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Important User Information

Because of the variety of uses for the products described in this
publication, those responsible for the application and use of this
control equipment must satisfy themselves that all necessary steps
have been taken to assure that each application and use meets all
performance and safety requirements, including any applicable laws,
regulations, codes and standards.

The illustrations, charts, sample programs and layout examples shown
in this guide are intended solely for purposes of example. Since there
are many variables and requirements associated with any particular
installation, Allen-Bradley does not assume responsibility or liability
(to include intellectual property liability) for actual use based upon
the examples shown in this publication.

Allen-Bradley publication SGI-1.1, Safety Guidelines for the
Application, Installation and Maintenance of Solid-State Control
(available from your local Allen-Bradley office), describes some
important differences between solid-state equipment and
electromechanical devices that should be taken into consideration
when applying products such as those described in this publication.

Reproduction of the contents of this copyrighted publication, in whole
or part, without written permission of Rockwell Automation, is
prohibited.

Throughout this manual we use notes to make you aware of safety
considerations:

Identifies information ¢ actices
ATTENTION Qe tifies information about practices or
circumstances that can lead to personal injury or

death, property damage or economic loss

Attention statements help you to:
* identify a hazard
* avoid a hazard

* recognize the consequences

IMPORTANT Identifies information that is critical for successful

application and understanding of the product.

Allen-Bradley is a trademark of Rockwell Automation



European Communities (EC) If this product has the CE mark it is approved for installation within

Directive Compliance

the European Union and EEA regions. It has been designed and
tested to meet the following directives.

EMC Directive

This product is tested to meet the Council Directive 89/336/EC
Electromagnetic Compatibility (EMC) by applying the following
standards, in whole or in part, documented in a technical
construction file:

e EN 50081-2 EMC — Generic Emission Standard, Part 2 —
Industrial Environment

* EN 50082-2 EMC — Generic Immunity Standard, Part 2 —
Industrial Environment

This product is intended for use in an industrial environment.

Low Voltage Directive

This product is tested to meet Council Directive 73/23/EEC Low
Voltage, by applying the safety requirements of EN 61131-2
Programmable Controllers, Part 2 - Equipment Requirements and
Tests. For specific information required by EN 61131-2, see the
appropriate sections in this publication, as well as the Allen-Bradley
publication Industrial Automation Wiring and Grounding Guidelines
For Noise Immunity, publication 1770-4.1.

This equipment is classified as open equipment and must be
mounted in an enclosure during operation to provide safety
protection.
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Preface

Who Should Use this
Manual

Purpose of this Manual

Safety Precautions

Read this preface to familiarize yourself with the rest of the manual.
This preface covers the following topics:

¢ who should use this manual

e purpose of this manual

* safety precautions

e contents of this manual

¢ related documentation

e conventions used in this manual
* receiving and storage information

* Allen-Bradley support

Use this manual if you are responsible for designing, installing,
programming, or troubleshooting the SLC™ Servo Module (catalog
number 1746-HSRV).

If you do not have a basic understanding of SLC 500™ products,
understand programmable controllers or cannot interpret the ladder
logic instructions required to control your application, contact your
local Allen-Bradley representative for information on available training
courses before using this product.

We recommend that you review one of the following before using the
software:

Publication Publication Number
Getting Results with RSLogix 500 9399-RL50GR
Al Series Installation Guide 9399-AllG

This manual is a user guide for the SLC Servo Module (catalog number
1746-HSRV). It gives you an overview of the SLC Servo Module and
describes the procedures you use to install, set up, use, and
troubleshoot the SLC Servo Module.

The following general precautions apply to the SLC Servo Control
Module.

Publication 1746-6.1.2 - July 2000
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ATTENTION

Only those familiar with the SLC Servo Control
Module and associated machinery should plan or
implement the installation, start-up, and subsequent
maintenance of the system. Failure to comply can
result in personal injury and/or equipment damage.

This product contains stored energy devices. To
avoid hazard of electrical shock, verify that all
voltage on the capacitors has been discharged before
attempting to service, repair, or remove this unit. You
should only attempt the procedures in this manual if
you are qualified to do so and familiar with
solid-state control equipment and the safety
procedures in publication NFPA 70E.

The system integrator is responsible for local safety
and electrical codes.

ATTENTION

An incorrectly applied or installed controller can
result in component damage or a reduction in
product life. Wiring or application errors, such as
undersizing the motor, incorrect or inadequate AC
supply, or excessive ambient temperatures can result
in malfunction of the drive.

This product contains ESD (Electrostatic Discharge)
sensitive parts and assemblies. Static control
precautions are required when installing, testing,
servicing, or repairing this assembly. Component
damage can result if ESD control procedures are not
followed. If you are not familiar with static control
procedures, refer to Allen-Bradley publication
8000-4.5.2, Guarding Against Electrostatic Damage
or any other applicable ESD Protection Handbook.

Contents of this Manual This manual provides specific information relevant to the SLC Servo
Module. The following table identifies the chapters, titles, and

contents.

Publication 1746-6.1.2 - July 2000
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Chapter Title Contents
1 Overview of the SLC Servo | Qverview information about
Module the product, its operation
and hardware features.
Describes interface
selection, the module’s use
of inputs and outputs, and
operating modes.
2 Selecting Power Supplies, | Information about selecting
Encoders and Drives the hardware to support an
SLC Servo Module.
3 Planning Hardware Interconnection diagrams
Installation for various hardware
interfaces for
communication with the SLC
Servo Module.
4 Installing Your SLC Servo Installation information.
Module
5 Wiring the SLC Servo Information about wiring
Module fast inputs, outputs, Estop
connections, power
supplies, encoders and drive
connections.
6 Testing Your SLC Servo Information about powering
Module Hardware up the SLC Servo Module,
testing the Estop and the
fast 1/0, integrating the axis
and testing the homing
function.
7 Setting Up and Configuring | Information about applying
Your SLC Servo Module power and configuring the
SLC Servo Module using
command parameters.
8 Programming the SLC Information about blend
Processor to Run the SLC move profiles, module
Servo Module communication interface,
command, and status
information. Describes
discrete bit and block
commands from the SLC
Servo Module.
9 Programming System Describes discrete block

Variables

commands for programming
position and online system
variables from the SLC
processor. Information to
understand servo module
and processor status
information.
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Chapter

Title

Contents

10

Troubleshooting

Information about
troubleshooting and error
handling.

Appendix A

Input/Output Quick
Reference

A quick reference of
parameters, commands,
status specifications, and
move profiles.

Appendix B

Cable Specifications

Specifications and wiring
diagram for 1746-HCA
cable.

Appendix C

Application Examples

Applications examples for
constructing programs using
the SLC processor.

Appendix D

Wiring Without the
Termination Panel

Information you need to
wire the SLC Servo Module
without a termination panel.

Related Documentation

The following documents contain additional information concerning

Allen-Bradley SLC Servo and SLC products. To obtain a copy, contact

your local Allen-Bradley office or distributor.

For: Read this Document: Document
Number:

An overview of the SLC 500 family of products SLC 500 Controller System Overview 1747-2.30

A description of how to install and use your Modular SLC 500 | SLC 500 Modular Hardware Style Installation & 1747-6.2

programmable controller Operation Manual

A description of how to install and use your Fixed SLC 500 SLC 500 Fixed Hardware Style Programmable 1747-621

programmable controller

Controllers Installation & Operation Manual

A training and quick reference guide for APS

SLC 500 Software Programmer’s Quick Reference

Guide

ABT-1747-TSG001

In-depth information on grounding and wiring Allen-Bradley
programmable controllers

Industrial Automation Wiring and Grounding

Guidelines

1770-4.1

An article on wire sizes and types for grounding electrical

National Electrical Code

Published by the

equipment National Fire
Protection
Assaciation of
Boston, MA

A complete listing of current Allen-Bradley documentation, Allen-Bradley Publication Index SD499

including ordering instructions. Also indicates whether the

documents are available on CD-ROM or in multiple languages

A glossary of industrial automation terms and abbreviations Allen-Bradley Industrial Automation Glossary AG-7.1
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Conventions Used in this
Manual

Product Receiving and
Storage Responsibility

The following conventions are used throughout this manual:

Bulleted lists provide information, not procedural steps.

Numbered lists provide sequential steps or hierarchical
information.

* Words that you type or select appear in bold.

¢ Key names match the names shown and appear in capital
letters.

* We use this symbol to represent a twisted pair:
Figure 0.1 Twisted Pair Symbol

Twisted Pair

* We use this symbol to represent a shielded twisted pair:
Figure 0.2 Shielded Twisted Pair Symbol

Shielded Twisted Pair YN

-

You are responsible for thoroughly inspecting the equipment before
accepting the shipment from the freight company. Check the item(s)
you receive against your purchase order. If any items are obviously
damaged, it is your responsibility to refuse delivery until the freight
agent has noted the damage on the freight bill. Should you discover
any concealed damage during unpacking, you are responsible for
notifying the freight agent. Leave the shipping container intact and
request that the freight agent make a visual inspection of the
equipment.
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Rockwell Automation
Support
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Leave the product in its shipping container prior to installation. If you
are not going to use the equipment for a period of time, store it:

¢ in a clean, dry location
 within an ambient temperature range of 0° to 65°C (32° to
149°F)

» within a relative humidity range of 5% to 95%, non-condensing

e in an area where it cannot be exposed to a corrosive
atmosphere

* in a non-construction area

Rockwell Automation offers support services worldwide, with over 75
sales/support offices, 512 authorized distributors, and 260 authorized
systems integrators located throughout the United States. In addition,
Rockwell Automation representatives are located in every major
country in the world.

Local Product Support

Contact your local Rockwell Automation representative for:

* sales and order support
* product technical training
e warranty support

* support service agreements

Technical Product Assistance

If you need to contact Rockwell Automation for technical assistance,
please review the information in the Troubleshooting chapter first.
Then call your local Rockwell Automation representative. For the
quickest possible response, we recommend that you have the catalog
number of your products available when you call. The Rockwell
Automation Technical Support number is:

1-603-443-5419
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On the Web For information about Allen-Bradley, visit the following World Wide
Web site:

http://www.ab.com/
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Chapter 1

SLC Servo Module
Overview

Overview of the SLC Servo Module

This chapter explains the basic functions of the SLC Servo Module,
and its hardware requirements. This chapter includes the following
SLC Servo Module topics:

¢ Overview
* Operation

* Specifications and compatibility

The SLC Servo Module (catalog number 1746-HSRV) is compatible
with the SLC 500 family and only used with SLC 5/03™ FRN 5.0, SLC
5/04™, or SLC 5/05™LC Servo Modules. The SLC Servo Module is
programmed for incremental, absolute or speed moves, depending on
the application.

IMPORTANT Place the SLC Servo Module as close to the SLC

processor as possible
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SLC Servo Module
Operation
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Figure 1.1 Example of an SLC Wiring

/O\ _/O\

SLC [1746- 1746-
5/04 [HSRV W16
[o] o]
CR-LPS-0503
+5V & =12V DC
Power Supply 1746-HCA Cable
CR-I0PS-241
+24V DC
Power Supply

1746-HT
Termination Panel

A-B 845

Encoder

The SLC Servo Module, compatible with the SLC family, is used with
SLC 5/03 FRN 5.0 (and above) processors using RSLogix 500, AI500 or
APS (version 5.0 or higher) software. Once the SLC processor is
initiated, the execution of the motion block is independent of the scan
time of the processor. Blended motion allows for complicated move
profiles consisting of two to thirty-two segments. The blended move
profiles are stored in the SLC Servo Module’s memory as a series of
absolute moves and can be executed more than once. Other move or
homing operations can be performed between blended move profiles.

The SLC Servo Module controls absolute position over a range of 32
bits. The SLC Servo Module performs an origin search (also called
homing) and automatically resets the absolute position to the home
position when the SLC processor requests a search function after

detecting one of the following:

e Encoder marker
¢ Limit switch

¢ Limit switch and marker

Tach Drive
Amplifier
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The SLC Servo Module operates in two modes:

¢ Configuration

e Command

When operating in the configuration or the command mode, the status
of the module is reported to the SLC processor.

Configuration Mode Operation

You can enter configuration mode only if the system is in Estop. In the
SLC Servo Module, you configure the SLC Servo Module by using M
files containing data provided by the SLC 5/03 (or versions listed
above) processors. All configuration parameters are internal to the SLC
Servo Module and stored in non-battery backed RAM.

In configuration mode, you select the proper setup configuration to
match the servo drive and motor without setting switches and without
special software. If you do not set up your own configuration, the
configuration is set to the default setting.

Command Mode Operation

Motor operations are performed in command mode. To operate in this
mode, set the mode flag (bit 15 in output word 0) to 0. In the
command mode, the SLC processor issues commands and activates
the following operations or moves:

* Absolute moves

¢ Incremental moves
* Speed moves

* Monitor moves

¢ Hold moves

¢ Unhold moves

* Blend moves

* Emergency stop operations
* Homing operations
* Preset operations

¢ Clear faults

¢ Alternate home moves
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SLC Servo Module
Specifications and

Compatibility

Publication 1746-6.1.2 - July 2000

Selected specifications for the SLC Servo Module appear in the table

below.
SLC Servo Module | Specification
Class 3
Number of Input 12
Words
Number of Output 12
Words
Selection for OTHER
Configuration (with 10114 as the number specified)
Configuration Mode Uses M files

Recommended I/0
Slot in SLC Rack

Slot 1 or the lowest numbered 1/0 slot for SLC
applications using the module interrupt option.1'2

Number of HSRVs in
one rack

12
with proper power supply

! There must not be other modules that generate module interrupts. Also, the STI and FAULT routines execute at a
higher priority than the module interrupt routine that is linked to the SLC Servo Module interrupt.

2 The SLC Servo Module does not function in a remote 1/0 rack.

The SLC Servo Module is compatible with:

* SLC 5/03 FRN 5.0 (and above) processors.

* RSLogix 500, AI500, or APS (version 5.0 or higher) software.



Chapter Z

Overview

Selecting a Power Supply
for the Backplane

Selecting Power Supplies, Encoders, and
Drives

In this chapter we explain how to select the hardware you need to
support an SLC Servo Module system. This chapter includes the
following topics:

* Selecting a power supply for the backplane
* Selecting a user-side power supply

¢ Using fast inputs and outputs

* Selecting an encoder

* Selecting a drive

The amount of hardware you need depends on how many axes your
application uses. Consult your local Allen-Bradley sales engineer or
distributor to help you select the equipment for your application.

IMPORTANT The term user-side refers to the .CODtI‘Ol circuitry on
the SLC Servo Module card that is powered by

customer-supplied power sources and isolated from
the control circuitry that is powered by the
backplane of an SLC rack.

Before you select a power supply, calculate the current requirements
for your backplane. Use the table below for SLC Servo Module
backplane current requirements:

Voltage Current Requirement
+5V J00A
+24V 104A

In your calculations, include the current requirements of the I/O
modules in your chassis. Refer to your SLC 500 documentation.
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Example of Calculations for Backplane Current Requirements

In this example, the system includes:

¢ One seven-slot modular rack

One 1747-1L543 CPU module
One 1746-1B8 DC input module with eight inputs @ +24V
One 1746-OV8 DC output module with eight outputs @ +24V

¢ An SLC Servo Module system that contains:
* SLC Servo Modules

* Termination panels

* Fast outputs

Allen-Bradley 845H encoders

* Fast inputs

Use the table below to find the current requirements of the devices
using backplane power. Those devices that are not included in the
backplane calculations are included in the example’s user-side

calculations.
Device +5V +24V
1746-1543 processor 1A .200A
SLC Servo Module .300A 0
1746-1B8 .040A 0
1746-0V8 125A 0
Total = 1.465A Total = .200A
If optional processor is used:
Device +5V +24V
1747-1532 processor .500A 175A
SLC Servo Module .300A 0
1746-1B8 .040A 0
1746-0V8 125A 0
Total = .965A Total =.175A
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Selecting a User-Side
Power Supply

Use the table below to find the power supplies Allen-Bradley recommends
for the backplane:

Power Supply | Operating Output Capacity
Voltage
Requirements 5V DC 24VDC
1746-P1 85-130V AC or 2A A46A
170-265V AC
1746-P2 85-130V AC or HA 96A
170-265V AC
1746-P3 19.2-28.8 DC 3.6A 87A
1746-P4 85-132V AC or 10.0A 2.88A
170-265V AC

You must provide a power supply that meets your system
requirements. The following devices require user-side power:

¢ SLC Servo Module
¢ Encoders

I/O modules

* Estop circuitry

e Fast inputs and outputs
You must select a power supply that meets the specifications of a NEC

class 2 power supply. The power supply must have +5V, +15V
capacity, and +24V capacity for fast I/O and Estop circuitry.

IMPORTANT

We recommend that you do not use the +24V
included with the 1746-P1, P2, P3, or P4 to power
your Estop or fast 1/0O.

Before you select a power supply, calculate the system’s user-side
current requirements.

IMPORTANT

The user-side power must be present for the SLC
processor to communicate with the SLC Servo
Module.
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Example of the Calculations for User-Side Current Requirements
In this example, the system includes:
* One seven-slot modular rack
* One 1747-L541 CPU module
* One 1746-IB8 DC input module with eight inputs @ +24V
* One 1746-OV8 DC output module with eight outputs @ +24V
¢ An SLC Servo Module system that contains:
* Two SLC Servo Modules
* Two termination panels
* Two Allen-Bradley 845H encoders
* Six fast inputs
* Two fast outputs
Use the table below to find the current requirements of the devices
that draw user-side power.
Device +5V +15V -15V +24V
1746-1B8 0 0 0 064A
1746-0V8 0 0 0 .800A
SLC Servo 150A .030A .030A 0
Module
Estop circuitry |0 0 0 .100A
6 fastinputs |0 0 0 015A
2 fast outputs |0 0 0 .100A
845H encoder |.200A 0 0 0
845H encoder |.200A 0 0 0
Total =.700A |Total = .060A |Total = .060A |Total = 1.079A
Using Fast |nputs and The fast I/O (FIN1through FIN3, and FOUT1) are 24V DC compatible
Out pllt S and are used with a user-side +24V power supply. Review potential
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24V DC I/O devices for compatibility with the electrical specifications
as shown in the table below.

Outputs (source drivers)

Specification

Rating

Ven (high-level, on-state output
voltage)

Refer to the specifications for your
user-side power supply

lon (high-level, on-state output current
for each output)

+24V @ .20A (for resistive and
inductive loads); +24V @ .10A (for
capacitive loads)

Turn on time 500 ps
Turn off time 500 ps
Inputs
Specification Rating
Vr(input low/high trip threshold) 10.51V (min)
12.5V (typ)
14.61V (max)
Vr(input high/low trip threshold) 6.4V (min)
8.3V (typ)
10.3V (max)
Vhyst 1.9V (min)
4.1V (typ)
6.5V (max)
INn@ 27V 2.5 mA (max)
Teo (input low/high debounce filter) | .2 msec (typ)
Tro-(input low/high debounce filter) | .2 msec (typ)
Vin (absolute max.) +75V (max)

The SLC Servo Module system supports Allen-Bradley 845H encoders.
Other encoders are compatible if they comply with the specifications
listed in the following table.

Selecting an Encoder
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Specification

Rating

Maximum
channel
frequency

Incoming quadrature frequency is limited by the following
relationship:

FQUAD (Hz) = (3334)(90°-EQ)
where:
EQ = quadrature error (degrees, electrical)

For example, for an 845H encoder with 22° quadrature error,
the maximum frequency would be:

FQUAD (Hz) = (3334)(90°-22° quadrature error) = 226,712 Hz

Important:The maximum quadrature error is a limit, and
system design should include acceptable margins.

Maximum axis
speed

The SLC Servo Module decodes the incoming encoder
feedback in quadrature to extract the maximum resolution with
four counts per electrical cycle. The maximum number of
encoder counts per second can be determined by:

Maximum # of counts/second = 4 counts/cycle x Fauan

The maximum axis speed as limited by the encoder feedback
would be:

(maximum # of counts/second)(60)

(4E)N)

where:

E = the number of encoder lines per revolution

N = number of revolutions of the encoder per inch or millimeter
of axis travel. (For a rotary axis, N = number of revolutions of
the encoder per revolution of the axis.) For a linear axis the
units are inches or millimeters per minute. For a rotary axis the
units are revolutions per minute.

Input signal

Encoder feedback must be differential with 5V compatible
output signals, open-collector outputs are not supported (i.e.,
channels A, B, and Z must have source and sink current
capability, 8830 line driver outputs or equivalent). The encoder
input must have a 0.00 to 0.80 for off state and 4.75 to 5.25 for
on state to encoder common reference.

Input sink current

7 mA (max)

Marker channel

Gated markers

Cable length

Depends on the user-side power supply. Power voltage at the
encoder must be greater than or equal to the power voltage
requirement specified by the manufacturer. The minimum
power requirement for the 845H is 4.75V, and the maximum
limit is 5.25V. To meet the power requirement of the encoder
and still attain maximum cable length, you can:

« Raise the voltage of the power supply to meet the
encoder requirement, but you cannot exceed the 5.25V
limit of the control.

« Increase the gage of the wire from the termination
panel to the encoder (12 AWG maximum).
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The SLC Servo Module supports Allen-Bradley 1386, 1388, 1389, 1391,
1392, 1394, and 1398 servo drive systems. References that help you
select a suitable drive system appear in the table below.

Selecting a Drive

Allen-Bradley | Publication | Title

Drive Number

1386 1386-2.0 DC Servo Drive Product Data Sheet

1388 1388-2.0 DC PWM Servo Drive Product Data Series B

1389 1389-2.0 AC Servo Amplifier System Product Data
Sheet

1391 1391-2.0 AC PWM Servo Controller Product Data
Sheet

1392 1392-2.1 High Performance AC Drive (460V and 230V)
Product Data

1394 1394-2.0 1394 Digital Multi-Axis Mation Control
Systems Product Data

1398 1398-2.0 ULTRA Series Product Data

The SLC Servo Module provides a +10V analog output to one drive
amplifier for a velocity command. This analog voltage is 11 bits plus
an additional sign bit (12 bits total) and interfaces to drive amplifiers
with a 2K through 20K ohm range. Servo drive signal analog out
specifications appear in the table below.

Specification Rating
Resolution 12 bits or 4.88 mV/bit
Output voltage swing 10V
Load range 2K through 20K ohms
Conversion time 100 ps
Output step response (20V
swing)

« Rise time 110 ps typical

« Qvershoot 5% typical

* Settling time 60ps typical
Differential linearity +1 LSB Max. (monotonic over the entire

temperature range)

Output offset voltage 500 pV (max)
Gain error drift 7 LSB (max)

Publication 1746-6.1.2 - July 2000



2-8 Selecting Power Supplies, Encoders, and Drives

Publication 1746-6.1.2 - July 2000



Chapter 3

General Wiring Practices

Planning Hardware Installation

This chapter provides guidelines regarding your hardware installation
and includes the following topics:

* Understanding general wiring practices
* Routing wires

¢ Classifying your conductors

* Placing your SLC Servo Module

Refer to your SLC 500 documentation for more information on these
topics.

General wiring practices include:

¢ Using shielded cables

* Routing wires

Using Shielded Cables

For many connections, we recommend shielded cable. Using shielded
cables and properly connecting their shields to ground protects
against electromagnetic noise interfering with signals transmitted
through the cables.

ATTENTION TGS avoid personal injury or equipment damage

caused by unpredictable axis motion in your system,
use shielded cable as directed in this manual.

Within a cable, pairs of wires are twisted together. Using a twisted pair
for a signal and its return path provides further protection against
noise.

Shield wires should be terminated at one end only. The termination

panel is a convenient place to connect all shield wires while providing
the necessary ground connection.
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Routing Wires
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Cut the shield wires on the opposite end at the cable jacket and tape it
to prevent contact with ground. We also recommend keeping the
length of leads that extend beyond the shield as short as possible.

In high noise environments, you connect shield wires at both ends of
the cable to improve the noise immunity of the system. If this is done,
terminate one end of the shield to ground through a 0.1 pf capacitor
to avoid ground loops in the system.

When you plan your wire route, classify wires and cables connecting
your SLC Servo Module system using the information in this table.
The table also tells you how to classify conductors and route cables.

IMPORTANT Remember to keep low-level signal conductors

separate from high-level power conductors.

Follow the practices outlined in Programmable Controller Wiring and
Grounding Guideline (publication 1770-4.1) to learn how to route
other conductors.
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C|assifying Your Use the table below for cable routing guidelines and determining wire
Conductors and cable functions.

For these wires To: Follow these guidelines for routing inside or

and cables: outside an enclosure:

AC power lines * Connect high-power AC I/0 lines to AC 1/0 * Route these high-power AC lines with machine
modules that are rated for high power and power conductors of up to 600V AC (feeding up
high noise immunity. to 100 hp devices) if this does not violate local

« Connect high-power DC I/0 lines to DC I/0 codes.
modules that are rated for high power or * Article 300-3 of the National Electrical Code
have input circuits with long time constant requires that all conductors (AC and/or DC) in
filters for high noise rejection. They typically the same raceway are insulated for the highest
connect to devices such as hard-contact voltage applied to any one of the conductors in
switches, relays, and solenoids. the raceway.

SLC Servo Module cable « Connect serial communication cables to * Properly shield conductors, where applicable,

(1746-HCA) and programming terminals or data terminals, and route them in separate raceways. If

termination panel wiring and connect them from the scanner to conductors must cross power feed lines, they
remote |/0 adapter modules or PLC should do so at right angles.
processors. * Route these lines at least 1 foot from 110V AC

« Connect low-power AC/DC 1/0 lines to 1/0 power lines, 2 feet from 240V AC power lines,
modules that are rated for low power such and 3 feet from 480V AC power lines.
as low-power contact-output modules. * Route these lines at least 3 feet from any

* Connect low-power DC I/0 lines to DC 1/0 electric motors, transformers, rectifiers,
modules that are rated for low power and generators, arc welders, induction furnaces, or
have input circuits with short time constant sources of microwave radiation.
filters to detect short pulses. They typically « |f the conductor is in a metal raceway or
connect to devices such as proximity conduit, that raceway or conduit must be
switches, photo-electric sensors, TTL grounded along its entire length.
devices, encoders, mation control devices,
and analog devices.

P|acing Your SLC Servo When you plan your SLC Servo Module placement:
Module

* Divide modules, as much as possible, into the following types:
 AC

High-level DC

Low-level digital DC (TTL, encoder, pulse output)

Analog 1/0

Intelligent I/O modules (for example, the SLC Servo Module)

* Place the SLC Servo Module as close to the SLC processor as
possible.

* Keep your SLC Servo Module as far away as possible from DC
and AC I/O modules. Distance protects the intelligent

(CPU-based) modules from the heat and electrical noise of the
DC and AC I/O modules.
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Place the SLC Servo Module on the left side of the chassis along
with other intelligent /O modules and the CPU.

Place DC and AC I/O modules on the right side of the chassis and
allow empty slots to remain between them and the SLC Servo
Module.



Chapter 4

Installing Your SLC Servo Module

This chapter provides guidelines for installing your SLC Servo Module
and includes the following topics:

* Unpacking and inspecting the SLC Servo Module system
* Installing the SLC Servo Module

* Grounding the SLC Servo Module

* Mounting the termination panel

* Connecting the termination panel

Unpacking and Inspecting
Your SLC Servo Module
System ATTENTION Before removing the contents from the shipping

carton, avoid electrostatic discharge that degrades
performances and damages the module by doing the
following:

* Touch a grounded object to eliminate static
charge from your body before handling the
module.

* Wear a wrist strap (for example, catalog number
8000-XESD) that provides a high-resistance path
to ground.

* Keep the module in its static-shield bag when not
in use.

For more information about electrostatic discharge
and how to guard against it, refer to Guarding
Against Electrostatic Damage - Using the ESD Kit
(publication 8000-4.5.2).
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Installing the SLC Servo
Module
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To verify that you received what you ordered:

1. Check the label on each shipping carton with your order.

2. Check the items received against the bill of lading by matching
the equipment nameplate description with the material ordered.

IMPORTANT Make claims for breakage and damage, whether
concealed or obvious, to the carrier as soon as

possible after receipt of the shipment. Allen-Bradley
gives the buyer reasonable assistance in securing
adjustment for damage claims.

The first component you install is the SLC Servo Module. After
installation, you connect the other components.

Figure 4.1 SLC Servo Module with Door Open

Not used

To Termination Panel

RUN
FDBK/U. PWR [
CONFIG INV 3

O

Note: The two switches on back are not used.

The table below provides a legend for the SLC Servo Module LEDs.

When: This LED is on:
Power is applied RUN
The feedback signal or user-side FDBK/U.PWR

power is lost
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When: This LED is on:
An invalid configuration is CONFIG INV
detected

ATTENTION

A

To avoid personal injury, equipment damage, or
performance degradation, remove backplane power
from the chassis and disconnect the 1746-HCA cable
before installing or removing a module.

ATTENTION

A

To avoid damage to a module or backplane
connector, do not force modules into the backplane
connector.

To insert a module into an I/O chassis:

1. Remove backplane power from the I/O chassis.

2. Remove user-side power from the SLC Servo Module.

3. Disconnect the 1746-HCA cable.

4. Align the larger of the two boards of the SLC Servo Module with
the card-edge guide at the bottom of the chassis.

5. Slide the module into the chassis.

6. Press the module firmly to seat it into the backplane connector.

7. Verify that the locking latches on the top and bottom of the
chassis hold the module in place.

IMPORTANT

The term user-side refers to the control circuitry on
the SLC Servo Module card that is powered by
customer-supplied power sources and isolated from
the control circuitry that is powered by the
backplane of an SLC rack.
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Grounding the SLC Servo

Module

Control Module

Backplane
Side

v

DS®—T xO D@

Before you install the rest of the system, you must ground the SLC
Servo Module. All of the shields and signal commons (normally
floating) are tied to earth ground at a single point. Use the EGND

terminal on the termination panel for this purpose.

IMPORTANT

Do not connect shields to earth ground at both ends
to avoid causing circuit loops that are susceptible to
radiated and coupled noise.

Figure 4.2 Typical Grounding and Shielding for the SLC Servo Module System

1746-HCA cable

Termination panel

User-supplied shielded cable

.-

Earth ground
through backplane
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] Drive CMD
Isolated Twisted T Drive
User ; —
Side pair (10 —~ 7:47 Channel A —
Axis Axis — Encoder
T T ®* 47 Channel B
1 shielded [
twisted o Channel Z
pair (x3) L D
:47 Encoder PWR
Optional LT
Overall EGND || L
cable shield External power
+24V
RET
see ATTENTION
/N
+5V
—15V
RET

User-side power supply

ATTENTION

To avoid unpredictable operation of your SLC Servo
Module use a separate +24V power supply and tie

the +24V return to the +5V return.

(The +5V, +15V,

and -15V returns are tied together on the SLC Servo

Module.)
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Mounting the Termination
Panel

Refer to the Figure 4.3 and Figure 4.4 when mounting the 1746HT
termination panel.

To mount the 1746HT termination panel:
1. Snap the termination panel onto the DIN-type rail (1492-DR2).
2. Position an end anchor on either end of the termination panel.
3. Secure the panel by tightening the end anchor screws.

The end anchor prevents the termination panel from sliding in either
direction on the DIN rail.

Figure 4.3 Mounting the Termination Panel

DIN Rail
-

End Anchor & Screw
—
(o @g

I |
I DRIVE | |

DRIVE []
DR RET
SHLD | | +

ENCOD

CH A.HI
CHA.LO
AB SHLD

Termination Panel

-

m

OO0O00O00O00| =000

CH B. HI
CHB.LO
Z SHLD
CH Z. HI
CHZ. LO =

ENCODER POWER
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Figure 4.4 Termination Panel and its Dimensions
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cOnnecting the Termination After mounting the termination panel, connect it to the SLC Servo
P I Module with the 1746-HCA cable. To connect the termination panel to
ane the SLC Servo Module:

1. Set the locking latches above and below the connector so the
latch reads OPEN.

2. Open the door of the SLC Servo Module.
3. Hold the connector as shown in Figure 4.5 (left) and insert it
into the D-sub connector on the SLC Servo Module until the

connector is seated.

4. Insert a small, flat-edge screwdriver next to the locking latch
located between the module door and connector.

5. Slide the locking latch to the right with your screwdriver.

6. Insert the small, flat-edge screwdriver next to the locking latch
located between the module door and connector.

7. Slide the locking latch to the left with your screwdriver.

8. Connect the other end of the cable to the 1746-HT termination
panel, as shown in Figure 4.5 (right).
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Figure 4.5 Connecting the 1746-HCA-Cable

Connecting to the Connecting to the
1746-HSRV 1746-HT
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Chapter 5

Overview

Complying with European
Union Directives

Wiring the SLC Servo Module

After mounting and connecting the termination panel, you wire fast
inputs, outputs, and your Estop string to the termination panel when
you wire the system power supply, encoders, and drives. This chapter
includes the following topics:

¢ Complying with European Union directives
* Wiring fast inputs and outputs

* Wiring hardware overtravels

¢ Connecting home limit switch as a fast input
¢ Wiring Estop connections

* Wiring power supplies

* Wiring encoders

* Wiring Allen-Bradley drive connections

* Connecting the velocity command

If this product is installed within the European Union or EEA regions
and has the CE mark, the following regulations apply.

