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Warnings  And Caution Notes as Used in this Publication  
 

     

 

Warning  

 
Warning notices are used in this publication to emphasize that hazardous voltages, 
currents, temperatures, or other conditions that could cause personal injury to 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.  

  
 

 
 
 
 

       Caution 

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

 

Notes: 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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Chapter 1: Product Overview 
The Motion Mate DSM314 is a high performance, easy-to-use, multi-axis motion control 

module that is highly integrated with the PACSystems RX3i and Series 90-30 host controller 

logic solving and communications functions. 

The two versions of the DSM314, IC693DSM314 and IC694DSM314 are functionally 

identical. 

Figure 1 

 

The DSM314 supports two primary control loop configurations: 

¶ Standard Mode (Follower Control Loop Disabled) 

¶ Follower Mode (Follower Control Loop Enabled) 
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Servo Types Supported 

¶ Digital ía Series and b Series digital servo amplifiers and motors. These products are 

documented in Servo Product Specifications Guide, GFH-001. 

¶ Analog í SL Series analog servos and third-party analog velocity command interface 

and analog torque command interface servos are supported. The SL Series servos 

_pc bmaskclrcb gl rfc QJ Qcpgcq Qcptm Sqcpòq Manual, GFK-1581. 

1.1 Features of the Motion Mate DSM314  

1.1.1 High Performance 
¶ Digital Signal Processor (DSP) control of servos 

¶ Block Processing time under 5 milliseconds 

¶ Velocity Feed forward and Position Error Integrator to enhance tracking accuracy 

¶ High resolution of programming units 

Ή Position: -536,870,912...+536,870,911 User Units 

Ή Velocity: 1 ... 8,388,607 User Units/sec 

Ή ?aacjcp_rgml8 / æ /*073,741,823 User Units/sec/sec 

1.1.2 Easy to Use 
¶ Simple and powerful motion program instruction set 

¶ Simple 1 to 4-axis motion programs. Multi-axis programs using Axes 1 and 2 may 

utilize a synchronized block start. 

¶ Non-volatile storage for 10 programs and 40 subroutines created with the 

programming software. 

¶ Compatible with Series 90-30 CPUs equipped with firmware version 10.0 or later 

(does not work with CPUs 311 í 341 and 351) and PACSystems RX3i CPUs (version 

2.8 or later). 

¶ Single point of connection for all programming and configuration tasks, including 

motion program creation (Motion Programs 1 í 10) and Local Logic programming. 

All programming and configuration are jm_bcb rfpmsef rfc fmqr amlrpmjjcpòq

programming communications port. In turn, the CPU loads all configuration, 

motion programs, and Local Logic programs to the DSM314 across the host 

controller backplane. 

¶ User scaling of programming units (User Units) in both Standard and Follower 

modes. 

¶ DSM314 firmware, stored in flash memory, is updated via the front panel COMM 

port. Firmware update kits provide firmware and Loader software on floppy disk. 

Firmware is also available for download on the Emerson web site 

(https://www.emer son.com/Industrial-Automation -Controls/support ). 

https://www.emerson.com/Industrial-Automation-Controls/support
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¶ Recipe programming using command parameters as operands for Acceleration, 

Velocity, Move, and Dwell Commands 

¶ Automatic Data Transfer between host controller tables and DSM314 without user 

programming  

¶ Ease of I/O connection with factory cables and terminal blocks 

¶ Electronic CAM capability, starting with Firmware Release (Version) 2.0 

1.1.3 Versatile I/O 
¶ Control of a Series and b Series Digital servos, SL-Series servos, or third -party servos 

with analog velocity command or analog torque command interface. 

¶ Home and overtravel switch inputs for each Servo Axis 

¶ Two Position Capture Strobe Inputs for each axis can capture axis and/or master 

position with an accuracy of +/-2 counts plus 10 microseconds of variance. 

¶ 5v, 24v and analog I/O for use by the host controller 

¶ Incremental Quadrature Encoder input on each axis for Encoder/Analog mode 

¶ Quadrature Encoder input for Follower Master axis 

¶ 13-bit  Analog Output can be controlled by the host controller or used as Digital 

Servo Tuning monitor 

¶ High speed digital output (four each 24V and four each 5V) via on-board Local Logic 

control  
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1.2 Section 1: Motion System Overview  
The DSM314 is an intelligent, fully programmable, motion control option module for the 

Series 90-30 and PACSystems RX3i control systems. The DSM314 allows a user to combine 

high performance motion control and Local Logic capabilities with logic solving functions in 

one integrated system. The figure below illustrates the hardware and software used to set 

up and operate a servo system. This section briefly discusses each system element to 

provide an overall understanding of system operation. 

Figure 2: Hardware and Software Used to Configure, Program, and Opera te a 

DSM314 Servo System 

 

1.2.1 DSM314 Operation with a Host Controller 
The DSM314 and host controller (either PACSystems RX3i or Series 90-30 PLC) operate 

together as one integrated motion control package. The DSM314 communicates with the 

host controller through the backplane interface. Every host controller sweep, data such as 

Commanded Velocity and Actual Position within the DSM314 is transferred to the host 

controller in %I and %AI data. Also, every host controller sweep, %Q and %AQ data is 

transferred from the host controller to the DSM314. The %Q and %AQ data is used to control 

the DSM314. %Q bits perform functions such as initiating motion, aborting motion, and 

clearing strobe flags. %AQ commands perform functions such as initializing position and 

loading parameter registers. 

Besides the use of %I, %AI, %Q, and %AQ addresses, an additional way to send parameters 

from the host controller to the DSM314 is with the COMM_REQ ladder program instruction. 

Details about using the COMM_REQ instruction with the DSM can be found in Appendix B, 

DSM314 COMM_REQ Instructions 
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Host Contro ller Data Latency and DSM314 Latencies 

The DSM314 is an intelligent module operating asynchronously to the CPU module. Data is 

exchanged between the CPU and the DSM314 automatically. For information about the 

operation of the CPU sweep refer to the following: 

¶ Series 90-30 PLC CPU Instruction Set Reference Manual, GFK-0467M or later 

¶ PACSystems CPU Reference Manual, GFK-2222 

Host Controller to DSM Data Transfers 

¶ Host controller-based functions may retrieve DSM status (%I and %AI) information 

from the DSM data memory asynchronously. The DSM internally refreshes all status 

data except Actual Velocity at the position loop rate (once every 0.5 to 2ms). Actual 

Velocity is updated in the DSM data memory every 128 milliseconds. The DSM 

performs averaging to generate an accurate Actual Velocity reading; therefore, the 

Actual Velocity reading is not intended for high-speed control purposes. 

¶ The host controller requires approximately 2-4 milliseconds back-plane overhead 

when reading data (%I and %AI) from and writing data (%Q and %AQ) to DSM internal 

memory if the DSM is in the CPU rack. The host controller normally reads input data 

from and writes output data to the DSM once per host controller sweep. In the worst 

case, the DSM internal data update (which takes 0.5 to 2ms to occur) occurs just 

_drcp rfc fmqr amlrpmjjcp qa_lòq glnsr snb_rc, Gl rfgq a_qc* rfc fmqr amlrpmjjcp bmcq

not read DSM data again until its next scan and any changes in DSM data will be 

available in the host controller either 4-6ms later or approximately one host 

controller sweep later, whichever is larger. 

¶ The configuration software automatically selects the lengths of %AI and %AQ data 

based upon the number of axes configured. A host controller CPU requires time to 

read and write the data across the backplane with the DSM314. The following 

manuals document the host controller sweep impact: 

Ή Series 90-30 PLC Instruction Set Reference Manual, GFK-0467M or later. 

Ή PACSystems CPU Reference Manual, GFK-2222B or later. 

Also refer to the Important Product Information sheet that comes packaged with 

the DSM module. 

¶ Host controller commands to the DSM (%Q, %AQ) are output to the DSM at the end 

of the logic solving sweep. The DSM processes the commands within 4 milliseconds 

after receipt. 

Motion Program/CTL Faceplate Inputs 

¶ Delays associated with motion program control or branching via faceplate CTL 

inputs are equal to a position loop update time interval (0.5 to 2ms) plus the input 

filter delay (5ms typical for 24 volt CTL inputs or 10 µs for 5 volt CTL inputs). See 

tables 1, 2, and 3 for position loop update times. 
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Local Logic 

¶ Delays associated with Local Logic data updates are based upon the position loop 

snb_rc rgkc glrcpt_j &qcc ïBQK1/2 Qcptm Jmmn Snb_rc Rgkcqð' _lb _pc lmr pcjated 

to the host controller scan. Therefore, Local Logic programs can utilize rapidly 

changing DSM internal data that cannot be utilized by the host controller CPU due 

to the host controller to DSM data transfer tikc _lb rfc fmqr amlrpmjjcpòq jmlecp qa_l

t ime. 

DSM314 Servo Loop Update Times 

When controlling a digital AC servo, the DSM314 uses the loop update times shown in Table 

1. 

Table 1: Digital Servo Loop Update Times 

Motor Current / Torque Loop: 250 microseconds 

Motor Velocity Loop: 1 millisecond 

Motor Position Loop: 2 milliseconds 

When controlling an Analog servo, the DSM314 without Local Logic uses the loop update 

times shown in Table 2. 

Table 2: Analog Servo Loop Update Times without Local Logic  

1-Axis Position Loop without Local Logic: 0.5 milliseconds 

2-Axes Position Loop without Local Logic: 1 millisecond 

3-4 Axes Position Loop without Local Logic: 2 milliseconds 

When controlling an Analog servo, the DSM314 with Local Logic uses the following loop 

update times shown in Table 3. The loop update rates with Local Logic are longer since Axis 

#4 time slot is used to calculate the Local Logic function. 

Table 3: Analog Servo Loop Update Times with Local Logic 

1 Axis Position Loop with Local Logic: 1 millisecond 

2 í3 Axes Position Loop with Local Logic: 2 milliseconds 

Analog Torque mode includes a velocity regulator in addition to the position regulators. For 

an axis in Analog Torque mode, the velocity regulator is run every 0.5 milliseconds. 
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DSM314 Position Strobes 

Each axis connector on the DSM314 faceplate has two Position Strobe inputs. A rising edge 

pulse on a Strobe input causes the axis Actual Position to be captured. The position capture 

resolution is +/- 2 counts with an additional 10 microseconds of variance for the strobe input 

filter delay. The actual error seen is dependent upon servo acceleration and strobe input 

filtering/sampling. Consult Appendix G for the exact formulas used to calculate strobe 

accuracy. 

The strobe data is updated within one position loop update interval (0.5 - 2 ms) in the 

associated Strobe Position %AI data register. The Strobe Position data is also stored in a DSM 

Parameter Register that can be used as an operand for Motion Program PMOVE and CMOVE 

commands and in Local Logic. The Strobe Position data update to the host controller is 

dependent on the host controller sweep time and may take longer than 2 ms. 

In Digital mode, these strobes are 5V single-ended/differential inputs (IN1-IN2). 

In Analog mode, these strobes are only 5V single-ended (IO5-IO6). In Analog mode only, 

these strobe inputs are pulled high (as seen in the host controller %I Strobe status bits) if not 

physically connected to a device. 

DSM314 Scan Time Contribution 

The tables below list the time that the DSM314 adds to host controller scan time. The scan 

time contribution is related to (1) the number of DSM314 axes configured, and (2) the type 

of rack (main, expansion, or remote) the DSM314 is mounted in. 

DSM314 Scan Time Contribution (in Milliseconds) 

No. of Axes 

Configured  

90-30 CPU364 Rack 90-30CPU374 Rack RX3i CPU310 Rack 

Main  Expansion Remote Main  Expansion Remote Main  Expansion Remote 

1 1.9 2.9 7.9 1.3 2.3 6.9 1.8 2.3 6.9 

2 2.5 3.8 11.0 1.9 3.1 10.0 2.5 3.2 10.0 

3 3.1 4.7 14.2 2.4 3.9 13.0 3.1 4.2 13.1 

4 3.6 5.6 17.3 2.9 4.8 16.0 3.8 5.1 16.2 

Note:  

1. @c _u_pc rf_r rfc BQK1/2òq glrcpl_j Jma_j Jmega cleglc f_q _maximum scan time of 2ms that is 
independent of the host controller scan. This allows the user the flexibility to control time critical 
motion tasks within the Local Logic program. See the applicable chapters in this manual for details 
on Local Logic programming. 

2. (90-30 Feature only) For applications where the above additions to scan rates will affect machine 
operargml* wms k_w lccb rm sqc rfc ïqsqnclb G-M*ð ïBMGM*ð _lb ïQL?Nð dc_rspcq rm rp_lqdcp
necessary data to and from the DSM314 selectively. These features let you avoid transferring all 
the %I, %Q, %AI, %AQ data every scan, if you do not require it that frequently, which reduces the 
scan time contribution amount. 

 

 

  



User Manual Chapter 1 
GFK-1742F Jan 2020 
 

Product Overview 8 

Software  

The DSM314 requires one of the following configuration/programming software packages: 

¶ Machine Edition Logic Developer í PLC, version 4.5 or later for RX3i 

¶ Machine Edition Logic Developer í PLC, version 2.1 or later, or VersaPro, version 1.1 

or later for Series 90-30 

The programming/configuration software package is used for the following tasks. The 

information created by these tasks is sent to the DSM314 over the host controller backplane 

each time the host controller is powered up. 

¶ Configuration. Allows user to select module settings and default operational 

parameters. 

¶ Motion program creation. Up to 10 motion programs and 40 subroutines are 

allowed. 

¶ Local Logic program creation. A Local Logic program runs synchronously with the 

motion program but is independent of the host controlleròs CPU scan. This allows 

the DSM314 to interact quickly with motion I/O signals on its faceplate connectors. 

This internal response time to motion I/O signals is much faster than would be 

possible if the logic for these signals was handled in the main ladder program 

running in the host controller. This is due to (1) the delay in communicating the 

signals across the backplane and (2) the longer host controller sweep time. 

¶ CAM profile creation. A CAM profile specifies the response of a follower servo to a 

master position index. CAM profiles are referenced by name in the associated 

motion program.  

Note: The CAM editor is fully integrated with Logic Developer í PLC. 

Operator Interfaces  

Operator interfaces provide a way for the operator to control and monitor the servo system 

through a control panel or CRT display. These interfaces communicate with the host 

controller through discrete I/O modules or an intelligent serial communications or network 

communications module. 

Operator data is automatically transferred between the host controller and the DSM314 

through %I, %AI, %Q, and %AQ references that are specified when the module is configured. 

This automatic transfer of data provides a flexible and simple interface to a variety of 

operator interfaces that can interface to the host controller.  
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Servo Drive and Machine Interfaces 

The servo drive and machine interface are made through a 36-pin connector for each axis. 

This interface carries the signals that control axis position such as the Pulse Width 

Modulated (PWM) signals to the amplifier, Digital Serial Encoder Feedback signals or Analog 

Servo Command and Quadrature Encoder Feedback. Also provided are Home Switch and 

Axis Overtravel inputs as well as general-purpose host controller inputs and outputs. 

Standard cables that connect directly to custom DIN rail or Panel mounted terminal blocks 

simplify user wiring and are available from Emerson. The terminal blocks provide screw 

terminal connection points for field wiring to the DSM314 module. For more information 

concerning the cables and terminal blocks used with the DSM314 module, refer to chapter 

3. 

1.3 Section 2: Overview of DSM314 Operation  
Each DSM314 axis may be operated with the Follower Control Loop enabled or disabled: 

Standard Mode (Follower Control Loop Axis Configuration = Disabled) 

¶ In Digital Standard mode, the module provides closed loop position, velocity, and 

torque control for up to two  hor ̡  Series servomotors on Axis 1 and Axis 2. 

Axis 3 can be used as an Analog Velocity command interface servo axis or an Aux 

master axis. 

¶ In Analog Standard mode, the module provides closed loop position control for up 

to four servomotors. Also, based upon the axis configuration, the DSM provides 

velocity loop control for Analog Torque mode. When the DSM is used with analog 

velocity interface servos, velocity and torque control loops are closed in the servo 

amplifier, while the DSM closes the position loop. When the DSM is used with analog 

torque interface servos, the torque control loop is closed in the servo amplifier, while 

the DSM closes the velocity and position loops. 

¶ For both digital and analog applications, user programming units can be adjusted by 

configuring the ratio of User Units and Counts configuration parameters. Jog, Move 

at Velocity and Execute Motion Program commands allow Standard mode to be 

used in a wide variety of positioning applications. 

Follower Mode (Follower Control Loop Axis Configuration = Enabled) 

¶ In Digital Follower mode, the module provides closed loop position, velocity, and 

torque control for up to two  hor  ̡Series servomotors on Axis 1 and Axis 2. Axis 3 

can be used as an Analog Velocity Command Interface servo axis or an Aux master 

axis. 

¶ In Analog Follower mode, the module provides closed loop position control for up 

to four servomotors (one or two of the four available axes may instead be used as an 

Aux master axis). Additionally, based on the axis configuration, the module provides 

velocity loop control for Analog Torque mode. When the DSM is used with analog 

velocity interface servos, velocity and torque control loops are closed in the servo 

amplifier, while the DSM closes the position loop. When the DSM is used with analog 
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torque interface servos, the torque control loop is closed in the servo amplifier, while 

the DSM closes the position and velocity loops. 

¶ In both digital and analog applications, the module provides the same features as 

Standard mode including configurable User Units to Counts ratio. 

¶ In addition, a Master Axis position input can be configured. Each Follower axis tracks 

the Master Axis input at a programmable (A:B) ratio. Motion caused by Jog, Move at 

Velocity and Execute Motion Program commands can be combined with follower 

motio n generated by the master axis. 

¶ Follower options include: 

Ή Master Axis source configurable as Actual or Commanded Position from any 

other axis 

Ή Master Source Select %Q bit switches between two Master Axis sources 

Ή Acceleration Ramp to smoothly accelerate a slave axis until its position and 

velocity synchronize to the master 

Ή Separate enable and disable follower trigger sources 

Note that Winder mode is not supported in the DSM314. It is supported in the DSM302. 

1.3.1 Standard Mode Operation 
Figure 3 is a simplified diagram of the Standard mode Position Loop. An internal motion 

Command Generator provides Commanded Position and Commanded Velocity to the 

Position Loop. The Position Loop subtracts Actual Position (Position Feedback) from 

Commanded Position to produce a Position Error. The Position Error value is multiplied by a 

Position Loop Gain constant to produce the Servo Velocity Command. To reduce Position 

Error while the servo is moving, Commanded Velocity from the Command Generator is 

summed as a Velocity Feedforward term into the Servo Velocity Command output. 

The following items are included in the data reported by the DSM314 to the host controller: 

Commanded Velocity- the instantaneous velocity generated by rfc BQK1/2òq glrcpl_j n_rf

generator. 

Commanded Position- rfc glqr_lr_lcmsq nmqgrgml eclcp_rcb `w rfc BQK1/2òq glrcpl_j n_rf

generator. 

Actual Velocity- the velocity of the axis indicated by the feedback. 

Actual Position- the position of the axis indicated by the feedback. 

Position Error- the difference between the Commanded Position and the Actual Position. 

The DSM314 allows a Position Loop Time Constant (in units of 0.1 millisecond) and a 

Velocity Feedforward (in units of 0.01 percent) to be programmed. The Position Loop Time 

Constant sets the Position Loop Gain and determines the response speed of the closed 

Position Loop. The Velocity Feedforward percentage determines the amount of 

Commanded Velocity that is summed into the Servo Velocity Command.  
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Figure 3: Simplified Standard Mode Po sition Loop with Velocity Feedforward (Analog 

Velocity Interface)  

 

Follower Mode Operation  

Figure 4 is a simplified diagram of the Follower mode Position Loop. It is like the Standard 

mode Position Loop (see previous page) with the addition of a Master Axis input. The Master 

Axis input is an additional command source producing a Master Axis Position and Master 

Axis Velocity. Master Axis Position is summed with Commanded Position from the axis 

Command Generator. Master Axis Velocity is summed with the Commanded Velocity 

(Velocity Feedforward) output of the axis Command Generator. Therefore, the 

qcptmkmrmpòq nmqgrgml _lb tcjmagrware determined by the sum of the Command Generator 

output and Master Axis input. The Command Generator and Master Axis input can operate 

simultaneously or independently to create Servo Axis motion. 

The DSM314 allows several sources for the Master Axis input: 

¶ Axis 1 Commanded Position 

¶ Axis 1 Actual Position (Axis 1 Encoder) 

¶ Axis 2 Commanded Position 

¶ Axis 2 Actual Position (Axis 2 Encoder) 

¶ Axis 3 Commanded Position 

¶ Axis 3 Actual Position (Axis 3 Encoder) 

¶ Axis 4 Commanded Position 

¶ Axis 4 Actual Position (Axis 4 Encoder) 

The ratio at which a Servo Axis follows the Master Axis is programmable as the ratio of two 

integer numbers. For example, a Servo Axis can be programmed to move 125 Position 

Feedback units for every 25 Master Axis Position units. Each time the Master Axis Position 

changed by 1 position unit;  the Servo Axis would move (125 / 25) = 5 Position Feedback 

units.  
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Figure 4: Simplified Follower Mode Position Loop with Master Axis Input (Analog 

Velocity Interface)  

 

1.4 Section 3: a Series Servos (Digital Mode)  
The Digital a Series Servo features include: 

¶ World-leading reliability 

¶ Low maintenance, no component drift, no commutator brushes 

¶ All parameters digitally set; no re-tuning required 

¶ Absolute encoder eliminates re-homing (requires optional battery kit)  

¶ An optional motor brake is available 

¶ Optional IP67 environmental rating is also available for most motors 

¶ High resolution 64K count per revolution encoder feedback (incremental or 

absolute) 

The Servo motors, proven on over three million axes installed worldwide, offer the highest 

reliability and performance. The latest technologies such as high-speed serial encoders and 

high efficiency Integrated Power Modules (IPMs), further enhance customer benefits. 

The servo system is unique in that all the control loops - current, velocity and position - are 

closed in the motion controller. This approach reduces setup time and delivers significant 

throughput advantages even in the most challenging applications. 

The servo drives are less costly to integrate and maintain. Control circuits are unaffected by 

temperature changes. There are no personality modules. The servos have a broad 

application range, that is, a wide load inertia range, flexible acc/dec and position feedback 

configurations, etc. 

Extensive customization features are available to optimize performance and overcome 

machine limitations. IPM based servo amplifiers require 60% less panel space than 

conventionally switched amplifiers and produce 30% less heat. 
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1.4.1 a Series Integrated Digital Amplifier (SVU) 
The  hSeries Integrated Servo Amplifiers (SVU) packages the amplifier with an integral 

power supply in a stand-alone unit. This unit is the same physical size and footprint as the 

npctgmsq ïAð Qcpgcq md Qcptm ?knjgdgcpq, 

The Integrated a Qcpgcq QTS ?knjgdgcpq sqc rfc q_kc amllcargmlq _q rfc ïAð Qcpgcq ?knq

except that the Emergency Stop circuit uses the internal 24v supply, thus there is no longer 

a requirement for a 100v power supply. 

The heat sinks on the SVU design mount through the panel to keep heat outside the 

enclosure. 

Since the a SVU Amplifiers do not provide regeneration to line capability, discharge resistors 

may be required. These are available in several sizes. 

SVU style a Series Servo Amplifiers are available in five sizes, with peak current limit ratings 

from 12A to 130A. (Note: Only the 80A and 130A models are currently offered by NA.) 

Cables to connect the SVU Amps to the DSM314 and to the motors are available in various 

lengths. 

Refer to publication GFH-001, Servo Product Specification Guide for more information 

about the a Series servo products. 

a Series Servo Motors 

The a Series of servomotors incorporate design improvements to provide the best 

performance possible. Ratings up to 56 Nm are offered. These motors are up to 15% shorter 

and lighter than the previous S Series of servomotors. New insulation on the windings and 

an overall sealant coating help protect the motor from the environment.  

The standard encoder supplied with the motor is a 64K absolute unit. Holding brakes (90 

Vdc) and IP67 sealants are options. The a Series servomotors are approved to conform to 

international standards for CE (EMC and Low Voltage), IEC and UL/CUL. The following table 

indicates a sample of the h  Series motors available (some aL, aC, aHV, and aM also 

available). 

Dmp kmpc gldmpk_rgml pcdcp rm Af_nrcp 2 md rfgq k_ls_j* ïAmldgespgle rfc BQK1/2*ð slbcp

rfc qcargml j_`cjcb ïKmrmp Rwnc,ð Qcc _jqm* rfc dmjjmugle ns`jga_rgmlq8 

¶ GFH-001, Servo Products Specification Guide 

¶ GFZ-65142E, a Series AC Motor Descriptions Manual 
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Table 4: Selected a Series Servo Motor Models 

a Model  Number  Torque Nm Output  KW Max. Speed (RPM) 

a1 1 0.3 3000 

a2 2 0.4 2000 

a2 2 0.5 3000 

a3 3 0.9 3000 

a6 6 1.0 2000 

a6 6 1.4 3000 

a12 12 2.1 2000 

a12 12 2.8 3000 

a22 22 3.8 2000 

a22 22 4.4 3000 

a30 30 3.3 1200 

a30 30 4.5 2000 

a30 30 4.8 3000 

a40 38 5.9 2000 

a40/Fan 56 7.3 2000 

1.5 Section 4: b Series Servos (Digital Mode) 
The Digital b Series Servo features include: 

¶ World leading reliability 

¶ Low maintenance, no component drift, no commutator brushes 

¶ All parameters digitally set; no re-tuning required 

¶ Absolute encoder eliminates re-homing (optional battery kit required) 

¶ Optional motor brake 

¶ High resolution (32K í Beta) (64K í Beta M) count per revolution encoder 

The b Series Servos offer the highest reliability and performance. The latest technologies, 

such as high-speed serial encoders and high efficiency Integrated Power Modules, further 

enhance the performance of the servo system. Designed with the motion control market in 

mind, the b Series Servo Drives is ideally suited for the packaging, material handling, 

converting, and metal fabrication industries. 

The servo system is unique in that all the control loops - current, velocity, and position - are 

closed in the motion controller. This approach reduces setup time and delivers significant 

throughput advantages even in the most challenging applications. 

The servo drives are less costly to integrate and maintain. Control circuits are unaffected by 

temperature changes. There are no personality modules. The servos have a broad 

application range including a wide load inertia range, flexible acceleration/deceleration and 

position feedback configurations. Extensive software customization features are available 

to optimize performance and overcome machine limitations. 
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1.5.1 b Series Digital Amplifiers 
The b Series servo amplifier integrates a power supply with the switching circuitry. 

Therefore, can provide a compact amplifier that is 60% smaller than conventional models. 

In fact, the b Series amplifier has the same height and depth as the RX3i and Series 90-30 

modules. This allows efficient panel layout when using the DSM314 motion controller. 

The amplifier is designed to conform to international standards. 

Emerson offers three communication interfaces for the b Series amplifiers: pulse width 

modulated (PWM), Servo Serial Bus (FSSB), and I/O Link Interface. Only the pulse width 

modulated (PWM) interface may be used with the DSM314 module. The PWM interface 

utilizes the standard servo communication protocol. Position feedback is communicated 

serially between the DSM controller and the motor mounted serial encoder. 

b Series Servo Motors 

The b Series Servomotors are built on the superior technology of the a Series servos. They 

incorporate several design innovations that provide the best possible combination of high 

performance, low cost, and compact size. Ratings of 0.5 to 12 Nm are offered. 

These motors are up to 15% shorter and lighter than comparable servos. New insulation on 

the windings and an overall sealant coating help protect the motor from the environment. 

The b Series motors conform to international standards (IEC). The motor protection level is 

IP65 (IP67 may be made available through special order). 

A (32K í Beta) (64 K í Beta M) absolute encoder is standard with each b Series servo. An 

optional 90 Vdc holding brake is also available with each model. 

For more information, refer to Chanrcp 2 md rfgq k_ls_j* ïAmldgespgle rfc BQK1/2*ð slbcp

rfc qcargml j_`cjcb ïKmrmp Rwnc,ð Qcc _jqm* rfc dmjjmugle ns`jga_rgmlq8 

¶ GFH-001, Servo Products Specification Guide 

¶ GFZ-65232E, ̡  Series AC Motor Descriptions Manual 

Table 5: Selected b Series Servo Motor Models 

b Model  Number  Torque1 Nm Output  KW Max. Speed RPM 

b0.5 0.5 0.2 3000 

bM0.5 0.65 0.2 5000 

b1 1 0.3 3000 

bM1 1.2 0.4 5000 

b2 2 0.5 3000 

b3 3 0.5 3000 

b6 6 0.9 2000 

aC12 12 1.4 2000 

1 Indicates continuous, 100% duty cycle 

Note: The aC12 motor is listed with the ̡ motors due to similar attributes and amplifier series. 
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1.6 Section 5: SL Series Servos (Analog Velocity 

Mode)  
The DSM314 supports all models of the SL Series Servos. For details on the SL Series Servo 

amplifiers, motors, and accessories, please see the SL Sepgcq Qcptm Sqcpòq Manual, GFK-

1581. 
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Chapter 2: System Overview 
A typical DSM314 motion system includes the DSM314 motion controller, a logic controller 

(Series 90-30 PLC or PACSystems RX3i), motor(s), servo amplifier(s), I/O, and the Human 

Machine Interface (HMI). 

The DSM314 control system consists of two parts: the servo control and the machine 

control.  

The servo control translates motion commands into signals that are sent to the servo 

amplifier. It also runs the Local Logic and Motion programs. The servo amplifier receives the 

control signals from the servo control and amplifies them to the required power level of the 

motor. The DSM314 provides the servo control. 

The machine control/host control (PACSystems RX3i or Series 90-30 PLC) houses the 

DSM314 module and I/O modules. The machine control executes user defined control logic 

(but not Local Logic). The machine control and the servo control (DSM314) exchange data 

over the backplane. 

Figure 5: Typical Two-Axis Motion  Mate DSM314 Digital Mo tion Control System  
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2.1 Unpacking the System 
The DSM314, Digital Servo Amplifiers, and Motors are packed separately. This section 

describes how to unpack the hardware and perform a preliminary check on the 

components. 

2.1.1 Unpacking the DSM314 
Carefully unpack the DSM314 and host controller system components. Verify that you have 

received all the items listed on the bill of material. Keep all documentation and shipping 

papers that accompanied the DSM314 motion system. 

2.1.2 Unpacking the Digital Servo Amplifier 
There are two digital amplifier and servo subsystem packages shipped for use with the 

DSM314, the a Series or the b Series. 

The digital servo amplifier is shipped in a double-layered box. Remove the top layer of 

packing material to uncover the amplifier. Next, carefully remove the inner box from the 

outer layer. Then lift the amplifier out of the inner box. Retain any loose parts or gasket 

materials packed with the amplifier. Visually inspect the amplifier for damage during 

shipment. 

Note: Do not change any pre-configured jumpers or switches on the amplifier at this time. 

2.1.3 Unpacking the Motor 
Motors are packed two different ways, depending on their size. The largest motors are 

shipped on wooden pallets and are covered with cardboard. Most motors, however, are 

packed in cardboard boxes. 

1. Unpacking Instructions: 

Ή For those motors packed in boxes, open the box from the top. The motors are 

packed in two pieces of form-fitted material. Carefully lift the top piece from 

the box. This should allow sufficient clearance for removing the motor. 

Ή If the motor is attached to a pallet, remove the cardboard covering. This allows 

access to the bolts holding the motor to the pallet. Remove the bolts to free 

the motor from the pallet. 

2. Inspect the motor for damage. 

3. Confirm that the motor shaft turns by hand. 

Note: If the motor was ordered with the optional holding brake, the shaft will not turn until the brake is 
energized. 

Next step. . . . . .Assembling the Motion Mate DSM314 System 
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2.2 Assembling the Motion Mate DSM314 System  

2.2.1 General Guidelines 
¶ Always make sure that the connectors lock into the sockets. The connectors are 

designed to fit only one way. Do not force them. 

¶ Do not overlook the importance of properly grounding the DSM314 system 

components, including the DSM314 faceplate shield ground wire. Grounding 

information is included in this section. 

All user connections, except for the grounding tab, are located on the front of the DSM314 

module. The grounding tab is located on the bottom of the module. Refer to the figure 

below. 

For instructions about installation of the DSM314 when IEC and other standards must be 

observed, see Installation Requirements for Conformance to Standards, GFK-1179. 

2.2.2 Motion Mate DSM314 Connections 
Figure 6 provides an overview of the faceplate and labels on the DSM314 module. For 

additional information and a complete connection diagram, please refer to chapter 3, 

Installing and Wiring the Motion Mate DSM314. 

Figure 6: Face Plate Connections on the Motion Mate DSM314 Motion Control System  
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2.2.3 Connecting the aSeries SVU Digital Servo Amplifier 
Skip to the next section if you are connecting a ̡ Series amplifier. 

The a Series Digital Servo Amplifier does not require tuning adjustment during initial startup 

or when a component is replaced. It also does not need adjustment when environmental 

conditions change. 

To connect the a Series Digital Servo Amplifier, follow the steps outlined below. 

1. Connect the a Series Servo Amplifier to the DSM314. 

A. Before connecting the servo command cable, make sure the DSM314 faceplate 

shield ground wire is connected. This wire is shipped with the DSM314 module 

and must be connected from the ¼ inch blade terminal on the bottom of the 

module to a suitable panel earth ground. 

B. The servo command cable contains the pulse width modulated (PWM) output 

signal from the DSM, the serial data from the motor encoder, and diagnostic 

signals from the amplifier. The signals carried in this cable are at data 

communications voltage levels and should be routed away from other 

conductors, especially high current conductors. 

C. Locate the servo command cable IC800CBL001 (1 meter) or IC800CBL002 (3 

meter). Insert the mating end of this cable into the connector JS1B, located on 

the Servo Amplifier bottom (see Figure 2-4). 

D. If you are not using the IC693ACC335 axis terminal board to break out user I/O 

such as overtravel or home limit inputs, insert the other end of the cable into the 

connector labeled A, for axis 1, or B for axis 2, on the front of the DSM314. If you 

are using the terminal board, insert the other end of the cable into the terminal 

block connector marked SERVO. Next locate the terminal board connection 

cable IC693CBL324 (1 meter) or IC693CBL325 (3 meter). Insert one end of this 

cable into the terminal board connector marked DSM. Insert the other end of the 

cable into the connector labeled A, for servo axis 1, or B for servo axis 2, on the 

front of the DSM314 module. 

Note: Pcdcp rm ïG-M Amllcargmlqð gl af_nrcr 3 for information concerning the user I/O available for 
IC693ACC335 terminal block connections. 
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2. Check SVU Amplifier Channel Switch Settings 

Confirm that the Channel Switches (DIP switches), located behind the SVU amplifier 

door, are set as shown in the following tables. Note that the OFF position is to the left, 

and the ON position is to the right. Note also, that the switches are numbered from 

bottom to top (Switch 1 is the bottom switch). For example, in Figure 7, Switches 1, 3, 

and 4 are shown ON, and switch 2 is shown OFF. 

Figure 7: SVU Amplifier Channel Switches 

 

Table 6: SVU Amplifier Channel Switch Settings  

Amplifier SVU1-80 

Regenerative Discharge Unit  SW1 SW2 SW3 SW4 

Built-in (100 W) ON OFF ON ON 

Separate ZA06B-6089-H500 (200 W) ON OFF ON OFF 

Separate ZA06B-6089-H713 (800 W) ON OFF OFF OFF 
 

Amplifier SVU1-130 

Regenerative Discharge Unit  SW1 SW2 SW3 SW4 

Built-in (400 W) ON OFF ON ON 

Separate ZA06B-6089-H711 (800 W) ON OFF ON OFF 

(To connect additional amplifiers, repeat steps B, C and D above for each additional 

amplifier.) 
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Figure 8: Connecting the a Series Digital Servo Amplifier to the Motion Mate 

DSM314  
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3. Connect the Motor Power Cable to the h Series Digital Servo Amplifier. 

A. The motor size ordered for your system determines the K4 motor power cable 

you will use if you ordered prefabricated cables with your system. The following 

table lists the prefabricated cables commonly specified for each group of motors. 

A complete listing of a Series servomotor power cables available through 

Emerson can be found in the Servo Product Specifications Guide, GFH-001. 

Table 7: Prefabricated a Servo Motor Power Cable (K4) Part Number Examples 

Motor  Type Severe Duty Cable 

Catalog Number  

Cable Description Cable Length  

a3/3000 

a6/3000 

IC800CBL061 Elbow MS Connector 14 Meters 

a12/3000 

a22/2000 

a30/1200 

IC800CBL062 Elbow MS Connector 14 Meters 

a30/3000 

a40/2000 

IC800CBL063 Elbow MS Connector 14 Meters 

B. One end of this cable has four wires labeled U, V, W, and GND that connect to 

screw terminals 9î12 on the servo amplifier. Connect these four wires to the 

terminal strip as shown in Figure 9. 

C. Attach the other end of the cable to the motor after first removing the plastic 

a_nq npmrcargle rfc kmrmpòq amllcarmp, Lmrc rf_r rfgq a_`jc gq icwcb _lb a_l mljw

`c npmncpjw _rr_afcb rm mlc md rfc kmrmpòq amllcargml nmglrq, 

(Repeat this procedure as needed for any other axes in the system.) 

For the most current information on the motor power cables or wiring custom motor 

power cables please refer to the latest version of the a Series Servo Motor Description 

Manual, GFZ-65142E. 
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Figure 9: Connecting the Motor to the  a Series Servo Amplifier Terminal Strip  
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4. Connect the Motor Encoder to the h  Series Digital Servo Amplifier. 

A. Remove the protective plastic cap from the encoder connector on the motor, 

and locate the K2 feedback cable CF3A-2MPB-0140-AZ. The cable is configured 

so that it can only be attached to one connection on the motor. 

B. Plug the opposite end into the connection labeled JF1 on the bottom of the a 

Series servo amplifier (see Figure 10). 

Repeat this procedure for all axes in the system. 

Figure 10: Connecting the  hSeries Motor Encoder 

 

Table 8: Prefabricated a Servo Motor Encoder Cable (K2) for a3 to a40 Models 

Motor Models  Severe Duty Cable Cable Length 

a3 to a40 CF3A-2MPB-0140-AZ 14 meters 

Note: Details on a cables can be found in the a Series AC Servo Motor Descriptions Manual, GFZ-

65142E, and in the a and b Series Product Specifications Guide, GFH-001. 
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5. Connect 220-Volt AC 3 Phase Power to the h Series Digital Amplifier 

An AC line filter will reduce the effect of harmonic noise to the power supply; its use is 

recommended. Two or more amplifiers may be connected to one AC line filter if its power 

capacity has not been exceeded. Figure 11 shows how to connect the amplifier to the line 

filter.  

Figure 11: Connecting the Servo Amplifier to the Line Filter and Power Source  

 

Note: You must supply the cable for both the connections between the line filter and the servo amplifier, 
and the connection between the line filter and the power source. Use four-conductor, 600V, 60°C 
(140°F), UL or CSA approved cable between the line filter and the servo amplifier. 

The gauge of wire used for connecting the line filter to the power source must be sized, based on 
the circuit breaker between the power source and the line filter and the number of servos 
connected to the line filter. 

If a separate isolation transformer is used to supply AC power to the amplifiers, a line filter is not 
required. 
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6. Connect the Machine Emergency Stop to the h Series Digital Servo Amplifier 

Pin 3 of connector CX4, located on the bottom of the h Series (SVU) amplifier, supplies +24 

volts DC for the E-STOP circuit. Route this through the machine E-STOP circuit so that there 

is +24 volts DC to pin 2 when not in E-STOP. If no E-STOP switch is used this connection must 

be made with a wire jumper. 

Note: You must supply the cable for this connection. Keyed connector plugs marked as connector X and 
terminal connector pins are included with the amplifier package. You must install this connection 
as a switch or jumper for the amplifier to operate. 

CAUTION 

Do not apply any external voltage to this connector. 

Figure 12: Connecting Emergency Stop to the a Series Servo Amplifier 

 

For more information, refer to the a Series Servo Amplifier (SVU) Descriptions Manual, GFZ-

65192EN. 
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2.2.4 Connecting the ̡  Series SVU Digital Servo Amplifier 
The b Series Digital Servo Amplifier does not contain any user adjustments. To connect the 

b Series Servo Amplifier, follow the steps outlined below. Refer to the previous section for a 

Series Amplifiers. 

1. Connect the b Series Digital Servo Amplifier to the DSM314 

A. Before connecting the servo command cable, make sure the DSM314 faceplate 

shield ground wire is connected. This wire is shipped with the DSM314 module 

and must be connected from the ¼ inch blade terminal on the bottom of the 

module to a suitable panel earth ground. 

B. The servo command cable contains the pulse width modulated (PWM) output 

signal of the motion controller, the serial data from the motor encoder, and 

diagnostic signals from the amplifier. The signals carried in this cable are at data 

communications voltage levels and should be routed away from other high 

current conductors. 

C. Locate the servo command cable IC800CBL001 (1 meter) or IC800CBL002 (3 

meter). Insert the mating end of this cable into the connector JS1B, located on 

the front of the Servo Amplifier (see Figure 13). 

D. This step depends on whether you are using a terminal board: 

Ή If you are not using the IC693ACC335 axis terminal board to break out user 

I/O, such as overtravel or home limit inputs, insert the other end of the cable 

into the connector labeled A, for servo axis 1, or B for servo axis 2, on the 

front of the DSM314. 

Ή If you are using the IC693ACC335 axis terminal board, insert the other end 

of the cable into the terminal board connector marked SERVO. Next locate 

the servo command cable IC693CBL324 (1 meter) or IC693CBL325 (3 

meter). Insert one end of this cable into the terminal block connector 

marked DSM. Insert the other end of the cable into the connector labeled A, 

for servo axis 1, or B for servo axis 2, on the front of the DSM314. 

To connect additional amplifiers, repeat steps B - D above for each additional amplifier. 
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Figure 13: b Series Servo Amplifier Connections 

 

For more information, refer to the connection section of the Servo Product Specification 

Guide, GFH-001.  
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2. Connect the Motor Power Cable (K4) to the ̡ Series Digital Servo Amplifier 

CAUTION 

Make connections to the CX-11 connector carefully. This connector is not keyed. Double-

check your connections before applying power. Incorrect connections could result in 

equipment malfunction or damage. Amplifier versions later than revision G have keyed 

connectors. 

A. The size of the motor ordered for your system determines the motor power cable 

(K4) you must use. You can choose to purchase prefabricated cables or to build 

custom cables. Refer to the b Series Control Motor Descriptions Manual, GFZ-

65232EN, for information about custom cables or installation for conformance 

to CE mark. The amplifier end of the prefabricated motor power cable is 

constructed to connect to terminal block CX11-3 on the amplifier. 

Table 9: K4 Cable îb Series Motor Cable Examples 

Servo Motor Type K-4 Motor Cable Part Number  Cable Description 

b 0.5/3000 IC800CBL067 14 Meter 

b 1/3000, b 2/3000, b 3/3000, and 

b 6/2000 

IC800CBL068 14 Meter 

a C12/2000 CF3A-2MPB-0140-AZ 14 Meter 

bM 0.5/5000 CP8B-1WPB-0140-AZ 14 Meter 

bM 1/5000 CP8B-1WPB-0140-AZ 14 Meter 

Figure 14: Connecting the b Series Digital Servo Amplifier Terminal Strip  
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B. Attach the other end of the motor power cable to the motor, after first removing 

rfc nj_qrga a_n npmrcargle rfc kmrmpòq amllcarmp, Lmrc rf_r rfgq a_`jc gq icwcb

_lb a_l mljw `c npmncpjw _rr_afcb rm mlc md rfc kmrmpòq amllcargml noints. 

C. Motor power cables purchased from Emerson include a 1-meter, single 

conductor wire with a CX11-3 connector on one end and a ring terminal on the 

other. This cable provides grounding connections for the frame of the motor and 

should always be connected. Custom cable builders should always include this 

cable. See the previous connection diagram for proper connection to the 

amplifier. 

(Repeat this procedure as needed for the other axis in the system.) 

For more information, please refer to the Servo Product Specification Guide, 

GFH-001. 

3. Connect the Motor Encoder Cable (K2) to the b Series Digital Servo Amplifier 

The motor size ordered for your system determines the K4 motor power cable you will use 

if you ordered prefabricated cables with your system. Please refer to the table below to 

determine the correct encoder cable catalog number. 

D. Remove the protective plastic cap from the connector on the motor, and locate 

the encoder cable K2, (see table 10). This cable has two distinct connectors. 

E. Plug the end of the cable with the D-shell style connector into the connection 

labeled JF1 on the servo amplifier (see Figure 13). 

F. The other end of the cable is configured so that it can only be attached to one 

connection on the motor encoder (red end cap). 

G. (Repeat this procedure for all axes in the system.) 

Table 10: K2 Cable î b Series Encoder Cable Examples 

Motor Type  K2 Encoder Cable Part Number Cable Description 

b 0.5/3000 IC800CBL022 14 Meter 

b1/3000, b2/3000, b3/3000, and 

b6/2000 

IC800CBL023 14 Meter 

aC12/2000 CF3A-2MPB-0140-AZ 14 Meter 

bM 0.5/5000 CFBA-0WPB-0140-AZ 14 Meter 

bM 1/5000 CFBA-0WPB-0140-AZ 14 Meter 
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4. Connect the 220 VAC Power Cable (K3) to the ̡ Series Digital Amplifier 

The AC power cable is a user-supplied cable that connects to CX11í1 on the face of the b 

Series amplifier. The connector for the amplifier end of this cable is part of kit ZA06B-6093-

K305 supplied with each amplifier package. See the Servo Product Specification Guide, GFH-

001, for more detailed information. 

An AC line filter will reduce the harmonic noise effect to the power supply; its use is 

recommended. A line filter is not needed if an isolation transformer or separate power 

transformer is used. Two or more amplifiers may be connected to one AC line filter or 

transformer if its power capacity is not exceeded. Figure 15 shows how to connect the 

amplifier to the line filter. 

Figure 15: Connecting the b Series Servo Amplifier to the Line Filter and Power Source  

 

Note: You must supply the cable for the connection between the line filter and the power source. Use 4-
conductor, 600V, 60°C (140°F), UL or CSA approved cable between the line filter and the servo 
amplifier. The gauge of wire used for connecting the line filter to the power source must be sized, 
based on the size of the circuit breaker between the power source and the line filter and the 
number of servos connected to the line filter. The power connectors and terminals are supplied as 
part of the amplifier package. 
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5. Connect the Machine Emergency Stop to the b Series Digital Servo Amplifier 

Figure 16: Connecting the E-STOP to the b Series Servo Amplifier 

 

Note: You must supply the cable for this connection package. The JX5 connector and connector cover is 
included with the amplifier as part number ZA02B-0120-K301. If no E-STOP circuit is required, this 
connection must be made with a wire jumper or the amplifier will not enable. 

Connector JX5 Pin 20 supplies +24V DC for the E-STOP circuit. Wire Pin 20 through a 

normally closed contact or switch so there is +24V DC to JX5 Pin 17 when not in E- STOP. 

Emerson uses two brands of connectors for the JX5 connector. See figure 2-13 for proper 

connection to each type. 

CAUTION 

Do not apply any external voltage to this connection. 
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HIROSE 20 Pin PCR Type Connector Pin Configuration 

Figure 17 

 

HONDA 20 Pin PCR Type Connector Pin Configuration  

Figure 18: 20-Pin PCR Connector Pin-Out 

 

6. Connect 24V DC Cable (K12) to the b Series Digital Servo Amplifier 

A connector for the external 24 VDC supply is included with the amplifier package as a part 

of kit ZA06B-6093-K305 and should be connected to CX11-4. The other end of the cable 

must be connected to a 24VDC source capable of supplying at least 450 milliamps of current 

for each b Series amplifier. The Emerson IC690PWR024 power supply is recommended. Do 

not apply power at this time. 

7. Connect Cable K8 í Jumper or External Regeneration Resistor to the b Series Digital 

Servo Amplifier 

Without External Regeneration Resistor (Using a Jumper) 

If you do not have an external regeneration resistor, you must leave the connections on 

CX11-2 (DCP and DCC) open. However, you must jumper the CX11-6 (TH1 and TH2) 

terminals, shown in the figure below. (This jumper completes the circuit that would 

otherwise be completed by the normally closed thermal over-temperature switch in the 

external regeneration resistor unit.)  If you do not have this jumper installed, the amplifier 

will not function. The jumper and its connector are included as a part of the connector kit 

ZA06B-6093-K305 that is shipped with each amplifier package. 
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Figure 19: Installing a Jumper when an External Regeneration Resistor is not Used 

 

With External Regeneration Resistor 

If you have an external regeneration resistor, observe that it has four wires. The two smaller 

wires (K8) amllcar rm rfc pcqgqrmpòq glrcpl_j* lmpk_jjw alosed, over-temperature switch. This 

switch will open and shut down the amplifier if the resistor gets too hot. The two larger wires 

(K7) connect to the resistor. All connectors needed to connect this resistor unit to the 

amplifier are provided in the amplifier package. 

