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Warning notices are used in this publication to emphasize that hazardous voltages, currents, temperatures, or
other conditions that could cause personal injury exist in this equipment or may be associated with its use.

In situations where inattention could cause either personal injury or damage to equipment, a Warning notice is
used.

A CAUTION

Caution notices are used where equipment might be damaged if care is not taken.

Note: Notes merely call attention to information that is especially significant to understanding and operating the
equipment.

These instructions do not purport to cover all details or variations in equipment, nor to provide for every possible
contingency to be met during installation, operation, and maintenance. The information is supplied for
informational purposes only, and Emerson makes no warranty as to the accuracy of the information included
herein. Changes, modifications, and/or improvements to equipment and specifications are made periodically and
these changes may or may not be reflected herein. It is understood that Emerson may make changes,
modifications, or improvements to the equipment referenced herein or to the document itself at any time. This
document is intended for trained personnel familiar with the Emerson products referenced herein.

Emerson may have patents or pending patent applications covering subject matter in this document. The
furnishing of this document does not provide any license whatsoever to any of these patents.

Emerson provides the following document and the information included therein as-is and without warranty of any

kind, expressed or implied, including but not limited to any implied statutory warranty of merchantability or
fitness for particular purpose.
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Introduction

The PACMotion™ Multi-axis Motion Controller (PMM345) is a high performance, easy-to-use servo motion control
module that is closely integrated with the PACSystems RX3i CPU’s logic solving and communications functions. This
versatile motion controller combines highly integrated motion and machine logic with the performance, flexibility and
scalability required for advanced machine automation.

Features

Four Servo Axes Plus Additional Virtual Axis - Each PMM345 module can control up to four servo axes. An additional
virtual (time-based) axis and an additional external encoder can be configured. Eight modules can be includedin a single
rack for a total of 40 axes.

Faceplate 1/O - The built-in faceplate 1/O on the PMM345 has four general-purpose 24 volt digital inputs, two high-
speed 24 volt digital inputs with open wire fault detection, and two general-purpose 24 volt configurable
inputs/outputs. In addition to simple 1/O, Faceplate 1/O is configurable for motion-specific functionality such as Touch
Probe inputs, Overtravel Limit switches, Home switches, and A Quad B Encoder and Marker inputs (Axis 5 only).

Fiber /O Terminal Block - The PMM345 supports an optional Fiber I/O Terminal Block (FTB).

Performance - The position loop update rate of the PMM345 is 500us. The The EtherCAT communication rate is 250us.
Motion path planning is done every 1ms for all five axes.

Synchronization - The PMM345 provides synchronized or delayed start of up to eight axes. For electronic cam or gear
applications, any number of real (motor) or virtual (time-based) axes in a rack can be used as masters for one or more
slave axes on any module in a rack. For electronic cams, master and slave axes can be rescaled dynamically. A cam slave
axis can be phase shifted dynamically. Two electronic gearing modes are provided, a simple velocity synchronization,
and a velocity/position synchronization. Velocity-synchronized gear slaves can have moves superimposed dynamically
allowing jerk-limited position adjustments. For both gearing and camming, the PMM345 uses a ramping function to
synchronize a slave to a moving master.

Cam Profiles - Electronic cams can be created using the built-in cam editor in the PACSystems software orimported via
CSV file. The cam editor allows master/slave points to be added in either a table or through graphical manipulation.
Point data can be fitted using 1st, 2nd, 3rd, or 5th degree spline curve fitting. A cam profile can be subdivided into
segments with a different curve fit degree for each segment. Up to 2048 cam profiles can be downloaded and stored
on the RX3i CPU at one time. Up to 256 profiles can be selected and stored on each module. Cam profiles can be
replaced dynamically as required.

Interrupts - Up to three interrupts are provided for each PACMotion module. One interrupt can be configured as time
based with configurable update time down to 2ms. Any of the three interrupts can be configured as I/O input event
driven interrupts.

Digital Cam Switch - The digital cam switch (programmable limit switch) capability of the PMM345 provides up to four
outputs (tracks) using either regular or high-speed outputs on the faceplate or the FTB. Each track can have up to eight
switches.

Diagnostic Logic Block - To assist with commissioning and debug, the PAC Machine Edition software provides the
capability to program one diagnostic logic block that can be downloaded to the RX3i CPU and executed without altering
the main program logic.

Data Logging -The PMM345 provides the capability to log data during runtime. Using PAC Machine Edition, this data
can subsequently be uploaded and displayed.