EMC Directive

If this apparatus is tested to meet Council Directive 89/336
Electromagnetic Compatibility (EMC) in accordance with Article 10
(D), the following standards apply in whole:

¢ EN 50081-2 EMC-Generic Emission Standard, Part 2-Industrial
Environment

¢ EN 50082-2 EMC-Generic Immunity Standard, Part 2-Industrial
Environment

The product described in this document is intended for use in an
industrial environment and is not intended for use in a residential,
commercial or light industrial environment.

IMPORTANT To meet CE requirements, you .mu.st use the specified
Allen-Bradley cables and termination panel for the

SLC Servo Module (catalog number 1746-HSRV).
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Wiring Fast |nputs and On the termination panel, the +24V DC fast inputs and outputs of the
Outouts SLC Servo Module are routed from the connector (37-pin D-shell) to
utpu the fast I/O connector (7-pin pluggable) on the termination panel.

The fast I/O consists of:

* Fast inputs FI.1 through FI.3
¢ Fast output FO.1
e +24V DC and +24V DC return signals

We recommend 18 AWG wire for wiring fast I/O because it allows two
wires for each connection point. The termination panel accepts 12
AWG wire, but this allows only one wire per point.

Figure 5.1 shows a diagram of typical fast I/O connections. For
electrical dampening, a snubber is required to filter out electrical
spikes. The snubber is used for inductive and comparative loads on
the fast output.

Figure 5.2 and Figure 5.3 shows equivalent fast input and output
circuits.

IMPORTANT The input device' must C(?nnect between +24V DC
and the appropriate fast input. Fast inputs are +24V

DC referenced. The fast output is ground-referenced.
The output load must connect between the fast
output and ground.
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Figure 5.1 Typical Fast /0 Connections

ESTOP
: +24 L | O
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Figure 5.2 Equivalent Fast Input Circuit

+24V DC

‘%

1746-HCA

M)
N\

L L
Control Termination
Module Panel

Figure 5.3 Equivalent Fast Output Circuit

+24V DC

+

()]
<
o
[}

5 % L FO
+ 1746-HCA . : Do
>o—— 2 o

,,,,,,,,,,,,,,,,,,, J |

Contro Termination
Module Panel

Wiring Hardware Becau(sie Ctlhe }slys;erlrll must go i;ltohEstdop when a hardlm{are overtr?lvel i?
tripped, do the following to the hardware overtravel limit switches o
Overtravels cach axis:

* Wire them into the customer Estop string.

 Position them outside the software overtravels (see Figure 5.4).
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Connecting Home Limit
Switch as a Fast Input

Software Overtravel Limits

Software overtravel limits appear in the table below.

Name What it specifies Default | Range
Software overtravels used | Whether control checks Yes Yes (used) or
software overtravel limits No (not used)

When you are using a check, the SLC Servo Module tests each
program for motion past an overtravel limit before the programmed
motion is executed.

The SLC Servo Module monitors software overtravel limits
continuously during motion. Software overtravels are disabled during
homing and are not active until the axis is homed. Software overtravel
limits are located inside hardware overtravel limits. Hardware
overtravel limits cause Estop when tripped.

Figure 5.4 Software Overtravel Limits

- 0 +
Negative Overtravel Limit Positive Overtravel Limit
W10-W11 W8-W9
Negative Hardware Overtravel Limit Positive Hardware Overtravel Limit
(causes Estop) (causes Estop)

IMPORTANT Check posiFiV.e and nggative software and hardwa@
overtravel limits only if Overtravels Used (word 0, bit

7) is set.

You can configure the home limit switch to come from the termination
panel, or from the backplane by setting configuration word 1, bit 0.
The 1 represents termination panel Fast Input 3. The 0 represents
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5-6  Wiring the SLC Servo Module

backplane input. Though the exact position of home is not important,
it is important that the home position is:

* A repeatable resting place for the axis when it is not used.

* Free of obstruction from another moving axis.

To connect a home limit switch:

1. Place the limit switch near the home position that you want.

2. Adjust the encoder so that the marker is approximately 1/2
revolution from the limit switch closure.

IMPORTANT If you do not adjust the encoder, home can be off by

one encoder revolution.

Wiring Estop Connections  The SLC Servo Module detects and controls Estop conditions. Each
SLC Servo Module has a separate and independent Estop circuit. Refer
to the documentation that came with your drive for recommendations
on correctly wiring your external Estop string.

A hardware Estop is caused by the following:

* Broken wire in the user power cable.

* Power-fail signal from chassis backplane.

* Watch-dog time-out on SLC Servo Module.

* Software Estop conditions.

* A contact in the external Estop string or a broken/missing wire
opens the string (e.g., when someone pushes the Estop push

button).

Specifications for Estop relay on the SLC Servo Module appear in the

table below.

Specification Rating
Maximum contact voltage rating 80V DC max
Operate time 500ps average

Contact bounce

less than 200us average

Contact resistance

150 milliohms average

Contact rating

5.0VA @ 0.35A max
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Wiring the Estop for a One-Axis System

To wire the Estop for a one-axis system connect the following:

. _
e Drive enable =

* Estop reset pushbuttons (Res P.B., Res P.B., and Reset)
» Customer Estop String (String In and String Out)

ATTENTION TG avoid per.sonal inj.u'ry or hgrdware damage,
develop a fail-safe wiring design for your Estop

string.

* An Estop string (Figure 5.5) is connected in series and consists
of:

* Axis hardware overtravels
* Remote Estop

* Motor thermal switch

e Transformer thermal switch

* Drive fault
Wiring for Normal Operation

* Wire the Estop inputs for normal operation.
* Bench test your SLC Servo Modules.

¢ The Estop Reset pushbutton requires a two-pole single-throw
switch.

Maintaining Electrical Continuity

* Maintain electrical continuity on the termination panel between
the String Out and String In terminals to change from an Estop
state to a run state when pressing the Estop Reset pushbutton.

* While in the run state, loss of continuity between String Out and
String In places the SLC Servo Module in an Estop state.

* All motion is inhibited in the Estop state.
Verifying Connections and Operation
* Verify that the Estop wiring is connected correctly.

¢ Check the operation of devices wired between String Out and
String In.
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5-8  Wiring the SLC Servo Module

Figure 5.5 Ladder Diagram for a One-Axis System

+24V DC

A

CR1-1

Reset

CR1-4

W2

Control Module

|| Stnng Out
) || A
P2-7 « ... P2-6
+ Estop
? O; Res. P.B.
P2-8 To Estop Reset Request

"—O O ™= on Control Module

To Estop Status
on Control Module

String In

Customer
Estop
String

By (on) g

+24V DC Ret.

A

|
N

1N 4001

CR1-2

CR1-3

-

IMPORTANT

connector.

In this equivalent Estop circuit, P2 is a 25-pin D-shell

CR1-2 and CR1-3 are auxiliary contacts of CR1 used
in the drive interface. Use them for the drive enable
of each drive amplifier. CR1-3 is not always required.
For more information, see the drawings that

accompany your drive.

Specifications for the CR1 (Allen-Bradley P/N 700-HC 14Z24) appear
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in the table below.

CR1 Part Number

Coil

Contact

Arrangement

700-HC 14224

24V DC, 650 ohms

3A Resistive, 120V
AC

4 form C
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ATTENTION If you do not use the relay shown in Figur§ 5.8,
verify that your replacement relay has a coil

resistance greater than or equal to 650 ohms.

Figure 5.6 Estop Circuitry Diagram for a One-Axis System

1
1 1
1 1
: Estop Control Module \
' Reset Estop Estop '
' Request Contacts Status '
= s : =
1 1
1 1
Control 1 |
Module | !
! \ s , . !
1 1
1 1
1 1
1 1
L s e -
25-Pin D-Shell Connector
Res.
PB +24V
7 S B R 7/
Termination —— CR1-4
Panel CR1-1
“l |_ Res.
P.B.
<> —
H Stnng °
In ‘
String CR1-2 CR1-3
, HYN ) Cg E) (E ?)—/
| Lé) To Customer Drive
<~——>—/7_\ Enable Circuit
/
1
O Refer to Figure 4.1 for
Shield Connections
String Pilot
Cr2-1
|—® O
Estop
Reset P.B.
Cable Length Must (Customer-Supplied)

Not Exceed 10 m (32 feet)
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5-10  Wiring the SLC Servo Module

Figure 5.7 String Pilot Connection

Drive Fault Thermal Remote
Contact Overtravel ~ Overload E-Stop m
1l %Q—O’\é@ Qlo @
String Pilot
Customer

E-stop String

To wire Estop connections, refer to wiring diagrams for the drive you
are using. The wiring of six different Allen-Bradley compatible drives
is shown in the table below.

Figure Wiring Diagram

5.15 1386 DC Servo Drive

5.16 1388 DC PWM Servo Contraol

5.17,5.18 1389 AC Servo Amplifier!

5.19,5.20 1391 AC Servo Control Module Amplifier

5.21 1392 AC Servo Amplifier

5.22,5.22 1394 AC Servo Control Module Amplifier

5.24 1398 ULTRA 100™/200™ Series AC Servo Control
5.25 Module Amplifiers

5.26

! The 1389 servo drive requires a 115V AC power conductor (K1) to supply main power to the
drive amplifier. See the 1389 Servo Amplifier Installation Manual for details

Wiring the Estop for System with Two or More Axes

For a system with two or more axes, you must have a termination
panel and a SLC Servo Module for each axis. See Figure 5.8 and Figure
5.9 for the ladder diagram and Estop circuitry diagram for these
systems.

The Estop characteristics for this type of system are:

* SLC Servo Modules must be running before the system comes
out of Estop.

e If an axis drops into Estop, the system drops into Estop.
The power capacity of the user-supplied +24V DC power supply

determines the number of axes on one Estop string. Each Estop string
requires ~ 50 mA of current from the +24V supply.
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+24V DC
A

CR3-1

31

CR1-4

Py

CR2-4

&

CR3-4

i Estop Reset
—O O———>ToP2-
To P2-8 Control Module #2 Request

>—| |—> To P2 Control Module #1 Estop status P2-9
>—| |—> To P2 Control Module #2 Estop status P2-9
1>—| |—> To P2 Control Module #3 Estop status P2-9

Figure 5.8 Ladder Diagram for a Two-Axes or Three-Axes System

+24V DC
Return

1

Control Control Control
Module #1 Module #2 Module #3
P | P26 ponmmnnes - P2-6 poosne- - P26 string String
' ' , ; ; Qut In
A <> N I <> N I D e W
P i o Customer .
P2-7 L. J P2-7 L. J P2-7 L. H Estop
String S I

To P2-8 Control Module #1

To P2-8 Control Module #3

OIS

IMPORTANT HREAS the 25-pin D-shell connector on the SLC Servo
Modules.

Specifications for the CR1 (Allen-Bradley P/N 700-HC 14Z24) appear
in the table below.

CR1 Part Number | Coil Contact Arrangement
700-HC 14724 24V DC, 650 ohms 3A Resistive, 120V | 4form C
AC

IMPORTANT Usje CR1, CR2, and CR3.auxiliarY .contacts for the
drive enable of each drive amplifier. CR2 and CR3

are not always required.
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5-12  Wiring the SLC Servo Module

Figure 5.9 Estop Circuitry Diagram for a Two-Axes or Three-Axes System

Control Module #1 Control Module #2 Control Module #3
Estop  Control’s Estop  Control's Esto Estop  Control’s Esto
! Reset Estop o 1 Reset Estop suts ! © Reset Estop stts |
! Request Contacts ! ' Request Contacts ! ! Request Contacts 1
1 ' ' ' 1 '
| ? 4 H | | T A H | - 4 h |
ANUOW o] [ NUO o] [ NOOW o] 7
[ JEEE R -\ [ JEUSIE (RO DR I J [ JESUN IR RN i
25-pin D-shell 25-pin D-shell 25-pin
] $ connector ] t connector | ? D-shell
Res Res. Res. connector
P.B +24V PB.  +24V PB.  +24V
Terminaton | | 1 ::_ "1 [1erminaton || T -":: - "] [Terminaton || 1 "-::__ ]
Panel #1 CR1-1 CR1-4 Panel #2 CR2-1 CR2-4 Panel #3 CR3-1 CR3-4
¢ hHRes oL Res o Eeés.
<1 P.B. KD PB. <D B.
String S r@’ String ) r@ﬂ String >
In In In
= String o +24V = String b +24V = String ot +24V
Out CR1-2  CR1-3 Out CR2-2 CR2-3 Out CR3-2 CR3-3
SRS 995 A S 6 | IR 9 S NN 9 W | Y 19
To Drives To Drives To Drives
Customer Estop
Estop
’ : : Reset P.B.
String —0 (user-
supplied)
Wiring Power sllppﬁes Figure 5.10 shows how to wire a power supply for backplane and

user-side requirements and a +24V power supply for Estop circuitry to
the termination panel.
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Wiring the SLC Servo Module

Figure 5.10 Wiring a +5V, 15V, and a +24V Power Supply

N
+5V
+5V COMM H
L +15V
L2 +- 15V COMM @&
-15v EXT POWER
g J OLL ||+
@) RET
O +15V
+24V Power Supply O -/+RET
b ~ O -15V
O +24
14 AWG O +24RET
=i EGND
® AC HI Y —O
AC LO
+24V RET
1aawG @ | AANG
AC Line -
>— OO0 O O]

Electrical Cabinet
Ground Bus

To avoid unpredictable operation of your SLC Servo
Module, connect the +5V COMM to the +24V COMM.

ATTENTION

If voltage sources are coming from two separate
isolated power supplies, tie the +24V return to the
+5V return.

When you wire encoders, use a single, continuous, shielded cable
segment. Wire the cable directly from the encoder to the termination
panel.

Wiring Encoders

Cable length depends on the power supply for the user-side. Voltage
at the encoder must be within the voltage requirement limits specified
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5-14  Wiring the SLC Servo Module

by the manufacturer. Those limits for the 845H are a minimum voltage
requirement of 4.75V and a maximum voltage of 5.25V.

IMPORTANT The term user-side refers to the Fontrol circuitry on
the SLC Servo Module card that is powered by

user-supplied power sources and isolated from the
control circuitry powered by the backplane of an SLC
rack.

To meet the voltage requirement of the encoder and still attain
maximum cable length, you can do the following:

* Raise the voltage of the power supply to meet the encoder
requirement without exceeding the 5.25V limit of the SLC Servo
Module, measured at the module.

* Increase the gage of the wire connecting the termination panel
to the encoder (12 AWG maximum).

Figure 5.11 shows a circuit equivalent for channel A.

Figure 5.11 Encoder Feedback Equivalent Circuit

+5V

. , Differential
768 ohms : 1746-HCA Line Driver

0.01 microfarads | a

o aWg'
>Q< ChALO
M)
221 ohms N

O :
. 17 |
768 ohms Customer

Encoder

,,,,,,,,,,,,,

Control Module Termination Panel
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Wiring the SLC Servo Module ~ 5-15

To operate the encoder, wire the encoder so that marker Z is true at
the same time that A and B channels are true. To wire the encoder for
consistent homing of the axis, do the following:

1.

10.

11.

Obtain the encoder output timing diagram from the vendor’s
data sheets. A typical example is shown in Figure 5.12.

On the timing diagram, look at marker Z and its complement,
marker Z.

Determine which signal is low for most of the encoder
revolution and pulses high for the marker interval.

. Wire the signal that was determined in Step 3 to CH Z.HI on the

termination panel.

. Wire the other to CH Z.LO on the termination panel.

Look at channel B and its complement, channel B.

Wire CH B.HI on the termination panel to the signal that is high
for at least part of the marker interval. Depending on the
encoder manufacturer, it is possible that both channels meet this
requirement. If so, use either one.

Wire the complementary remaining phase to CH B.LO on the
termination panel.

Look at channel A and its complement channel A.
Wire the signal that is low for most of the encoder revolution
and pulses high for the marker interval to CH A.HI on the

termination panel.

Wire the complementary signal to CH A.LO on the termination
panel.

Typical Vendor Encoder Wiring

See your vendor’s encoder literature for the applicable timing
diagram.
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Figure 5.12 Typical Vendor Encoder Timing Diagram

See 1 in table below

laa——1 cycle — ]
— 90° fw—
Hi
Channel A
® T
See 2 in table below
| | T
z =
O ptional L
6 ‘ See 3 in table below

B
Wire CH B, CH A, and CH Z to CH B LO, Cow mtah“‘)fft‘
CHA LO and CH Z LO, respectively, viewing sha
on the termination panel. -
Location: | Shows:

1

Channel A is high for at least part of marker interval. You connect this
to CH A.HI of the termination panel.

2 High marker interval. You connect this to CH Z.HI of the termination
panel.
3 B is high for at least part of marker interval. You connect this to CH

B.HI of termination panel.

Encoder Feedback Direction

The encoder can

spin either CW or CCW for a given table direction

and the direction (phasing) of the feedback could be backwards.

You can change the direction of the feedback by switching channel A
wiring with channel B wiring. For encoder feedback connections, see
Figure 5.13 and 5.14.
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Figure 5.13 5V Encoder Feedback Connections

> >

o | |

Optical®
Encoder

ENCODER
CH A.HI 10 O —
CHA.LO OO /U
AB SHLD 0 O«
CH B. HI a0 w2
CHB.LO o O U
Z SHLD 0 Q——/]\
CH Z.HI 0O
CH Z.LO = O U
ENCODER POWER
+5V 90 ﬂ
RET g0
+15V [j:o j
SHLD T O

Case
Ground

+5V Return

! Use three pair 22 gauge individually twisted and shielded cable.
2 Use one pair 18 gauge twisted and shielded cable.
3 Encoders must have +5V compatible differential line drive outputs on channels A, B, and Z (DS 8830 or equivalent

(845H)).

Figure 5.14 15V Encoder Feedback Connections

o A
[o) B
XX 8
| ® z Optical ®
= Encoder
Z
® +15V Return

Case
Ground

ENCODER

CH A.HI 489 O ﬁ
CHA.LO =N @ >

AB SHLD 0 O«
CH B.HI a0 B2
CHB.LO o O U
Z SHLD ] O——/L

CH Z.HI a O
CH Z.LO = O U

ENCODER POWER

+5V 50

RET O

+15V o O l I
SHLD =fQ_J

+15V

! Use three pair 22 gauge individually twisted and shielded cable.
2 Use one pair 18 gauge twisted and shielded cable.
3 Encoders must have +5V compatible differential line drive outputs on channels A, B, and Z (DS 8830 or equivalent

(845H)).
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5-18  Wiring the SLC Servo Module

The SLC Servo Module supports 1380, 1388, 1389, 1391, 1392, 1394,
iring the ervo to hd - d llf por 6 138 ! 4
- and 1 servo amplifiers. Betore you wire the drive to the
Allen Bradley Drives termination panel, you must mount, set up, and wire your drive and
motor.

Installation references for each Allen-Bradley servo drive system
(amplifier) appear in the table below.

Allen-Bradley | Publication | Title

Drive Number

1386 1386-5.0 Bulletin 1386 DC Servo Drive Instruction Manual

1388 1388-5.1 Bulletin 1388 DC PWM Servo Controller
Instruction Manual

1389 1389-5.0 Bulletin 1389 AC Servo Amplifier System
Operator Instructions

1391 1391-5.0 Bulletin 1391 AC Servo Controller User Manual

1392 1392-5.1 Bulletin 1392 High Performance AC Drive
Instruction Manual

1394 1394-5.0 1394 Digital AC Multi-Axis Motion Control
System

1398 ULTRA 100 | 1398-5.2 ULTRA 100 Series Drives Installation Manual

1398 ULTRA 200 | 1398-5.0 ULTRA 200 Series Drives Installation Manual

Information regarding how to wire Allen-Bradley drives to the
termination panel is given in the table below.

Drive |Figure

1386  |5.15, Wiring Diagram for 1386 Drives

1388 |5.16, Wiring Diagram for 1388 Drives

1389 |5.17,5.18, Wiring Diagram for 1389 Drives (2 parts)
1391 |5.19, 5.20, Wiring Diagram for 1391 Drives (2 parts)
1392 |5.21, Wiring Diagram for 1392 Drives

1394 |5.22,5.23, Wiring Diagram for 1394 Drives (2 parts)

1398 |5.24, Wiring Diagram for ULTRA 100 When Not Homing to a Marker and
for ULTRA 200 When Homing to a Marker

5.25, Wiring Diagram for F, H, and S series ULTRA 200 When Homing to a
Marker

5.26, Wiring Diagram for Y series ULTRA 100/200 When Homing to a
Marker
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Wiring the SLC Servo Module ~ 5-19

ATTENTION Tp avloid damage to the controller, connect these
lines in the proper phase at the transformer and

ﬂ controller. These lines are phase sensitive.

Figure 5.15 Wiring Diagram for 1386 Drives

DRIVE TB1 -
DRIVE 1o ﬁ X ]| 1oiff+
DR RET O 2 Diff -
SHLD i O——\l/ | 3 signal Common
: 4 Aux
|| 5 Tach
| |6 Signal Common
TB2 -
DRIVE ENABLE | | 1 Decoupled Curr
=1 | = @) CR 5 || 2 sig Common
— O || 3 Reset
= O 4 Interlock
T O || 5 Signal Clamp -
|| 6 Signal Clamp +
:‘ || 7 Signal Clamp Ref
J1
ESTOP % D + 15V DC
+24V L O::l Ol_ ( |_ _&) Estop
RES. PB o= o (P Reset D Common
RES. PB O P.B. []| - 15v bC
RESET O DROK
STRING IN O Board
STRING OUT =0
FAST /0 1386 - AA Amplifier
a= O Axis Remote
O Overtravel contingency
8 & stop 1386 -M  Chassis
ol P '
RET O | Customer-supplied |
Fo1 10

Motor Power
Terminal Block

See 1326-2.0 for encoder connection
and motor wiring. \

Encoder

SEEEEEREEEERS
SSSSSSNSSNSSINS
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Figure 5.16 Wiring Diagram for 1388 Drives

120V AC
3 phase
50/60Hz

X1

X2

X3

X0

Lig]
Thermal
Switch

A3TB1|A2TB1|4|5| |
J

[8]9

DRIVE
ENABLE
— | 5O —
| Ido 240/480V AC —[_TH H1]
3 Phase _u:D_ H4 | Bulletin 1388
— | O ( H4 | P
— 50/60Hz ower
| ™o AL HH7] transiormer
e i
24 = O P.B. 1Y2 |
RESPB | | oo OF————2—, Y3 ] [P1]P2
RES.PB o O |-
RESET | | oo O—@
STRING IN mN@;
STRING OUT | | ¥ O
A2
T1 T2
DRIVE Tach
DRIVE =
DR RET O
SHLD | | oo 1
L 2]
) 3]
. 4
Velocity —
Command | 9 |
6
XX
IER
xaki
10 |
7|
12|
13|
14|
15 |
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DC Servo Controller

+ 23V DC
CR1
3—_ Drive
O alo Fault
Axis Remote
Overtravel Estop

e
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Figure 5.17 Wiring Diagram for 1389 Drives

A
B
System Ground
C
Main Disconnect/ Fuses | 230V AC
40//0_‘]:[’74@1 ‘
| I 2
‘ [
| I 3
[
+280/480VAC —O~ O[] [H4 ‘
3 Phase | [ 7
\ [
oo T H7 _ g
1389 Isolation
Control Transformer
Transformer
Thermal
DRIVE F1 20V ac M1 Transformer
ENABLE Switch .| Reset Retum
| HO Bus UV
ju— 0O O (isolated)
L ji O | | Enable Source
| = O
E ESTOP Estop || Enable Source
ts Reset
i Ul o4y = @j iy - Enable Source
T meses 0 O4 . | | Enable Source
RES.PB o O+ 6% ﬂ»
- System
RESET 4 (}—\_Q 9
STRING IN a0 MT TS
STRING OUT = O OVQ 010
gsttf?p Axis ! Remote  T1 T2 Pt P2
ing Overtrdvel  Estop Motor Transformer
(Extreme) Thermal  Thermal
Switch Switch
(see T1, T2 on
o Bulletin 1326 (s¢¢ P1. P2
— above)
I l ‘ Servo Motor)
<
- (}4 Power
Supply
- Ref + Ref
D
Velocity Command
G

G -

% Important: ~ This connection is required if the system is grounded

= at one end only. We recommend grounding the
Ilmﬂ system at the drive amplifier only.

Publication 1746-6.1.2 - July 2000



5-22

Wiring the SLC Servo Module

Figure 5.18 Wiring Diagram for 1389 Drives (continued)

A
’ Chassis Motor
Ground Stud Thermal
i ° 1389 Drive Servo Amplifier Switch
a8 "ol Brake
ey SO S
J1-1,47 J1 -1
O
™~ .
J1-36,9 J1-2 :
|- TB2 - 1 (Rotor 1) :
TB2 - 2 (Rotor 2) :
‘ TB2 - 3 (Shield) )
TB2 - 4 (Sine 1) i
TB2 - 5 (Sine 3)
* TB2 - 6 (Shield) Resolver
TB2 - 7 (Cos 4)
TB2 - 8 (Cos 2)
TB2 - 9 (Shield)

Power
Supply

-

+12V
‘ TB2 - 10 (Shield)
GND
-12v
Sys Common
Enable
Ref +
Sys Velocity
pur Command Ref -
Axis /75 Shield
Chassi Fault Pos Source
assis
Torque
Module Clamp Pos RTN
CMD Neg Source
Neg RTN
1 Source
Limit CMD
CMD
RTN
Drive 0K
(isolated)

Shield N.C.

Bulletin 1326
Servo Motor

-2 ICMD and Torque Monitor
-3

-4

-5

-6
-7

-8
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DRIVE
ENABLE

n

o]

ailiMalia

Figure 5.19 Wiring Diagram for 1391 Drives

ESTO

+24V
RES.PB
RES.PB
RESET
STRING IN
STRING OUT

n

n

-

-

doHnHlh

g

QOO0 0000

DRIVE

DRIVE
DRRET
SHLD

Silalis

PoQ
]

120V AC 1 amp

DROK (closed = OK; switch
S2-4 must be off. Refer to

publication 1391ES-5.0 for
information on S2-4)

Velocity
Command TB4

A\

N

Enable
Source

TB4 TB4
18 17 C G P1 P2
Q10O O=0 HAHO—O0TC—O10—------
Remote Axis DROK
Estop Overtravel See Bulletin gee Bulletin ~ See Drive
1391 Drive 1326 Motor  Transformer
above above. above
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Figure 5.20 Wiring Diagram for 1391 Drives (continued)

System ‘
Disconnect ’""”"\\"’\

Main
GND

Contoller | -
Main Power
Controller GND
A User
B | Power [~ .
User System GND
Connect to
Cabinet GND see ATTENTION
From TB1 - 1 A
MPT
From
c Motor GND From GND
Stud
From Motor Cable Shield §-----—-—--~—————-—-—-—-—-—-—---—-—-—-—~- P —
F1 o Y ek
5A 125V poootooes - Sec Sec. '
Logic  Bys MDX5 TB4 ! ! [ 5 Cabinet
Supply ‘ ; 1l GND
(36VCT) F2 TB4 | | C i
5A 125V e —
Bus MDX5 Phase Insensitive * K3
M 85 —K ¢l
Bus ﬁ v
M TBS ,/ P1 P2 R2
Supply
(230V AC) M TB5
l( QMotor
|
1
|
M |
/R [
|
O O |
) ) [ Q
/R /) Resolver
Connect to Bulletin 1326
GND Stud Servo Motor
Shunt
Resistor
Wiring
Bulletin 1391 Drive
D
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Figure 5.21 Wiring Diagram for 1392 Drives
DRIVE ENABLE Y Ground
o L1 O
™ O + Speed Ref. = Std
| L©
i _ - Speed Ref. Bulletin 1392
ESTOP
+24 -
res e8| | T 6|__2>{_ Standard Parallel
Rﬁﬁspﬁ O 0" Q Interface J9
STRING IN 8 Est Main Control Board
STRING OUT || &= &5 stoea Coast to Stop
@l:| L1 FAST_VOO PB. Drive Enable
+24 |
Fl.2 8 External Reset
+24 o
RET S Customer 0 Volts
[ Jroall H8
Drive
Ready
— Estop String .
Ijo_l_ !
Remote  Axis P2 ,
Estop  Quertravel Motor Transformer i
Thermal  Thermal : Eﬂg(t)g;;f%':ﬁ”hts
Switch Switch : P
' Cust
' + 12V
DRIVE Velocity Command * CH CH CH CH CH CH Cust
pRIVE [T JO Fan " A AN B B Z 7 0 Volts
DR RET o [T XX i
SHLD L= O<—\'J '
ENCODER
CHAHIT IO —~ \
cHA.Lo || TS []
AB SHLD oY
CH B. HI o ~
CHB.LO o 1
Z SHLD
CHZ.HI 8_ ,\ﬂi \
CHZ.LO|| e U

Important:
at one end only. We recommend grounding the
system at the drive amplifier only.

This connection is required if the system is grounded

+12V Power Supply
(user-supplied)
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Figure 5.22 Wiring Diagram for 1394 Systems

|
OPTIONAL EXTERNAL SHUNT % E& -
R e \
USER-SUPPLIED 24V ACRMS OR > —_[H—— W!
T

24V DC. (NON-POLARIZED)

— —— ] DC+

System Module

FLASHING GREEN = BUS UP, AXIS NOT ENABLED
FLASHING RED/GREEN = READY, BUS NOT UP
FLASHING RED = FAULT

SOLID RED = HARDWARE FAILURE

DSt
* SOLID GREEN = BUS UP, AXIS ENABLED

u
THREE PHASE INPUT >~ —THH" —
380- 460VACRMS > T | — P1
weuT FUsNG w1 [ LFE DC MINUS BUS - —WW\ -_‘ i-GNm
Drive | -
orvE TG A AO VREF + @ Servo Input Wiring Board
orReT || T]o X AOVREF- || H
st || Ho—— SHIELD U S
AQ TOREF + s
AQ TOREF- 5
SHIELD U 3
AQ ENABLE 5
A2 VREF + K
AVREF- ] 9]
SHIELD U 701
A2 TOREF + 7]
A2TOREF- [} 2]
SHIELD U 73]
E L ENEBLE i CONTACTOR ENABLE RELAY
ANALGG OUT 1 i RATED AT 115V AC, 24V DC, 1A INDUCTIVE
ANALOG OUT 2 7 -
ANALOG COM m '_";
coMm 9] =
oassis < | [20] COMMON DRIVE 0.K. RELAY
| RATED AT 115V AC, 24V DC, 1A INDUCTIVE
To ground bar
if not grounded
elsewhere
Important:  This connection is required if the system is grounded
at one end only. We recommend grounding the
system at the drive amplifier only.
Drive Enable — 16 | Contactor EN
| 7 g 17 | Contactor EN
| U 18 | DROK
- m —
19 | DROK
./
Estop L
CR1
aTHL [53
RES.PB 2 |-_-|- 24 AC/DC
RES. PB oH+—-0 Q or
st n || | |3 120V AC
sTRING 0uT | | H S ot 50760 Hz
otor
/_> Thermals  Axis Overtravels SToP KCQ
4 ol —0, 0 —olo—C() <
Important: Do not directly connect (if not directly coupled)

Motor Thermals. They
must be isolated with
arelay.
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Fi—1
pses)

g ¢ off

== ﬁ

D

DRIVE
DR RET
SHLD

E

CH A.HI
CHA.LO
AB SHLD
CH B. HI
CHB.LO
Z SHLD
CH Z.HI
CHZ.LO

Figure 5.23 Wiring Diagram for 1394 Systems (continued)

Bulletin 1394
AQB Board
[mmmm e Axis x Vref +

Axis x Vref-

Important:

Connect only if Vref is not used

Axis x Tref+

RIV

m

|
|
|
|
on the input wiring board. :
|
|
|
|
|

o1

Axis x Tref-

User Supplied +5V DC Power Supply

User Supplied Power Supply Common

m

[Connect this to the PE of the 1394 |

CHANNEL A HIGH

CHANNEL A LOW

CHANNEL B HIGH

QRPPRPRQI 2|99 ?

CHANNEL B LOW
CHANNEL Z HIGH
CHANNEL Z LOW

To perform a 1394 auto-tune function, the 1394 must be enabled prior
to initiating the auto-tune command. However, if the SLC Servo
Module is not out of Estop, the M1 coil will not energize and the A0
Enable signal will not be present.

If it is necessary to auto-tune the 1394 drive prior to the SLC Servo
Module coming out of Estop, do the following:

* Place a temporary jumper between TB2-17 and the Stop PB to
allow the M1 coil to energize.

* Apply a 24V DC signal to the A0 Enable input on the 1394 to
execute the auto-tune command.

Wiring the SLC Servo Module to 1398 ULTRA 100/200

When wiring the SLC Servo Module to an ULTRA 100/200 drive,
consider beforehand if homing to an encoder marker is necessary
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because it directly affects how the 1398 is wired to the SLC Servo
Module.