Connect the two over-temperature switch wires (K8) to CX11-6 terminals TH1 and TH2. 

(These connections are not polarity sensitive.) 

Connect the two resistor wires (K7) to CX11-2, terminals DCP and DCC. (These connections 

are not polarity sensitive.) 

Figure 20: Connecting the External Regeneration Resistor  
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Figure 21: ZA06B-6093-H401 20-Watt Regenerative Resistor  

 

2.2.5 Installing and Wiring the DSM314 for Analog Mode 
Important Analog Servo Considerations: 

¶ The Analog Servo Velocity Command or Analog Torque mode output is a single-

ended signal on pin 6 of the Auxiliary Terminal Board. This signal is referenced to 0v 

of the DSM module and host controller. This signal should be connected to the 

velocity command or torque command input of the servo amplifier. 

Note: It is important to correctly configure the DSM for either Analog Torque mode or Analog Velocity 

mode. Which mode you select depends on the type of servo amplifier in use. 

¶ The DSM314 provides a low current (30 ma) solid state relay output on pin 15 of the 

Auxiliary Terminal Board for connection to a servo amplifier enable input. 

¶ In analog mode, the DSM314 requires a Drive Ready input (IN_4 signal) on pin 5 of 

the Auxiliary Terminal Board. This signal must be switched to 0v when the amplifier 

is ready to control the servo. The DSM starts checking the Drive Ready input one 

second after the Drive Enable relay turns on in response to the Enable Drive %Q bit. 

If the servo amplifier does not provide a suitable output, the IN_4 input to the 

DSM314 can be connected to 0v or the function can be disabled in the module 

configuration. For details, refer to chapter 4. 

¶ Quadrature encoder feedback is used in analog mode. Encoder wiring connections 

are detailed in figures 49 through 53. 

¶ Figures 49 through 53 are generic analog wiring diagrams for the DSM. 

¶ For details about interfacing the DSM314 to the SL Servo products, refer to the 

k_ls_j* QJ Qcpgcq Qcptm Sqcpòq K_ls_j* EDI-1581. 
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2.2.6 Grounding the Motion Mate DSM314 Motion System 
The DSM314 System must be properly grounded. Many problems occur simply because this 

practice is not followed. To properly ground your Motion Mate DSM314 system, you should 

follow these guidelines: 

¶ The grounding resistance of the system ground should be 100 ohms or less (class 3 

grounding). 

¶ The DSM314 faceplate shield ground wire (shipped with the module) must be 

connected from the ¼ inch blade terminal at the bottom of the module to a panel 

frame ground. 

¶ If an axis terminal board is useb* rum qfgcjb &ïQð' amllcargmlq _pc npmtgbcb _lbone 

of these must be connected to a panel frame ground. 

¶ The system ground cable must have sufficient cross-sectional area to safely carry the 

accidental current flow into the system ground when an accident such as a short 

circuit occurs. Typically, it must have at minimum the cross-sectional area of the AC 

power cable. Figure 22 illustrates the grounding systems. 

¶ The amplifier ground connections, power earth (PE) connections, and motor frame 

ground connections should always be wired to conform to local electrical wiring 

regulations. When installing in conformance to CE Mark directives, a grounding bar 

and clamp(s) (ordered separately) is required for the terminal block to amplifier 

cable. 

Refer to Chapter 3, Installing and Wiring the DSM314, I/O Cable Grounding section, for 

more details. 

Figure 22: Motion Mate DSM314 System Grounding Connections  
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Table 11: Grounding Systems 

Grounding System Description  

Frame Ground System The frame ground system is used for safety and to suppress external and 

internal noises. In a frame ground system, the frames, cases of the units, 

panels, and shields for the interface cables between the units are connected. 

System Ground 

System 

The system ground system is used to connect the frame ground systems 

connected between devices or units with the ground. 

This completes the steps required to assemble the Motion Mate DSM314 system. 

2.3 Turning on the Motion Mate DSM314  
Before turning on the power, you should: 

¶ Confirm that the supplied cables are properly attached to the appropriate 

connectors. 

¶ Confirm that all wiring to the power sources is correct. 

¶ Make sure that the motors are properly secured. 

¶ Check that all components are properly grounded, including the DSM314 faceplate 

shield. 

¶ If you are using more than one motor, confirm that the servo amplifier connections 

and the feedback cables are not crossed between motors. 

There is a specific sequence for turning on power to the DSM314 Control System. In the 

order listed, perform these steps: 

1. Turn on the 220V AC power to the Digital servos. Verify that the charged LED 

indicator on the amplifier is on. 

2. For b Series Digital amplifiers turn on the 24V DC source. Verify that the amplifier 

Power indicator is on. 

3. Switch on the power to the host controller. Check that the PWR LED on the Power 

Supply is illuminated. 

4. Using the correct communication cable, connect a personal computer with the 

configuration/programming software to the host controller. (For Series 90-30, you 

can also use a Handheld Programmer î HHP.) For more information, please refer to 

the appropriate hardware installation manual. 

5. Place the host controller in the STOP/Disabled mode. 

6. If using an optional motor mounted holding brake, apply applicable power (90 VDC 

for a and b Series motors, and 24 VDC for S-Series and MTR Series motors) to the 

brake leads to disengage the holding brake. 
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2.4 Connecting the Programmer to the Host 

Controller  
All DSM314 programming is done through the configuration/programming software 

interface, yielding a single point of programming for the module. For more information, 

please refer to the Series 90-30 PLC Installation and Hardware Manual (GFK-0356 or later) 

or the PACSystems RX3i System Manual (GFK-2314 or later). The programming 

environment has several communications options. One communications option is to 

connect the programmer directly to the host controller SNP port, as shown in the following 

figure. Consult the software documentation for additional communications methods. 

The DSM314 Controller is configured using the following programming software: 

RX3i Machine Edition version 4.5 or later 

Series 90-30 Machine Edition version 2.1 or later VersaPro version 2.1 or later 

Note: The DSM314 also has a serial port on the module faceplate. This serial port is used only for 
updating the DSM314 firmware. 

Figure 23: DSM Programmer Connection Diagram  
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2.5 Machine Edition Configuration  
This section describes configuration using Machine Edition software. For VersaPro software, 

refer to Appendix H. 

1. Start the Machine Edition Logic Developer í PLC software. The Machine Edition 

dialog box appears. 

Figure 24 

 

2. Under Create a New Project, choose Machine Edition Template and click OK. The 

New Project dialog box appears. 

3. Type a name for Project Name. In the Project Template dropdown list, select Series 

90-30 PLC or PACSystems RX3i. Click OK. 
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Figure 25 

 

Your project appears in the Navigator window as shown in the following figure. 

Figure 26 

 

4. Expand  the Main Rack node, which contains the default power supply and CPU. 
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Figure 27 

 

5. If necessary, replace the power supply and/or CPU with the models that will be used 

in your application. To replace a module, right click and choose Replace Module. 

6. Add a DSM314 to the rack configuration. 

Note: Because an IC694DSM314 module and an IC693DSM314 module have the same functionality, a 
Series 90-30 PLC supports them in the same way. If you install an IC694DSM314 in a Series 90-30 
PLC, however, you cannot select it in Logic Developer - PLC. You must select an IC693DSM314 
module and configure it as if it were an IC694DSM314. 

A. Right click an empty slot and choose Add Module. The Module Catalog dialog 

box appears. 

B. Select the Motion tab, choose the DSM314 and click OK. 
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Figure 28 

 

This operation adds the DSM314 to the rack and displays the DSM314 

configuration screens that allow you to customize the DSM314 to your 

particular application. Refer to chapter 4 for details concerning the DSM314 

configuration settings. 

You should complete the configuration of your host controller to include the Power Supply, 

Rack, CPU and additional modules to match the target system. Consult the software sqcpòq

manual, and on-line help as needed. 

Important  

Rfc amknjcrcb amldgesp_rgml ksqr `c qrmpcb rm rfc fmqr amlrpmjjcp, Qcc ïQrmpgle Wmsp

Configuration to the Host Amlrpmjjcpð ml n_ec44 for instructions on how to do this. For 

_bbgrgml_j bcr_gjq* amlqsjr rfc qmdru_pc sqcpòq k_ls_j* _lb ml-line help. 
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2.6 Storing Your Configuration to the Host 

Controller  
To perform the download operation, first make sure that the communications port is 

properly configured. To access communications setup in Machine Edition software, right 

click the target you want to connect to in the Navigator window and choose Properties. In 

the Inspector window, select the Physical Port through which you want to connect. (For 

information on downloading using VersaPro, see Appendix H.) 

Figure 29: Communications Setup  

 



User Manual  Chapter 2 
GFK-1742F Jan 2020 
 

System Overview 45 

After configuring the communications port, the local logic program can be downloaded 

(stored) to the Host Controller CPU. To store the current folder to the Host Controller, 

afmmqc R_pecr dpmk rfc Kcls @_p _lb Em Mljglc ugrf ï:R_pecr<ð dpmk rfc qs`kcls, Once 

amllcarcb* afmmqc R_pecr dpmk rfc Kcls @_p _lb Bmuljm_b ï:R_pecr<ð rm NJA dpmk rfc

submenu. The store operation begins the folder transfer process from the programmer to 

the Host Controller CPU. When you initiate the store operation, a dialog box is presented 

that allows you to choose what to store to the Host Controller. To store the hardware 

configuration, select Hardware configuration and Motion. 

Note: Local Logic and Motion programs are transferred with the Hardware Configuration. 

Figure 30: Machine Edition Download Dialog Box  

 

Machine Edition will indicate any errors or that it has successfully downloaded the program 

in the Feedback Zone window. 

Note:  

? fmqr amlrpmjjcp qr_rsq cppmp md ïQwqrck Amldgesp_rgml Kgqk_rafð ugrf rfc q_kc p_ai-qjmr
location as a DSM314 indicates that there is a parameter configured and sent to the DSM314 that 
has been rejected by the DSM314. Carefully check each parameter of your DSM314 configuration 
with the configuration settings in this manual for the discrepancy. Correct the discrepancy, clear 
the host controller Fault, and re-Store the configuration. Check that the error has been corrected. 
See the next section, Enabling Run Mode on the PLC, for instructions on viewing and clearing PLC 
faults. 

The DSM314 can detect many typical configuration errors. These are returned as error codes of 
the form Dxxx (hex) in the Module Status Code %AI word or Axis Error Code %AI words. These errors 
bm lmr a_sqc _ fmqr amlrpmjjcp qr_rsq md ïQwqrck Amldgesp_rgml Kgqk_rafð, Pcdcp rm ?nnclbgv ?
for a description of these errors. Correct any configuration errors and restore the configuration 
with the host controller in Stop mode. 
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2.7 Alarms 
The first step in correcting a problem is to determine if any alarms have occurred. Host 

controller alarms or errors may be viewed in the PLC fault table. Servo and motion 

subsystem alarms may be viewed in the DSM314 Module Status Code %AI word or one of 

the Axis Error Code %AI words. Consult Chapter 5 for additional information on error 

reporting through the %AI data. 

For more information on DSM314 alarms, please refcp ?nnclbgv ?* ïCppmp Ambcq*ð ufgaf

contains a list of alarm codes and descriptions 

For kmpc gldmpk_rgml ml bg_elmqrgaq* qcc ?nnclbgv B* ïRslgle _ Bgegr_j mp ?l_jme Qcptm

Qwqrck,ð 

2.8 Configuration Settings  
If your system powers up with alarms, it may be due to an incorrect configuration setting. 

The configuration must be stored to the host controller CPU and the host controller must 

be in Run/Output Enabled mode. 

If you cannot move an axis or execute a jog, check to see that all conditions necessary to 

perform these operations are met. Refer to the appropriate sections in this manual. 

2.9 Getting Hel p 
For additional information, see https://www.emerson.com/Industrial -Automation -

Controls/support 

¶ Save the paperwork that came with your system. 

The Important Product Information sheet will contain the latest information on this 

product, some of which may not be included in this manual. 

¶ Back up your ladder logic folder. 

Important  

Do this frequently while developing your application. 

 

https://www.emerson.com/Industrial-Automation-Controls/support
https://www.emerson.com/Industrial-Automation-Controls/support
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Chapter 3: Installing and Wiring the 

DSM314 

3.1 Hardware Description  
Rfgq qcargml gbclrgdgcq rfc kmbsjcòq k_hmp f_pbu_pc dc_rspcq, Rfc kmbsjcòq d_acnj_rc

provides seven status LEDs, one communications port RJ-11 connector and four user I/O 

connectors (36 pin). A grounding tab on the bottom of the module provides a convenient 

u_w rm amllcar rfc kmbsjcòq d_acnj_rc qfgcjb rm _ n_lcj epmslb, 

Figure 31: DSM314 Module 
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3.1.1 LED Indicators 
There are seven LED status indicators on the DSM314 module, described below: 

STAT Normally ON. FLASHES to provide an indication of operational errors. Flashes slow 

(four times/second) for Status-Only errors. Flashes fast (eight times/second) for 

errors that cause the servo to stop. 

ON: When the LED is steady ON, the DSM314 is functioning properly. 

Normally, this LED should always be ON. 

OFF: When the LED is OFF, the DSM314 is not functioning. This is the result 

of a hardware or software malfunction that prevents the module from 

powering up. 

Flashing: When the LED is FLASHING, an error condition is being signaled. 

Constant Rate, CFG LED ON: 

The LED flashes slow (four times/second) for Status Only errors and fast (eight 

times/second) for errors that cause the servo to stop. The Module Error Present %I status bit 

will be ON. An error code (hex format) will be placed in the Module Status Code %AI word or 

one of the Axis Error Code %AI words. 

Constant Rate, CFG LED Flashing: 

If the STAT and CFG LEDs both flash together  at a constant rate, the DSM314 module is in 

boot mode waiting for a new firmware download. If the STAT and CFG LEDs both flash 

alternately at a constant rate, the DSM314 firmware has detected a software watchdog 

timeout due to a hardware or software malfunction. 

Irregular Rate, CFG LED OFF: 

If this occurs immediately at power-up, then a hardware or software malfunction has been 

detected. The module will blink the STAT LED to display two error numbers separated by a 

brief delay. The numbers are determined by counting the blinks in both sequences. Record 

the numbers and contact Emerson for information on 

correcting the problem. 

OK The OK LED indicates the current status of the DSM314 module. 

ON: When the LED is steady ON, the DSM314 is functioning properly. 

Normally, this LED should always be ON. 

OFF: When the LED is OFF, the DSM314 is not functioning. This is the result of a 

hardware or software malfunction that prevents the module from 

powering up. 

CFG This LED is ON when a module configuration has been received from the host 

controller. 

EN1 When this LED is ON, the Axis 1 Drive Enable relay output is active. 

EN2 When this LED is ON, the Axis 2 Drive Enable relay output is active. 
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EN3 When this LED is ON, the Axis 3 Drive Enable relay output is active. 

EN4 When this LED is ON, the Axis 4 Drive Enable relay output is active. 

3.1.2 The DSM COMM (Serial Communications) Connector 
Rfc kmbsjcòq dpmlr n_lcj amlr_glq _ qglejc PH-11 connector for serial communications, 

j_`cjcb ïAMKKð, Gr gq sqcb rm bmuljm_b dgpku_pc snb_rcq rm rfc BQK kmbsjc dpmk _

personal computer running the PC Loader or Win Loader utility software. (See Appendix F 

for details.) 

Rfgq qcpg_j AMKK nmpr amllcarq rm rfc ncpqml_j amknsrcpòq qcpg_j nmpr _lb sqcq rfc QLN

protocol and the RS-232 serial communications standard. The baud rate is configurable 

from 300 to 19,200 baud. The COMM port is configured using the configuration software. 

A 1-meter cable, IC693CBL316, is available from Emerson to connect the COMM port to a 

personal computer. This cable uses a 9-pin female D-shell connector for the computer side 

and an RJ-11 connector for the DSM314. If a longer cable is used, the maximum 

recommended length is 50 feet. 

Table 12: DSM314 COMM Port Pin Assignments 

RJ-11 Pin Number 9-Pin (female) Number  Signal Name Description  

1 7 CTS Clear to Send 

2 2 TXD Transmit Data 

3 5 0V Signal Ground 

4 5 0V Signal Ground 

5 3 RXD Receive Data 

6 8 RTS Request to Send 

Note: Pin 1 is at the bottom of the connector when viewed from the front of the module. 

3.1.3 I/O Connectors 
The DSM314 is a two-axis digital servo/one axis analog velocity interface or four axis analog 

servo (Torque Mode and/or Velocity Mode) controller with four 36-pin I/O connectors 

labeled A, B, C, and D. The connectors are assigned as follows: 

Table 13: Axis I/O Connector Assignments 

Connector  Axis 

Number  

Axis Type I/O Usage 

A 1 Servo Axis Closed Loop Digital or Analog Servo Control 

B 2 Servo Axis 

Aux Axis 

Closed Loop Digital or Analog Servo Control or 

Position Feedback and auxiliary analog / digital I/O 

C 3 Servo Axis 

Aux Axis 

Closed Loop Analog Servo Control or Position 

Feedback and auxiliary analog / digital I/O 

D 4 Servo Axis 

Aux Axis 

Closed Loop Analog Servo Control or Position 

Feedback and auxiliary analog / digital I/O 
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All four connectors provide similar analog and digital I/O circuits. Only Axis 1 and Axis 2 can 

be configured to control digital servos. If digital servos are used, both Axis 1 and Axis 2 must 

be configured for Digital Servo mode. When Axis 1 and Axis 2 are configured for digital 

servos, Axis 3 can be used for Analog Velocity Interface Servo or Aux Axis control. Axis 4 is 

not available for Analog Velocity Interface Servo, Torque Interface Servo or Aux Axis control 

when Axis 1 and 2 are configured for digital servos. 

When Axis 1 is configured for Analog Servo control (Torque Interface or Velocity Interface), 

Axis 2 - Axis 4 are also available for Analog Servo (Torque Interface or Velocity Interface) or 

Aux Axis control. Aux Axis functions include position input for Follower Master axes and 

internal (virtual master) command generation. 

Any of these four connectors used in a system typically is cabled to an appropriate Terminal 

Board with cable IC693CBL324 (1 meter) or IC693CBL325 (3 meters). Three different 

terminal boards provide screw terminals for connecting to external devices. The terminal 

boards _pc bcqapg`cb j_rcp gl rfc ïRcpkgl_j @m_pbð qcargml md rfgq af_nrcp, 

3.1.4 Shield Ground Connection 
The DSM314 faceplate shield must be connected to frame ground. This connection from 

the DSM314 to frame ground can be made using the green ground wire (part number 

44A735970-001R01) provided with the module. This wire has a stab-on connector on one 

end for connection to a ¼ inch terminal on the bottom of the DSM314 module and a 

terminal on the other end for connection to a grounded enclosure. 

Figure 32: Connecting the Shield Ground  
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3.2 Installing the DSM314 Module  
The DSM324i can operate in the main rack, expansion rack, or remote baseplate of any 

supported Host Controller (PACSystems Rx3i, firmware release 2.8 or later or Series 90-30 

PLC, firmware release 10.0 or later).  The configuration files created by the configuration 

software must match the physical configuration of the modules. 

For general Series 90-30 installation and environment considerations, refer to the Series 90-

30 PLC Installation and Hardware Manual, GFK-0356. 

For general PACSystems RX3i installation and environment considerations, refer to the 

PACSystems RX3i System Manual, GFK-2314 or later. 

To install the DSM314 on the baseplate, follow these steps: 

1. Use the configuration software or the Hand-Held Programmer (Series 90-30 only) to 

stop the host controller. This prevents the local application program, if any, from 

initiating any command that may affect the module operation on subsequent 

power- up. 

2. Power down the host controller system. 

3. Align the module with the desired base slot and connector. Tilt the module upward 

so that the top rear hook of the module engages the slot on the baseplate top edge. 

4. Swing the module down until the connectors mate and the lock-lever on the bottom 

of the module snaps into place engaging the baseplate notch. 

5. Connect the faceplate shield wire from the ¼ inch blade terminal on the bottom of 

the module to a suitable panel earth ground. 

6. Refer to Figures 3-10 through 3-23 and Tables 3-7 through 3-14 for I/O wiring 

requirements. 

7. Power up the host controller rack. The Status LED of the Motion Mate DSM314 will 

turn ON when the controller has passed its power-up diagnostics. 

8. Repeat this procedure for each DSM314 module in your host controller system. 

9. Configure the DSM314 module(s) as described in Chapter 4. 

The following table lists the DSM314 module current draw and defines the number of 

modules that can be installed in a particular host controller system. 

The number of modules in a system may be restricted by: 

¶ Host controller rack power supply capacity 

¶ Host controller I/O Table space. The DSM module requires the use of %I, %Q, %AI, 

and %AQ memory in the fmqr amlrpmjjcpòq G-M R_`jc* ugrf rfc #G _lb #O rwnc sqs_jjw

being the most restrictive of the four. %AI is also restrictive on CPUs that do not 

support configurable %AQ memory (such as the 350 CPU). The amount of available 

memory varies with the model of host controller CPU to be used. 

¶ Host controller Configuration data storage capacity 

¶ Available CPU memory 
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The absolute limits for each host controller type must not be exceeded because in some 

cases they are based on I/O Table and Configuration data capacity. 

The practical number of axes must consider I/O use and sweep time of the entire system. 

Table 14: Maximum Number of DSM314 Modules per Host Controller System by Rack 

and Power Supply Types 

Power Supply Voltage: 

Power Supply Current Draw by DSM: 

Available +5V Current/Module to supply 

external encoder, if used: 

5 VDC from host controller backplane 

800 mA plus encoder supply current (see next 

item).  

500 mA (if used, must be added to module +5V 

current draw) 

 

PACSystems RX3i 

Main Rack 

Model 310 CPUs: 

5 DSM314 modules in CPU baseplate per PWR 040 

Up to 12 DSM314s with two multifunctional DC 

power supplies 

(PSD140) in a 16-slot rack 

PACSystems RX3i 

Expansion/Remote Racks 

(5 and 10-slot expansion or remote 

baseplates - 8 total baseplates per system) 

2 DSM314 modules in remote baseplate with 

PWR321/322/328 

3 DSM314 modules in expansion baseplate with 

PWR321/322/328 

6 DSM314 modules in expansion/remote 

baseplate with PWR330/331/332 

PACSystems RX3i Maximum 61 total DSM314 modules per PACSystems RX3i 

system. 

(60 maximums if an Ethernet module, 

IC695ETM001, is required.) 

 

Series 90-30 

Model 350, 352, 360, 363, 364, 366, 367, 374 

CPUs: 

(5 and 10-slot CPU (main) baseplates, 5 

and 10-slot expansion or remote 

baseplates - 8 total baseplates per 

system) 

2 DSM314 modules in CPU baseplate with 

PWR321/322/328 

5 DSM314 modules in CPU baseplate with 

PW330/331/332  

3 DSM314 modules in expansion/remote 

baseplate with PWR321/322/328 

6 DSM314 modules in remote baseplate with 

PWR330/331/332 

7 DSM314 modules in expansion baseplate with 

PWR330/331/332 

20 total DSM314 modules per Series 90-30 

system with PWR321/322/328*  

20 total DSM314 modules per Series 90-30 

system with PWR330/331/332* 

*  The maximum number of modules supported in a system may be reduced by other 

modules in the system, such as APM and GBC modules. It may also be further reduced 

by having datagrams set up that read the reference or fault tables. If the configuration 

and user program is stored at the same time, the presence of either C blocks within 
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the LD program, or a C logic program may also affect the number of DSM314 modules 

that can be included in a system. If the store fails, it may be possible to store the 

configuration to the system by first storing the logic program, and then storing the 

configuration on a separate store request. 

The numbers listed in the above table are the theoretical maximums. However, an 

important factor in determining the module mix in any baseplate is that the total power 

consumption of all modules must not exceed the total load capacity of the power supply. It 

is possible that a module mix would not allow the maximum number of DSM314s to be 

installed in a baseplate due to power supply limitations. The configuration software has a 

power supply usage display that can be used to check this. 

This calculation can also be done manually as explained in: 

¶ PACSystems RX3i System Manual, GFK-2314, which also lists load requirement 

specifications for PACSystems RX3i modules. 

¶ Series 90-30 PLC Installation Manual, GFK-0356P or later, which also lists load 

requirement specifications for Series 90-30 modules. 

The available power supplies are: 

PACSystems RX3i Power Supplies 

¶ IC695PSA040 - AC/DC Power Supply - allows 30 watts (6000 ma) for +5 VDC 

¶ IC695PSD040 - 24 VDC input Power Supply - allows 30 watts (6000 ma) for +5 VDC 

¶ IC695PSD140 í AC/DC Multifunctional Power Supply - allows 30 watts (6000 mA) 

for +5 VDC 

¶ IC695PSA140 - 24VDC input Multifunctional Power Supply - allows 30 watts (6000 

mA) for +5 VDC 

¶ IC694PWR321 í AC/DC Serial Expansion Power Supply - allows 15 watts (3000 mA) 

for +5 VDC 

¶ IC694PWR330 í High Capacity AC/DC Serial Expansion Power Supply - allows 30 

watts (6000 mA) for +5 VDC 

¶ IC694PWR331 - High Capacity 24 VDC Serial Expansion Power Supply - allows 30 

watts (6000 mA) for +5 VDC 

Standard Series 90-30 Power Supplies 

¶ IC693PWR321 - Standard AC/DC Power Supply - allows 15 watts (3000 mA) for +5 

VDC 

¶ IC693PWR322 - 24/48 VDC input Power Supply - allows 15 watts (3000 mA) for +5 

VDC 

¶ IC693PWR328 - 48 VDC input Power Supply - allows 15 watts (3000 mA) for +5 VDC 
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High Capacity Series 90-30 Power Supplies 

¶ IC693PWR330 - High Capacity AC/DC Power Supply - allows 30 watts (6000 mA) for 

+5 VDC 

¶ IC693PWR331 - High Capacity 24 VDC input Power Supply - allows 30 watts (6000 

mA) for +5 VDC 

¶ IC693PWR332 í High Capacity 12 VDC input Power Supply - allows 30 watts (6000 

mA) for +5 VDC 

Note: If you are installing the ground plate on a painted surface, the paint must be removed where the 
ground plate is to be mounted to ensure a good ground connection between the plate and 
mounting surface. 

Note: Refer to GFK-0867B, (Emerson Product Agency Approvals, Standards, General Specifications), or 
later version for product standards and general specifications. 

Installation instructions in this manual are provided for installations that do not require special 
procedures for noisy or hazardous environments. For installations that must conform to more 
stringent requirements (such as CE Mark), see GFK-1179, Installation Requirements for 
Conformance to Standards. 

 

3.3 I/O Wiring and Connections  

3.3.1 I/O Circuit Types 
C_af md rfc kmbsjcòq dmsp amllcators (Connector A, B, C, and D) provide the following types 

of I/O circuits: 

¶ Three differential / single ended 5v inputs (IN1-IN3) 

¶ 5 VDC Encoder Power (P5V) 

¶ One single ended 5v input (IN4) 

¶ Four single ended 5v input / output circuits (IO5-IO8) 

¶ Three 24v inputs (IN9-IN11) 

¶ One 24v, 125 mA solid state relay output (OUT1) 

¶ Two differential 5v line driver outputs (OUT2-OUT3) 

¶ One 24v, 30 mA solid state relay output (OUT4) 

¶ Two differential +/- 10v Analog Inputs (AIN1-AIN2) 

¶ One single ended +/- 10v Analog Output (AOUT1) 

Not all of these I/O circuits are available for user connections. Some of the circuits are used 

to control the digital servo amplifier. Refer to Tables 3-11 through 3-14 for additional 

information.  
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3.3.2 Terminal Boards 
¶ Axis Terminal Board, Catalog No. IC693ACC335 í Used in digital mode only. It 

connects DSM connector A or B to a a or b Digital Servo amplifier. It also provides 

screw terminal connections for I/O devices. This terminal board contains two 36 pin 

connectors. One connects to the DSM via cable IC693CBL324/325, and the other 

connects to the Digital Servo amplifier via the servo command cables IC800CBL001 

/ 002. See Figures 40, 46, 47, and 48. 

Note: For Digital Servo applications that do not reqsgpc sqc md rfc BQKòq ? mp @connector I/O signals, 

the DSM connector can be càjcb bgpcarjw rm rfc bgegr_j qcptm _knjgdgcp, Pcdcp rm Qcargml 1* ïG-M 
Ugpgle _lb Amllcargmlq*ð j_rcp gl rfgq af_nrcp dmp _bbgrgml_j gldmpk_rgml, 

¶ Auxiliary Terminal Board, Catalog No. IC693ACC336 í This terminal board contains 

a single 36 pin connector that connects to the DSM314 module. This board has two 

basic applications (see Figures 40 and 41): 

1. For Analog servos, it connects to DSM Connector A, B, C or D to provide screw 

terminals for wiring to a third -party Analog servo amplifier and I/O devices. See 

Figures 49 through 53. 

2. For Auxiliary axes, it connects to DSM Connector B, C, or D to provide screw 

terminals for wiring to external devices such as Strobe sensors, Home switches, 

and Overtravel Limit switches. Note: See Figure 53. 

¶ SL-Series Servo to APM/DSM Terminal Board, Catalog IC800SLT001 í Used to 

connect DSM connector A, B, C or D to a SL-Series analog velocity interface servo 

amplifier, as well as provide screw terminals for wiring to I/O devices. It contains two 

connectors. One connects to the DSM module, and the other to the SL-Series Servo 

amplifier. For additional information, please see the SL-Series Servo Sqcpòq K_ls_j*

GFK-1581. 

Table 15: DSM Terminal Board Quick Selection Table 

DSM Application  DSM 

Connector  

DSM Axis 

Mode 

Terminal Board  

Required 

Connect to a-Series or b-Series digital servo 

and I/O. 

A or B Digital IC693ACC335 

Connect directly to a-Series or b-Series 

digital servo. No I/O connections needed. 

A or B Digital None 

Connect to third party analog servo and I/O. A, B, C or D Analog IC693ACC336 

Connect to SL-Series analog servo and I/O. A, B, C or D Analog Velocity 

Interface 

IC800SLT001 

Connect to Auxiliary Axis I/O on DSM 

connector B, C or D or S2K Series analog 

servo and I/O. 

B, C or D Analog or Aux IC693ACC336 
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Figure 33: Axis and Auxiliary Terminal Board Assemblies  

 

Note: Each terminal board is shipped with DIN Rail mounting feet. Instructions for converting a terminal 
board to panel-mount are included in this chapter. 

3.3.3 Digital Servo Axis Terminal Board - IC693ACC335 

Description  

The IC693ACC335 Digital Servo Axis Terminal Board is used to connect the DSM314 to 

Digital Servo Amplifiers. The board contains two 36-pin connectors, labeled DSM and 

SERVO. A cable IC693CBL324 (1 meter) or IC693CBL325 (3 meters) connects from DSM 

connector (PL2) to the DSM314 faceplate connector A or B. A Servo Command Cable 

IC800CBL001 (1 meter) or IC800CBL002 (3 meters) connects from the SERVO connector 

(PL3) to the JS1B connector on a a Series or b Series Digital Servo Amplifier. 

Eighteen screw terminals are provided on the Digital Servo Axis Terminal Board for 

connections to user devices. These terminals have the following assignments: 
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Table 16: IC693ACC335 Digital Axis Terminal Board Pin Assignments 

Axis Terminal 

Board I/O Screw 

Terminal  

DSM314 

Faceplate 

Pin 

Circuit  

Identifier  

Circuit Type Servo Axis 1, 2 

Circuit Function  

Signal 

Name (Axis 

1 listed) *  

Maximum  

Voltage  

1 

9 

1 

19 

IN1 Single ended 

/differential 5v 

inputs 

Strobe Input 1 (+) 

Strobe Input 1 (-) 

IN1P_A 

IN1M_A 

5 VDC 

2 

10 

2 

20 

IN2 Strobe Input 2 (+) 

Strobe Input 2 (-) 

IN2P_A 

IN2M_A 

5 VDC 

3 4 P5V 5v Power 5v Power P5V_A 5 VDC 

11 22 0V 0v 0v 0V_A 5 VDC 

6 16 IN9 24v optically 

isolated inputs 

Overtravel (+) IN9_A 30 VDC 

14 34 IN10 Overtravel (-) IN10_A 30 VDC 

7 17 IN11 Home Switch IN11_A 30 VDC 

15 35 INCOM 24v Input 

Common 

24v Input Common INCOM_A 30 VDC 

8 

16 

18 

36 

OUT1 24 v, 125 mA 

DC SSR output 

Host controller 24v 

Output (+) 

Host controller 24v 

Output (-) 

OUT1P_A 

OUT1M_A 

30 VDC 

5 

13 

14 

32 

OUT3 Differential 5v 

output  

Host controller 5v 

Output (+) 

Host controller 5v 

Output (-) 

OUT3P_A 

OUT3M_A 

5 VDC 

4 6 AOUT +/- 10v Analog 

Out 

Host controller 

Analog Out 

AOUT_A 5 VDC 

12 24 ACOM Analog Out 

Com 

Analog Out Com ACOM_A 5 VDC 

S (2 pins)  SHIELD Cable Shield Cable Shield SHIELD_A 5 VDC 

*  Dmp qgel_j l_kcq ncpr_glgle rm qcptm _vgq 0* af_lec _jj ï]?ð rm ï]@ð, 

Six 130V MOVs are installed between selected I/O points and the shield (frame ground) for 

noise suppression. The I/O terminal points so connected are 6, 7, 8, 14, 15, and 16. The I/O 

terminals support a wire gauge of 14-28 AWG. Maximum screw torque that may be applied 

is 5 inch-pounds. 

Note: Two of the screw terminals are labeled S for Shield. A short earth ground wire should be connected 
from one of the S terminals directly to a panel earth ground. The cable shields for any shielded 
cables from user devices should connect to either of the S terminals. 
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Mounting Dimensions  

Figure 34: IC693ACC335 Digital Axis Terminal Board Mounting Dimensions  
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Converting From DIN -Rail Mounting to Panel Mounting  

The following parts are used in either the DIN-rail or Panel mount assembly options. The axis 

terminal board is shipped configured for DIN-rail mounting. The instructions in this section 

guide you in converting the board to its panel mounting optional configuration. 

The following table and drawings describe the various plastic parts that make up the axis 

terminal board assembly and shows a side view of the board configured for DIN-rail 

mounting  

Table 17: Axis Terminal Board Assembly Components  

Plastic Component  Part 

Number  

Description  Quantity  Mounting Styles  Used With  

UMK-BE 45 Base Element 1 DIN, Panel 

UMK-SE 11.25-1 Side Element 2 DIN, Panel 

UMK-FE Foot Element 2 DIN 

UMK-BF* Mounting Ear 2 Panel 

*  Parts shipped with axis terminal board for optional panel mounting 

Figure 35: Digital Servo Axis Terminal Board Assembly Drawings  
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Figure 36: Digital Servo Axis Terminal Board Assembly Side View 

 

The following procedure should be used to convert the Digital Servo axis terminal board to 

its panel mounting form. Remember to save all removed parts for possible later conversion 

back to DIN-rail mounting. 

1. Carefully remove one UMK-SE 11.25-1 side element from the UMK-BE 45 base 

element. If a screwdriver or other device is used, exercise extreme caution to avoid 

damaging either the plastic parts or the circuit board. 

2. Slide the UMK-FE foot element off the base element. Save this part for possible 

future use in converting the terminal board back to its DIN-rail mounting 

configuration.  

3. Snap the side element, removed in step 1 above, back into the base element. 

4. Insert one UMK-BF mounting ear into the appropriate two holes in the side element. 

Note that the mounting ear has a recessed hole for later inserting a (user supplied) 

mounti ng screw. The recessed hole should face upwards to accommodate the 

mounting screw. 

5. Repeat steps 1-4 above for the other side of the terminal board. 
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3.3.4 Auxiliary Terminal Board - IC693ACC336 

Description and Mounting Dimensions  

The IC693ACC336 Auxiliary Terminal Board is used to connect the DSM314 to Analog Servo 

Axes and auxiliary devices such as Incremental Quadrature Encoders, Strobe detectors and 

external switches. The board contains one 36 pin connector, labeled DSM. A cable 

IC693CBL324 (1 meter) or IC693CBL325 (3 meters) connects from the DSM connector (PL2) 

to the DSM314 faceplate. 

Thirty-eight screw terminals are provided on the Auxiliary Terminal Board for connections 

to user devices. These screw terminals have the same pin labels as the 36-pin DSM314 

d_acnj_rc amllcarmp, Dmp bcr_gjcb amllcargml gldmpk_rgml* pcdcp rm ï?l_jme Qcptm ?vgq /-4 

Circuit and Pin Asqgelkclrq ïon page 71. 

The maximum voltage that should be applied to I/O terminals 16-18 and 34-36 is 30 VDC. 

The maximum voltage for any other input terminal is 5 VDC. 

Six 130V MOVs are installed between selected I/O points and the shield (frame ground) for 

noise suppression. The I/O terminal points so connected are 16, 17, 18, 34, 35, and 36. 

The I/O terminals support a wire gauge of 14-28 AWG. Maximum screw torque that may be 

applied is 5 inch-pounds. 

Note: Two of the screw terminals are labeled S for Shield. A short earth ground wire should be connected 
from one of the S terminals directly to a panel earth ground. The cable shields for any shielded 
cables from user devices should connect to either of the S terminals. 

Figure 37: IC693ACC336 Terminal Board Mounting Dimensions  

 

 

  



User Manual Chapter 3 
GFK-1742F Jan 2020 
 

Installing and Wiring the DSM314 62 

Converting From DIN -Rail Mounting to Panel Mounting  

The following parts are used in either the DIN-rail or Panel mount assembly options. The 

auxiliary terminal board is shipped configured for DIN-rail mounting. The instructions in this 

section guide you in converting the board to its panel mounting optional configuration. 

The following table and drawings describe the various plastic parts that make up the 

auxiliary terminal board assembly and shows a side view of the board configured for DIN- 

rail mounting. 

Table 18: Auxiliary Terminal Board Components  

Phoenix Contact Part Number  Description  Quantity  

UM45 Profil 105.25 PCB Carrier 1 

UM 45-SEFE with 2 screws Side element with Foot 2 

UMK 45-SES with 2 screws* Side Element 2 

UMK-BF* Mounting Ear 2 

* Parts shipped with auxiliary terminal board for optional panel mounting 

Figure 38: Auxiliary Terminal Board Assembly Drawings  
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Figure 39: Auxiliary Terminal Board Assembly Side View  

 

The following procedure should be used if you wish to mount the auxiliary terminal board 

directly to a panel instead of on a DIN-rail. Remember to save all removed parts for possible 

later conversion back to DIN-rail mounting. 

1. Using a small bladed Phillips screwdriver, carefully remove the two screws holding 

one UM-45 SEFE side element with foot to the UM 45 profile PCB carrier. Save this 

part for possible future use in converting the terminal board back to its DIN-rail 

mounting configuration.  

2. Attach one UMK 45-SES side element to the PCB carrier in place of the side removed 

in step 1 above, again using the two screws. Be careful to not over tighten the 

screws. 

3. Insert one UMK-BF mounting ear into the appropriate two holes in the side element. 

Note that the mounting ear has a recessed hole for later inserting a (user supplied) 

mounting screw. The recessed hole should face upwards to accommodate the 

mounting screw. 

4. Repeat steps 1-3 above for the other side of the terminal board. 
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3.3.5 Cables 
Five cables are available for the DSM314: 

Table 19: Cables for the DSM314 

Cable Description  Length  Application  

IC693CBL316 Station Manager Cable 1 meter DSM314 Comm for firmware upgrade 

IC693CBL324 Terminal Board Connection 

Cable 

1 meter DSM314 to Servo Axis Terminal Board or 

Aux Terminal Board 

IC693CBL325 Terminal Board Connection 

Cable 

3 meters DSM314 to Servo Axis Terminal Board or 

Aux Terminal Board 

IC800CBL001 Digital Servo Command Cable 1 meter Digital Servo Axis Terminal Board or DSM 

to Digital Servo Amp 

IC800CBL002 Digital Servo Command Cable 3 meters Digital Servo Axis Terminal Board or DSM 

to Digital Servo Amp 

Custom Terminal Board and Servo cables are available in longer lengths by contacting your 

Emerson distributor. The maximum recommended cable length for the DSM connector to 

the a and b Series servo amplifier is 50 meters. 

The cables use special shielding and construction to ensure reliable servo operation. We 

recommend that users do not attempt any field modifications of the cables or connectors. 

Note: If a Digital Servo Axis does not use any of the devices that normally connect to the IC693ACC335 
Digital Servo Terminal Board screw terminals, the Terminal Board and Terminal Board Cable 
IC693CBL324/325 are not needed. Instead, the Digital Servo Command Cable IC800CBL001/002 
can be connected directly from the Digital Servo Amplifier to the DSM314 faceplate A or B 
connector. When this is done, the OT Limit Sw configuration parameter must be set to Disabled 
in the configuration software or the DSM will not operate. 
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The figure below illustrates the Digital Servo Axis terminal board and cables associated with 

the DSM314. 

Figure 40: DSM314 Digital Servo Terminal Boards and Connectors 
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The figure below illustrates the Analog Servo terminal boards and cables associated with the 

DSM314. 

Figure 41: DSM314 Terminal Boards and Connectors for S2K or Third-Party Analog 

Servos 

 

Note: See GFK-1581 for SL Servos and GFK-1866 for S2K servos. 

 

  



User Manual Chapter 3 
GFK-1742F Jan 2020 
 

Installing and Wiring the DSM314 67 

I/O Cable Grounding 

Properly routing signal cables, amplifier power cables and motor power cables along with 

installation of proper Class 3 grounding will insure reliable operation. Typically, Class 3 

grounding specifies a ground conductor of a minimum wire diameter larger than the power 

input wire diameter, connected via a maximum 100-ohm resistance to an earth ground. 

Consult local electrical codes and install in conformance to local regulations. 

The specifications for completing the a and b Series Digital Servo amplifier installation and 

wiring, including amplifier grounding are completely described in the manual GFH- 001, 

Servo Product Specification Guide. 

When routing signal lines, amplifier input power line and motor power line, the signal lines 

must be separated from the power lines. The following table indicates how to separate the 

cables. 

Table 20: Separation of signal lines  

Group Signal Action  

A Amplifier input power 

Motor Power 

Master Control Contactor (MCC) 

drive coil. The MCC switches 

amplifier input power. 

Qcn_p_rc _ kglgksk /.ak dpmk epmsn ï@ð qgel_jq `w

bundling separately or use electromagnetic shielding 

(grounded steel plate). Use noise protector for MCC. 

B DSM to Axis Terminal cable Axis 

terminal cable to amplifier DSM 

to Aux Terminal cable Encoder 

feedback cable 

Qcn_p_rc _ kglgksk /.ak dpmk epmsn ï?ð qgel_jq `w

bundling separately or use electromagnetic shielding 

(grounded steel plate). Use all required individual cable 

shield grounds and grounding bar connections. 

DSM to a or b Series Digital Servo Amplifier í Signal Cable Grounding 

The signal cables used with the DSM314 contain shields that must be properly grounded to 

ensure reliable operation. The illustration below shows cable grounding recommendations 

for typical installations. The following points should be considered: 

1. The DSM314 faceplate ground wire must be connected to a reliable panel ground. 

2. The Digital Servo Axis Terminal Block and Auxiliary Terminal Block each provide two 

screw terminals labeled S. A short ground wire must be connected from one of the 

S terminals to a reliable panel ground. 

The a and b Series Digital Servo amplifier encoder feedback cable always requires an ZA99L-

0035-0001 Cable Shield Grounding Clamp and one of the 11 available slots on a 

Z44B295864-001 Grounding Bar at the amplifier end of the cable. This clamp arrangement 

serves as a mechanical strain relief and as cable shield ground. The outer insulation of the 

Digital servo amplifier cable must be removed to expose the cable shield in the contact area 

of the clamp. 
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Figure 42: Detail of Cable Grounding Clamp ZA99L-0035-0001 

 

 

Figure 43: Z44B295864-001 Grounding Bar, Side View Dimensions 

 

 

Figure 44: Z44B295864-001 Grounding Bar Dimensions, Rear View Showing 

Mounting Holes  
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3. For installations that must meet IEC electrical noise immunity standards, a Cable 

Shield Grounding Clamp ZA99L-0035-0001 and one of the 11 available slots on the 

Grounding Bar Z44B295864-001 must also be used at the Digital Servo Axis 

Terminal Block end of the servo amplifier cable IC800CBL001/002. If the Digital 

servo amplifier cable is connected directly to the DSM314 faceplate (no Digital Servo 

Axis Terminal Block used) the Grounding Clamp and Bar are not required at the 

faceplate end of the cable. 

For additional information, refer to Installation Requirements for Conformance to 

Standards, GFK-1179. 

Figure 45: DSM314 I/O Cable Grounding  

 

I/O Circuit Identifiers and Signal Names  

I/O circuit identifiers provide a consistent method of naming the I/O circuits. For example, 

IN1 refers to the first of three differential / single ended 5v inputs for each axis. 

Signal names are assigned to the circuit identifiers for each axis. The signal name consists of 

the circuit identifier followed by a suffix A-D to identify the axis connector. Differential 

circuits also have suffixes P (positive) and M (minus) to identify the (+) and (-) signal for each 

differential pair. 

Example: OUT2 is the circuit identifier for the first differential 5v output on each connector. 

The signal names associated with circuit OUT2 are: 

Table 21: Signal Names Associated with OUT2 

Axis: Axis 1 Axis 2 Axis 3 Axis 4 

Connector: A B C D 

(+) Output Signal: OUT2P_A OUT2P_B OUT2P_C OUT2P_D 

(-) Output Signal: OUT2M_A OUT2M_B OUT2M_C OUT2M_D 
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I/O Circuit Function and Pin Assignments  

The next three tables list the I/O circuit functional assignments as well as the connector and 

terminal board pin assignments for each axis connector. Although each connector has the 

same I/O circuits, the functional assignment of the I/O circuits is axis dependent: 

Table 22: Connector  Axis Assignment and Function  

Connector  Axis Number  Axis Type I/O Usage 

A 1 Servo Axis Closed Loop Digital / Analog Servo Control and user 

I/O 

B 2 Servo Axis Closed Loop Digital / Analog Servo Control or 

Auxiliary analog and digital I/O 

C 3 Servo Axis Closed Loop Analog Servo Control or Auxiliary analog 

and digital I/O 

D 4 Servo Axis Closed Loop Analog Servo Control or Auxiliary analog 

and digital I/O 

Digital Servo Axis 1, 2 Circuit and Pin Assignments 

This table identifies all circuits and pin assignments for Digital Servo Axis 1 and Digital Servo 

Axis 2. The shaded areas indicate signals that are cabled to the servo amplifier and are not 

available for user connections. 