PLCopen Compliance -The PMM345 module is designed to be compliant with the PLCopen specification for motion.
All motion functionality is controlled by specialized functions and function blocks integrated into the CPU logic.
Capabilities of motion function blocks include blending and buffering of blocks, and velocity, acceleration and jerk
limited motion.
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For RX3i environmental specifications, refer to the PACSystems Rx3i System Manual, GFK-2314.

Specification Details

Comments

Motion Path Planning Tms Consistent update regardless of the number of axes in the system

Position Loop Update Rate 500ps All axes in the RX3i rack are updated simultaneously

EtherCAT Communication Rate | 250pus All axes in the RX3i rack are updated simultaneously

Controlled Axes/Module 4 PACMotion PSD Servo drives (IC830DP-) and PACMotion PSR
Servo motors (IC830M-) are supported via EtherCAT interface

Master Axes/Module 1 Can be a virtual time-based or incremental encoder master

Servo Command Interface EtherCAT 100Mb/s data transfer

(RJ45, CAT5e shielded
or better)

FTB Interface

Fiber Optic

Max 100 meters

Maximum Axes per RX3i:

40 + 10 master axes

Requires 16 slot backplane, CPU and 2 power supplies (AC or DC)

Accuracy by Encoder Type:

Smart Feedback Device
(SFD3)

Hiperface DSL

BiSS Multi-turn

+9 arcmin
+0.1500 degrees

+1.33 arcmin
+0.0222 degrees

+0.6 arcmin
+0.0100 degrees

Single-turn absolute encoder - Single Cable

Multi-turn absolute encoder - Single Cable

Multi-turn absolute encoder - Dual Cable
(Bidirectional/Serial/Synchronous)

Feedback Type

Incremental/Absolute
Serial Encoder

Multi-turn absolute encoder required for absolute feedback mode

Faceplate 1/O:

24V General Purpose
Inputs

4 optically isolated;
source/sink

24V High-Speed Inputs

2 optically isolated;
source/sink

Open circuit detection; can be used to connect a quadrature master
encoder (500 kHz max)

24V General Purpose
Inputs/Outputs

2 optically isolated;
source/sink

125mA maximum output current each

Connector

Plug-on Screw Terminal

Floating Point Support

Yes

Double precision IEEE 754

Cam Profiles per Module

256 at one time

Up to 2048 profiles can be stored in the RX3i file system for use by
any module

Synch/Delayed Start

Up to 8 axes

Axes can be on any module and are synchronized over the
backplane

High Speed Position Capture

2 Inputs per axis

Certifications

ATEX, CE
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Installation in Hazardous Locations
The following information is for products bearing the UL marking for Hazardous Locations:

A WARNING
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e EXPLOSION HAZARD - SUBSTITUTION OF COMPONENTS MAY IMPAIR SUITABILITY FOR CLASS [, DIVISION 2;
e EXPLOSION HAZARD - WHEN IN HAZARDOUS LOCATIONS, TURN OFF POWER BEFORE REPLACING OR WIRING

MODULES; AND

e EXPLOSION HAZARD - DO NOT CONNECT OR DISCONNECT EQUIPMENT UNLESS POWER HAS BEEN SWITCHED
OFF OR THE AREA IS KNOWN TO BE NONHAZARDOUS.

e EQUIPMENT LABELED WITH REFERENCE TO CLASS I, GROUPS A, B, C & D, DIV. 2 HAZARDOUS LOCATIONS IS
SUITABLE FOR USE IN CLASS I, DIVISION 2, GROUPS A, B, C, D OR NON-HAZARDOUS LOCATIONS ONLY.

Related Information

PACSystems CPU Reference Manual

TCP/IP Ethernet Communications for PACSystems

Station Manager for PACSystems

PACMotion Multi-Axis Motion Controller PMM345 User Manual
PAC Machine Edition Logic Developer-PLC Getting Started
PACSystems RX3i Hardware and Installation Manual
PACMotion Servo Drives (PSD) Installation and User Manual
PACMotion Servomotors (PSR) Installation and User Manual
PACMotion Servo Drives (PSD) Accessories Guide

PACMotion PMM335 to PMM345 Migration Guide

PLCopen, www.plcopen.org

GFK-2222
GFK-2224
GFK-2225
GFK-3140
GFK-1918
GFK-2314
GFK-3168
GFK-3169
GFK-3173
GFK-3135

In addition to these manuals, product update documents describe individual product revisions. The most recent
PACSystems documentation is available on the Support website: https://www.emerson.com/Industrial-Automation-

Controls/support.