If Homing to a Marker is: | Go to:

Necessary Figure 5.24, Wiring Diagram for ULTRA 100
When Not Homing to a Marker and for ULTRA
200 (Manufactured After July 31, 1998) When
Homing to a Marker

Figure 5.25, Wiring Diagram for F, H, and S
series ULTRA 100/200 (Manufactured Before
July 31, 1998) When Homing to a Marker

Figure 5.26, Wiring Diagram for Y series
ULTRA 100/200 (Manufactured Before July 31,
1998) When Homing to a Marker

Not Necessary Figure 5.24, Wiring Diagram for ULTRA 100
When Not Homing to a Marker and for ULTRA
200 (Manufactured After July 31, 1998) When
Homing to a Marker

Wiring the SLC Servo Module when Homing to a Marker

Both the ULTRA 100 drive (using any divisible resolution) and the
ULTRA 200 drive (using any divisible resolution) require a breakout
board (P/N 9101-1392) to interface between the integral encoder
(inside the Y, F, or H-series motor) and the SLC Servo Module
termination panel.

The breakout board allows the SLC Servo Module to read the encoder
signals directly from the encoder, instead of from the gate array circuit
inside the ULTRA 100/200. If the encoder signals are read from the
ULTRA 100/200 (using the gate arrays), the marker signal shifts with
respect to the A and B channel on each successive power cycle to the
ULTRA 100/200.

IMPORTANT RS the ULTRA 100/200 drive can be configured to

use custom motors and custom encoders, the
guidelines stated above may not be true for other
manufacturers’ motor/encoder combinations.

ULTRA 200 drives manufactured after July 31, 1998
do not need the J2 breakout. Look for a mm/yy
date code stamped or printed on the Allen-Bradley
label, located on the side of each drive unit. For
example: Mfg. 1098 indicates the drive was
manufactured in October 1998.




Wiring the SLC Servo Module ~ 5-29

Figure 5.24 Wiring Diagram for ULTRA 100 When Not Homing to a Marker and
for ULTRA 200 When Homing to a Marker

1746 HSRV/IMC 110
Termination Panel
(1746-HT)

Drive ENCODER COM

ISO +24 VDC
A+ ENC
A-ENC
B+ ENC

DRIVE o1 1M
DR RET @ T
SHLD @

Encoder

CHAHI
CHA.LO
A,B SHLD

B- ENC

Z+, I+ ENC

(CCgeg
CCC et
(CCCeg

CH B.HI
CHB.LO
Z SHLD
CH Z.HI
CHZ.LO

b

XX

24 VDC COM
DRIVE ENABLE
-1 FAULT RESET
ANALOG CMD +
ANALOG CMD -
—1 DRIVE READY +
RET — DIRVE READY -

+15V (=21
SHLD ‘ 26 +24 VDC

J1 Connector

SINININISININN

C

Encoder Pow

@
=

2]
B
7
8
B
10
£ Z-, 1-ENC

13|
20
21
22|
23

L

Y
C
Y

i X

+5V

SOO®
N

Ext Power 24VDC FOR
+5V ULTRA 100
RET ONLY
+15V
+/- RET
-15V
+24V
+24 RET
EGND

Q00002020

(PIN 9101-1369)

Drive Fault

Reset

Drive Enable l_. g -

Estop
Reset PB (P/N 9101-1366) for F-, H-, or S- Motors
(P/N 9101-1375) for Y Motors

Encoder
.—\ Motor

RESET F,H,S,
STRING IN and Y

STRING OUT .J Series

Motors J2
Over Estop PB
Travel
Limits

+24V
RES.PB
RES.PB

1398 ULTRA 100

SOSS @é’n SRR
\/[
|
|

)

Fast

FL.1
+24V
Fl.2
+24V
FI.3
RET
FO

Motor

Ji

ANV
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Figure 5.25 Wiring Diagram for F, H, and S series ULTRA 100/200 When Homing to a

Marker
1746 HSRV/IMC 110
Termination Panel
(1746-HT)
Drive
1 A ] ENCODER COM
DRIVE @ 12 |
ISO +24V DC
DR RET @ XX 15|
SHLD 1 13|-24v.DC coMm
a 0| DRIVE ENABLE 5
Brerle. [~ | FAULT RESET I
CHAMHI @ ﬂxx 2L ANALOG CMD + <
CHALO @ ~TT 122 8
A,B SHLD @——I N 23 ANALOG CMD - =
CHB.HI @1 XX (4| DRIVE READY +
CHB.LO g_ 124 i
Z SHLD — 125
CH ZHI @ h}c( o624V DC
CHZLO @ =
Encoder P 24V DC for
ncodader Power
ULTRA 100 < J2 Connector
SV @ NN NN Only
RET g — 7] ENC + (GRAY)
+15V 1]
ENC - (WHITE/GRAY]
SHLD @ 2] (Wi ) |
13|
4
Ext Power ? ENC + (BLUE)
Py - ENC - (BLUE/YELLOW) |
+5V 16 “
S RET LA A A . A+ (BLACK)
S +15V LA A A 1 A- (WHITE/BLACK)
S +/- RET 18 I 5s (RED)
[\ -15V N NN 9
S|| | +2av NPNPNP X o8- WHITERRED)
N +24 RET LA A A (11 |- (GREEN)
® EGND LA A A Ll I- (WHITE/GREEN)
Drive Fault 5| HALLA (WHITE/BROWN)
Reset L3I HALL B (BROWN)
14
Drive Enable r N 5| THALL C (WHITE/ORANGE)
=211
— @ " ABS (ORANGE)
T @ (ol TS+ (VIOLET)
£ @ —
TS- (WHITE/VIOLET
| @ [20] ( )
Estop
Exe __R._eset " (P/N 9101-1365)
+24V @A I_'—— Encoder =
werl || -
RESET @ s 1398 ULTRA 100 o
STRING IN @ H, — a
swneour| |lef ) :
otor o
32 =
Over Estop PB
Fast /0 Travel L
Fl1 ) Limits
+24V @ Motor -
Fl.2 @
+24V g
FI.3 1
RET 2
FO (%) L
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! The encoder feedback cable (P/N 9101-1365 Rev. D) has the orange (ABS B #16) wire and the white/orange (HALL

C #15) wire swapped.

(PIN 9101-13609)
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1746 HSRV/IMC 110

Termination Panel

Figure 5.26 Wiring Diagram for Y series ULTRA 100/200 When Homing to a Marker

(1746-HT)
Drive
— [, | ENCODER COM
omrer | | o =X 150 +24 vDC
SHLD @ [ 3}-24VDC COM ~
— DRIVE ENABLE g
Encoder 120/ o
— J |-FAULT RESET 2
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CH B.HI % Ixx />4 - DRIVE READY +
CZHSBHtg o 5 |-DIRVE READY -
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CHZLO @ —
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Encoder Power ULTRA 100 m
+5V % Only
RET % N NN T ENC + (GRAY)
Sﬁfg @ ", | ENC - (WHITE/GRAY)
3 LENC + (BROWN)
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S +24V NN N N o |-B- (WHITE/RED)
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Reset 4| -HALL B (WHITE/ORANGE)
Drive Enable I_. g - E HALL C (BLUE)
_— % o
T @
_— @
T @
Estop
Estop __Reset PB
sav PN I_. — p— (P/N 9101-1373)
+, —_— ncoaer
RES.PB @ — q
RES.PB E —ndotor | o
STRTE(??I-\II— % Y 1398 ULTRA 100 g
. -
STRING OUT @ _,— Series I ;
|_._<,_.__ Motor §
Over Estop PB 32
Fast I/O Travel
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+24V @
FI.2 @ Motor -
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FO @

(PIN 9101-1369)
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cOI]necting the Ve|0city Use 18 through 22 gauge shielded/twisted pair wire to connect the
Command analog velocity command output signal (consisting of Drive and DR

Ret connections) from the termination panel Drive connector to the
corresponding terminals of the various servo drives as shown in
Figure 5.15 through Figure 5.23. Connect this signal so that the
resulting direction of motion matches the correct direction of motion
as you defined it.

If you reverse these connections, you reverse the direction the axis
moves in response to a given polarity of the velocity command.

ATTENTION To avoid shorts in the Velocity command circuitry,

do not reverse the Drive Out connections of the SLC
Servo Module. The drive amplifiers of some vendors
only provide a single-ended input for the Velocity
command.

Publication 1746-6.1.2 - July 2000



Chapter 6

Overview

Powering Up Your SLC
Servo Module

Testing Your SLC Servo Module Hardware

This chapter includes the following topics:

* Powering up your SLC Servo Module

* Testing Estop wiring

* Integrating the axis

* Testing home using the home position switch

* Testing home using encoder marker

Before you apply power to the SLC Servo Module:

e Wire the AC line on the power supply.
¢ Set the voltage (120V or 240V).

¢ Connect the user-power cables.

¢ Rout the user-power cables.

* Connect the wiring from the termination panel to drives,
encoders, fast input and output devices, Estop string and Estop
reset button.

* Connect the cable to the termination panel and the SLC Servo
Module with the connectors firmly attached.

To power-up your SLC Servo Module:
1. Create a ladder program to avoid memory loss in your SLC 500
Processor when you power up. Only include the rung shown

below.

Figure 6.1 Ladder Program to Avoid Memory Loss

| S:1 |

~
[e-INZ

2. Verify that your power supply connections for +5V DC, 15V
DC, and +24V DC are connected correctly to the termination
panel.
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3. Apply power to the SLC Rack with the SLC Servo Module
installed in the rack. After the control module initializes and
performs its quick hardware diagnostics, the green RUN LED
should light.

IMPORTANT The green RUN LED must be on before continuing.

If the RUN LED does not light, consult the table in
the Troubleshooting chapter of this manual.

4. Verify that the SLC Servo Module has power from the SLC Rack
backplane and the termination panel.

5. Using your programming device for the SLC processor (RSLogix
500, AI500, or APS software), enter the following program
example with the appropriate changes.

Figure 6.2 Typical Ladder Program

One
Shat
for
Contigure
B30 —8
1 E Copy File
11 Sonarce #Fo0
Deest #hI0:1.4
First Pass Length 40
51
15 ——)
Copy File
Source #N7:0
Deest #MI0:1.0
Length 4
B30
LY
2

6. Using the data monitor, change the values in the configuration
files to match the default specifications for the SLC Servo Module
except for the Encoder Lines and Counts Per Position Unit
parameters.

For this program example:

* Discrete configurations are in the file N7.

* Multiword, floating-point parameters are in file F8.
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Testing Estop Wiring

Before you test your Estop wiring:

ATTENTION To avoid personal injury or hardware damage,
uncouple the motor from its load.

1. Test your fast I/O.

2. Perform open and closed loop integration of drives and
feedback devices.

A wiring diagram for the Estop circuit is shown in the following Estop
Circuitry figure. Use these connections to check the Estop Reset

push-button and each contact on the Estop string.

Figure 6.3 Estop Circuitry

I
Estop Status 1 Axis Termination Panel
]
to Porcessor r---°- " A
- N N | |_ +24V
Estop Reset Y P2-9 | CR1!
Request to Processor ! |
< 1 O 1
' P2-8 Estop
Software Estop J_ ER YP2-7 Y cri L+ T A= Reset
Control Relay o | PB.
b ! Motor
: ' : Thermal Drive
;! | Sw Fault
L) | {) (} |
' |
[ YP2-6 Remote
[ | Overtravel  Estop
I
| CR1
. L1
| =
\ CR1 ;
| Drive Enable
! Contacts
! CR1 :
__________________ .
Control Module Q

To check the Estop reset push-button:
1. Uncouple the load from the motor.
2. Disconnect the drive enable contacts.

3. Disconnect the Estop string at the termination panel.
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. Short the (machine tool) hardware Estop string.

. Press and hold down the Estop Reset push-button. The

following events occur:
* SLC Servo Module detects an Estop reset request.

* SLC Servo Module closes the software-controlled Estop relay
in the SLC Servo Module.

* Because the Estop string is shorted, Relay CR1 seals the Estop
Reset push-button.

. Release the Estop reset push-button. The contacts in the Relay

CR1 remain closed (in the power-on condition).

. Verify that the Relay CR1 contacts are closed by doing the

following:

* Perform a continuity check on one of the drive enable
contacts that are normally open.

* Check the Relay CR1 contacts visually to see if they are
closed.

. Remove the string-out/string-in jumper. Relay CR1 drops out

indicating an Estop condition.

. Reconnect the Estop string and drive enable to the termination

panel to get the system up and running.

IMPORTANT Open each contact on the string so that the system

goes into Estop.




Chapter 7

Overview

Setting Up Your SLC Servo Module

Before performing the procedures given in this chapter, follow the
installation procedure supplied with the drive that will be interfaced
to the SLC Servo Module. This chapter provides information to help
you setup and configure the SLC processor and the SLC Servo Module
and includes the following topics:

* Understanding the theory of motion control
* Powering up the SLC Servo Module

* Communicating between the SLC processor and the SLC Servo
Module

* Entering encoder lines and computing counts

¢ Initializing DAC output voltage for drive symmetry

e Setting initial loop type

* Defining positive axis movement for the SLC Servo Module

e Coarse calibrating drive input scaling to SLC Servo Module DAC
output voltage

* Fine calibrating of the DAC output voltage scaling
* Computing excess following error limit
* Selecting loop type
* Selecting axis acceleration rate
* Determining velocity and acceleration feedforward (for zero
following error loop type only)
* Setting axis and home specific parameters
* Understanding programming conventions
* Configuring your SLC processor
* Understanding your SLC Servo Module interface
¢ Configuring your SLC Servo Module
* Before programming your SLC Servo Module
* Downloading your configuration
* Understanding configuration errors
* Configuring the MO file data tables
* Configuring the MO file floating-point data tables
* Understanding configuration parameters

* Homing options
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Understanding the Theory The major components of a motion control system are:
of Motion Control

¢ Machine mechanics
* Velocity loop
¢ Position loop

Machine Mechanics

Machine mechanics are the combined gearing, ball-screws, and
mechanical linkages that convert the motor’s rotary motion into the
axis motion that you want.

Velocity Loop

Velocity loop is a feedback control loop in which the controlled
parameter is encoder velocity. A tachometer is usually used for the
feedback device. Command input from the controller to the drive is a
DC voltage that is proportional to encoder speed (e.g., 1V equals 5
rpm and 5V equals 5000 rpm). Using the tachometer as feedback, a
drive maintains the speed of the encoder at the commanded speed
within its output capabilities.

A typical drive contains adjustments to do the following:

¢ Scale the input command voltage to the motor speed.
e Zero the motor speed for a zero input command.
* Set the maximum current (torque) to the motor.

¢ Control the response of the velocity loop.

Refer to the drive manual for instructions on setting these adjustments.

Position Loop

Position loop is a feedback control loop in which the controlled
parameter is mechanical position. The position loop compares
position feedback with the position command to modify the velocity
output signal to correct for any position error. Encoders are position
measuring devices that provide the SLC Servo Module with precise
actual axis position at all times. Based on motion statements, the SLC
Servo Module computes an axis position and compares it to the actual
axis position. Following error is the difference between the
commanded axis position and the actual axis position. Axis gain (or

Publication 1746-6.1.2 - July 2000



Setting Up Your SLC Servo Module ~ 7-3

Powering Up the SLC Servo
Module

Configuring the SLC
Processor

position loop gain) sets the response on the position loop and scales
the following error to the velocity command output (drive input).

Your SLC Servo Module is a single-axis motion control that resides in a
1746 (SLC) rack. With a drive and servo motor, an SLC Servo Module
can control the position of one axis with encoder feedback. You can
place multiple SLC Servo Modules in one SLC Rack to control an entire
machine.

The SLC Servo Module requires power from the SLC Rack backplane
and the termination panel for proper operation. You must power-up
the SLC Rack with the SLC Servo Module in the rack.

To power-up the SLC Servo Module:

1. Verify that your power supply connections for +5V DC,
+15V DC, and +24V DC are properly connected to the
termination panel.

2. Verify that your cable between the termination panel and the
SLC Servo Module is plugged in at both ends and the connectors
are securely in place.

3. Apply power to the termination panel and SLC Rack power at
the same time. The SLC Servo Module’s green RUN LED is lit
after a short delay for diagnostics.

4,
If the SLC Servo Module’s | Then:
RUN LED is:
ON Go to step b.
OFF Go to step 1. (The SLC processor indicates a

slot fault at the SLC Servo Module location.)

The SLC processor must be configured to accept the SLC Servo
Module as an I/O device. Configure your processor by using the
AI500, APS, or RSLogix 500 software running on a personal computer.
Use the following table to locate your configuration instructions.
Although configuration steps are similar, they are not identical.

If you are using: Go to:
AI500 Configuring Your Processor Using Al-500 Software
APS Configuring Your Processor Using APS Software
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If you are using: Go to:
RSLogix 500 Configuring Your Processor Using RSLogix 500
Software

Configuring Your Processor Using Al-500 Software

Configuring your processor involves assigning the SLC Servo Module
to an open slot in the chassis, setting the file length, and entering the
parameters.

To assign the SLC Servo Module to an open slot:

1.

2.

10.

Press F1 (Select Program/SLC-500 Addr).
Select project file.
Press Enter.

Press F2 (Offline Programming/Doc) The Offline Ladder Editor
screen opens.

. Press F6 (Utility).

Press F3 (Type/sr).
Select an open slot in the chassis.
Press F5 (Select).

Select 1746-HSRYV Single Axis Motion Controller from the
list.

Press Enter.

To set the file length and enter parameters:

1.

2.

Press F8 (SPIOCFG).

Press F1 and set the MO file length to 1664 words.
Press Enter.

Press F2 and set the M1 file length to 1659 words.
Press Enter.

Press F6 and set the G file size to 0 words.
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7. Press Enter.

8. Press ESC three times to return to the top screen of the Offline
Ladder Editor screen.

9. Press F8 (Display).
10. Press F1 (addr).
11. Enter desired data table address.
12. Press Enter.
13. Enter parameters into Bit (B), Integer (N), or Float (F) files.

14. Press ESC to return to Offline Editor screen.

IMPORTANT Usel F1 to change the radix between binary and
decimal.

Configuring Your Processor Using APS Software

Configuring your processor involves assigning the SLC Servo Module
to an open slot in the chassis, setting the file length, and entering
parameters.
To assign your SLC Servo Module to an open slot:

1. Press F4 (OFFLINE CONFIG).

2. Select project file.

3. Press Enter.

4. Press F1 (OFFLINE PRG/DOC).

5. Press F1 (PROCESSOR FUNCTIONS).

6. Press F1 (CHANGE PROCESSOR).

7. Press F5 (CONFIG I/O).

8. Select an open slot.

9. Press F5 (MODIFY SLOT).
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10.

11.

Select OTHER. In the Module ID Code area, type 10114. The ID
of the SLC Servo Module automatically creates twelve input
words and twelve output words.

Press Enter.

To set the file length and enter parameters:

Y

10.

11.

12.

13.

14.

. Press F9 (SPIO CONFIG).

Press F5 (ADVNCD SETUP).

Press F5 and set the MO file length to 1664 words.
Press Enter.

Press F6 and set the M1 file length to 1659 words.
Press Enter.

Press ESC.

Press F7 and set the G file size to 0 words.

Press Enter.

Press ESC.

Press F8 (EXIT).

Press F8 (SAVE AND EXIT).

Press F8 (MONITOR FILE).

Press F8 (DATA MONITOR) from the top screen of the Offline

Editor screen to enter parameters into Bit (B), Integer (N), or
Float (F) files.

IMPORTANT RS change the radix between binary and

decimal.
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Configuring Your Processor Using RSLogix 500 Software

Use the table below to determine which configuration procedure to

follow.
When Working: Go to:
Online Automatically Configuring the SLC Servo
Module
Offline Manually Configuring the SLC Servo Module

Automatically Configuring the SLC Servo Module

To configure your SLC Servo Module automatically:

1. From the menu bar, select File. The File menu appears.

2. Select New. The Select Processor Type window appears.

Processor Name:| TURBD Ex ok |
1747-1553 5-05 CPU — 64K Hem Lancel |
1747-1552 5405 CPU — 32K Hem. QS500
1747-L551 5/05 CPU — 16K Hem. 0OS500 Help |
1747-1543 5/04 CPU — 64K Hem. 0QS401
1747-1L542B  5-04 CPU — 32K Hem. 0S401
1747-1541 S5/04 CPU — 16K Hem. 0QS401
1747-15424  5-04 CPU — 24K Hem. 0S400
1747-1532C-D 5-03 CPU — 16K Hem. 0S302
1747-1531 5/03 CPU — BK Hem. 05302
1747-1L532B  5-03 CPU — 16K Hem. 0S301
1747-1532 5/03 CPU — 16K Hem. 0S300
1747-1524 5402 CPU — 4K HMem.
1747-1514 5/01 CPU — 4K Hem
1747-1511 5/01 CPU — 1K HMem. j
Communication setting:

Driver Processor Node: Reply Timeout:
AB_PIC - sl ‘whho Active. 10 [Sec)
Octal)

3. Assign a name for your new RSLogix 500 project file and type it
in the Processor Name field.

4. Select your SLC processor from the list of processor types.
Default values assigned to the selected processor appear in the
Communications Setting area.

5. Select OK. The processor database is initialized and the RSLogix
500 navigator window appears with the name you typed in the
Processor Name field.

Publication 1746-6.1.2 - July 2000



7-8  Setting Up Your SLC Servo Module

Publication 1746-6.1.2 - July 2000

6. In the navigator window, double-click on I/O Configuration.
The I/O Configuration window appears. In the example below,
field 7 of the racks area contains a four slot rack.

17170 Configuration
~Racks—————
1 |1746-44 4-Glot Rack 'I
2 [1/0 Rack Mot Installed 'I

Read 10 Config
3 |1/0 Rack Mot Installed 'I

| ﬂl Pait # | Description |

|El 1747-0553 5/05 CPLU - 64K Mem, 05500

2
3

Ady Corfial Help Hide &l Cards

o]

~ Cunent Cards Availabl

Filter |41 bt

L t Discrete Input Module

Any 16pt Discrete Input Module
17461732 Any 32pt Discrete Input Module
1746-078 Ay Spt Digcrete Output Madule
1746-016 Any 16pt Discrete Output Module

1746-0%32 Any 32pt Discrete Dutput Module

A C1-153 AMCI Series 1500 Resolver Module
(i CI-1561 AWML Series 1561 Resolver Module
1746-BA5-5/01 BASIC Module - 500 - 5/01
1746-BAS-5/02 BASIC Module - MO/M1 capable
1747-DCM-1/4  Node Adapter Module [1/4 Rack)
1747-DCM-1/2 MNode Adapter Module [1/2 Rack)
1747-DCM-3/4 MNode Adapter Madule (344 Rack)
1747-DCM-FULLN ode Adapter Module [Full Rack)
1747-DSN-7  Distributed |/0 Scanner-7 1/0 Block
1747-DSN-30  Distributed [/0 Scanner-30 140 Block
1746-FI04 Fast Analog 2 Ch In/2 Ch Cunent Out
174E-FI04Y  Fast Analog 2 Chind2 Chivalt Out
1746-HS Single Axiz Mation Cantral
1746-HSCE High Speed Counter Module
1746-HSRY  Mation Control Module

=

7. To automatically configure your SLC Servo Module, select Read
I/0 Config. The Read I/O Configuration From Online Processor
window appears showing the parameters of the read process.

HRead |0 Configration from Online Processor

Diriver

Route Processor Mode:

|2B_PIC1

v| IIocaI

|-| Drecimal [=1
Octal)

Last Configured
’VIAB_PI C-

Mode 1d local =]

Reply Timeout:

I‘ID [Sec.]

Cancel |

wiho Active.. |

Riead |0 Conig. | Help

8. Select Read I/0 Config. The SLC processor reads the

configuration.

Manually Configuring the SLC Servo Module

To configure your SLC Servo Module in manual mode:

1. From the menu bar, select File. The File menu appears.
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2. Select New. The Select Processor Type window appears.

4.

5.

6.

505 CEU
1747-L551 505 CEU

Hem
16K Hem

03500

Select Processor Type x|
Processor Mame:| TURBO Ex oK |

05500

1747-1543 5-04 CPU - £4K Hem. 05401
1747-L542B  5-04 CPU - 32K Hem. 0S401
1747-L541 5704 CPU - 16K Hem. 0QS401
1747-L5424  5-04 CPU - 24K Hem. 0S400
1747-L532C-D 5703 CPU - 16K Hem. 0S302
1747-L531 5703 CPU - 8K Hem. 05302
1747-LE32B  5-03 CPU - 16K Hem 0S301
1747-L532 5703 CPU - 16K Hem. Q5300
1747-L524 5702 CPU - 4K Mem.
1747-L514 5-01 CPU - 4K Mem
1747-1511 5701 CPU — 1E Mem. j
Communication setting:

Driver Pracessor Mode: Reply Timeaut:

AB_PIC x| | Decimal (=1 ‘who Active | 10
Octall

[Sec.)

Assign a name for your new RSLogix 500 project file and type it
in the Processor Name field.

Select your SLC processor from the list of processor types.
Default values assigned to the selected processor appear in the
Communications Setting area.

Select OK. The processor database is initialized and the RSLogix
500 navigator window appears with the name you typed in the
Processor Name field.

In the navigator window, double-click on I/0 Configuration.
The I/O Configuration window appears. In the example below,
field 7 in the Racks area contains a four slot rack.

0 Configuration

[ Racks

1 |1746-44 4-Slot Rack =
2 |1/0 Rack Nat Installed =
3 |1/0 Rack Not Installed hd

PaowerSupply.

Fiead |0 Config,

I ﬂi Part # | Description

]
0 17471553 /005 CPL - B4K Mem. 05500

2
2

Ldi Config Help Hide &ll Cards

- Cunent Cards Availabl

Filter | &1l =

17461716
17461732
1746-0%8
1746-0-16
1746-0+32
A CI-153
(A C1-1561

1747-DSN-7
1747-DSN-30
1746-FI041
174E-FI0d
1746-HS
1746-HSCE
1746-HSRY

1746-BAS-5/01 BASIC Module - 500 - 5/01
1746-BAS-6/02 BASIC Module - MO/ 1 capable
1747-DCM-1/4 MNode Adapter Madule [1/4 Rack)
1747-DCM-1/2  Node Adapter Module [1/2 Rack)
1747-DCM-3/4  MNode Adapter Module [3/4 Rack)
1747-DCM-FULLN ode Adapter Module (Full Rack)

e Input Module

Al t D Input Madule
Any 32pt Discrete Input Module
Ay Bpt Discrete Output Module
Ay 16pt Discrete Dutput Module
Any 32pt Discrete Output Module
AMCI Series 1500 Resolver Module
AMC] Series 1561 Resolver Module

Distributed 140 Scanner-7 140 Block
Distributed /0 Scanner-30 1/0 Block

Fast Analog 2 ChInd2 Ch Current Out

Fast Analog 2 Ch In/2 Ch Wolt. Out

Single Axiz Motion Control

High Speed Counter Madule

Mation Contral todule =l

7. Your hardware configuration determines the number of slots in

the first rack.

If your SLC In field 7 of the Racks These slots appear

rack has: area, select: below the Racks area in
the # column:

4 slots 1746-A4 4-Slot Rack 0-3
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If your SLC In field 7 of the Racks These slots appear

rack has: area, select: below the Racks area in
the # column:

7 slots 1746-A7 7-Slot Rack 0-6

10 slots 1746-A10 10-Slot Rack 0-9

13 slots 1746-A13 13-Slot Rack 0-12

IMPORTANT

Your SLC processor always appears in slot 0. The
remaining slots are available for assigning to other

hardware. Make sure the SLC Servo Module is in slot

1.

8. Select slot 1. The column line of slot 1 is highlighted.

9. In the Filter field in the Current Cards Available area, select
Interface. Part numbers and descriptions appear in the Current
Cards Available area.

10.

Select 1746-HSRV Motion Control Module.

IMPORTANT

An alternative way to assign the SLC Servo Module is
to double-click on Other in the listing, type 10114 in

the Other Type I/O Card window, and select OK.

11. Press Enter. The part number and description of the SLC Servo
Module appears in the slot you selected.

_[/170 Configuration
i Racks

2 IVD Rack Not Installed =
3 IVD Rack Not Installed -

PowerSupply.

I |

i~ Cument Cards Availabl

1 |174B—A4 4-5lat Rack =

Fie wotoce =]

| Description I‘

Part #
Read 10 Config. [5MCI-153%

|AMCI-1561

AMCI Series 1500 Resokver Module
AMCI Series 1561 Resobver Module
[1746-BAS-6/01 BASIC Module - 500 - 5/01

| Description

Adv Config Help

5005 CPLI - B4K Mem 05500

[1746-BA5-6/02 BASIC Module - MO/M1 capable
[1747-DCM-1/4  MNode Adapter Maodule (1/4 Rack)
[1747DCM-1/2 Mode Adapter Module [1/2 Rack)
[1747-DCM-3/4  Node Adapter Module [3/4 Rack)
[1747-DCM-FULLMNade Adapter Module [Full Rack)
[1747-DEN-7  Distributed 140 Scanner-7 170 Black
1747-DSN-30  Distributed 140 Scanner-301/0 Block
[1746-HS Single Axiz Mation Control

1 746-HSCE High Speed Cour

174 nt

Stepper Contraller Module

[1746-HSTP1
1747KE Interface Module, Series &
[1747-KE Interface Module, Series B
[1747-MNET  MNET Metwark Comm Module
17460V Open Loop Yelocity Contral
[1747-RCIF Fobot Control Interface Module
[1747-50N DeviceMet Scarner Module
Hide &l Cards 1334547 GMC Turba System

I~ |
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The SLC Servo Module
Interface

Configuring the SLC Servo
Module

12. Select Adv Config. The Advanced I/O Configuration window
appears showing the slot you selected and default information
for the 1746 HSRV Motion Control Module.

Advanced 1/0 Configuration x|
Slot #:1 1746-HSRY Motion Control Module

Maximurn Output “Words : 12 Help

ok |
Lancel |
M aximum Input Waords : 12

Setup
Scanned Input ‘Words :

Scanned Output ‘Words

Interupt Service Routine [ISR] # :

MO Length: (1654

M1 Lenath: [1559

11T

Edit G Data |

G File Length :

13. Select OK.

The SLC Servo Module is a 12-word Input/Output specialty I/O
module. The module uses M files to download the module
configuration information. The module can also be configured to
enable the module interrupt capability available with the SLC
Backplane Interface.

You configure the SLC Servo Module using M files that reside on the
SLC Servo Module. Refer to the SLC 500 Reference Manual (publication
1747-6.15), MO and M1 data file section, for the M file interface and
addressing convention information. M files reside on the module and are
referenced by the ladder logic the same way as an integer file that resides on
the module. There are two M files (MO and M1) associated with this and any
specialty module.

The SLC Servo Module only uses the MO file that is used to transfer the
configuration information from the SLC Ladder to the SLC Servo
Module. Refer to Figure 7.1 for a functional block diagram of the data
flow.

The application program uses a copy file instruction to transfer the
data from a source integer or float file to the MO file in the slot that
you want in the SLC Servo Module. A copy file instruction associated
with the M files works as an immediate output instruction. Therefore,
the normal ladder program execution stops when it encounters the
copy instruction with the M file. Ladder program execution does not
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Before Programming the
SLC Servo Module
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resume until the SLC processor has transferred the information to the
MO file of the SLC Servo Module.

IMPORTANT Repeatedly executing the copy file instruction when
you download the configuration increases the ladder

scan time as shown in Figure 7.1.

Figure 7.1 Relationship Between Ladder Scan Time and Repeated Execution

SLC LADDER
EXECUTION
Y
’ MO File
Copy File to MO \ ;“
R sLC
/ Servo
Module
1/0 SCAN Configuration
Data
Transferred
Immediately

Data Type Conversions

The SLC Servo Module uses floating-point values to configure and
operate. However, I/O files do not allow floating-point numbers. To
use floating-point values in I/O files, you must execute a COP (or
copy) instruction.

When you use a COP command you have to determine the number of
words in the destination file. /O file words are 16 bits in length.
Floating-point values are 32 bits, or two words, in length. If you copy
a floating-point value to an I/O file, it occupies two words. If you
copy two I/O words to a floating-point value, they occupy one
floating-point value. Floating-point values are 32 bits.

Before programming your SLC Servo Module:

1. Power-up the SLC Servo Module to initialize the default
configuration.
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Communicating Between
the SLC Processor and the
SLC Servo Module

Entering Encoder Lines and
Computing Counts

2. Verify that the SLC Servo Module is in an Estop state.
3. Copy the MO file with the output word 0 mode bit (15) set to 1.
4. Verify that the SLC Servo Module is in the configuration mode.

5. Using the programming device for the SLC processor (RSLogix,
AI500, or APS Software) enter the program example, found in
Appendix C of this manual, with the appropriate changes for
the SLC Servo Module locations for the system.

6. Using the data monitor, change the values in the configuration
files to match the default specifications for the SLC Servo
Module, except for the Encoder Lines and Counts Per Position
Unit parameters.

IMPORTANT S t.his program e).iarr'lple, the discrete '
configurations are in file N7 and the multiword

floating-point parameters are in file F8.

Communication between the SLC processor and the SLC Servo Module
occurs asynchronously through 12 input and 12 output words. The
SLC Servo Module requires that an input is present from one to two
coarse iterations before it is guaranteed to be recognized. SLC Servo
Module ladder logic rungs contain timers that can provide the proper
timing.

The preferred method is to build handshake logic into the SLC Servo
Module ladder program. A handshake occurs when the SLC processor
requests a change and tests for an appropriate change in the SLC
Servo Module status word before continuing.

The SLC Servo Module can deny requests from the SLC processor
because the SLC Servo Module is not in the correct state to grant the
request. Some SLC Servo Module inputs are only recognized on the
input transition. If the SLC Servo Module is not in the correct state to
grant a request when the input transition occurs, the input request is
denied. Unless you toggle the input again, the SLC Servo Module
ignores the request.