Table 23: Circuit and Pin Assignments for Digita l Servo Axis 1 and Digital Servo Axis 2 

Circuit 

Identifier  

Circuit Type Analog Servo 

Axis 1, 2 Circuit 

Function  

Axis 1 Signal 

Name 

Axis 2 Signal 

Name 

Faceplate 

Pin 

Axis Term 

Board 

Terminal  

IN1 Single ended / 

differential  5v 

inputs 

Strobe Input 1 (+) 

Strobe Input 1 (-) 

IN1P_A 

IN1M_A 

IN1P_B 

IN1M_B 

1 

19 

1 

9 

IN2 Strobe Input 2 (+) 

Strobe Input 2 (-) 

IN2P_A 

IN2M_A 

IN2P_B 

IN2M_B 

2 

20 

2 

10 

IN3 Ser Encoder Data 

(+) 

Ser Encoder Data (-

) 

IN3P_A 

IN3M_A 

IN3P_B 

IN3M_B 

3 

21 

 

P5V 5v Power 5v Power P5V_A P5V_B 4 3 

0V 0v 0v 0V_A 0V_B 22,23 11 

IN4 Single ended 

5v in 

Servo Ready Input IN4_A IN4_B 5  

  IO5 Single ended 

5v inputs / 

outputs 

Servo PWM / 

Alarm 

IO5_A IO5_B 9  

IO6 Servo PWM / 

Alarm 

IO6_A IO6_B 10  

IO7 Servo PWM / 

Alarm 

IO7_A IO7_B 11  

IO8 Servo ENBL / Alarm IO8_A IO8_B 12  

0V 0v 0v 0V_A 0V_B 27-30  
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Circuit 

Identifier  

Circuit Type Analog Servo 

Axis 1, 2 Circuit 

Function  

Axis 1 Signal 

Name 

Axis 2 Signal 

Name 

Faceplate 

Pin 

Axis Term 

Board 

Terminal  

 IN9 24v optically 

isolated inputs 

Overtravel (+) IN9_A IN9_B 16 6 

IN10 Overtravel (-) IN10_A IN10_B 34 14 

IN11 Home Switch IN11_A IN11_B 17 7 

INCOM 24v Input 

Common 

24v Input 

Common 

INCOM_A INCOM_B 35 15 

OUT1 24 v, 125 mA 

DC SSR output 

Host controller 24v 

Output (+) 

Host controller 24v 

Output (-) 

OUT1P_A 

OUT1M_A 

OUT1P_B 

OUT1M_B 

18 

36 

8 

16 

OUT2 Differential 5v 

outputs 

Ser Encoder Req 

(+) 

Ser Encoder Req (-) 

OUT2P_A 

OUT2M_A 

OUT2P_B 

OUT2M_B 

13 

31 

 

OUT3 Host controller 5v 

Output (+) 

Host controller 5v 

Output (-) 

OUT3P_A 

OUT3M_A 

OUT3P_B 

OUT3M_B 

14 

32 

5 

13 

ENBL 24v, 30 mA 

SSR output 

Servo MCON (+) 

Servo MCON 0v 

ENBL1_A 

ENBL2_A 

ENBL1_B 

ENBL2_B 

15 

33 

 

AIN1 Differential +/- 

10v Analog 

Inputs 

IR Phase Current 

(+) 

IR Phase Current (-

) 

AIN1P_A 

AIN1M_A 

AIN1P_B 

AIN1M_B 

7 

25 

 

AIN2 IS Phase Current 

(+) 

IS Phase Current (-) 

AIN2P_A 

AIN2M_A 

AIN2P_B 

AIN2M_B 

8 

26 

 

AOUT1 +/- 10v Analog 

Out 

Host controller 

Analog Out 

AOUT_A AOUT_B 6 4 

ACOM Analog Out 

com 

Analog Out Com ACOM_A ACOM_B 24 12 

SHIELD Cable Shield Cable Shield SHIELD_A SHIELD_B  S 

Analog Servo Axis 1-4 Circuit and Pin Assignments 

This table identifies all circuits and pin assignments for Analog Servo Axis 1 - Analog Servo 

Axis 4. The shaded areas indicate signals that are unused and not available for user 

connections. 

Table 24: Circuit and Pin Assignments for Analog Servo Axis 1 - Analog Servo Axis 4 

Circuit  

Identifier  

Circuit 

Type 

Analog Servo 

Axis 1-4 Circuit 

Function  

Axis 1 

Signal 

Name 

Axis 2 

Signal  

Name 

Axis 3 

Signal 

Name 

Axis 4 

Signal 

Name 

Faceplate 

Pin 

Aux 

Term 

Board 

Terminal  

IN1 Single 

ended / 

Encoder Chan A 

(+) Encoder Chan 

A (-) 

IN1P_A 

IN1M_A 

IN1P_B 

IN1M_B 

IN1P_C 

IN1M_C 

IN1P_D 

IN1M_D 

1 

19 

1 

19 
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Circuit  

Identifier  

Circuit 

Type 

Analog Servo 

Axis 1-4 Circuit 

Function  

Axis 1 

Signal 

Name 

Axis 2 

Signal  

Name 

Axis 3 

Signal 

Name 

Axis 4 

Signal 

Name 

Faceplate 

Pin 

Aux 

Term 

Board 

Terminal  

IN2 differential  

5v inputs 

Encoder Chan B 

(+) Encoder Chan 

B (-) 

IN2P_A 

IN2M_A 

IN2P_B 

IN2M_B 

IN2P_C 

IN2M_C 

IN2P_D 

IN2M_D 

2 

20 

2 

20 

IN3 Encoder Marker 

(+) Encoder 

Marker (-) 

IN3P_A 

IN3M_A 

IN3P_B 

IN3M_B 

IN3P_C 

IN3M_C 

IN3P_D 

IN3M_D 

3 

21 

3 

21 

P5V 5v Power 5v Encoder Power P5V_A P5V_B P5V_C P5V_D 4 4 

0V 0v 0v 0V_A 0V_B 0V_C 0V_D 22,23 22,23 

IN4 Single 

ended 5v 

in 

Servo Ready Input IN4_A IN4_B IN4_C IN4_D 5 5 

IO5 Single 

ended 5v 

inputs / 

outputs 

Strobe 1 Input IO5_A IO5_B IO5_C IO5_D 9 9 

IO6 Strobe 2 Input IO6_A IO6_B IO6_C IO6_D 10 10 

IO7 Not Used IO7_A IO7_B IO7_C IO7_D 11 11 

IO8 Not Used IO8_A IO8_B IO8_C IO8_D 12 12 

0V 0v 0v 0V_A 0V_B 0V_C 0V_D 27-30 27-30 

IN9 24v 

optically 

isolated 

inputs 

Overtravel (+) IN9_A IN9_B IN9_C IN9_D 16 16 

IN10 Overtravel (-) IN10_A IN10_B IN10_C IN10_D 34 34 

IN11 Home Switch IN11_A IN11_B IN11_C IN11_D 17 17 

INCOM 24v Input 

Common 

24v Input 

Common 

INCOM_A INCOM_

B 

INCOM_C INCOM_

D 

35 35 

OUT1 24 v, 125 

mA DC 

SSR 

output  

PLC 24v Output 

(+) PLC 24v 

Output (-) 

OUT1P_A 

OUT1M_A 

OUT1P_

B 

OUT1M_

B 

OUT1P_C 

OUT1M_C 

OUT1P_

D 

OUT1M_

D 

18 

36 

18 

36 

OUT2 Differentia

l 5v 

outputs 

Not Used 

Not Used 

OUT2P_A 

OUT2M_A 

OUT2P_

B 

OUT2M_

B 

OUT2P_C 

OUT2M_C 

OUT2P_

D 

OUT2M_

D 

13 

31 

13 

31 

OUT3 PLC 5v Output (+) 

PLC 5v Output (-) 

OUT3P_A 

OUT3M_A 

OUT3P_

B 

OUT3M_

B 

OUT3P_C 

OUT3M_C 

OUT3P_

D 

OUT3M_

D 

14 

32 

14 

32 

ENBL 24v, 30 

mA SSR 

output  

Servo Enable (+) 

Servo Enable (-) 

ENBL1_A 

ENBL2_A 

ENBL1_B 

ENBL2_B 

ENBL1_C 

ENBL2_C 

ENBL1_D 

ENBL2_D 

15 

33 

15 

33 

AIN1 Differentia

l +/- 10v 

Analog 

Inputs 

PLC Analog In (+) 

PLC Analog In (-) 

AIN1P_A 

AIN1M_A 

AIN1P_B 

AIN1M_B 

AIN1P_C 

AIN1M_C 

AIN1P_D 

AIN1M_

D 

7 

25 

7 

25 

AIN2 PLC Analog In (+) 

PLC Analog In (-) 

AIN2P_A 

AIN2M_A 

AIN2P_B 

AIN2M_B 

AIN2P_C 

AIN2M_C 

AIN2P_D 

AIN2M_

D 

8 

26 

8 

26 
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Circuit  

Identifier  

Circuit 

Type 

Analog Servo 

Axis 1-4 Circuit 

Function  

Axis 1 

Signal 

Name 

Axis 2 

Signal  

Name 

Axis 3 

Signal 

Name 

Axis 4 

Signal 

Name 

Faceplate 

Pin 

Aux 

Term 

Board 

Terminal  

AOUT1 +/- 10v 

Analog 

Out 

Servo Vel Cmd (+) 

or Servo Torque 

Cmd (+) 

AOUT_A AOUT_B AOUT_C AOUT_D 6 6 

ACOM Analog 

Out Com 

Servo Vel Cmd 

Com or Servo 

Torque Com 

ACOM_A ACOM_B ACOM_C ACOM_D 24 24 

SHIELD Cable 

Shield 

Cable Shield SHIELD_A SHIELD_

B 

SHIELD_C SHIELD_

D 

 S 
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Aux Axis 2-4 Circuit and Pin Assignments 

This table identifies all circuits and pin assignments for Aux Axis 2 - Aux Axis 4. The shaded 

areas indicate signals that are unused and not available for user connections. 

Table 25: Circuit and Pin Assignments for Aux Axis 3 (Connector C) 

Circuit  

Identifier  

Circuit Type Aux Axis 2-4 

Circuit Function  

Axis 2 

Signal 

Name 

Axis 3 

Signal 

Name 

Axis 4 

Signal 

Name 

Faceplate 

Pin 

Aux Term 

Board 

Terminal  

IN1 Single ended / 

differential 5v inputs 

Encoder Chan A (+) 

Encoder Chan A (-) 

IN1P_B IN1P_C 

IN1M_C 

IN1P_D 

IN1M_D 

1 1 

19 IN1M_B 19 

IN2 Encoder Chan B (+) 

Encoder Chan B (-) 

IN2P_B IN2P_C 

IN2M_C 

IN2P_D 

IN2M_D 

2 2 

20 IN2M_B 20 

IN3 Encoder Marker (+) 

Encoder Marker (-) 

IN3P_B IN3P_C 

IN3M_C 

IN3P_D 

IN3M_D 

3 3 

21 IN3M_B 21 

P5V 5v from PLC 5v Encoder Power P5V_B P5V_C P5V_D 4 4 

0V 0v 0v 0V_B 0V_C 0V_D 22,23 22,23 

IN4 Single ended 5v in PLC 5v Input IN4_B IN4_C IN4_D 5 5 

IO5 Single ended 5v inputs 

/ outputs 

Strobe 1 Input IO5_B IO5_C IO5_D 9 9 

IO6 Strobe 2 Input IO6_B IO6_C IO6_D 10 10 

IO7 Not Used IO7_B IO7_C IO7_D 11 11 

IO8 Not Used IO8_B IO8_C IO8_D 12 12 

0V 0v 0v 0V_B 0V_C 0V_D 27-30 27-30 

IN9 24v optically isolated 

inputs 

PLC 24v Input IN9_B IN9_C IN9_D 16 16 

IN10 PLC 24v Input IN10_B IN10_C IN10_D 34 34 

IN11 Home Switch IN11_B IN11_C IN11_D 17 17 

INCOM 24v Input Common 24v Input 

Common 

INCOM_B INCOM_C INCOM_D 35 35 

OUT1 24 v, 125 mA 

DC SSR output 

PLC 24v Output (+) 

PLC 24v Output (-) 

OUT1P_B 

OUT1M_B 

OUT1P_C 

OUT1M_C 

OUT1P_D 

OUT1M_D 

18 

36 

18 

36 

OUT2 Differential 5v outputs Not Used 

Not Used 

OUT2P_B 

OUT2M_B 

OUT2P_C 

OUT2M_C 

OUT2P_D 

OUT2M_D 

13 

31 

13 

31 

OUT3 PLC 5v Output (+) 

PLC 5v Output (-) 

OUT3P_B 

OUT3M_B 

OUT3P_C 

OUT3M_C 

OUT3P_D 

OUT3M_D 

14 

32 

14 

32 

ENBL 24v, 30 mA 

SSR output 

ON when Force 

Analog Output 

%AQ Cmd is active 

ENBL1_B 

ENBL2_B 

ENBL1_C 

ENBL2_C 

ENBL1_D 

ENBL2_D 

15 

33 

15 

33 

AIN1 Differential +/- 10v 

Analog Inputs 

PLC Analog In (+) 

PLC Analog In (-) 

AIN1P_B 

AIN1M_B 

AIN1P_C 

AIN1M_C 

AIN1P_D 

AIN1M_D 

7 

25 

7 

25 

AIN2 PLC Analog In (+) 

PLC Analog In (-) 

AIN2P_B 

AIN2M_B 

AIN2P_C 

AIN2M_C 

AIN2P_D 

AIN2M_D 

8 

26 

8 

26 

AOUT1 +/- 10v Analog Out PLC Analog Out AOUT_B AOUT_C AOUT_D 6 6 

ACOM Analog Out com Analog Out Com ACOM_B ACOM_C ACOM_D 24 24 

SHIELD Cable Shield Cable Shield SHIELD_B SHIELD_C SHIELD_D  S 
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I/O Connection Diagrams  

The following diagrams illustrate typical user connections to the DSM314. 

Figure 46: Digital Servo Axis-1 Connections 
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Figure 47: Digital Servo Axis-2 Connections 
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Figure 48: a and b Series Digital Servo Command Cable (IC800CBL001/002) 

Connections 
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Figure 49: Analog Servo Axis-1 Connections 
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Figure 50: Analog Servo Axis-2 Connections 
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Figure 51: Analog Servo Axis-3 Connections 
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Figure 52: Analog Servo Axis-4 Connections 
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Figure 53: Aux Axis Connections (Axis 3 Shown) 
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I/O Specifications 

Rfc qncagdga_rgmlq _lb qgknjgdgcb qafck_rgaq dmp rfc kmbsjcòq G-M circuits are provided on 

the following pages. The I/O circuits described are as follows: 

¶ Differential/Single Ended 5v Inputs (IN1, IN2, IN3) 

¶ Single Ended 5v Sink Input (IN4) 

¶ Optically Isolated 24v Source/Sink Inputs (IN9, IN10, IN11, INCOM) 

¶ Single Ended 5v Inputs/Outputs (IO5, IO6, IO7, IO8) 

¶ 5v Differential Outputs (OUT2, OUT3) 

¶ 24v DC Optically Isolated Output (OUT1) 

¶ Optically Isolated Enable Relay Output (OUT4) 

¶ Differential +/- 10v Analog Inputs (AIN1, AIN2) 

¶ Single Ended +/- 10v Analog Outputs (AOUT1, ACOM) 

¶ +5v Power (P5V, 0V) 

Differential / Single Ended 5v Inputs 

Circuit  

Identifier  

Digital Servo  Axis 

1, 2 Circuit 

Function  

Analog Servo Axis 1- 4 

and Aux Axis 2-4 Circuit 

Function  

Signal Name  

(X = A, B, C, or D 

Connector)  

Faceplate 

Pin 

Auxiliary  

Terminal 

Board 

Servo 

Terminal  

Board 

IN1 Strobe Input 1 (+) 

Strobe Input 1 (-) 

Encoder Chan. A (+) 

Encoder Chan. A  (-) 

IN1P_X 1 1 1 

IN1M_X 19 19 9 

IN2 Strobe Input 2 (+) 

Strobe Input 2 (-) 

Encoder Chan. B (+) Encoder 

Chan. B  (-) 

IN2P_X 2 2 2 

IN2M_X 20 20 10 

IN3 Ser Encoder Data (+) 

Ser Encoder Data (-) 

Encoder Marker (+) Encoder 

Marker (-) 

IN3P_X 3 3 N/C 

IN3M_X 21 21 N/C 

I/O Type: Differential / Single Ended 5v Inputs 

Circuit Type: Source Input (9.4K ohm pull-down to 0v) 

Input Impedance (+) or (-) Input: 9.4K ohms common mode to 0v 18.8K ohms 

differential  

Maximum Input Voltage: +/- 15 v common mode +/- 20 v differential 

Logic 0 Threshold: +0.8 v max single ended +0.4 v max differential 

Logic 1 Threshold: +2.0 v min single ended +1.5 v min differential 

Input Filtering: 0.5 microsecond typical 

Quadrature Encoder Frequency: 250 KHz/channel (1 MHz count rate) max with 

differential inputs 150 KHz/channel (600 KHz count 

rate) max with single ended inputs Quadrature 

Tolerance: 90 degrees +/- 45 degrees 
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Strobe Response: Minimum Pulse Width: 3 microseconds Position 

Capture Accuracy: +/- 2 counts with an additional 10 

microseconds of variance 

Note: Use (+) Input for single ended mode and leave (-) input floating. Use faceplate 0v pins for 
common mode reference or single ended signal return. Inputs can be driven by 5v TTL or CMOS 
logic. 

 
 

Single Ended 5v Sink Input 

Circuit  

Identifier  

Servo Axis 1-4 

Circuit Function  

Aux Axis 2-4 

Circuit  Function  

Signal Name 

(X = A, B, C, or 

D Connector)  

Faceplate 

Pin 

Auxiliary  

Terminal 

Board 

Servo 

Terminal  

Board 

IN4 Servo Ready Input Faceplate 5v IN4_X 5 5 N/C 

Input 

I/O Type: Single Ended 5v Sink Input 

Circuit Type: Sink Input (4.7K ohm pull-up to internal +5v) Input 

Impedance: 4.7K ohms to +5v 

Maximum Input Voltage: +/- 10.0 v 

Logic 0 Threshold: +0.8 v max 

Logic 1 Threshold: +2.0 v min 

Input Filtering: 1.0 microseconds (typical) hardware filter + position 

loop sampling rate (0.5, 1.0 or 2.0 milliseconds). 

Note: This input must be pulled to 0v to turn on. 

 
 

Optically Isolated 24v Source / Sink Inputs 
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Circuit 

Identifier  

Servo Axis 1-4 

Circuit 

Function  

Aux Axis 2-4 

Circuit 

Function  

Signal Name 

(X = A, B, C, or 

D Connector) 

Faceplate 

Pin 

Auxiliary 

Terminal 

Board 

Servo 

Terminal 

Board 

IN9 Overtravel (+) Faceplate 24v 

Input 

IN9_X 16 16 6 

IN10 Overtravel (-) Faceplate 24v 

Input 

IN10_X 34 34 14 

IN11 Home Switch Home Switch IN11_X 17 17 7 

INCOM 24v Input 

Common 

24v Input 

Common 

INCOM_X 35 35 15 

I/O Type: Optically Isolated 24v Source / Sink Inputs 

Circuit Type: Source / Sink (5K resistance to INCOM) 

Input Impedance: 5.4K ohms to INCOM (@ 24 VDC) 

Maximum Input Voltage: +/- 30.0v (referenced to INCOM) 

Logic 0 Threshold: +/- 6.0 v max (referenced to INCOM) 

Logic 1 Threshold: +/- 18.0 v min (referenced to INCOM) 

Input Filtering: 5 milliseconds typical 

Note: These inputs use bi-directional optocouplers and can be turned on with either a positive or 
negative input with respect to INCOM. 
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Single Ended 5v Inputs/Outputs 

Circuit  

Identifier  

Digital Servo  

Axis 1, 2 

Circuit 

Function  

Analog  Servo 

Axis 1-4 and 

Aux Axis 2-4 

Circuit Function  

Signal Name 

(X = A, B, C, or 

D Connector) 

Faceplate 

Pin 

Auxiliary  

Terminal 

Board 

Servo 

Terminal  

Board 

IO5 

0V 

Servo PWM / 

Alarm 

0v 

Strobe 1 Input 

0v 

IO5_X / IN5_X 

0V_X 

9 

27 

9 

27 

N/C 

N/C 

IO6 

0V 

Servo PWM / 

Alarm 

0v 

Strobe 2 Input 

0v 

IO6_X / IN6_X 

0V_X 

10 

28 

10 

28 

N/C 

N/C 

IO7 

0V 

Servo PWM / 

Alarm 

0v 

Not Used 

0v 

IO7_X / IN7_X 

0V_X 

11 

29 

11 

29 

N/C 

N/C 

IO8 

0V 

Servo ENBL / 

Alarm 

0v 

Not Used 

0v 

IO8_X / IN8_X 

0V_X 

12 

30 

12 

30 

N/C 

N/C 

I/O Type: Single Ended 5v Inputs / Outputs 

Circuit Type: Sink (4.7K ohm pull-up to internal +5v) 

Input Impedance: 4.7K ohms to internal +5v 

Maximum Input Voltage: -1.0 v, +7.0v 

Logic 0 Input Threshold: +0.8 v max 

Logic 1 Input Threshold: +2.4 v min 

Input Filtering: 10 microseconds typical 

Output Sink Current 10 mA max 

On State Output Voltage +0.5v at 10 mA 

Strobe Response: Minimum Pulse Width: 10 microseconds. Position 

Capture Accuracy: +/- 2 counts with an additional 10 

microseconds of variance 

Note: For digital servos, these points act as the PWM / ENBL outputs and Alarm inputs. For Analog Servos 
and Aux axes, these points are input only. The listed 0v pins should be normally used for the signal 
return. 
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5v Differential Outputs 

Circuit 

Identifier  

Digital Servo Axis 1, 

2 Circuit Function  

Analog Servo Axis 1-

4 and Aux Axis 2-4 

Circuit Function  

Signal Name 

(X = A, B, C, or 

D Connector) 

Faceplate 

Pin 

Auxiliary 

Terminal 

Board 

Servo 

Terminal 

Board 

OUT2 Serial Encoder Req (+) 

Serial Encoder Req (-) 

Not Used 

Not Used 

OUT2P_X 

OUT2M_X 

13 

31 

13 

31 

N/C 

N/C 

OUT3 Faceplate 5v Output (+) 

Faceplate 5v Output (-) 

Faceplate 5v Output (+) 

Faceplate 5v Output (-) 

OUT3P_X 

OUT3M_X 

14 

32 

14 

32 

5 

13 

I/O Type: 5v Differential Outputs 

Circuit Type: Differential Totem Pole (Source / Sink) 

Output Source/Sink Current: 20 mA max 

Output Voltage: +/- 1.5 v min across 120-ohm differential load 

Note: Axis 1 and Axis 3 use CMOS Drivers with 47-ohm series resistors. Axis 2 and Axis 4 use RS-422 Line 
Drivers. 
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24v DC Optically Isolated Output 

Circuit 

Identifier  

Servo Axis 1-4 Circuit 

Function  

Aux 2-4 Axis Circuit 

Function  

Signal Name (X 

= A, B, C, or D 

Connector)  

Faceplate 

Pin 

Auxiliary 

Terminal 

Board 

Servo 

Terminal 

Board 

OUT1 Faceplate 24v Output (+) 

Faceplate 24v Output (-) 

Faceplate 24v Output (+) 

Faceplate 24v Output (-) 

OUT1P_X 

OUT1M_X 

18 

36 

18 

36 

8 

16 

I/O Type: 24v DC Optically Isolated Output 

Circuit Type: Isolated Solid-State Relay (SSR) 

Output Current: 125 mA continuous, 500 mA for 10 ms (resistive or 

inductive) 

Output Voltage Drop: 1.0 v max at 0.125 amps 

Note: Output is protected by a 30v transzorb and a 0.2-amp Polyswitch. If a short circuit occurs, the 
output will automatically switch to a high impedance state until the load is removed. The load 
should not be reapplied for 60 seconds. This is a dc output and it will appear to be always ON if 
connections to it are reversed. 
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Optically Isolated Enable Relay Output 

Circuit 

Identifier  

Digital Servo 

Axis 1, 2 Circuit 

Function  

Analog Servo 

Axis 1-4 Circuit 

Function  

Aux Axis 2-4 

Circuit Function  

Signal Name 

(X = A, B, C, 

or D 

Connector)  

Faceplate 

Pin 

Auxiliary 

Terminal 

Board 

Servo 

Terminal 

Board 

ENBL Servo MCON (+) 

Servo MCON 0v 

Drive Enable (+) 

Drive Enable (-) 

Drive Enable (+) 

Drive Enable (-) 

ENBL1_X 

ENBL2_X 

15 

33 

15 

33 

N/C 

N/C 

I/O Type: Optically Isolated Enable Relay Output 

Circuit Type: Isolated AC Solid State Relay (SSR) 

Output Current: 30 mA continuous, 50 mA for 10 ms 

Output Voltage Drop: 1.0 v max at 10 mA 

Note: This is a low current SSR output. The output is ON when the associated faceplate Axis Enabled 
LED is illuminated. This occurs when: 

The servo is enabled 

A Force Digital Servo Velocity %AQ Cmd is used (Axis 1, 2) A Force Analog Output %AQ Cmd is 
used 
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Differential +/- 10v Analog Inputs 

Circuit  

Identifier  

Digital Servo Axis 

1, 2 Circuit  

Function  

Analog Servo Axis 

1-4 and Aux Axis 2-

4 Circuit Function  

Signal Name 

(X = A, B, C, or 

D Connector)  

Faceplate 

Pin 

Auxiliary 

Terminal  

Board 

Servo 

Terminal  

Board 

AIN1 IR Phase Current (+) 

IR Phase Current (-) 

Faceplate Analog In (+) 

Faceplate Analog In (-) 

AIN1P_X 

AIN1M_X 

7 

25 

7 

25 

N/C 

N/C 

AIN2 IS Phase Current (+) 

IS Phase Current (-) 

Faceplate Analog In (+) 

Faceplate Analog In (-) 

AIN2P_X 

AIN2M_X 

8 

26 

8 

26 

N/C 

N/C 

I/O Type: Differential +/- 10v Analog Inputs 

Circuit Type: Differential Input 

Input Impedance: 102K ohms common mode with respect to faceplate 

connector 0v 204K ohms differential 

Maximum Input Voltage: +/- 15 v common mode with respect to faceplate 

connector 0v +/- 20 v differential  

Resolution: 15 bits 

Linearity: 13 bits 

Input Offset: +/- 1.0 millivolt  

Gain Factor: +/- 10.0v = +/- 32,000 counts 

Gain Accuracy: +/- 0.5 % 

Update Rate: 2 milliseconds + host controller sweep time when 

data is reported to the host amlrpmjjcpòq%AI table. 

Note: Use faceplate 0v pins for common mode reference. 
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Single Ended +/- 10v Analog Output 

Circuit  

Identifier  

Analog Servo Axis 

1-4 Circuit Function  

Digital Servo Axis 

1,2 and Aux Axis 2-

4 Circuit Function  

Signal Name 

(X = A, B, C, or 

D Connector)  

Faceplate 

Pin 

Auxiliary  

Terminal  

Board 

Servo 

Terminal  

Board 

AOUT1 Analog Servo Velocity 

Command or Analog 

Servo Torque 

Command 

Faceplate Analog Out AOUT_X 6 6 4 

ACOM Analog Out Com Analog Out Com ACOM_X 24 24 12 

I/O Type: Single Ended Analog 

Output Circuit Type: Op Amp Voltage Follower Output 

Load Impedance: 2K ohms minimum 

Output Current: 5 mA max 

Resolution: 13 bits 

Linearity: 13 bits 

Output Offset Voltage: +/- 500 microvolts max 

Force D/A Gain Factor: +/- 10.0v = +/- 32000 counts 

Gain Accuracy: +/- 1.0 % 

Force Analog Output Update Rate: Host controller sweep rate when used by Force 

Analog Output %AQ command. 

250 microseconds when used as Digital Servo tuning 

output.  

Note: Since this is a single ended output, it should normally drive a user device with a differential input 
to prevent common mode noise problems. The positive differential input should be connected to 
AOUT and the negative differential input to ACOM. 

The Select Analog Output Mode %AQ command can be used to select the source for the analog 
output. Refer to Chapter 5 for more information. 
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+5v Power 

Circuit  

Identifier  

Servo Axis 

Circuit  

Function  

Aux Axis 

Circuit 

Function  

Signal Name 

(X = A, B, C, or 

D Connector) 

Faceplate 

Pin 

Auxiliary  

Terminal 

Board 

Servo 

Terminal  

Board 

P5V 5v Power 5v Power P5V_X 4 4 3 

0V 0v 0v 0V_X 22 22 11 

I/O Type: +5V Encoder Power 

Circuit Type: +5V Power with Electronic Short Circuit Protection 

Output Voltage: 4.70 v to 5.20 v at 0.5 amp 

Output Current: 0.5 amp max (total for all connectors) 

Notes:                                         

Note: This output is intended to power external devices such as Incremental Quadrature Encoders 
requiring less than 0.5 amps total from all four axis connectors. The output current is provided by 
the host controller backplane +5v supply and is protected by an electronic short circuit protector 
in the DSM314 module. 

The total external device current drawn from this +5V circuit must be added to the power supply 
consumption value in the DSM314 configuration screen in the configuration software and must 
be added in if performing a manual power supply loading calculation. 

The listed 0v pin should normally be used as the power return signal. 
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Chapter 4: Configuration 
This chapter describes the configuration steps necessary to set up the DSM314 for a specific 

application. Refer to Chapter 2 for instructions on how to configure the system to send a Jog 

command to the DSM to test that the system components are operable. Refer to Chapter 

15 for Electronic CAM configuration information.  

The DSM314 Controller is configured using the following programming software: 

RX3i Machine Edition version 4.5 or later 

Series 90-30 Machine Edition version 2.1 or later 

VersaPro version 2.1 or later (refer to Appendix H) 

Configuration is a two-part procedure consisting of: 

1. Rack/Slot Configuration 

2. Module Configuration 

4.1 Connecting  the Programmer to the Host 

Controller  
All DSM314 programming is done through the configuration/programming software 

interface, yielding a single point of programming for the module. For more information, 

please refer to the Series 90-30 PLC Installation and Hardware Manual, GFK-0356 or the 

PACSystems RX3i System Manual, GFK-2314. The programming environment has several 

communications options. One communications option is to connect the programmer 

directly to the host controller SNP port, as shown in the following figure. Consult the 

software documentation for additional communications methods. 

Note: The DSM314 also has a serial port on the module faceplate. This serial port is used only for 
updating the DSM314 firmware. 

Figure 54: DSM Programmer Connection Diagram  
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4.2 Rack/Slot Configuration  
The hardware configuration defines the type and location of all modules present in the PLC 

racks. This is done by first completing setup screens that represent the modules in a 

baseplate, and saving the information to a configuration file, which is then downloaded to 

the PLC CPU. 

1. Start the Machine Edition Logic Developer í PLC software. The Machine Edition 

dialog box appears. 

Figure 55 

 

2. Under Create a New Project, choose Machine Edition Template and click OK. The 

New Project dialog box appears. 

3. Type a name for Project Name. In the Project Template dropdown list, select Series 

90-30 PLC or PACSystems RX3i. Click OK. 
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Figure 56 

 

Your project appears in the Navigator window as shown in the following figure. 

Figure 57 
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4. Expand  the Main Rack node, which contains the default power supply and CPU. 

Figure 58 

 

5. If necessary, replace the power supply and/or CPU with the models that will be used 

in your application. To replace a module, right click and choose Replace Module. 

6. Add a DSM314 to the rack configuration. 

Note: Because an IC694DSM314 module and an IC693DSM314 module have the same functionality, a 
Series 90-30 PLC supports them in the same way. If you install an IC694DSM314 in a Series 90-30 
PLC, however, you cannot select it in Logic Developer - PLC. You must select an IC693DSM314 
module and configure it as if it were an IC694DSM314. 

A. Right click an empty slot and choose Add Module. The Module Catalog dialog box 

appears. 

B. Select the Motion tab, choose the DSM314 and click OK. 
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Figure 59 

 

This operation adds the DSM314 to the rack and displays the DSM314 configuration screens 

that allow you to customize the DSM314 to your application. Refer to chapter 4 for details 

concerning the DSM314 configuration settings. 

You should complete the configuration of your host controller to include the Power Supply, 

Rack, CPU and additional modules to match the target system. Consult the software 

sqcpòq k_ls_j _lb ml-line help as needed. 

Important  

The completed configuration must be stored to the host controjjcp, Qcc ïQrmpgle Wmsp

Amldgesp_rgml rm rfc NJAð gl Af_nrcp 0 dmp glqrpsargmlq ml fmu rmdo this. For additional 

bcr_gjq* amlqsjr rfc qmdru_pc sqcpòq k_ls_j* _lb ml-line help. 

Note: ? fmqr amlrpmjjcp qr_rsq cppmp md ïQwqrck Amldgesp_rgml Kgqk_rafð ugrf rfe same rack/slot 
location as a DSM314 indicates that there is a parameter configured and sent to the DSM314 that 
has been rejected by the DSM314. Carefully check each parameter of your DSM314 configuration 
with the configuration settings in this manual for the discrepancy. Correct the discrepancy, clear 
the host controller Fault, and re-Store the configuration. Check that the error has been corrected. 
See the next section, Enabling Run Mode on the PLC, for instructions on viewing and clearing PLC 
faults. 

The DSM314 can detect many typical configuration errors. These are returned as error codes of 
the form Dxxx (hex) in the Module Status Code %AI word or Axis Error Code %AI words. These errors 
bm lmr a_sqc _ fmqr amlrpmjjcp qr_rsq md ïQwqrck Amldgesp_rgml Kgqk_rafð, Pcdcp rm ?nnclbgv ?
for a description of these errors. Correct any configuration errors and restore the configuration 
with the host controller in Stop mode. 

 

4.3 Module Configuration  
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4.3.1 Setting the Configuration Parameters 
The hardware configuration data is presented in a tabular format. The tabs correspond to 

the groupings shown below. The tab and/or tabs that correspond to the groups are shown 

in parenthesis after the group name. Note that tabs appear and disappear based upon the 

configuration selections made on the Settings tab. For example, if Axis 4 is disabled, the Axis 

#4 and Tuning #4 tabs are not shown. 

¶ Module Configuration Data (Settings, CTL Bits, Output Bits) 

¶ Serial Communication (SNP Port) 

¶ Axis Configuration Data 

¶ Axis Tuning 

¶ Advanced Settings 

¶ Power Consumption 

The content of each tab is as shown below: 

Tab Name Function or Descripti on 

Settings Contains PLC Reference assignments and lengths, DSM Axis Setup and 

other global data 

SNP Port DSM front panel SNP port setup 

CTL Bits Amldgespgle rfc BQKòq 02 amlrpmj `grq 

Output Bits Amldgespgle rfc BQKòq 6 d_acnj_rc bgegr_j msrnsrq 

Axis #1 - Axis #4 Configuring axis parameters such as Position Limits, Find Home Velocity 

and Jog Acceleration 

Tuning #1 í Tuning #4 Configuring servo loop tuning items such as Motor Type, Position Loop 

Time Constant and Velocity Feedforward. 

Advanced Allows user entry of custom tuning parameters for any axis 

Power Consumption Lists DSM power required from backplane supply (4.0 watts + encoder 

power) 

For additional details concerning the operation of the configuration software, please 

consult the online help or PAC Machine Edition Logic Developer-PLC Getting Started, GFK-

1918. 
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4.3.2 Settings 
The Settings tab contains configuration information that allows you to define basic module 

operation. These settings specify the number of controlled axes, axis operating modes etc. 

The selections on these tabs can cause other tabs within the configuration to appear or 

disappear. For example, if you disable axis #4, the Axis and Tuning tabs relating to axis #4 

are not displayed. 

The Settings tab is where you define the Motion program, Local Logic, and Cam block 

names. These names determine which programs stored in the CPU will be transferred to 

each DSM on system power-up. 

During each CPU sweep, data is automatically transferred between the DSM314 and the 

CPU. The Settings tab contains the CPU interface data references and the starting locations 

for the automatic transfers. The configuration parameters in the Settings tab are described 

in Table 26. All Reference Section designations shown in the tables pertain to this chapter. 

Table 26: Settings Tab 

Configuration  

Parameter  

Description  Values Default  Units Reference 

Section 

Number of Axes Number of Controlled 

Axis 

1 

2 

3 

4 

4 N/A 1.01 

%I Reference Start address for %I ref 

type (80 bits) 

CPU Dependent %I00001 or next 

higher reference 

N/A 1.02 

%I Length %I reference address 

length 

32 = 1 Axis 

48 = 2 Axis 

64 = 3 Axis 

80 = 4 Axis 

N/A 

Length automatically 

determined by 

Number of Axes 

setting 

N/A 1.02 

%Q Reference Start address for %Q ref 

type (80 bits) 

CPU Dependent %Q00001 or next 

higher reference 

N/A 1.02 

%Q Length %Q reference address 

length 

32 = 1 Axis 

48 = 2 Axis 

64 = 3 Axis 

80 = 4 Axis 

N/A 

Length automatically 

determined by 

Number of Axes 

setting 

N/A 1.02 

%AI reference Start address for %AI ref 

type (84 bits) 

CPU Dependent %AI00001 or next 

higher reference 

N/A 1.02 

%AI Length %AI reference address 

length 

24= 1 Axis 

44 = 2 Axis 

64 = 3 Axis 

84 = 4 Axis 

N/A 

Length automatically 

determined by 

Number of Axes 

setting 

N/A 1.02 

%AQ reference Start address for %AQ 

ref type (12 bits) 

CPU Dependent %AQ00001 or next 

higher reference 

N/A 1.02 

%AQ Length %AQ reference address 

length 

3= 1 Axis 

6 = 2 Axis 

9 = 3 Axis 

N/A 

Length automatically 

determined by 

N/A 1.02 
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Configuration  

Parameter  

Description  Values Default  Units Reference 

Section 

12 = 4 Axis Number of Axes 

setting 

Axis 1 Mode Axis 1 Control Mode Analog Servo 

Digital Servo 

Analog Servo N/A 1.03 

Axis 2 Mode Axis 2 Control Mode Analog Servo 

Digital Servo 

Auxiliary Axis 

Analog Servo N/A 1.03 

Axis 3 Mode Axis 3 Control Mode Analog Servo 

Auxiliary Axis 

Auxiliary Axis N/A 1.03 

Axis 4 Mode Axis 4 Control Mode Disabled 

Analog Servo 

Auxiliary Axis 

Disabled N/A 1.03 

Local Logic 

Mode 

The Local Logic 

Engine mode 

Disabled 

Enabled 

Disabled N/A 1.04 

Total Encoder 

Power 

Encoder power 

requirements 

RX3i: 0.000 through 

0.500 

90-30: 0 through 2.5 

0 RX3i: Amps 

90-30: Watts 

1.05 

Motion Program 

Block Name 

The motion program 

name to execute on the 

module 

Name must be 20 

characters or less 

and begin with a 

letter or underscore 

(_). Only 

alphanumeric 

characters and non-

consecutive 

underscores are 

allowed. 

<blank> N/A 1.06 

Local Logic 

Block Name 

The local logic program 

name to execute on the 

module 

<blank> N/A 1.07 

CAM Block 

Name 

The CAM block name to 

execute on the module 

<blank> N/A 1.08 

I/O Scan Set 

(RX3i only) 

The scan set (as defined in 

the CPU's Scan Sets tab) 

to be assigned to this 

module. 

1 through 32 1 N/A 1.09 
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1.01 Number of Axes. This parameter selects the number of axes the DSM314 is going to 

control and the size of automatic data transfers between the PLC and DSM. (Default 

= 4.) The following two tables document the possible axis combinations for Analog 

and Digital modes. Axes identified as Limited Aux Axis provide position feedback but 

no internal motion command generation. 

Table 27: Number of Axes 

Item  # Axes Axis 1 Axis 2 Axis 3 Axis 4 Local Logic Sample 

Rate (ms) 

1. 4 Analog Servo Analog Servo Analog Servo Analog Servo Disabled 2.0 

2. 4 Analog Servo Analog Servo Analog Servo Auxiliary Axis Disabled 2.0 

3. 4 Analog Servo Analog Servo Analog Servo Disabled Disabled 2.0 

4. 4 Analog Servo Analog Servo Analog Servo Disabled Enabled 2.0 

5. 4 Analog Servo Analog Servo Analog Servo Limited Aux Axis Enabled 2.0 

6. 4 Analog Servo Analog Servo Auxiliary Axis Analog Servo Disabled 2.0 

7. 4 Analog Servo Analog Servo Auxiliary Axis Auxiliary Axis Disabled 2.0 

8. 4 Analog Servo Analog Servo Auxiliary Axis Disabled Disabled 2.0 

9. 4 Analog Servo Analog Servo Auxiliary Axis Disabled Enabled 2.0 

10. 4 Analog Servo Analog Servo Auxiliary Axis Limited Aux Axis Enabled 2.0 

11. 4 Analog Servo Auxiliary Axis Analog Servo Analog Servo Disabled 2.0 

12. 4 Analog Servo Auxiliary Axis Analog Servo Auxiliary Axis Disabled 2.0 

13. 4 Analog Servo Auxiliary Axis Analog Servo Disabled Disabled 2.0 

14. 4 Analog Servo Auxiliary Axis Analog Servo Disabled Enabled 2.0 

15. 4 Analog Servo Auxiliary Axis Analog Servo Limited Aux Axis Enabled 2.0 

16. 4 Analog Servo Auxiliary Axis Auxiliary Axis Analog Servo Disabled 2.0 

17. 4 Analog Servo Auxiliary Axis Auxiliary Axis Auxiliary Axis Disabled 2.0 

18. 4 Analog Servo Auxiliary Axis Auxiliary Axis Disabled Disabled 2.0 

19. 4 Analog Servo Auxiliary Axis Auxiliary Axis Disabled Enabled 2.0 

20. 4 Analog Servo Auxiliary Axis Auxiliary Axis Limited Aux Axis Enabled 2.0 

21. 3 Analog Servo Analog Servo Analog Servo NA Disabled 2.0 

22. 3 Analog Servo Analog Servo Analog Servo NA Enabled 2.0 

23. 3 Analog Servo Analog Servo Auxiliary Axis NA Disabled 2.0 

24. 3 Analog Servo Analog Servo Auxiliary Axis NA Enabled 2.0 

25. 3 Analog Servo Auxiliary Axis Analog Servo NA Disabled 2.0 

26. 3 Analog Servo Auxiliary Axis Analog Servo NA Enabled 2.0 

27. 3 Analog Servo Auxiliary Axis Auxiliary Axis NA Disabled 2.0 

28. 3 Analog Servo Auxiliary Axis Auxiliary Axis NA Enabled 2.0 

30. 2 Analog Servo Analog Servo NA NA Disabled 1.0 

31. 2 Analog Servo Analog Servo NA NA Enabled 2.0 

32. 2 Analog Servo Auxiliary Axis NA NA Disabled 1.0 

33. 2 Analog Servo Limited Aux Axis NA NA Enabled 1.0 

34. 1 Analog Servo NA NA NA Disabled 0.5 

35. 1 Analog Servo NA NA NA Enabled 1.0 
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Table 28: Digital Axis Configurations  

Item  # Axes Axis 1 Axis 2 Axis 3 Axis 4 Local Logic Sample Rate 

(ms) 

1. 4 Digital Servo Digital Servo Analog Servo Disabled Disabled 2.0 

2. 4 Digital Servo Digital Servo Analog Servo Disabled Enabled 2.0 

3. 4 Digital Servo Digital Servo Auxiliary Axis Disabled Disabled 2.0 

4. 4 Digital Servo Digital Servo Auxiliary Axis Disabled Enabled 2.0 

5. 3 Digital Servo Digital Servo Analog Servo NA Disabled 2.0 

6. 3 Digital Servo Digital Servo Analog Servo NA Enabled 2.0 

7. 3 Digital Servo Digital Servo Auxiliary Axis NA Disabled 2.0 

8. 3 Digital Servo Digital Servo Auxiliary Axis NA Enabled 2.0 

9. 2 Digital Servo Digital Servo NA NA Disabled 2.0 

10. 2 Digital Servo Digital Servo NA NA Enabled 2.0 

11. 1 Digital Servo NA NA NA Disabled 2.0 

12. 1 Digital Servo NA NA NA Enabled 2.0 

1.02 I/Q/AI/AQ Len. Displays the beginning addresses and number of %I, %Q, %AI, and 

%AQ references assigned to the DSM314. The reference sizes are set when the user 

configures the number of axes. 

1.03 Axis n Mode. These parameters define the command output types provided to the 

servo sub-systems. Digital Servo selects a special digital output for Digital servo 

drives. If Digital Servo is selected, Axes 1 and 2 must be digital. Analog Servo selects 

a +/-10-volt velocity command or +/- 10-volt torque command for standard analog 

servo drives. The torque or velocity interface is configured by the Analog Servo 

Command setting in the module configuration. Auxiliary Axis disables the position 

loop so that the internal command generator and encoder position input can be 

used for follower or cam functions. If any axis connector is used as a master source 

input for follower mode, it should be configured as Auxiliary Axis. An Auxiliary Axis 

will output an analog voltage proportional to Commanded Velocity if Velocity 

Feedforward is set to a non-zero value. When an axis is configured as Auxiliary Axis 

and identified as Limited Aux Axis in Table 27, position feedback is available but 

internal motion command generation is not available. An axis configured as 

Disabled (applies to Axis 4 only) provides analog and digital i/o but no position 

feedback or internal motion command generation. (Default = Analog Servo (Axis 1-

2), Aux Axis (Axis 3), Disabled (Axis 4) ). 
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1.04 Local Logic Mode. This parameter defines the Local Logic engine status. To enable 

Local Logic this parameter must be set to Enabled. If Local Logic is enabled, the 

maximum number of Servo axes available is 3. A Local Logic Block Name must also 

be entered when Local Logic Mode = Enabled. (Default = Disabled) 

1.05 Total Encoder Power. This parameter defines the total power consumption for all 

encoders attached to the DSM module. (Default = 0). This parameter should account 

for all analog axis and master encoders and is used to update the Power 

Consumption display in the configuration software. 

1.06 Motion Program Block Name. This parameter defines the optional Motion Program 

block name to execute on the DSM module. If no name is entered, the DSM will 

assume that Motion Program blocks are not used. If a name is entered, a Motion 

Program block of the same name must exist within the active folder. Entering an 

invalid name will cause an error to be generated when storing the hardware 

configuration to the PLC. The name may consist of up to 31 characters, but cannot 

have any blank spaces, although you are allowed to use the underline character. 

Both upper- and lower-case characters are permitted. (Default = <blank>). 

1.07 Local Logic Block Name. This parameter defines the optional Local Logic block name 

to execute on the DSM module. If no name is entered, the DSM will assume that 

Local Logic blocks are not used. If a name is entered, a Local Logic block of the same 

name must exist within the active folder. Entering an invalid name will cause an error 

to be generated when storing the hardware configuration to the PLC. The name may 

consist of up to 31 characters, but cannot have any blank spaces, although you are 

allowed to use the underline character. Both upper- and lower-case characters are 

permitted. For Local Logic to operate, the Local Logic Mode must also be set to 

Enabled. (Default = <blank>). 

1.08 CAM Block Name. Defines the optional CAM block name to execute on the DSM 

module. If no name is entered, the DSM will assume that CAM blocks are not used. 

If a name is entered, a CAM block of the same name must exist within the active 

folder. Entering an invalid name will cause an error to be generated when storing the 

hardware configuration to the PLC. The rules for CAM Block names are: 

¶ Only the characters A-Z, a-z, 0-9, and _ (underscore symbol) are allowed. 

Consecutive underscores and blank spaces are not allowed. 

¶ The CAM block name must begin with a letter or underscore symbol. 

¶ A block cannot have the same name as another block that exists in an open folder. 

¶ A CAM block name may contain up to a maximum of seven characters. 

¶ This feature was first supported in DSM314 firmware release 2.00. 

See Chapter 15 for CAM feature details. (Default = <blank>). 

1.09 I/O Scan Set. 

The scan set (as defined in the CPU's Scan Sets tab) to be assigned to this module. 

For details on scan set operation refer to the PACSystems CPU Reference Manual, 

GFK-2222. 
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4.3.3 Serial Communications Port Configuration Data 
Thc BQK1/2òq Qcpg_j Amkkslga_rgmlq Nmpr sqcq _l PH-11 connector labeled COMM on the 

kmbsjcòqfaceplate and supports the RS-232 protocol. It is used for firmware upgrades to 

flash memory and must be configured properly to communicate with the upgrade software 

psllgle ml wmsp npmep_kkcp, K_ic qspc rfc npmep_kkcpòq amldgesp_rgml n_p_kcrcpq _lb

rfc BQK1/2òq Qcpg_j Amkkslga_rgmlq Nmpr amldgesp_rgml n_p_kcrcpq k_raf. These 

configuration parameters are described in Table 29. 

Table 29: SNP Port Tab 

Configuration  

Parameter  

Description  Values Defaults  Units Ref. 

Data Rate Baud rate of SNP 

Port 

300, 600, 1200, 2400, 

4800, 9600, 19200 

19200 N/A 2.01 

Stop Bits Number of stop 

bits 

1 or 2 1 N/A 2.02 

Parity Parity ODD, EVEN, NONE ODD N/A 2.03 

Idle Time Maximum link idle 

time 

1...255 10 sec 2.04 

Modem 

Turnaround Time 

Modem 

turnaround time 

.æ033 0 .01 

sec/count 

2.05 

SNP ID SNP ID Seven characters consisting 

of A-F and 0-9. First 

character must be A-F. 

