity to_1 rps

1TR1 ;wait_for_trigger_#1

1v0.1 ;reduce_velocity _to_0.1_rps

ING ;exit MPP_mode

1IXT ;end_definition_of_sequence_#3

;This_sequence_performs_a_homing_function.__It starts_the_
;homing_move_with_the_GH_command_and_will_stay on_this
;command_until_the_home_switch_is_found_or_both_end_of
;travel_limits_are_hit.__ The_position_counter_is_then_zeroed
;after_the_successful_home.__If both_limits_are_hit_before_the
;home_switch_is_found_the_fault_sequence_is_run._This_sequence_
;can_be_run_by_activating_input_#8_(sequence_select_weighting_of 4)
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1XE4 ;erase_sequence_#4

1XD4 ;begin_definition_of_sequence_#4
1GH ;start_a_go_home_move

1Pz ;zero_the_position_counter

1IXT ;end_definition_of_sequence_#4

;This_sequence_puts_the_SX_into_jogging_mode_so_the_motor's
;motion_can_be_controlled_with_the_defined_jog_inputs_and
;jog_velocity_select_input.__The_sequence_waits_for_the_
;trigger_input_to_go_active_to_signal_an_end_to_the_jog
;mode._This_sequence_can_be_run_by_activating_input_#6___
;&_input_#8_together_(sequence_select_weighting_of 1_and_4_=_b5)

1XES5 ;erase_sequence_#5

1XD5 ;begin_definition_of_sequence_#5
10SE1 ;enable_jog_mode

1TR1 ;wait_for_trigger_#1

10SEO ;disable_jog_mode

1IXT ;end_definition_of_sequence_#5

;This_is_the_fault_or_kill_sequence_(error_handling).__The_SX_will_run_this
;sequence_if_a_kill_is_commanded_or_a_general_fault_occurs.__The_SX_User
;Guide_lists_the_faults_that_will_call_the_fault_sequence.__The_sequence_first
;disables_any _mode_or_condition_that_may_still_be_active_to_prevent_further

;motion_from_occuring.__It_then_checks_the_error_flag_to_see_what_error_

;occurred.__This_fault_sequence_is_not_comprehensive_of_all_the_errors_that
;are_flagged_by the_error_flag._ The_sequence_finally_prompts_the_operator
;if_they_want_to_rehome_and_continue_or_just_continue.__If a_system_fault

;ocecurs_the_program_flow_will_stop.

1XE99 ;erase_sequence_#99_(fault_or_kill_sequence)
1XD99 ;begin_definition_of_sequence_#99

1XFKO ;disable_the_fault_or_kill_sequence

10SEO ;disable_jog_mode_if_active

1SSJO ;disable_sequence_select_mode

ING ;exit_ MPP mode_if_in_it

1IF(ER1) ;check_if CCW_limit_was_hit
1"CCW_Limit_Hit ;print_error_message

1SFL1 ;set_user_flag

INIF ;end_of _if_statement

1IF(ERX1) ;check_if CW_limit_was_hit

1"CW_Limit_Hit

1SFL1

INIF

1IF(ERXX1) ;check_if it_is_a_system_fault
1"System_Fault_Occured

1ST1 ;shutdown_the_drive

1SFL1

1XG98 ;goto_non-existant_sequence_to_stop_everything
INIF

1IF(FLO) ;check_if _user_flag_has_been_set
1"Kill_Commanded ;if_it_hasn’t_then_kill_caused_the_jump_to_#99
INIF

1CR ;print_carriage_return
1"Activate_input_#1_to_resume_sequence_select_mode.

1CR

1"Activate_input_#8_to_rehome_and_then
1"resume_sequence_select_mode.

1CR

1CR

1REPEAT ;wait_for_input_to_be_activated
TUNTIL(INXXXX1_OR_INXXXXXXXXXXX1)

TIF(INXXXX1) ;check_if_input_#1_is_active
1XG100 ;goto_sequence_#100

INIF

TIF(INXXXXXXXXXXX1) ;check_if_input_#8 is_active
1XR4 ;gosub_sequence_#4
1XG100 ;goto_sequence_#100

INIF

IXT
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APPENDIX C

LVD Installation Instructions

Complying with the Low Voltage Directive (LVD)

The SX Drive, when installed according to the procedures in the main body of this user guide, may
not necessarily comply with the Low Voltage Directive (LVD) of the European Economic Commu-
nity. To install the SX Drive so that it complies with LVD, you must follow the additional procedures
described in this appendix. If this is not done, the protection of the product may be impaired.