Encoder lines are entered to compute counts per unit and maximum
speed.
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To enter encoder lines:

1. Refer to the encoder manufacturer’s specification for the
encoder lines.

2. Enter the value of the Encoder Lines parameter in configuration
file F8 (words 4-5).

3. Enter the value of the Counts Per Position Unit parameter in
configuration file F8 (words 6 and 7).

Computing Counts Per Position Unit

Use the following equation to calculate the value of the Counts Per
Position Unit parameter as it is used in step 3 above.

Counts per position | Multiplied by the: Multiplied by the:
unit is equal to:

4 Number Of enCOder |IneS Hevs/pos|t|0n umfI

! Where the revs/position unit contains gearing and the pitch of the ball-screw.

In the example below, an axis uses a 1000 line encoder in a motor
coupled with a 3:1 reducing gear to a 5 pitch lead screw (5 turns per
inch). With a position unit of inch, the value of the Counts Per
Position Unit parameter is computed as:

Lines per Multiplied by Multiplied by Revolutions per | Equals counts
revolution: counts per line: | input inch: per inch:
revolutions/
output
revolutions:
1000 4 3 5 60000

Computing Maximum Speed Scaler

Speed scaler refers to the varying of incoming voltage to produce a
varying speed. To compute a variable output speed, the SLC Servo
Module uses the number of pulses from the encoder, the maximum
motor rpms, and speed that you want.

For reliable axis operation, the axis speed you want must be less than
the digital analog convertor (DAC) saturation speed. The DAC
saturation speed must be less than the motor operation speed at low
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AC line conditions. If you don’t meet these conditions, you experience
excessive error faults during high speed operation. You must select
the proper motor, drive, and gearing to satisfy the above requirement
for the application. AC power to the motor drive can go as low as 85%
of the nominal input voltage. To allow for axis operation at low line
conditions, use a power line factor between 0.85 and 1.0. Select a
power line factor based on motor and drive vendor specification.

The maximum low line operating speed (from the motor data sheet
plus gearing) can be calculated by performing the following:

Maximum operating Multiplied by: Multiplied by: Multiplied by:
speed for the axis is
equal to:
Power line factor Maximum motor rpm Output revolutions/ 1/pitch
input revolutions

(Power Factor) x =

Operating at maximum speed that you want, select a DAC output
saturation speed greater than the operation speed that you want. A
reasonable percentage of maximum is approximately 105%. The DAC
output saturation speed is the maximum speed for the axis, and we
calculate it as follows:

Maximum operating speed | Multiplied by:
is equal to:
1.05 Maximum speed that you want

In the example below, select a 3000 rpm motor for use with the
previous example in this section. Compute the maximum operating
speed using the following equation:

(RPM % (Encoder lines * 4)

— _ Maximum Operating Speed
Counts per Position Units

Power factor: Multiplied by: Multiplied by: Divided by: Equals maximum
revolutions per minute | Encoder lines * 4 Counts per operating speed:
(RPM) position units

0.85 3000 4000 60000 170 (ipm)
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In the example below, if you want a maximum operating speed of 170
ipm, the motor and drive combination you chose must meet your

speed requirements.

DAC output saturation | Is equal to: Multiplied by

speed: maximum operating
speed:

179 (ipm) 1.05 170 (ipm)

Enter the DAC output saturation speed in configuration file F8 (word

28 and word 29).

|n|t|a||z|ng DAC Output DAC output voltage ranges from —10V to +10V. When you command

Voltage for Drive Symmetry

100% of speed, you want the DAC signal to be 9.5V for maximum
use. If you calibrate the drive input correctly, the SLC Servo Module

outputs 9.5V when the axis is moving at maximum speed.

To set the DAC output voltage:

1. Set the output voltage in file F8 (words 24 and 25) to + Max

Speed = +9.5V.

2. Set the output voltage in file F8 (words 26 and 27) to - Max

Speed = -9.5V.

3. If possible, rough calibrate the drive input for maximum speed
with an input of 9.5V. Drive input scaling to the SLC Servo
Module output occurs while you make coarse calibrations.

Setting Initial Loop Type After you set the initial loop type, download the initial configuration
to the SLC Servo Module.

To set the loop parameters:

1. Set the loop type parameter to OPEN LOOP in the configuration
file N7 by setting word 0, bits 4 and 5 to 0 LOOP TYPE (00).

2. Set the SLC Servo Module control in Estop.

3. Toggle the bit (word 0, bit 15) to download this configuration.
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Defining Positive Axis
Movement for the SLC
Servo Module

To define positive axis movement for the SLC Servo Module, you must
invert the DAC and reverse feedback. Axis status area information is

cop

ied into F48 at every ladder scan.

To define the positive axis movement:

1. Record the present feedback position PO contained in file F48.

2. Reset Estop.

3. Initiate an incremental move in the positive direction at 5% of
SLC Servo Module’s maximum speed for approximately one
position unit. Refer to Figure 9.4 for an example of an
incremental move.

4.

If the axis Then: Do this:
moved in the:
Positive direction Invert DAC setting is | Go to step 5.
correct.
Negative direction Invert DAC setting is | Change invert DAC
incorrect. (Configuration word 0, bit 1)
fromQ0to 1.
5. Observe the feedback position P1 (file F42) after the move.
6.
If P1-POis: Then: Do this:
Greater than zero Reverse feedback is | Go to step 7.
correct.
Less than zero Reverse feedback is | Change reverse feedback
incorrect. (Configuration word 0, bit 2)
from0to 1.
7. Download the updated configuration.
8.
If you: Then:
Made changes to the invert DAC 1. Set the SLC Servo Module in Estop.
or reverse feedback parameters 2. Toggle the bit (word 0, bit 15) to

download this configuration.
3. Reset Estop.

Did not make changes to Go to Coarse Calibrating.
parameters
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Coarse Calibrating

Fine Calibrating
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Perform the following steps to coarse calibrate the drive input scaling
to SLC Servo Module DAC output voltage:

1. Initiate a positive direction speed move at a safe operating
speed (e.g., < 50%) of the SLC Servo Module’s maximum speed.

2. Record the commanded speed and the actual speed contained in

the file F48.

3. Cancel the speed move.

If the axis speed:

Then:

Does not match the
command speed within 3%

1. Adjust the drive input scaling until the
observed speed in file F48 matches the
command speed.

2. Repeat the positive speed move at a
speed that is as high a speed as safety
permits to verify drive input calibration.

3. Repeat steps 1 and 2 in this table until
the speeds are within 3%.

Does match the command
speed within 3%

Go to Fine Calibration of the DAC Output Voltage
Scaling.

Perform the following steps to fine calibrate the DAC output voltage

scaling:

1. Initiate a speed move in a positive direction at the highest (but

safe) speed.
2. Record the axis speed.

3. Cancel the speed move.

4. Repeat steps 1, 2, and 3 for the same magnitude speed
command in a negative direction.

IMPORTANT RS the speed by reversing the speed

specifications for the speed move that is executing.
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5.
If: Then:
Both the positive and Go to Computing Excess Following Error Limit.
negative speed match the
commanded speed within
3%
The speed error is greater 1. Compute a new output voltage at
than 3% maximum speeds using the positive
speed calibration and negative speed
calibration equations shown below.
2. Set the SLC Servo Module in Estop.
3. Toggle the bit (word 0, bit 15) to
download this configuration.
4. Reset Estop.
5. Go to the main step 1.
6.
Calculate: To equal: Multiplied by:

Output voltage at the positive
maximum speed (new value)

Output voltage at the positive
maximum speed (current value)

(programmed speed)
(actual speed in the positive direction)

7. Enter output voltage at the positive maximum speed in
configuration file F8 (words 24-25).

8.

Calculate:

To equal:

Multiplied by:

Output voltage at the negative
maximum speed (new value)

Output voltage at the positive maximum
speed (current value)

(programmed speed)
(actual speed in the negative direction)

Computing Excess
Following Error Limit

9. Enter output voltage at the negative maximum speed in
configuration file F8 (words 26-27).

The axis following error that exceeds the excess following error limit
places the control in an Estop condition. This is a safety limit and
indicates loss of axis control by the SLC Servo Module. You can
compute the normal operating following error from the maximum axis
speed that you want and the axis gain. A typical operating difference
between the maximum following error and the following error limit is
120%. Default gain for the SLC Servo Module is 1.0 position units per
minute per one thousandth of position unit.
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To calculate the initial following error limit:

1.

2.

Calculate: To equal:

Follow error limit 1.2 multiplied by the maximum speed that you want
(axis gain x 1000)
180 ipm /(1.0 ipm/mil x 1000)
0.216 inch

Enter the following error limit calculated in configuration file F8
(words 38-39).

Selecting Loop Type To select a loop type for normal operation and to adjust position loop
gain, do the following:

1.

6.

7.

Set the time to maximum axis speed to one coarse iteration
(0.0048 seconds [default)) in file F8 (words 30 and 31).

For a normal loop type of the following error FE, set
configuration file N7 word 0, bit 4 to 1 and bit 5 to 0.

For a normal loop type of the zero following error ZFE (VFF),
set configuration file N7 word 0, bits 4 to 0 and bit 5 to 1.

Set the % velocity feedforward (VFF) by changing the
configuration file F8 (words 32 and 33) to 0.

Set the SLC Servo Module in Estop.
Toggle the bit (word 0, bit 15) to download this configuration.

Reset Estop.

Since you calibrated the speed previously, the position loop gain is in
position units per minute per one thousandth of position unit. For the
above examples, the gain is in ipm/mil where a mil is 0.001 inch.

IMPORTANT of 1.0 in SLC Servo Module units is equivalent

to a gain of 16.6667 inverse seconds.
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Selecting Axis
Acceleration Rate

To monitor and adjust the position loop gain, you must do the

following to create a program that loops:

1.

Create six individual moves where each move is separated by a
one-second delay and where three are in one direction and
three are in the opposite direction.

Create each move at approximately two motor revolutions and
at a programmed speed of 20% of maximum speed.

Set up a Set Axis Gain Function within the program.

Execute the program.

. Increase the gain until the axis following error changes sign

when the axis stops.

Reduce the gain until a sign change is not observed when
stopping.

IMPORTANT TS normal for the following error to change its sign

while holding position.

7.

10.

11.

12.

Enter the gain value determined above in configuration file F8
(words 42 and 43).

Repeat the calculation shown in Excess Following Error Limit
using the new axis gain.

Enter the following error limit calculated in configuration file F8
(words 38 and 39).

Set the SLC Servo Module in Estop.
Toggle the bit (word 0, bit 15) to download this configuration.

Reset Estop.

We specify the axis acceleration rate in terms of time for the SLC Servo
Module to reach its maximum acceleration rate. Time to speed is an
inverse function; a smaller time means a higher acceleration rate.

To set the acceleration rate:

1.

Set the time to accelerate to maximum speed to 0.2 seconds in
configuration file F8 (words 30 and 31).
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2. Set the SLC Servo Module in Estop.
3. Toggle the bit (word 0, bit 15) to download this configuration.

4. Reset Estop.

IMPORTANT of 1.0 in SLC Servo Module units is equivalent

to a gain of 16.6667 inverse seconds.

5. Create a program that loops so that one long move in each
direction (separated by a 4-second delay) occurs.

6. Execute the loop program.
7. Set the programmed speed at 90% of maximum speed.
8. Setup a % acceleration function within the program.

9. Execute the program beginning with a % acceleration ramp of
10%.

10. Look for overshoot as the axis reaches maximum speed and
slows to a stop.

11. Increase the % acceleration ramp until overshoot occurs in the
axis following error.

12.
If: Then:
Overshoot is observed | Reduce the % of acceleration rate until there is no
during starting or overshoot.
stopping
No overshaot is Go to step 13.
observed during
starting or stopping
13.

Calculate: To equal:

Time to maximum 1.05 multiplied by
speed (new value) | time to maximum speed (current value)
(% acceleration rate expressed as a decimal)
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Determining Velocity and
Acceleration Feedforward

For example, the current value for time to maximum speed is 0.2
seconds. From the above motion test, the % acceleration ramp selected
is 22%.

Calculate: To equal:

Time to Maximum (1.05 seconds x 0.2) divided by 0.22
Speed (new value)

0.96 seconds

14. Enter the new time to accelerate to maximum speed in
configuration file F8 (words 30-31).

15. Set the SLC Servo Module in Estop.
16. Toggle the bit (word 0, bit 15) to download this configuration.

17. Reset Estop.

The following information for determining velocity and acceleration
feedforward is for Velocity Feedforward (VFF) only.

Speed calibration and axis acceleration are critical for proper velocity
feedforward operation.

Velocity Feedforward

With velocity feedforward, you add a percentage of the computed
velocity command to the position error velocity command. Velocity
feedforward can reduce the following error at constant axis speed to
near zero. But at values above 70%, velocity feedforward can
introduce a small overshoot at the end of a transition. Select a value
acceptable for the application.

Acceleration Feedforward

With acceleration feedforward, you add a percentage of the computed
acceleration command to the position error velocity command.
Acceleration feedforward only affects the axis following error on a
velocity transition. We use this percentage along with high values of
velocity feedforward. Select a value acceptable for the application.
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Setting Axis and Home
Specific Parameters

Programming Conventions

Publication 1746-6.1.2 - July 2000

The rest of the parameters are axis and home specific. You can set
these parameters up to the value that you want, but we recommend
that the home speeds be about 1% of the maximum speed.

Configuring the SLC Servo Module

The SLC Servo Module accepts and generates different types of data:

* Binary data that is compatible with the binary or integer files for
the SLC processor.

* Integer data that is compatible with the SLC processor integer
files.

* Floating-point data that is compatible with the SLC processor
floating-point files. As the module interfaces to floating-point
files, it is only compatible with the SLC 5/03 FRN 5.0 and above
processors. Refer to the SLC 500 Reference Manual (publication
1747-6.15) for the floating-point file information.

Downloading Your Configuration

When you download your configuration using the MO file for the
module that you want, the types of data that are included are:

¢ Discrete parameters

* Floating-point parameters

You can download to the module using two copy file instructions to
the MO file of the SLC Servo Module:

* The first copy file instruction copies discrete information.
¢ The second copy file instruction copies floating-point
information.

Depending on the values specified in the configuration, the module
accepts the data or generates configuration errors through module
input status words that are described in the next section. See Figure
7.2 for a typical ladder program to download the configuration.
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Figure 7.2 Typical Ladder Program

Cine
Shet
for
Configure
B30 —COFP
j [ Copy File
11 Sonree #Fe:0
Drest #MI0:1.4
First Pass Length 40
3l
15 —COFP
Copy File
Sonree #70
Diest #MO:1.0
Length 4
E3:.0
1

In the ladder above, the floating-point file F8:0 and integer file N7:0
contain the configuration that you want for the SLC Servo Module in
slot 1. They are copied once to the MO file for slot 1 when requested.
The configuration parameters are described later in this chapter. When
an error is generated, the following events occur:

e CONFIG INV LED is lit.
* Errors are reported in word I:1.4 in decimal format.
e CONFIG INVALID Bit I:1.1/14 (I:1/30) is set.

Configuration Errors

The CONFIG INV LED on the SLC Servo Module turns on before or
after power-up to indicate an invalid configuration.

The configuration error input bit (14) in configuration mode input
status word 1 is set and input status word 4 of the module reports the

errors detected if any one of the following occurs:

* There is no configuration file.

* The configuration is invalid.

Refer to the Troubleshooting chapter for a list of those configuration errors.

Configuring the MO File Data Tables

See Appendix A for full listing of the MO data tables.
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Configuration Parameters
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This section provides information to help you set discrete and
floating-point parameters for the SLC Servo Module. These parameters
are grouped according to their function:

¢ Feedback parameters
* Servo loop parameters
¢ Motion parameters

* AXis parameters

* Homing parameters

* System parameters

You can determine these parameters by using the integration
procedure described in the Setting Up Your SLC Servo Module chapter.

Feedback Parameters

Feedback parameters define the position feedback sent to the SLC
Servo Module. This position feedback is for the axis controlled by the
SLC Servo Module. Use Figure 7.3 and the following table to see how
feedback parameters work with the servo loop parameters.

Figure 7.3 How Feedback Parameters Work with Servo Loop Parameters

Drive

SLC Servo Module

Encoder Lines (MO, w4-5)

Counts Per Position Unit (MO, w6-7)

The following table provides the name, file location, and a brief
description of the Feedback parameters. For more detailed
information see Appendix A of this manual.

Name Location Description

Encoder Lines M0:s.4,5 Specifies the number of lines per revolution of
the input shaft. This parameter would be in the
encoder specification sheet.

Counts per Position | M0:s.6,7 Specifies the number of encoder edges per
Unit position unit.
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Servo Loop Parameters

Servo loop parameters specify the following:

e Control axis motion
¢ DAC output to the axis drive

* Gain and excess following error

Figure 7.4 and Figure 7.5 show how servo loop parameters work in a
standard closed loop and a velocity feedforward loop.

Most servo loop parameter values are determined by using
information in the Setting mitial Loop Type section of the Setting Up Your
SLC Servo Module chapter.

Figure 7.4 Servo Loop Parameters in a Standard Closed Loop

Control Axis Motion
D Motor Tach Encoder
———

Maximum Axis Gain —

Position Following i - —
Command Error Velocity Drive Amplifier
Command
— e e D/A
. ° + by
Axis N
Feedrate - Y
Position Velocity
Feedback
®
* Incremental Position
H H B EE
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Figure 7.5 Servo Loop Parameters in a Velocity Feedforward Loop
Control Axis Motion
- Motor Tach Encoder
Velocity and
Acceleration [H]I —
Feedforward
Position Following Drive Ao
Command Error Velocity rive Ampiltier
. D/A Command =/ : :
; ° +
Axis \
— A
Feedrate Maximum Axis Gain
Position Velocity
Feedback
[
b Incremental Position Feedback
A E B RN
. = and integrator
[ ]
= and amplifier

The following table contains the name, file location, and a brief
description of the Servo Loop parameters. For more detailed
information about the parameters see Appendix A of this manual.

Name Location Description

DAC Enable M0:s.0/0 Enables (provides or turns on) the DAC output
voltage or disables (turns off) DAC output by
setting the DAC output to zero.

Invert DAC M0:s.0/1 Inverts the DAC output to change direction with
respect to the positive and negative move.

Reverse Feedback M0:s.0/2 Reverses the sign of the incremental feedback

position acquired every servo scan.
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Loop Type M0:s.0/5, M0:s.0/4 | Type of loop closure

Velocity Feedforward | M0:s.32,33 Value of the feedforward constant used for the

Constant velocity feedforward loop closure in percentage
(0.0t0 1.0).

Acceleration M0:s.34,35 Value of the feedforward constant used for the

Feedforward velocity feedforward loop closure in percentage

Constant (0.0to 1.0).

Maximum Axis Gain | M0:s.42,43 Maximum value for gain in position units per

Value

one thousandth of position unit.
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Name Location Description

Excess Following M0:s.38,39 Value of the following error beyond which an

Error excess following error fault occurs in position
units.

Output Voltage at+ | M0:s.24,25 The voltage at the DAC to command the

Max Speed Maximum Axis Speed in the positive direction
in volts.

Output Voltage at— | M0:s.26,27 The voltage at the DAC to command the

Max Speed Maximum Axis Speed in the negative direction
in volts.

Motion Parameters

Use the motion parameters in the following table to define your
motion-related specifications (e.g., speed, time to maximum speed)
for the SLC Servo Module.

Name Location Description

Velocity Time Base M0:s.0/6 Specifies the time base for the speed
parameter specification.

Synchronized Move | M0:s.1/1 Specifies the source for the synchronized move

Source signal to be either the backplane or the
termination panel.

Maximum Axis Speed | M0:s.28,29 Maximum speed for moving an axis in position
units/time unit.

Refer to the Setting Up Your SLC Servo Module
chapter for more information.

Time to Maximum M0:s.30,31 Maximum time to reach the maximum rated
Axis Speed speed for the axis in seconds.
In-position Band M0:s.40,41 Specifies a zone around the end point for the

move within which the in-position bit gets set.
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Axis Parameters

Use the axis parameters in the following table to specify your axis

configuration.

Name Location Description

Rollover Position M0:s.12,13 Value of the position register when it changes
from the highest value to 0 if moving in the
positive direction. Value of the position register
when it changes from 0 to the highest value if
moving in the negative direction in position
units.

Software Overtravels | M0:s.0/7 Determines whether software overtravel limits

Used are used.

Positive Qvertravel M0:s.8,5.9 Position value of the positive software

Limit overtravel limit in position units.

Negative Overtravel | M0:s.10,5.11 Position value of the negative software

Limit overtravel limit in position units.

Reversal Error Value | M0:s.22,5.23 Distance the control adds to the commanded

motion when the axis changes direction in
position units.

Homing Parameters

Use the homing parameters in the following table to home each axis.

Name Location Description
Home Type M0:s.0/9, Specifies the type of homing to be used by the
M0:s.0/10 SLC Servo Module.

Home Pasition M0:s.14,5.15 The position value the control puts into the
current position after a homing operation.

Home Calibration M0:s.16,5.17 The distance to the home position from the first
encoder marker detected after the limit switch
deactivates while the axis is moving off the
limit switch.

Final Move to Which | M0:s.0,11 This bit specifies which marker the axis needs

Marker? to move to for the final move of both the
Homing to a Marker and Homing to a Limit
Switch and Marker home types.

Final Move to M0:s.0,12 This bit specifies if the final move to the marker

Marker? is performed for the axis.

Limit Source M0:s.1,0 Specifies the source for the home limit to be

either the backplane or the termination panel.




Setting Up Your SLC Servo Module ~ 7-31

Name Location Description

Speed/Direction of M0:s.18,19 This parameter is used during all homing

Move Off the Limit operations except Homing Without a Limit

Switch Switch or Marker.

Speed/Direction of M0:s.20,21 This parameter is used during all homing

Move to the Marker operations except Homing Without a Limit
Switch or Marker.

Home Tolerance M0:s.36,37 Specifies the position band around the home

position.

System Parameters

Use the system parameters in the following table to define your

system-related specifications.

Name Location Description

Enable Incremental M0:s.0/13 This bit enables incremental position command

Position Command in the command mode (i.e., words 2 and 3).
Refer to Understanding Discrete Block Commands
from the SLC processor in this chapter.

Blend Move Profile M0:s.0/14 When set, this bit redefines the mapping of all
configuration parameters to specify a blend
profile. Refer to Blend Profile information in this
chapter.

Mode Flag M0:s.0/15 o [f this bit is set, the SLC Servo Module interprets

the incoming data as configuration information.
The configuration is allowed if there is no motion
in progress and the system is in the Estop.

e |f this bit is clear, M-file contents are ignored
because M-files are only used for SLC Servo
Module configuration with this release.

Discrete Bit Status
Word 0 Definition

M0:s.1/7.M0:s1/6

Specifies the content of Discrete Bit Status
Word 0 being sent from the SLC Servo Module
to the SLC processor.

Inhibit Informational | M0:s.1/8 This bit, when set, inhibits (i.e., forces

Codes informational code sent to SLC to 0) the
reporting of all informational codes in the SLC
Servo Module to SLC processor Discrete
Control Status.

Inhibit Minor Fault M0:s.1/9 This bit, when set, inhibits (i.e., forces minor

Code

fault code sent to SLC to 0) the reporting of all
minor fault codes in the SLC Servo Module to
SLC processor Discrete Control Status. When
clear, all minor faults detected by the SLC Servo
Module are reported to the SLC processor. You
must clear them using either the Clear Fault or
Clear All Faults bit.
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Homing Options
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Name

Location

Description

Inhibit Major Fault
Code

M0:s.1/10

This bit, when set, inhibits (i.e., forces major
fault code sent to SLC to 0) the reporting of all
major fault codes in the SLC Servo Module to
SLC processor Discrete Control Status. When
clear, all major faults detected by the SLC Servo
Module are reported to the SLC processor. You
must clear them using either the Clear Fault or
Clear All Faults bit.

Inhibit Actual
Position

M0:s.1/12

This bit, when set, inhibits (i.e., forces actual
position sent to SLC to 0) the reporting of the
Actual Position in the SLC Servo Module to SLC
processor Discrete Control Status. When clear,
the actual position of the SLC Servo Module is
sent to the SLC processor.

Inhibit Following
Error

M0:s.1/13

This bit, when set, inhibits (i.e., forces
following error sent to SLC to 0) the reporting of
the Following Error in the SLC Servo Module to
SLC processor Discrete Control Status. When
clear, the following error of the SLC Servo
Module is sent to the SLC processor.

Inhibit Current Speed

M0:s.1/14

This bit, when set, inhibits (i.e., forces current
speed sent to SLC to 0) the reporting of the
Current Speed in the SLC Servo Module to SLC
processor Discrete Control Status. When clear,
the current speed of the SLC Servo Module is
sent to the SLC processor.

Fits per CIT!

M0:s.2

These hits specify the number of fine iterations
(Fits) that accumulatively produce one coarse
iteration (CIT).

1 A small number of Fits per CIT cause a fast servo loop closure time that yields better motion performance on the
transitions, but slower communication with the SLC processor. As the number of Fits per CIT increases, motion
performance on the transitions degrades, but communication with the SLC processor is slightly enhanced. For
blended moves, Fits per CIT must be greater than 4.

Homing Without a Limit Switch or Marker

Use the Set Home block command found in SLC processor to SLC
Servo Module word 5 to home the axis. Refer to the Set Home
command in the Programming System Variables chapter for more
information. When you select this home type, the Final Move to Which
Marker? and Final Move to Marker? configuration parameters are ignored.

Homing to a Marker

Homing to a Marker specifies how an axis will find its initial (home)
location. Two parameters specify which marker to move to and
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whether the final move to the marker is required. Four options are

outlined in the table below.

Option Final Move to Which Marker? | Final Move to Marker?
parameter is set to: parameter is set to:

1 0 No (0)

2 0 Yes (1)

3 1 No (0)

4 1 Yes (1)

An example of each option is given on the following pages.

Option 1 Example

Parameters: Equals:

Final Move to Which Marker? 0

Final Move to Marker? No (0)

When these parameters are set, the axis moves one revolution of the
feedback device in the direction and at the speed that the Home Axis
command specifies when looking for the marker.

If the marker is: Then:
Found during that one The current position of the axis is set to the
revolution move configured Home Position + the distance to the

marker nearest the start position + Home Calibration.

Not found during that one The problem is reported to the SLC processor.

revolution move

IMPORTANT This configuration is typical for a unidirectional axis

(i.e., axis that only moves in one direction).

EXAMPLE Marker #1  Current PositionMarker #2
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If the current axis position is x, then the following occurs:

¢ The axis moves one revolution of the feedback device in the
direction and at a speed specified by the Home Axis command
(i.e., toward Marker #2 for this example).

e Marker #2 is found during the move, but because Final Move to
Marker? is set to No (0):
* The final axis move does not take place.
* The current position of the axis is set to the configured Home

Position + the distance to Marker #1 (i.e., the marker nearest
the start position) + Home Calibration.

Option 2 Example

Parameters: Equals:
Final Move to Which Marker? 0

Final Move to Marker? Yes (1)

When the parameters are set, the axis moves one revolution of the
feedback device in the direction and at the speed that the Home Axis
command specifies when looking for the marker.

If the marker is: Then:

Found during that one The axis moves at the absolute value of the speed

revolution move specified by the configured Speed/Direction of
Move to the Markerto the marker closest to the start
position.

Not found during that one The problem is reported to the SLC processor
revolution move

The current position of the axis is set to the configured Home Position
+ Home Calibration. If the marker is not found, the problem is reported to
the SLC processor.

IMPORTANT To C(?nfigure and program.flor a unidirectional a.xis,
the sign of the speed specified in the Home Axis

command and the direction of the move specified by
the configured Final Move to Marker? must result in
unidirectional axis motion.
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EXAMPLE Marker #1  Current PositionMarker #2

If the current axis position is x, then the following occurs:

* The axis moves one revolution of the feedback device in the
direction and at a speed that is specified by the Home Axis
command (i.e., toward Marker #2 for this example).

* Marker #2 is found during the move, and because Final Move to
Marker? is set to Yes (1), the axis moves at the absolute value of
the speed specified by the configured Speed/Direction of Move to
the Marker to the marker closest to the start position (i.e.,
Marker #1).

* The current position of the axis is set to the configured Home
Position + Home Calibration.

Option 3 Example
Parameters: Equals:
Final Move to Which Marker? 1
Final Move to Marker? No (0)

When the parameters are set, the axis moves one revolution of the
feedback device in the direction and at the speed that the Home Axis
command specifies when looking for the marker, and then it stops.

If the marker is: Then:
Found during that one The current position of the axis is set to the
revolution move configured Home Position + the distance to the nearest

marker + Home Calibration.

Not found during that one | The problem is reported to the SLC processor.
move

IMPORTANT T'h1s cor.1f1gurat1on is typ1cgl for a u.n1d1r'ect1ona1 axis
(i.e., axis that only moves in one direction).
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EXAMPLE

Marker #1  Current PositionMarker #2

—ee Xetrrnermennennns l...+

If the current axis position is x, the following occurs:

* The axis moves one revolution of the feedback device in the
direction and at the speed specified by the Home Axis command
(i.e., toward Marker #2 for this example) and stops.

* Marker #2 is found during the move, but because Final Move to
Marker? is set to No (0), the final axis move does not take place.

* The current position of the axis is set to the configured Home
Position + the distance to nearest marker (i.e., Marker #2 for this
example) + Home Calibration.

Option 4 Example

Parameters:

Equals:

Final Move to Which Marker? 1

Final Move to Marker? Yes (1)

When the parameters are set, the axis moves one revolution of the
feedback device in the direction and at the speed that the Home Axis
command specifies when looking for the marker, and then it stops.

If the marker is:

Then:

Found during that one The axis moves at the absolute value of the

revolution move

speed the configured Speed/Direction of Move to
the Marker specifies to the nearest marker.

Not found during that one The problem is reported to the SLC processor.

revolution move

The current position of the axis is set to the configured Home Position
+ Home Calibration.

IMPORTANT

To configure and program for a unidirectional axis,
the sign of the speed specified in the Home Axis
command and the direction of the move specified by
the configured Final Move to Marker? must result in
unidirectional axis motion.
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EXAMPLE Marker #1  Current PositionMarker #2

Y I ) l...+

If the current axis position is x, the following occurs:

* The axis moves one revolution of the feedback device in the
direction and at the speed specified by the Home Axis command (i.e.,
toward Marker #2 for this example) and stops.

* Marker #2 is found during the move, and because Final Move to
Marker? is set to Yes (1), the axis moves at the absolute value of
the speed specified by the configured Speed/Direction of Move to
the Marker to the nearest marker (i.e., Marker #2 for this
example).

* The current position of the axis is set to the configured Home
Position + Home Calibration.

Homing to a Limit Switch

The axis moves in the direction and at the speed specified by the
Home Axis command to find the home limit switch first. When the
limit switch is found, the axis moves in the direction and at the speed
specified by the configured Speed/Direction of Move Off the Limit Switch.

The axis position is recorded the moment the axis clears the limit
switch. Subsequently, the axis decelerates and stops.

Other configuration parameters are borrowed for unidirectional
homing.

If Move to Marker is set | Then:
to:

No (0) No further axis motion takes place. Instead, the
current position of the axis is set to the configured
Home Position + the distance from the limit switch using
the position of the axis recorded earlier + Home
Calibration.

Yes (1) The axis moves back to the position of the axis
recorded earlier at the absolute value of the speed
specified by the configured Speed/Direction of Move
to the Marker.
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The current position of the axis is set to the configured Home Position
+ Home Calibration.

To configure and program for a unidirectional axis
IMPORTANT ’
_ the signs of both the speed specified in the Home

Axis command and the Speed/Direction of Move Off
the Limit Switch must be the same and Final Move to
Marker? is set to No (0).

Homing to a Limit Switch and Marker

The axis moves in the direction and at the speed specified by the
Home Axis command to first find the home limit switch. When the
limit switch is found, the axis moves in the direction and at the speed
specified by the configured Speed/Direction of Move Off the Limit Switch.

The balance of the homing sequence is identical to Homing to a
Marker replacing the direction and speed properties of the Home Axis
command with the configured Speed/Direction of Move to the Marker.

IMPORTANT S C(?nfigure and program fqr a .unidirectional a)-(is,
the signs of the speed specified in the Home Axis

command, Speed/Direction of Move Off the Limit
Switch, and Speed/Direction of Move to the Marker
must be the same.




Chapter 8

Overview

Blend Move Profiles

Programming the SLC Processor to Run the
SLC Servo Module

This chapter provides configuration information for the SLC processor
and the SLC Servo Module. It also contains instructions for
programming the module for the command mode of operation. The
following topics are explained:

* Blend move profiles
* Command and status information
* Module communication interface
¢ Discrete bit commands from the SLC processor
* Discrete block commands from the SLC processor
* Recovering from Estop
* Incremental position command
* Simple move commands
* Using simple move commands
* Absolute/Incremental move
* Speed move
¢ Monitor move
* Run blend move profile
* Blending moves

* Plan synchronized move

Before you download blend move profiles, the module must be in
Estop state (I:s.1/1). The module downloads blend move profiles
when the ladder instruction sends the data to the MO file with the
output word 0 mode bit (15) and bit (14) set to 1.