A000001 N/A 2.06 

2.01 Baud Rate. The baud rate parameter specifies the transmission rate, in bits per 

second, of data through the serial port. 

2.02 Stop Bits. All serial communications devices use at least one (1) stop bit. For slower 

devices, set this parameter to two (2) stop bits. 

2.03 Parity. Specifies whether or not a parity bit is to be used (NONE if not), and if so, 

whether it should be ODD or EVEN. 

2.04 Idle Time. Specifies the time, in seconds, that the DSM314 will wait for a new 

message to be received from the master device before assuming that 

communications have been lost or terminated. In such a case, the DSM314 will 

reinitialize to wait for the start of a new SNP connection sequence. 

2.05 Modem Turnaround Time. When utilizing a modem, a Modem Turnaround Time 

must be specified. This is the time required for the modem to start data transmission 

after receiving the transmit request. If no modem is used, 0 should be specified. If a 

modem is used, a value greater than 0 must be specified. 

2.06 SNP ID. An identifier consisting of from 0 to 7 characters consisting of A-F and 0-9. 

The first character specified must be in the set A-F. The identifier must be utilized for 

a multi- drop network. The DSM314 will support multi-drop connections only if the 

RS232 connection is converted to RS422/485. 



User Manual Chapter 4 
GFK-1742F Jan 2020 
 

Configuration 105 

Note: Sglac rfgq Qcpg_j Amkkslga_rgmlq Nmpr gq sqcb mljw dmp snep_bgle rfc BQK1/2òq dgpku_pc* gr gq
pcamkkclbcb wms jc_tc rfgq nmpròq amkkslga_rgmlq qcrrgleq _r rfcgp bcd_sjr t_jscq, Sqc a_`jc
IC693CBL316 to connect this port to the serial port of a personal computer running the firmware 
upgrade software. 

4.3.4 Control (CTL) Bits 
The CTL Bits configuration tab allows the user to configure the input source for Control Bits 

(CTL01-CTL24). The configuration screen allows the user to select a CTL bit configuration 

that corresponds with Motion Program and Local Logic program requirements. CTL Bits 

configuration parameters are described in Table 30. For additional information concerning 

CTL bit configuration, consult chapter 14. 

Table 30: CTL Bits Tab 

Configuration Parameter  Description  Default  Ref 

CTL01 Config CTL01 Bit Configuration IN9_A (Axis 1 +OT) Chapter 14 

CTL02 Config CTL02 Bit Configuration IN10_A (Axis 1 -OT) Chapter 14 

CTL03 Config CTL03 Bit Configuration IN11_A (Axis 1 Home Sw) Chapter 14 

CTL04 Config CTL04 Bit Configuration Strobe1 Level (Axis 1) Chapter 14 

CTL05 Config CTL05 Bit Configuration IN9_B (Axis 2 +OT) Chapter 14 

CTL06 Config CTL06 Bit Configuration IN10_B (Axis 2 -OT) Chapter 14 

CTL07 Config CTL07 Bit Configuration IN11_B (Axis 2 Home Sw) Chapter 14 

CTL08 Config CTL08 Bit Configuration Strobe1 Level (Axis 2) Chapter 14 

CTL09 Config CTL09 Bit Configuration %Q bit Offset 12 Chapter 14 

CTL10 Config CTL10 Bit Configuration %Q bit Offset 13 Chapter 14 

CTL11 Config CTL11 Bit Configuration  %Q bit Offset 14 Chapter 14 

CTL12 Config CTL12 Bit Configuration %Q bit Offset 15 Chapter 14 

CTL13 Config CTL13 Bit Configuration IN9_C (Axis 3 +OT) Chapter 14 

CTL14 Config CTL14 Bit Configuration IN10_C (Axis 3 -OT) Chapter 14 

CTL15 Config CTL15Bit Configuration IN11_C  (Axis 3 Home Sw) Chapter 14 

CTL16 Config CTL16 Bit Configuration Strobe1 Level (Axis 3) Chapter 14 

CTL17 Config CTL17 Bit Configuration %Q bit Offset 24 Chapter 14 

CTL18 Config CTL18 Bit Configuration %Q bit Offset 25 Chapter 14 

CTL19 Config CTL19 Bit Configuration %Q bit Offset 40 Chapter 14 

CTL20 Config CTL20 Bit Configuration %Q bit Offset 41 Chapter 14 

CTL21 Config CTL21 Bit Configuration %Q bit Offset 56 Chapter 14 

CTL22 Config CTL22 Bit Configuration %Q bit Offset 57 Chapter 14 

CTL23 Config CTL23 Bit Configuration %Q bit Offset 72 Chapter 14 

CTL24 Config CTL24 Bit Configuration %Q bit Offset 73 Chapter 14 
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Each CTL bit shown in the previous table can be configured to one of the values in the 

following table 

Table 31: Allowed Values for CTL Bits Tab 

Local Logic Controlled IN9_D (Axis 4 +OT) Strobe2 Level (Axis4) %Q bit Offset 57 

IN9_A (Axis 1 +OT) IN10_D (Axis 4 -OT) %Q bit Offset 12 %Q bit Offset 72 

IN10_A (Axis 1 -OT) IN11_D (Axis 4 Home Sw) %Q bit Offset 13 %Q bit Offset 73 

IN11_A (Axis 1 Home Sw) Strobe1 Level (Axis1) %Q bit Offset 14 FBSA* Write Bit 1 

IN9_B (Axis 2 +OT) 

IN10_B (Axis 2 -OT) 

Strobe2 Level (Axis1) 

Strobe1 Level (Axis2) 

%Q bit Offset 15 

%Q bit Offset 24 

FBSA* Write Bit 2 

FBSA* Write Bit 3 

IN11_B (Axis 2 Home Sw) Strobe2 Level (Axis2) %Q bit Offset 25 FBSA* Write Bit 4 

IN9_C (Axis 3 +OT) Strobe1 Level (Axis3) %Q bit Offset 40 Local Logic Active Flag 

IN10_C (Axis 3 -OT) Strobe2 Level (Axis3) %Q bit Offset 41  

IN11_C (Axis 3 Home Sw) Strobe1 Level (Axis4) %Q bit Offset 56  

*  D@Q? gq _l _apmlwk dmp ïD_qr @_ainj_lc Qr_rsq ?aacqqð &Qcptgac Pcoscqr#46). See GFK-0467L 

or later for details. 

4.3.5 Output Bits 
The Output bits configuration tab allows the user to configure the DSM314 faceplate digital 

outputs for either Local Logic program control or PLC program control. Output Bit 

parameters are described in Table 32. Refer to Chapter 14 for additional information 

concerning Output bit configuration. 

Table 32: Output Bits Tab 

Configuration 

Parameter  

Description  Values Defaults  Ref 

Out1_A Config Out1_A Control 

Source 

PLC Control (%Q bit Offset 24) 

DSM Control (Digital Output1_1) 

PLC Control Chapter 14 

Out3_A Config Out3_A Control 

Source 

PLC Control (%Q bit Offset 25) 

DSM Control (Digital Output3_1) 

PLC Control Chapter 14 

Out1_B Config Out1_B Control 

Source 

PLC Control (%Q bit Offset 40) 

DSM Control (Digital Output1_2) 

PLC Control Chapter 14 

Out3_B Config Out3_B Control 

Source 

PLC Control (%Q bit Offset 41) 

DSM Control (Digital Output3_2) 

PLC Control Chapter 14 

Out1_C Config Out1_C Control 

Source 

PLC Control (%Q bit Offset 56) 

DSM Control (Digital Output1_3) 

PLC Control Chapter 14 

Out3_C Config Out3_C Control 

Source 

PLC Control (%Q bit Offset 57) 

DSM Control (Digital Output3_3) 

PLC Control Chapter 14 

Out1_D Config Out1_D Control 

Source 

PLC Control (%Q bit Offset 72) 

DSM Control (Digital Output1_4) 

PLC Control Chapter 14 

Out3_D Config Out3_D Control 

Source 

PLC Control (%Q bit Offset 73) 

DSM Control (Digital Output3_4) 

PLC Control Chapter 14 
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4.3.6 Axis Configuration Data 
The DSM314 Axis configuration parameters define items such as User Units to Counts ratio, 

Jog Velocity, Jog Acceleration, End of Travel, and Velocity limits. The configuration 

parameters for each control loop mode are defined and briefly described here. The numbers 

gl rfc ïPcdð amjskl pcdcp rm qcargml pcdcpclac lsk`cpq gl rfgq af_nrcp, T_jscq dmp

MaxPosnUu, MaxVelUu, and MaxAccUu in the following table can be calculated using the 

formulas in Table 37 &ïAmknsrgle B_r_ Jgkgr T_pg_`jcqð', 

Table 33: Axis Configuration Data  

Parameter  Description  Values Defaults  Units Ref 

User Units User Units Value 1...65,535 1 N/A 5.01 

Counts Feedback Counts 1...65,535 1 N/A 5.01 

Overtravel Limit Sw Over travel Limit Switch 

Enable / Disable 

Enabled 

Disabled 

Enabled N/A 5.02 

Drive Ready Input Drive Ready Input Control Enabled 

Disabled 

Enabled N/A 5.03 

High Position Limit High Position Limit -MaxPosnUu 

æ)K_vNmqlSs-1*  

+8388607 User units 5.04 

Low Position Limit Low Position Limit -MaxPosnUu 

æ)K_vNmqlSs-1*  

-8388608 User units 5.05 

High Software EOT 

Limit 

High Software End of Travel 

Limit 

-MaxPosnUu 

æ)K_vNmqlSs-1*  

+8388607 User units 5.06 

Low Software EOT 

Limit 

Low Software End of Travel 

Limit 

-MaxPosnUu 

æ)K_vNmqlSs-1*  

-8388608 User units 5.07 

Software End of 

Travel 

Software End of Travel 

Control 

Disabled 

Enabled 

Disabled N/A 5.08 

Velocity Limit Axis Velocity Limit /æK_vtcjSs 1,000,000 User units/sec 5.09 

Command Direction Allowable Commanded 

Direction 

Bi-directional Positive Only 

Negative Only 

Bi-

directional 

N/A 5.10 

Axis Direction Axis Direction Normal 

Reverse 

Normal N/A 5.11 

Feedback Source Feedback type Default 

Ext Quadrature Encoder 

Ext Serial Encoder 

Default N/A 5.12 

Feedback Mode 

(Digital Mode only) 

Feedback Mode Incremental 

Absolute 

Incremental N/A 5.13 

Reversal 

Compensation 

Reversal Compensation 0...255 0 user units 5.14 

Drive Disable Delay Drive Disable Delay 0...60,000 100 ms 5.15 

Jog Velocity Jog Velocity 1...MaxVelUu +1000 
 

5.16 

Jog Acceleration Jog Acceleration 1...MaxAccUu* +10,000 
 

5.17 

Jog Acceleration 

Mode 

Jog Acceleration Mode Linear 

Scurve 

Linear N/A 5.18 



User Manual Chapter 4 
GFK-1742F Jan 2020 
 

Configuration 108 

Parameter  Description  Values Defaults  Units Ref 

Home Position Home Position Jmu Nmqgrgml Jgkgr æ Fgef 

Position Limit 

0 user units 5.19 

Final Home Velocity Final Home Velocity 1...MaxVelUu* +500 
 

5.21 

Home Offset Home Offset Value -32,768...+32,767 0 user units 5.20 

Find Home Velocity Find Home Velocity 1...MaxVelUu* +2000 
 

5.22 

Home Mode Find Home Mode Home Switch 

Move + 

Move - 

Home 

Switch 

N/A 5.23 

Return Data 1 Mode Return Data 1 Mode .æDD 0  5.24 

Return Data 1 Offset Return Data 1 Offset -2,147483,648 to 

2,147,483,647 

0  5.24 

Return Data 2 Mode Return Data 2 Mode .æDD 0  5.24 

Return Data 2 Offset Return Data 2 Offset -2,147483,648 to 

2,147,483,647 

0  5.24 

Cam Master Source Cam Master Source Cmd Position 1 

Actual Position 1 

Cmd Position 2 

Actual Position 2 

Cmd Position 3 

Actual Position 3 

Cmd Position 4 

Actual Position 4 

Actual 

Position 3 

N/A 5.25 

Follower Control 

Loop 

Follower Control Loop 

Enable 

Disabled 

Enabled 

Disabled N/A 5.26 

Ratio A Value Follower A/B Ratio A -32768...+32767 1 N/A 5.27 

Ratio B Value Follower A/B Ratio B 1...32767 1 N/A 5.27 

Follower Master 

Source 1 

Follower Master Source 1 None 

Cmd Position 1 

Actual Position 1 

Cmd Position 2 

Actual Position 2 

Cmd Position 3 

Actual Position 3 

Cmd Position 4 

Actual Position 4 

None N/A 5.28 

Follower Master 

Source 2 

Follower Master Source 2 None 

Cmd Position 1 

Actual Position 1 

Cmd Position 2 

Actual Position 2 

Cmd Position 3 

Actual Position 3 

Cmd Position 4 

Actual Position 4 

None N/A 5.29 
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Parameter  Description  Values Defaults  Units Ref 

Follower Enable 

Trigger 

Follower Enable Input 

Trigger 

None 

CTL01-CTL32 

None N/A 5.30 

Follower Disable 

Trigger 

Follower Enable Input 

Trigger 

None 

CTL01-CTL32 

None N/A 5.31 

Follower Disable 

Action 

Follower Disable Action Stop 

Inc Position 

Abs Position 

Stop N/A 5.32 

Ramp Makeup 

Acceleration 

Follower Ramp Makeup 

Acceleration 

1...MaxAccUu* 10,000 
 

5.33 

Ramp Makeup Mode Follower Ramp Makeup 

Mode 

Makeup Time 

Makeup Velocity 

Makeup 

Time 

N/A 5.34 

Ramp Makeup Time Follower Ramp Acceleration 

Makeup Time 

.æ10... 0 mSec 5.35 

Ramp Makeup 

Velocity 

Follower Ramp Makeup 

Velocity 

1...MaxVelUu* +100,000 
 

5.36 

*  See Table 37 for calculating MaxAccUu, MaxPosnUu, and MaxVelUu. 
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5.01 User Units, Counts. The User Units to Counts ratio sets the number of programming 

units for each position feedback count. This allows the user to program the DSM314 

in application-specific units. The User Units and Counts values must be within the 

range of 1 to 65,535. The User Units to Counts ratio must be within the range of 8:1 

to 1:32. For example, if there is 1.000 inch of travel for 8192 feedback counts, a 

1000:8192 User Units: Counts ratio sets 1 User Unit equal to 0.001 inch. Default is 

1:1. 

The User Units to Counts ratio sets the number of position programming units for 

each feedback count. It is a requirement to set this value correctly for the 

mechanical systems coupled to the axis, otherwise movement to unsafe and 

inaccurate positions may occur. 

Note: It is important to set this relationship at the beginning of the configuration session; most 
other configuration fields are specified in user units. 

For example, Velocity will be specified in user units per second and Acceleration will 

be specified in user units per second per second. 

This ratio is a very powerful scaling feature. A User Unit to Counts ratio can be 

configured to allow programming in other than default counts. In a simplified 

example, suppose an encoder feedback application has an encoder that produces 

1,000 quadrature counts per revolution (250 lines) and is geared to a machine that 

produces one inch per revolution. The default unit would be one thousandth of an 

inch per count. However, you may want to write programs and use the DSM300 

Series module with metric units. A ratio of 2540 User Units to 1000 Counts can be 

configured to allow this. With this ratio, one user unit would represent .01 

millimeters. 2540 user units would represent 25.40 millimeters (one inch) of travel. 

The example below illustrates how to meet the requirements that the User Units and 

Counts values be within the range of 1 to 65,535, and the User Units to Counts ratio 

be within the range of 8:1 to 1:32. 

The basic equation to satisfy is: 

 

The numerator and denominator must each fit within the RANGE limits. The reduced 

fraction must fit between the RATIO limits. The decimal point is always implied, not 

used. The User Units to Counts ratio is always expressed as an integer ratio. 

Sample Application 

Use the User Units to Counts ratio to configure the DSM314 so you can program in 

engineering units rather than encoder counts. As an example, assume a machine has 

a motor with a motor-mounted quadrature encoder connected through a gear 

reducer to a spur gear. The spur gear is mounted to the end of a pinch-roller shaft. 

The pinch roller feeds sheet material for a cut-to-length application. The motion 

program will specify the length of cut sheets. The programmer wishes to program 

in 0.01-inch resolution. 
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The following data is given: 

¶ 2000-line encoder (x4 = 8000 counts per encoder revolution) 

¶ 20:1 gear reduction 

¶ 14.336-inch pitch diameter spur gear 

¶ Inch desired programming unit (.01) 

Although several approaches are possible, the most straightforward is to base 

the calculations on a single spur gear revolution. 

1. First determine the number of User Units per spur gear revolution: 

14.336-inch pitch diameter * × (pi) = 45.0378 inches circumference 

45.0378 inches / 0.01-inch desired programming units = 4503.78 

User Units per revolution of spur gear 

2. Then determine the number of encoders counts per spur gear revolution: 

 

3. Then check the value of the User Units to Counts ratio. The ratio must be 

in the 8:1 to 1:32 (8 to 0.03125) range and the two numbers must be in 

the 1 to 65535 range. 

4503.78 User Units / 160,000 encoder counts = 0.02815 or 1:35.5 

This ratio is too small, so something must be changed. Any of the 

following system components could be changed to solve the problem: 

Ή Change the spur gear diameter to 15.92 inch or larger 

Ή Change the encoder lines per revolution to 1800 or less 

Ή Change the gear reduction to 18:1 or less 

Ή Change the desired programming unit to 0.001 inch 

By far, the easiest component to change is the desired programming unit 

to 0.001 inch. 

4. Recalculate to determine the revised User Units per revolution using 

0.001-inch programming unit.  

14.336 inches diameter * pi = 45.0378 inches circumference 

45.0378 inches / 0.001-inch programming unit = 45,037.8 User Units per 

revolution of spur gear 

Thus, the User Units to Counts ratio is 45,038 / 160,000 = 0.2815 or 

about 1:3.6, which is within the valid ratio range. 

So, a 45,038 / 160,000 ratio would be used except that 160,000 is 

larger than the maximum 65,535 range value. Dividing both numbers 

by 10 solves this to make the ratio 4,504 / 16,000. Note that in the 
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above example, we simply reduced the fraction and ignored the slight 

rounding error 

Mlc kcrfmb md _tmgbgle ïpmslbgleð gq rm cvnpcqq rfc lskcpic ratio as 

a fraction. From the previous example, any number set that produced 

a 0.2815 ratio could be used. An example is 2815 / 10000. 

Another approach is to rationalize the fraction (reduce it to its lowest 

terms). This is done by evenly dividing both the numerator and 

denominator by successively smaller prime numbers, beginning with 

the largest prime that will evenly divide into both the numerator and 

the denominator, until no more division without remainders is 

possible. 

Always maintain an exact integer fraction, a decimal ratio expressed as a fraction, 

or a rationalized fraction when configuring the User Units to Counts ratio for the 

best accuracy. The user must determine if the rounding error, if present, is of 

significance. A rotary mode application that always operates in one direction will 

_aasksj_rc pmslbgle cppmpq mtcp rgkc _lb ïbpgdrð, ? jglc_p _nnjga_rgml ugjj mljw 

_aasksj_rc cppmp dmp rfc jclerf md rp_tcj rfcl ïpcuglbð _q rfc _vgq pctcpqcq, 

5.02 Overtravel Limit Switch. Selects whether the DSM300 Series module uses the 

hardware over travel limit switch inputs. 

DISABLED, the faceplate overtravel inputs (IN09 and IN10) may be used as general- 

purpose motion program flow control and program branching inputs (assigned to 

CTL01- CTL24). 

ENABLED, indicates that the DSM300 will check the axis over travel inputs 

continuously, every 10 milliseconds whenever the %I Drive Enabled input is true. If 

either limit switch opens (the input goes to logic zero, Off) all motion is immediately 

commanded to stop. No deceleration control is active; the servo velocity command 

is set to zero. The solid-state axis enable relay will not open until after the %Q Enable 

Drive command is set to zero. An error code indicating which limit is tripped is 

reported to the %AI Axis Error Code. At this point, only one DSM314 action is 

allowed: the appropriate %Q Jog and %Q Clear Error bits may be used simultaneously 

to back away from the Limit Switch. The %Q Clear Error bit must be maintained ON 

to Jog off the limit switch. The user may also manually move the disabled axis off the 

limit switch. After the alarm is cleared, normal operation may resume. 

CAUTION 

Force D/A commands ignore the limit switches and should be used with caution. 
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5.03 Drive Ready Input. Enables or disables the Drive Ready input for Analog Servos. This 

configuration item is ignored for a Digital Servo or Auxiliary axis, If the Drive Ready 

input is enabled, the Drive Ready faceplate input signal (IN4) must be turned on (set 

to 0v) within 1 second after the Enable Drive %Q bit is turned on. If the Drive Ready 

faceplate input is turned off while the Drive Enabled %I bit is on, error code C0h will 

be reported and the axis will stop. The Drive Ready Input configuration should be set 

to Disabled for Analog Servos that do not provide a compatible Drive Ready output 

signal. 

5.04 High Position Limit. (User Units). When moving in the positive direction, the Actual 

Position will roll over to the low limit when this value is reached. The Position Limits 

can be used for continuous rotary applications when the Software End of Travel 

configuration is set to Disabled. The High Position Limit should always be set one 

User Unit smaller than the desired cycle. For example, a 360° machine would have a 

High Position Limit setting of 359. At the next count past 359, the count would roll 

over to the value set in the Low Position Limit parameter (0 in this example). For 

proper operation, the rollover modulus (High Position Limit - Low Position Limit +1) 

must always be greater than the distance traveled by the axis in one position loop 

sample time (normally 2 ms). See Appendix C for considerations when using an 

absolute mode encoder. Default: 8,388,607. 

5.05 Low Position Limit. Low Pos Limit (User Units). When moving in the negative 

direction, the Actual Position will roll over to the high limit when this value is 

reached. . The Position Limits can be used for continuous rotary applications when 

the Software End of Travel configuration is set to Disabled. For proper operation, the 

rollover modulus (High Position Limit - Low Position Limit +1) must always be 

greater than the distance traveled by the axis in one position loop sample time 

(normally 2 ms). See Appendix C for considerations when using an absolute mode 

encoder. Default: - 8,388,608. 

5.06 High Software EOT Limit. High Software End of Travel Limit (User Units). If the limit 

is enabled and the DSM314 is programmed to go to a position greater than the High 

Software EOT value, an error will result and the DSM314 will not allow axis motion. 

If the Follower control loop is enabled, the High Software EOT Limit is ignored for 

slave axis motion resulting from master axis commands. The limit only applies to 

slave axis motion resulting from internally generated jog and motion program 

commands. The limit is always ignored for Move at Velocity %AQ commands. 

Default: +8,388,607. 

In Analog or Digital Servo modes, the High Software EOT limit is used only when the 

Software End of Travel configuration is set to Enabled. If the High Software EOT Limit 

is enabled and its value is more positive than the High Position Limit, the High 

Software EOT Limit will internally be set equal to the High Position Limit. Axis error 

code 17h will also be reported, indicating that the limit has been adjusted. The High 

Software EOT Limit is ignored for Jog commands if the Position Valid %I bit is off. 

In Auxiliary Axis mode, the High Software EOT limit has separate purposes 

depending on the setting for Software End of Travel: 
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Software End of Travel set to Enabled - Motion Programs and Jog commands 

are restricted to the High Software EOT Limit value. A Move at Velocity %AQ 

Command can cause Commanded Position to exceed the EOT limit. 

Commanded Position will roll over at the maximum positive and negative 

position values (-0*/25*261*426 æ)0*/25*261*425 _r /8/ qa_jgle', 

Software End of Travel set to Disabled - The High Software EOT Limit is used as 

the rollover value for Commanded Position. Motion Program, Jog and Move at 

Velocity commands will all cause Commanded Position to roll over at the High 

Software EOT Limit. 

5.07 Low Software EOT Limit. Low Software End of Travel Limit (User Units). If the limit is 

enabled and the DSM314 is programmed to go to a position less than the Low 

Software EOT, an error will result and the DSM314 will not allow axis motion. If the 

Follower control loop is enabled, the High Software EOT Limit is ignored for slave 

axis motion resulting from master axis commands. The limit only applies to slave axis 

motion resulting from internally generated jog and motion program commands. 

The limit is always ignored for Move at Velocity %AQ commands. Default: -

8,388,608 

In Analog or Digital Servo modes, the Low Software EOT limit is used only when the 

Software End of Travel configuration is set to Enabled. If the Low Software EOT Limit 

is enabled and its value is more negative than the Low Position Limit, the Low 

Software EOT Limit will internally be set equal to the Low Position Limit Axis error 

code 17h will also be reported, indicating that the limit has been adjusted. The Low 

Software EOT limit is ignored for Jog commands if the Position Valid %I bit is off. 

In Auxiliary Axis mode, the Low Software EOT limit has separate purposes depending 

on the setting for Software End of Travel: 

Software End of Travel set to Enabled - Motion Programs and Jog commands 

are restricted to the Low Software EOT Limit value. A Move at Velocity %AQ 

Command can cause Commanded Position to exceed the EOT limit. 

Commanded Position will roll over at the maximum positive and negative 

position values (-0*/25*261*426 æ)0*/25*261*425 _r /8/ qa_jgle', 

Software End of Travel set to Disabled - The Low Software EOT Limit is used as 

the rollover value for Commanded Position. Motion Program, Jog and Move at 

Velocity commands will all cause Commanded Position to roll over at the Low 

Software EOT Limit. 

5.08 Software End of Travel. Enables or disables the High Software EOT Limit and Low 

Software EOT Limit. Default: Disabled 

5.09 Velocity Limit. Axis Velocity Limit (User Units/sec). The Velocity Limit applies to the 

sum of all velocity command sources for an axis, including the internal path 

generator and external follower master axis commands. If a servo velocity command 

exceeds the limit, error code F2h will be reported and the servo command will 

internally be set to the limit value. Default: 1,000,000 
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5.10 Command Direction. Allows an axis to be configured for unidirectional or bi-

directional operation. If unidirectional operation is selected (Positive Only or 

Negative Only), servo commands in the opposite direction will not be sent to the 

servo position loop. Default: Bi- directional 

5.11 Axis Direction For all digital servos, a configured axis direction of Normal defines the 

positive axis direction as counterclockwise (CCW) motor shaft rotation when viewed 

looking into the motor shaft. A configured axis direction of Reverse defines the 

positive axis direction as clockwise (CW) shaft rotation.  

For analog servos, a configured axis direction of Normal defines the positive axis 

direction as encoder channel A leading channel B. A configured axis direction of 

reverse defines the positive axis direction as encoder channel B leading channel A. In 

practice, the axis direction configuration allows the user to easily reverse the motion 

caused by all commands without having to change the motion program. Default: 

Normal 

5.12 Feedback Source. This configuration item is unused in the present DSM314 

firmware. It must be set to Default. 

5.13 Feedback Mode. Only used when the Axis Mode is set to Digital Servo. This item 

configures Incremental or Absolute feedback type for the serial encoder. 

Incremental means the serial encoder is being used as an incremental encoder and 

encoder battery alarms will not be reported. Absolute means the serial encoder is 

being used as an absolute encoder (encoder backup battery installed), which 

maintains position if system power is cycled. In Absolute mode, encoder battery 

alarms will be reported. See appendix C, Position Feedback Devices, for more 

informatio n. Default: Incremental 

5.14 Reversal Compensation. A compensation factor that allows the servo to reverse 

direction and still provide accurate positioning in systems exhibiting backlash. 

Backlash is exhibited by a servomotor that must move a small amount (lost motion) 

before the load begins moving when direction is reversed. For example, consider a 

dead bolt door lock. Imagine the servo controls the key in the lock and the feedback 

reports bolt movement. When the servo turns the key counterclockwise, the bolt 

moves left. However, as the 

servo turns the key clockwise, the bolt does not move until the key turns to a certain 

point. The Reversal Compensation feature adds in the necessary lost motion to 

quickly move 

the servo to where motion will begin on the feedback device. The DSM314 removes 

the compensation distance when a move in the negative direction is commanded 

and adds the compensation distance before a move in the positive direction. 

Default: 0. 

Note: Reversal compensation is not available if the Follower Control Loop configuration is set 
to Enabled. 
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5.15 Drive Disable Delay. Servo Drive Disable Delay (milliseconds). The time delay from 

the time the zero-velocity command is received until the drive enable (digital servo 

MCON) signal switches off. Disable Delay is effective when the Enable Drive %Q bit is 

turned off or certain error conditions (Stop Mode) occur. Disable Delay should be 

longer than the worst-case deceleration time of the servo from maximum speed. 

Because turning OFF the Enable Drive %Q bit stops the DSM314 from commanding 

the servo, there are times when the drive enable signal should stay ON. For example, 

if the servo runs into an End of Travel Limit and the drive enable signal was 

immediately turned OFF due to the error, the servo may continue moving until it 

coasted to a stop. Thus, to allow the DSM314 to command and control a fast stop, 

the Drive Disable Delay should be longer than the deceleration time of the servo 

from maximum speed. 

The disable delay may be used to control when torque is removed from the motor 

shaft. Applications using an electro-mechanical brake generally need time for the 

brake to engage prior to releasing servo torque. The delay should be set to a value 

longer than the engagement time for the brake. Default: 100. 

5.16 Jog Velocity. Jog Velocity (User Units/second). The velocity at which the servo moves 

during a Jog operation. Jog Velocity is used by motion programs when no Velocity 

command is included in the program. Jog Velocity is always used by the %AQ Move 

Command (27h). Default: 1000. 

5.17 Jog Acceleration. Jog Acceleration Rate (User Units/second/second). The 

acceleration and deceleration rate used during Jog, Find Home, Move at Velocity, 

Abort All Moves and Normal Stop operations. A Normal Stop occurs when the PLC 

switches from Run to Stop or after certain programming errors (refer to Appendix 

A). Jog Acceleration is used by motion programs when no Acceleration command is 

included in the program. Jog Acceleration is always used by the %AQ Move 

Command (27h). The value of Jog Acceleration should be set high enough to 

perform satisfactorily during Abort all Moves and Normal Stop operations. Default: 

10000. 

Note: A minimum value after scaling is used in the DSM314. This value is determined by the 
rule: Jog Acc * (user units/counts) >= 32 counts/sec/sec. 

5.18 Jog Acceleration Mode. Jog Acceleration Mode (LINEAR or S-CURVE). The 

acceleration mode for Jog, Find Home, Move at Velocity, Abort All Moves and 

Normal Stop operations. A Normal Stop occurs when the PLC switches from Run to 

Stop or after certain programming errors (refer to Appendix A). LINEAR (constant 

acceleration) causes commanded velocity to change linearly with time. S-CURVE 

(jerk limited acceleration) causes commanded velocity to change more slowly than 

the linear mode at the beginning and end of acceleration intervals. Motions using S-

Curve acceleration require twice the time and distance to change velocity compared 

to motions using the same acceleration value with Linear acceleration. In order to 

maintain equal machine cycle times, an S-Curve motion profile requires an 

acceleration value (and peak motor torque) twice as large as the equivalent Linear 

acceleration mot ion profile. Therefore, a tradeoff between motor cost and machine 

cycle time may be necessary. Default: LINEAR. 
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5.19 Home Position. Home Position (User Units). The value assigned to Commanded 

Position when a Find Home cycle completes. 

5.20 Home Offset. Home Position Offset (User Units). A value added to or subtracted 

dpmk rfc qcptmòq dgl_j qrmnngle nmglr ufcl _ Dglb Fmkc awajc amknjcrcq,Home 

Offset adjusts the final servo stopping point relative to the encoder marker. See 

chapter 6 for details on the home cycle. Default: 0. 

5.21 Final Home Velocity. Final Home Velocity (User Units/second). The velocity at which 

the servo seeks the final Home Switch transition and Encoder Marker pulse at the 

end of a Find Home cycle. This velocity is also used for the home cycle MOVE+ and 

MOVE- modes. See chapter 6 for details on the home cycle. Final Home Velocity 

must be slow enough to allow a 10 millisecond (filter time) delay between the final 

Home Switch transition and the Encoder Marker pulse. Default: 500 

5.22 servo seeks the initial Home Switch transitions during the Find Home cycle when the 

Home Mode is configured for HOMESW. If desired, Find Home Velocity can be set to 

a high value to allow the servo to quickly locate the Home Switch. Default: 2000 

5.23 Home Mode. Find Home Mode. The method used to find home during a Find Home 

cycle. HOME SWITCH indicates that a Home Switch is to be monitored to Find Home. 

MOVE+ and MOVEí specify direct positive and negative movement to the next 

encoder marker at the Final Home Velocity. Qcc af_nrcp 4* ïLml-Programmed 

Kmrgml*ð dmp bcr_gjq ml rfc Fmkc Awajc* Fmkc Qugraf*move+, and Move- Modes. 

Default: HOMESW. 

5.24 Return Data 1 Mode and Offset, Return Data 2 Mode and Offset. These configuration 

parameters allow alternate data to be reported in the User Selected Data 1 and User 

Selected Data 2 %AI location for each axis. The alternate data includes information 

such as Parameter memory contents and the DSM314 Firmware Revision. 

There are two Return Data configuration parameters, a mode selection and an offset 

selection. The mode parameter selects the Return Data type. The offset parameter 

is only used when the Parameter Data mode (18h) is selected. Mode default = 0 

(Torque Command). Offset default = 0. The following Return Data selections are 

allowed: 
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Table 34: User Selected Return Data 

Digital  Analog 

Torque 

Analog 

Velocity  

Selected Return Data Data 

Mode 

Data Offset 

Y Y N Torque Command 00h not used 

Y Y Y DSM Firmware Revision 10h not used 

Y Y Y DSM Firmware Build ID No. (hex) 11h not used 

Y N N Absolute Feedback Offset (cts) 17h not used 

Y Y Y Parameter Data 18h Parameter 

Number (0í255) 

Y Y Y CTL bits 1-32 19h not used 

Y Y Y Analog Inputs - Axis 1 1Ch not used 

Y Y Y Analog Inputs - Axis 2 1Dh not used 

Y Y Y Analog Inputs - Aux 3 1Eh not used 

Y Y Y Analog Inputs - Aux 4 1Fh not used 

Y Y Y Commanded Position (user units) 20h not used 

Y Y Y Follower Program Command 

Position (cts) 

21h not used 

Y Y Y Unadjusted Actual Position (cts) 28h not used 

Y Y Y Unadjusted Strobe 1 Position (cts) 29h not used 

Y Y Y Unadjusted Strobe 2 Position (cts) 2Ah not used 

Torque Command is scaled so that +/- 10000 = +/- 100% torque. 

DSM Firmware Revision is interpreted as two separate words for major-minor 

revision codes. 

DSM Firmware Build ID is interpreted as a single hex word. 

Absolute Feedback Offset is the position offset (in counts) that is used to initialize 

Actual Position when a digital Absolute Encoder is used. Actual Position = Absolute 

Encoder Data + Absolute Feedback Offset. 

Analog Inputs provides two words of data for each axis: low word = AIN1 and high 

word = AIN2. The data is scaled so that +/- 32000 = +/- 10.0v. 

Commanded Position (user units) is a copy of the Commanded Position %AI data 

reported for each axis. Refer to Chapter 5. 

Follower Program Command Position (cts) is the active commanded position (in 

feedback counts) updated and used by the internal motion command generator. 

Refer to Chapter 9 - Combined Follower and Commanded Motion. 

Unadjusted Actual Position is the accumulated actual position (in counts, not user 

units) with a 32-bit  binary rollover value of -2,147*261*426 æ )0*/25*261*425, ?

Find Home or Set Position command sets the Unadjusted Actual Position to a value 

equal to the %AI Actual Position data scaled to counts. For details on the operation 

md Sl_bhsqrcb ?ars_j Nmqgrgml* pcdcp rm ïPcrspl B_r_ð gl Af_nter 5. 
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Unadjusted Strobe 1 Position is the value of Unadjusted Actual Position captured 

when a Strobe 1 input occurs. 

Unadjusted Strobe 2 Position  is the value of Unadjusted Actual Position captured 

when a Strobe 2 input occurs. 

At least three PLC sweeps or 10 milliseconds (whichever represents more time) must 

elapse before the new Selected Return Data is available in the PLC. 

5.25 Cam Master Source. This configuration item is unused in the present DSM314 

firmware. 

5.26 Follower Control Loop. When this configuration item is set to Enabled, the servo axis 

will follow a master axis input in addition to the standard internally generated 

motion functions. Default: Disabled 

5.27 Ratio A Value and Ratio B Value. (Follower Control Loop must be Enabled) The A over 

B ratio sets the follower slave/master gear ratio. 

 

The range for A is í32,768 to +32,767 and B is 1 to +32,767. When A is negative, the 

slave axis will move in the opposite direction from the master. The DSM firmware 

supports A/B slave/master follower ratios in the ranges of 32:1 to 1:10,000. Default: 

1:1. 

5.28 Follower Master Source 1. (Follower Control Loop must be Enabled.) Configures 

follower Master Axis Source 1. Allowed choices are Commanded or Actual Position 

for any of the 4 axes (as long aq gròq _ amldgespcb _vgq', Dmjjmucp K_qrcp Qmspac / gq

active when the Follower Master Source Select %Q bit is OFF. 

Cmd Position or Actual Position of a slave axis should not be selected as a master 

source for that axis. If an unconfigured axis is selected for Follower Master Source 1, 

it will be ignored. Default: None. Refer to Chapter 8 for information on follower 

mode. 

5.29 Follower Master Source 2. (Follower Control Loop must be Enabled.) Configures 

follower Master Axis Source 2. Allowed choices are Commanded or Actual Position 

dmp _lw md rfc 2 _vcq &_q jmle _q gròq _ amldgespcb _vgq', Dmjjmucp Qmspac 0 gq _argtc

when the Follower Master Source Select %Q bit is ON. 

Cmd Position or Actual Position of a slave axis should not be selected as a master 

source for that axis. If an unconfigured axis is selected for Follower Master Source 2, 

it will be ignored. Default: None. Refer to Chapter 8 for information on follower 

mode. 
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5.30 Follower Enable Trigger. Follower Enable Trigger Input. Selects the control bit, 

CTL01-CTL32, to be used as the Follower Enable trigger input. The follower axis is 

enabled when the selected trigger input transitions ON and the Enable Follower %Q 

bit is also ON. After Follower is enabled, the PLC Enable Follower %Q bit and an 

optional Follower Disable trigger bit controls the active state of the following 

function. None means the follower axis is enabled only by the Enable Follower %Q 

bit. Default: None. 

5.31 Follower Disable Trigger. Follower Disable Trigger Input. Selects the control bit, 

CTL01-CTL32, to be used as the Follower Disable trigger input. The trigger input is 

tested only when the Enable Follower %Q bit is ON. When the Enable Follower %Q bit 

is ON, an OFF to ON transition of the trigger bit will disable the follower. Turning OFF 

the Enable Follower %Q bit immediately disables the follower, regardless of the 

disable trigger configuration. Default: None. 

5.32 Follower Disable Action. Stop means the follower will immediately decelerate to 

zero velocity at the configured Follower Ramp Acceleration rate. Inc Position means 

the follower will continue at its present velocity, then decelerate and stop after a 

specified distance has elapsed. The incremental distance is specified in a parameter 

register for each axis: 

P227 = Axis 1 Incremental distance 

P235 = Axis 2 Incremental distance 

P242 = Axis 3 Incremental distance 

P250 = Axis 4 Incremental distance 

The incremental distance represents the total actual position change that will occur 

from the point where the follower is disabled until it stops. 

A configuration of Abs Position is not supported in the present DSM314 firmware. 

Default: Stop 

5.33 Ramp Makeup Acceleration. Follower Ramp Makeup Acceleration (uu/sec2). 

Specifies the acceleration used to: 

Ή Accelerate the follower axis to match master velocity after the follower is 

enabled (sector AB in Figure 60), 

Ή Make up the master command counts lost during follower acceleration (sector 

BC and DE in Figure 60), 

Ή Decelerate to a stop after the follower is disabled (sector FG in Figure 60). 
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Figure 60: Velocity profile during the follower ramp cycle  

 

5.34 Ramp Makeup Mode. Choices are Makeup Time or Makeup Velocity, explained 

below. 

Ή Makeup Time Mode í in this mode the makeup process takes the amount of 

time specified by Ramp Makeup Time parameter (refer to Figure 60). This is the 

default mode. 

Ή Makeup Velocity Mode í This mode is reserved for future use. 

5.35 Ramp Makeup Time. Follower Acceleration Ramp Makeup Time (milliseconds). 

Specifies the time in milliseconds used to make up the master command counts lost 

during a follower acceleration ramp. If the distance correction is not possible in the 

configured makeup time (because the value is too small) then the correction time is 

longer, and a warning error is reported. This setting only has an effect when the 

Ramp Makeup Mode is set to Makeup Time. 

If an acceleration ramp without any correction for lost counts is desired, 

Makeup Time should be set to 0. In this case, the motor will synchronize 

velocity relative to the master, but will not attempt to correct for any positional 

deviation that occurs while the follower axis is accelerating. 

Makeup time has a minimum value of 10, so for values entered in the range of 

/æ/. sqc /. glqrc_b, 

Default: 0. 

Refer to Chapter 8, Follower Motion, Follower Axis Acceleration Ramp Control 

section, for a much more detailed discussion of this feature 

5.36 Ramp Makeup Velocity. This field is reserved. 
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4.3.7 Tuning Data 
The DSM314 Tuning tabs are used to configure Servo axis tuning data. Parameters such as 

Motor Type, Velocity at Max Cmd, Velocity Feed Forward Percentage, and Position Loop 

Time Constant are configured in these tabs. From one to four Tuning tabs may appear in the 

DSM314 configuration window, one tab for each Servo axis configured in the Settings tab. 

Rfc lsk`cpq gl rfc ïPcdð amjskl md rfc r_`jc `cjmu pcdcp rm grck lsk`cpq gl rfgq af_nrcp, 

Table 35: Tuning  Tab Items 

Configuration  Parameter  Description  Values Defaults  Units  Ref 

Motor Type Motor Type .æ43313 0 N/A 6.01 

Analog Servo Command Analog Servo Command Type Velocity 

Torque (Note 1) 

Velocity N/A 6.02 

Position Error Limit Position Error Limit 100...60,000 60,000 User Units 6.03 

In Position Zone In Position Zone /æ4.*... 10 User Units 6.04 

Pos Loop Time Constant Position Loop Time Constant .æ43313 1000 0.1 mSec 6.05 

Velocity at MaxCmd Velocity at Maximum 

Command 

256.. MaxVelUu (Note 2) 100,000 User Units 6.06 

Velocity Feed Forward 

Percentage 

Velocity Feed Forward 

Percentage 

.æ/0... 0 .01% 6.07 

Acceleration Feed Forward 

Percentage 

Acceleration Feed Forward 

Percentage 

.æ/0... 0 .01% 6.08 

Integrator Mode Position Loop Integrator 

Mode 

Off 

Continuous 

Servo Null 

Off N/A 6.09 

Integrator Time Constant Position Loop Integrator Time 

Constant 

.æ/.... 0 mSec 6.10 

Velocity Loop Gain Velocity Loop Gain .æ43313 16 N/A 6.11 

Note:  

¶ Torque Mode is supported in DSM firmware version 3.0 or later 

¶ See Table 37 for calculating MaxVelUu. 
 

6.01 Motor Type. Selects the type of AC servomotor to be used with the DSM314 in 

Digital Mode ONLY. The DSM314 internally stores setup motor parameter tables for 

each of the motors supported. A motor type of 0 disable s digital servo control by 

the DSM314 for the digital servo axis. Motor type must be set to 0 when no digital 

servo is attached if any %Q bit commands or %AQ data commands will be sent to the 

axis. Supported Motor types are listed in the tables below. 

The Motor Type must be 0 for ANALOG Mode or if no motor is attached to the axis. 

Default: 0. 

Motor part numbers are used to determine the proper Motor type code and are in 

the form ZA06B-xxxx-yyyy, where xxxx represents the motor specification field. For 

example: When reading a motor number from a motor label of ZA06B-0032-B078, 

the motor specification digits 0032 indicate the motor model of b2/3000. The b 
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Series table references the Motor Type Code (36) needed for the configuration field. 

Supported Motor types are listed in the tables below. The list of supported motors 

may be expanded in future releases. 

a Series Servo Motor 

Motor Type  Code Motor Model  Motor Specification  

61 a 1/3000 0371 

46 a 2/2000 0372 

62 a 2/3000 0373 

15 a 3/3000 0123 

16 a 6/2000 0127 

17 a 6/3000 0128 

18 a 12/2000 0142 

19 a 12/3000 0143 

27 a 22/1500 0146 

20 a 22/2000 0147 

21 a 22/3000 0148 

28 a 30/1200 0151 

22 a 30/2000 0152 

23 a 30/3000 0153 

30 a 40/2000 0157 

29 a 40/FAN 0158 

a L Series Servo Motor 

Motor Type  Code Motor Model  Motor Specifi cation  

56 a L3/3000 0561 

57 a L6/3000 0562 

58 a L9/3000 0564 

59 a L25/3000 0571 

60 a L50/2000 0572 
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a C Series Servo Motor 

Motor Type  Code Motor Model  Motor Specification  

7 a C3/2000 0121 

8 a C6/2000 0126 

9 a C12/2000 0141 

10 a C22/1500 0145 

a HV Series Servo Motor 

Motor Type  Code Motor Model  Motor Specification  

3 a 12HV/3000 0176 

4 a 22HV/3000 0177 

5 a 30HV/3000 0178 

a M Series Servo Motor 

Motor Type  Code Motor Model  Motor Specification  

24 a M3/3000 0161 

25 a M6/3000 0162 

26 a M9/3000 0163 

b Series Servo Motor 

Motor Type  Code Motor Model  Motor Specification  

13 b 0.5/3000 0013 

35 b 1/3000 0031 

36 b 2/3000 0032 

33 b 3/3000 0033 

34 b 6/2000 0034 

bM Series Servo Motor 

Motor Type Code Motor Model  Motor Specification  

115 bM 0.5/5000 0115 

116 bM 1/5000 0116 

6.02 Analog Servo Command. The Analog Servo Command determines whether the 

analog command issued by the DSM300 series module is a velocity or torque 

command. The torque command selection is supported in the DSM314 firmware 3.0 

or later. Default: Velocity 
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6.03 Position Error Limit. Position Error Limit (User Units). The Position Error Limit is the 

maximum Position Error (Commanded Position - Actual Position) allowed when the 

DSM314 is controlling a servo. Position Error Limit should normally be set to a value 

10% to 20% higher than the highest Position Error encountered under normal servo 

operation. Default: 60000. 

The Position Error Limit range formula is: 

256 x (user units/counts) Position Error Limit    60,000 x (user units/counts) 

If Velocity Feedforward is not used, Position Error Limit can be set to a value 

approximately 20% higher than the Position Error required to produce a 4000-rpm 

command. The Position Error (User Units) required to produce a 4000-rpm 

command with 0% Velocity Feed forward is: 

Position Error (user units) =          Position Loop Time Constant (ms) x Servo Velocity @ 4000 rpm 

(user units/sec) 

1000 

Example 

The user units counts ratio is 2:1 and the Position Loop Time Constant is 50 ms. 

Step 1: 

Calculate servo velocity at 4000 rpm = (2 user units/count) x (8192 counts/rev) x (4000 revs/minute) 

(60 seconds/minute) 

=                                1,092,266 user units/second 

Step 2: 

Calculate Position Error at 4000 rpm  =                (50 milliseconds) x (1,092,266 user units/second) 

1000 milliseconds/second 

=                                                  54613 user units 

If Velocity Feedforward is used to reduce the following error, a smaller error limit 

value can be used, but in general, the error limit value should be 10% - 20% higher 

than the largest expected following error. 

Note: An Out of Sync error will occur and cause a fast stop if the Position Error Limit Value is exceeded 
by more than 1000 counts. The DSM314 attempts to prevent an Out of Sync error by temporarily 
halting the internal command generator whenever position error exceeds the Position Error Limit. 
Halting the command generator allows the position feedback to catch up and reduce position 
error below the error limit value. 