Ordering Information

Product CATALOGUE NUMBER DESCRIPTION
Motion Controller IC695PMM345 PACMotion Motion Controller for RX3i
Motion I/O Expansion (optional) IC695FTB001 Fiber 1/O Terminal Block

Fiber Optic Cables

ZA66L-6001-0023#L150R0

FTBI/O Cable 0.15 Meter

ZA66L-6001-0023#L300R0

FTB I/O Cable 0.3 Meter

ZA66L-6001-0023#L1R003

FTB1/O Cable 1 Meter

ZA66L-6001-0023#L3R003

FTB I/O Cable 3 Meter

ZA66L-6001-0026#L1R003

FTB I/O Cable Sheathed, 1 Meter

ZA66L-6001-0026#L3R003

FTB 1/O Cable Sheathed, 3 Meter

ZA66L-6001-0026#L5R003

FTB 1/O Cable Sheathed, 5 Meter

ZA66L-6001-0026#L10R03

FTB I/O Cable Sheathed, 10 Meter

ZA66L-6001-0026#L20R03

FTB I/O Cable Sheathed, 20 Meter

ZA66L-6001-0026#L30R03

FTB 1/O Cable Sheathed, 30 Meter

ZA66L-6001-0026#L50R03

FTB 1/O Cable Sheathed, 50 Meter

ZA66L-6001-0026#L100R3

FTB I/O Cable Sheathed, 100 Meter
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Important Product Information for this Release

Firmware release 1.1 improves the backplane communication performance between the PMM345 and CPE330 and
resolves defects related to EtherCAT network disconnects and MC_Touchprobe as described in Section Problems
Resolved by this Revision

Field Upgrades
Firmware version 1.01 is released to manufacturing for full production and as a web upgrade kit.

All versions of the PMM345 are field upgradeable to this firmware release using the upgrake kit listed below. The
upgrade is available via download from the Emerson support website listed at the end of this document.

The firmware upgrade process may take up to four minutes to complete depending on the contents of the update. During
the update, the LEDs blink GREEN and may also hold the LEDs on in a zig-zag pattern with Axis1 and 3, Config, and Fiber I/O
LEDs set. The PMM345 may automatically reset one or more times.

UpgradeKit: ~ Part Number:  41G2893-MS10-000-A1
File Name: PMM345_FW1_01_41G2893-MS10-000-A1.zip
Download: Follow the support links at the end of this document.

Release History
Catalog Number Firmware | Date Description
Version
IC695PMM345-AAAB 1.01 Apr 2022 Performance improvement and defect resolution
IC695PMM345-AAAA 1.0 Sep 2020 Initial Release

Functional Compatibility

Subject Description

CPU Version PACSystems Rx3i firmware release 10.05 or higher is required to use the PMM345.

Programmer Version PAC Machine Edition Logic Developer - PLC Version 9.8 SIM 4 or higher is required to use
the PMM345 Rev 1.00.

Problems Resolved by this Revision

Subject ID code | Description

Backplane Improve backplane communication speed between PMM345 and CPE330 to reduce
performance with N/A application logic processing time of motion function blocks. Requires CPE330 release 10.25 or
CPE330 later.

In an EtherCAT system with two or more drives connected that are configured and in an
operational state, breaking the EtherCAT connection to the second, third, or fourth EtherCAT
DE6238 | drive occasionally resulted in an error which the MC_RESET or MC_MODULERESET commands
will not clear. The affected drives’ axis status %l bits remained off, the drive display indicated
error F706, and MC_RESET or MC_MODULERESET commands failed with a 0xCC2 error ID.

Disconnect of
EtherCAT
connection
between drives.

MC_Touchprobe This issue can occur when touchprobes 1 and 2 are configured as one for positive edge and
not capturing DES539 the other for negative edge. When one of these touchprobes triggers the MC_Touchprobe
position in certain could fail to capture the position. This would result in the MC_Touchprobe remaining busy
scenarios even after the configured input transition occurs.

Simultanious Executing a MC_Home on multiple axes at the same time could result in a timeout that will
MC_Home on four | DE7596 . -

EtherCAT axes cause the MC_Home function blocks to report an EtherCAT communication error.
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Restrictions and Open Issues for Release 1.0

Restriction|lIssue

Description

Hot Swap Only in Stop Mode

Hot Swap of the PMM345 module is only supported when the PLC is in stop mode.

MC_Camin Error Reported Incorrectly
in Fault Table

When the MC_Camln function block returns a 0x581E error "Cam profile slave start and
end positions are not equal’, the error is incorrectly reported in the fault table as
0x081E.

Incorrect Error Returned by
MC_CamFileRead

In a heavily loaded system, executing an MC_CampFileRead function block while another
MC_CampFileRead is in progress will usually correctly produce a 0x0F83 error. However,
occasionally it may erroneously return 0x000E or 0x7F08 error codes.