Downloading Your Blend Move Profiles

You can download this configuration using the MO file for the module
that you want. There are two types of configuration data:

¢ Discrete parameters

* Floating-point parameters
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— | COPY FILE
—| Source #F51:0
}_E 058 I /‘I/ Dest #M0:1.2
Download Enable 61 Length 30
Configuration Once
COPY FILE
Source #N50:0
Dest #M0:1.0
Length 2

Note: SLC Servo Module is located in Slot 1

You can download to the module using two copy file instructions to
the MO file of the SLC Servo Module:

* First copy instruction copies discrete information

* Second copy instruction copies floating-point information

Depending on the values specified in the configuration, the module
can accept the data or generate configuration errors through the
module input status words described in the Understanding
Configuration Errors section of this chapter. A typical ladder program for
downloading the blend move profile is shown in Figure 8.1.

Figure 8.1 Download Blend Profile

I:2

In this ladder, the floating-point file F51:0 and integer file N50:0
contain the configuration for the SLC Servo Module in slot 1. These
are copied once to the MO file for slot 1 when requested.

Understanding Configuration Errors

The CONFIG INV LED on the SLC Servo Module lights up when you
power up or after you power up to indicate an invalid configuration.
If a configuration file is not present or is invalid for any reason, the
configuration error input bit (14) in configuration mode input status
word 1 is set (I:s.1/14). Input status word 4 of the module reports the
errors detected (I:5.4). Refer to the Troubleshooting chapter for a list of
configuration errors.

The configuration parameters for word 0, bit 14 are described in the
tables below.
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Block Command Source N Destination M | Format | Possible Values Default
Parameters File File Location?
Location'
Blend Move Profile Nn:0 M0:s.0 BITS T1XX XXXX XXXX PPPP 0.0
Number of Blend Points | Nn:1 MO:s.1 USHORT | 11032 0.0
' Nn -Source N file number containing the module configuration data.
25 - Slot number for the SLC Servo Module to be downloaded
Block Command Source F Destination M | Format | Possible Values Default
Parameters File File Location?
Location'

% Acceleration Ramp 1 | Fn:0 M0:s.2-s.3 FLOAT |0.0t01.0 1.0
Speed 1 Fn:1 M0:s.4-s.5 FLOAT | 0.0 to +physical limit 0.0
Absolute Position 1 Fn:2 M0:s.6-s.7 FLOAT | —axis travel limit to +axis travel | 0.0

limit
% Acceleration Ramp 2 | Fn:3 M0:s.8-s.9 FLOAT [0.0to1.0 1.0
Speed 2 Fn:4 M0:s.10-5.11 FLOAT | 0.0 to +physical limit 0.0
Absolute Position 2 Fn:5 M0:s.12-5.13 FLOAT | —axis travel limit to +axis travel | 0.0

limit
Reserved
% Acceleration Ramp 32 | Fn:93 M0:s.188-5.189 FLOAT |0.0t01.0 1.0
Speed 32 Fn:94 M0:s.190-s.191 FLOAT | 0.0 to +physical limit 0.0
Absolute Position 32 Fn:95 M0:s.192-5.193 FLOAT | —axis travel limit to +axis travel | 0.0

limit

! Fn - Source F file number containing the module configuration data
25 - Slot number for the SLC Servo Module to be downloaded

The table above describes the data to download for blend move

profiles. Explanation of the blend move profile execution is described
later in this chapter with the command that initiates blend move
profile execution.

The Blend Move Profile configuration block provides a mechanism to
download several blend move profiles of various lengths prior to
execution. The PPPP in word 0 represents the bits used to specify which
one of up to 16 blend move profiles (0 to 15) this configuration block
defines. Word 1 contains the number of blend points comprising this blend
move profile (1 to 32).

Since M File transfers occur as an immediate output and increase your
ladder scan time, do not configure multiple blend profiles within one
program scan. When configuring blend profiles, use Blend Move
Profile Configuration In Progress and Servo Configuration In Progress
Bits to lock out additional M File transfers. If you do not, you can
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Command and Status
Information

Module Communication
Interface
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corrupt the M File data before it gets transferred in the SLC Servo
Module to the profile storage or module configuration location.

If an error is generated, the CONFIG INV LED is turned on and errors
are reported in I:2.4 and the CONFIG INVALID bit 1:2.1/14 (1:2/30) is
set.

This primary interface to the module remains active while you are
configuring the module to report errors flagged during configuration.

The SLC Servo Module executes two types of commands:

¢ Discrete bit

¢ Discrete block

The SLC Servo Module reads command bits and blocks every coarse
iteration. Discrete bits have a higher priority than discrete blocks.

During each scan of the ladder program, the SLC processor module
interacts with the I/O image table of the SLC Servo Module as follows:

* Writes 12 output command words to the I/O image table.
* Reads 12 input status words from the I/O image table.

During each coarse iteration (configured from 4.8 to 9.6 milliseconds
based on the Fits Per CIT Configured value), the SLC Servo Module
does the following:

* Reads 12 output command words from the SLC processor.

* Makes 12 input command words available for the SLC processor
to read into the I/O image table.
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Figure 8.2 SLC Processor/Servo Module Communication

SLC LADDER
EXECUTION
SLC
SERVO
1/0
Image
Table
SLC
LADDER
.| 120UTPUT o
"I worps . | S
12INPUT | Module
WORDS N
Every
Coarse lteration
481096
Milliseconds

IMPORTANT While developing the ladder logic, take into account
the update rate of the SLC Servo Module.

Discrete Bit Commands Bit specifications, address locations, and descriptions for word 0 and
from the SLC Processor word 1 discrete bit commands are listed within the following tables.

Publication 1746-6.1.2 - July 2000



8-6  Programming the SLC Processor to Run the SLC Servo Module

Word 0 Discrete Bit Commands

Bit Specifications

Location'

Description

Estop Request

0:5.0/0

The Estop request (word 0, bit 0) causes the SLC Servo Module to enter
Estop and cancels all executing moves when the request occurs.

If an old move needs to be executed again, the SLC Ladder resubmits the
move after recovering from the Estop condition.

The move complete bit is set when the SLC Servo Module enters Estop.
The Restore Position functionality is not available.

Retract Position

0:5.0/1

Retract position (word 0, bit 1) cancels axis motion, if any, then
immediately causes the axis to move to the Retract Position position.

Hold/Unhold Move

0:5.0/2

The Hold/Unhold move (word 0, bit 2), when set, causes the axis to
decelerate to a stop.
« If no error occurs during a hold move operation, the held move is
resumed by clearing the bit.
« |f the axis enters the in-position band after a hold is initiated, the
in-position bit is set.
« |f the axis reaches the point where the final interpolated command
is output, the move complete bit is set.
The Hold/Unhold Move bit has no effect on the Incremental Position
command component of @ move.
For example, an absolute move is in progress when the Hold Move bit is
set. The axis decelerates to a stop. If a new move command is received
while in the held state, the old absolute move is discarded and the new
move is held. When the bit is cleared, the new move begins.

Cancel Move

0:5.0/3

Cancel move (word 0, bit 3) cancels a mutually exclusive motion (i.e.,
absolute/incremental move, speed move, monitor move and blend profile
move) in progress. The move complete bit is set when the axis has
decelerated to zero velocity.

Reserved

0:5.0/4

Execute Synchronized Move

0:5.0/5

Execute synchronized move (word 0, bit 5) initiates synchronized moves
already commanded to the SLC Servo Module. An appropriate error is sent
to the SLC if no synchronized move is commanded.

Initialize Retract Position

0:5.0/6

Initialize retract position (word 0, bit 6) causes the SLC Servo Module to
define the current position as the Retract Position location. No motion
occurs. The axis must have been homed. No motion can be in progress.
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15 = Slot number for the SLC Servo Module.
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Bit Specifications

Location'

Description

Turn On/Off Fast
Qutput

0:5.0/7

Turn On/Off Fast Output (FOUT) (word 0, bit 7) turns the fast output on (1)
and off (0).

Turn On/Off Module
Requests for Service

0:5.0/8

Turn On/0ff Module Requests for Service (word 0, bit 8) turns module requests for service
on (1) and off (0).

When set, the SLC Servo Module requests that the SLC processor perform the I/0
Interrupt Subroutine (ISR) corresponding to that SLC Servo Module slot during every SLC
Servo Module coarse iteration.

The primary use of this ISR is to immediately input the SLC Servo Module master
module’s Incremental Position command.

[t immediately outputs that command to all SLC Servo Module slave modules as an
Incremental Position command.

This functionality provides local rack low-end gearing supporting multiple masters and
slaves using the same backplane.

The gearing functions are potentially not accurate because the two SLC Servo Modules
run off two different crystal controlled clocks that can drift with respect to each other.
For applications that use the module interrupt option for the SLC Servo Module,
configure the SLC Servo Module in the lowest numbered I/0 slot and make sure there
are no other modules in the rack that generate module interrupts.

The STl (Selectable Timed Interrupts) and FAULT routines are executed at a higher
priority than the module interrupt routines that are linked to the SLC Servo Module
interrupt.

Reserved

0:5.0/9 through 0:5.0/
14

Mode Flag

0:5.0/15

Mode Flag (word 0, bit 15) provides the hook necessary to provide a discrete |/0-only
interface.

If this bit is set, all of the discrete input data is ignored because the SLC Servo Module
configuration can only be accomplished using M files.

If this bit is clear, the SLC Servo Module interprets the incoming data as command
information.

!5 = Slot number for the SLC Servo Module.
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Word 1 Discrete Bit Commands

Bit Specifications | | 01 Description

Reserved 0:5.1/0

Reserved 0:5.1/1

On Home Limit 0:5.1/2 On Home Limit (word 1, bit 2) informs the SLC Servo Module that the axis has moved onto the
home limit switch.
If the Limit Source is configured for the backplane and Home Type is configured for
Homing to Limit Switch, the SLC Ladder program is responsible for passing the state of
this switch to the SLC Servo Module. If the Limit Source is configured for the termination
panel, the state of this switch is reflected by FIN[3].

Reserved 0:5.1/3 through 1/7

Clear Fault 0:5.1/8 Clear Fault (word 1, bit 8), when set, clears the informational message or fault, currently
reported in the fault code word I:5.4 by the SLC Servo Module. Toggle this bit to clear each
informational message or fault reported by the SLC Servo Module. The messages and faults
are cleared using the first-in, first-out (FIFO) method.

Clear All Faults 0:5.1/9 Clear All Faults (word 1, bit 9), when set, clears all informational messages and faults
currently reported by the SLC Servo Module.

Reserved 0:5.1/10 through 1/15

15 = Slot number for the SLC Servo Module.

Discrete Block Commands The discrete block commands are sent from the SLC processor to the

SLC Servo Module using discrete 1/0. It contains two words of bit
from the SLC Processor information and a variable number of integer and/or floating-point
values.

Words 0 and 1 contain the SLC processor to SLC Servo Module discrete
bit commands. Words 2 and 3 contain the Incremental Position
command. Words 4 through 11 contain command blocks that control
motion and/or motion related activities.

The SLC Servo Module responds to the new block command every
time it differs from the one previously received. If command word 4
or word 5 is not zero, the SLC Servo Module reads each subsequent
word to verify a change.

IMPORTANT SRS discrete block command, set oply 1 bit in
words 4 and 5. If the SLC Servo Module finds more

than one bit set in words 4 and 5 (except as noted
earlier), an error is reported to the SLC processor.

The Plan Synchronized Move bit can be set in conjunction with a
move in the simple move command set.
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As each block command is executed, the SLC Servo Module informs
the SLC processor in a closed-loop fashion, using the SLC Servo
Module to SLC processor discrete status bits.

IMPORTANT If command parameter preparation requires more

than one program scan, set up the accompanying
parameters before setting the command bit.

The discrete commands are classified into Incremental Position
commands and simple move commands that are discussed in this
section and into Position Initialization commands and On-line
Configuration commands that are discussed in the next chapter.

Recovering from Estop

If the Estop string is opened during a move, the move aborts. You can
initiate another move once the Estop Reset is issued and the module is
out of Estop. This can be done by setting/changing either the
command bit, %Acceleration, Speed, Endpoint, or profile number. If
these bits were set while in Estop, they must transition after the Estop
resets to start a new move.

Incremental Position Command

Name Location! | Format Possible | Default

Values?
Incremental Position 0:5.2-3 STDFLOAT 0
command

1 s = Slot number for the SLC Servo Module.
2 Maximum value allowed is the incremental position in position units equal to +32767 encoder edges.

These words contain the Incremental Position command (commanded
on the slave axis for the next coarse iteration) if the system is out of
Estop and not executing the monitor move.

This command is active only if the Enable Incremental Position
command bit is set in the configuration area. The SLC Servo Module
converts the value passed in these words to the internal
representation and adds to the command position of the servo
feedback loop. This allows you to incorporate a special interpolation,
camming or gearing algorithm using the PLC ladder logic.
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The Incremental Position command is active all the time. It can
execute along with other interpolated moves from the mutually
exclusive interpolated moves described in the next section except for
the blend profile move. This allows you to make offset position
adjustments while an interpolated move (i.e., absolute/incremental
move or speed move) is executing.

Since the Incremental Position command is added directly to the
commanded position in the servo loop, software overtravel limits are
not checked. You must stay within software overtravel limits when
using an Incremental Position command.

Executing Simultaneous Moves

The SLC Servo Module executes a motion block from the move
command set in conjunction with the Incremental Position command
except for the blend profile move. Incremental Position command
cannot be active when the blend move profile is executing.

When executing the Incremental Position command, the resulting
command to the servo is computed as the sum total of the
Incremental Position command from the PLC ladder and the
interpolated move command executing every coarse iteration as
shown in Figure 8.3. The move interpolator is the algorithm residing
in the module that determines position increment commanded for
coarse iteration.

Figure 8.3 SLC Processor/Servo Module Interaction During Simultaneous Move

SEL)?ECLAG?%E\,R SLC Servo Module Execution Environment
SLC Every
SERVO Coarse lteration
I/0 4.8109.6
Image Milliseconds
SLC Table
LADDER
//V IPC —b Servo
1/0 SCAN ADD | | Command
Move
Interpolator E—»
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Using Simple Move
Commands

Simple Move Commands

All simple moves are mutually exclusive. The simple move commands
are the Absolute/Incremental, Speed, Monitor, and Run Blend Move
Profile commands.

The currently executing move is considered complete when a new
move is commanded by the SLC processor. A new move occurs when
a change happens to any one of the following:

* Command bit
* % Acceleration parameter
¢ Velocity Unit Per Timebase (speed) parameter

* Position (endpoint) parameter

Blend Profile number

For example, if an Absolute Move command is executing and the
module receives a Speed Move command, the Absolute Move
command is considered finished and the currently executing move
command is blended into the new Speed Move command. This means
that the execution and blending of moves is totally under SLC Ladder
Logic Control.

The units for simple moves are:

¢ The position for each move block is in programming units (for
example, inches, millimeters).

¢ The speed for each move block is in programming units (for
example, inches per minute, millimeters per second).

* The acceleration or deceleration specified is in the percentage
(0.0-1.0) of the maximum acceleration specified.

The simple move commands discussed in this section are:

¢ Absolute/Incremental command
* Speed command
¢ Monitor command

¢ Run Blend Move Profile command

Using the Absolute/Incremental Move Command

The absolute move command generates a move equal to the
difference between the specified target position and the current
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position, causing a positive or negative move, depending on the
current axis position. Absolute and incremental move parameters for
word 4, bit 0/1 appear in the table below.

Block Command Location1 Format | Possible Values Default
Parameters

Absolute Move OR 0:s.4 BITS X000 0000 0000 0001 (absolute) 0
Incremental Move X000 0000 0000 0010 (incremental) 0

More Bit Specifications 0.5 BITS 0000 0000 0000 0000 0

% Acceleration Ramp 0:5.6-0:5.7 FLOAT 0.0t0o1.0 1.0
Speed 0:5.8-0:5.9 FLOAT 0.0 to +physical limit 0.0
Position/Decrement 0:5.10-0:s.11 FLOAT —axis travel limit to +axis travel limit 0.0

15 = Slot number for the SLC Servo Module.

The SLC Servo Module responds differently depending on which
command has not completed (if any) when the Incremental Move is
initiated, as shown in the table below.

If you initiate this And initiate an incremental move before the

command: first command is finished, the Servo
Module:

Absolute Move Adds the absolute and incremental moves
together and stops when the moves are
complete.

Incremental Move Adds the incremental moves together and stops
when the moves are complete.

Speed Move Blends the speed move to the incremental move
and stops when the incremental move is
complete.

None (no command) Moves the distance of the incremental move and
stops when the move is complete.

If the SLC Servo Module is configured with the rollover position, the
move commanded can cause multiple rollovers.

The following information applies to the Absolute/Incremental move:

* The speed specified for the move is the absolute maximum for
the move.

* If the speed specified is greater than the Maximum Axis Speed,
the speed for the move is limited to the Maximum Axis Speed

¢ The axis has to be homed to perform an absolute move

e If an error occurs while executing the move, the SLC processor
is notified.
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ools

The Absolute/Incremental move ends if any one of the following
occurs:

* The move reaches its destination.

* The SLC processor cancels the move. The Cancel Move bit is
used to cancel the absolute or incremental component of the
move. Setting the Cancel Move bit does not affect an
incremental position command component (i.e., the specified
incremental position command continues unless it is set to
ZEero).

* An Estop occurs.

¢ The SLC processor sends another move from the mutually
exclusive move set including a move of the same type with
different % Acceleration Ramp, Speed, or Position/Increment. A
new absolute move can also be initiated by simply changing the
acceleration, speed or position and keeping all other discrete
bits the same.

Planning an Absolute/Incremental Move

Figure 8.4 shows a typical ladder program block diagram that initiates
an absolute/incremental move from the SLC processor. Other moves
are initiated similarly by setting appropriate values in the data tables
and copying the data to the appropriate module output words.

Figure 8.4 Absolute/Incremental Move Command Block Diagram

EQT )
Equal Copy File
Sonree & H31:0 Sonree #F43:.0
0= Drest #2:1.6
Source B 2 Length &
2=
)
Copy File
Sonrce #3110
Drest #2:1.4
Length 2

For example, an absolute move is initiated if the float data table is:

Word 0 (Accel/Decel) | 1(Velocity) 2 (Position) 3 4 5

F43:0 1 500 20

And the integer data table is:

Word 0 1 2 3 4 4
N31:0 1 0 0 0 0 0
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The example initiates an absolute move:

* To 20.0 position units
* At 500.0 position units per time base

e At 100% of the maximum acceleration specified in the
configuration

The absolute move described above occurs if:

¢ The module is out of Estop

* The maximum speed configured is more than 500.0 position
units per minute

¢ The axis is homed

The speed profile for the move is trapezoidal or triangular as shown
in Figure 8.5 and Figure 8.6.

Figure 8.5 Trapezoidal
Velocity Trapezoidal velocity profiles
with programmable acceleration/
deceleration pulse rates.
0 Lag
0 Time
Figure 8.6 Triangular
Velocity
0

0 Time
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Typically, the absolute and incremental moves do the following:

¢ Set the Absolute/Incremental Move in Progress bit.

¢ Set the Status Acceleration bit.

¢ Accelerate to the programmed velocity.

¢ Clear the Status Acceleration bit.

» Continue at the commanded velocity to the deceleration point.

¢ Set the Status Deceleration bit.

* Decelerate to a stop at the target position at the commanded

deceleration rate.

¢ Clear the Status Deceleration bit.

¢ Clear the Absolute/Incremental Move in Progress bit.

 Set the Move Complete bit.

The absolute/incremental type of moves generate a trapezoidal or

triangular velocity profile.

IMPORTANT

A triangular velocity profile is generated if a
commanded move is not long enough to attain the
programmed velocity before the deceleration point is

reached.

Using the Speed Move Command

The speed move command generates a move at the specified speed in
the direction determined by the sign of the speed specified. Speed
move parameters for word 4, bit 2 appear in the table below.

Block Command Parameters | |gcation' Format | Possible Values Default
Speed Move 0:s4 BITS X000 0000 0000 0100 0

More Bit Specifications 0:s.5 BITS 0000 0000 0000 0000 0

% Acceleration Ramp 0:5.6-0:s.7 FLOAT 00t01.0 1.0
Speed 0:5.8-0:5.9 FLOAT —physical limit to +physical limit 0.0

15 = Slot number for the SLC Servo Module.

The speed specified for the move is the maximum for the move.

If:

This is the result:

The speed specified is greater than the | The speed for the move is limited

Maximum Axis Speed

to the Maximum Axis Speed.

An error occurs while executing the The SLC processor is notified.

move
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The speed move ends if any one of the following occurs:

¢ The move reaches an overtravel limit if overtravel limits are
specified.

* The SLC processor cancels the move. The Cancel Move bit is
used to cancel the speed component of the move. Setting the
Cancel Move bit does not affect an Incremental Position
command component (i.e., the specified incremental position
command continues unless it is set to zero).

* An Estop occurs.

* The SLC processor sends another move from the mutually
exclusive move set including a move of the same type with
different % Acceleration Ramp or Speed.

Planning a Speed Move

Figure 8.7 shows a typical ladder program block diagram that initiates
a speed move from the SLC processor. Other moves are initiated by
setting appropriate values in the data tables and copying the data to
the appropriate module output words.

Figure 8.7 Speed Move Command Block Diagram

EQUT —
o4 Equal Copy File
Souree 4 N31:0 Souree #Fd4:0
O= Diest #2148
Souree B 4 Length 4
=
—
Copy File
Sonree #M31:0
Dest #2:1.4
Length 2

For example, a speed move is initiated if the float data table is:

Word 0 (Accel/Decel) | 1 (Velocity) 2 3 4 5
F44:0 1 10

And the integer data table is:

Word 0 1 2 3 4 5
N31:0 4 0 0 0 0 0
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The example initiates a speed move:

e At 10 position units per timebase

* At 100% of the maximum acceleration specified in the
configuration

The speed move occurs if:

* The module is out of Estop

* The maximum speed configured is more than 10 position units
per minute

Using the Monitor Move Command

The monitor move command allows you to move the axis by external
means with the following error set to 0 and the position monitored
and updated. Monitor move parameters for word 4, bit 3 appear in the
table below.

Block Command Parameters | [gcation! | Format | Possible Values Default
Monitor Move 0:s.4 BITS X000 0000 0000 1000 0
More Bit Specifications 0.5 BITS 0000 0000 0000 0000 0

15 = Slot number for the SLC Servo Module.

Essentially, this bit places the SLC Servo Module in open loop.

IMPORTANT The Monitor Move cancels a move in progress and

affects the Incremental Position command
component. This command is ignored if the system
is in open loop.

The monitor move ends if any one of the following occurs:

* SLC processor cancels the move.
¢ Estop occurs.

* SLC processor sends another move from the mutually exclusive
move set.

Planning a Monitor Move
Figure 8.8 shows a typical ladder program block diagram that initiates
a Monitor Move from the SLC processor. Other moves are initiated by

setting appropriate values in the data tables and copying the data to
the appropriate module output words.
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Figure 8.8 Monitor Move Command Block Diagram

EQU ——OP
nols Equal Copy File
Sonroe & H31.0 Sonrce #M31.0
0= Diast #2:14
Source B S Length 2
8=
The table below contains data for a typical monitor move.
Word |0 1 2 3 4 5
N31.0 |8 0 0 0 0 0
This example cancels an existing move and initiates a monitor move.
Using the Run Blend Move Profile Command
The Run Blend Move Profile command allows you to download a
series of absolute moves and execute them by issuing a single Run
Blend Move Profile command. Run Blend Move Profile parameters
for word 4, bit 4 appear in the table below.
Block Command Parameters Location! | Format Possible Values Default
Run Blend Move Profile 0:s.4 BITS X000 0000 0001 0000 0
More Bit Specifications 0.5 BITS 0000 0000 0000 0000 0
Blend Move Profile Number 0:5.6 USHORT 0to15 0
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15 = Slot number for the SLC Servo Module.

The Run Blend Move Profile command initiates the execution of the
blend move profile number specified in word 6 and previously
downloaded to the SLC Servo Module.

The blend move profile is not planned until you select to run it
because multiple profiles are resident. You must use the plan
synchronized move bit in order to get preplanned, immediate
execution.
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The Run Blend Move Profile ends if any one of the following occurs:

* Move reaches the end point of the last move in the move
profile.

* The SLC processor cancels the move. The Cancel Move bit is
used to cancel the positioning component of the move. The
Incremental Position command is not active while it is in the run
blend move profile.

¢ Estop occurs.

* The SLC processor sends another move from the mutually
exclusive move set.

Planning the Run Blend Move Profile Command

Figure 8.9 shows a typical ladder program block diagram that initiates
a Run Blend Move Profile move from the SLC processor. Other moves
are initiated by setting appropriate values in the data tables and
copying the data to the appropriate module output words.

Figure 8.9 Run Blend Move Command Block Diagram

EQU ——Op
oole Equal Copy Fils
Sorce & N3la0 Soroe #52.0
(= Dest #:14
Soree B 16 Length 3
6=

The table below contains data for a typical Run Blend Move. The

example terminates a move and initiates a blend move.

Word

4 (Command)

6 (Profile #)

N31:0

0

1
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Executing a Run Blend Move Profile

Typically, a profile contains from 2 to 32 segments. In many
applications, you must quickly execute a series of short sequential
moves. Blend move profile provides this capability.

If:

This is the result:

The new blend move end point
value is greater than the
currently executing move

The axis continues to move in the same direction, as shown in
Figures 8.10 and 8.11.

The speed for the new blend
move is less than the current
move

The axis decelerates to the new blend move's speed by the end
point of the currently executing move, as shown in Figure 8.10.

The speed for the new move is
greater than the current move
speed

The axis continues moving at the current speed until the end
point of the current move. The axis then accelerates to the next
move’s speed, as shown in Figure 8.11.

The new blend move end point
value is less than the currently
executing move

The axis continues the current move at the current speed, and
decelerates to a stop at the end point of the current move. The
axis then reverses the direction and executes the next move
(i.e., no blending of speeds occurs as speed reverses), as shown
in Figure 8.12.

Figure 8.10 Speed Decreases, Direction Same, End Point Greater

Velocity

/ ‘

/ Time

End point of the current move.

The current move end point is less than the
end point for the new move.

The speed for the new move is less than the
speed for the old move.
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Figure 8.11 Speed Increases, Direction Same, End Point Greater

Velocity

0 /

0 / Time

End point of the current move.

v

The current move end point is less than the
end point for the new move.

The speed for the new move is greater than
the speed for the old move.

Figure 8.12 Speed Increases, Direction Opposite, End Point Less
Velocity

0 ‘\ Time

End point of the current move.

The current move end point is less than the
end point for the new move.

The speed for the new move is opposite to
the speed for the current move.

Executing Several Blend Moves

The following figure shows the speed profiles for several blend
moves.
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Figure 8.13 Speed Increases, Direction Opposite, End Point Less

Velocity Execute several
blend moves
0 | >
0 Time

Blending Moves

End point of the current move.

The current move end point is less than the
end point for the new move.

The speed for the new move is opposite to
the speed for the current move.

An executing move is considered complete when a new move is
commanded by the SLC processor. This allows you complete
flexibility to blend different moves from the ladder logic. If you
change the speed or acceleration after the deceleration has begun, the
move completes using the speed and acceleration that was active
when the deceleration began. This section describes several blend

rules.

Blending Absolute Moves

If the current position is:

Then the axis:

Less than the target position
for the absolute move both:
 when the new absolute
move is processed and
« while executing any
currently executing
move

Direction is not reversed. It can accelerate
or decelerate to the new speed for the
move and then stop at the new target
position, as shown in Figures 8.14 and 8.15.

Greater than the target position

Decelerates to the end point at the
specified deceleration rate of the old move.
The axis then reverses the direction and
executes at the new acceleration rate to
move to the new target position, as shown
in Figure 8.16.

Blend move profile moves follow the same blending rules as absolute
moves because the blend profile moves are several absolute moves

specified as sequential moves.
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Figure 8.14 Speed Decreases, Direction Same, Position Greater

Velocity Blended velocity profiles to permit
high speed traverse and low
speed absolute moves.

0 \ Time

Initiate new Blend Absolute move.

The current position is less than the target
position for the new move.

The speed for the new move is less than the
speed for the old move.

Figure 8.15 Speed Increases, Direction Same, Position Greater

Velocity

0 >
0 \ Time

Initiate new Blend Absolute move.

The current position is less than the target
position for the new move.

The speed for the new move is greater than
the speed for the old move.

Figure 8.16 Speed Slows to Stop, Direction Reverses, Position Less

Velocity

f Time
0

Initiate new Blend Absolute move.

v

The current position is greater than the
target position for the new move.

The speed for the new move is greater than
the speed for the old move.
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Blending Incremental Moves

If an incremental move is
initiated while:

The resulting move is:

Another incremental move is
executing

The sum of the two move distances.

An absolute move is executing

Equal to the sum of the target position for

the absolute move and the distance for
incremental move.

the

A speed move is executing

The sum of the current position and the

distance for the new incremental move.

Blending Speed Moves

If a speed move is initiated while
another move is executing and the
direction is:

Then the axis:

The same

Accelerates or decelerates to the new
speed, as shown in Figures 8.17 and
8.18.

Opposite

Decelerates from the current speed at
the specified deceleration rate for the
old move before reversing and
accelerating to the new speed at the
newly specified acceleration rate, as
shown in Figure 8.19.

Figure 8.17 Speed Decreases, Direction Same

Velocity

\

Time

Initiate new Blend Speed move.

The speed direction for the new move is the same
as the speed direction for the old move.

The speed for the new move is less than the speed
for the old move.
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Figure 8.18 Speed Increases, Direction Same

Velocity

0 \ Time

Initiate new Blend Speed move.

The speed direction for the new move is the same
as the speed direction for the old move.

The speed for the new move is greater than
the speed for the old move.

Figure 8.19 Speed Slows to Stop, Direction Reverses

Velocity

Time

Initiate new Blend Speed move.

The speed direction for the new move is the
opposite of the speed direction for the old move.

Plan Synchronized Move

Plan synchronized move parameters for word 4, bit 15 appear in the
table below.

Block Command Parameters Location! | Format Possible Values Default
Plan Synchronized Move 0.4 BITS 1000 0000 XXXX XXXX 0
More Bit Specifications 0:s.5 BITS 0000 0000 0000 0000 0

15 = Slot number for the SLC Servo Module.
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The Plan Synchronized Move bit:

e Can be set along with a move in the mutually exclusive move
set.

* Tells the motion environment to hold the execution of the
associated move until a synchronize signal is received from the
backplane or as a fast input from the termination panel.

* Can be used to synchronize the execution of a mutually
exclusive move or several moves to be executed on different
modules.

The move data (speed, acceleration, and position) is used to plan the
move, but the execution is held until the synchronize signal goes true.

For example, the Plan Synchronized Move is initiated if the float data
table is:

Word 0 (Accel/Decel) | 1 (Velocity) 2 3 4 5
FA7:0 0.75 500.0

And the integer data table is:

Word 0 1 2 3 4 5
N31:0 0 0 0 0 10000000 00000100 | O

The N31:0 data is shown in binary radix to show the most significant
bit set. Given this data, a speed move is initiated.

The example initiates a synchronized speed move:

* At 500.0 position units per time base.

* At 75% of the maximum acceleration specified in the
configuration.

A synchronized speed move occurs if:

* Module is out of Estop.

e Maximum speed configured is more than 500.0 position units
per minute.

¢ Synchronized signal is received.

Publication 1746-6.1.2 - July 2000



Chapter 9

Overview

Programming System Variables

This chapter provides information to help you program the module
for the command mode of operation. This chapter includes the
following topics:

e Using position initialization commands

* Using online configuration commands

* Understanding status information

* Understanding SLC Servo Module processor status

Using Position Initialization The initialization commands that are discrete block commands from

Commands

Home axis

Set home

the SLC Processor are:

Set retract position

Preset position

Using the Home Axis Command

When you execute the Home Axis command, the following conditions
must exist before the homing operation can begin:

* The motion control system must be out of Estop.

* There must be no motion in progress.

If the system is in Estop, an error is sent to the SLC processor. If there
is motion in progress, that motion is canceled. Home axis parameters
for word 5, bit 0 appear in the table below.

Block Command Parameters Location! | Format Possible Values Default
Bit Specifications 0:s.4 Bits 0000 0000 0000 0000 0

Home Axis 0.5 Bits 0000 0000 0000 0001 0

% Acceleration Ramp 0:5.6-0:5.7 | Float 0.0t0 1.0 1.0
Speed Direction to Start Homing Axis 0:5.8-0:5.9 | Float —physical limit to +physical limit | 0.0

1 s = Slot number for the SLC Servo Module.

Publication 1746-6.1.2 - July 2000



9-2 Programming System Variables

The Speed/Direction to Start Homing Axis value is signed. The sign
specifies the direction the axis is to move.

If: Then:

The speed specified is The speed for the move is limited to the
greater than the maximum maximum axis speed.

axis speed

Any error occurs while The SLC processor is notified with an
homing the axis appropriate fault code.