If the feedback does not catch up and the position error continues to grow, the Out of Sync 
condition will occur. Possible causes are: 

 

1. Erroneous feedback wiring 

2. Feedback device coupling slippage 

3. Servo drives failure. 

4. Mechanically forcing the motor/encoder shaft past the servo torque 

capability. 



User Manual Chapter 4 
GFK-1742F Jan 2020 
 

Configuration 126 

5. Commanded motor acceleration or motor deceleration that is greater 

than system capability. 

6.04 In Position Zone. In Position Zone (User Units). When the Position Error is less than 

or equal to the active In Position Zone value, the In Zone %I bit will be ON. Default: 

10. 

6.05 Pos Loop Time Constant (0.1ms). Position Loop Time Constant (units = 0.1 

milliseconds). The desired servo position loop time constant. This value configures 

the amount of time required for the servo velocity output to reach 63% of its final 

value when a step change occurs in the Velocity command. The lower the value, the 

faster the system response. Values that are too low will cause system instability and 

oscillation. Default: 1000 = 100 ms. 

Note: For accurate commanded velocity profile tracking, Pos Loop Time Constant should be 1/4 
to 1/2 of the MINIMUM system acceleration or deceleration time. For example, if the 
fastest acceleration that must occur occupies 100msec of time the Pos Loop Time 
Constant should be between 25 to 50msec. To maintain system stability, use the largest 
value possible. 

For users familiar with servo bandwidth expressed in rad/sec: 

Bandwidth (rad/sec) = 1000 / Position Loop Time Constant (ms) 

For users familiar with servo gain expressed in ipm/mil:  

Gain (ipm/mil) = 60 / Position Loop Time Constant (ms) 

Table 36: Gain / Bandwidth / Position Loop Time Constant  

Gain (ipm/mil)  Bandwidth  (rad/sec)  Position Loop Time Constant (ms)  

0.5 8.5 120 

0.75 12.5 80 

1.0 16.6 60 

1.5 25.1 40 

2.0 33.4 30 

2.5 41.8 24 

3.0 50 20 

For applications that do not require feedback control or employ very crude 

positioning systems, an Open Loop Mode exists. Setting a zero Position Loop Time 

Constant, which indicates that the positioning loop is disabled, selects this mode. 

Note that in Open Loop Mode, the only way to generate motion is to program a non-

zero Velocity Feedforward. The Position Error is no longer used to generate motion 

because Position Error is based on position feedback and Open Loop Mode ignores 

all feedback. 

CAUTION 

For Analog Axes, the Position Loop Time Constant will not be accurate unless the 

Velocity at Max Cmd value is set correctly. 
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6.06 Velocity at MaxCmd (User Units/Second.) All DSM314 analog servo functions 

depend on this value being correct for proper operation. 

For Digital Servo Mode, the Velocity at Max Cmd configuration field is not used. 

For Analog Servo Mode in Velocity Mode, the Velocity at Max Cmd configuration 

field is the Actual Servo Velocity (User Units/second) desired for a 10 Volt DSM314 

analog velocity command output to the servo. The Force D/A Output %AQ 

Immediate Command and the Actual Velocity %AI status word can be used for a 

command voltage to empirically determine the proper configuration value if 

necessary. 

For Analog Servo Mode in Torque Mode, the Velocity at Max Cmd configuration field 

is the maximum velocity that the user desires the servo to be able to run. The value 

is determined by the capabilities of the servo system being controlled and the 

capabilities of the driven load. 

In Digital Mode only, if the user sends the DSM314 a velocity command that exceeds 

the servo system capability, the DSM314 will clamp that command value at the 

appropriate maximum motor velocity boundary. Note that no error will be reported 

back to the DSM314. 

Qcc ?nnclbgv B* ïQr_pr-sn _lb Rslgle Bgegr_j _lb ?l_jme Qcptm Qwqrckq*ð dmp kmpc

information on determining the correct value. 

Default: 100000. 

CAUTION 

The Velocity at 10V must be configured correctly in order for the analog servo Pos 

Loop Time Constant and Velocity Feedforward factors to be accurate. 

6.07 Velocity Feed Forward (0.01%). Velocity Feed forward gain (units = 0.01 percent). 

Rfc Amkk_lbcb Tcjmagrw ncpaclr_ec rf_r gq _bbcb rm rfc BQK1/2òq nmqgrgml jmmn

velocity command output. Increasing Velocity Feedforward causes the servo to 

operate with faster response and reduced position error. The optimum value for 

each system has to be determined individually. For Digital Servos, 95 % Velocity Feed 

Forward Percentage value is a good starting point. For analog servos, 70% is a good 

starting point. The servo system capabilities will determine the optimum value. If 

Velocity Feed Forward  is changed, Pos Err Limit may require adjustment. Default: 0. 

CAUTION 

For Analog Axes, the Velocity Feed Forward Percentage will not be accurate unless 

the Velocity at MaxCmd value is first set correctly. 
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6.08 Acceleration Feed Forward Percentage. This configuration item is not used in the 

current DSM314 firmware. 

6.09 Integrator Mode Integrator Mode. Position loop position error integrator operating 

mode. Off means the integrator is not used. Continuous means the integrator runs 

continuously even during servo motion. Servo Null means the integrator only runs 

when the Moving %I status bit is OFF. Integrator Mode should normally be set to Off. 

Continuous mode may be used for Follower operation only when a constant or 

slowly changing master velocity is expected. This parameter should not be used to 

dampen disturbances in the position loop feedback. Never select Continuous for 

point to point positioning applications. Default: OFF. 

6.10 Integrator Time Constant Integrator Time Constant (milliseconds). This is the 

position loop position error integrator time constant. This value indicates the time 

required to reduce the position error by 63%. For example, if the Integrator Time 

Constant is 1000 (1 second), the Position Error would be reduced to 37% of its initial 

value after 1 second. A value of zero turns off the integrator. If used, the Integrator 

Time Constant should be 5 to 10 times greater than the Position Loop Time Constant 

to prevent instability and oscillation. Default: 0. 

6.11 Velocity Loop Gain Used to set velocity loop gain. This applies to Digital Servos and 

Analog Torque Mode Servos only. This parameter is not used for Analog Servos in 

Velocity Mode. The formula 

 

can be used to select an initial velocity loop gain value. The allowable value range is 

0 to 255. The value of 0 should be used if the motor shaft is not attached to a load. 

Default: 16 (load inertia equals motor inertia). 

4.3.8 Computing Data Limit Variables 
The data limit values for parameters MaxPosnUu, MaxVelUu, and MaxAccUu, referred to in 

some of the tables in this chapter, can be calculated using the following formulas: 

Table 37: Computing Data Limit Variables  

Formulas for Computing Data Limit Variables  

Position Limit MaxPosnUu  Velocity Limit MaxVelUu  Acceleration Limit 

MaxAccUu 

If uu:cts >= 1:1 

MaxPosnUu = 536,870,912 

Else (uu:cts < 1:1) 

MaxPosnUu = 536,870,912 * 

uu/cts 

MaxVelUu = 1,000,000* 

uu/cts 

If uu:cts >= 1:1 

MaxAccUu = 1,073,741,823 

Else (uu:cts < 1:1) 

MaxAccUu = 1,073,741,823* 

uu/cts 
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4.3.9 Advanced Tab Data 
The Advanced Tab allows up to 16 custom tuning parameters and associated data to be 

entered for each axis. Although the Advanced Tab has 16 rows for entering axis tuning 

parameter data, the DSM314 Release 1.0 firmware only allows Entry rows 1 and 2 to be 

used. The figure below shows data in the cells for Axis 1 on Entry rows 1 and 2. DSM firmware 

version 3.0 or later removes this restriction. 

Figure 61: Advanced Tab 

 

Tuning Parameter 1: Sets Digital Encoder Resolution (for digital servos only). Settings other 

than 0 result in a derating of the maximum supported motor speed. Note that, for settings 

. _lb /* qmkc kmrmpqò k_vgksk qnccb p_rgleq _pc `cjmu rfc k_vgksk qsnnmrted speed 

shown in the table. Range of allowable settings: 0 í 3. In Figure 61 above, Tuning Parameter 

1 is set to a value of 2 for Axis 1. 

Table 38: Tuning Parameter 1 Values 

Tuning Parameter 1 Values Counts/Revolution Maximum Supported Motor Speed 

0 8192 44001,2 

1 16384 36622 

2 32768 1831 

3 65536 915 

Note:  

¶ Default setting 

¶ Qmkc kmrmpqò k_vgksk qnccb p_rgle gq jmucp rf_l rhe value in the table 
 

Tuning Parameter 3: Sets minimum velocity output (millivolts) for analog servos. Allowed 

data range is 0 -1000 millivolts. The recommended setting is 5 - 10mv, or just enough to 

make the servo pull in to +/- 1 count of position error. In Figure 4.2 above, Tuning 

Parameter 3 is set to a value of 10 for Axis 1. 
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Tuning Parameter 6: Sets the encoder resolution. The parameter is only used in torque 

mode. For correct torque mode operation, this value must be set to the number of 

quadrature encoder counts (4X encoder lines) generated by the motor feedback device per 

revolution. The user can determine the value from the feedback device specification. As a 

double check, the user may wish to connect the feedback device to the DSM and manual 

rotate the motor shaft one revolution. The reading on the DSM %AI data for actual position 

should closely match (variations are caused by the accuracy of manual turning shaft one 

revolution) the value placed in this parameter. The allowed range is 100-32767 

counts/revolution. The default value is 4096 counts per revolution 

Tuning Parameter 7: Sets the velocity regulator proportional gain. The parameter is only 

used in torque mode. The proportional gain is multiplied by velocity error (velocity 

command - velocity feedback) to generate the portion of the torque command due to the 

proportional term. Correctly setting this value will determine how well the velocity 

regulator performs in the control system. Appendix D describes a method to correctly tune 

this parameter. The allowable range for the velocity loop proportional gain term is 0-32767. 

The default value is 1500. 

Tuning Parameter 8: Sets the velocity regulator integral gain. The parameter is only used in 

torque mode. The integral gain is the term multiplied by the area of the velocity error 

(velocity command - velocity feedback) to generate the portion of the torque command 

due to the integral term. Correctly setting this value will determine how well the velocity 

regulator performs in the control system. Appendix D describes a method to correctly tune 

this parameter. The allowable range for the velocity loop proportional gain term is 0-32767. 

The default value is 0. 

Tuning Parameter 10: Sets the Torque Command Filter setting. The torque command filter 

allows the user to activate a low pass filter for the velocity regulator output. . The filter is 

typically used to keep the controller from exciting a machine resonance. The allowable 

range for torque filter settings is 0 í 3. The default value is 0. 

Table 39: Tuning Parameter 10 Values 

Tuning Parameter 10 Values Torque Command Low Pass Filter Setting 

0 OFF1 

1 Low Bandwidth Filter (150 Hz 3db point) 

2 Medium Bandwidth Filter (250 Hz 3db point) 

3 High Bandwidth Filter (350 Hz. 3db point)  

4.3.10 Power Consumption Data 
This is a display-only tab that indicates the power required by the DSM314 module. 
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Chapter 5: DSM314 to Host Controller 

Interface 
This chapter defines the data that is transferred between the CPU and the Motion Mate 

DSM314 automatically each host controller sweep, without user programming. This data is 

categorized as follows: 

¶ Input Status Data (Transferred from Motion Mate DSM314 to CPU) 

Ή Status Bits:       32 (1 Axis), 48 (2 Axes),64 (3 Axes), 80 (4 Axes) bits of %I data 

Ή Status Words:   24(1 Axis),44 (2 Axes) ,64 (3 Axes) ,84 (4 Axes) words of % AI 

data 

¶ Output Command Data (Transferred from CPU to Motion Mate DSM314) 

Ή Discrete Commands:     32(1 Axis),48(2 Axes),64(3 Axes),80(4 Axes) bits of %Q 

data 

Ή Immediate Commands: 3(1 Axis),6(2 Axes),9(3 Axes),12 (4 Axes) words of %AQ 

data 

Note: Throughout this chapter words shown in italics refer to actual host controller machine data 
references (%I, %A, %AI, %AQ). 

5.1 Section 1:   %I Status Bits 
The following %I Status Bits are transferred automatically from the DSM314 to the CPU each 

sweep. The actual addresses of the Status Bits depend on the starting address configured 

for the %I reference (see Table 40* ïQcrrgleq R_`ð', Rfc `gr mddqcrq jgqrcb gl rfc dmjjmugle r_`jc

are offsets to this starting address. All reference section designations pertain to this chapter. 

Table 40: %I Status Bits 

Bit 

Offset  

Description  Axis Ref. Bit 

Offset  

Description  Axis Ref. 

00 Module Error Present N/A 1.01 40 Position Error Limit Servo 2 1.12 

01 Local Logic Active N/A 1.02 41 Torque Limit Servo 2 1.13 

02 New Configuration Received N/A 1.03 42 Servo Ready / IN4_B (5v) Servo 2 1.14 

03 Reserved   43 Reserved   

04 CTL01 (function selected by config) N/A 1.04 44 Follower Enabled Servo 2 1.15 

05 CTL02 (function selected by config) N/A 1.04 45 Velocity Limit Servo 2 1.16 

06 CTL03 (function selected by config) N/A 1.04 46 Follower Ramp Active Servo 2 1.17 

07 CTL04 (function selected by config) N/A 1.04 47 Reserved   

08 CTL05 (function selected by config) N/A 1.04 48 Axis OK Servo 3 1.05 

09 CTL06 (function selected by config) N/A 1.04 49 Position Valid Servo 3 1.06 

10 CTL07 (function selected by config) N/A 1.04 50 Drive Enabled Servo 3 1.07 
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Bit 

Offset  

Description  Axis Ref. Bit 

Offset  

Description  Axis Ref. 

11 CTL08 (function selected by config) N/A 1.04 51 Program Active Servo 3 1.08 

12 CTL13 (function selected by config) N/A 1.04 52 Moving Servo 3 1.09 

13 CTL14 (function selected by config) N/A 1.04 53 In Zone Servo 3 1.10 

14 CTL15 (function selected by config) N/A 1.04 54 Strobe 1 Flag (5v) Servo 3 1.11 

15 CTL16 (function selected by config) N/A 1.04 55 Strobe 2 Flag (5v) Servo 3 1.11 

16 Axis OK Servo 1 1.05 56 Position Error Limit Servo 3 1.12 

17 Position Valid Servo 1 1.06 57 Reserved   

18 Drive Enabled Servo 1 1.07 58 Servo Ready/IN4_C Input Servo 3 1.14 

19 Program Active Servo 1 1.08 59 Reserved   

20 Moving Servo 1 1.09 60 Follower Enabled Servo 3 1.15 

21 In Zone Servo 1 1.10 61 Velocity Limit Servo 3 1.16 

22 Strobe 1 Flag (5v) Servo 1 1.11 62 Follower Ramp Active Servo 3 1.17 

23 Strobe 2 Flag (5v) Servo 1 1.11 63 Reserved Servo 3  

24 Position Error Limit Servo 1 1.12 64 Axis OK Servo 4 1.05 

25 Torque Limit Servo 1 1.13 65 Position Valid Servo 4 1.06 

26 Servo Ready / IN4_A (5v) Servo 1 1.14 66 Drive Enabled Servo 4 1.07 

27 Reserved   67 Program Active Servo 4 1.08 

28 Follower Enabled Servo 1 1.15 68 Moving Servo 4 1.09 

29 Velocity Limit Servo 1 1.16 69 In Zone Servo 4 1.10 

30 Follower Ramp Active Servo 1 1.17 70 Strobe 1 Flag (5v) Servo 4 1.11 

31 Reserved   71 Strobe 2 Flag (5v) Servo 4 1.11 

32 Axis OK Servo 2 1.05 72 Position Error Limit Servo 4 1.12 

33 Position Valid Servo 2 1.06 73 Reserved Servo 4  

34 Drive Enabled Servo 2 1.07 74 Servo Ready / IN4_D (5v) Servo 4 1.14 

35 Program Active Servo 2 1.08 75 Reserved Servo 4  

36 Moving Servo 2 1.09 76 Follower Enabled Servo 4 1.15 

37 In Zone Servo 2 1.10 77 Velocity Limit Servo 4 1.16 

38 Strobe 1 Flag (5v) Servo 2 1.11 78 Follower Ramp Active Servo 4 1.17 

39 Strobe 2 Flag (5v) Servo 2 1.11 79 Reserved Servo 4  

1.01 Module Error Present. This status bit is set when the DSM314 detects any error. 

Errors related to a specific Servo or Auxiliary Axis will be identified in the associated 

Axis n Error Code %AI word. Module errors not related to a specific axis will be 

identified in the Module Status Cobc #?G umpb, Qcc qcargml 0* ï#?G Qr_rsq Umpbqð*

for more details. The Clear Error %Q bit is the only command that will clear the 

Module Error Present %I status bit and the associated Module Status Code and Axis 

n Error Code %AI word(s). If the condition causing the error is still present, the 

Module Error Present %I status bit will not be cleared. 
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1.02 Local Logic Active. When this status bit is ON, it indicates that a Local Logic 

program is executing. 

1.03 New Configuration Received. The New Configuration Received %I status bit is set 

whenever the host controller sends a reset command or new configuration to the 

DSM314. New Configuration Received should be cleared by a host controller 

program before any %AQ Immediate commands such as In Position Zone or Position 

Loop Time Constant have been sent to the DSM314. The status bit can then be 

monitored by the host controller. If the bit is set, then the DSM314 has been reset 

or reconfigured. The host controller should clear the bit and then re-send all 

necessary %AQ commands. The bit is cleared by %AQ Immediate command 49h. 

Pcdcp rm qcargml 2* ï#?O Gkkcbg_rc Amkk_lbq*ð j_rcp gl rfgq af_nrcp* dmp kmpc

details about the %AQ immediate command interfaces. 

1.04 Configurable %I Status Bits. These inputs indicate the state of configurable CTL bits 

CTL01-CTL08 and CTL13-CTL16. The default CTL bit assignments report the level of 

external input devices connected to faceplate signals. All CTL bits may be tested 

during the execution of motion program Wait and Conditional Jump commands. 

CTL bits can also be used to trigger the follower ramp enable / disable functions. The 

CTL bit assignments are selected through configuration. Consult Chapters 4 and 14 

for additional information. Default CTL01-CTL08 and CTL13-CTL16 assignments are 

shown in Table 41. 

Table 41: Defaults for Configurable %I Status Bits 

Bit  

Name 

Signal 

Name 

Signal Use Input  

Type 

Faceplate 

Connector Pin 

Digital Servo  

TB Pin 

Analog Servo / Aux 

Axis TB Pin 

CTL01 IN9_A Servo Axis 1 (+) Overtravel 24v A-16 6 16 

CTL02 IN10_A Servo Axis 1 (-) Overtravel 24v A-34 14 34 

CTL03 IN11_A Servo Axis 1 Home Switch 24v A-17 7 17 

CTL04 IN1_A Servo Axis 1 Strobe 1 Level 5v A-1, 19 1,9 9 

CTL05 IN9_B Servo Axis 2 (+) Overtravel 24v B-16 6 16 

CTL06 IN10_B Servo Axis 2 (-) Overtravel 24v B-34 14 34 

CTL07 IN11_B Servo Axis 2 Home Switch 24v B-17 7 17 

CTL08 IN1_B Servo Axis 2 Strobe 1 Level 5v B-1,19 1,9 9 

CTL13 IN9_C Servo Axis 3 (+) Overtravel 24v C-16 NA 16 

CTL14 IN10_C Servo Axis 3 (-) Overtravel 24v C-34 NA 34 

CTL15 IN11_C Servo Axis 3 Home Switch 24v C-17 NA 17 

CTL16 IN5_C Servo Axis 3 Strobe 1 Level 5v C-9 NA 9 

1.05 Axis OK. The Axis OK status bit is ON when the DSM314 is ready to receive 

commands and control a servo. An error condition that stops the servo will turn Axis 

OK OFF. When Axis OK is OFF, no commands other than the Clear Error %Q bit will 

be accepted by the axis. 
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1.06 Position Valid. For a Servo Axis, the Position Valid status bit indicates that a Set 

Position command or successful completion of a Find Home cycle has initialized the 

position value in the Actual Position % AI status word. For a Servo Axis, Position Valid 

must be ON in order to execute a motion program. 

For an Auxiliary Axis, the Position Valid status bit indicates that an Aux Encoder Set 

Position command or successful completion of a Find Home cycle has initialized the 

position value in the Actual Position % AI status word. For an Aux Axis, Position Valid 

is not  required to be ON in order to execute a motion program. 

If the DSM314 is configured to use an absolute feedback digital encoder (a or b 

Series servo with optional encoder battery), Position Valid is automatically set 

whenever the digital encoder reports a valid absolute position. See Appendix C for 

details of operation when absolute mode digital encoders are used. 

1.07 Drive Enabled. The Drive Enabled status bit indicates the state of the Enable Drive 

%Q bit and the solid-state relay output supplied by the DSM314. The ON state of the 

Drive Enabled %I bit corresponds to the CLOSED state of the relay output and the ON 

state of the associated faceplate EN LED. In Digital mode, the solid-state relay 

provides the MCON signal to the Digital Servo through the servo command cable. 

Drive Enabled is cleared following power-up or an error condition that stops the 

servo. 

1.08 Program Active. The Program Active status bit for each axis indicates that a Motion 

Program (1-10) or a Move %AQ command (27h) is executing on that axis. Executing 

a multi- axis program will set the Program Active %I bits for both Axis 1 and Axis 2. 

1.09 Moving. The Moving status bit is ON when Commanded Velocity is non-zero, 

otherwise it is OFF. All Move, Jog, and Move at Velocity commands will cause the 

Moving bit to be set to ON. The Force Servo Velocity %AQ command and Follower 

acceleration ramp will not set the Moving bit. 

In Follower mode, Moving is ON for the conditions described above and is not 

affected by the enabled or disabled state of the follower master input. When the 

Follower acceleration / deceleration ramp is active, a separate %I bit, Follower Ramp 

Active, is ON. Refer to Chapter 8, Follower Motion, for additional information on the 

Follower Acceleration Ramp. 

1.10 In Zone. Operation of the In Zone bit depends only on the Position Error value and is 

not related to the state of the Moving bit. In Zone will be ON whenever Position Error 

is less than or equal to the configured In Position Zone value. In Zone (ON) can be 

used in combination with the Moving bit (OFF) to determine when the axis has 

arrived at its destination. 
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Table 42: In Zone Bit Operation  

Cmd Generator Active  

(Moving %I bit ON) 

Nmqgrgml Cppmp Ð In 

Position Zone 

In Zone bit  Axis at Destination  

No No OFF No 

No Yes ON Yes 

Yes No OFF No 

Yes Yes ON No 

1.11 Strobe 1 Flag, Strobe 2 Flag. The Strobe 1 Flag and Strobe 2 Flag status bits indicate 

that an OFF to ON transition has occurred at the associated faceplate Strobe Input. 

When this occurs, an axis position is captured and reported in the Strobe n Position 

#?G qr_rsq umpb* ufcpc ïlð gq Axis 1 - Axis 4. The Strobe n Flag %I bit is cleared by the 

associated Reset Strobe n %Q bit. A maximum of 2 host controller sweeps is required 

for the Strobe n Flag %I bit to be cleared in the host controller after a Reset Strobe n 

%Q bit is turned ON. Once the Strobe n Flag bit is cleared, new data may be captured 

by another Strobe Input. The position capture resolution is +/- 2 counts with an 

additional 10 microseconds of variance for the strobe input filter delay. 

Note: The Strobe n Flag bits do not indicate the logic level of the faceplate input, they only indicate that 
an OFF to ON transition has occurred on the input. 

1.12 Position Error Limit. The Position Error Limit status bit is set when the absolute value 

of the position error exceeds the configured Position Error Limit value. When the 

Position Error Limit status bit is set, Commanded Velocity and Commanded Position 

are frozen to allow the axis rmð a_raf snð rm rfc Amkk_lbcb Nmqgrgml, 

1.13 Torque Limit. The Torque Limit status bit is set when the commanded torque 

exceeds the torque limit setting for the configured motor type. 

1.14 Servo Ready. This status bit is set when faceplate signal IN4 of the associated 

connector (A, B, C or D) is ON (active low: ON = 0v, OFF = +5v). For each Servo Axis, 

this input reports the Servo Ready state of the servo amplifier. 

1.15 Follower Enabled. This status bit indicates when the Follower is enabled for the axis. 

The Enable Follower % Q bit and an optional CTL01-CTL32 faceplate trigger input 

enable the Follower function. If follower ramp acceleration control is active when 

Follower Enabled turns on, the axis will accelerate to the master velocity command, 

and when it turns off, the axis will decelerate to zero master velocity command. Both 

acceleration and deceleration during the ramp process will utilize the configured 

Follower Ramp Acceleration. 

1.16 Velocity Limit. The Velocity Limit status bit is set if the velocity requested by any axis 

command (internal path generator or internal/external follower source) exceeds the 

configured velocity limit. Therefore, Velocity Limit is an indication that the axis is no 

longer locked to its position command. If Follower is enabled, an error code is 

reported in the associated axis Error Code variable when Velocity Limit is set. 

An exception exists when unidirectional motion is configured by setting Command 

Direction to Positive Only or Negative Only. Positive Only means that the velocity 
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limit is zero for negative motion. Negative Only means that the velocity limit is zero 

for positive motion. No error is generated for the limit that is set to zero. For 

example, if Command Direction is set to Negative Only and + Counts are 

commanded, the Velocity Limit Status bit is set, but no Status Error code is reported. 

1.17 Follower Ramp Active. When the follower is enabled, Follower Ramp Active is ON 

during initial acceleration and distance makeup. When the follower is disabled, 

Follower Ramp Active is ON until the Follower Disable Action incremental distance 

(if selected) has been traveled and the follower has decelerated to zero velocity. 

5.2 Section 2:   %AI Status Words 
The following %AI Status Words are transferred automatically from the DSM314 to the CPU 

each sweep. The total number of the %AI Status Words is configured with the Configuration 

Software to be a length of 24, 44, 64 or 84. The actual addresses of the Status Words depend 

on the starting address configured for the %AI references. See Table 40* ïQcrrgleq R_`,ð Rfc

word numbers listed in the following table are offsets to this starting address. All reference 

section designations pertain to this chapter. All %AI data except Actual Velocity is updated 

within the DSM314 at the position loop sampling rate (2 ms for digital servos, 0.5 ms or 1.0 

ms for some analog servo configurations). Actual Velocity is updated once every 128 

milliseconds. 

Table 43: %AI Status Words 

Word  

Offset  

Description  Axis Ref Word  

Offset  

Description  Axis Ref 

        

00 Module Status Code N/A 2.01     

01-03 Reserved       

        

04 Axis 1 Error Code Servo 1 2.02 44 Axis 3 Error Code Servo 3 2.02 

05 Command Block Number Servo 1 2.03 45 Command Block Number Servo 3 2.03 

06-07 Commanded Position Servo 1 2.04 46-47 Commanded Position Servo 3 2.04 

08-09 Actual Position Servo 1 2.05 48-49 Actual Position Servo 3 2.05 

10-11 Strobe 1 Position Servo 1 2.06 50-51 Strobe 1 Position Servo 3 2.06 

12-13 Strobe 2 Position Servo 1 2.06 52-53 Strobe 2 Position Servo 3 2.06 

14-15 Position Error Servo 1 2.07 54-55 Position Error Servo 3 2.07 

16-17 Commanded Velocity Servo 1 2.08 56-57 Commanded Velocity Servo 3 2.08 

18-19 Actual Velocity Servo 1 2.09 58-59 Actual Velocity Servo 3 2.09 

20-21 User Selected Data 1 Servo 1 2.10 60-61 User Selected Data 1 Servo 3 2.10 

22-23 User Selected Data 2 Servo 1 2.11 62-63 User Selected Data 2 Servo 3 2.11 

        

24 Axis 2 Error Code Servo 2 2.02 64 Axis 4 Error Code Servo 4 2.02 

25 Commanded Block Number Servo 2 2.03 65 Command Block Number Servo 4 2.03 
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26-27 Commanded Position Servo 2 2.04 66-67 Commanded Position Servo 4 2.04 

28-29 Actual Position Servo 2 2.05 68-69 Actual Position Servo 4 2.05 

30-31 Strobe 1 Position Servo 2 2.06 70-71 Strobe 1 Position Servo 4 2.06 

32-33 Strobe 2 Position Servo 2 2.06 72-73 Strobe 2 Position Servo 4 2.06 

34-35 Position Error Servo 2 2.07 74-75 Position Error Servo 4 2.07 

36-37 Commanded Velocity Servo 2 2.08 76-77 Commanded Velocity Servo 4 2.08 

38-39 Actual Velocity Servo 2 2.09 78-79 Actual Velocity Servo 4 2.09 

40-41 User Selected Data 1 Servo 2 2.10 80-81 User Selected Data 1 Servo 4 2.10 

42-43 User Selected Data 2 Servo 2 2.11 82-83 User Selected Data 2 Servo 4 2.11 

2.01 Module Status Code. Module Status Code indicates the current DSM314 operational 

status. When the Module Error Present %I flag is set, and the error is not related to a 

specific axis, an error code number is reported in the Module Status Code that 

describes the condition causing the error. A new Module Status Code will not replace 

a previous Module Status Code unless the new Module Status Code has Fast Stop or 

System Error priority. 

The Module Status Code word is also used to report System Status Errors. These are 

of the format Dxxx, Exxx, and Fxxx. For details on System Status Error codes, refer to 

Appendix A. 

For a list of Motion Mate DSM314 error codes refer to Appendix A. 

2.02 Axis 1 - Axis 4 Error Code. The Servo Axis n Error Code, where n = Axis 1 - Axis 4, 

indicates the current operating status of each axis. When the Module Error Present 

%I flag is set, and the error is related to a particular axis, an error code number is 

reported, which describes the condition causing the error. A new Axis Error Code will 

replace a previous Axis Error Code if it has equal or higher priority (Warning, Normal 

Stop, Fast Stop) compared to the previous Axis Error Code. 

For a list of Motion Mate DSM314 error codes refer to Appendix A. 

2.03 Command Block Number. Command Block Number indicates the block number of 

the command that is presently being executed in the active Program or Subroutine. 

It changes at the start of each new block as the program commands are executed, 

and thus identifies the present operating location within the program. Block 

numbers are displayed only if the motion program uses them. Additionally, the most 

recently used block number will be displayed until superseded by a new value. The 

Command Block Number is set to zero on power cycle or reset. 
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2.04 Commanded Position. Commanded Position (user units) is where the axis is 

commanded to be at any instant in time. For a Servo Axis, the difference between 

Commanded Position and Actual Position is the Position Error value that produces 

the Velocity Command to drive the axis.  The rate at which the Commanded Position 

is changed determines the velocity of axis motion. 

If Commanded Position moves past either of the count limits, it will roll over to the 

other limit and continue in the direction of the axis motion. 

2.05 Actual Position. Actual Position (user units) is a value maintained by the DSM314 to 

represent the physical position of the axis. It is set to an initial value by the Set 

Position %AQ Immediate command or to Home Position by the Find Home cycle. 

When digital absolute encoders are used, Actual Position is automatically set 

whenever the encoder reports a valid position. The motion of the axis feedback 

device continuously updates the axis Actual Position. 

If Actual Position moves past either of the count limits, it will roll over to the other 

limit and continue in the direction of the axis motion. 

2.06 Strobe 1, 2 Position. Strobe 1 Position and Strobe 2 Position (user units) contain the 

axis actual position when a Strobe 1 Input or Strobe 2 Input occurs. When a Strobe 

Input occurs, the Strobe 1Flag or Strobe 2 Flag %I bit is set to indicate to the host 

controller that new Strobe data is available in the related Strobe 1 Position or Strobe 

2 Position status word. The host controller must set the proper Reset Strobe 1 or 

Reset Strobe 2 Flag %Q bit to clear the associated Strobe 1,2 Flag %I bit. 

Strobe 1, 2 Position will be maintained and will not be overwritten by additional 

Strobe Inputs until the Strobe 1, 2 Flag %I bit has been cleared. If the Reset Strobe 

Flag %Q bit is left in the 

ON state (thus holding the Strobe 1, 2 Flag %I bit in the cleared state), then each 

Strobe Input that occurs will cause the axis position to be captured in Strobe 1, 2 

Position. 

The Strobe 1, 2 Position actual position values are also placed in data parameter 

registers for use with motion programs commands. The data parameter register 

assignments are as follows: 

 Servo Axis 1 Servo Axis 2 Servo Axis 3 Servo Axis 4 

Strobe 1 Position P224 P232 P240 P248 

Strobe 2 Position P225 P233 P241 P249 

This feature allows the strobe input to trigger a Conditional JUMP in a program 

block using the Strobe 1 Position or Strobe 2 Position as the destination of a 

CMOVE or PMOVE command. 

See Chapter 1, ïNpmbsar Mtcptgcu* BQK1/2 Nmqgrgml Qrpm`cq*ð dmp gldmpk_rgml ml

strobe latency and processing times. 
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2.07 Position Error. Position Error (user units) is the difference between Commanded 

Position and Actual Position. In the servo control loop, Position Error is multiplied by 

a gain constant to provide the servo velocity command. 

2.08 Commanded Velocity. Commanded Velocity (user units/sec) is a value generated by 

the DSM314 axis command generator. Commanded Velocity indicates the 

instantaneous velocity command that is producing axis motion. At the beginning of 

a move it will increase at the acceleration rate, and once the programmed velocity 

has been reached, it will stabilize at the programmed velocity value. 

In Follower mode, Commanded Velocity only represents the output of the axis 

command generator. The Follower Master Axis input or the Follower Acceleration 

Ramp controller does not affect Commanded Velocity. 

2.09 Actual Velocity. Actual Velocity (user units/sec) represents the axis velocity derived 

from the Feedback device and is updated by the DSM314 once every 128 

milliseconds. 

2.10 User Selected Data 1. There is one of these words for each of the four axes. The 

information reported in User Selected Data 1 is determined by module 

configuration (see Chapter 4) or the Select Return Data 1 %AQ command (see 

Qcargml 2* ï#?O Gkkcbg_rc Amkk_lbq*ð gl rfgq af_nrcp', 

2.11 User Selected Data 2. There is one of these words for each of the four axes. The 

information reported in User Selected Data 2 is determined by module 

configuration (see Chapter 4) or the Select Return Data 2 %AQ command (see 

Qcargml 2* ï#?O Gkkcbg_rc Amkk_lbq*ð gl rfgq af_nrcp', Pcdcp rm Qcargml 2 ï#?O

Gkkcbg_rc Amkk_lbqð dmp _bbgrgml_j gldmpk_rgml, 

5.3 Section 3:   %Q Discrete Commands 
The %Q Outputs listed in Table 44 represent Discrete Commands that are sent automatically 

to the DSM314 from the CPU each host controller sweep. A command is executed by turning 

on its corresponding Output Bit. The actual addresses of the Discrete Command bits depend 

on the starting address configured for the %Q references. See Table 40* ïQcrrgleq R_`,ð Rfc

Bit Offsets listed in the following table are offsets to this starting address. Numbers in the 

ïPcdð amjsklq ncpr_gl rm qcargmlq gl rfgq af_nrer. 
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Table 44: %Q Discrete Commands 

Bit  

Offset  

Description  Axis Ref Bit  

Offset  

Description  Axis Ref 

00 Clear Error N/A 3.01 40 OUT1_B / Config. CTL bit src. Servo 2 3.12 

01 Enable Local Logic N/A 3.02 41 OUT3_B / Config. CTL bit src. Servo 2 3.13 

02 Execute Motion Program 1 N/A 3.03 42 Reserved   

03 Execute Motion Program 2 N/A 3.03 43 Reserved   

04 Execute Motion Program 3 N/A 3.03 44 Enable Follower Servo 2 3.14 

05 Execute Motion Program 4 N/A 3.03 45 Select Follower Master 

Source 

Servo 2 3.15 

06 Execute Motion Program 5 N/A 3.03 46 Reserved   

07 Execute Motion Program 6 N/A 3.03 47 Reserved   

        

08 Execute Motion Program 7 N/A 3.03 48 Abort All Moves Servo 3 3.05 

09 Execute Motion Program 8 N/A 3.03 49 Feed Hold (Pause Program) Servo 3 3.06 

10 Execute Motion Program 9 N/A 3.03 50 Enable Drive / MCON Servo 3 3.07 

11 Execute Motion Program 10 N/A 3.03 51 Find Home Servo 3 3.08 

12 Configurable CTL bit source N/A 3.04 52 Jog Plus Servo 3 3.09 

13 Configurable CTL bit source N/A 3.04 53 Jog Minus Servo 3 3.10 

14 Configurable CTL bit source N/A 3.04 54 Reset Strobe 1 Servo 3 3.11 

15 Configurable CTL bit source N/A 3.04 55 Reset Strobe 2 Servo 3 3.11 

16 Abort All Moves Servo 1 3.05 56 OUT1_C / Config. CTL bit src. Servo 3 3.12 

17 Feed Hold (Pause Prgm) Servo 1 3.06 57 OUT3_C / Config. CTL bit src. Servo 3 3.13 

18 Enable Drive / MCON Servo 1 3.07 58 Reserved   

19 Find Home Servo 1 3.08 59 Reserved   

20 Jog Plus Servo 1 3.09 60 Enable Follower Servo 3 3.14 

21 Jog Minus Servo 1 3.10 61 Select Follower Master Source Servo 3 3.15 

22 Reset Strobe 1 Servo 1 3.11 62 Reserved   

23 Reset Strobe 2 Servo 1 3.11 63 Reserved   

24 OUT1_A / Config. CTL bit src. Servo 1 3.12 64 Abort All Moves Servo 4 3.05 

25 OUT3_A / Config. CTL bit src. Servo 1 3.13 65 Feed Hold (Pause Program) Servo 4 3.06 

26 Reserved   66 Enable Drive / MCON Servo 4 3.07 

27 Reserved   67 Find Home Servo 4 3.08 

28 Enable Follower Servo 1 3.14 68 Jog Plus Servo 4 3.09 

29 Select Follower Master Source Servo 1 3.15 69 Jog Minus Servo 4 3.10 

30 Reserved   70 Reset Strobe 1 Servo 4 3.11 

31 Reserved   71 Reset Strobe 2 Servo 4 3.11 

32 Abort All Moves Servo 2 3.05 72 OUT1_B / Config. CTL bit src. Servo 4 3.12 

33 Feed Hold (Pause Program) Servo 2 3.06 73 OUT3_B / Config. CTL bit src. Servo 4 3.13 

34 Enable Drive / MCON Servo 2 3.07 74 Reserved Servo 4  
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35 Find Home Servo 2 3.08 75 Reserved Servo 4  

36 Jog Plus Servo 2 3.09 76 Enable Follower Servo 4 3.14 

37 Jog Minus Servo 2 3.10 77 Select Follower Master Source Servo 4 3.15 

38 Reset Strobe 1 Servo 2 3.11 78 Reserved Servo 4  

39 Reset Strobe 2 Servo 2 3.11 79 Reserved Servo 4  

3.01 Clear Error. When an error condition is reported, this command is used to clear the 

Module Error Present %I status bit as well as the associated Module Status Code and 

Axis 1-Axis 4 Error Code %AI status words. Error conditions that are still present (such 

as an End of Travel limit switch error) will not be cleared and must be cleared by some 

other corrective action. If the Clear Error bit is maintained ON, a Jog command can 

be used to move away from an open hardware overtravel limit switch. 

3.02 Enable Local Logic. This command enables the current Local Logic program within 

the DSM to execute. Refer to Chapter 4 for information on configuring the Local 

Logic program name. 

3.03 Execute Motion Program 1 - 10. These commands are used to select stored motion 

programs for immediate execution. Each command uses a one-shot action; thus a 

command bit must transition from OFF to ON each time a program is to be 

executed. Programs may be temporarily paused by a Feed Hold command. 

When a program begins execution, Rate Override is always set to 100%. A Rate 

Override %AQ command can be sent on the same sweep as the Execute Motion 

Program n %Q bit and will be effective as the program starts. 

Only one Motion Program can be executed at a time per axis. The Program Active %I 

status bit must be OFF, or Motion Program execution will not be allowed to start. A 

multi -axis Motion Program uses both axis 1 and axis 2, so both Program Active bits 

must be OFF to start a multi-axis Motion Program. 

3.04 Configurable CTL Bit Sources. %Q bit offsets 12-15 are configurable as sources for 

CTL bits CTL01-CTL24. Refer to Chapter 4 for additional information. The default 

configuration is: 

%Q bit offset 12: CTL09 

%Q bit offset 13: CTL10 

%Q bit offset 14: CTL11 

%Q bit offset 15: CTL12 

3.05 Abort All Moves. This command causes any motion in progress to halt at the 

current Jog Acceleration rate and configured Jog Acceleration Mode. Therefore it is 

important to use a Jog Acceleration that will provide deceleration in a satisfactory 

distance. Any pending programmed or immediate command is canceled and 

therefore not allowed to become effective. The abort condition is in effect as long 

as this command is on. If motion was in progress when the command was received, 

the Moving status bit will remain set until the commanded velocity reaches zero. 
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3.06 Feed Hold (On Transition). This command causes any motion programs in progress 

to stop at the active program acceleration rate. The Feed Hold command does not 

stop motion commanded by a master source in Follower Enabled Mode. Once the 

motion is stopped, the Moving status bit is cleared, and the In-Zone status bit is set 

when the In Zone condition is attained. Jog commands are allowed when in the Feed 

hold condition. After an ON transition, program motion will stop, even if the 

command bit transitions back OFF before motion stops. 

Feed Hold (Off Transition). This command causes any motion programs interrupted 

by Feed Hold to resume at the programmed acceleration and velocity rate. 

Additional program moves will then be processed, and normal program execution 

will continue. Feed Hold OFF behaves in a similar fashion to an Execute Program 

command except the path generation software uses only the remaining distance in 

the program. 

If jogging occurred while Feed Hold was ON, the interrupted Move command will 

resume from where the axis was left after the Jog. The Move finishes at the correct 

programmed velocity and continues to the original programmed position as if no 

jog displacement occurred. 

3.07 Enable Drive / MCON. If the Module Error Present and Drive Enabled %I status bits 

are cleared, this command will cause the Drive Enable relay contact to close and the 

Drive Enabled %I bit to be set. When the Drive Enabled %I bit is set, the path 

generation and position control functions are enabled, and servo motion can be 

commanded. A signal will be sent (MCON) to the digital servo enabling the drive. 

Enable Drive must be maintained ON to allow normal servo motion (except when 

using Jog commands). If using the Force Analog Output immediate command (see 

Sectiol 2,.4* ïDmpac ?l_jme Msrnsrð'* rfc _nnjga_`jc Cl_`jc Bpgtc qgel_j ksqr `c ml

to produce an analog output with this command. 

3.08 Find Home. This command causes the DSM314 to establish the Home Position. A 

Home Limit Switch Input from the I/O connector roughly indicates the reference 

position for Home, and the next encoder marker encountered indicates the exact 

home position. When the Home Mode axis configuration is set to MOVE+ or MOVE-

, the Home Limit Switch input will be ignored. For a Servo Axis, the configured Home 

Offset defines the location of Home Position as the offset distance from the Home 

Marker. The Position Valid %I bit indication is set at the conclusion of the Home 

Cycle. See Chapter 6 for additional Home Cycle information. See Appendix C for 

absolute encoder information. 

3.09 Jog Plus. When this command bit is ON, the axis moves in the positive direction at 

the configured Jog Acceleration and Jog Velocity rates. Turning Jog Plus OFF causes 

the axis to decelerate and stop. If Jog Plus is momentarily turned off, even for one 

host controller sweep, the axis will decelerate to a stop then accelerate and continue 

jogging. The axis will move as long as the Jog Plus command is maintained and the 

configured Positive End Of Travel software limit or Positive Overtravel switch is not 

encountered. The Overtravel switch inputs can be disabled using the OT Limit 

configuration parameter. Jog Plus may be used to jog off of the Negative Overtravel 
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switch if the Clear Error %Q bit is also maintained on. See Chapter 6, Non-

Programmed Motion, for more information on Jogging with the DSM314. 

3.10 Jog Minus. When this command bit is ON, the axis moves in the negative direction 

at the configured Jog Acceleration and Jog Velocity rates. Turning Jog Minus OFF 

causes the axis to decelerate and stop. If Jog Minus is momentarily turned off, even 

for one host controller sweep, the axis will decelerate to a stop then accelerate and 

continue jogging. The axis will move as long as the Jog Minus command is 

maintained and the configured Negative End Of Travel software limit or Negative 

Overtravel switch is not encountered. The Overtravel switch inputs can be disabled 

using the OT Limit configuration parameter. Jog Minus may be used to jog off of the 

Positive Overtravel switch if the Clear Error %Q bit is also maintained on. See Chapter 

4* ïLml-Npmep_kkcb Kmrgml*ð dmp kmpc gldmpk_rgml ml Hmeegle ugrf rfc BQK1/2, 

3.11 Reset Strobe 1, 2 Flag. The Strobe n Flag %I status bit flag informs the host controller 

that a Strobe Input has captured an axis position that is now stored in the associated 

Strobe n Position %AI status word. When the host controller acknowledges this data, 

it may use the Reset Strobe n Flag %Q command bit to clear the Strobe n Flag %I 

status bit flag. Once the Strobe n Flag %I bit is set, additional Strobe Inputs will not 

cause new data to be captured. The flag must be cleared before another Strobe 

Position will be captured. As long as the Reset Strobe n Flag %Q command bit is set, 

the Strobe n Flag bit will be held in the cleared state. In this condition, the latest 

Strobe Input position is reflected in the Strobe n Position status word, although the 

flag cannot be used by the host controller to indicate when new data is present. 

3.12 OUT1_A, B, C, D Output Control / Configurable CTL Bit Source. Each axis connector 

has a 24-vdc solid state relay (SSR) output rated at 125 ma. The OUT1_A, OUT1_B, 

OUT1_C and OUT1_D Output Control %Q bits can control the state of the associated 

output, but onl y if the associated Output Bits configuration is set for host controller 

Control. Refer to Chapter 4 for configuration information. 

For each axis, the following connector terminals are assigned: 

 Faceplate 

Connector  Pin 

Auxiliary TB 

IC693ACC336 Terminal  

Servo TB IC693ACC335 

Terminal  

OUT1 SSR (+) 

terminal 

18 18 18 

OUT1 SSR (-) 

terminal 

36 36 16 

These %Q bits are also available as sources for configurable CTL bits, independent 

of the Output Bits configuration. Refer to Chapter 4 for information on configuring 

the CTL01-CTL24 bit sources. 
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Note: The OUT_1A, B, C, D bits will not control the faceplate outputs unless the associated 
Output Bits configuration is set for host controller Control. Refer to Chapter 4 for 
configuration information. 

3.13 OUT3_A, B, C, D Output Control / Configurable CTL Bit Source. Each axis connector 

has a differential 5-vdc output that is suitable for driving 5v TTL or CMOS loads. The 

OUT3_A, OUT3_B, OUT3_C and OUT3_D Output Control %Q bits control the state 

of the associated output, but only if the associated Output Bits configuration is set 

for PLC Control. Refer to Chapter 4 for configuration information. 

For each axis the following connector terminals are assigned: 

 Faceplate 

Connector Pin 

Auxiliary TB 

IC693ACC336 Terminal  

Servo TB IC693ACC335 

Terminal  

OUT3 (+) 

terminal 

14 14 5 

OUT3 (-) 

terminal 

32 32 13 

Note: The OUT_3A, B, C, D bits will not control the faceplate outputs unless the associated 
Output Bits configuration is set for PLC Control. Refer to Chapter 4 for configuration 
information. 

These %Q bits are also available as sources for configurable CTL bits, independent of 

the Output Bits configuration. Refer to Chapter 4 for information on configuring the 

CTL01-CTL24 bit sources. 

3.14 Enable Follower. When this bit is set and the Follower Enabled %I status bit indicates 

the Follower is enabled, motion commanded by the external or internal master will 

act as an input to the follower loop. An optional Follower Trigger bit may be 

configured to initiate follower motion. When a Follower Trigger is used, Enable 

Follower must be ON for the trigger condition to be tested. Clearing Enable Follower 

disconnects the follower loop from the master source. Jog, Move at Velocity, and 

Execute Program n commands will be allowed regardless of the state of Enable 

Follower. When the Follower is enabled, Jog, Move at Velocity, or Execute Program 

n commands will be superimposed on the master velocity or position command. 

Find Home is not allowed unless Enable Follower is cleared. Refer to Chapter 8 for 

additional information. This bit is only used by follower mode. 