MC_CamTableSelect Incorrect Error
Code

Executing an MC_CamTableSelect function block specifying a Cam Profile that
currently is not present on the PLC will cause a 0xOFA2 error (Uninitialized Axis, Module,
or Cam Table variable) to be generated instead of the correct error 0XOF9D
(MC_CamTableSelect - Cam file not found). The user should store the required cam
profile to the PLC to avoid this problem.

Digital Cam Switch Pre-compensation
on Rotary Axis Not Supported

Currently, configuring pre-compensation on a digital cam switch switch pointon a
rotary axis will cause a 0x287 error.

Incorrect event queue entry reporting
backup required

A jog past the minimum jog distance generates a warning in the event queue that
incorrectly says a backup is required. The text for this message is incorrect. No backup
is required for this movement and no backup is performed.

Using MC_DigitalCamSwitch while
changing Low Position Limit and
Position Range on Axis 5.

When a MC_DigitalCamSwitch is active on Axis 5 and has Position Source = Actual
Position, if Parameter numbers 1006 or 1007 (External Encoder Low Position Limit and
Range) are changed with a MC_WriteParameter the MC_DigitalCamSwitch will error
with ErrorlD = 0x520f, rather than the expected ErrorID = 0x0286. When Parameter
numbers 1022 or 1023 (Commanded Low Position Limit and Range) are changed with a
MC_WriteParameter the MC_DigitalCamSwitch will error with ErrorlD = 0x520f, when
the MC_DigitalCamSwitch should continue to operate normally.

Axis 5 Feedback Moving Deadband
Validated Incorrectly

On Axis 5 allowable maximum Feedback Moving Deadband may be limited to a value
less than expected. The maximum value is calculated as 200000 * Command Position
Resolution. The correct calculation should be 200000 * External Device User Units |
External Device Counts.

Clearing Errors resulting from a
Buffered move unable to execute due
to direction constraint causes axis to
generate a fast stop error and remain
in Error Stop State

When a buffered MFB is unable to execute due to a direction constraint on MC_Power
and consequently sends the axis to Error Stop State, executing MC_Reset causes a
0x6308 Invalid Direction error and the axis remains in Error Stop State. Executing
MC_Reset a second time will clear this error.

MC_Camln: Rotary Master axes,
selected as Absolute and non-periodic

When MC_Camin is executed with a Master axis that is Rotary, and it is Absolute
(StartMode bit-1 equals 1), and the periodic input was low (False) on the
MC_CamTableSelect, and the Master Axis range does not match the Master Profile
range, then non-zero MasterOffsets should not be used. The MC_CamlIn may fail in this
situation with the 0x5321 error “The end of the ramp (master position + ramp distance)
was found to be off the cam profile.”

To use non-zero MasterOffsets consider restructuring the application to use Masters
selected as Relative.

High-Frequency Motion Command
Sequences

Very rarely, multiple rapid power cycles of the Fiber I/O Terminal Block or the PMM345
module can result in the FTB powering up in a state that appears to be correct.
However, subsequent executions of MC_ReadDigitallnput, MC_WriteDigitalOutput,
MC_ReadAnaloglnput or MC_WriteAnalogOutput function blocks fail with an error of
0xO0F81 "Invalid parameter data in PMM".

Alternatively, the FTB may fail to configure successfully. If this occurs, a 0x0229
(Configure FTB unable to communicate), 0x0CC3 (Attempt to reset the FTB failed) and
0x00C8 (System Manager entered error state) faults will be logged in the event queue.
The user can power cycle again, or execute an MC_ModuleReset to correct either of
these problems.
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Subject

Description

MC_DigitalCamSwitch is not
supported on Axis 5, Virtual Axis

MC_DigitalCamSwitch should not be used on Axis 5, Virtual Axis. When enabling
MC_DigitalCamSwitch on Axis 5, the selected outputs may not switch at the positions
selected with First On Position and Last On Position. Instead configure Axis 1-4 as a
Synthetic Axis to use as the virtual axis for use with MC_DigitalCamSwitch.

Motion Function Block Instance Data
is Stored in RX3i CPU Retentive
Memory

The PACMotion Motion Function Block instance data (internal inputs and outputs) is
stored in CPU retentive memory. CPUs with battery-backed memory will retain this
data across a power cycle event. The retentive functionality means at power up the
function block outputs will reflect the state of the block prior to the power cycle event.
If it is undesirable for these blocks to retain the prior state information, the application
logic must be modified. One method to achieve this result is to reinitialize the instance
variables prior to usage in the application logic.