Planning a Home Axis Move

Figure 9.1 shows a typical ladder program block diagram to initiate a
word 5 command from the SLC processor. Other commands are
initiated by setting appropriate values in the data tables and copying
data to appropriate module output words. Examples of these
commands include:

¢ Set Home

* Set Retract

¢ Preset Position

¢ Set Offset

¢ Set In-Position Band
* Set Excess FE Limit
¢ Set Axis Gain

* Set VFF

Figure 9.1 Home Axis Command Block Diagram

Home cormmand
E3:.0 —COF
0013 J E Capy File
10 Sonree #F270
Diast #2:1a
Length 4
—)
Copy File
Sonree #3520
Drest #2:10
Length &
FLL
Fill Fil= —
Sonrce 1]
Diast #M351:.0
Length 3
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A home axis move is initiated if the float data table is:

Word 0 (Accel/Decel) | 1 (Velocity) 2 3 4 5
F27:0 1.0 20.0

And the integer data table is:

Word 0 1 2 3 4 5
N32:0 0 0 0 0 0 1

Using the Set Home Command

The Set Home command sets the current commanded position equal
to the specified set home position and tells the system that the axis is
homed. Set Home parameters for word 5, bit 1 appear in the table
below.

Block Command Parameters Location! | Format Possible Values Default
Bit Specifications 0.4 Bits 0000 0000 0000 0000 0

Set Home 0:s.5 Bits 0000 0000 0000 0010 0
Position 0:5.6-0:5.7 | Float —axis travel limit to 0.0

+axis travel limit

15 = Slot number for the SLC Servo Module.

The absolute position for the axis is set equal to the set home position
plus the signed following error.

The Set Home operation also causes the offset for the position to be
set to zero. This operation can only be performed when the SLC Servo
Module is out of Estop and there is no motion in progress. This
function is used when the configured home type is set to Homing
Without a Limit Switch or Marker.

After the Set Home is executed, the position is valid for performing an

absolute move. If the Set Home command fails, the SLC processor is
notified with an appropriate error message.
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Typical Set Home Move Data Tables

Before executing a Set Home move, set Source B for the Equal
instruction in Figure 9.1 to 2. A Set Home command to set the
command position to —1.0 is initiated if the float data table is:

Word 0 (Position) 1 2 3 4 5
F27:0 -1.0

And the integer data table is:

Word 0 1 2 3 4 5
N32:0 0 0 0 0 0 2

Using the Set Retract Position Command

The Set Retract Position command sets the internal Retract Position
equal to the specified Retract Position . Set Retract Position
parameters for word 5, bit 2 appear in the table below.

Block Command Parameters Location! | Format Possible Values Default
Bit Specifications 0:s.4 Bits (0000 0000 0000 0000 0
Set Retract Position 0.5 Bits 0000 0000 0000 0100 0
% Acceleration Ramp 0:5.6-0:5.7 | Float 0.0t0 1.0 1.0
Speed 0:5.8-0:5.9 | Float 0.0 to +physical limit 0.0
Retract Position position 0:5.10-0:s.1 | Float —axis travel limit to 0.0

1 +axis travel limit

Publication 1746-6.1.2 - July 2000

!5 = Slot number for the SLC Servo Module.

The speed and time to reach speed are set accordingly and used
during the Retract Position move. This is the position that the axis
goes to when the discrete Retract Position bit gets set. This function is
useful when you want to set up a safe location for the axis to take
refuge in an emergency situation.

This operation can only be performed if the following occurs:

* SLC Servo Module is out of Estop
¢ There is no motion in progress
* Axis is homed
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After the Set Retract Position is executed, the position is valid for
performing the Retract Position operation if the following conditions
exist:

* Axis is homed
* Specified speed is greater than the maximum axis speed if the
speed for the move is limited to the maximum axis speed.

Typical Set Retract Position Move Data Tables
Before executing a Set Retract move, set Source B for the Equal

instruction in Figure 9.1 to 4. A Set Retract Position command to set
the command position to —20.0 is initiated if the float data table is:

Word 0 (Accel/Decel) | 1 (Velocity) 2 (Position) 3 4 5
F27:0 1.0 50.0 -20.0

And the integer data table is:

Word 0 1 2 3 4 5
N32:0 0 0 0 0 0 4

Using the Preset Position Command

The Preset Position command sets the current command position
equal to the specified preset position. Preset Position parameters for
word 5, bit 3 appear in the table below.

Block Command Parameters Location! | Format Possible Values Default
Bit Specifications 0:s.4 Bits (0000 0000 0000 0000 0
Preset Position 0:s.5 Bits (0000 0000 0000 1000 0
Position 0:5.6-0:s.7 | Float —axis travel limit to 0.0

+axis travel limit

15 = Slot number for the SLC Servo Module.

The absolute position for the axis is set equal to preset position plus
the signed following error.

The preset position operation can only be performed when:

¢ The module is out of Estop
¢ There is no motion in progress

¢ The axis has been homed
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Using Online Configuration
Commands

Publication 1746-6.1.2 - July 2000

This command is useful when you want to set the current position of
the axis to a certain predetermined or preset value.

If the Preset Position command fails, the SLC processor is notified with
an appropriate error message.

Typical Preset Position Move Data Tables
Before executing a Preset Position move, set Source B for the Equal

instruction in Figure 9.1 to 8. A Preset Position command to set the
command position to 5.0 is initiated if the float data table is:

Word 0 (Position) 1 2 3 4 5
F27:0 5.0

And the integer data table is:

Word 0 1 2 3 4 5
N32:0 0 0 0 0 0 8

If an online command is out of range, it is flagged as an error and the
error status is returned in word I:s.4.

The configuration commands are:

* Set Offset

¢ Set In-Position Band
* Set Excess FE Limit
¢ Set Axis Gain

* Set VFF

Using the Set Offset Command

The Set Offset command adds the offset value to the end point for all
absolute moves. The position the axis moves is offset from the end
point by this amount. The specified offset value is used for all
subsequent moves. The offset is automatically cleared when the axis is
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successfully homed. Set Offset parameters for word 5, bit 4 appear in
the table below.

Block Command Parameters Location’ Format Possible Values Default

Bit Specifications 0:s.4 Bits 0000 0000 0000 0000

Set Offset 0:8.5 Bits 0000 0000 0001 0000

Offset 0:5.6-0:s.7 | Float —axis travel limit to 0.0
+axis travel limit

!5 = Slot number for the SLC Servo Module.

Typical Set Offset Move Data Tables

Before executing a Set Offset move, set Source B for the Equal
instruction in Figure 9.1 to 16. A Set Offset command to set the

position offset to 4.0 is initiated if the float data table is:

Word | 0(Position) 1 2 3 4
F27:0 4.0
And the integer data table is:

Word 0 1 3 4
N32:0 0 0 0 0

Using the Set In-Position Band Command

The Set In-Position Band command sets the online in-position band to
equal the specified value. The units for the in-position band specified
are position units. The in-position band defines a zone around the
end point that defines when the in-position bit is set. Set In-Position

parameters for word 5, bit 8 appear in the table below.

Block Command Parameters Location! | Format Possible Values Default
Bit Specifications 0:s.4 Bits 0000 0000 0000 0000 0

Set In-position Band 0:s.5 Bits XXXX XXX10000 0000 0
In-position Band 0:5.6-0:5.7 | Float 0.0 to +axis travel limit 0.0

15 = Slot number for the SLC Servo Module.

This Set In-Position Band command can be issued anytime after the
control is powered up. Refer to the example in Using the Set Axis Gain
Command.
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If the Set In-Position Band command fails, the SLC processor is
notified with an appropriate error message.

Typical Set In-Position Band Move Data Tables
Before executing a Set In-Position Band move, set Source B for the

Equal instruction in Figure 9.1 to 256. A Set In-Position Band
command to 0.1 is initiated if the float data table is:

Word 0 (Position) 1 2 3 4 5
F27:0 0.1

And the integer data table is:

Word 0 1 2 3 4 5
N32:0 0 0 0 0 0 256

Using the Set Excess FE Limit Command

The Set Excess Following Error (FE) Limit command sets the online
excess FE limit to equal the specified value. The units for the excess
FE specified are position units. If the Set Excess FE Limit command
fails, the SLC processor is notified with an appropriate error message.
Set Excess FE Limit parameters for word 5, bit 9 appear in the table
below.

Block Command Parameters Location"2 | Format Possible Values Default
Bit Specifications 0.4 Bits 0000 0000 0000 0000 0

Set Excess FE Limit 0:s.5 Bits XXX XX1X0000 0000 0

FE Limit 0:5.6-0:5.7 | Float 0.0 to +axis travel limit 0.0

Publication 1746-6.1.2 - July 2000

"Location can vary depending on other bits simultaneously set in the most significant byte of word 5 (up to three of
these bits can be set simultaneously). These bits are evaluated from right to left. Words 6 and 7 are used for
the first set bit encountered. Words 8 and 9 are used for the next simultaneously set bit. Words 10 and 11 are
used for the last simultaneously set bit. This special feature can be used to make servo axis tuning easier.

25 = Slot number for the SLC Servo Module.

The Set Excess FE Limit command can be issued anytime after the
control is powered up. Refer to the example in Using the Set Axis Gain
Command.
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Typical Set Excess FE Limit Move Data Tables

Before executing a Set Excess FE Limit move, set Source B for the
Equal instruction in Figure 9.1 to 512. A Set Excess FE command to 0.1
is initiated if the data tables are:

Word 0 1 2 3 4 5
F27:0 0.1
N32:0 0 0 0 0 0 512

Using the Set Axis Gain Command

The Set Axis Gain command sets the current axis gain to equal the
specified value. Set Axis Gain parameters for word 5, bit 10 appear in
the table below.

Block Command Parameters Location! | Format Possible Values Default
Bit Specifications 0s.4 Bits 0000 0000 0000 0000 0

Set Axis Gain 0:5.5 Bits XXXX X1XX 0000 0000 0

Gain 0:5.6-0:s.7 | Float 0.0t0 10.0 0.0

!5 = Slot number for the SLC Servo Module.

The Set Axis Gain command can be issued anytime after the control is
powered up.

The units for the specified gain are position units per minute per one
thousandth of the position unit. If the Set Axis Gain command fails,
the SLC processor is notified with an appropriate error message.

Typical Set Axis Gain Move Data Tables
Before executing a Set Axis Gain move, set Source B for the Equal

instruction in Figure 9.1 to 1024. A Set Axis Gain command to 0.75 is
initiated if the data tables are:

Word 0 1 2 3 4 5
F27:0 0.75
N32:0 0 0 0 0 0 1024
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For example, the following three tables show how the gain can be
manipulated for and during a given motion:

* Gain can be manipulated for and during a given motion when
the SLC sends Set Axis Gain with a gain value of 1:

Word # Value Description

0 through 3 | 0000 0000 0000 0000 Bit commands
4 0000 0000 0000 0000 N/A

5 0000 0100 0000 0000 Set Axis Gain
6,7 1.0 Gain=1.0

* Gain can be manipulated for and during a given motion when
the SLC sends Speed Move:

Word # Value Description

0 through 3 | 0000 0000 0000 0000 Bit commands

4 0000 0000 0000 0100 Speed Move

5 0000 0100 0000 0000 N/A

6,7 1.0 % Acceleration Ramp =
100%

8.9 5.0 Speed - 5.0 inches per
second

* Gain can be manipulated for and during a given motion when
the SLC iteratively sends Set Axis Gain with a modified gain
possibly based upon axis position during execution of the Speed

Move:
Word # Value Description
0 through 3 | 0000 0000 0000 0000 Bit commands
4 0000 0000 0000 0000 N/A
5 0000 0110 0000 0000 Set max FE and Axis Gain
6,7 XX Max FE = X.X
8.9 YY Gain =YY
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Using the Set VFF Command

The Set VFF command specifies the amount of position command fed
forward to reduce the amount of following error during axis motion.

Set VFF parameters for word 5, bit 11 appear in the table below.

Block Command Parameters Location'2 | Format Possible Values Default
Bit Specifications 0.4 Bits 0000 0000 0000 0000 0

Set VFF 0:s.5 Bits XXXX 1XXX 0000 0000 0
Velocity Feedforward Constant 0:5.6-0:s.7 | Float 00t 1.0 0.0

Status Information

! Location can vary depending on other bits simultaneously set in the most significant byte of Word 5 (up to three of
these bits can be set simultaneously). These bits are evaluated from right to left. Words 6 and 7 are used for
the first set bit encountered. Words 8 and 9 are used for the next simultaneously set bit. Words 10 and 11 are
used for the last simultaneously set bit. This special feature can be used to make servo axis tuning easier.

25 = Slot number for the SLC Servo Module.

This online configuration command is issued anytime after the control
is powered up. Refer to the example in Using the Set Axis Gain
Command.

If the Set VFF command fails, the SLC processor is notified with an
appropriate error message.

Typical Set VFF Move Data Tables

Before executing a Set VFF move, set Source B for the Equal
instruction in Figure 9.1 to 2048. A Set VFF command to 1.0 is initiated
if the data tables are:

Word 0 1 2 3 4 5
F27:0 1.0
N32:0 0 0 0 0 0 2048

Status information is described within the following topics:

* Word 0 discrete bit status specifications
* Series/major revision/minor revision
* Blend move profile

* Word 1 discrete bit status specification

e Word 2 discrete bit status specification

e Word 3 discrete bit status specification
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Word 0 Discrete Bit Status Specifications

The bit specifications, given in the table below, are illustrated in

Figure 9.2.
Bit Specifications Location!
Series/major Rev/minor Rev I:5.0/0 through 0/10
Reserved I:s.0/11 through 0/15

15 = Slot number for the SLC Servo Module.

Figure 9.2 Word 0 Discrete Bit Status Specifications

Reserved Series Major Revision Minor Revision

The bit patterns used to identify SLC Servo Module firmware are:

* Series A =1
* Major Revision 1 =1

e Minor Revision 00 = 0

The default value is 272 (i.e., 110 hex). The SLC Servo Module
provides this information when bits 6 and 7 of word 1 of the
configuration bit parameters are both 0.

Bit Specifications Location'

Blend Move Profile Segment Number I:5.0/0 through 0/15

15 = Slot number for the SLC Servo Module.
Blend Move Profile Segment Number (Word 0, Bits 0-15)

The blend move profile segment number being executed is in the
currently running blend move profile. If there is no currently running
blend move profile, the SLC Servo Module clears this word. The SLC
Servo Module provides this information when bits 6 and 7 of word 1
of the configuration bit parameters are 1 and 0, respectively.
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Word 1 Discrete Bit Status Specifications

Bit Specifications

Location’

Description

Axis Ready

I:s.1/0

Bit 0 signals that the motion control has powered up successfully. Other 1/0
bits are not valid unless this bit is set.

Estop State

[:5.1/1

This bit is set when the SLC Servo Module is in Estop. The bit is cleared
when the operator or SLC Ladder Logic has performed an Estop reset.

Information Message

|'s.1/2

This bit, if uninhibited, is set when the SLC Servo Module has an
informational message to be conveyed to the SLC processor. The bit is
cleared using either the Clear Fault or Clear All Faults bit.

Minor Fault

[:s.1/3

This bit, if uninhibited, is set when a minor fault is detected by the SLC
Servo Module. The bit is cleared using either the Clear Fault or Clear All
Faults bit.

Major Fault

[:s.1/4

This bit, if uninhibited, is set when a major fault is detected by the SLC
Servo Module. The bit is cleared using either the Clear Fault or Clear All
Faults bit.

Fault FIFO Full

I:s.1/5

This bit is set when the 16 element fault FIFO resident in the SLC Servo
Module is full of faults. This could occur when faults get reported, but not
cleared. Faults can be cleared using either the Clear Fault or Clear All Faults
bit.

Reserved

I:s.1/6 through I:5.1/7

Axis Needs Homed

|:s.1/8

This bit is set until the axis is homed after power-up and any time a
feedback fault is detected by the SLC Servo Module.

Homing

[:s.1/9

This bit is set when the axis is being homed.

Retract Position

[:s.1/10

This bit is set when a Retract Position operation is in progress.

At Home

[:s.1/11

This bit is set when the actual position is within the home tolerance of the
home position.

It is not set if the actual position crosses the home position during the
homing sequence. This could happen if the axis has already been homed
since power-up.

Overtravel —

[:s.1/12

This bit is set when the axis has attempted to move beyond the negative
overtravel limit.

Overtravel +

[:s.1/13

This hit is set when the axis has attempted to move beyond the positive
overtravel limit.

Configuration Failed

I:s.1/14

This bit is set when the blend move profile or axis configuration information
just received by the SLC Servo Module using the MO file transfer mechanism
contained errors. This bit is cleared while the SLC Servo Module verifies
whether the M file content demonstrates inter-parameter compatibility and
if the configuration process was successful.

Configuration Successful

[:s.1/15

This bit is set when the blend move profile or axis configuration information
just received by the SLC Servo Module using the MO file transfer mechanism
is free of errors. This bit is cleared while the SLC Servo Module verifies
whether or not the M-file content demonstrates inter-parameter
compatibility and if the configuration process failed. This bit is set after a
successful power-up of the SLC Servo Module.

!5 = Slot number for the SLC Servo Module
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Word 2 Discrete Bit Status Specifications SLC Servo Module

Bit Specifications Location' Description

In-Position I:s.2/0 This bit is set when the actual position for the axis is within the in-position
band of the end position of the currently executing move. The in-position
band must be greater than or equal to the system’s standing following error
but smaller than the magnitude of the position move. If the in-position band
is not set to a large enough value, the in-position bit is not set for the move.
If the in-position band is set to a value that is too large, the in-position bit
could turn on sooner than you want.

Move Complete I:s.2/1 The move complete bit is set when an interpolated move is no longer being
interpolated. The IMC Classic product line called this the NOSETTLE point.

Axis Stopped I's.2/2 A 1 in this bit indicates the axis is at rest.

Axis Held I's.2/3 This bit is set when the axis is being held by the Hold Move bit.

Accelerating I:'s.2/4 This bit is set when an interpolated move is accelerating.

Decelerating I's.2/5 This bit is set when an interpolated move is decelerating.

Reserved I:s.2/6 through I:5.2/7

FIN[1] State Is.2/8 These bits reflect the current state of the corresponding fast input (FIN [1]).
FIN[2] State [:s.2/9 These bits reflect the current state of the corresponding fast input (FIN [2]).
FIN[3] State l:s.2/10 These bits reflect the current state of the corresponding fast input (FIN [3]).
FOUT State I:s.2/11 This bit reflects the current state of the fast output (FOUT).

Reserved I:s.2/12 through I:s.2/

15
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Word 3 Discrete Bit Status Specifications

Bit Specifications Location' Description

Absolute Move In Progress | I:5.3/0 Absolute move is in progress.

Incremental Move In l:s.3/1 Incremental move is in progress.

Progress

Speed Move In Progress I:s.3/2 Speed move is in progress.

Monitor Move In Progress | 1:5.3/3 Monitor mave is in progress.

Blend Move In Progress I:s.3/4 This bit is set when the corresponding move is in progress.

Reserved I:s.3/5 through I:5.3/12

Blend Move Profile [:5.3/13 This bit is set while the SLC Servo Module verifies whether the blend move

Configuration In Progress profile specification, provided by the M-file that was just received, is
achievable. Configuration Failed and Configuration Successful are both
cleared while this bit is set.

Servo Configuration In I:s.3/14 This bit is set while the SLC Servo Module verifies whether the SLC Servo

Progress Module configuration, provided by the M-file that was just received, contains
parameters that are compatible with one another. Configuration Failed and
Configuration Successful are both cleared while this bit is set.

Synchronized Move Ready | I:5.3/15 This bit is set when a synchronized move is planned and ready for execution.

SLC Servo Module
Processor Status

15 = Slot number for the SLC Servo Module

Informational messages and fault codes detected and reported by the
SLC Servo Module are described in this section.

Informational Message or Fault Code

If Informational Message or Fault Code is inhibited, no values are
reported and I:s.4 returns a 0. The table below contains typical input
data for words 4-11. For additional information on decimal values,
refer to the Troubleshooting chapter.
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Status Block Location! Format Possible Values Default | Description

Parameters

Informational I:s.4 USHORT 0t0 65,535 0

Message Or Fault

Code

Reserved I:s.5 STDSHORT | —32,767 to +32,767 0

Actual Paosition l:s.6-1:5.7 Float —axis travel limit to 0.0 The current actual position of the
+axis travel limit axis; if inhibited, returns 0.

Following Error l:s.8-1:5.9 Float —axis travel limit to 0.0 The current following error of the
+axis travel limit axis; if inhibited, returns 0.

Current Speed [:s.10-1:5.11 Float -physical limit to +physical 0.0 The current speed of the axis; if
limit inhibited, returns 0.
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15 = Slot number for the SLC Servo Module

Floating-Point Values

Three floating-point value data items are shown below. We
recommend that you incorporate the following rung in the ladder

program to convert the integer data from the module to floating-point

data for comparison or display purposes.

Figure 9.3 Copy Command for Integer Data to Floating-Point Data Conversion

COPY FILE

Source #:1.6
Dest #F48:0
Length 3

Copy floating point data for actual
position, following error and speed
from the module discrete input words.

Note: SLC Servo Module is located in Slot 1




Chapter 10

Overview

Safety Precautions

HSRV Quick Check

Troubleshooting

This chapter contains information that helps you to perform the
troubleshooting and error handling procedures. This chapter includes
the following topics:

¢ Safety precautions
e HSRV Quick Check
* Troubleshooting LED indicators

* Error messages and diagnosis

ATTENTION To avpid injury or de.ath from electrical shpck, burn,
or unintended actuation of controlled equipment:

* Disconnect and lock out control equipment from
power sources and discharge stored energy in
capacitors if they are present.

* Follow the safety-related work practices of NFPA
7OE, Electrical Safety Requirements for Employee
Workplaces if you work near energized
equipment.

* Do not work alone on energized equipment.

Hazardous voltages exist in the control cabinet even
with the circuit breaker in the off position.

This section provides some areas that can be troubleshot quickly on
your own. These tips may let you resolve the problem without the
need for a call to technical support.
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10-2  Troubleshooting

Hardware Setup Check wiring to diagram, get the FDBK/UPWR light out.

This insures that you have feedback, and all of the required user
power.

1. Do you have 0.00 — 0.80 for off state or 4.75 — 5.25 VDC on the
encoder signals.

2. Are all of the DC commons tied together and to ground as
shown in the manual.

3. Are all of the voltages present 5V, +15V, -15V, 24VDC.

Do a battery box test. (If unable to control drive)

1. This is done by pulling the DRIVE (analog voltage output) plug
on the HT panel.

2. Pull the ENABLE plug, and jump the drive enable signal to the
drive.

3. Tune the Drive without the HSRV, to insure the drive will accept
analog commands.

4. Use a AA 1.5V battery wired between the DRIVE and DR
RET(analog voltage). This should make the motor turn in one
direction, swap the connections on the battery and the motor
should spin in the other direction.

At this point the Drive should be tuned, and have turned in both

directions with the battery box test. And the FDBK/UPWR light
should be off.

Software Setup Configure the HSRV module

Downloading Your Configuration

When you download your configuration using the MO file for the
module that you want, the types of data that are included are:

 « Discrete parameters
« o Floating-point parameters
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ool

You can download to the module using two copy file instructions to
the MO file of the SLC Servo Module:

» o The first copy file instruction copies discrete information.
» « The second copy file instruction copies floating-paifibrmation.

Depending on the values specified in the configuration, the module
accepts the data or generates configuration errors through module
input status words.

If CONFIG INV LED is Lit

e o Errors are reported in word I:1.4 in decimal format.
¢ o CONFIG INVALID Bit I:1.1/14 (I1:1/30) is set.

Configuration Errors

The CONFIG INV LED on the SLC Servo Module turns on before or
after power-up to indicate an invalid configuration. The configuration
error input bit (14) in configuration mode input status word 1 is set
and input status word 4 of the module reports the errors detected if
any one of the following occurs:

* o There is no configuration file.
* o The configuration is invalid.
Figure 10.1 Rung Example of Download Configuration

Cme
Shat
for
Configure
B30 —C0Op
1 E Copy File
11 Soree #Fe:0
Diest #MI0:1 4
First Pass Length 40
1
15 —C0OF
Copy File
Sonree #70
Drest #MO:1.0
Length 4
E3.0
L
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The following diagram shows the Data Table with the values in file
F8.

Figure 10.2 Data table for File F8

iData File F& -- FLOAT

i) 4

2000 ]

0

Fa: 10 10 -10 4500 1 0

Fd:l5 0 0.5 1000 0.0l 1
Fa:Z0 0

The following diagram is of the Data table for file N7. It displays the
integer values used in the rung.

Figure 10.3 Data Table for file N7

i Data File N7 [bin]) - INTEGER =] e

The above config. is for a Y-series servo 4500 rpm motor and 2000
line encoder, units are scaled for the RPM. The bits set in the Integer
are basically homing to limit sw. and marker, with the home switch
connected to FIN 3 on the HT panel.
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Jog the Axis

Using the Speed Move Command

The speed move command generates a move at the specified speed in
the direction determined by the sign of the speed specified. The
speed move ends if any one of the following occurs:

* ¢ The move reaches an overtravel limit if overtravel limits are
specified.

* e The SLC processor cancels the move. The Cancel Move bit is
used to cancel the speed component of the move. Setting the
Cancel Move bit does not affect an Incremental Position
command component (i.e., the specified incremental position
Command continues unless it is set to zero).

¢ ¢ An Estop occurs.

* e The SLC processor sends another move from the mutually
exclusive move set including a move of the same type with
different % Acceleration Ramp or Speed.

Figure 10.4 Ladder Rung For SPEED Move

This rung initiates a SPEED mowve, The move pararmeters are in file
F44, The bits ta set forinitiating the move are in file H31,
EQU op
Equal Copy File
Source A [REch M) Source #F44:0
4 Dest #0116
Source B 4 Length 4
4=
Qp
Copy File
Source  #MZ1:0
Dest #011.4
Length z

=2 Data File F44 -- SPEED

The following diagram shows the Data table for file F44.

Figure 10.5 Data table for File F44

The values for File N31 are listed in the following data table.
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Troubleshooting LED

Indicators

Figure 10.6 Data table for File N31

The above configuration is for a SPEED move at 100% accel/decel at 50

(RPM).

The RUN, FDBK/U. PWR, and CONFIG INV LED indicators on the SLC

Servo Module serve as diagnostic tools for troubleshooting. Refer to
the table below for general conditions.

General Condition

Potential Cause

Possible Resolution

The RUN LED is not green.

Indicates a major SLC Servo Module malfunction
or lack of power from the backplane or the user
supplies.

1. Check that power is present from the
backplane.

2. If power is present, replace the SLC
Servo Module.

The FDBK/U PWR LED is
red.

No user power.

Check user power supply and connections to
termination panel.

The CONFIG INV LED is
red.

Using default values or invalid data

* Check fault word code.
» Change parameter.
* Reconfigure parameters.
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The following table shows the status indicators for the LEDs and what

action might need to be taken.

When the LED status indicators

Your system status is:

And the action to take is:

are:

RUN On System 0.K. Continue

FDBK/U.PWR Off

CONFIG INV Off

RUN Off Power is not applied or there is a Apply power

FDBK/U.PWR Off catastrophic

CONFIG INV Off failure.

RUN Off Hardware failure 1. Troubleshoot

FDBK/U.PWR Off ; ;

CONFIG INV On 2. Repair the hardware that failed

RUN Off Hardware failure 1. Troubleshoot

FDBK/U.PWR On ; ;

CONFIG INV 0ff 2. Repair the hardware that failed

RUN Off Power-up or RAM failure 1. Verify power supply connections for +24,

FDBK/U.PWR On +15, +5, and encoder feedback signals

CONFIG INV On 2. Troubleshoot

3. Repair power-up problem or contact
Allen-Bradley for RAM failure

RUN On Configuration not loaded 1. Check your program configuration

FDBK/U.PWR Off ; ; ;

CONFIG INV on 2. Repair your program configuration

RUN On Feedback fault (broken wire, quadrature 1. Troubleshoot

FDBK/U.PWR On fault) 2 Repai ;

. Repair the feedback wire or the reason

CONFIG INV Off or loss of user power for the loss of user power

RUN On Configuration not loaded and loss of user | 1. Check your program configuration

FDBK/U.PWR On power

CONFIG INV On 2. Repair your program configuration

3. Repair the reason for loss of user power

Error Messages and The following tables provide a numerical listing of informational
Dia gno sis messages, minor fault messages, and major fault messages

accompanied by potential causes and possible resolutions.
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Troubleshooting

Informational Messages

Informational | Potential Cause Possible Resolution

Message No.

2 Tried to exit Estop after a nonrecoverable Estop has 1. Remove watchdog disable jumper.
occurred. 2. Cycle power.

3 A set Initialize Retract Position command was « Ifin Estop, reset Estop.
attempted from the SLC processor while the SLC Servo * If not homed, home the axis.

Module was in Estop. The axis is not homed, or the « |f motion is not complete, wait for the motion to
motion is not complete. end.

4 Set Retract Position command was attempted from the * If in Estop, reset Estop.

SLC processor while the SLC Servo Module is in Estop, * If not homed, home the axis.
the axis is not homed, or the motion is not complete. « |f motion is not complete, wait for the motion to
end.

5 Set Home command was attempted from the SLC * Ifin Estop, reset Estop.
processor while the SLC Servo Module is in Estop, the « |f motion is not complete, wait for the motion to
motion is not complete, or the axis has not seen a end.
marker. « |f motion is not complete, move the axis equal to

the 4* encoder lines count to see the marker.

6 A preset operation was attempted while mation was in 1. Unhold motion and/or wait for motion complete.
progress or while the motion was being held. 2. Attempt the preset operation.

7 The Home Axis bit was released before the homing 1. Wait for the At Home hit to go true.
operation was completed, thus the home operation was 2. Release the Home Axis command.
aborted.

8 The marker was not detected when a move to one 1. Check the marker circuit (Z and Z NOT pulses).
electrical revolution (4* Encoder lines) was commanded 2. Refer to installation section for the encoder signal
to detect the marker. timing diagrams.

9 The limit switch state changed too fast for the control | Check the limit switch.
to detect.

10 The Retract Position command was cancelled by the Reinitiate the command.

SLC Servo Module.

1 The Retract Position command was performed N/A
successfully.

12 The Home command was performed successfully. N/A

13 An attempt was made to home the axis when the Enable the DAC configuration bit (W0-BO).
control has been disabled.

14 Speed move encountered a software overtravel. Clear fault and move in the opposite direction.

15 Encoder feedback is marginal. Typically this fault is due 1. Check that the feedback cable is isolated from
to electrical noise coupling onto the feedback lines. electrical fields.

2. Check that relays, contactors, and solenoids are
adequately suppressed.

16 Absolute move was attempted in Estop. 1. Reset Estop.

2. Reinitiate the command.

17 Incremental move was attempted in Estop. 1. Reset Estop.

2. Reinitiate the command.
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Informational | Potential Cause Possible Resolution
Message No.
18 Speed move was attempted in Estop. 1. Reset Estop.
2. Reinitiate the command.
19 Monitor move was attempted in Estop. 1. Reset Estop.
2. Reinitiate the command.
22 Blend move profile was attempted in Estop. 1. Reset Estop.
2. Reinitiate the command.
25 Home was attempted in Estop. 1. Reset Estop.
2. Reinitiate the command.
26 Absolute move was attempted when not homed. 1. Home the axis.
2. Reinitiate the command.
29 Retract Position command was attempted when not 1. Home the axis.
homed. 2. Reinitiate the command.
30 Blend move profile was configured successfully. N/A
31 Servo configuration was performed successfully. N/A
32 Servo configuration was attempted when not in Estop. 1. Command Estop.
2. Reinitiate the command.
33 Blend configuration was attempted when not in Estop. 1. Command Estop.
2. Reinitiate the command.
34 Blend move profile was attempted while a profile has 1. Download a profile.
not been downloaded. 2. Reinitiate the command.
35 Attempt to download a blend profile with more than 32 1. Check the blend profile.
blend points. 2. Reduce number of blend points.
36 Blend segment exceeded the acceleration limit. Reduce the acceleration limit to max of 1.0 that is 100%
of configured value.
37 Blend segment exceeded the speed limit. Reduce the segment speed to less than the configured
value.
38 Blend segment position specified is less than the Make blend segment position greater than negative
negative overtravel limit. travel limit.
39 Blend segment position specified is greater than the Make blend segment position less than the positive travel
positive overtravel limit. limit.
40 Multiple on-line command bits were attempted at the | Attempt one command bit at a time.
same time.
M More than one move bit was set in command Word 4. | Attempt one command bit at a time.
42 More than one move bit was set in command Word 5. | Attempt one command bit at a time.
43 Ambiguous command was attempted. * Check ladder logic.
* Check the SLC Servo Module command
specifications.
44 Unknown command was attempted. * Check ladder logic

» Check the SLC Servo Module command
specifications.
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Informational | Potential Cause Possible Resolution

Message No.

45 Manufacturing test command was issued. Verify that the SLC processor never initiates this
command.

46 Blend move profile was attempted while Incremental Blend move profile command can execute only if the

Position command is enabled. Incremental Position command is disabled.
Minor Fault Messages

Minor Fault | Potential Cause Possible Resolution

Message No.

1024 Program motion queue is full. Cycle all power to the SLC Servo Module.

1025 Planned motion queue overflow. Cycle all power to the SLC Servo Module.

1026 The axis has surpassed the positive or negative Program the moves within the overtravels specified.

overtravel specified in the configuration file.

1027 The programmed position commanded is too large * Programming error; position calculation must be

to fit into an internal position variable. constrained to physical limits.
« During a blend move execution, no valid blend
profile number is configured.