3.15 Select Follower Master Source. This bit switches the follower master axis source 

from Follower Master Source 1 (bit OFF) to Follower Master Source 2 (bit ON). The 

Follower Master sources are configurable as Commanded Position or Actual Position 

from any of the 4 axes. 
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5.4 Section 4:   %AQ Immediate Commands 
The following %AQ Immediate Command words are transferred each host controller sweep 

from the CPU %AQ data to the DSM314. The number of %AQ words configured (6, 9, or 12) 

depends upon the number of controlled axes configured. The actual addresses of the 

Immediate Command words depend on the starting address configured for the %AQ words. 

See Table 40* ïQcrrgleq R_`,ð Rfc umpb mddqcr lsk`cpq jgqrcb gl rfc dmjjmugle table are 

offsets to this starting address. The words are assigned as follows: 

Table 45: %AQ Word Assignments 

Word Offset  Description  Axis 

00 Immediate Command Word Servo 1 

01-02 Command Data Servo 1 

   

03 Immediate Command Word Servo 2 

04-05 Command Data Servo 2 

   

06 Immediate Command Word Servo 3 

07-08 Command Data Servo 3 

   

09 Immediate Command Word Servo 4 

10-11 Command Data Servo 4 

Only one %AQ Immediate command may be sent to each axis of the DSM314 every host 

controller sweep, the only exception being the Load Parameter Immediate command, 

which is axis independent. The number of Load Parameter Immediate commands that can 

be sent in one sweep depends upon the number of %AQ words configured (see Table 47 for 

details). 

Even though the commands are sent each sweep, the DSM314 will act on a command ONLY 

if it changed since the last sweep. When any of the 3 words change, the DSM314 will accept 

the data as a new command and respond accordingly. 

The Axis OK %I bit must be ON for an axis to accept a new %AQ Immediate Command. Under 

some conditions such as a disconnected digital encoder, un-powered servo amplifier, or un-

cleared error, Axis OK will be OFF and the %AQ command processing for that axis will be 

disabled. If Digital Servo Axis 1 or 2 is not used for motor control, the configured Motor Type 

must be set to 0 or an error will be reported, and Axis OK will stay OFF. 

The 6-byte format for the Immediate Commands is defined in Table 46. The actual 

addresses of the Immediate Command Words depend on the starting address configured 

for the %AQ references. The word numbers listed in the following table are offsets to this 

starting address.  
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The word offsets are shown in reverse order and in hexadecimal to simplify the data entry. 

The following example sends the Set Position command to axis 1. The first word, word 0, 

contains the actual command number. For the Set Position command, the command 

number is 0023h. The second and third words contain the data for the Set Position 

command that is a position. The second word, word 1, is the least significant word of the 

position and the third word, word 2, is the most significant word. 

Example: 

To set a position of 3,400,250, first convert the value to hexadecimal. 3,400,250 decimal 

equals 0033E23A hexadecimal. For this value, 0033 is the most significant word and E23A is 

the least significant word. The data to be sent to the DSM314 would be: 

Word 2  Word 1  Word 0  Command 

0033 E23A 0023 Set Position 3,400,250 

Setting up word 0 as a hexadecimal word and words 1 and 2 as a double integer in a 

Reference View Table display will simplify immediate command entry. 

The data limit values MaxPosnUu, MaxVelUu and MaxAccUu are computed as shown 

below: 

Formulas for Computing Data Limit Variables  

Position Limit MaxPosnUu  Velocity Limit MaxVelUu  Acceleration Limit MaxAccUu  

If uu:cts >= 1:1 

MaxPosnUu = 536,870,912 

Else (uu:cts < 1:1) 

MaxPosnUu = 536,870,912 * 

uu/cts 

MaxVelUu = 1,000,000* 

uu/cts 

If uu:cts >= 1:1 

MaxAccUu = 1,073,741,823 

Else (uu:cts < 1:1) 

MaxAccUu = 1,073,741,823* 

uu/cts 

In the following %AQ command table, only the word offsets for Servo Axis 1 are listed. 

Word offsets for the other axes are computed by adding 3 (Servo Axis 2), 6 (Servo Axis 3), 

or 9 (Servo Axis 4) to the listed word offsets. The Ref column numbers refer to sections in 

this chapter. 
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Table 46: %AQ Immediate Commands Using the 6-Byte Format  

Word 2  Word 1  Word 0  Immediate Command Definition  Ref 

Byte 5 Byte 4 Byte 3 Byte 2 Byte 1 Byte 0 

xx xx xx xx 00 00h Null 4.01 

xx xx xx RO% 00 20h Rate Override 

RO% = 0 ...120% 

4.02 

xx xx *  Incr 00 21h Position Increment Without Position Update 

Incr. = -128 ... +127 User Units 

4.03 

Velocity 00 22h Move At Velocity 

Vel. = -K_vTcjSs æ )K_vTcjSs 

4.04 

Position 00 23h Set Position 

Pos. = -MaxPosnUu ... + MaxPosnUu-1 

4.05 

xx xx Analog Output 00 24h Force Analog Output 

Analog Output = -32,000 ... + 32,000 

4.06 

xx xx *  Incr. 00 25h Position Increment With Position Update 

Incr. = -128 ... +127 User Units 

4.07 

xx xx xx In Posn Zone 00 26h In Position Zone 

Range = 0 ... 255 

4.08 

Position or Parameter # Move 

Type 

27h Move Command 

Pos. = -MaxPosnUu ... + MaxPosnUu-1 

Par # = 0 ... 255 

4.09 

Velocity 00 28h Jog Velocity 

Tcj, ; )/ æ )K_vTcjSs 

4.10 

Acceleration 00 29h Jog Acceleration 

Acc. = +1 ... + MaxAccUu 

4.11 

xx xx Time Constant 

(0.1 ms units) 

00 2Ah Position Loop Time Constant 

Time Constant = 0 - 65535 (0.1 ms 

units) 

4.12 

xx xx VFF  (0.01% 

units) 

00 2Bh Velocity Feedforward 

VFF = 0 ... 12000 (0.01% units) 

4.13 

xx xx Integr. TC 00 2Ch Integrator Time Constant 

Time Constant = 0, 10 ... 10,000 ms 

4.14 

Ratio B Ratio A 00 2Dh Follower A/B Ratio 

Ratio A = í10*546 æ )10*545 

Ratio B = +1 ... +32,767 

4.15 

xx xx xx VLGN 00 2Eh Velocity Loop Gain (Digital mode only) 

VLGN = 0 ... 255 

4.16 

xx xx Torque Limit 

(0.01% units) 

00 2Fh Torque Limit (Digital mode and Analog Torque 

Mode only) 

Range = 0-10000 (0.01% units) 

4.17 

Position 00 31h Set Aux Encoder Position 4.18 
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Word 2  Word 1  Word 0  Immediate Command Definition  Ref 

Byte 5 Byte 4 Byte 3 Byte 2 Byte 1 Byte 0 

Pos. = -MaxPosnUu ... + MaxPosnUu-1 

xx xx Servo Velocity Cmd 

Note: Not used in 

Analog Velocity 
Mode - See 
Force D/A 
Output 
command 

00 34h Force Servo Velocity 

Servo Velocity Cmd  =  -4,095 ... 

+4,095 RPM 

4.19 

xx xx Offset Mode 40h Select Return Data 1 4.20 

xx xx Offset Mode 41h Select Return Data 2 4.21 

xx xx Make-Up Time 00 42h Follower Ramp Distance Make-Up Time 

Active Range = 0, 10 ... 32000 ms 

4.22 

xx xx KpVel 07 46h Velocity Regulator Proportional Gain (Analog 

Torque Mode Only) 

KpVel  =  0 - 32767 

4.23 

xx xx KiVel 08 46h Velocity Regulator Integral Gain (Analog 

Torque Mode Only) 

KiVel  =  0 - 32767 

4.24 

xx xx TqFilt mode 0A 46h Torque Command Filter (Analog Torque Mode 

Only) 

TqFilt  =  0 - 3 

4.25 

xx xx Mode Axis 47h Select Analog Output Mode (Digital mode 

only) 

4.26 

xx xx xx xx 00 49h Clear New Configuration Received 4.27 

Parameter Data Par #h 50h Load Parameter Immediate 

Par # = 0 ... 255 

Parameter Data = Range depends on 

parameter usage. 

4.28 

* = Only 00 or FFh are acceptable. 

vv ; bmlòr a_pc 

4.01 Null. This is the default %AQ Immediate command. Since the %AQ words are 

automatically transferred each CPU sweep, the Null command should always be 

used to avoid inadvertent execution of another %AQ Immediate command. 

4.02 Rate Override. This command immediately changes the % feedrate override value, 

which will modify the commanded velocity for all subsequent programmed moves. 

This new value will become effective immediately when received by the DSM314. It 

is stored and will remain effective until overwritten by a different value. A rate 

override has no effect on non- programmed motion or acceleration. Rate Override 

is set to 100% whenever a program is initiated. The Rate Override command can be 

sent on the same CPU sweep as an Execute Program %Q bit and the Override value 



User Manual Chapter 5 
GFK-1742F Jan 2020 
 

DSM314 to Host Controller Interface 149 

will immediately take effect. Rate Override can be used to adjust the programmed 

velocity (not acceleration) of a particular move or a set of moves on any given axis. 

4.03 Position Increment Without Position Update. (User units) This command offsets the 

axis position from -128 to +127 user units without updating the Actual Position, 

Unadjusted Actual Position (UAP), or Commanded Position. The DSM314 will 

immediately move the axis by the increment commanded if the servo is enabled. 

Position Increments can be used to make minor machine position corrections to 

amknclq_rc dmp af_legle _ars_j amlbgrgmlq, Qcc Af_nrcp 4* ïLml-Programmed 

Kmrgml*ð dmp kmpc gldmpk_rgml ml sqgle Nmqgrgml Glapckclr Amkk_lbq ugrf rfc

DSM314. 

Note: The %AQ Position Increment without Position Update command (21h) does not change 
the UAP. If an application uses this command, the UAP will no longer match Actual 
Position. For details on the operation of UAP, see page 156. 

4.04 Move At Velocity. (User units/sec) This command is executed from the CPU to move 

the axis at a constant velocity. The active Jog Acceleration rate and configured Jog 

Acceleration Mode are used for Move at Velocity commands. Axis actual position 

data will roll over at the configured Hi or Lo Limit when reached during these moves. 

Qcc Af_nrcp 4* ïLml-Programmed Motion, for more information on the Move at 

Tcjmagrw Amkk_lb,ð 

4.05 Set Position. (User units) This command changes the axis position register values 

without moving the axis. Operation of the command depends on the axis 

configuration:  

Servo Axis - The Commanded Position and Actual Position values will both be 

changed so that no motion command will be generated. The Actual Position will be 

set to the value designated and the Commanded Position will be set to the value + 

Position Error. Set Position cannot be performed when the Moving %I bit or the 

Program Active %I bit is ON. Set Position is allowed if the In Zone %I bit is OFF as long 

_q ?ars_j Tcjmagrw gq Ð /.. arq-qca, Rfc nmqgrgml t_jsc ksqr `c within the End of 

Travel Limits and Count Limits or a status error will be reported. The Position Valid 

%I bit is set after a successful Set Position command. See Appendix C for 

considerations when using absolute mode encoders. The Set Position command is 

commonly used to set the starting position reference point to zero (or another 

value) without homing the axis. 

Aux Axis - Commanded Position is set to the command data. For an Aux Axis, Actual 

Position is independent of Commanded Position and is not affected by Set Position. 

Refer to paragraph 4.18 Set Aux Encoder Position to set Actual Position for an Aux 

axis encoder. Set Position cannot be performed when the Moving %I bit or the 

Program Active %I bit is ON. The position value must be within the End of Travel 

Limits or a status error will be reported. 

Note: When a digital servo system with absolute encoder (Feedback Mode = Absolute) is first 
powered up after removal or replacement of the encoder battery, the encoder must be 
rotated past its internal reference point. If this is not done the Set Position command will 
be ignored and Error Code 53h (Set Position before encoder passes reference point) will 
be reported. 
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4.06 Force Analog Output. Each axis connector supports one analog output signal. The 

Force Analog Output immediate command may be used in the CPU application 

program to set the value of this DC voltage output. The Force Analog Output 

command operates one of the analog outputs on DSM faceplate connector C or D in 

Digital mode, or in Analog Velocity mode, on connector A, B, C, or D. Multiple Force 

Analog Output commands can be used to operate outputs on different connectors 

by using the appropriate %AQ word offsets (see the paragraph before Table 46). A 

Force Analog Output command has a range of +32000 (+10.00 Vdc) to -32000 (-

10.00 Vdc). When the axis is configured for Analog Torque mode the Force Analog 

output command is NOT available. 

Note: It is necessary to enable the applicable #O ïCl_`jc Bpgtcð `gr &rfcpc gq mlc dmp c_af _vgq'
to activate the analog output value set by this command. This differs from IC693DSM302 
functionality. 

There are two requirements to sustain the forced analog output voltage: (1) the  

Force Analog Output command and value must remain continuously in the %AQ 

b_r_* _lb &0' rfc _qqmag_rcb #O ïCl_`jc Bpgtcð `gr ksqr `c ml, Rfc #O ïCl_`jc

Bpgtcð `gr a_l `c sqcb rm qugraf rfc _l_jme msrnsr tmjr_ec ml _lb mdd, 

When a Force Analog Output command is active for a given axis, any other %AQ 

immediate command for that axis will remove the Force Analog Output command 

and turn off the associated analog output. 

There are some differences between the Digital and Analog Axis Modes when using 

this command, which are detailed below: 

Digital Mode 

¶ The Force Analog Output command can only be used on connectors C and D 

in Digital mode (in Digital mode, both Axis 1 and Axis 2, on connectors A and 

B respectively, must be digital). In fact, Force Analog Output is the default 

signal on connectors C and D in Digital mode. 

¶ If Axes 1 and 2 (connectors A and B) are configured for digital servo, their 

analog outputs are used only for servo tuning, and this function cannot be 

overridden by the Force Analog Output command. Issuing a Force Analog 

Output command to a digital axis (connector A or B) will have no effect, and 

no error will be reported. 

¶ In Digital mode, a Force Analog Output signal can be overridden if another 

signal is routed to connector C or D by the Select Analog Output Mode 

command. If the default Force Analog Output command has been overridden 

on connectors C or D, it can be reinstated by either (1) issuing the immediate 

command Select Analog Output (Signal Code 00) to each affected axis or (2) 

power cycling the DSM314. See Sectiol 2,03* ïQcjcar ?l_jme Msrnsr Kmbc,ð 
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Force Analog Output (Digital Mode) Example 

In this example, Axes 1 and 2 are configured as Digital, the beginning DSM314 %Q 

address is configured as %Q1, and the beginning %AQ address is configured as 

%AQ1. Connectors C and D are set at their default analog output condition (Force 

Analog Output). 

To force an analog output of +5VDC on connector D, the Force Analog Output 

immediate command will be issued in the ladder logic program. Since the first %AQ 

word was configurcb _q #?O/* rfc rfpcc umpbq rf_r _nnjw rm Amllcarmp B &ï?vgq 2ð'*

are %AQ10, %AQ11, and %AQ12 (see the paragraph above Table 46 for details). 

Since %Q1 was configured as the first %Q bit, the Enable Drive (Servo 4) bit for Axis 4 

is %Q67 (see Table 44, ï#O Bgqapcrc Amkk_lbqð', 

So the following values must be moved into the applicable words, using Move 

instructions in ladder logic (using a WORD type Move instruction makes it easier to 

move a hex number): 

%AQ10 Set to 24h (which specifies the Force Analog Output command) 

%AQ11 Set to +16000 (which equals +5VDC) 

%AQ12 Set to 0 (this word is not used to convey significant data) 

Additionally, the %Q67 bit (Enable Drive) must be set to logic 1. 

Figure 62 

 

Analog Velocity Mode 

¶ In Analog Velocity mode, the Force Analog Output command can be used on 

all four connectors to force a voltage output. 

¶ Rfc Qcjcar ?l_jme Msrnsr amkk_lb* bgqasqqcb gl rfc ïBgegr_j Kmbcð qcargml

above, does not work in Analog mode. 

Analog Torque Mode 

¶ In Analog Torque mode, the Force Analog Output command is NOT available. 
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4.07 Position Increment with Position Update. (User units) This command is similar to the 

Position Increment Without Position Update command (#21h) except that Actual 

Position and Commanded Position (returned in %AI data) are both updated by the 

increment value. If the servo is enabled, the DSM314 will immediately move the axis 

by the increment value. Position Increments can be used to make minor machine 

position corrections to compensate for changing actual conditions. See Chapter 6, 

ïLml-Programmed Motion, for more information on Position Increment 

Amkk_lbq ugrf rfc BQK1/2,ð 

4.08 In Position Zone. (User Units) This command can be used to set the active In Position 

Zone to a value different than the configured value. 

The DSM314 compares In Position Zone to the Position Error in order to control the 

In Zone #G `gr, Ufcl rfc Nmqgrgml Cppmp gq ÐIn Position Zone, the In Zone %I bit is ON. 

If the DSM314 is power cycled or the host controller CPU is reset for any reason, the 

value set by this command will be lost and the In-Position zone value set by 

configuration software will be reinstated. 

4.09 Move Command. This command will produce a single move profile that will move 

the axis to the position commanded each time it is sent. The current Jog 

Acceleration and Jog Velocity (which can also be changed by %AQ commands) will 

be used for the move. A PMOVE command does not complete (Program Active %I 

bit turns OFF) until Commanded Position has reached the destination and the In 

Zone %I bit is on. A CMOVE command completes (Program Active %I bit turns off) 

whenever Commanded Position reaches the destination even if In Zone is OFF. 

Therefore, a CMOVE will complete even if Actual Position has not yet reached the 

CMOVE destination. The Program Active %I bit can be monitored to determine when 

an AQ Move command is active. 

The data field for this command may contain the move position or distance in bytes 

2-5 with the command type (in hexadecimal format) as defined below: 

Move Type (byte 1): 

00h = Abs, Pmove, Linear 

01h = Abs, Cmove, Linear 

10h = Abs, Pmove, Scurve 

11h = Abs, Cmove, Scurve 

40h = Inc,  Pmove, Linear 

41h = Inc,  Cmove, Linear 

50h = Inc,  Pmove, Scurve 

51h = Inc,  Cmove, Scurve 
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The data field for this command may contain a parameter number in byte 2 (bytes 

3-5 unused) with the command type as defined below: 

Move Type (byte 1): 

80h = Abs, Pmove, Linear 

81h = Abs, Cmove, Linear 

90h = Abs, Pmove, Scurve 

91h = Abs, Cmove, Scurve 

C0h = Inc,  Pmove, Linear 

C1h = Inc,  Cmove, Linear 

D0h = Inc,  Pmove, Scurve 

D1h = Inc,  Cmove, Scurve 

The Move Command is executed as a single move motion program. Therefore, all 

the restrictions that apply to motion program execution also apply to the Move 

Command. For example, if a program is already active for axis 1, then an attempt to 

send this command for axis 1 will result in an error condition being reported. 

4.10 Jog Velocity. (User units/sec) This command sets the velocity used when a Jog %Q 

bit is used to jog in the positive or negative direction. Jog Velocity is used by motion 

programs when no Velocity command is included in the program. Jog Velocity is 

always used by the %AQ Move Command (27h). A host controller reset, or power 

cycle returns this value to the configured data. 

4.11 Jog Acceleration. (User units/sec/sec) This command sets the acceleration value 

used by Jog, Find Home, Move at Velocity, Abort All Moves and Normal Stop 

operations. A Normal Stop occurs when the host controller switches from Run to 

Stop or after certain programming errors (refer to Appendix A). Jog Acceleration is 

used by motion programs when no Acceleration command is included in the 

program. Jog Acceleration is always used by the %AQ Move Command (27h). A host 

controller reset, or power cycle returns this value to the configured data. 

Note: A minimum value after scaling is used in the DSM314. This value is determined by the 
rule: 

Jog Acc * (user units/counts) >= 32 counts/sec/sec. 
 

4.12 Position Loop Time Constant. (0.1 Milliseconds) This command allows the servo 

position loop time constant to be changed from the configured value. The lower the 

Position Loop Time Constant value, the faster the system response. Values that are 

too low will cause system instability and oscillation. For accurate tracking of the 

commanded velocity profile, the Position Loop Time Constant should be 1/4 to 1/2 

of the MINIMUM system acceleration or deceleration time. For Analog mode, the 

ïTcj _r K_v Akbð amldgesp_rgml t_jsc ksqr `c qcr amppcarjw dmp npmncp mncp_rgml md

the Position Loop Time Constant. A host controller reset, or power cycle returns this 

value to the configured data. 
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4.13 Velocity Feedforward. This command sets the Velocity Feedforward gain (0.01 

percent). It is the percentage of Commanded Velocity that is added to the DSM314 

velocity command output. Increasing Velocity Feedforward causes the servo to 

operate with faster response and reduced position error. Optimum Velocity 

Feedforward values are 90-/.. #, Dmp _l_jme qcptmq* rfc ïTcj _r K_v Akbð

configuration value must be set correctly for proper operation of the Velocity 

Feedforward gain factor. A host controller reset or power cycle returns this value to 

the configured data. 

4.14 Integrator Time Constant. (Milliseconds) This command sets the Integrator Time 

Constant for the position error integrator. The value specifies the amount of time in 

which 63% of the Position Error will be removed. The Integrator Time Constant 

should be 5 to 10 times greater than the Position Loop Time Constant to prevent 

instability and oscillation. It is recommended that the position error integrator only 

be used in continuous follower applications. Use of the integrator in point to point 

positioning applications may result in position overshoot when stopping. 

4.15 Follower A/B Ratio. This command allows the host controller to update the slave: 

master ?-@ p_rgm sqcb gl c_af dmjjmucp jmmn, ï?ð gq _ /4-bit signed integer with a 

minimum value of - 10*546 _lb _ k_vgksk t_jsc md )10*545, ï@ð gq _ /4-bit integer 

with a minimum value of 1 and a maximum value of 32,767. The magnitude of the 

A/B ratio must be in the range 32:1 to 1:10,000 or a status error will be generated. 

Refer to Chapter 8 for additional information about the A/B ratio. 

4.16 Velocity Loop Gain. (VLGN) Digital Mode and Analog Torque Mode only. The velocity 

control loop gain for a digital servo axis and Analog Torque mode servo may be set 

with the Velocity Loop Gain command. The VLGN value is used to match the load 

inertia (JL) to the motor inertia (JM). VLGN is defined with a default value of 16 

representing an inertia ratio of 1 to 1. The VLGN value is calculated assuming that 

the load is rigidly applied to the motor. Therefore, in actual machine adjustment the 

required value may significantly differ from the calculated value due to rigidity, 

friction, backlash, and other factors. A host controller reset or power cycle returns 

VLGN to the value set in the configuration software. A suggested starting point for 

Velocity Loop Gain is: 

 

The allowed range of Velocity Loop Gain is 0 to 255. 

For example: The motor inertia (JM) of a particular servo is 0.10 lb-in-s2. The load 

inertia (JL) in this application is 0.05 lb-in-s2. VLGN = (0.05 / 0.10) * 16 = 8 

The default Velocity Loop Gain is set using the Velocity Loop Gain setting in the 

configuration software. 
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CAUTION 

An incorrect VLGN value may cause an axis to be unstable. Care should be used when 

making any change to the VLGN value. 

4.17 Torque Limit. (0.01 percent) Digital Mode and Analog Torque Mode only. The 

Torque Limit Command provides a method of limiting the torque produced by the 

servomotor. In Analog Torque Mode, the Torque limit value limits the torque 

command to a percentage of the full-scale torque command value. Specifically, it 

limits the full scale of the analog output where full scale equals 10 volts. The DSM314 

will set the Torque Limit at the default 10000 (100 %) whenever a power cycle or 

reset occurs. The host controller application logic must set any other value for 

desired Torque Limit. The valid range for Torque Limit is 0 to 10000 in units of  0.01%. 

This represents 0 - 100 % of peak torque at commanded velocity. If an over- range 

value of 10001 - 65535 is sent, the torque limit will be set to 10000. Torque Limit 

can be changed during axis motion and takes effect immediately. Refer to the 

appropriate servo motor manual for the motor torque curve to determine the actual 

value of torque output available at a given velocity. A simple example would be the 

use of Torque Limit to prevent over-tightening on a machine. 

4.18 Set Aux Encoder Position. (User Units)  This command sets the Actual Position value 

for an Aux Axis Encoder without using a Find Home operation. The Position Valid %I 

bit for the Aux Axis will be set when the command is received. 

4.19 Force Servo Velocity. (RPM) Digital Mode and Analog Torque Mode only. This 

command bypasses the position loop and forces a velocity command to the digital 

servo for tuning purposes. In Analog Torque Mode it bypasses the position loop and 

forces a velocity command to the velocity regulator. Acceleration control is not used 

and changes in velocity take effect immediately. A Force Servo Velocity command 

value of +4095 will produce a motor velocity of + 4,095 RPM and -4095 will produce 

a motor velocity of -4,095 RPM (depending on individual motor maximum 

velocities). The digital servo control loops may limit actual motor speed to a lower 

value. Care should be taken not to operate a servomotor past the rated duty cycle. 

The Enable Drive %Q bit must be active with no other motion commanded for the 

Force Servo Velocity command to operate. The command must remain 

continuously in the %AQ data for proper operation. When a Force Servo Velocity 

command is active for a given axis, any other %AQ immediate command for that axis 

will remove the Force Servo Velocity data and halt the servo. Chapter 6, Non-

Programmed Motion, also contains information on Force Servo Velocity. 

4.20 Select Return Data 1. This command allows alternate data to be reported in the User 

Selected Data 1 %AI location for each axis. The alternate data includes information 

such as Parameter memory contents and the DSM314 Firmware Revision. 

The Select Return Data 1 command uses a mode selection and an offset selection. 

The mode selection (byte offset +1 of the six-byte command) determines the Return 

Data type. The offset selection (byte offsets +2, +3 of six-byte command) selects an 

individual data item for some modes. Setting the mode to 00h causes the default 
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Torque Command to be reported. The default mode and offset for User Selected 

Data 1 can be set in the module configuration software. 

4.21 Select Return Data 2. This command allows alternate data to be reported in the User 

Selected Data 2 %AI location for each axis. The alternate data includes information 

such as Parameter memory contents and the DSM314 Firmware Revision. 

The Select Return Data 2 command uses a mode selection and an offset selection. 

The mode selection (byte offset +1 of the six-byte command) determines the Return 

Data type. The offset selection (byte offsets +2, +3 of six-byte command) selects an 

individual data item for some modes. Setting the mode to 00h causes the default 

Torque Command to be reported. The default mode and offset for User Selected 

Data 2 can be set in the module configuration software. 

The following selections are allowed for Select Return Data 1 and Select Return 

Data 2. 

Return Data 

Digit al Analog  

Torque 

Analog  

Velocity  

Selected Return Data Data 

Mode 

Data Offset 

Y Y N Torque Command 00h not used 

Y Y Y DSM Firmware Revision 10h not used 

Y Y Y DSM Firmware Build ID No. 

(hex) 

11h not used 

Y N N Absolute Feedback Offset 

(cts) 

17h not used 

Y Y Y Parameter Data 18h Parameter 

Number (0í255) 

Y Y Y CTL bits 1-32 19h not used 

Y Y Y Analog Inputs - Axis 1 1Ch not used 

Y Y Y Analog Inputs - Axis 2 1Dh not used 

Y Y Y Analog Inputs - Aux 3 1Eh not used 

Y Y Y Analog Inputs - Aux 4 1Fh not used 

Y Y Y Commanded Position (user 

units) 

20h not used 

Y Y Y Follower Program Command 

Position (cts) 

21h not used 

Y Y Y Unadjusted Actual Position 

(cts) 

28h not used 

Y Y Y Unadjusted Strobe 1 

Position (cts) 

29h not used 

Y Y Y Unadjusted Strobe 2 

Position (cts) 

2Ah not used 

Torque Command is scaled so that +/- 10000 = +/- 100% torque. 
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DSM Firmware Revision is interpreted as two separate words for major-minor 

revision codes. 

DSM Firmware Build ID is interpreted as a single hex word. 

Absolute Feedback Offset is the position offset (in counts) that is used to initialize 

Actual Position when a digital Absolute Encoder is used. Actual Position = Absolute 

Encoder Data + Absolute Feedback Offset. 

Analog Inputs provides two words of data for each axis: low word = AIN1 and high 

word = AIN2. The data is scaled so that +/- 32000 = +/- 10.0v. 

Commanded Position (user units) is a copy of the Commanded Position %AI data 

reported for each axis. Refer to paragraph 2.04 in Chapter 5. 

Follower Program Command Position (cts) is the active commanded position (in 

feedback counts) updated and used by the internal motion command generator. 

Refer to Chapter 9 - Combined Follower and Commanded Motion. 

Unadjusted Actual Position (UAP) is the accumulated actual position (in counts, not 

user units) with a 32 bit binary rollover value of  -0*/25*261*426 æ )0*/25*261*425,

A Find Home or Set Position command sets the UAP to a value equal to the Actual 

Position data scaled to counts. 

UAP is initialized or reset when a Set Position or Home operation is completed. It 

tracks actual motor rotation after these operations within the 32 bit raw encoder 

count range with rollover, regardless of how the rotation is commanded (except for 

the Position Increment without Position Update command). 

If a Set Position command is executed or a Find Home cycle is completed, the UAP is 

set to the raw counts equivalent to the Set Position data or the configured Home 

Position after scaling by the Counts to User Units ratio on the individual axis tab of 

the DSM configuration. That is, the raw counts are calculated as: 

UAP = (Set Position data or Home Position value) x (Counts) / (User Units), 

rounded to the nearest integer value. 

The Home Offset configuration parameter, which is provided to allow the actual 

stopping position on a homing cycle to be offset from the encoder marker location, 

does not affect the UAP, since this added move takes place before the home position 

is set. 

The UAP value is maintained through power cycles as long as the encoder backup 

battery power is maintained, even if the axis is moved while power is off. (The DSM 

reads the encoder absolute data as part of the power on sequence.) It is also 

maintained during axis E- Stop and emergency stop fault conditions including out of 

sync. 

Note: The %AQ Position Increment without Position Update command (21h) does not change 
the UAP. If an application uses this command, the UAP will no longer match Actual 
Position. 

Unadjusted Strobe 1 Position is the value of Unadjusted Actual Position captured 

when a Strobe 1 input occurs. 
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Unadjusted Strobe 2 Position is the value of Unadjusted Actual Position captured 

when a Strobe 2 input occurs. 

Note: At least three host controller sweeps or 10 milliseconds (whichever represents more time) 
must elapse before the new Selected Return Data is available in the host controller. 

4.22 Follower Ramp Distance Make-Up Time. When the Follower Ramp feature has been 

selected and the follower is enabled, the following axis is ramped up to the Master 

velocity at the configured Follower Ramp Acceleration rate when the Master 

Velocity is non-zero at the time the Follower is enabled. The master counts that 

accumulate during acceleration of the follower axis are stored. In this mode, the 

follower axis will accelerate to a velocity that exceeds the Master Velocity in order to 

make up the position error that accumulated while the Follower axis was 

accelerating to the Master Velocity. This make-up distance correction has a 

trapezoidal velocity profile determined by the Follower Ramp Distance Make-Up 

Time and Ramp Makeup Acceleration at the beginning of the correction. This mode 

is used when the Follower axis must be position-and-velocity-synchronized to the 

Master position at the instant the Follower mode was enabled. 

If the Follower Ramp Distance Make-Up Time is too short, then the velocity profile is 

a triangular profile. If during the distance correction, velocity exceeds 80% of the 

velocity limit, then the automatically calculated velocity will be clamped at 80% of 

the configured velocity limit. In both cases a warning message is reported, and the 

real distance make-up time is longer than programmed, but the distance is still 

corrected properly. 

Setting a Follower Ramp Distance Make-Up Time of 0 allows the Ramp feature to 

accelerate the axis without making up any of the accumulated counts. In this 

instance, the Follower axis velocity will not exceed the master velocity. For 

applications where the Follower axis only needs to be synchronized to the master 

velocity and lost counts do not matter, set the distance make-up time = 0. 

Typical velocity profile during the follower ramp cycle is shown below. 

Figure 63 

 

Qcc Af_nrcp 6* ïDmjjmucpKmrgml* Dmjjmucp ?vgq ?aacjcp_rgml P_kn Amlrpmjð

section, for a much more detailed discussion of this feature. 
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4.23 Velocity Loop Proportional Gain. Analog Torque Mode only. The Velocity Loop 

Proportional Gain AQ command allows the user to set the velocity regulator 

proportional gain in Analog Torque mode. The proportional gain is multiplied by 

velocity error (velocity command - velocity feedback) to generate the portion of the 

torque command due to the proportional term. Correctly setting this value will 

determine how well the velocity regulator performs in the control system. Appendix 

D describes a method to correctly tune this parameter. The allowable range for the 

velocity loop proportional gain term is 0-32767. The default value is 1500. 

4.24 Velocity Loop Integral Gain. Analog Torque Mode only The velocity loop integral 

gain AQ command allows the user to set the velocity regulator integral gain in 

Analog Torque mode. The integral gain is the term multiplied by the area of the 

velocity error (velocity command - velocity feedback) to generate the portion of the 

torque command due to the integral term. Correctly setting this value will 

determine how well the velocity regulator performs in the control system. Appendix 

D describes a method to correctly tune this parameter. The allowable range for the 

velocity loop proportional gain term is 0-32767. The default value is 0 

4.25 Torque Command Filter. Analog Torque Mode only. The torque command filter AQ 

command allows the user to activate a low pass filter for the velocity regulator 

output (Torque Command). The filter is typically used to keep the controller from 

exciting a machine resonance. The allowable setting for the Torque Command filter 

are shown in Table 48. 

Table 47: Torque Filter  Commands 

TqFilt Mode Torque Command Low Pass Filter  Setting  

0 OFF1 

1 Low Bandwidth Filter (150 hz 3db point) 

2 Medium Bandwidth Filter (250 hz 3db point) 

3 High Bandwidth Filter (350 hz. 3db point) 

1 Default setting 

4.26 Select Analog Output Mode. Digital Mode only. For digital servos, this command lets 

you choose what analog signals will be sent to the Analog Output pins (pins 6 and 

24) on the four DSM faceplate connectors. The Select Analog Output Mode 

command uses a Signal Code to specify the signal to be sent, and a Connector Code 

to specify the DSM connector to receive the signal. This command is particularly 

useful for servo tuning. This command can be sent from the Command registers for 

any axis (1-4). 
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Use the following structure to set up the 6-byte %AQ Immediate Command 

(described in Table 46): 

¶ Byte 0 contains the Select Analog Output Mode command code (47h). 

¶ Byte 1 contains the Connector Code, a hex number. 

¶ Bytes 2-3 contain the Signal Code, a decimal number. 

¶ Bytes 4-5 are not used and should contain 0. 

Connector Codes 

Connector  Code Connector  Selected Connector Pins 

01h Connector A Pin 6 = OUT 

Pin 24 = COM (Ref. to 0V) 

Refer to the I/O Connection 

Diagrams in Chapter 3 for 

Terminal Board connections. 

02h Connector B 

03h Connector C 

04h Connector D 

Signal Codes 

Note in the following Signal Code table that only some of the signals have a default 

output.  

Signal Code Signal Description  Default Output to:  

00 decimal* %AQ Force Analog Output data*  Connector C or D 

10 decimal Servo Axis 1 Torque Command None 

15 decimal Servo Axis 1 Actual Velocity Connector A 

20 decimal Servo Axis 2 Torque Command None 

25 decimal Servo Axis 2 Actual Velocity Connector B 

*  Cannot be re-routed. This signal code can only be used to restore this signal 

back to its default output. 

Note: The analog output is not available for user control on digitally controlled axes. Issuing 
the Force Analog Output or the Select Analog Output commands for digital axes will have 
no effect on these analog outputs. 

The Select Analog Output Mode has three basic uses: 

1. Re-route either Servo Axis 1 Actual Velocity or Servo Axis 2 Actual Velocity 

from its default output to a different output. The %AQ Force Analog Output 

data signal cannot be re-routed to a different connector; however, it can be 

replaced on its default output connector (C or D) by another signal that is 

routed there by the Select Analog Output Mode command. 

2. Route one of the two signals lacking a default output, Servo Axis 1 Torque 

Command and Servo Axis 2 Torque Command, to one of the outputs, thus 

replacing the previous signal on that output. This is shown in Example 2, 

below. 

3. Restore signals with default outputs that were replaced by a re-routed signal. 

In Example 2, the %AQ Force Analog Output signal, which is normally found 
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on Connector D by default, is replaced by the Servo Axis 1 Torque Command 

signal that was routed to connector D by the Select Analog Output Mode 

command. In Example 3, the %AQ Force Analog Output signal is restored to 

Connector D by using the Select Analog Output Mode command. 

Example 1: 

In this example, the Servo Axis 1 Actual Velocity signal (Signal Code=15) is re-routed 

from its default output on Connector A to Connector B (Connector Code=02h), 

replacing any previous signal on Connector B. This is accomplished by placing the 

following data in the %AQ immediate command words: 

Figure 64 

 

Example 2: 

In this example, the Servo Axis 1 Torque Command signal (Signal Code=10) is 

selected as the Analog Output on Connector D (Connector Code=04h), replacing 

any previous signal on Connector D. To accomplish this, place the following data in 

the %AQ immediate command words: 

Figure 65 
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Example 3: 

In Example 2, the %AQ Force Analog Output default signal was replaced as the 

Analog Output on Connector D by the Servo Axis 1 Torque Command signal. To 

restore the %AQ Force Analog Output signal (Signal Code=00) to Connector D 

(Connector Code=04h), place the following data in the %AQ immediate command 

words: 

Figure 66 

 

4.27 Clear New Configuration Received. This command clears the New Configuration 

Received %I bit. Once cleared, the Configuration Complete bit is only set when the 

host controller resets or reconfigures the module. The host controller can monitor 

the bit to determine if it must re-send other %AQ commands, such as In Position 

Zone or Jog Acceleration. This would only be necessary if the %AQ commands were 

used to override DSM314 configuration data programmed with the host controller 

configuration software. This command can be sent from the Command registers for 

any axis (1-4). 

4.28 Load Parameter Immediate. This command is executed from the host controller to 

immediately change a DSM314 data parameter value. It can be sent from the 

Command registers for any axis (1-4). Data parameters are only used by motion 

programs. Each parameter change requires a command. Byte 1 of Word 0 contains 

the Parameter Number (in hexadecimal format) to be changed. The DSM314 

contains 256 double word parameters, numbered 0-255 (decimal). For details, see 

ïN_p_kcrcpq &N.-N033' gl rfc BQK1/2ð in chapter 7. 

Table 48: Number of Load Parameter Immediate Commands Permitted per 

Sweep 

Number of Axes 

Configured  

Number of %AQ 

Words  

Number of Load Parameter Immediate  

Commands Permitted per Sweep  

2 6 2 

3 9 3 

4 12 4 
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Chapter 6: Non-Programmed Motion 
The DSM314 can generate motion in an axis in one of several ways without using a motion 

program. 

¶ Find Home and Jog Plus/Minus use the %Q bits to command motion. 

¶ Move at Velocity, Move, Force Servo Velocity, Force Analog Output, and Position 

Increment use %AQ immediate commands. 

During Jog, Find Home, Move at Velocity, Move and Force Servo Velocity, any other 

commanded motion, programmed or non-programmed, will generate an error. The only 

exception is the Position Increment %AQ command, which can be commanded any time. 

See the description of Position Increment motion below for more details. 

Non-programmed motions (Abort All Moves, Jog Plus/Minus, Move at Velocity, AQ Move 

Cmd and Normal Stop) use the Jog Acceleration and Jog Acceleration Mode. The Feed Hold 

%Q command uses the programmed acceleration and acceleration mode. 

6.1 DSM314 Home Cycle 
A home cycle can be used to establish a correct Actual Position relative to a machine 

reference point. The configured Home Offset defines the location of Home Position as the 

offset distance from the Home Marker. 

The Enable Drive %Q bit must be ON during an entire home cycle. However, the Find Home 

%Q bit does not need to be held ON during the cycle; it may be turned on momentarily with 

a one-shot.  Note that turning ON the Find Home %Q bit immediately turns OFF the Position 

Valid %I bit until the end of the home cycle. The Abort All Moves %Q bit halts a home cycle, 

but the Position Valid bit does not turn back ON. No motion programs can be executed 

unless the Position Valid bit is ON. 

6.1.1 Home Switch Mode 
If the Find Home Mode is configured as HOMESW (HOME Switch), the Home Switch input 

from the axis I/O connector is used first to roughly indicate the reference position for home.  

Then, the next encoder marker encountered when traveling in the negative direction 

indicates the exact location.  An open Home Switch input indicates the servo is on the 

positive side of the home switch and a closed Home Switch input indicates the axis is on the 

negative side of the home switch.  An OFF to ON transition of the Find Home %Q command 

yields the following home cycle.  Unless otherwise specified, acceleration is at the current 

Jog Acceleration and configured Jog Acceleration Mode. 
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Find Home Routine for Home Switch 

If initiated from a position on the positive side of the home switch, in which case the home 

switch must be OPEN (Logic 0), the Find Home routine starts with step 1 below. (All of the 

first several steps of the following routine are necessary to allow for a variety of possible 

home switch designs and starting positions.)  If the Find Home routine is initiated from a 

position on the negative side of the home switch, in which case the home switch must be 

CLOSED (Logic 1), the routine starts with step 3 below. 

1. The axis is moved in the negative direction at the configured Find Home Velocity 

until the Home Switch input closes. 

2. The axis decelerates and stops. 

3. The axis is accelerated in the positive direction and moved at the configured Find 

Home Velocity until the Home Switch input opens. 

4. The axis decelerates and stops. 

5. The axis is accelerated in the negative direction and moved at the configured Final 

Home Velocity until the Home Switch input closes. 

6. The axis continues negative motion at the configured Final Home Velocity until a 

marker pulse is sensed. The marker establishes the home reference position. 

7. The axis decelerates and stops (at a position past the marker pulse). 

8. The axis is moved, at the current Jog Velocity, the number of user units specified by 

the Home Offset value from the home reference position. If Home Offset = 0, the 

axis moves back to the position of the marker pulse. 

9. The axis decelerates and stops. 

10. The DSM314 sets the Commanded Position and Actual Position %AI status words to 

the configured Home Position value.  Finally, the DSM314 sets the Position Valid %I 

bit to indicate the home cycle is complete. 

Home Switch Example 

Many different home switch designs are possible.  The switch may be normally open or 

normally closed and may be mounted in one of several possible locations. The example 

given in this section illustrates a fairly common arrangement used for linear axes. In the 

following picture, the home switch is a normally open proximity switch, mounted near the 

clb md rfc k_afglc qjgbcòq rp_tcj p_lec &gn the negative direction). The imaginary line that 

bgtgbcq rfc fmkc qugrafòq nmqgrgtc _lb lce_rgtc qgbcq gq rfc fmkc qugrafòq mncp_rgle nmglr*

jma_rcb _nnpmvgk_rcjw ml rfc qugrafòq aclrcpjglc, Gd rfc k_afglc qjgbc rp_tcjq gl rfc lce_rgtc

direction far enough so that the right-hand edge of the home switch cam causes the home 

qugraf rm ajmqc* uc amlqgbcp rfc k_afglc qjgbc _q f_tgle apmqqcb mtcp rm rfc ïlce_rgtc qgbcð

of the home switch. The home switch cam is long enough so that while the machine slide is 

on the negative side of the home switch, it will keep the normally open home switch closed. 
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Note the relationships of the home position, the negative overtravel position, and the 

positive stop position. A small amount of distance is provided in the negative direction 

between the home position and the negative overtravel position. This is to allow some 

ïumpigle pmmkð dmp _bhsqrkclr _lb qcrsn md rfcqc nmqgrgmlq _lb dmp rfc ïdglb fmkcð

routine, which requires that its final move be in the negative direction. 

Distance is also provided between the overtravel limit position and the positive stop. 

Enough distance should be allowed here to prevent the machine slide from hitting the 

positive stop.  The correct distance needs to be greater than the worst-case stopping 

distance required by the machine slide after it reaches the overtravel limit position. 

Gl rfgq cv_knjc* rfc k_afglc qjgbcòq umpigle p_lec gq ml rfc nmqgrgtc qgbc md rfc fmkc

qugraf, Gd rfc BQKòq Fmkc Nmqgrgml n_p_kcrcp u_q qcr rm .* rfgq umsjb qgknjgdw 

programming absolute positioning commands since only positive numbers would be used. 

Often, the home position needs to be set to an exact distance from a reference point on the 

machine.  To facilitate this adjustment, the home switch cam could be made with slotted 

mounting holes that would allow a coarse adjustment of the cam to bring the calibration to 

within one turn of the encoder.  Then, the small remaining distance would be accurately 

measured, _lb rfc t_jsc m`r_glcb umsjb `c clrcpcb glrm rfc BQKòq Fmme Offset 

parameter. 

Figure 67: Home Switch Example  
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6.1.2 Move+ and Moveí Modes 
If Find Home Mode is configured as MOVE+ or MOVEí, the first encoder marker pulse 

encountered when moving in the appropriate direction (positive for MOVE+, negative for 

MOVEí) after the find home command is given is used to establish the exact location. In this 

mode, the operator usually jogs the axis to a position close (within one revolution of the 

encoder) to the home position first, then initiates the find home command.  To assist the 

operator in jogging to the correct position, a set of alignment marks indicating a close 

proximity to the home position is sometimes placed on the machine and machine axis. 

Move í (Minus) Home Cycle Example 

The next picture shows an example of the Home Position parameter set to Move í (minus).  

In this example, the operator jogs the axis until the moveable mark on the machine slide 

lines up with the stationary mark on the alignment plate mounted to the machine frame. 

(Note that the marks align on the positive side of home position since the Home Position 

parameter is set to Move í).  Then the operator initiates the find home routine, which causes 

the axis to move in the negative direction until the marker pulse occurs. 

Figure 68: Move î (Minus) Home Position Example  
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Find Home Routine for Move + or Move í 

When the find home command (an OFF to ON transition of the Find Home %Q bit) is 

initiated, the following sequence of events occurs: 

1. The axis is accelerated at the Jog Acceleration rate and moved at the configured Final 

Home Velocity (positive direction for MOVE+, negative direction for MOVEí) until a 

marker pulse is sensed.  This marker pulse establishes the home reference position. 

2. The axis is stopped (at a position past the marker pulse) using the configured Jog 

Acceleration rate and with the configured Jog Acceleration Mode. 

3. The axis is moved, at the configured Jog Velocity and with the configured Jog 

Acceleration rate and Jog Acceleration Mode, the number of user units specified by 

the Home Offset value from the home reference position. If Home Offset = 0, the 

axis moves back to the position of the marker pulse. 

4. The axis is stopped at the configured Jog Acceleration rate and with the configured 

Jog Acceleration Mode. 

5. The DSM314 sets the Commanded Position and Actual Position %AI status words to 

the configured Home Position value; the DSM314 sets the Position Valid %I bit to 

indicate the home cycle is complete. 

6.2 Jogging with the DSM314  
The Jog Velocity, Jog Acceleration, and Jog Acceleration Mode are configuration parameters 

in the DSM314. These values are used whenever a Jog Plus or Jog Minus %Q bit is turned ON. 

Note that if both bits are ON simultaneously, no motion is generated. The Jog Acceleration 

and Jog Acceleration Mode are also used during Find Home, Move at Velocity, Abort All 

Moves and Normal Stop. Programmed motions use the Jog Velocity and Jog Acceleration as 

defaults. 

A Jog Plus/Minus %Q command can be performed when no other motion is commanded, or 

while programmed motion is temporarily halted due to a Feed Hold %Q command. The 

Enable Drive %Q bit does not need to be ON to jog, but it can be ON. Turning on a Jog 

Plus/Minus %Q bit will automatically close the Enable Relay and turn on the Drive Enabled %I 

bit. When an overtravel limit switch is OFF, Jog Plus/Minus and Clear Error %Q bits may be 

turned on simultaneously to move away from the open limit switch. Thus, a Jog Plus %Q 

command will not work while the positive end of travel switch is open and Jog Minus will not 

work while the negative end of travel switch is open. Turning a Jog %Q bit OFF causes the 

axis to decelerate and stop.  If a Jog %Q bit is momentarily turned off, even for one CPU 

sweep, the axis will decelerate to a stop then accelerate and continue jogging. 
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6.3 Move at Velocity Command  
A Move at Velocity %AQ command is generated by placing the value 22h in the first word of 

%AQ data assigned to an axis.  The second and third words together represent a signed 32-

bit velocity. Note that the third word is the most significant word of the velocity. Once the 

command is given, the %AQ data can be cleared by sending a NULL command or changed 

as desired.  Move at Velocity will not function unless the servo drive is enabled (Enable Drive 

%Q command and Drive Enabled %I status bit are set). 