Axis Parameters Should Only be
Changed in Disabled State

Some axis parameters have been specified as writable only if the axis is in the Disabled
states. Changing these parameters in the Standstill or Errorstop states may resultin
axis warnings or events that are difficult to diagnose. Therefore it is strongly
recommended that these parameters only be changed in the Disabled state.

Busy and Active Outputs Not Reset
after Battery-backed Power Cycle

Instance data for motion function blocks is non-volatile. Consequently, when the RX3i
experiences a power cycle and then transitions to Run mode, the Busy or Active
outputs for these function blocks may be ON, even though the function blocks are not
being executed.

If it is undesirable for these outputs to retain the prior state information, the
application logic must be modified. One method to achieve this result is to reinitialize
the instance variables prior to usage in the application logic.

PMM FTB unable to communicate
after double power cycle

Very rarely, after experiencing multiple rapid power cycles, the PMM345 may fail to
reestablish communication with an FTB. The user can power cycle again to recover
from this issue.

Digital Cam Switch Switch Point
Missed During First Sample

A digital cam switch requires one sample of axis movement to determine direction and
position. If the first switch point is passed during that first sample, it will not be
recognized by the digital cam switch. Users should ensure that at least one ms of axis
movement occurs before the first switch point is reached.

Control Loop Execution Time Over
Warning Limit Event

Occasionally 0xOEQO (“Control loop execution time exceeded warning limit” ) events
may be seen in the /O Fault table. Since this is only a warning the application will
continue to work as normal. If you would like to help the ongoing effort to improve the
product, please send the Event Log and/or Fault Table and description of the
application’s function blocks in progress to Technical Support when the event occurs.
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Subject

Description

Using Force Servo Velocity

Force Servo Velocity (FSV) sends a velocity command directly to the velocity control
loop, bypassing the path generation and position loops. The Axis State when FSV is
active is called the Setup State and can be checked using MC_ReadStatus.

To use FSV, the axis must be in the Standstill State. The FSV can then be commanded
by first writing a timeout of how long the move should last followed by writing the
velocity of the move.

The ForceServoVelocityTimeout (PN 1320) is a DWORD parameter that is used to
specify how long in milliseconds the FSV should last. The valid range is Oms to
10000ms. While in the Setup State it is allowed to re-write the velocity to either
extend the length of the FSV or with a value of zero to immediately stop motion.

The ForceServoVelocity (PN 1311) is an LREAL that sets the desired servo velocity in
RPM. The forced velocity cannot exceed the MaxVelocityAppl (PN 9). The axis will
enter the Setup State and the timeout counter will start when ForceServoVelocity is
written.

The axis will return to the Standstill state when the timeout expires or a value of zero is
written to the ForceServoVelocityTimeout. FSV cannot be aborted by other moves.

CAUTION: While in the Setup State the servo does not check for Software End of Travel
limits. Hardware Over Travel Limit Switches are still enforced.




General Contact Information

Home link: http://www.emerson.com/industrial-automation-controls
Knowledge Base: https://www.emerson.com/industrial-automation-controls/support

Technical Support
Americas
Phone: 1-888-565-4155

1-434-214-8532 (If toll free option is unavailable)

Customer Care (Quotes/Orders/Returns): customercare.mas@emerson.com
Technical Support: support.mas@emerson.com

Europe
Phone: +800-4444-8001
+420-225-379-328 (If toll free option is unavailable)
+39-0362-228-5555 (from Italy - if toll-free 800 option is unavailable or dialing from a mobile
telephone)
Customer Care (Quotes/Orders/Returns): customercare.emea.mas@emerson.com
Technical Support: support.mas.emea@emerson.com
Asia
Phone: +86-400-842-8599

+65-6955-9413 (All other Countries)

Customer Care (Quotes/Orders/Returns): customercare.cn.mas@emerson.com
Technical Support: support.mas.apac@emerson.com

Any escalation request should be sent to: mas.sfdcescalation@emerson.com

Note: If the product is purchased through an Authorized Channel Partner, please contact the seller directly for any
support.

Emerson reserves the right to modify orimprove the designs or specifications of the products mentioned in this manual
at any time without notice. Emerson does not assume responsibility for the selection, use or maintenance of any
product. Responsibility for proper selection, use and maintenance of any Emerson product remains solely with the
purchaser.

© 2022 Emerson. All rights reserved.Emerson Terms and Conditions of Sale are available upon request. The Emerson
logo is a trademark and service mark of Emerson Electric Co. All other marks are the property of their respective
owners.
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