1028 The program speed does not fall within the legal limits; | Reprogram the speed within the legal limits.

0 < speed < = Max_Speed, where Max_Speed is a
configuration value.

1029 The program acceleration ramp does not fall within the | Reprogram the acceleration ramp with the legal limits.

legal limits; 0 < acceleration ramp < =1.0.

1031 The current position of the axis is outside the positive | Issue a jog type command in the negative direction until

software overtravel and a request to move the axis in | the position of the axis is between the software
the positive direction has been requested from a overtravels.
command file. The operation is disallowed because the
positive overtravel would be further violated.
1032 The current position of the axis is outside the negative | Issue a jog type command in the positive direction until
software overtravel and a request to move the axis in | the position of the axis is between the software
the negative direction has been requested ina overtravel.
command file. The operation is disallowed because the
negative overtravel would be further violated.

1033 Encoder lines configuration parameter is out of range. | If the range specified is not 1 to 8000 lines, change the
parameter specification.

1037 Reversal error value is out of range. If the reversal error value is greater than the total travel
for the axis (i.e., positive overtravel limit - negative
overtravel limit), change the parameter specification.

1038 Reversal error value is less than zero. If the reversal error is not a positive number, change the
parameter specification.

1039 Maximum speed is too small. If the speed specified is less than one feedback count per

coarse iteration time or greater than the maximum speed
configured, change the parameter specification.
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Minor Fault | Potential Cause Possible Resolution

Message No.

1040 Speed of move off the limit switch is out of range. If the speed specified is less than one feedback count per
coarse iteration time or greater than the maximum speed
configured, change the parameter specification.

1041 Speed of move to marker is out of range. If the speed specified is less than one feedback count per
coarse iteration time or greater than the maximum speed
configured, change the parameter specification.

1042 Acceleration time specified is out of range. If the acceleration time specified is less than coarse
iteration time, change the parameter specification.

1043 Home position specified is out of range. If the home position specified is greater than the positive
overtravel limit or less than the negative overtravel limit,
change the parameter specification.

1044 Positive travel limit specified is less than the negative | Change the parameter specification.

travel limit.

1045 Negative travel limit specified is greater than the Change the parameter specification.

positive travel limit.

1046 Rollover position specified is not equal to zero when Set the rollover position to zero.

overtravels are used.

1047 Home position is outside the rollover range. Make home position less than the rollover position.

1048 Output voltage at positive max speed is out of range. Range is 0 to 10.0 Volts.

1049 Output voltage at negative max speed is out of range. | Range is 0 to —10.0 Volts.

1050 The velocity feedforward constant is out of range. Range is 0 to 1.0.

1051 The acceleration feedforward constant is out of range. | Range is 0 to 1.0.

1052 Reversal error compensation is too big. Reduce the parameter value.

1053 The maximum speed specified is too small. If the speed specified is less than one internal unit per
iteration, change the parameter specification.

1054 The maximum acceleration specified is too big. If the acceleration specified requires system to reach
maximum speed in less than one coarse iteration, change
the parameter specification.

1055 The positive DAC scaling is too big. Change maximum speed or volts at maximum speed.

1056 The positive DAC scaling is too small. Change maximum speed or volts at maximum speed.

1057 The negative DAC scaling is too big. Change maximum speed or volts at maximum speed.

1058 The negative DAC scaling is too small. Change maximum speed or volts at maximum speed.

1059 The home position specified is out of range. If the home position cannot be converted to internal
resolution units, change the parameter.

1060 The home calibration specified is out of range. If the home calibration cannot be converted to internal
resolution units, change the parameter.

1061 The rollover position specified is out of range. If the rollover position cannot be converted to internal
resolution units, change the parameter.

1062 The maximum gain specified is out of range. If the maximum gain cannot be converted to internal

resolution units, increase the value.
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Minor Fault | Potential Cause Possible Resolution
Message No.
1063 The excess follower error is out of range. If the excess FE is too big or too small, change the
parameter.
1064 The in position band is out of range. If the in position band is too big or too small, change the
parameter.
1065 The loop type specified is out of range. Valid loop types for the two bit field are:
00 - Open Loop
10 - FE Loop
01 - ZFE Loop (VFF)
1066 The home type specified is out of range. Change the parameter.
1067 The positive overtravel limit specified is out of range. | The specified value caused an overflow error when
converting the parameter to internal resolution units.
1068 The negative overtravel limit specified is out of range. | The specified value caused an overflow error when
converting the parameter to internal resolution units.
1069 The counts per position unit specified is out of range. | The specified value caused an overflow error when
converting the parameter to internal resolution units.
1070 The fits per CIT is out of range. The valid values are:
3=4.8 msec
4 =6.4 msec
5=8.0 msec
6=9.6 msec
Major Fault Messages
Major Fault | Potential Cause Possible Resolution
Message No.
2048 Quadrature fault: simultaneous transitions on the Aand | Because this fault is typically due to electrical noise
B channels of the encoder detected. This error causes | coupling onto the feedback lines:
an Estop state. 1. Check to make sure the feedback cable is isolated
from electrical fields; and all relays, contactors,
and solenoids are adequately suppressed.
2. Rehome the system.
2049 The SLC Servo Module detected a feedback fault that | Because this fault is typically due to electrical noise
causes an Estop state. This occurs if the SLC Servo coupling onto the feedback lines:
Module detects one of the following in the same 1. Check to make sure the feedback cable is isolated
electrical state: _ from electrical fields; and all relays, contactors,
* channel Aand A and solenoids are adequately suppressed.
* channel Band B 2. Rehome the system.
* channel Zand Z
2050 The value of the axis following error exceeded the limit 1. Reset from Estop.

established in the configuration file. This can be caused
by an obstruction to axis mation, servo wiring error, or
loss of feedback channel. This error causes Estop.
Reversal error is greater than maximum position
following error.

2. If the problem persists, check axis mechanics,
wiring, and feedback devices.

3. Make reversal error smaller than maximum
position
following error.
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Major Fault | Potential Cause Possible Resolution
Message No.
2051 No communication with the SLC Servo Module has 1. Reset from Estop.
occurred within the last 5 seconds. This error causes 2. If the problem occurs again check the SLC
Estop. processor.
Note: Switching from run mode to program mode on the
SLC Servo Module also causes this error to appear.
2052 Set on power-up. Issue a Clear Fault (0:5.1/8) or a Clear all faults (0:s.1/9)
2053 SLC Servo Module requesting Estop. Turn discrete Estop request off.
2054 The user power supply is shorted or not connected. This 1. Check the user power and its connections to the
error causes Estop. SLC Servo Module.
2. After it is fixed, reset from Estop.
2055 The user Estop string has opened. 1. Check that the device that opened the string is
functioning properly.
2. Reset from Estop.
2056 Watchdog disable jumper is installed. Remove it.
2057 The backplane is disabled.  The SLC Servo Module lost backplane

communications.
» |/0 reset was detected.
« The backplane was disabled.
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Appendix A

Configuration Output Bit

Parameters

Input/Output Quick Reference

Use the following tables to locate word 0, word 1, word 2 and
multi-word configuration output bit parameters.

Word 0 Parameters

Parameter Name
(Parameter Group)

Destination M"
File Location

Default

Additional Information

DAC Enable
(Servo Loop)

M0:s.0/0

Yes (1) / No (0)

Yes

Move commands are executed but, all motion is
inhibited. This parameter is useful for debuggging
ladder programs when the servo motor is not hooked
up and putting an axis in virtual mode. This lets you
use interpolated, incremental, actual or commanded
positions to generate the master position commands
for the ratioed slave axes in other modules. Use the
SLC Ladder to transfer the position information
between SLC Servo Modules.

Invert DAC
(Servo Loop

MO0:s.0/1

Yes (1) / No (0)

No

If the DAC output was positive to make a positive
move, after inversion, the DAC output is now
negative to make a positive mave. This parameter is
set up at axis integration time. Refer to the Setting
Up Your Servo Module chapter in this manual for more
information.

Reverse Feedback
(Servo Loop)

M0:s.0/2

Yes (1) / No (0)

No

If the negative incremental feedback position was
interpreted as negative motion, after the reversal the
negative incremental feedback position is now
interpreted as positive motion. This parameter is set
up at axis integration time. Refer to the Setting Up
Your Servo Modlule chapter in this manual for more
information.

Reserved

MO0:s.0/3
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Parameter Name
(Parameter Group)

Destination M
FileLocation

Default

Additional Information

Loop Type
(Servo Loop)

MO0:s.0/5,
MO0:s.0/4

00 - Open Loop,
(5=0, 4=0)

01 - Standard Closed
Loop,
(5=0, 4=1)

10 - Velocity
Feedforward Loop,
(5=1, 4=0)

Standard

The feedback loop is not closed and incremental
position commands are scaled to the DAC output.
They are sent as the velocity command voltage to
the servo drive that is used to calibrate the drive.
The output voltage at + maximum speed and -
maximum speed are scaled to correspond to the
maximum axis speed described later. As a result, you
can use the SLC Servo Module to calibrate the drive
by downloading a configuration with open loop and
executing a speed move at 50% of the maximum
axis speed. If the drive is not calibrated, the
observed speed returned in the status words is
different from the commanded speed. In this case,
you can adjust the drive to change the observed
speed or change the maximum axis speed to match
the commanded speed and observed speed. The
procedure above has the same result as running the
drive with a known velocity input voltage using the
battery box.

The feedback loop is closed with only the
proportional action; no velocity feedforward action is
added. The servo loop runs with a following error
and, if the servo is calibrated, the speed and
following error ratio are maintained at the specified
gain.

The feedback loop is closed with the velocity
feedforward action added to the proportional action.
The servo loop runs with zero following error if the
velocity feedforward is set to 1.0 and the system is
calibrated. Use a velocity and acceleration
Feedforward Constant to adjust the amount of
following error when using the feedforward loop.

Velocity Time Base
(Motion)

MO0:s.0/6

Minutes (1)
/ Seconds (0)

Minutes

If the time base specified is seconds, the speed
specified for each move block and configuration
parameter is interpreted as position units per second
(e.g., 10.0 Inches/Second).

If the time base specified is minutes, the speed
specified for each move block and configuration
parameter is interpreted as position units per minute
(e.g., 1000.0 Inches/Minute).

Software Overtravels
Used
(Axis)

M0:s.0/7

Yes (1) / No (0)

No

If the axis uses the rollover, set this parameter to no.
Otherwise, the module flags it as a configuration
error.

Reserved

M0:s.0/8

0

Home Type
(Homing)

MO0:s.0/10,
M0:s.0/9

00 — Homing Without
a Limit Switch or
Marker, (10=0, 9=0)

Home to
Marker
(10=0, 9=1)

Specifies that the axis is only homed using the set
home command. Refer to Understanding Discrete Block
Commands from the SLC processor in this manual.
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Parameter Name
(Parameter Group)

Destination M
FileLocation

01 —Homing to a
Marker, (10=0, 9=1),

10—Homing to a Limit
Switch (10=1, 9=0),

11—Homing to a Limit
Switch and Marker
(10=1, 9=1)

Default

Additional Information

Specifies that the axis is homed by moving to a
marker. The two parameters, Final Move to Which
Marker?and Final Move to Marker?, specify which marker
to move to and whether the final move to the marker is
required or not.

Specifies that the axis is homed only using a limit
switch and markers are not used for homing. This
can result in a final home position that can be
inaccurate as markers are not used for homing.

Specifies that the axis is homed using both the limit
switch and marker. When the limit switch is found
and a move is made to go off the limit switch, the
home sequence is identical to home to marker. As a
result, the two parameters, Final Move to Which
Marker?and Final Move to Marker?, specify which marker
to move to and whether the final move to the marker is
required or not.

Final Move to Which
Marker?
(Homing)

M0:s.0/11

Marker Nearest Start
Position (0) / 1 Rev,
then Nearest Marker

(1)

Marker
Nearest
Start
Position

Marker Nearest Start Position (0) configures the axis
to move to the nearest marker from the start position
of the final move to the marker of the homing
sequence. Move to one (1) revolution of the
feedback device in the direction and at the speed
specified by the Home Axis command, then stop. The
axis then moves to the nearest marker.

Final Move to Marker?
(Homing)

M0:s.0/12

Yes (1) / No (0)

Yes

If set, the axis performs the final move to the marker
specified by Final Move to Which Marker?. Otherwise,
the axis does not perform the final move to the marker
specified by Final Move to Which Marker? but instead
assigns the current position of the axis to the configured
Home Position + the distance to the nearest marker. Refer
to Homing to a Limit Switch in this manual for alternate
usage.

Enable Incremental
Position Command
(System)

M0:s.0/13

Yes (1) / No (0)

No

If the incremental position command is enabled, the
SLC Servo Module does not execute blend profile
moves and the appropriate error messages are
generated when a profile move is commanded.

Blend Move Profile
(System)

MO0:s.0/14

Yes (1) / No (0)

No

Mode Flag
(System)

M0:s.0/15

Configure (1) /
Command (0)

Command

15 = Slot number for the SLC Servo Module
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Word 1 Parameters

Parameter Name Destination M | Range Default Additional Information
(Parameter Group) | File Location'
Limit Source M0:s.1/0 Term Panel (1) / Backplane | Assign the home limit from the termination panel.
(Homing) Backplane (0) The limit assignment is: FIN[3] = Home Limit
Synchronized Move M0:s.1/1 Term Panel (1) / Backplane | When the Synchronized Move Source is assigned
Source Backplane (0) from the termination panel, the synchronized moves
(Motion) are initiated when FIN[3] makes a low to high
transition.
Reserved M0:s.1/2 0
through
MO0:s.1/5
Discrete Bit Status M0:s.1/7, Series, Major Rev, Series, When both bits are zero, the SLC Servo Module
Word 0 Definition M0:s.1/6 Minor Rev (00)/Blend | Major Rev, | provides its Series, Major Revision, and Minor
(System) Move Minor Rev | Revision. When Bit 7 is 0 and Bit 6 is 1 the SLC Servo
Profile Segment(01)/ Module provides the blend move profile segment
Reserved(10)/ number being executed in the currently running
Reserved(11) blend move profile. If there is no currently running
blend move profile, the SLC Servo Module clears
Discrete Bit Status Word 0.
Inhibit Informational | M0:s.1/8 Yes (1) / No (0) No Informational codes include axis homed successfully,
Codes Retract Position successful, etc. When clear, all
(System) informational transactions detected by the SLC
Servo Module are reported to the SLC processor. You
must clear them using either the Clear Fault or Clear
All Faults bit.
Inhibiting informational codes provide more time to
the SLC Servo Module to execute the motion blocks.
However, all errors detected are not reported.
Inhibit Minor Fault M0:s.1/9 Yes (1) / No (0) No Inhibiting minor faults provide more time to the SLC
Codes Servo Module to execute the motion blocks.
(System) However, all errors detected are not reported.
Inhibit Major Fault M0:s.1/10 Yes (1) / No (0) No Inhibiting major faults provide more time to the SLC
Codes Servo Module to execute the motion blocks.
(System) However, all errors detected are not reported.
Reserved M0:s.1/11 0
Inhibit Actual Position | M0:s.1/12 Yes (1) / No (0) No Inhibiting actual position provides more time to the
(System) SLC Servo Module to execute the motion blocks.
However, the actual position is not reported.
Inhibit Following Error | M0:s.1/13 Yes (1) / No (0) No Inhibiting following error provides more time to the
(System) SLC Servo Module to execute the motion blocks.
However, the following error is not reported.
Inhibit Current Speed | M0:s.1/14 Yes (1) / No (0) No Inhibiting current speed provides more time to the
(System) SLC Servo Module to execute the motion blocks.
However, the current speed is not reported.
Reserved MO0:s.1/15 0
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Word 2 Parameters

Parameter Name Destination M | Range Default Additional Information

(Parameter Group) | FileLocation’

Fits per CIT M0:s.2/0 through | 3to 6 3 One coarse iteration represents the servo loop

(System) M0:s.2/3 closure time. The fine iteration time on the SLC
Servo Module is 1.6 msec. The default Fits per CIT
provides a 4.8 msec servo loop closure time.2

Reserved M0:s.2/4 through 0

M0:s.2/15

Reserved M0:s.3 0

15 = Slot number for the SLC Servo Module.

2 small number of Fits per CIT cause a fast servo loop closure time that yields better motion performance on the
transitions, but slower communication with the SLC processor. As the number of Fits per CIT increases, motion
performance on the transitions degrades, but communication with the SLC processor is slightly enhanced. For
blended moves, Fits per CIT must be greater than 4.

Multi-Word Parameters

Parameter Name Destination M | Range Default Additional Information

(Parameter Group)

File Location'

Reserved 0

Encoder Lines (Lines/ | M0:s.4,3.5 1.0 t0 8000 1000.0

Rev)

(Feedback)

Counts per Position M0:s.6,5.7 1.0 to 16909320.0 4000.0 This parameter specifies a conversion constant that

Unit
(Feedback)

allows the module to convert position units into
internal resolution units and vice versa.

The module uses 4X encoder decoding (both edges
of channel A and B are counted). The count direction
is determined from both the direction of the edge
and the state of the opposite channel. Channel A
leads channel B for increasing count. This is the
most commonly used decode mode with incremental
encoders, since it provides the highest resolution.
Determine the parameters by using known
specifications of axis hardware components. For
example, if an axis has a 1000-line encoder directly
coupled to a 5 pitch lead screw (5 turns per inch) and
a position (unit of inches) for programming, the value
for the parameter is:

Counts per Position Unit = 1000 Lines/Rev
x 4 Counts/Line
x 5 Revs/Inch
=20000 Counts/Inch.

For the position (unit of millimeters) for
programming, the value for the parameter is:

Counts per Position Unit = 20000/25.4 Counts/Millimeter
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Parameter Name Destination M | Range Default Additional Information

(Parameter Group) | File Location'

Positive Qvertravel M0:s.8,5.9 Negative Overtravel 100.0 Value can be positive or negative, but must be more

Limit Limit to +axis travel positive than the Negative Qvertravel Limit.

(Axis) limit Control checks this parameter only if the Software
Overtravels Used parameter is set to yes.
Overtravels are active only after the axis is homed.

Negative Overtravel M0:s.10,5.11 —axis travel limit to -100.0 Value can be positive or negative, but must be more

Limit Positive Qvertravel negative than the Positive Overtravel Limit.

(Axis) Limit Control checks this parameter only if the Software
Overtravels Used parameter is set to yes.
Overtravels are active only after the axis is homed.

Rollover Position M0:s.12,5.13 0.0 to axis travel limit | 0.0 If the axis uses the software overtravels, set this

(Axis) parameter to zero. Otherwise, the module flags it as
a configuration error.

Home Position — M0:s.14,5.15 Negative Overtravel 0.0 This parameter allows the Home Position to be

Position Units Limit to Positive defined as a position other than zero.

(Homing) Overtravel Limit

Home Calibration M0:s.16,5.17 —axis travel limit to 0.0 This parameter is used to fine tune your Home

(Homing) +axis travel limit Calibration. During a homing operation, the axis
moves off the home limit switch in the specified
direction until the limit switch deactivates. The axis
then moves to the home position by moving a
distance equal to the sum of:
Distance to Nearest Encoder Marker +
Home Calibration Value
The distance to the nearest encoder marker is in
Direction to Move Off Limit Switch.

Speed/Direction of M0:s.18,5.19 —physical limit to 20.0 The Speed/Direction of Move Off the Limit Switch

Move Off the Limit +physical limit value is signed. The sign specifies the direction the

Switch — Position axis moves. As a starting point for module

Units/Time configuration, set the magnitude of the value to 1%

(Homing) of the Maximum Axis Speed.

Speed/Direction of M0:s.20,5.21 —physical limit to 20.0 The Speed/Direction of Move to the Marker value is

Move to the Marker — +physical limit signed. Typically, the sign is ignored. However, there

Position Units/Time is a special case. The sign specifies the direction the

(Homing) axis moves due to a unique situation during Homing
to a Limit Switch and Marker. If a marker is not seen
after moving off the limit switch, this parameter
specifies both direction and speed to search for the
marker. As a starting point for module configuration,
set the magnitude of the value to 1% of the
Maximum Axis Speed.

Reversal Error Value — | M0:s.22,5.23 0.0 to axis travel limit | 0.0 This parameter compensates for positioning

Position Units
(Axis)

inaccuracy caused by mechanical play in the system
when the axis changes direction.
Home the axis to enable the Reversal Error value.
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Parameter Name
(Parameter Group)

Destination M
File Location’

Default

Additional Information

Output Voltage at +
Max Speed — Volts
(Servo Loop)

M0:s.24,5.25

00t010.0

10.0

This parameter has a default value of (+10.0V). This
default uses the full range of the control’s DAC (2048
counts).

If you specify a value that is less than the default
value, the control scales the number of DAC counts
in use accordingly.

For example, if you enter +2.5V as the value for this
parameter, only 512 counts of the DAC are in use for
commanding speed. As a result, the speed resolution
for the SLC Servo Module is reduced by a factor of 4.
You set up this parameter at axis integration time.
Refer to the Setting Up Your SLC Servo Module chapter
for more information.

Output Voltage at -
Max Speed — Volts
(Servo Loop)

M0:s.26,s.27

-10.0t0 0.0

-10.0

This parameter has a default value of (~10.0V). This
default uses the full range of the control’s DAC (2048
counts).

If you specify a value that is less than the default
value, the control scales the number of DAC counts
in use accordingly.

For example, if you enter —2.5V as the value for this
parameter, only 512 counts of the DAC are in use for
commanding speed. As a result, the speed resolution
for the SLC Servo Module is reduced by a factor of 4.
You set up this parameter at axis integration time.
Refer to the Setting Up Your SLC Servo Module chapter
for more information.

Maximum Axis Speed
— Position Units/Time
(Motion)

M0:s.28,5.29

0.0 to +physical limit

3000.0

This parameter requires the use of Encoder Lines
and Counts per Position Unit parameters described
in the Feedback Parameters section of thismanual and
the rated motor speed. Use this formula to calculate
the value for the Maximum Axis Speed Parameter:
Maximum Axis Speed in Position Units/Minute

= (Motor Rated Speed rpm x 4 x Encoder Lines) /
(Counts/Position Unit)

The value computed is the absolute maximum speed.
Maximum Axis Speed in Position Units/Second

= (Maximum Axis Speed in Position Units/Minute /
60.0)

Time to Maximum
Axis Speed — seconds
(Motion)

M0:s.30,s.31

0.0 to +physical limit

This parameter specifies how fast an axis
accelerates/decelerates to the maximum/minimum
axis speed. Select this parameter carefully as axes
with large load inertia do not accelerate at the same
rate as a motor/drive system at no load. High
acceleration/deceleration can cause the axis to
vibrate and damage to the axis can occur.
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Parameter Name
(Parameter Group)

Destination M
File Location’

Default

Additional Information

Velocity Feed Forward
Constant
(Servo Loop)

M0:s.32,5.33

00t 1.0

0.0

This parameter is active only when the Loop Closure
Method is set to velocity feedforward. Units are in
percentage and represent the portion of the velocity
command controlled by the pre—calculated final
velocity. The percent of following error (incremental
to the standard position loop algorithm) is inversely
proportional to the value of this variable.

For example, setting the feedforward constant to 0.9
(90%) means that the SLC Servo Module applies
90% of the precalculated final velocity to the
velocity command. The servo runs at the commanded
velocity with only 10% of the following error it
would have by using the standard position loop
algorithm, providing the system is calibrated
properly.

A value of 0.0 for this parameter applies 100%
velocity feedforward action.

Acceleration Feed
Forward Constant
(Servo Loop)

M0:s.34,5.35

00t01.0

0.0

This parameter is active only when the Loop Closure
Method is set to feedforward. Units are in
percentage and represent the portion of the velocity
command to be controlled by the pre—calculated
final acceleration.

The acceleration feedforward constant is similar to
velocity feedforward constant in terms of range
checking. In certain applications that require the
servo loop to closely follow the command position,
use this parameter to reduce the following error that
occurs on transitioning from current speed to the
new speed (i.e., accelerating or decelerating). If the
system is calibrated correctly, zero following error is
achieved by using velocity feedforward of 1.0, but
the system still generates following errors on
transitions. Use the acceleration feedforward
parameter to reduce the following error occurring on
transitions.

A value of 0.0 for this parameter applies 0%
acceleration feedforward action.

Home Tolerances —
Position Units
(Homing)

M0:s.36,s.37

0.0 to axis travel limit

When the actual position is within the position band
of the home position, the At Home bit is set.
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Parameter Name
(Parameter Group)

Destination M
File Location’

Default

Additional Information

Excess Following Error
Limit —Position Units
(Servo Loop)

M0:s.38,5.39

0.0 to axis travel limit

3.0

Use this formula to calculate the value for the
Excess Following Error Parameter =
(Maximum Axis Speed) x
(% max following error)
(Maximum Axis Gain Value) (1000)

where:
% maximum following error is the percentage of
following error when the axis is at the maximum
speed you want the fault for Excess Following Error
to occur. It is expressed as a decimal value. 1000 is
gain scale factor.
For example, if Maximum Axis Gain Value is 1,
Maximum Axis Speed is 1200 ipm and the excess
following error fault occurs at 110% of the following
error at axis maximum speed, then Excess Following
Error equals:
(1200 ipm)(1.1)
(1 ipm/mil)(1000 mil/in)

= 1.32in

In-position Band —
Position Units
(Motion)

M0:s.40,s.41

0.0 to axis travel limit

0.1

This parameter uses the SLC Application Program to
determine the end of move when the application
requires accurate positioning to the end point for the
move.

Typical setting = 4/counts per position unit

(as a minimum).

Maximum Axis Gain
Value — Position Units
per Minute per One

M0:s.42,5.43

0.0t0 10.0

Set this parameter to the maximum gain that the
axis can handle without becoming unstable. This
parameter is set up at axis integration time. Refer to

Thousandth of the the Setting Up Your Servo Module chapter in this
Position Unit manual for more information.
(Servo Loop)
15 = Slot number for the SLC Servo Module.
Commands Output Commands

Use the following tables to locate word 0, word 1, word 2, word 3,
word 4, and word 5 output commands.
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Discrete Bit Output Command (Word 0)

Location’ Bit Specifications
0:5.0/0 Estop Request

0:5.0/1 Retract Position

0:5.0/2 Hold/Unhold Move

0:5.0/3 Cancel Move

0:5.0/4 Reserved

0:5.0/5 Execute Synchronized Move
0:5.0/6 Initialize Retract Position
0:5.0/7 Turn On / Off Fast Output
0:5.0/8 Turn On / Off Module Requests for Service
0:5.0/9 through 0:5.14 | Reserved

0:5.0/15 Mode Flag

!5 = Slot number for the SLC Servo Module.

Discrete Bit Output Command (Word 1)

Location! Bit Specifications
0:5.1/0 Reserved

0:s.1/1 Reserved

0:8.1/2 On Home Limit
0:5.1/3 through 0:5.13 | Reserved

0:s.1/8 Clear Faults

0:s.1/9 Clear All Faults
0:5.1/10 through Reserved

0:.15

!5 = Slot number for the SLC Servo Module.

Incremental Position Output Command (Words 2 and 3)

Name Location! | Format Possible Default
Values?

Incremental Position | 0:s.2, 0:s.3 | STDFLOAT 0

Command

1 s = Slot number for the SLC Servo Module.
2 The maximum value allowed is the incremental position in position units equal to +32767 encoder edges.
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Block Output Command (Word 4)

Location’ Bit Specifications
0:5.4/0 Absolute Move

0:s.4/1 Incremental Move
0:s.4/2 Speed Move

0:5.4/3 Monitor Move

0:s.4/4 Run Blend Move Profile
0:s.4/5 through 0:s.4/ | Reserved

14

0:5.4/15 Plan Synchronized Move

15 = Slot number for the SLC Servo Module.

Block Output Command (Word 5)

Location' Bit Specifications
0:5.5/0 Home Axis

0:s.5/1 Set Home

0:5.5/2 Set Retract Position
0:5.5/3 Preset Position
0:s.5/4 Set Offset

0:5.5/5 though 0:5.5/7 | Reserved

0:s.5/8 Set In-position Band
0:s.5/9 Set Excess Following Error Limit
0:5.5/10 Set Axis Gain
0:5.5/11 Set VFF

0:8.5/12 Reserved

0:5.5/13 through Reserved

0:s.5/15

15 = Slot number for the SLC Servo Module.

Discrete Bit Input Status Specifications

Use the following tables to locate word 0, word 1, word 2, and word
3, discrete bit input status specifications.

Word 0

Location'

Bit Specifications

I:5.0/0 through I:5.0/10

Series / Major Rev / Minor Rev; Blend Move Profile
Segment

l:5.0/11 through I:s.0/
15

Reserved

Publication 1746-6.1.2 - July 2000



A-12  Input/Output Quick Reference

!5 = Slot number for the SLC Servo Module.

Word 1
Location’ Bit Specifications
l:s.1/0 Axis Ready
I:s.1/1 Estop State
I:s.1/2 Information Message
l:s.1/3 Minor Fault
l:s.1/4 Major Fault
[:s.1/5 Fault FIFO Full
I:5.1/6 through I:s.1/7 | Reserved
l:s.1/8 Axis Needs Homed
[:s.1/9 Homing
l:s.1/10 Retract Position
l:s.1/11 At Home
[:s.1/12 Overtravel —
l:s.1/13 Overtravel +
l:s.1/14 Configuration Failed
[:s.1/15 Configuration Successful

!5 = Slot number for the SLC Servo Module.

Word 2
Location’ Bit Specifications
I:s.2/0 In-position
I:s.2/1 Move Complete
l:s.2/2 Axis Stopped
l:s.2/3 Axis Held
l:s.2/4 Accelerating
[:s.2/5 Decelerating
I:5.2/6 through I:s.2/7 | Reserved
l:5.2/8 FIN[1] State
l:s.2/9 FIN[2] State
l:5.2/10 FIN[3] State
l:s.2/11 FOUT State
I:s.2/12 through I:s.2/ | Reserved
15

!5 = Slot number for the SLC Servo Module.
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SLC Servo Module to SLC
Processor Discrete Control

Word 3
Location' Bit Specifications
l:5.3/0 Absolute Move in Progress
[:s.3/1 Incremental Move in Progress
l:s.3/2 Speed Move in Progress
l:5.3/3 Monitor Move in Progress
[:s.3/4 Blend Move in Progress

I:s.3/5 through I:5.3/12

Reserved

[:s.3/13

Blend Move Profile Configuration in Progress

[:s.3/14

Servo Configuration in Progress

[:s.3/15

Synchronized Move Ready

15 = Slot number for the SLC Servo Module.

Use the table below to locate SLC Servo Module to SLC processor
discrete control status bits.

Status
Block Command Parameters Location' Format Possible Values Default
Informational Message or Fault I's.4 USHORT 0t0 65,535 0
Code
Reserved l:s.5 STDSHORT —32,767 to +32,767 0
Actual Position l:s.6-1:5.7 FLOAT —axis travel limit to +axis travel limit | 0.0
Following Error l:s.8-1:5.9 FLOAT —axis travel limit to +axis travel limit | 0.0
Current Speed I:s.10-1:5.11 FLOAT —physical limit to +physical limit 0.0

!5 = Slot number for the SLC Servo Module.
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Blended cOnﬁguration Use the table below with the Blend Move Output Profile (word 0, bit
14)
Block Command Parameters | Destination M Format Possible Values Default
File Location’
Blend Move Profile M0:s.0 BITS 11XX XXXX XXXX PPPP 0
Number of Blend Points M0:s.1 USHORT 11032 0
% Acceleration Ramp 1 M0:s.2-s.3 FLOAT 0.0t01.0 1.0
Speed 1 M0:s.4-s.5 FLOAT 0.0 to +physical limit 0.0
Absolute Position 1 M0:s.6-s.7 FLOAT —axis travel limit to +axis travel limit | 0.0
% Acceleration Ramp 2 M0:s.8-s.9 FLOAT 0.0t01.0 1.0
Speed 2 M0:s.10-5.11 FLOAT 0.0 to +physical limit 0.0
Absolute Position 2 M0:s.12-5.13 FLOAT —axis travel limit to +axis travel limit | 0.0
Reserved
% Acceleration Ramp 32 M0:s.188-5.189 FLOAT 0.0t01.0 1.0
Speed 32 M0:s.190-s.191 FLOAT 0.0 to +physical limit 0.0
Absolute Position 32 M0:s.192-5.192 FLOAT —axis travel limit to +axis travel limit | 0.0

1's = Slot number for the SLC Servo Module.
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Appendix B

Cable Dimensions and Wiring Diagram

1746-HCA Cable This appendix contains the dimensions and wiring diagram for the
1746-HCA cable (Figure B.1).
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B-2

Figure B.1 1746-HCA Cable Dimensions and Wiring Diagram
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Appendix C

SLC Servo Module

Programming Examples

This appendix provides ladder rung diagrams and any associated data
tables that can help you to construct actual programs for the SLC
Servo Module using the SLC processor. The ladder rung diagrams
provide examples for triggering a configuration, downloading a
configuration, setting a timer delay, checking for download errors,
and clearing fault errors. The rung diagrams also show how to
initiate the following commands: ABSOLUTE move, INCREMENTAL
move, SPEED move, MONITOR move, BLEND move, and HOME AXIS
move.