The listing of %AQ immediate commands shows the words in reverse order to make 

understanding easier. For example, to command a velocity of 512 user units per second in a 

DSM314 configured with %AQ data starting at %AQ1, the following values should be used: 

0022h (34 decimal) in %AQ1, 0200h (512 decimal) in %AQ2, and 0 in %AQ3. When the 

DSM314 receives these values, if Drive Enabled %I is ON, Abort All Moves %Q is OFF, and no 

other motion is commanded it will begin moving the axis at 512 user units per second in the 

positive direction using the current Jog Acceleration and Acceleration Mode. 

The Drive Enabled %I bit must be ON before the DSM314 receives the immediate command 

or an error will occur. Also, if a Move at Velocity command is already in the %AQ data, the 

velocity value must change while the Drive Enabled bit is ON for the DSM314 to accept it. 

The DSM314 detects a Move at Velocity command when the %AQ values change. 

When the DSM314 is performing a Move at Velocity command, it ignores the software end 

of travel limits (Pos EOT and Neg EOT).  Hardware overtravel limits must be ON if they are 

enabled. 

A Move at Velocity command can be stopped without causing an error in two ways: a Move 

at Velocity command with a velocity of zero, or turning the Abort All Moves %Q bit ON for at 

least one CPU sweep. 
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6.4 Force Servo Velocity Command (DIGITAL 

Servos; Analog Torque Mode) 
This command bypasses the position loop and forces a velocity RPM command to the digital 

servo or Analog Torque Interface for tuning purposes. Acceleration control is not used and 

changes in velocity take effect immediately. A Force Servo Velocity command value of 

+4095 will produce a motor velocity of + 4,095 RPM and -4095 will produce a motor velocity 

of -4,095 RPM (depending on individual motor maximum velocities). The digital servo 

control loops may limit actual motor speed to a lower value. 

CAUTION 

Care should be taken not to operate a servomotor beyond its rated duty cycle. 

The Enable Drive %Q bit must be active with no other motion commanded for the Force 

Servo Velocity command to operate.  The command must remain continuously in the %AQ 

data for proper operation. When a Force Servo Velocity command is active for a given axis, 

any other %AQ immediate command for that axis will remove the Force Servo Velocity data 

and halt the servo. A one-shot Force Servo Velocity command will therefore only operate 

during the sweep in which it appears. 

Refer to Chapter 5, Motion Mate DSM314 to Host Controller Interface, for more information 

on this command. 

Note: The Force Analog Output command, described below, is used for analog servos with a Velocity 
command interface. 

6.5 Force Analog Output Command (ANALOG 

Velocity Interface Servos)  
In Analog Velocity Interface mode, the Force Analog Output %AQ immediate command 

operates the analog output on the DSM faceplate connectors A, B, C, or D. A Force Analog 

Output value of +32000 will produce +10.00 Vdc and a Force Analog Output value of -32000 

will produce -10.00 Vdc. 

Force Analog Output operates only while the %AQ data is active. When a Force Analog 

Output command is active for a given axis, any other %AQ immediate command for that axis 

will remove the Force Analog Output command and turn off the associated analog output.  

Pcdcp rm Af_nrcp 3* ïKmrgml K_rc BQK1/2 rm Fmqr Amlrpmjjcp Glrcpd_acð* dmp kmpc

information on this command. 
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6.6 Position Increment Commands  
To generate small corrections between the axis position and the DSM314 tracking, the 

Position Increment %AQ commands can be used to offset Actual Position by a specific 

number of user units. If the Drive Enabled %I bit is ON, the axis will immediately move the 

increment amount. If the position increment without position update is used (%AQ 

command 21h), the Actual Position %AI status word reported by the DSM314 will remain 

unchanged.  If the Position Increment with  Position Update is used (%AQ command 25h), 

the Actual Position and Commanded Position %AI status words reported by the DSM314 will 

be changed by the increment value.  Position Increment can be used at any time, though 

simultaneous use with the Force Servo Velocity command is impossible because the Force 

Servo Velocity command must remain in the %AQ command data area or the servo will be 

stopped. 

6.7 Other Considerations  
Other considerations when using non-programmed motion are as follows: 

¶ The Abort All Moves %Q bit, when ON, will prevent any non-programmed motion 

from starting.  

¶ Turning ON the Abort All Moves %Q bit will immediately stop any current non- 

programmed motion at the current Jog Acceleration. 

¶ A Set Position %AQ command during non-programmed motion will cause a status 

error. 

¶ Turning OFF the Enable Drive %Q bit while performing a home cycle or executing a 

Move at Velocity %AQ command will cause a stop error. 

¶ The Feed Hold %Q bit has no effect on non-programmed motion.  

¶ The Rate Override %AQ command has no effect on non-programmed motion.  

¶ Changing the Jog Velocity or Jog Acceleration will not affect moves in progress. 
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Chapter 7: Programmed Motion 
A motion program consists of a group of user-programmed motion command statements 

that are stored to and executed in the DSM314. The DSM314 executes motion program 

commands sequentially in a block-by-block fashion once a program is selected to run. 

The motion program is executed autonomously from the host controller, although the host 

controller starts the DSM314 motion program and can interface with it (with parameters 

and certain commands) during execution. In addition, external inputs (CTL bits) connected 

directly to the DSM314 faceplate or controlled by Local Logic can be used in motion 

programs to delay or alter program execution flow. The host controller receives status 

information (such as position, velocity, and Command Block Number) from the DSM314 

during program execution. Motion programs 1î10 and subroutines 1î40 are created using 

rfc fmqr amlrpmjjcp npmep_kkgle qmdru_pc _lb _pc qrmpcb _jmle ugrf rfc kmbsjcòq

configuration settings to the DSM314 via the host controller backplane. 

For further information, please refer to the online help for your software, or the software 

user manual, PAC Machine Edition Logic Developer-PLC Getting Started, GFK-1918. 

7.1 Single-Axis Motion Programs and Subroutines  
A single-axis program contains program statements for one axis only. The programmed axis 

is specified in the first line of the program, for example: PROGRAM 1 AXIS1. The DSM314 

may operate up to four single-axis programs. These programs may run independently or 

simultaneously. For example, motion Program 1 may be written for Axis 1 and motion 

Program 2 written for Axis 2. Each axis may be home referenced and the motion program 

for each axis may execute independently without regard to the state of the other axis. 

Alternately, Program 1 and Program 2 may start simultaneously (via the run program %Q 

bits) during the same CPU sweep. 

DSM314 motion programs support the subroutine feature, which may include all the 

available motion program commands including the CALL command. The SYNC Block 

command is reserved for multi-axis (Axis 1 and 2) programs and subroutines. Subroutines 

can be nested, using CALL statements, to a maximum of eight levels. Single-axis 

subroutines, similar to motion programs, contain commands for only one axis. The 

difference is that the axis number is not specified in a single-axis subroutine. A single-axis 

motion program may CALL any single-axis subroutine stored in module memory. For 

example, single-axis motion Program 1, operating Axis 1, may include a CALL statement to 

single-axis Subroutine 1. Additionally, single-axis motion Program 2, operating Axis 2, may 

include a CALL statement to single-axis Subroutine 1. Single-axis motion programs cannot 

CALL multi-axis subroutines. 

The motion program and subroutine structure allow flexibility in execution and axis control 

in the DSM314 module. The practical limitation is that each axis may only execute one 

program at a time. For example, if Program 1 is enabled to run in Axis 1, it must either 

complete or abort prior to enabling Program 2 to run in Axis 1.  
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7.2 Multi -Axis Motion Programs and Subroutines  
The term multi-axis is specified in the definition statement (on the first line) of a program or 

subroutine, for example: PROGRAM 2 MULTI-AXIS, or SUBROUTINE 7 MULTI-AXIS. Axis 1 and 

Axis 2 are the only two axis numbers permitted in a multi -axis program or subroutine. Both 

axes must be home referenced and meet the remaining prerequisites (see the section 

ïNpcpcosgqites for Programmed Kmrgmlð ml n_ec173) before a program can be executed. A 

multi -axis motion program may CALL only multi-axis subroutines. One motion program 

instruction, SYNC Block, is available only in a multi-axis motion program or subroutine. 

Subroutglc ïlcqrgleð jgkgr_rgmlq _pc rfc q_kc _q dmp _ single-axis motion program. In a 

multi -axis program, there are two categories of moves: 1-Axis moves, and 2-Axis moves. 

1-Axis moves: When two consecutive 1-Axis moves are programmed, the second move will 

begin execution within 2 milliseconds after the first move finishes. 

2-Axis moves: A 2-Axis move is programmed with three consecutive blocks. The first of the 

three blocks must contain the SYNC Block command. The next two blocks contain the move 

commands, one for Axis 1, and one for Axis 2. When the SYNC Block command is executed, 

the tum kmtcq ugjj `c qr_prcb ïrmecrfcpð &ugrfgl 0 kgjjgqcamlbq', Lmrc rf_r mljw rfc qr_pr md

the moves is synchronized. 

More information about multi -axis programming, program block structure, flow control 

(JUMP), and the SYNC Block command, is provided later in this chapter. 

7.3 Motion Program Co mmand Types 
The motion program commands are grouped into four categories: 

Type 1 Commands 

CALL (Subroutine) JUMP 

Type 2 Commands 

Block number 

SYNC (Block Synchronization) 

LOAD (Parameter) 

ACCEL (Acceleration) 

VELOC (Velocity) 

Type 3 Commands 

PMOVE (Positioning Move) 

CMOVE (Continuous Move) 

DWELL 

WAIT 
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Program/Subroutine Definition Commands 

PROGRAM 

ENDPROG 

SUBROUTINE 

ENDSUB 

Type 1 commands can redirect the program path execution, but do not directly affect 

positioning. 

¶ Call (Subroutine) executes a subroutine before returning execution to the next 

command. 

¶ Jumps may be conditional or unconditional. An unconditional jump always 

redirects execution to a specified program location. A conditional jump is assigned 

a CTL bit to check. If the CTL bit is ON, the jump redirects execution to a specified 

program location. If the CTL bit is OFF, the jump is ignored. 

Type 2 commands also do not affect position. 

¶ Block numbers provide an identification or label for the Type 3 command that 

follows. Block numbers are required with JUMP commands; otherwise, they are 

optional. If a program block does not contain a block number, the previous block 

number, if any, remains in effect. 

¶ The SYNC (synchronize block) command is a two-axis synchronization command 

(this may or may not delay motion on one axis). 

¶ The Load Parameter command allows the user to load a value into a parameter 

register. 

¶ The Velocity (VELOC) and Acceleration (ACCEL) commands specify velocity and 

acceleration rates for the Type 3 MOVE command or commands that follow. 

Velocity and Acceleration commands remain in effect until changed. 

Type 3 commands start or stop motion and thus affect positioning control. 

¶ Positioning (PMOVE) and Continuous (CMOVE) moves command motion. 

¶ The Dwell, Wait, and End of Program commands stop motion.  
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7.4 Program Blocks and Motion Command 

Processing 
A program block consists of and is defined as one (and only one) Type 3 command with any 

number and combination of preceding Type 1 and 2 commands. 

A block number has two primary uses: (1) it provides a Jump-To identification (label), and 

(2) it identifies the section of the program that is currently executing via the Block Number 

%AI Status words for each axis. Type 2 commands are optional; a program block can contain 

a single Type 3 command. Type 2 commands and Conditional Jumps do not take effect until 

the DSM executes the next Type 3 command. 

While the DSM314 is executing a program block, the following program block is processed 

into a buffer command area. This buffering feature minimizes block transition time. Thus, 

parameters used in a move must be loaded before the move command that was 

programmed two blocks earlier completes execution. In other words, in order to minimize 

the block-to-block transition time, a new block is pre-processed during previous block 

execution. Program block parameters must be loaded before the preceding block begins 

execution. 

When a DSM314 is executing a multi-axis program, the program commands are scanned 

independently by each axis and only the data designated for that axis is executed. Note that 

some multi-axis program commands do not specify an axis (Block number, Jump, Call, and 

End) and therefore apply to both axes. 

A multi-axis program can contain SYNC commands to synchronize the axes at designated 

points. When the first axis reaches a SYNC block (a block containing a SYNC command), it 

will not execute the next block until the other axis has also reached the SYNC Block. Refer to 

Cv_knjc /6* ïKsjrg-axis Prmep_kkgleð* j_rcp gl rfgq af_nrcp* dmp _l cv_knjc md this. 

7.5 Prerequisites for Programmed Motion  
The following conditions must be satisfied before a motion program can be initiated (for a 

multi -axis program, the conditions must be met for both axes): 

¶ The Enable Drive %Q bit must be ON 

¶ The Drive Enabled %I bit must be ON 

¶ The Position Valid %I bit must be ON 

¶ The Moving %I bit must be OFF 

¶ The Program Active %I bit must be OFF 

¶ The Abort All Moves %Q bit must be OFF 

¶ The axis position must be within the configured end of travel limits (High Software 

EOT and Low Software EOT), unless the Software End of Travel mode is configured 

as Disabled 

¶ The Overtravel Limit Switch inputs must be ON (24V input is high) if enabled 

¶ A Force Digital Servo Velocity %AQ command must not be active 
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¶ The program to be executed must be a valid program stored in the DSM314 

7.6 Conditions  That Stop a Motion Program  
A motion program will immediately cease when one of the following conditions occurs: 

¶ The Abort All Moves %Q bit turns ON 

¶ The Enable Drive %Q bit turns OFF 

¶ An Overtravel Limit Switch turns OFF when OT Limit Switch is ENABLED via 

configuration.  

¶ The next programmed move, either PMOVE or CMOVE, will pass a Software EOT 

Limit (unless the Software End of Travel mode is configured as Disabled) 

¶ A Stop Normal or Stop Fast Response Method Error occurs. See Appclbgv ?* ïCppmp 

Pcnmprgle,ð 

7.7 Motion Program Basics  
Number of Programs, Subroutines, and Statements 

The DSM314 supports 10 motion programs, 40 subroutines, and a maximum total of 1000 

motion program statements. 

Format 

¶ Motion programs and subroutines are written using ASCII text. 

¶ Only one motion language statement is permitted per line, and a motion language 

statement may not span more than one line. Normal comments may span multiple 

lines. 

¶ White space and blank lines may be used to improve readability and to separate 

certain items. 

¶ The Motion Editor is not case sensitive. 

¶ All motion programs and subroutines must be contained in a single file. 

Single-axis and multi-axis programs and subroutines 

A given single-axis program must have the capability to be run on any one axis specified in 

the Program definition statement. Therefore, motion language commands in single-axis 

programs and subroutines will not specify an axis. Rather, the axis specified in the PROGRAM 

statement is used for all motion commands in the program. Multi-axis programs and 

subroutines can only call multi-axis subroutines. Likewise, single-axis programs and 

subroutines can only call single-axis subroutines. 

Program and subroutine definition statements 

Rfc Kmrgml Cbgrmp pcosgpcq ïNpmep_kð_lbð Qs`poutineð bcdglgrgml qr_rckclrq rf_r qncagdw

program/subroutine number and axis configuration (PROGRAM 1 AXIS2 or SUBROUTINE 2 

MULTI-AXIS). These statements are placed on the first line of the program or subroutine. 

Programs are terminated with an ENDPROG statement, subroutines are terminated with 

and ENDSUB statement. These statements serve as separators between programs and 
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subroutines, identify the program and subroutine numbers, and indicate the type of 

program (single-axis or multi-axis). 

Block numbers and sync blocks 

Block numbers will be suffixed with a colon (1:  for example). Sync blocks are identified by a 

line with a block number followed by the SYNC command (2: SYNC for example). Block 

numbers may appear alone on a line or preceding a motion command on the same line. 

7.7.1 Motion Language Syntax and Commands 

White space 

White space has no significance and is ignored, except where necessary to use as a 

qcn_p_rmp, Dmp cv_knjc* gl ïAKMTC ?VGQ/50000, ABS,S-ASPTCð _ qn_ac gq pcosgpcb _q _

separator between CMOVE and AXIS1, but is not required in the phrase 50000,ABS because 

the comma separates the parameters. Blanks, blank lines, and tabs are considered white 

space. 

Numeric Constants  

Numeric constants are limited to 32-bit integer values, which may be signed or unsigned 

depending on the context in which they are used. All motion commands further limit this 

range. Numeric constants may be entered as decimal, hexadecimal, or binary values. 

Hexadecimal and binary constants are identified by the prefixes, 16# and 2#, respectively 

(do not use a space between the prefix and the number). Hexadecimal and binary constants 

cannot be prefixed with a negative sign. Therefore, negative values must be entered in rumòq

complement form. Numeric constants may contain single underline characters (e.g. 

5_000_000) between digits to improve the readability of large numbers or to represent 

implied decimal points in fixed point numbers. 

Comments  

The (* character pair introduce a normal comment, which terminates with the *) character 

pair. These comments may appear anywhere white space can, for example within or 

following a motion program statement, alone on a line, or spanning several lines. These 

comments do not nest. The // character pair introduces a single line comment. All text 

following the // to the end of the line is ignored by the Motion Editor. However, if using the 

//, do not force a break to the next line (by using a Return) or an error will result. If you wish 

to make long comments readable on the Motion Editor screen without the need for scrolling 

to the right, you can use the (* and *) symbols (required for multi-line comments) along 

with Returns (created by pressing the Enter key), which force the text to break to the next 

line. 
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Motion Program Key Words  

The following words have special significance in the motion programming language. 

ABS AXIS3 ENDSUB MULTI-AXIS SUB 

ABSOLUTE AXIS4 ENDS PMOVE SYNC 

ACCEL CALL INCR PROGRAM VELOC 

ACC CMOVE INCREMENTAL PROG VEL 

ACCELERATION DWELL JUMP S-CURVE VELOCITY 

AXIS1 ENDP LINEAR SINGLE-AXIS WAIT 

AXIS2 ENDPROG LOAD SUBROUTINE  

Variables 

Motion Programs support a limited set of predefined variables: the parameter data registers 

and the CTL bits. In the following table, x represents a decimal value in the specified range. 

The value x is interpreted based on its numeric value. Therefore, a given variable may be 

referenced several ways. For example, P1 and P001 both refer to Parameter Data Register 1 

and will be accepted by the Motion Editor. 

Variable  Constraints  

Px . Ð v Ð 033 

CTLx ./ Ð v Ð 10 

Separators 

Separators are used to separate elements or are added to elements to indicate that they 

serve a unique function. 

Separator  Function  

, Separate command parameters 

: Identifies a constant as a block number 
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7.7.2 Motion Program Commands 
This section describes the motion commands. Most motion commands have two forms, 

multi -axis and single-axis. The multi-axis form is used in multi -axis programs and 

subroutines and requires the axis to be specified as a parameter in certain commands (for 

example:  VELOC AXIS1 5000). In single-axis programs the axis number is specified in the 

program header (for example:  PROGRAM 2 AXIS1) and must not be specified within the 

program. 

Some of the command keywords have aliases. The alias command keywords are 

functionally equivalent to the actual keywords. Alias usage is optional and largely a matter 

of personal preference. 

Items that appear within _lejc `p_aicrq &ï:ð* ï<ð' pcnpcqclr aj_qqcq md grckq* _lb _pc

described in more detail. Items th_r _nnc_p gl qos_pc `p_aicrq &ïYð* ï[ð' _pc mnrgml_j, Grckq

rf_r _nnc_p gl aspjw `p_aicrq &ïyð* ï{ð' _pc pcosgpcb dmp ksjrg-axis programs and subroutines 

but are illegal when used in single-axis programs or subroutines. 

The general format of motion language commands is KEYWORD {axis} <parameter [, 

parameter]>. If the axis is specified, it immediately follows the command keyword. 

Command parameter(s) follow the axis, if specified. If there are multiple parameters, they 

are separated by commas. 

Note: The DSM314 does not support the NULL command or Program Zero. 

ACCEL 

The ACCEL statement sets the axis acceleration for subsequent moves and remains in effect 

in a given program unless changed. If an ACCEL statement is not used in a program, the 

moves will accelerate at the current Jog Acceleration value. Moves programmed before the 

first ACCEL statement will accelerate at the current Jog Acceleration. Moves programmed 

after an ACCEL statement will use the value in the ACCEL statement. 

Note: ACCEL commands for a given axis in a program or subroutine must be separated by a PMOVE 
statement, CMOVE statement, or an unconditional jump. 

Syntax: 

ACCEL {<axis>} <acceleration> 

Parameter  Description  

<axis> The axis number can only be specified in a multi-axis program or 

subroutine. The axis may be specified using the keywords or constants. 

<acceleration> The acceleration is specified by using either an unsigned constant in the 

range of 1 - 1,073,741,823 or by using a parameter data register. 

Aliases: 

ACC, ACCELERATION 
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Errors: 

1. ACCEL commands must be separated by at least one move command. 

2. Specified acceleration constant is not in the range of 1 - 1,073,741,823 

3. Parameter data register is not in the range of 0 - 255. 

4. Axis specified in single-axis program. 

5. No axis specified in multi -axis program. 

6. Specified axis does not support programmed motion. 

Block Number  

Block numbers may be used as the destination of JUMP commands. They may appear 

alone on a line, or preceding a command. 

Syntax: 

<block num>: [<command>] 

Parameter  Descript ion  

<block num> Block number must be in the range of 1 í 65535 

< command> Any command except PROGRAM, SUBROUTINE, ENDPROG, ENDSUB, or another 

block number may follow a block number on the same line 

Aliases: 

None 

Errors: 

1. All block numbers and synch block numbers must be unique within a program or 

subroutine. 

2. Block number must be in the range of 1 í 65535. 

CALL 

The CALL command calls a subroutine from a program or subroutine. 

Syntax: 

CALL <subroutine destination> 

Parameter  Description  

<subroutine destination> A subroutine destination specified as a constant, 1 í 40, or a parameter 

data register. 

Aliases: 

None 

Errors: 

1. Subroutine number must be in the range of 1 í 40, or parameter data register 0 í 

255. 
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2. If caller is a subroutine, it cannot call itself (no recursive calls) or call another 

subroutine that directly or indirectly references it. 

3. Call destination subroutine must be defined in the same file. 

4. Single-axis programs and subroutines can only call single-axis subroutines. Multi-

axis programs and subroutines can only call multi-axis subroutines. 

CMOVE 

The CMOVE command programs a continuous move using the specified position and 

acceleration mode. 

Syntax: 

CMOVE {<axis>} <position>, <positioning mode>, <acceleration mode> 

Parameter  Description  

<axis> The axis can only be specified in a multi-axis program or subroutine. 

The axis may be specified using the AXISx keywords or constants. 

<position> The destination positions. May be a constant or a parameter data 

register. 

<positioning mode> Specifies incremental (INCR) or absolute (ABS) positioning. 

<acceleration mode> Specifies linear (LINEAR) or s-curve (S-CURVE) acceleration for the 

move. 

Aliases: 

None 

Errors: 

1. Axis specified in single-axis program. 

2. No axis specified in multi-axis program. 

3. Position must be in the range of í536,870,912 í 536,870,911, or parameter data 

register 0 - 255. 

4. Positioning mode must be either INCR or ABS. 

5. Acceleration mode must be either LINEAR or S-CURVE. 

6. Specified axis does not support programmed motion. 
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DWELL 

DWELL causes motion to cease for a specified time period before processing the next 

command. Specifying a dwell of zero (either as a constant or the value in a parameter data 

register) causes no dwell to occur (this is a change from APM and DSM302 functionality). 

A single DWELL command only applies to one axis. Therefore, in a multi-axis program, you 

must designate an axis number for each DWELL command. For example: DWELL AXIS1 

2000. If you wish to pause both axes in a multi-axis program, you must use a DWELL 

command for each axis. 

Syntax: 

DWELL {<axis>} <delay> 

Parameter  Description  

<axis> The axis can only be specified in a multi-axis program or subroutine. The 

axis may be specified using the AXISx keywords or constants. 

<delay> Delay in milliseconds specified as a constant or a parameter data 

register. Range is 0-60,000 ms. A value of 0 is interpreted as a null 

command. 

Aliases: 

None 

Errors: 

1. Axis specified in single-axis program. 

2. No axis specified in multi-axis program. 

3. Delay must be in the range of 0 í 60,000 or parameter data register 0 - 255. 

4. Specified axis does not support programmed motion.  

ENDPROG 

The ENDPROG statement terminates a motion program definition. 

Syntax: 

ENDPROG 

Aliases: 

ENDP 

ENDSUB 

The ENDSUB statement terminates a motion subroutine definition. 

Syntax: 

ENDSUB 

Aliases: 

ENDS 
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JUMP 

Jump to a block number or sync block within the current program or subroutine. The jump 

may be conditional, based on the state of a CTL bit, or unconditional. 

Syntax: 

JUMP <condition>, <destination> 

Parameter  Description  

<condition> Jump condition, must specify CTL01 í CTL32 or UNCOND 

<destination> Destination block or synch block number 

Aliases: 

None 

Errors: 

1. Jump condition must be CTL in the range of 1 í 32, or keyword UNCOND. 

2. Destination block must be in the range of 1 - 65535 and must be defined within the 

same program or subroutine as the JUMP statement. 

LOAD 

Initializes or changes a parameter data register with 32-bit twos-complement integer value. 

Syntax: 

LOAD <parameter data register>, <load value> 

Parameter  Description  

<parameter data register> Parameter data register to be initialized. Restricted to registers P000 í 

P255. 

<load value> 32-bit numeric constant. 

Aliases: 

None 

Errors: 

1. Parameter data register must be in the range of P000 í P255. 

2. Load value must be in the range of a 32-bit twos-complement value. 
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PMOVE 

The PMOVE command programs a positioning move using the specified position and 

acceleration mode. 

Syntax: 

PMOVE {<axis>} <position>, <positioning mode>, <acceleration mode> 

Parameter  Description  

<axis> The axis can only be specified in a multi-axis program or subroutine. The 

axis may be specified using the AXISx keywords or constants. 

<position> The destination positions. May be a constant or a parameter data register. 

<positioning mode> Specifies incremental (INCR) or absolute (ABS) positioning. 

<acceleration mode> Specifies linear (LINEAR) or s-curve (S-CURVE) acceleration for the move. 

Aliases: 

None 

Errors: 

1. Axis specified in single-axis program. 

2. No axis specified in multi-axis program. 

3. Position must be in the range of í536,870,912 í 536,870,911, or parameter data 

register 0 - 255. 

4. Positioning mode must be either INCR or ABS. 

5. Acceleration mode must be either LINEAR or S-CURVE. 

6. Specified axis does not support programmed motion. 

PROGRAM 

The PROGRAM statement is the first statement in a motion program. The program 

statement identifies the program number (1-10) and the axis configuration. Program 

definitions cannot nest. 

There are two types of motion programs, single axis in which all commands are directed to 

the same axis, and multi -axis, which may contain commands for axis 1 and axis 2. The 

program type is specified by the PROGRAM statement. A single-axis program is identified 

by specifying the target axis following the program number (for example, PROGRAM 3 

AXIS1). A multi-axis program is identified by the word MULTI-AXIS following the program 

number (for example, PROGRAM 4 MULTI-AXIS). 

The program axis configuration is used to enforce whether or not the axis parameter must 

`c qsnnjgcb gl rfc npmep_kòq kmrgml aommands. It also restricts multi-axis programs to 

calling multi-axis subroutines, and single-axis programs to calling single-axis subroutines. 

The axis specified in a single-axis program is used by any subroutine it calls; therefore, an 

axis number should not be specified anywhere within a single-axis subroutine.  
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Syntax: 

PROGRAM <program number> <axis configuration> 

Parameter  Description  

<program number> The program number must be a decimal value in the range of 1 í 10. Within a 

source file, each PROGRAM defined must have a unique number. 

<axis configuration> The axis configuration must have a value of MULTI-AXIS for multi-axis programs, 

or axis designation (for example, AXIS1) for single-axis programs. Axes may be 

specified using the AXISx keywords or constants, where x = 1-4. 

Aliases: 

PROG 

SUBROUTINE 

The SUBROUTINE statement is the first statement in a motion subroutine. The subroutine 

statement identifies the subroutine number (1-40) and the axis configuration. Subroutine 

definitions cannot nest. 

There are two types of motion subroutines, single axis in which all commands are directed 

to the same axis, and multi-axis, which may contain commands for axis 1 and axis 2. The 

subroutine type is specified by the SUBROUTINE statement. A single-axis subroutine is 

identified by the word SINGLE-AXIS following the subroutine number. A multi-axis 

subroutine is identified by the word MULTI-AXIS following the subroutine number. 

The subroutine axis configuration is used to enforce whether or not the axis parameter must 

be suppjgcb gl rfc qs`pmsrglcòq kmrgml amkk_lbq, Gr _jqm pcqrpgarq ksjrg-axis subroutines to 

calling multi-axis subroutines, and single-axis subroutines to calling single- axis subroutines. 

A single-axis subroutine uses the axis number specified in the calling program. 

Syntax: 

SUBROUTINE <subroutine number> <axis configuration> 

Parameter  Description  

<subroutine number> The subroutine number must be a decimal value in the range of 1 í 40. 

Within a source file, each subroutine defined must have a unique number. 

<axis configuration> The axis configuration must have a value of MULTI-AXIS or SINGLE-AXIS. 

Aliases: 

SUB 
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Sync Block 

A sync block is a special case of a block number. A sync block may only be used in a multi-

axis program. 

A sync block is identified by a block number followed by the command SYNC. The SYNC 

command must appear on the same line as the block number. 

Syntax: 

<block num>:                 SYNC 

Parameter  Description  

<block num> Block number must be in the range of 1 í 65535 

Aliases: 

none 

Errors: 

1. Sync blocks can only appear in multi-axis programs. 

2. All block numbers and synch block numbers must be unique within a program or 

subroutine. 

3. Sync blocks and block numbers cannot appear in consecutive statements without 

an intervening command. 

4. Sync block numbers must be in the range of 1 í 65535. 

VELOC 

Sets the axis velocity used by subsequent motion program move commands and remains in 

effect until changed by another VELOC statement. If a VELOC statement is not used in a 

program, moves will use the current Jog Velocity value. Also, moves programmed before 

the first VELOC statement will use the current Jog Velocity. 

Note: VELOC commands for a given axis in a program or subroutine must be separated by a PMOVE 
statement, CMOVE statement, or an unconditional jump. 

Syntax: 

VELOC {<axis>} <velocity> 

Parameter  Description  

<axis> The axis can only be specified in a multi-axis program or subroutine. The axis may be 

specified using the AXISx keywords or constants. 

<velocity> The desired velocity. May be a constant or a parameter data register. 

Aliases: 

VEL, VELOCITY  
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Errors: 

1. Axis specified in single-axis program. 

2. No axis specified in multi-axis program. 

3. Velocity must be a constant in the range of 1 í 8388607. 

4. VELOC commands must be separated by at least one move command. 

5. Specified axis does not support programmed motion. 

WAIT 

Permits synchronization with some external event through the CTL bits. Execution of the 

next command is suspended until the specified CTL is set. 

A single WAIT command only applies to one axis. Therefore, in a multi-axis program, you 

must designate the axis number that a WAIT applies to. For example: WAIT AXIS1 CTL01. If 

you wish to make both axes wait in a multi-axis program, you must use a separate WAIT 

command for each axis. 

Syntax: 

WAIT {<axis>} <ctl> 

Parameter  Description  

<axis> The axis can only be specified in a multi-axis program or subroutine. The axis may be 

specified using the AXISx keywords or constants. 

<ctl> Specifies CTL01 í CTL32. 

Aliases: 

none 

Errors: 

1. Axis specified in single-axis program. 

2. No axis specified in multi-axis program. 

3. CTL must be in the range of 1 í 32. 

4. Specified axis does not support programmed motion. 
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7.7.3 Program and Subroutine Structure 
Single-axis Program Structure 

¶ PROGRAM definition statement. It must be the first line of the program. It must 

identify the program number and axis number. The program number has a space 

between the PROGRAM keyword and the number. In contrast, the axis number must 

not have a space within it. For example: 

PROGRAM 1 AXIS3 

¶ Body. The program body contains the actual program commands. Note that in a 

single-axis program, you must not specify an axis number in any of the commands. 

Doing so will generate an error. An example of correct syntax for a single-axis 

program is: 

ACCEL 50000 

¶ End of Program. Uses the ENDPROG statement. This statement clearly identifies the 

end of the program and helps separate one program or subroutine from another. 

The ENDPROG should be the only thing on the last line of any program: 

ENDPROG 

Single-Axis Program Example 

Note that the axis number is specified in the first line and is not specified in the program 

body. Note also, that there is no space in the term AXIS1. 

PROGRAM 2 AXIS1 

ACCEL  50000 

VELOC  5000 

PMOVE  10000, ABS, LINEAR 

DWELL  6000 

PMOVE 5000, ABS, LINEAR 

ENDPROG 

Multi -Axis Program Structure 

¶ PROGRAM definition statement. Must be the first line of the program. It must 

identify the program number and the fact that this is a multi-axis program by using 

the MULTI-AXIS term. For example: 

PROGRAM 3 MULTI-AXIS 

¶ Body. Contains the actual program commands. Note that in a multi-axis program, 

you must specify an axis number in many of the commands. Failure to do so will 

generate an error. The axis number term, such as AXIS1, must not have a space 

withi n it. An example of correct syntax for a multi-axis program command is: 

ACCEL AXIS1 50000 
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¶ End of Program. Uses the ENDPROG statement. This statement clearly identifies the 

end of the program and helps separate one program or subroutine from another. 

The ENDPROG should be the only thing on the last line of any program: 

ENDPROG 

Multi -Axis Program Example 

Note that the term MULTI-AXIS must be used in the PROGRAM statement on the first line, 

and that axis numbers are specified in the applicable commands in the program body. 

PROGRAM 1 MULTI-AXIS 

ACCEL AXIS1 500000 

VELOC AXIS1 5000 

1: CMOVE AXIS2 í100000, ABS, LINEAR DWELL AXIS2 6000 

JUMP CTL31, 1 

CALL P255 

LOAD P215, 2000 

PMOVE AXIS1 8388607, INCR, S-CURVE 

ENDPROG 

Single-axis Subroutine Structure 

¶ SUBROUTINE definition statement.  It must be the first line of the subroutine. It must 

identify the subroutine number and contain the SINGLE-AXIS statement. For 

example: 

SUBROUTINE 3 SINGLE-AXIS 

¶ Body. The subroutine body contains the actual programmed commands. Note that 

in a single-axis subroutine, you must not specify an axis number in any of the 

commands. Doing so will generate an error. An example of correct syntax for a 

single-axis subroutine command is: 

ACCEL 50000 

¶ End of Subroutine. Uses the ENDSUB statement. This statement clearly identifies the 

end of the subroutine and helps separate one subroutine or program from another. 

The ENDSUB should be the only thing on the last line of any subroutine: 

ENDSUB 
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Single-Axis Subroutine Example 

An axis number should not be specified in a single-axis subroutine. That is because a single-

axis subroutine will apply to the axis specified in the single-axis program that calls it. This 

allows a subroutine to be used by different single-axis programs, regardless of the particular 

axis number they specify. 

SUBROUTINE 15 SINGLE-AXIS 

ACCEL 50000 

VELOC 10000 

PMOVE 200000, ABS, LINEAR 

DWELL 3000 

PMOVE 50000, ABS, LINEAR 

ENDSUB 

Multi -Axis Subroutine Structure 

¶ SUBROUTINE definition statement. It must be the first line of the subroutine. It must 

identif y the subroutine number and the fact that this is a multi-axis program by using 

the MULTI-AXIS term. For example: 

SUBROUTINE 7 MULTI-AXIS 

¶ Body. The subroutine body contains the actual programmed commands. Note that 

in a multi-axis subroutine, you must specify an axis number in many of the 

commands. Failure to do so will generate an error. An example of correct syntax for 

a multi-axis subroutine command is: 

ACCEL AXIS2 50000 

¶ End of Subroutine. Uses the ENDSUB statement. This statement clearly identifies the 

end of the subroutine and helps separate one subroutine or program from another. 

The ENDSUB should be the only thing on the last line of any subroutine: 

ENDSUB 

Multi -Axis Subroutine Example 

SUBROUTINE 2 MULTI-AXIS 

ACCEL AXIS2 P100 

VELOC AXIS2 P105 

2: SYNC 

CMOVE AXIS2 P001, INCR, S-CURVE 

DWELL AXIS2 P001 

JUMP CTL01, 2 

PMOVE AXIS2 P214, ABS, LINEAR 

ENDSUB 
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7.7.4 Command Usage Examples 
The following examples are not complete programs. For example, in many cases the 

PROGRAM and ENDPROG statements are not shown. These statements (in correct context) 

would need to be added to make the program compile successfully. Programmed moves 

have three parameters: 

1. The distance (data) to move or position to move to, 

2. The type of positioning reference (command modifier) to use for the move, and 

3. The type of acceleration (command modifier) to use while performing the move. 

Note: Motion programs can contain statements that use constants as data associated with commands 
or variables that are also referred to as parameters (P0-P255). 

Absolute or Incremental Positioning  

Absolute Positioning 

In an absolute positioning move, the first parameter is the position to move to. The 

following is an absolute positioning move example. 

PMOVE 5000, ABS, LINEAR 

In this example, the axis will move from its current position, whatever it may be, to the 

nmqgrgml 3..., Rfsq* rfc _ars_j bgqr_lac kmtcb bcnclbq snml rfc _vgqò asppclr nmqgrgml 

when the move is encountered. If the initial position is 0, the axis will move 5000 user units 

in the positive direction. If the initial position is 8000, the axis will move 3000 user units in 

the negative direction. If the initial position is 5000, the axis will not move. 

Incremental Positioning 

In an incremental move, the first parameter specifies the distance to move from the current 

position. The DSM314 translates incremental move distances into absolute move positions. 

This eliminates error accumulation. The following is an incremental positioning move 

example. 

PMOVE 5000, INCR, LINEAR 

In this example, the axis will move from its current position to a position 5000 user units 

greater. With an incremental move, the first parameter specifies the actual number of user 

units the axis moves. 
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Types of Acceleration 

Linear Acceleration 

A sample linear move profile that plots velocity versus time is shown in Figure 69. As 

illustrated, a linear move uses constant (linear) acceleration. The area under the graph 

represents the distance moved. 

Figure 69: Sample Linear Motion  

 

S-Curve Acceleration 

An S-Curve motion sample, plotting velocity versus time, is shown below. As illustrated, S-

Curve acceleration is non-linear. When the move begins, the acceleration starts slowly and 

builds until it reaches the programmed acceleration. This should be the midpoint of the 

acceleration. Then, the acceleration begins decreasing until it is zero, at which time the 

programmed velocity has been reached. An S-Curve move requires twice the time and 

distance to accelerate and decelerate that a comparable linear move need. The area under 

the graph represents the distance moved. 

Figure 70: Sample S-Curve Motion  
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7.7.5 Types of Programmed Move Commands 
The following examples are not complete programs. For example, in many cases the 

PROGRAM and ENDPROG statements are not shown. These statements (in correct context) 

would need to be added to make the program compile successfully. 

Positioning Move (PMOVE) 

A PMOVE must always come to a complete stop. The stop must long enough to allow the In 

Zone %I bit to turn ON before the next move can begin. 

A PMOVE uses the most recently programmed velocity and acceleration. If a VELOC 

command has not been encountered in the motion program, the Jog Velocity is used as 

default. If an ACCEL command has not been encountered in the motion program, the Jog 

Acceleration is used as default. 

Continuous Move (CMOVE) 

A CMOVE does not stop when completed unless it is followed by a DWELL or a WAIT, the 

next programmed velocity is zero, or it is the last program command. It does not wait for In 

Zone %I bit to turn ON before going to the next move. A normal CMOVE is a command that 

reaches its programmed position at the same time that it reaches the velocity of the 

following Move command. 

A CMOVE uses the most recently programmed velocity and acceleration. If a VELOC 

command has not been encountered in the motion program, the Jog Velocity is used as 

default. If an ACCEL command has not been encountered in the motion program, the Jog 

Acceleration is used as default. 

A special form of the CMOVE command can be used to force the DSM314 to reach the 

programmed CMOVE position before starting the velocity change associated with the next 

move command (that is, execute the entire CMOVE command at a constant velocity). 

Programming an incremental CMOVE command with an operand of 0 (for example: CMOVE 

0, INCR, LINEAR) will delay the servo velocity change until the next move command in 

sequence. The following sequence of commands illustrates this effect (assume ACCELs are 

chosen to allow motions to complete normally): 

Command Data Comments  

VELOC 10000 //Set velocity of first move = 10000 

CMOVE 15000, ABS, LINEAR //Reach velocity of second move (20000) at position = 15000 

VELOC 20000 //Set velocity of second move = 20000 

CMOVE 30000, ABS, LINEAR (*Stay at velocity = 20000 until position = 30000, then 

change to velocity = 5000*) 

CMOVE 0, INCR, LINEAR (*Flag to signal the DSM314 to wait for next move before 

changing to the next velocity*) 

VELOC 5000 //Set velocity of third move = 5000 

PMOVE 40000, ABS, LINEAR //Final stop position = 40000 
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Note: White space characters (blank spaces, tabs, etc.) were used in the program above to improve 
readability. 

Figure 71: Example 1, Before Inserting CMOVE (0) 

 

 

Figure 72: Example 2, After Inserting CMOVE (0) 
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Programmed Moves  

By combining CMOVEs and PMOVES, absolute and incremental moves, and linear and s-

curve motion, virtually any motion profile can be generated. The following examples show 

some simple motion profiles, as well as some common motion programming errors. 

Example 1: Combining PMOVEs and CMOVEs 

This example shows how simple PMOVEs and CMOVEs combine to form motion profiles. 

Figure 73: Combining PMOVEs and CMOVEs 

 

The first PMOVE accelerates to program velocity, moves for a distance, and decelerates to a 

stop. This is because motion stops after all PMOVEs. When the first move stops, it is at the 

programmed distance. 

The second move is an s-curve PMOVE. It, like the first, accelerates to the programmed 

velocity, moves for a time, and decelerates to zero velocity because it is a PMOVE. 

The next move is a linear CMOVE. It accelerates to program velocity, moves for a time, and 

then decelerates to a lower velocity using linear acceleration. When a CMOVE ends, it will 

be at the programmed position of the move just completed, and at the velocity of the next 

move. Thus when the fourth move begins, it is already at its programmed velocity. 

The fourth move is a CMOVE, so as it approaches its final position, it accelerates to be at the 

velocity of the fifth move when it completes. The graph shows the acceleration of the fourth 

move is s-curve. 

Finally, the fifth move begins and moves at its programmed velocity for a time until it 

decelerates to zero. Any subsequent moves after the fifth would begin at zero velocity 

because the fifth move is a PMOVE. 
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Example 2: Changing the Acceleration Mode During a Profile 

The following example shows how a different acceleration, and an even acceleration mode, 

can be used during a profile using CMOVEs. The first CMOVE accelerates linearly to the 

programmed velocity. Because the qcamlb AKMTCòq tcjmagrw gq gbclrga_j rm rfc dgpqr* the first 

CMOVE finishes its move without changing velocity. The acceleration of the second move is 

S-curve as it decelerates to zero velocity. 

Figure 74: Changing the Acceleration  Mode During a Profile  

 

Example 3: Not Enough Distance to Reach Programmed Velocity 

CMOVES and PMOVES can be programmed that do not have enough distance to reach the 

programmed velocity. The following graph shows a CMOVE that could not reach the 

programmed velocity. The DSM314 accelerates to the point where it must start 

decelerating to reach the programmed position of C1 at the velocity of the second 

CMOVE. 

Figure 75: Not Enough Distance to Reach Programmed Velocity  
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Example 4: Hanging the Move When the Distance Runs Out 

? qcpgmsq npmep_kkgle cppmp gltmjtcq ïf_legleð &g,c, jc_tgle lm bcqgp_`jc mnrgmlq dmp rfc

command generator) the move at a high velocity when the distance runs out. In the 

following example, the first CMOVE accelerates to a high velocity. The second CMOVE has 

an identical velocity. However, the distance specified for the second CMOVE is very short. 

Thus, the axis is running at a very high velocity and must stop in a short distance. If the 

programmed acceleration is not large enough, the following profile could occur. The 

DSM314 attempts to avoid overshooting the final position by commanding a zero velocity. 

This rapid velocity change is undesirable and can cause machine damage. 

Figure 76: Hanging the DSM314 When the Distance Runs Out 

 

DWELL Command 

A DWELL command is used to generate no motion for a specified number of milliseconds. 

The DWELL command may use a value stored in a designated parameter. 

A DWELL after a CMOVE will make the CMOVE stop before the next move, unless the 

qncagdgcb bucjj bsp_rgml gq xcpm kgjjgqcamlbq, ? BUCJJ gq rpc_rcb _q _ ïlsjjð amkk_lb _lb

skipped (CMOVE continues to the next Move following the DWELL) if the DWELL command 

has a value of zero, or references a parameter register that has a value of zero. 

A single DWELL command only applies to one axis. Therefore, in a multi-axis program, you 

must designate an axis number with each DWELL command. For example: DWELL AXIS1 

2000. If you wish to pause both axes in a multi-axis program, you must use a DWELL 

command for each axis. 

Example 5: DWELL 

A simple motion profile, which moves to a specific point, waits, and returns to the original 

point is shown below. 

Figure 77: Dwell Command Example  
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Wait Command  

The WAIT command is similar to the DWELL command. Instead of generating no motion for 

a specified period of time, a WAIT stops program motion until a specified CTL bit turns ON. 

Thus motion stops any time a WAIT is encountered, even if the CTL bit is ON before the WAIT 

is reached in the program. The trigger to continue the program can be any of the twelve CTL 

bits. 

If, in the previous example, WAIT were substituted for DWELL, the motion profile would be 

the same except the second PMOVE would not start until the CTL bit turned ON. If the CTL 

bit was ON when the program reached the WAIT, the second PMOVE would begin 

immediately after the first PMOVE finished. 

Also, if WAIT were used instead of DWELL in the previous example, CMOVEs and PMOVEs 

would generate similar velocity profiles. The WAIT will stop motion whether the previous 

move is a CMOVE or PMOVE. 

A single WAIT command only applies to one axis. Therefore, in a multi-axis program, you 

must designate an axis number with each WAIT command. For example: WAIT AXIS1 

CTL001. If you wish to have both axes wait in a multi-axis program, you must use a separate 

WAIT command for each axis. 

Subroutines  

The DSM314 can store up to ten separate programs and forty subroutines. Subroutines can 

be defined as two types: single-axis and multi-axis. Subroutines are available for all motion 

programs created with the Motion Editor. Commands within single-axis subroutines do not 

contain an axis number; this allows single-axis subroutines to be called from any single-axis 

program (the commands in the subroutine use the axis number specified by the calling 

program). Commands within multi-axis subroutines contain axis numbers just like 

commands within multi-axis programs. Multi-axis subroutines can only be called from 

multi -axis programs or subroutines. Single-axis subroutines can only be called from single-

axis programs or subroutines. For example, a single-axis program for axis 1 and a single-axis 

program for axis 2 can call the same single-axis subroutine simultaneously. Each subroutine 

must be assigned a unique number between 1 and 40. 

Subroutines are programmed using the CALL command, which specifies the subroutine 

number to be called. When a CALL is encountered during program execution, program 

execution is redirected to the subroutine. When the subroutine completes, program 

execution resumes at the command after the CALL command. Subroutines can be called 

from another subroutine, but once a subroutine has been called, it must complete before it 

can be called again for the same axis. Thus, recursion is not allowed. 
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Block Numbers and Jumps 

Block numbers are used as reference points within a motion program and to control jump 

testing. A %AI data word displays the current block number which can be monitored to 

ensure correct program execution or to determine when events should occur. A block 

number can also serve as a JUMP command destination. Jumps may be unconditional or 

conditional. An unconditional jump command simply tells the DSM314 to continue 

program execution at the destination block number. A conditional jump only executes if the 

specified condition occurs. Examples of both types of jumps follow. 