For more information about LVD, see 73/23/EEC and 93/68/EEC, published by the European
Economic Community (EEC).

Additional Installation Procedures for LVD Compliance

Environmental Conditions

Pollution Degree The SX Drive is designed for pollution degree 2.
Installation Category The SX Drive is designed for installation category II.

Electrical

Connecting and Disconnecting Power Mains

The SX Drive’s protective earth connection is provided through its make first/break last earth
terminal on the power mains connector. You must reliably earth the SX Drive’s protective earth
connection. Attach or remove the SX Drive’s power plug only while input power is OFF.

Isolation Transformer

The SX Drive’s mains voltage is limited to 120 VAC nominal, single phase. If your mains voltage is
higher, use an isolation transformer located between the power mains and the SX Drive. Your
isolation transformer should be insulated to ~2300V rms.

CAUTION
Do not use an autotransformer.

Line Fuses

Line fuses need to be added to protect the transformer and associated wiring. If the live wire cannot
be readily identified, fuse both phase conductors. The value of fuse required is given by:

(1.5 x VA)/(supply volts) [amps]
Fuse types should be anti-surge HBC.
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Providing a
Protective Earth
Connection for Motors
You must provide a connection from the motor to a reliable system earth. This connection provides &

protective earth for the motor contact point. The motor’s protective earth connection is important for
safety reasons, amdust not be omitted

Make connections according to the following instructions and diagram:

0 Use a spade lug in combination with a star washer and mounting bolt to make good contact with the bare
metal surface of the motor’s mounting flange.

O Use arecognized green/yellow safety conductor to make the connection between the motor and earth. Wiri
gauge must be no thinner than the current carrying wire in the motor’s power cable.

0 Resistance between the motor and earth must be no greater than 0.1 W. Use thicker gauge wire if the
resistance is too high.

Safety Earth
Cable
(greenlyellow)

Providing Protective Earth Connection for Motor

Mechanical

Installing in an Enclosure

The SX Drive must be installed within an enclosure. The enclosure’s interior must not be accessible
to the machine operator. The enclosure should be opened only by skilled or trained service
personnel.

Servicing the SX Drive
Changing Firmware
Only skilled or trained personnel should change firmware.
Changing Batteries

The SX Drive contains a replaceable lithium battery, of type Duracell DL2450, or Sanyo CR2450, or
equivalent. Only skilled or trained personnel should change batteries.

CAUTION
Danger of explosion if battery is incorrectly replaced.
Replace only with the same or equivalent type recommended by the manufacturer.

Disposal of Batteries

Dispose of batteries in accordance with local regulations.
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Do Not Replace Fuses

The SX Drive has no fuses designed to be replaced by the user. Fuse failure indicates that other compo.
nents have also failed. Fuses and other components should only be replaced by Compumotor or its
designated repair facilities.

Thermal Safety
The SX Drive May Be Hot

The SX Drive may reach high temperatures during normal operations, and may remain hot after power i
removed.

The Motor May Be Hot

The motor may reach high temperatures during normal operations, and may remain hot after power is
removed.

Sonic Pressure
High Sound Level

The sound level from some large frame step motors (NEMA 34, NEMA 42, and larger) may exceed 85
dBA. Actual sound level is application dependent, and varies with motor loads and mounting conditions.
Measure the sound level in your application; if it exceeds 85 dBA, install the motor in an enclosure to
provide sound baffling, or provide ear protection for personnel.

Table of Graphic Symbols and Warnings

The following symbols may appear in this user guide, and may be affixed to the products discussed in
this user guide.

Symbol Description

Earth Terminal

Protective Conductor Terminal

Frame or ChassisTerminal

Equipotentiality

Caution, Risk of Electric Shock

Caution, Refer to Accompanying Text

Hot Surface

oBBBITOr

Recycle Battery

BATTERY
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