The command file N31:0 has the following command values:

Value Command

1 Absolute

Incremental

Speed

O BN

Monitor
16 Blend

The command file B3:0 has the following command bit:

Value Command
b3:0/10 =1 Home

The following diagram shows an example of a rack with the SLC
Servo Module positioned in slot 1.

Figure C.1 SLC Rack with Servo Module in Slot 1
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Ladder Rung Examples

The following table for a typical I/O configuration used in the
previous diagram shows the possible slot occupants with their catalog
and card numbers.

(Rack 1=1746 A4 4 slot backplane)

Slot Catalog # Card Description

0 1747-1542 5/04 CPU -20K USER MEMORY
1 1746-HSRV SLC Servo Module

2 OTHER I/0 Module - ID code = 10114
3 OTHER I/0 Module - ID code = 10114

The following ladder rung examples may be modified to suit your
particular application. They accurately show how a ladder rung may
be constructed to perform a specific function.

Rung 0 — Manual Triggering Configuration

The example in Rung 0 shows how to manually trigger a
configuration.

Figure C.2 Rung 0

Cime
Trigzer Shot
for for
Configre Configre
B30 E3:.0 B30
0ana 1 E [ osk ] =
1} 1 11
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Rung 1 - Download Configuration

Rung 1 shows how to set up a rung instruction to download the
configuration to the SLC Servo Module in slot 1 of the backplane. The
Floating-point configuration parameters are in file F8 and the discrete
parameters are in file N7.

For more specific information on configuring an SLC Servo Module
see Chapter 7, Setting Up Your SLC Servo Module.
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Figure C.3 Rung 1

Cine
Shet
for
Configure
B30 —COFP
j [ Copy File
11 Sonree #Fe:0
Drest #MI0:1.4
First Pass Length 40
3l
15 —COFP
Copy File
Sonree #70
Diest #MO:1.0
Length 4
E3:.0
1

This table contains floating-point configuration data for rung 1 as it

appears when accessed by the program.

Figure C.4 File F8 Data Table

Fd:l0o 10
Fd:l5 1]
Fd:Z0 1]

4500
10

[Fa

Sypmbal: |

| Fadiy: Iﬁ
Columns: I T I

= O O O

o[

[Desc: |Enu:u:u:|er Lines [Linez/Rev)

IFB ill Properties |

Uzage |

Help |

This table shows a breakdown of the integer values for each address.

Address Data

F8:0 2000 8000 0 0 0
F8:5 0 0 45 -45 0
F8:10 10 -10 4500 1 0
F8:15 0 0.5 10 0.01 1
F8:20 0
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This table shows the integer configuration data for rung 1 as it would
appear when accessed from the program.

Figure C.5 Data Table for File N7

[W7.0/0

Sypmbal: |

| Radi | Biriary 'I

-

k-

[Ealurre: I 16 = I

[Desc: |D.-’-‘-.E Enable ez [1]/ Mo [0]

IN? :II

Properties |

Uzage |

Help |

The following table more readily displays the same binary data

information.
Address Binary Data
15 |14 |13 12 |1 0 |9 8 17 6 5 4 3 2 1 0
N7:0 1 0 0 0 1 1 0 0 0 1 0 1 0 0 0 1
N7:1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
N7:2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
N7:3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

000z

L
ami=]

Rung 2 — Timer Delay

The following rung example shows how to place a timer delay in your
program. Rung 2 initiates a one second timer to delay configuration
to check for any configuration download errors.

Figure C.6 Rung 2

——TOH
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Rung 3 - Checking For Successful Configuration

Rung 3 is an example of checking for a successful configuration. After
the one second delay, this rung checks for successful configuration.

T P i [rror processing is not part of this example and

application programmers must handle errors as
appropriate to their application.

Figure C.7 Rung3

Configuration Failed
T4:0 I:1 E3:0
0003 JE JE ]
LH a0 2
1746-HEEW
Configuration
Successful
I:1
=y
= I
31
1746-HSEW
Rung 4 - Downloading Blend Profiles
This rung example shows how to download your blend profiles.
Rung 4 downloads the blend profiles located in file F51. For more
detailed information about Blend Profiles see the Blend Profiles
section of Chapter 8, Programming the SLC Processor to Run the SLC Servo
Module.
Figure C.8 Rung 4
Elend Meowe Profile
Configuration in Trgger for
Progress blend profile
I:1 E3:0 E3:0 —COF
o004 3 J E [ OsE ] Copy File
&l 3 4 Sonroe #F5l:0
1746-HSEV Drest H#MI0:1.2
Length 30
—COF
Copy File
Source &H50:0
Drest #MI0:1.0
Lenzth 2
B30
'y
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Data for the blend move in rung 4 appear in the following tables. The
figure below shows the data table for file F51 as it appears in the
program.

The following data table displays the F51 file data as it would appear
when accessed directly in the program.

Figure C.9 Data Table for File F51

Eﬂata File F51 -- BLEND DAT
0

FSl:3 1 son -150
FSl:6 1 10n0 -200
F5l:9 1 10 -205
F5l:12 1 4500 0
<] 2

[F51:0 | Hadi:-::l :|'

Sypmbal: | | EDIumns:IB vI

[Desc: | |
F&1 j Properties Uszage | Help |

The following table breaks the data down by the address and
function. It is the same data that appears in the previous diagram.

Publication 1746-6.1.2 - July 2000

Address Accel Speed Position
F51:0 1 4500 -100
F51:3 1 500 -150
F51:6 1 100 -200
F51:9 1 10 -205
F51:12 1 4500 0

The diagram below shows the values for file N50 as it appears in the

program.
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Figure C.10 File N50 Data Table

Sl =
(NG040 | Hadi:-::lBinar.'r' -]
Sypmbal: | | EDIumns:I‘IE vI
[Desc: | |
] j Properties | Uszage | Help |
The following table shows the binary data for the values in data file
N50.
Address Binary Data
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
N50:0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
N50:1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
Rung 5 — Setting the Timer Delay
Rung 5 is an example of setting the timer to delay for one second.
This rung starts the timer for a one second delay to check for any
configuration download errors.
Figure C.11 Rung 5
B30 ——TOH
ooos 1 E Timer On Delay I EH
5 Tiner T4:1
Time Base 0ol —DH—
Preset 100=
Aeoum 0=
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Rung 6 — Error Checking For Successful Download

Rung 6 is an example of error checking to see if the download was
successful. Following the one second delay, it checks for the
successful configuration download or errors.

IMPORTANT Error. processing is not part of this example and
application programmers must handle errors as

appropriate to their application.

Figure C.12 Rung 6

1746-HEEV

Configuration Faled
T41 Il B30
0a0s 1E ] E (U—
DH 30 5
1745-H5EV
Confizuration
Snecessfial
I:1
4 E
31
1746-HSEV
Rung 7 - Clear Fault Bits Command
The following sample rung shows how to set up a Clear Faults bit
command. Rung 7 clears one fault error at a time (FIFO) on the SLC
Servo Module. The fault error is on word 4 of the status area of the
SLC Servo Module.
For more detailed information on clearing faults using discrete bit
commands, see the Word 1 Discrete Bit Commands table in Chapter 8,
Programming the SLC Processor to Run the SLC Servo Module.
Figure C.13 Rung 7
Clear Fanlts Clear Fanlts
‘ E3:0 Ol ‘
0oo? 1 E c
‘ & 24

Publication 1746-6.1.2 - July 2000



Programming Examples C-9

Rung 8 - Clear All Faults Bit

This rung is an example of a Clear all Faults bit command. Rung 8
clears all errors in the FAULT (FIFO) on the SLC Servo Module when
the bit is toggled.

For more detailed information on clearing all faults using discrete bit
commands, see the Word 1 Discrete Bit Commands table in Chapter 8,

Programming the SLC Processor to Run the SLC Servo Module.

Figure C.14 Rung 8

ooos

Clear all faults Clear A1l Fanlts
B30 2l
TE o
J
7 25
1746-HSEV

Canral Mawe

Rung 9 - Cancel Move

This rung is an example of how to use the Cancel Move bit
command. When the bit (B3:0/8) is toggled, a move executing on the
SLC Servo Module is cancelled.

For more detailed information on cancelling a move using discrete bit
commands, see the Word 0 Discrete Bit Commands table in Chapter 8,

Programming the SLC Processor to Run the SLC Servo Module.

Figure C.15 Rung 9

Canrel Move ‘

oaos

E3.0 ol

TE o

L

2 3
1745-HERV

Rung 10 - Hold/Unhold

This rung shows how to use the Hold/Unhold bit command. When
the bit (B3:1/2) is toggled, a move executing on the SLC Servo Module
is in a hold state.
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For more detailed information on putting a move on Hold/Unhold
using discrete bit commands, see the Word 0 Discrete Bit Commands
table in Chapter 8, Programming the SLC Processor to Run the SLC Servo
Module.

Figure C.16 Rung 10

HaldMnhald Mave
ol
o

Estop request
B3:0

2
1746-HERW ‘

Rung 11 - Program an Estop Request

The following example in Rung 11 shows how to program an Estop
Request. When the bit (B3:0/9) is toggled, the SLC Servo Module is
commanded to switch to the Estop state.

For more detailed information on entering an Estop Request using
discrete bit commands, see the Word 0 Discrete Bit Commands table
in Chapter 8, Programming the SLC Processor to Run the SLC Servo Module.

Figure C.17 Rung 11

Estop Faquest
ol
-

0oLl ‘ J E
‘ 5
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Rung 12 - ABSOLUTE Move

This rung shows how to enter an ABSOLUTE move command. This
rung initiates an ABSOLUTE move. The move parameters are in file
F42. The bits to set for initiating the move are in file N31.

For more information on adding an ABSOLUTE Move, see the
appropriate sections on Using Simple Move Commands in Chapter 8,
Programming the SLC Processor to Run the SLC Servo Module.
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Figure C.18 Rung 12

EQU Cp
Equal Copy File
Semrce & H31:0 Somree #F42:0
O= Diest #:1.6
Source B 1 Length &
1=
op
Copy File
Sonarce #1310
Dest #2:1.4
Length 2

Data for the absolute move in rung 12 appear in the following tables.

The following diagram is of the data table for file F42 as it would

appear when accessed from the program.

Figure C.19 Data Table for File F42

= Properties |

Uzage |

[F42.0 | Fradic] g
Sypmbal: | | Colurnts: Iﬁ
[Desc: | |
Faz =

Help |

The following table shows the values for file F42 with the appropriate

addresses.
Address Acceleration Velocity Units/ | Position
Minute
F42:0 1 1000 1000

The next diagram shows the Data Table for File N31 when accessed

from the program.
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Figure C.20 Data Table for File N31

TEIRY

| Radix I Decimal hd I

Sypmbal: |

| Colurnts: I 0 = I

[Desc: |

Will Properties |

|

The following is a table representation of the previous diagram
showing the applicable values.

Address

Command

N31:0

1(Absolute) |0

Rung 13 - INCREMENTAL Move

The following rung diagram is an example of how to enter an
INCREMENTAL move command. Rung 13 initiates an INCREMENTAL
move. The move parameters are located in file F43. The bits to set
for initiating the move are in N31.

For more information on adding an INCREMENTAL Move, see the
ABSOLUTE/INCREMENTAL sections in Chapter 8, Programming the SLC
Processor to Run the SLC Servo Module.

Figure C.21 Rung 13

EQT
o1z Equal
Sonree & H31:0
0=
Sonrce B 2
2=
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)
Copy File
Sonree #F43:.0
Drest #2:1.6
Length &
)
Copy File
Sonrce #3110
Drest #2:1.4
Length 2
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The following diagram shows what the data table for file F43 looks
like when accessed directly from the program.

Figure C.22 Data Table for File F43

-- INCEMENTAL

[F431 | i ]
Sypmbal: | | Colurnts: I 5 = I

[Desc: | |

Fa3 ill Eru:upertiesl Uzage | Help |

Data for the incremental move in rung 13 with appropriate addresses
appear in the following table.

Address Acceleration Velocity Units/ | Position
Minute
F43:0 1 500 20

The next diagram shows the Data Table for File N31 as it appears
when accessed from the program.

Figure C.23 Data Table for File N31

[N31:0 NER | Decimal vI
Sypmbal: | | Colurnts: I 0 = I

[Desc: | |

M ill Eru:upertiesl Uzage | Help |

This table shows the data in a table format for the previous diagram.

Address Command
N31:0 2 (Incremental) |O |
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Rung 14 - SPEED Command

Rung 14 is an example of how to enter a SPEED command in your
program. This rung initiates a SPEED move. The move parameters are
located in file F44 and the bits to set for initiating the move are in N31.

For more information on adding an SPEED Move, see the SPEED
move sections in Chapter 8, Programming the SLC Processor to Run the

SLC Servo Module.
Figure C.24 Rung 14
EQU ) —COF
ool4 Equal Copy File
Source & H3l0 Source #4410
0= Dest #0016
Source B 4 Length 4
4=

——COoP
Copy File
Sonree #M31:0
Dest #2:1.4
Length 2

Data for the speed move in rung 14 appear in the following tables.

the next diagram shows the data table for File F44 as it appears when
viewed in the program.

Figure C.25 Data table for File F44

i—iData File F44 - SPEED

[F44:0 | i ]
Sypmbal: | | Colurnts: I 5 = I

[Desc: | |

Fas j Usage | Help |

The following table lists the data for the previous diagram. The table
shows the values under their appropriate addresses.

Address Accel/Decel Velocity Units/
Minute
F44:0 1 10
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This diagram shows the N31 Data table as it appears when accessed
from within the program.

Figure C.26 Data Table for File N31

[N31:0 NER | Decimal vI
Sypmbal: | | Colurnts: I 0 = I

[Desc: | |

|N3'I ill Eru:upertiesl Uzage | Help |

The following data is for File N31 as shown in table format.

Address Command
N31:0 4 Speed) [0 |

Rung 15- MONITOR Move

Rung 15 gives an example of how to enter a MONITOR move
command. This rung initiates a MONITOR move. The bit
specifications are in file N31.

For more information on adding an MONITOR Move, see the
appropriate MONITOR command sections in Chapter 8, Programming
the SLC Processor to Run the SLC Servo Module.

Figure C.27 Rung 15
EQT —)
Equal Copy File
Sonree & H31.0 Sonree #M351:.0
0= Drest #2114
Source B ] Length 2
8«

Data for the monitor move in rung 15 appear in the table below.

The following diagram is of the Data Table accessed in Rung 15.
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Figure C.28 Data table for File N31

TEIRY

| Radix I Decimal hd I

Sypmbal: |

| Colurnts: I 0 = I

[Desc: |

|N31 :II

|
Eru:upertiesl Uzage | Help |

This table shows the incremented value as represented in the previous
diagram.

Address Command
N31:0 8 (Monitor) [0

Rung 16 — BLEND Move

An example of a BLEND move is shown in Rung 16. It initiates a
BLEND move. The bit specifications for this move are in file N52.

For more information on adding an BLEND Move, see the sections on
the BLEND move in Chapter 8, Programming the SLC Processor to Run the
SLC Servo Module.
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Figure C.29 Rung 16
EQU ——Op
oole Equal Copy Fils
Sorce & N3la0 Soroe #52.0
0= Dhest #2:14
Soree B 16 Length 3
6=

Data for the blend move in rung 16 is shown as it appears when
accessed directly from the program.
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Figure C.30 Blend Move Data Table for File N52

[M52:0 | HadiH:IDecimal vI
Sypmbal: | | Eu:ulumns:l‘ll] vI
[Desc: | |
ME2 ill Properties | Uszage | Help |
The following is a table representation of the previous diagram.
Address Command
N52:0 16 (Blend) [0 [0
Rung 17 - Clearing Move Bits
This is an example of how to clear the move bits. Rung 17 clears the
move bits. The bit specifications are in file N31.
Figure C.31 Rung 17
Home conmunand
EQU B30 — L)
Equal =-E Copy File
Source 4 H3l:0 10 Source #1310
0= Drast #2014
Source B 0] Length S
0=

This diagram shows the Data table for File N31.
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Figure C.32 Data Table for File N31

[N31:0 NER | Decimal vI
Sypmbal: | | Colurnts: I 0 = I
[Desc: | |

Will Properties |

The table below is a table of the values shown in the previous

diagram.
Address Command
N31:0 0 0

Rung 18 — Copying Status Information

The following example shows how to copy the status information to
the data file. Rung 18 copies the position, following error, and speed
from the SLC Servo module status area to the floating-point file F48.

For more detailed information on how to use the copy file command
to copy integer data for conversion to floating point data, see the
Floating-Point Values section of Chapter 9, Programming System
Variables, in this manual.

Figure C.33 Rung 18

oolg

——COoP
Copy File
Sonree #:16
Dest #F4g0
Length 3

Status information from slot 1 is shown in the table below.
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ata File F48 -- STATUS

Figure C.34 File F48 Data Table

-0.105227 -95. 4375

| Fadiy: Iﬁ

| Colurnts: I 5 = I

|
Eru:upertiesl Uzage | Help |

The following table shows the data with the appropriate address
headings for the previous diagram.

Address Actual Position | Following Error | Velocity Units/
Minute
F48:0 -196.008 -0.105227 -98.4375

Rung 19 - HOME Axis

This rung is an example of how to enter a home axis move. The
home axis parameters are in files N32 and F27.

See the Using the Home Axis Command section of Chapter 9,

Programming System Variables, for more information on the Home
Axis command.
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Figure C.35 Rung 19

Home cormrmand
B30 ——COoP
JE Copy File
10 Sonrce #FAT0
Diast #2148
Length 4
——C0OF
Copy File
Somrce #M32:0
Drest #0:1.0
Lengzth 3
FLL
Fill File —
Sonree 1]
Diast #M31.0
Length &

Data for the home axis move in rung 19 appear in the following

tables.

Figure C.36 Homing Data Table

i—4Data File F27 -- HOMING

| Fadiy: Iﬁ

| Colurnts: I 5 = I

Properties |

Uzage |

|
Help |
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The following table shows the data under the appropriate addresses

as shown in the previous diagram.

Address Acceleration Velocity Units/
Minute
F27:0 1.0 20.0

The following diagram shows the data table for File N32 as it appears

when accessed from the program.
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Figure C.37 Home Command Data Table

| Radix I Decimal hd I

| Colurnts: I 0 = I

M3z2 ill Properties |

|

The following is a table representation of the data in the previous

diagram.
Address | Data
N320 [0 [0 0 0 0 1

Rung 20 - Final Rung

The following example shows what the final rung in a ladder program
looks like. Rung 20 ends the ladder file.

Figure C.38 Rung 20

aozo !

r“ENID—‘

Publication 1746-6.1.2 - July 2000



C-22  Programming Examples

Publication 1746-6.1.2 - July 2000



Appendix D

Overview

Using Fast Inputs and
Outputs

Wiring Without the Termination Panel

This appendix covers how to wire your SLC Servo Module without a
termination panel and includes the following topics:

¢ Using fast inputs and outputs
¢ Distances to user devices

* Wiring your hardware

If you don’t use a termination panel, you must wire from the
connectors on the SLC Servo Module to these user devices:

e Fast inputs and outputs

* Estop Reset push-button, Estop string, and Estop relay
* Power supplies

* Encoders

¢ Drives

When using fast inputs you must snub all inductive and capacitive
loads.

The high-level, on | is:

state output

current:

Maximum V@
(each output) +20.0 mA
Minimum +V@
(each output) +20.0 mA

ATTENTION To avoid damage to your equip.ment, do ngt
overload a 5V fast output circuit by wiring it for 24V.
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Distances to User Devices

Wiring Your User Devices

Publication 1746-6.1.2 - July 2000

Figure D.1 Circuitry in the SLC Servo Module for Fast Inputs and Outputs

Input Circuit
2 1 47 ohms .
Pin #5, 4, or 3
24V circuit
.01microfarads
Output Circuit
1 2
<—|>O ]Pin #2
5V circuit
SLC Sevo Module

There are no distance limits for encoders or drives. Given the limits of
your power supply, you must calculate the maximum distance at
which the current requirements for the drive or encoder are met. In
these calculations you must allow for voltage drops over the length of
the cable. Refer to the cable manufacturer’s specifications to
determine the voltage drop in your cable.

Use the wiring diagrams in Wiring Fast I/O and Estop and Wiring
Power Supplies, Encoders, and Drives to help wire your user devices
to the SLC Servo Module. Match the connector signals from the SLC
Servo Module with the signals on the connector blocks of the
termination panel. There is a one-to-one connection relationship
between these connectors (except for the Estop and drive enable
signals). Then follow the signals from these connector blocks to the
various user devices.
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Wiring diagrams supplied in this manual appear in the table below.

Description Figure
Typical Fast I/0 Connections 4.1
Estop Circuitry for a One-Axis System 46
Estop Circuitry for a Two-Axes or Three-Axes System 49
5V Encoder Feedback Connections 413
15V Encoder Feedback Connections 414
Wiring Diagram for 1386 Drives 415
Wiring Diagram for 1388 Drives 4.16
Wiring Diagram for 1389 Drives 417
Wiring Diagram for 1391 Drives 418
Wiring Diagram for 1392 Drives 419
Wiring Diagram for 1394 Systems 4.20
Wiring Diagram for 1398 Systems 4
422
423

Estop Circuitry Drawings

Study the Estop circuitry drawings and implement the equivalent
circuit. You may not need the additional control relays (CR2 and CR3,
etc.) if the drive amplifiers are enabled at the same time. You must,
however, purchase at least one control relay that is an equivalent to

the one used in our termination panel.

Specifications for the CR1 (Allen-Bradley P/N 700-HC 14Z24) appear

in the table below.

CR1 Part Number | Coil Contact Arrangement
700-HC 14224 24V DC, 650 ohms 3A Resistive, 120V | 4 form C
AC
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homing parameters
Final Move to Marker? 7-30
Final Move to Which Marker? 7-30
Home Calibration 7-30
Home Tolerance 7-31
Home Type 7-30
Homing Position 7-30
Limit Source 7-30
Speed/Direction of Move Off the Limit Switch 7-31
Speed/Direction of Move to the Marker 7-31
HSRV Quick Check
Jog the Axis
Using the Speed Move Command 10-5

incremental position
interpolated move 8-10
simultaneous moves 8-10
Input/Output Quick Reference A-1
input/output quick reference
blended configuration A-14
commands



Word 0 A-10
Word 1 A-10
Word 4 A-11
Word 5 A-11
Words 2 and 3 A-10
configuration output bit parameters
Word 0 A-1
Word 1 A-4
Word 2 A-5
Word or Multi-Word A-5
discrete control status A-13
status
Word 0 A-11
Word 1 A-12
Word 2 A-12
Word 3 A-13
Installation 4-1
Mounting the Termination Panel 4-5
installation
connecting the termination panel 4-7
grounding the SLC Servo Module 4-4
SLC Servo 4-2
wiring practices 3-1

L
LED Indicators 10-6

M files
MO 7-11
M1 7-11
manual
contents P-2
conventions used P-5
purpose P-1
user P-1
Monitor Move
block command parameters 8-17
typical data table 8-18
motion parameters
In-position Band 7-29
Maximum Axis Speed 7-29
Synchronized Move Source 7-29
Time to Maximum Axis Speed 7-29
Velocity Time Base 7-29
multi-axis system
ladder diagram 5-11

0

one axis system
ladder diagram 5-8
Online Configuration Command
set axis gain 9-9
set excess FE limit 9-8
set in-position band 9-7
set offset 9-7

P

parameters, axis
Negative Qvertravel Limit 7-30
Positive Overtravel Limit 7-30
Reversal Error Value 7-30
Rollover Position 7-30
Software Overtravels Used 7-30
parameters, block command
Absolute/Incremental Move 8-12
Blend Move Profiles 8-2
Home Axis Move 9-1
Monitor Move 8-17
Plan Synchronized Move 8-25
Preset Position Move 9-5
Run Blend Move Profile 8-18
Set Excess FE Move 9-8
Set Home Move 9-3
Set In-position Band Move 9-7
Set Offset Move 9-7
Set Retract Position Move 9-4
Set VFF Move 9-11
Speed Move 8-15
parameters, configuration
Axis 7-30
Blend Move Profile 8-1
feedback 7-26
Homing 7-30
Motion 7-29
Servo Loop 7-27
System 7-31
parameters, feedback
Counts per Position Unit 7-26
Encoder Lines 7-26
parameters, homing
Final Move to Marker? 7-30
Final Move to Which Marker? 7-30
Home Calibration 7-30
Home Tolerance 7-31
Home Type 7-30
Homing Position 7-30

Publication 1746-6.1.2 - July 2000



Limit Source 7-30

Speed/Direction of Move Off the Limit Switch 7-31

Speed/Direction of Move to the Marker 7-31
parameters, motion
In-position Band 7-29
Maximum Axis Speed 7-29
Synchronized Move Source 7-29
Time to Maximum Axis Speed 7-29
Velocity Time Base 7-29
parameters, servo loop
Acceleration Feedforward Constant 7-28
DAC Enable 7-28
Excess Following Error 7-29
Invert DAC 7-28
Loop Type 7-28
Maximum Axis Gain Value 7-28
Output Voltage at - Max Speed 7-29
Output Voltage at + Max Speed 7-29
Reverse Feedback 7-28
Velocity Feedforward Constant 7-28
parameters, system
Blend Move Profile 7-31
Discrete Bit Status Word 0 Definition 7-31
Enable Incremental Position Command 7-31
Inhibit Current Speed 7-32
Inhibit Following Error 7-32
Inhibit Information Codes 7-31
Inhibit Major Fault Code 7-32
Inhibit Minor Fault Code 7-31
Mode Flag 7-31
Plan Synchronized Move
block command parameters 8-25
position initialization commands 9-1
synchronized speed move 8-26
typical data table 8-26
planning
hardware installation 3-1
power supplies
selecting 2-1
backplane 2-1
calculations for 2-2
current requirements 2-2
power supply
selecting
user-side 2-3
calculations for 2-4
user-side
current requirements 2-4
powering up 7-3
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Preset Position Move
block command parameters 9-5
typical data table 9-6
product
receiving P-5
storage P-5
product support, local
telephone number P-6
programming

SLC Processor to Run the SLC Servo Module 8-1

programming conventions 7-24
binary data 7-24
floating point data 7-24
Programming Examples C-1
programming examples
integer configuration C-4
Ladder Rung C-2
Rung 1 C-2
Rung 10 C-9
Rung 11 C-10
Rung 12 C-10
Rung 13 C-12
Rung 14 C-14
Rung 15 C-15
Rung 16 C-16
Rung 17 C-17
Rung 18 C-18
Rung 19 C-19
Rung 2 C-4
Rung 20 C-21
Rung 3 C-5
Rung 4 C-5
Rung 5 C-7
Rung 6 C-8
Rung 7 C-8
Rung 8 C-9
Rung 9 C-9

Run Blend Move Profile
blending absolute moves 8-22
blending incremental moves 8-24
blending moves 8-22
blending rules 8-20
blending speed moves 8-24
block command parameters 8-18
executing 8-20
executing, several 8-21
Planning 8-19



typical data table 8-19

S

Safety Precautions P-1
servo loop parameters
Acceleration Feedforward Constant 7-28
DAC Enable 7-28
Excess Following Error 7-29
Invert DAC 7-28
Loop Type 7-28
Maximum Axis Gain Value 7-28
Output Voltage at - Max Speed 7-29
Reverse Feedback 7-28
Velocity Feedforward Constant 7-28
Servo Module
setting up
determining acceleration feedforward 7-23
drive adjustments 7-2
motion control
position loop 7-2
theory 7-2
specific parameters
home 7-24
status information 8-4
testing
Estop RESET 6-3
Set Axis Gain Move
block command parameters 9-9
typical data table 9-9
Set Excess FE Limit
block command parameters 9-8
typical data table 9-9
Set Home Move
block command parameters 9-3
typical data table 9-4
Set In-position Band Move
block command parameters 9-7
typical data table 9-8
Set Offset Move
block command parameters 9-7
typical data table 9-7
Set Retract Position Move
block command parameters 9-4
typical data table 9-5
setup 7-1
calibrating coarse 7-18
communication with processor 7-13
computing counts 7-14
computing excess following error limit 7-19

computing maximum speed scaler 7-14
DAC output voltage
fine calibrating 7-18
initializing for drive symmetry 7-16
setting 7-16
defining positive axis movement 7-17
determining velocity 7-23
acceleration feedforward 7-23
velocity feedforward 7-23
entering encoder lines 7-13
initial loop type 7-16
loop type parameters 7-16
motion control
machine mechanics 7-2
position loop 7-2
velocity loop 7-2
overview 7-1
selecting axis acceleration rate 7-21
selecting loop type 7-20
specific parameters
axis 7-24
Set VFF Move
block command parameters 9-11
typical data table 9-11
Simple Move Commands
absolute/incremental
cancel move 8-13
rollover position 8-12
speed profile
trapezoidal 8-14
triangular 8-14
velocity profile
trapezoidal 8-15
triangular 8-15
home axis move 9-1
monitor move 8-17
plan synchronized move 8-25
planning
absolute/incremental move 8-13
home axis move 9-2
monitor move 8-17
speed move 8-16
preset position 9-5
run blend move profile 8-18
set home move 9-3
set retract position 9-4
speed move 8-15
SLC Control Module
current requirements 5-2
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grounding 4-4
diagram, typical 4-4
earth ground 4-4
EGND terminal 4-4
specifications for Estop relay 5-6
SLC Processor
communication with Servo Module 7-13
discrete bit commands 8-5
discrete block commands 8-8
Incremental Position Command 8-9
Simple Move Commands 8-11
Absolute/Incremental Move 8-11
SLC Servo Module
command information 8-4
communication interface 8-4
Compatibility 1-4
configuring 7-24
7-11
MO file 7-25
Inspection 4-1
installation 4-1
interface 7-11
Operation 1-2
Command Mode 1-3
configuration mode 1-3
operation
compatibility 1-2, 1-4
Overview 1-1
placement 3-3
processor status
fault code 9-15
Floating-Point Values 9-16
informational message 9-15
programming 7-12
configuration
downloading 7-24
errors 7-25
programming examples C-1
setting up
motion control
machine mechanics 7-2
Specifications 1-4
testing
LED patterns 10-7
powering up 6-1
unpacking 4-1
wiring 5-1
software overtravel
limits 5-5
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parameters 5-5
Speed Move
block command parameters 8-15
typical data table 8-16
status
Word 0 A-11
Word 1 A-12
Word 3 A-13
Status Information 9-11
status information
blend move profile 9-12
Word 0 9-12
Word 1 9-13
Word 2 9-14
Word 3 9-15
support
local product support P-6
On the Web P-7
Rockwell Automation P-6
technical product assistance P-6
system parameters
Blend Move Profile 7-31
Discrete Bit Status Word 0 Definition 7-31
Enable Incremental Position Command 7-31
Inhibit Actual Position 7-32
Inhibit Current Speed 7-32
Inhibit Following Error 7-32
Inhibit Information Codes 7-31
Inhibit Major Fault Code 7-32
Inhibit Minor Fault Code 7-31
Mode Flag 7-31

T

termination panel
connecting 4-7
dimensions 4-6
mounting 4-5
Testing
Estop wiring 6-3
testing
hardware 6-1
overview 6-1
powering up 6-1
theory of motion control 7-2
troubleshooting 10-1
error messages and diagnosis 10-7
general 10-6
informational messages 10-8
major fault messages 10-12



minor fault messages 10-10
HSRV Quick Check 10-1
Hardware Setup
battery box test 10-2
Check wiring to diagram 10-2
Jog the Axis 10-5
Software Setup 10-2

Configure the HSRV module 10-2

Configuration Errors 10-3

Downloading Your Configuration 10-2

If CONFIG INV LED is Lit 10-3
HSRV Quick Start
Hardware Setup 10-2
LED Indicators 10-6
safety precautions 10-1

u

unidirectional axis 7-35

W
Wiring
Estop Connections 5-6
power supplies 5-12
to Allen-Bradley Drives
termination panel 5-18
wiring 5-1
classifying the conductors 3-3
conductors, classifying 3-3
connecting the velocity command 5-32
diagram
1386 drives 5-19
1388 drives 5-20
1389 drives 5-21
1391 drives 5-23
1394 drives 5-26
drives
1398 ULTRA 100/200 5-27
Encoders 5-13
encoders

typical vendor encoder 5-15
Estop connections
for one axis system 5-7
normal operation 5-7
maintaining electrical continuity 5-7
verifying connections and operation 5-7
Estop for multi-axis system 5-10
fast Inputs 5-2
fast inputs and outputs 5-2
hardware overtravel limits
software overtravel limits 5-5
hardware overtravels 5-4
home limit switch
connecting as a fast input 5-5
home limit switch as a fast input 5-5
outputs 5-2
overview 5-1
routing wires 3-2
SLC Servo Module when Homing to a Marker 5-28
software overtravel limits 5-5
to Allen-Bradley Drives 5-18
using an 845H equivalent encoder 5-15
vendor encoder timing diagram 5-16
without termination panel
distances to user devices D-2
Estop circuitry drawing overview D-3
fast inputs and outputs D-1
wiring diagrams, reference D-3
without the Termination Panel D-1
Distances to User Devices D-2
Using Fast Inputs and Outputs D-1
wiring practices
general wiring 3-1
shielded cables 3-1
Word 0
discrete bit commands 8-6, 8-7
Word 1
discrete bit commands 8-8
World Wide Web site P-7
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www.rockwellautomation.com
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