Unconditional Jumps  

Example 6: Unconditional Jump 

In the example below, the program executes a PMOVE, dwells for 2 seconds, then 

unconditionally jumps back to the beginning of the program at block 1. Thus, the PMOVE 

repeats until an end of travel limit (High Software EOT or Low Software EOT) or Overtravel 

Limit Switch is reached. An Abort All Moves %Q bit command could also be used to halt the 

program. 

Figure 78: Unconditional Jump  

 

Conditional Jumps 

A conditional jump is a JUMP command with a CTL bit specified in the command. Conditional 

jumps are Type 1 commands in that they affect program path execution, but they are also 

similar to Type 2 commands because they do not take effect until a Type 3 command 

following the JUMP command is executed. When a conditional JUMP command is executed, 

the DSM314 examines the specified CTL bit. If the bit is ON, program execution jumps to the 

destination block number; if the bit is OFF, the program continues executing the command 

after the JUMP. Note that the Type 3 command after the conditional jump and at the jump 

destination will affect jump behavior. 

Conditional Jump commands should not be used with multi-axis programs containing SYNC 

blocks unless the JUMP is triggered while both axes are testing the same JUMP command. 

Failure to follow this recommendation can result in unpredictable operation. 

Conditional Jump testing starts when the next PMOVE, CMOVE, DWELL, or WAIT command 

following a Conditional JUMP becomes active. 

When Conditional Jump testing is active, the designated CTL bit is tested at the position loop 

update rate (0.5, 1.0 or 2.0 milliseconds depending on configuration). 
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Conditional Jump testing ends when the designated CTL bit turns ON (Jump Trigger occurs) 

or when a new Block Number becomes active. 

If more than one Conditional Jump is programmed without an intervening PMOVE, CMOVE, 

DWELL, or WAIT command, only the last Conditional Jump will be recognized. 

A Conditional Jump cannot be used as the last line of a Subroutine (or on the line before an 

Unconditional Jump to the end of a subroutine) because jump testing terminates when the 

End Subroutine command is processed. 

In summary, a Conditional Jump transfers control to a new program block on the basis of 

one of the external CTL input bits turning ON. Tests for CTL bit status can be carried out once 

or continuously during the following Type 3 command if it is in the same program block. 

Multiple Conditional Jumps are not supported within the same program block (the following 

example illustrates this incorrect usage of the Conditional Jump command). 

Conditional Jump Example 1: 

PROGRAM 1 MULTI-AXIS 

VELOC AXIS1 10000 

ACCEL AXIS1 10000 

1: JUMP         CTL01, 2                        //This JUMP command will be ignored 

JUMP CTL02, 3                        //This JUMP command will be recognized 

CMOVE AXIS1 +40000, INCR, LINEAR 

2: CMOVE     AXIS2 +20000, INCR, LINEAR 

3: PMOVE     AXIS2 +100000, ABS, LINEAR 

4: DWELL      AXIS2 100 

ENDPROG 

The first JUMP is not programmed correctly because (1) it is not followed by an intervening 

Type 3 command, and (2) it is in the same block as another JUMP command. When a new 

Block Number becomes active AFTER a Conditional JUMP command, Jump testing will occur 

one final time. 

Conditional Jump Example 2: 

PROGRAM 2 AXIS1 

VELOC 10000 

ACCEL 10000 

1: CMOVE     20000, ABS, LINEAR 

JUMP CTL01, 3 

2: PMOVE     40000, ABS, LINEAR    //CTL01 tested only once 

3: DWELL      100 
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ENDPROG 

In the example above, The CTL01 bit test occurs just once because the PMOVE following the 

JUMP contains a new Block Number (2). However, changing the location of Block Number 2 

causes CTL bit testing throughout the PMOVE following the JUMP, as seen in the following 

example: 

Conditional Jump Example 3: 

PROGRAM 3 AXIS1 

VELOC 10000 

ACCEL 10000 

1: CMOVE     20000, ABS, LINEAR 

2: JUMP          CTL01, 3 

PMOVE      40000, ABS, LINEAR    //CTL01 tested throughout PMOVE 

3: DWELL    100 

ENDPROG 

In this example, the CTL01 bit is tested throughout the PMOVE because the PMOVE and 

JUMP commands are in the same Block. 

The DSM314 can perform a Conditional JUMP from an active CMOVE to a program block 

containing a CMOVE or PMOVE without stopping. For the axis to jump without stopping, 

the distance represented by the CMOVE or PMOVE in the Jump block must be greater than 

the servo stopping distance. The servo stopping distance is computed using the present 

commanded velocity and the acceleration parameters that would be in effect when the 

jump block became active. 

The axis will STOP before jumping if a Conditional Jump trigger occurs under any of the 

following conditions: 

¶ When a PMOVE is active 

¶ When a CMOVE is active and the Jump destination block contains a CMOVE or 

PMOVE representing motion in the opposite direction. 

¶ When a CMOVE is active and the Jump destination block contains a CMOVE or 

PMOVE representing motion in the same direction with insufficient distance for the 

axis to stop. 

¶ When a CMOVE is active and the Jump destination block contains a DWELL, WAIT or 

END (program) command. 

If the axis does STOP before a Conditional Jump, the current programmed acceleration and 

acceleration mode will be used. 

Unconditional Jumps do not force the axis to stop before jumping to a new program block. 

For example, a CMOVE followed by a JUMP Unconditional to another CMOVE will behave just 

as if the two CMOVEs occurred without an intervening Unconditional JUMP. 
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If Conditional Jump testing is active when the DSM314 command processor encounters a 

CALL SUBROUTINE command, the axis will stop and terminate jump testing before the CALL 

is executed. 

If Conditional Jump testing is active when the DSM314 command processor encounters an 

END SUBROUTINE command, the axis will stop and terminate jump testing before the END 

SUBROUTINE is executed. 

Jump Testing 

Conditional jumps perform jump testing. If the CTL bit is ON, the jump is immediately 

performed. If the CTL bit is OFF, the DSM314 watches the CTL bit and keeps track of the 

JUMP destination. This monitoring of the CTL bit is called jump testing. If during jump 

testing the CTL bit turns ON before a BLOCK command, another JUMP command, or a CALL 

command is encountered, the jump is performed. These commands will end jump testing. 

Example 7: Jump Testing 

Consider the following two single-axis program section examples. In Example 1, the move 

to position 2000 is completed before jump testing begins. The block number occurring 

immediately after the JUMP command ends jumps testing. Thus, the duration for which the 

CTL bit is monitored is very short. However, in Example 2, the JUMP command is 

encountered before the CMOVE command. This starts the jump testing before motion 

begins, and jump testing continues as long as the move lasts. If the CTL bit turns ON while 

the move is being performed, the jump will be performed. After the move completes, the 

next block number is encountered, which ends jump testing, and program execution 

continues normally. If additional moves were programmed ahead of the next block number, 

jump testing would continue during those moves until the next block number was 

encountered. 

Example 1 Example 2 

ACCEL 5000 

VELOC 1000 

ACCEL 5000 

VELOC 1000 

1: 

CMOVE 2000, ABS, LINEAR 

JUMP CTL01, 3 

2: 

1: 

JUMP CTL01, 3 

CMOVE 2000, ABS, LINEAR 

2: 
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Normal Stop Before JUMP 

A conditional jump command is similar to Type 2 commands in that jump testing does not 

start until the Type 3 command immediately after the JUMP is executed. If this Type 3 

command would normally stop motion, then motion will stop before jump testing begins. 

Type 3 commands that will stop motion are: DWELL, WAIT, ENDPROG, and moves in the 

opposite direction. 

Thus, even though the CTL bit may be ON before the block with the conditional JUMP and 

Type 3 command is executed, axis motion will stop before program execution continues at 

the jump destination. This stopping is NOT a Jump Stop, which is described in Example 10. 

Example 8: Normal Stop Before JUMP 

The following example contains a jump followed by a DWELL command. The DSM314, 

because it processes ahead, knows it must stop after the CMOVE command. Thus, it comes 

to a stop before the DWELL is executed. Since jump testing does not begin until the DWELL 

is executed, testing begins after motion stops. Jump testing ends when the following 

CMOVE begins due to the associated BLOCK command. The dashed lines in the velocity 

profile indicate when jump testing takes place. In this example, the CTL03 bit does not turn 

ON during the program execution. 

Figure 79: Normal Stop Before JUMP 
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Jumping Without Stopping  

If the Type 3 command following a conditional jump is a CMOVE and the Type 3 command 

at the destination is a move command with sufficient distance to fully decelerate to zero 

when completed, the jump will be executed without stopping. This is the only way to sustain 

motion when a jump is performed. 

Example 9: JUMP Without Stopping 

This is a simple example of a conditional jump from one CMOVE to another. While jump 

testing the CTL03 bit, the first CMOVE accelerates to the programmed velocity. Before the 

dashed line, the CTL03 bit is OFF, but at the dashed line the CTL03 bit turns ON. Program 

execution is immediately transferred to block 3 and the CMOVE there begins. Because the 

velocity at the jump destination is different, the velocity changes at the acceleration 

programmed of the jump destination block. Finally, as the second CMOVE completes, 

velocity is reduced to zero and the program ends. 

Figure 80: JUMP Without Stopping  
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Jump Stop 

A jump stop is a stop that is caused by a jump. When a jump stop occurs, the current 

programmed acceleration and acceleration mode are used. Note that s-curve motion will 

achieve constant velocity before beginning to decelerate. See the s-curve jump examples 

for more details. There are two ways of generating a jump stop each described below. 

A conditional JUMP triggered during a PMOVE will always generate a jump stop. Because a 

PMOVE always stops before continuing to a subsequent motion, a jump stop always occurs 

when a jump takes place during a PMOVE. 

When a conditional jump trigger occurs during a CMOVE, however, a jump stop will not 

occur if the motion programmed at the jump destination is a PMOVE or CMOVE 

representing sufficient distance in the same direction. A jump stop will occur if the PMOVE 

or CMOVE at the jump destination does not represent sufficient distance or represents 

motion in the opposite direction. 

In an s-curve move, a jump stop will do one of two things. If the jump takes place after the 

midpoint of the acceleration or deceleration, the acceleration or deceleration is completed 

before the jump stop is initiated. If the jump occurs before the midpoint of the acceleration 

or deceleration, the profile will immediately begin leveling off. Once acceleration or 

deceleration is zero, the jump stop begins. See the s-curve jump examples. 

Example 10: Jump Stop 

The following is an example conditional jump with a jump stop. An enhancement on 

Example 5, DWELL, would be to watch an external CTL bit that would indicate a problem 

with the positive motion. If the CTL bit never turns on, the profile for the following program 

will be identical to the profile shown in the DWELL example. If the CTL bit turned on during 

the first PMOVE or the DWELL, the reverse movement would immediately commence. 

The following profile would appear if the CTL bit turned on during the first PMOVE, at the 

dashed line. Because the first move completed early due to the CTL bit turning on, the 

second move would not have to move as far to get back to 0 position as it did in the DWELL 

example. Note that because the motion programmed at the jump destination is in the 

opposite direction as the initial motion, the profile would be identical if the moves were 

CMOVEs instead of PMOVEs. 

Figure 81: Jump Stop 
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Example 11: Jump Followed by PMOVE 

In this JUMP example, the command after the JUMP is a PMOVE in the same direction. The 

velocity profile below shows the acceleration and movement for the first CMOVE and the 

bcacjcp_rgml rm rfc NKMTCòq tcjmagrw, Rfc ARJ./ `gr* MDD ufcl rfe PMOVE begins, turns 

ON at the second dashed line. Motion stops after a PMOVE, even if a conditional jump goes 

to another block. Thus the CTL01 bit triggers a deceleration to zero before the final CMOVE 

begins. 

Figure 82: Jump Followed by PMOVE 

 

S-CURVE Jumps 

Jumps during linear motion and jumps during s-curve motion at constant velocities 

immediately begin accelerating or decelerating to a new velocity. Jumps during a s-curve 

acceleration or deceleration, however, require different rules in order to maintain a s-curve 

profile. What happens when a jump occurs during an s-curve move while changing velocity 

depends on whether the jump occurs before or after the midpoint (the point where the 

acceleration magnitude is greatest) and whether the velocity at the jump destination is 

higher or lower than the current velocity. 

S-CURVE Jumps after the Midpoint of Acceleration or Deceleration 

If the jump occurs after the midpoint of the change in velocity, the change will continue 

normally until constant velocity is reached; then the velocity will be changed to the new 

velocity using the acceleration mode of the move at the jump destination. 
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Example 12: S-CURVE - Jumping After the Midpoint of Acceleration or 

Deceleration 

In the following example, a jump occurs during the final phase of deceleration, at the dashed 

line. The deceleration continues until constant velocity is reached and then the acceleration 

to the higher velocity begins. 

Figure 83: Jumping After the Midpoint of Acceleration or Deceleration  

 

S-CURVE Jumps before the Midpoint of Acceleration or Deceleration 

If a jump takes place before the midpoint of acceleration or deceleration, the result depends 

on whether the velocity at the jump destination is higher or lower than the velocity before 

the jump took place. In the first case, when accelerating but the new velocity is lower, or 

decelerating and the new velocity is greater, the DSM314 will immediately begin reducing 

the acceleration or deceleration to zero. Once at zero velocity, the DSM314 will use the 

jump destination acceleration and velocity and change to the new velocity. 

Example 13: S-CURVE - Jumping Before the Midpoint of Acceleration or 

Deceleration 

In the following example, during the acceleration of the first CMOVE, a jump takes place at 

the first dashed line. Because the velocity at the jump destination is lower than the velocity 

of the first CMOVE the DSM314 slows the acceleration to zero. Constant velocity, zero 

acceleration, occurs at the second dashed line. There, the DSM314 begins decelerating to 

the new velocity using the acceleration at the jump destination. Finally, the second CMOVE 

finishes. 

Figure 84: Jumping before the Midpoint of Acceleratio n or Deceleration  
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S-CURVE Jumps to a Higher Acceleration while Accelerating or a lower 

Deceleration while Decelerating 

The second case involves jumping to a higher velocity while accelerating or a lower velocity 

while decelerating. When this maaspq* rfc BQK1/2 amlrglscq rm rfc dgpqr kmtcòq 

acceleration or deceleration. This acceleration or deceleration is maintained, similar to be a 

linear acceleration, until the axis approaches the new velocity. Then the normal S-curve is 

used to reduce acceleration or deceleration to zero. 

Example 14: S-CURVE - Jumping to a Higher Velocity While Accelerating or 

Jumping to a Lower Velocity While Decelerating 

In this example, a JUMP command is triggered during the initial phase of acceleration (at the 

first dashed line) and the velocity at the jump destination is higher than that of the current 

move. The first dashed line indicates the maximum acceleration of the first CMOVE. This 

value is held as the axis continues to accelerate until it s-curves back to constant velocity. 

Constant velocity, the second dashed line, indicates the beginning of the second CMOVE. 

This move continues until it decelerates to zero at the end of the program. 

Figure 85: Jumping to a Higher Velocity While Accelera ting, or Jumping to a Lower 

Velocity While Decelerating  
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7.7.6 Other Programmed Motion Considerations 
The following examples are not complete programs. For example, in many cases the 

PROGRAM and ENDPROG statements are not shown. These statements (in correct context) 

would need to be added to make the program compile successfully. 

Maximum Acceleration Time  

The maximum time for a programmed acceleration or deceleration is 131 seconds. If the 

time to accelerate or decelerate is computed to be longer than this time, the DSM314 will 

compute an acceleration to be used based on 131 seconds. To obtain longer acceleration 

times, multiple CMOVEs with increasing or decreasing velocities must be used. 

Example 15: Maximum Acceleration Time 

The following two program examples are only valid for a DSM314 using a 2ms position loop 

update time. They show a hypothetical problem with a very long acceleration time in 

Example1, and a possible solution in Example 2. In Example 1 below, 240 seconds is required 

to reach the programmed velocity of 24,000 at an acceleration rate of 100 (24000 ÷ 100 = 

240). Silac rfgq gq epc_rcp rf_l rfc BQKòq jgkgr md /1/ qcamlbq ncp _aacjcp_rgml mp 

deceleration, the DSM will calculate a value within its limit. In this case, the DSM calculates 

that  to reach a velocity of 24,000 in 131 seconds, an acceleration of 183 would be required. 

The Example 1 solid line velocity profile shows the higher (183) acceleration rate used by 

the DSM. The dashed line profile in that drawing indicates the desired (programmed) 

acceleration rate and velocity profile that could not be attained. 

Figure 86: Maximum Acceleration Time Example 1  

 

One solution (which requires some extra calculations) for obtaining a low acceleration for a 

long period of time breaks a move up into separate continuous moves (using CMOVE 

commands), wirf c_af kmtcòq _aacjcp_rgml rgkc `cgle jcqq rf_l /1/ qcamlbq, Gl rfc 

problem introduced in Example 1, the programmed move would require 240 seconds each 

for acceleration and deceleration. Dividing this time in half by using two moves with 

acceleration or deceleration times of 120 seconds each, places the moves within the BQKòq

limit of 131 seconds. This scheme is used in the following example. 

Example 2 shows how the result desired in Example 1 could be obtained by replacing 

Cv_knjc /òq qglejc kmtc ugrf dmsr moves. Four moves are required since both the 

acceleration and deceleration portions of the profile must each be divided into two moves. 

To divide the total acceleration (or deceleration) time in half, calculate the distance at the 

midpoint of either slope, when velocity is 12000, to be 720,000 user units.  



User Manual Chapter 7 
GFK-1742F Jan 2020 
 

Programmed Motion 209 

The distance traveled during acceleration or deceleration is calculated using the formula: 

(For 240 seconds is needed to reach a velocity of 24,000, a velocity of 12,000 can be reached 

in 120 seconds.) The initial CMOVE and the final PMOVE both use this distance. A second 

AKMTC ïr_icq mtcpð _r rfc kgbnmglr md rfc _aacjcp_rgml qjmnc dpmk rfc dgpqr AKMTC _lb

accelerates to the target velocity of 24,000. A third CMOVE is required for dividing up the 

decelcp_rgml nmprgml md rfc npmdgjc, Rfc dgl_j kmtc* _ NKMTC* ïr_icq mtcpð dpmk rfc rfgpb

CMOVE at the deceleration midpoint distance (720,000 user units from the final position). 

The third CMOVE, as it approaches its final position, will automatically decelerate to the 

NKMTCòq tcjmagrw md /0*..., Rfc b_qfcb jglcq gl rfc Cv_knjc 0 bp_ugle qcn_p_rc rfc dmsp

moves. To calculate the distances of the second and third CMOVEs, subtract the distances 

calculated for the first CMOVE and final PMOVE (720,000 each for a total of 1,440,000) from 

the final distance of 8,000,000. This gives a remaining distance of 6,560,000, which is 

divided equally between the second and third CMOVES (3,280,000 each). 

Figure 87: Maximum Acceleration Time Example 2 
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7.7.7 Feedhold with the DSM314 
Feedhold is used to temporarily pause program execution without ending the program, 

often to examine some aspect of a system. It causes all axis motion to end at the 

programmed acceleration. When Feedhold is ended, program execution resumes. 

Interrupted motion will resume at the programmed acceleration and velocity. 

Feedhold is asserted by turning ON the Feed Hold %Q bit and lasts until the %Q bit is turned 

OFF. The Abort All Moves %Q bit turning ON or an error that would normally cause a stop 

error will end feedhold as well as terminate the program. During Feedhold, jogging positive 

and negative is allowed, but no other motion. When Feedhold is terminated and program 

execution resumes, the DSM314 remembers and will move to its previous destination. 

Example 16: Feedhold 

The following example illustrates a motion profile when Feedhold is applied. The linear 

move accelerates to the programmed velocity at the programmed rate. Feedhold is applied 

at the dashed line, so velocity decreases at the programmed acceleration to zero. Then, a 

Jog is performed using the Jog Minus %Q bit. This is evident because the jog velocity is 

negative. Note that the acceleration used during the Jog is the current Jog Acceleration, 

which is different than the programmed acceleration. Note also, the Feed Hold %Q 

command must be applied during the entire duration of the Jog. After the jog motion has 

ceased, the Feedhold is ended and the program continues to completion. 

Figure 88: Feedhold Example 
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7.7.8 Feedrate Override 
Some applications require small modifications to a programmed velocity to handle outside 

changes. A Rate Override %AQ immediate command, which is sent to the DSM through 

ladder logic, allows changes to a programmed feedrate (velocity) during program 

execution. (Details about the Rate Override command are found in Chapter 5.) When a 

program begins executing, the override rate is initially set to 100%. Thus, changes to 

feedrate before the execute program bit is turned ON will be ignored. However, a rate 

override commanded on the same sweep as an execute program bit will be effective. 

A percentage can be assigned to the feedrate override of from 0% to 120%. When a Rate 

Override is commanded, the DSM314 internally multiplies the feedrate percentage by 

npmep_kkcb tcjmagrw rm m`r_gl _ lcu tcjmagrw, Gd rfc _vgq gq kmtgle* rfc asppclr kmtcòq Jog 

Acceleration Mode is used to change velocity to the new velocity. All future move velocities 

will be affected by the feedrate change. Note that when a feedrate of 0% is applied, no 

motion will be generated until a new feedrate is commanded. Also note the Moving %I bit 

stays ON when the feedrate is 0%. 

Rate Override has no effect on non-programmed motion such as Jog, Find Home, or Move 

at Velocity. 

Example 17: Feedrate Override 

During execution of this program, feedrate changes of + or -10% are commanded. Dotted 

lines indicate -10%, dashed lines indicate +10%. 

Figure 89: Feedrate Override Example 
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7.7.9 Multi -axis Programming 
Sync Blocks can be used in a multi-axis program to synchronize the axis motion commands 

at positions where timing is critical. 

Example 18: Multi -axis Programming  

This example assumes that axis 1 controls vertical motion and axis 2 controls horizontal 

motion. The objective is to move a piece of material from point A to point E as quickly as 

possible while avoiding the obstacle that prevents a direct move between those points. 

A simple way would be to move straight up from point A to point C, and then from point C 

to point E. This sequence, however, wastes time. A better way would begin the horizontal 

movement before reaching point C. It has been determined that after axis 1 has moved to a 

position of 30,000, user units (to point B), axis 2 could then start and still clear the obstacle. 

The program segment could be programmed as follows: 

10: CMOVE     AXIS1 30000, INCR, LINEAR 

20: SYNC 

PMOVE AXIS1 50000, INCR, LINEAR 

PMOVE AXIS2 120000, INCR, LINEAR 

When Block 10 is executed, axis 1 begins its 30,000-unit move while axis 2 pauses. When 

the axis 1 move completes, two things occur: axis 1 begins the 50,000-unit PMOVE 

commanded in Block 20 (SYNC) without stopping (because the first move was a CMOVE), 

and axis 2 begins its 120,000-unit move. In the figure below, the axis 1 first move transfers 

the part from point A to point B. At point B, axis 1 continues moving (performing its second 

move) and axis 2 begins its move, bringing the part to point D. Axis 1 completes its second 

move at point D and stops; however, axis 2 continues, and moves the part to point E. 

Figure 90: Feedrate Override Example 
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If this program segment is not at the beginning of a program, and for some reason axis 2 has 

not yet reached Block 20 when axis 1 has moved 30,000 counts, an error would occur. Axis 

1 would continue to 80,000 counts, and the DSM314 would repopr _ ï@jmai Sync Error 

bspgle _ AKMTCð gl rfc Qr_rsq Ambc, 

If it is imperative that the axes synchronize at Block 20, changing Block 10 to a PMOVE would 

guarantee synchronization, but then axis 1 would stop at 30,000 counts. 

7.7.10 Parameters (P0-P255) in the DSM314 
The DSM314 maintains 256 double word parameters (0 through 255) in memory. These 

parameters can be used as variables in ACCEL, VELOC, DWELL, PMOVE, and CMOVE motion 

commands. Be aware that range limits still apply, and errors may occur if a parameter 

contains a value out of range. Parameters 216-255 are special purpose parameters. Some 

of the special purpose parameters are automatically written by the DSM314. For example, 

P224 is automatically updated when Position Strobe 1 on Axis 1 occurs. The following table 

describes the function of the special purpose parameters. 

Table 49: Special Purpose Parameters 

Parameter  Number  Special Purpose Function  Axis Units 

216-223 Reserved   

    

224 Position Strobe 1 Axis 1 user units 

225 Position Strobe 2 Axis 1 user units 

226 Commanded Position at Follower Enable Trigger Axis 1 user units 

227 Follower Incremental Stop Distance Axis 1 user units 

228-231 Reserved   

    

232 Position Strobe 1 Axis 2 user units 

233 Position Strobe 2 Axis 2 user units 

234 Commanded Position at Follower Enable Trigger Axis 2 user units 

235 Follower Incremental Stop Distance Axis 2 user units 

236-239 Reserved   

    

240 Position Strobe 1 Axis 3 user units 

241 Position Strobe 2 Axis 3 user units 

242 Commanded Position at Follower Enable Trigger Axis 3 user units 

243 Follower Incremental Stop Distance Axis 3 user units 

244-247 Reserved   

    

248 Position Strobe 1 Axis 4 user units 

249 Position Strobe 2 Axis 4 user units 
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Parameter  Number  Special Purpose Function  Axis Units 

250 Commanded Position at Follower Enable Trigger Axis 4 user units 

251 Follower Incremental Stop Distance Axis 4 user units 

252-255 Reserved   

Parameters are all reset to zero after a power cycle or after a DSM314 configuration is stored 

by the host controller. Parameters can be assigned in three ways: 

¶ The motion program LOAD command. 

¶ The Load Parameter Immediate %AQ command. 

¶ The COMM_REQ function block. This is the preferred way if you need to send 

multiple parameters per scan. The COMM_REQ function block is described in 

Appendix B. 

Assigning a value to a parameter overwrites any previous value. Parameter values can be 

changed during program execution, but the change must occur before the DSM314 begins 

executing the Type 3 command (Move, Wait or Dwell) previous to the Type 3 command that 

uses the parameter. This is due to the pre-processing of Type 3 commands that occurs 

within the DSM314. Note that a JUMP command clears preprocessing and forces the 

program commands at the jump target to be processed. 

Below is an example of a motion program using Parameters. The values of Parameters 1-5 

are pre-loaded with a COMREQ command from the host controller at least two program 

blocks before usage. 

(Remck`cp rf_r ïnpmep_k `jmaiqð _pc lmr rfc q_kc _q qcargmlq of the motion program that 

are labeled with the BLOCK # command.) 

Block/Command/Data Comments 

1: VELOC P001 // Set velocity of first move = value in Parameter 1 

ACCEL P002 // Set acceleration of first move = value in Parameter 2 

CMOVE P003, ABS, LINEAR // Reach velocity of 2nd move (20000) at position = Par. 3 

2: VELOC 20000 // Set velocity of second move = 20000 

PMOVE 20000, INCR, LINEAR // Normal PMOVE 

DWELL P004 // Dwell for Parameter 4 time 

PMOVE P005, INCR, LINEAR // PMOVE to value in Parameter 5 

(* Strobe #1 occurs on Axis-1 during move to Param. 5 position *) 

DWELL 1000 // Dwell for one second 

LOAD P006,2000 // Load Parameter 6 parameter 

3: MOVE P224, INCR, LINEAR // Move to strobed position for Strobe #1 on axis-1 

DWELL 2000 // Dwell for two seconds 

PMOVE P006, ABS, S-CURVE // Final stop position = value in Parameter 6 
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7.7.11 Calculating Acceleration, Velocity and Position Values 
One method of determining the value for APM or DSM motion program variables such as 

Acceleration, Velocity or Position is to plot the desired move or move segment as a velocity 

profile. A velocity profile plots time on the horizontal axis of a graph and velocity on the 

vertical axis. The key to understanding profile generation is to break the complete move into 

smaller segments that may be analyzed geometrically. Most applications will use the 

economical trapezoidal move, velocity profile as illustrated below. To move as quickly as 

possible, use a triangular velocity profile if the servo has sufficient speed range. A triangular 

move would accelerate half the distance then decelerate the remaining half. Another 

alternative is to use a trapezoidal profile with a shorter slew segment. 

Kinematic Equations  

Kinematics is the branch of mechanics that studies the motion of a body or a system of 

bodies without consideration given to its mass or the forces acting on it. The following table 

includes transformations of the basic linear equations as applied to the acceleration portion 

of motion profiles. Use these formulae to calculate the velocity and acceleration for the 

acceleration portions of the move. 

Table 50: Linear Equation Transformations  

        Given 

Solve For 

A, X A, V A, t V, t V, X X, t 

Acceleration    V/t V2/2X 2X/t2 

Velocity   At   2X/t  

X (Distance)  V2/2A At2/2 Vt/2    

time  V/A   2X/V  

Figure 91 provides an example of a trapezoidal move. Beginning at zero velocity the axis 

accelerates in a positive direction (ta), run (slew) at velocity for some time (ts), then 

bcacjcp_rc `_ai rm xcpm tcjmagrw &rb', Rf_ròq _ amknjcrc kmtc mp kmtc qcekclr, @w jmmigle

at the figure, you can easily separate the different portions of the move. A common rule of 

thumb is to divide the trapezoidal move into three-time portions, one-third for acceleration, 

one-third at slew velocity and the remaining third to decelerate. The slew (Xs) section of an 

equally divided trapezoidal velocity profile represents ½ of the distance moved and the 

acceleration and deceleration portions each represent ¼ of the total distance. The rule of 

thirds minimizes the RMS torque current in the motor and is the most economical use of 

energy. 
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Figure 91: Trapezoidal Move  

 

Once the move segment outline is drawn, you will need to examine specifications or 

physical restrictions applicable to the move. For instance, the move may have to complete 

in a certain time interval (ta + ts + td) or move a fixed distance (X). The maximum velocity 

(Vpk) of the servomotor is one example of a physical limitation. Given any two known values 

of the acceleration portion of the move segment, a remaining variable can be found using 

the kinematic equations as illustrated in the example below. 

Trapezoidal Velocity Profile Application Example  

For this example, assume that a complete move of 16 inches must be made in three seconds 

and the maximum motor velocity, translated through the gearing is 15 inches per second. 

Using the rule of thumb for trapezmgb_j kmtcq* bgtgbc rfc kmtcòq rgkc glrm rfgpbq8 ta = 1 sec, 

ts = 1 sec and td = 1 sec. You can also subdivide the 16-inch move into three distances. The 

slew (Xs) section of an equally divided trapezoidal velocity profile represents ½ of the 

distance moved and the acceleration (Xa) and deceleration (Xd) portions each represent ¼ 

of the total distance: Xa =4 in, Xs =8 in and Xd =4 in. 

To calculate peak Velocity (Vpk), the first acceleration portion of the move must travel a 

given distance (Xa) in a given time (ta). From the above Kinematic Velocity formula (2X/t)  

using the given, Xa =4 inches and ta = 1 second, (2*4 inches) / 1 second = 8 inches/second. 

To calculate Acceleration the simplest formula is (V/T)=(8 inches/second / 1 second)=8 

inches/second/second. 

The Position (Distance = X) is the entire distance moved (Xa + Xs + Xd) or 16 inches.  
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Triangular Velocity Profiles  

The triangular velocity profile minimizes servo acceleration rate and requires a higher 

servomotor velocity when compared to a trapezoidal profile of the same distance and 

time. Use a triangular profile for fast short moves. 

Figure 92: Triangular Velocity Profile  

 

Non-Linear or S-Curve Acceleration  

S-Curve or jerk limited acceleration calculation is simple to do if the linear calculation is 

accomplished first. The APM and DSM motion controllers use 100% jerk limiting. To convert 

a linear acceleration to 100% jerk limited acceleration you either double the Acceleration 

value (2*A) or double the time used for acceleration (2ta). Using S-Curve acceleration at the 

same acceleration rate (A) as linear acceleration will require twice the time (ta) reaching 

velocity. If the time duration of the move must remain the same and the servo has sufficient 

peak torque, use twice the acceleration (2*A) to reach velocity in the same amount of time. 

Figure 93: S-Curve Acceleration  
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7.7.12 Motion Editor Error and Warning Messages 
The editor will generate three types of error messages; syntax errors, semantic errors, and 

warnings. These are explained below. 

The editor will only generate program code if your source motion program contains no 

syntactic or semantic errors. If the editor detects unrecognized syntax or semantic errors, it 

will generate an error message that can be used to troubleshoot the program. The last page 

md rfgq af_nrcp bgqasqqcq rfgq qs`hcar &ïSqgle Cppmp Kcqq_ecq rm Rpms`jcqfmmr Motion 

Npmep_kqð', 

Error messages displayed in the Status window contain a numeric error code. The following 

listing matches error code, error description, and common cause information.  

The Motion Editor enforces maximum limits for position, velocity, and acceleration based 

8:1 uu/cts scaling. 

Syntax Errors 

Rfc npmep_kkgle qmdru_pcòq kmrgml cbgrmp rp_lqj_rcq programs into the code used by the 

DSM314. If the source code violates the syntactic rules, the editor cannot recognize the 

code and generates syntax errors. Syntax errors will attempt to describe the error source. 

Semantic Errors 

This section describes parse errors reported by the motion parser and their typical causes. 

(M200) Undefined identifier 

Text string is not a recognized motion program variable or keyword. 

(M201) Parameter register must be in range of P000 - P255 

Motion program referenced a parameter register outside the range of P000 - P255. 

(M203) CTL variable must be in range CTL01 - CTL32 (DSM314) 

Motion program referenced a CTL bit outside the valid range. 

(M204) Invalid motion program input 

Motion program file contains an invalid character. Motion program files must contain only 

ASCII text or white space. 

(M210) Hexadecimal constants must be in range of 16#0 - 16#FFFFFFFF 

Motion program contains a hexadecimal number outside the valid range. 

(M211) Binary constants must be in range of 0 to (2^32)-1 

Motion program contains a binary number outside the valid range. A binary number 

cannot contain more that 32 binary digits. 

(M212) Integer constants must be in range of 0 to 4294967294 

Motion program contains an unsigned integer value that cannot be represented in 32 bits. 
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(M213) Signed integer constants must be in range of -2147483648 to 2147483647 

Motion program contains a signed integer value that cannot be represented in 32 bits. 

(M214) SYNC Statement is only valid in multi-axis programs and subroutines 

A single-axis motion program or subroutine attempted to define a sync block. 

(M215) Multi-axis programs do not support Axis 3 or 4 

Commands in multi-axis programs can only reference axis 1 or 2. 

(M220) Specified axis is out of range 

A single-axis motion program can only reference axis 1, 2, 3, or 4. 

(M221) Acceleration must be in range 1 í 1073741823 

An ACCEL command has specified an acceleration outside the valid range. 

(M222) Velocity must be in range 1 í 8388607 

A VELOC command has specified a velocity outside the valid range. 

(M223) Position must be in range -536870912 í 536870911 

A CMOVE or PMOVE command has specified a position outside the valid range. 

(M224) Dwell must be in range 0 í 60000 

A DWELL command has specified a dwell outside the valid range. 

(M225) Block number must be in range 1 í 65535 

A motion program or subroutine has attempted to define a block number outside the valid 

range. 

(M230) Must specify an axis in a multi axis program 

ACCEL, VELOC, CMOVE, PMOVE, DWELL, and WAIT commands in a multi-axis program or 

subroutine must specify an axis. 

(M231) Cannot specify axis in a single-axis program 

ACCEL, VELOC, CMOVE, PMOVE, DWELL, and WAIT commands in a single-axis program or 

subroutine must not specify an axis. 

(M233) Acceleration reassignment without intervening move command 

It is illegal to change the acceleration for a given axis if there is not an intervening PMOVE or 

CMOVE command. 

(M234) Velocity reassignment without intervening move command 

It is illegal to change the velocity for a given axis if there is not an intervening PMOVE or 

CMOVE command. 

(M235) Block number already defined in this program unit 

The motion program or subroutine has attempted to define a block number that has already 

been defined. 
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(M236) Jump destination block not defined 

The motion program or subroutine has a JUMP statement to a block number that has not 

been defined. 

(M237) Call destination subroutine not defined 

The motion program or subroutine contains a call to a subroutine that has not been defined. 

(M238) Program must be in range 1 í 10 

A PROGRAM statement is attempting to define a program number that is outside the valid 

range. 

(M239) Attempt to redefine program. Program already defined 

A PROGRAM statement is attempting to define a program using a program number that is 

already defined. 

(M240) End program definition with ENDPROG statement 

A PROGRAM has been terminated with an ENDSUB statement, or an ENDSUB statement was 

encountered within a program. 

(M242) Missing ENDPROG statement 

A PROGRAM had not been terminated with an ENDPROG statement when the end of file was 

encountered. 

(M243) Subroutine must be in range 1 í 40 

A SUBROUTINE statement is attempting to define a subroutine number that is outside the 

valid range. 

(M244) Attempt to redefine subroutine. Subroutine already defined 

A SUBROUTINE statement is attempting to define a program using a subroutine number 

that is already defined. 

(M245) End subroutine definition with ENDSUB statement 

A SUBROUTINE has been terminated with an ENDPROG statement, or an ENDPROG 

statement was encountered within a subroutine. 

(M246) No subroutine is being defined 

The program block contains an ENDSUB command, but there is no open SUBROUTINE. 

(M247) Subroutine cannot call itself 

The DSM does not support any kind of recursion. Once invoked a subroutine cannot call 

itself or be called by a subroutine that it has invoked. 

(M248) Axis definition of subroutine must match caller 

An attempt has been made to call a single-axis subroutine from a multi-axis program or 

subroutine, or call a multi-axis subroutine from a single-axis program or subroutine. 
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(M249) Already defining program or subroutine 

A PROGRAM or SUBROUTINE statement has been encountered within an unterminated 

PROGRAM or SUBROUTINE. 

(M280) Instruction limit exceeded, max 1000 

A motion program block can contain no more that 1000 program statements. This error is 

issued if the number of statements exceeds that limit. 

(M281) File must contain at least one program 

A motion program block must contain at least one PROGRAM; otherwise, there is no way to 

invoke it. This error is issued if a motion program block does not contain any PROGRAMs. 

(M282) Statement must be within a program or subroutine 

This error is issued if motion program commands occur outside a PROGRAM or 

SUBROUTINE. 

(M283) This instruction is invalid for the specified module type 

A motion program block contains an instruction that is invalid for the destination module. 

(M293) Maximum error count exceeded. 

The motion program parser reports up to 30 errors when parsing a motion program block. 

When that limit is reached, this error is issued and no more errors are reported. 

(M300) Parse directives must precede any executable statements 

A #pragma directive must be issued at the beginning of the motion program block, i.e. 

preceding any motion program statements. 

(M301) Invalid directive option 

An invalid #pragma directive has been specified. 

(M302) Invalid directive parameter 

An invalid option has been specified as #pragma directive parameter. 

Warnings  

Warnings are generated for code that seems questionable but does not specifically cause 

an error. This section describes parse warnings reported by the motion parser and their 

typical causes. 

(M482) Unexpected end of program: unclosed comment 

A comment was not terminated when an end of file was encountered. 

(M483) Nested comments. 

The motion parser does not support nesting comments. A warning is issued if a comment 

is defined within a comment.  
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(M490) Program contains no executable statements 

A warning is issued if a program block contains no executable statements. 

Using Error Messages to Troubleshoot Motion Programs  

After creating motion programs or subroutines in the Motion Editor window, you can check 

for basic errors by clicking the Block Check icon  on the toolbar. 

The editor checks the motion program block and report any errors it detects in the 

Information window. The next figure shows an example of an error detected during the 

check. 

Figure 94: Using Error Messages to Troubleshoot Motion Programs  

 

Rfc cppmp qfmul gl rfc _`mtc dgespc* ïCppmp8 &K01/' A_llmr qncagdw _xis in a single-axis 

npmep_k8 /*ð pcdcpq rm rfc j_qr jglc md rfc npmep_k* hsqr `cdmpc rfc CLBNPME qr_rckent. 

Notice that AXIS1 is found on this line. Since PROGRAM 2 is a single-axis program, the use 

of axis numbers within the program is not allowed so an error was generated. 

In the above example, the error message was double clicked, as indicated by the fact that  it 

is highlighted in reverse video. When this is done, the cursor jumps to the place in the 

program that produced the error. You will note the presence of the cursor at the start of the 

line containing the AXIS1 statement. 

For further help in troublcqfmmrgle cppmpq* rfc ïKmrgml Cbgrmp Cppmp _lb U_plgle Kcqq_ecqð

section of this chapter lists common causes for the various error codes. For example, the 

listing for error (M231), seen in the example above, states: 

(M231) Cannot specify axis in a single-axis program 

ACCEL, VELOC, CMOVE, PMOVE, DWELL, and WAIT commands in a single-axis program or 

subroutine must not specify an axis. 
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Chapter 8: Follower Motion 
Configuring the DSM314 for Follower Control Loop = Enabled (in the configuration software 

Axis Configuration tab) allows each Servo Axis (slave) to respond to a Master Axis input using 

a programmable slave: master ratio. The DSM314 defines the slave: master ratio as the ratio 

of two integer numbers A and B. The basic formula for computing Follower motion is: 

Follower Servo Axis motion (slave axis) = Master Axis motion x (A/B) 

or 

slave : master ratio = A : B ratio 

If a Jog, Move at Velocity or Execute Motion Program command is also initiated, the axis 

motion will represent the combination of the Master Axis motion and the internally 

commanded motion. This Chapter provides details of servo motion related to the Master 

Axis input. Refer to Chapter 9 for additional information about combined Follower and 

commanded motion. 

When the Enable Follower %Q bit is turned ON, an axis will immediately begin following the 

selected Master Source unless a Follower Enable Trigger input has been selected. If a 

Follower Enable Trigger input has been selected, then the Enable Follower %Q bit must be 

ON and an OFF to ON transition of the trigger input must occur. The external trigger input 

CTL01 - CTL032 is selected in the configuration software. 

The DSM314 always operates the follower _vgq gl ïp_kn k_icsnð kmbc, Gd rfc k_qrcp _vgq

has a nonzero velocity when the follower is enabled, the slave axis will accelerate at the 

configured Ramp Makeup Acceleration to a speed that allows it to catch up to the master 

axis. 

8.1 Master Sources 
A DSM314 Servo Axis can be configured to follow any two of eight possible master input 

sources. The two sources are identified as Source 1 and Source 2. A Follower Master Source 

Select %Q bit determines whether Source 1 or Source 2 is the active source. The available 

selections for Source 1 and Source 2 are: 

¶ Axis 1 Commanded Position 

¶ Axis 1 Actual Position 

¶ Axis 2 Commanded Position 

¶ Axis 2 Actual Position 

¶ Axis 3 Commanded Position 

¶ Axis 3 Actual Position 

¶ Axis 4 Commanded Position 

¶ Axis 4 Actual Position 
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Note that follower motion is summed with Jog, Move at Velocity, or Motion Programs. If a 

slave axis is following a master input at velocity V1, and a Jog is commanded at velocity V2, 

the axis will move at velocity V1 + V2. 

8.2 External Master Inputs  
Actual Position for Axis 1 - Axis 4 represent external master axis sources. An encoder 

connected to the axis or the feedback of a servo system may be used as an actual position 

source. The DSM314 follower loop allows a slave axis to follow a selected external source as 

shown in this example: 

8.2.1 Example 1: Following Axis 3 Actual Position Master Input 
In this example, a graph of velocity (v) versus time (t) shows the velocities of the master 

input (Actual Position 3), and the slave axis that is following the master. The DSM314 is 

configured with Follower Master Source 1 = Actual Position 3 and the Select Master Source 

%Q bit is OFF. The A:B ratio is 1:1. The velocity profile of the following (slave) axis is identical 

to the master input. 

Figure 95: Following Encoder 3 Master Input  

 

8.3 Internal Master Axis Command Generators  
Commanded Position for Axis 1 - Axis 4 represent internal master axis sources. The DSM314 

follower loop will allow a slave axis to follow a selected internal command source as shown 

in this example: 
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8.3.1 Example 2: Following an Internal Master command 
In this example, Axis 1 of the DSM314 is configured with Follower Master Source 2 = 

Commanded Position 2 and the Select Internal Master %Q bit is ON. The A:B ratio is 1:2. 

Axis 2 is commanded to Move at Velocity 12000 and then 0. Axis 1 follows axis 2 at half of 

the axis 2 velocity and acceleration and moves only half the distance that axis 2 has moved. 

Figure 96: Following Servo Axis 2 Encoder 

 

8.4 A:B Ratio 
A DSM314 axis following a master input can do so at a wide range of slave : master (A:B) 

p_rgmq, Rfc ï?ð t_jsc a_l `c _lw lsk`cp dpmkí10546 rm 10545, Rfc ï@ð t_lue can be 

anywhere between 1 and 32767. The magnitude of the A:B ratio can be from 1:10,000 to 

32:1. Thus very precise ratios such as 12,356:12,354 or 32,000:1024 can be used. 

The Follower A/B Ratio %AQ command can be used to change the A:B ratio at any time, 

even while following. However, an invalid ratio will generate a status error and be ignored. 

An invalid ratio is a ratio with B equal to or less than zero or A:B magnitude greater than 

32:1 or less than 1:10,000. 

When following with a non 1:1 ratio, the velocity profile of the master and follower will 

look somewhat different. Horizontal lines, indicating constant velocity, and slanted lines, 

indicating acceleration and deceleration, will be different. If the A:B ratio is less than 1:1, 

the follower velocity and acceleration will be less than the master. Likewise, if the A:B ratio 

is greater than 1:1, the follower velocity and acceleration will be greater than the master. 

The duration of motion, and time that the slave axis will accelerate, decelerate, or stay at 

constant velocity are the same for the master and follower. 

The distance moved, which in a velocity profile is the area between the graph and the time 

axis, will be that of the master multiplied by the A:B ratio. If A is zero, no following motion 

will be generated. If A is negative, the following axis will move with the direction of motion 

reversed. 
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8.4.1 Example 3: Sample A:B Ratios 
All of the following samples are following the master source input at various A:B ratios. 

Figure 97: Sample A:B Ratios 
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Example 4: Changing the A: B Ratio 

One example of variable A:B ratios is to use one ratio while moving positive, and another 

when moving negative. Note that determination of positive and negative velocity and 

update of the A:B ratio must be done in the host controller or the DSM314 Local Logic 

program. In the profile below, the following axis uses a 2:1 ratio when moving positive and 

a 1:2 ratio when moving negative. 

Figure 98: Changing the A:B Ratio 

 

8.5 Velocity Clamping  
Velocity clamping is available using the Velocity Limit set in the Configuration software. 

When the master velocity exceeds the configured limit, the following axis will continue to 

move at the limit velocity multiplied by the A:B ratio. The Velocity Limit %I bit is set and a 

status error is generated to indicate that the slave axis is no longer locked to the master 

input positioning. The slave axis has essentially fallen behind the master input. 

8.5.1 Example 5: Velocity Clamping 
The Velocity Limit is set to 100,000 in this example. Thus, the slave axis velocity is clamped 

at 100,000 user units/sec in either direction. When the master axis peaks greater than the 

limits, the following axis stays at the limit. After the master slows to under the limit, the 

following axis continues tracking the master axis velocity. Counts generated in excess of the 

Velocity Limit are lost to the follower. The horizontal dashed lines indicate the velocity 

limits. The shaded area indicates the times when the In-Velocity Limit bit is ON and the 

following axis is falling behind the master. 

Figure 99: Velocity Clamping  
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8.6 Unidirectional Operation  
Setting the axis Command Direction configuration to Positive Only or Negative Only results 

in unidirectional follower motion. Any master axis counts in the zero limited direction are 

ignored. No error is generated by counts in the zero limited direction. The In Velocity Limit 

%I bit, however, does reflect the presence of a master command in the zero limited 

direction. 

8.6.1 Example 9: Unidirectional Operation 
In this example, the Command Direction configuration is set to Positive Only. As shown in 

the velocity profile below, the slave axis follows the positive counts, but ignores the negative 

counts. Note that when the master is moving negative, the In Velocity Limit %I bit is ON, but 

no status error is generated. 

Figure 100: Unidirectional Operation  

 

8.7 Enabling the Follower with External Input  
Any CTL bit CTL01- CTL32 can be configured as an enable trigger for the follower axis. If a 

CTL bit source is configured as an external faceplate input, that input can be used to start 

the follower. When no input is selected, the follower is enabled and disabled directly by the 

Enable Follower %Q bit. When an input is selected for the Enable Trigger and the Enable 

Follower %Q bit is set, the next positive transition of the defined input will instantly enable 

the follower. The follower will remain enabled until the Enable Follower %Q bit is cleared. 

The faceplate 24v inputs have 5 ms filters that result in a Follower Enable Trigger response 

time of 5-7 milliseconds. The faceplate 5v inputs do not have these filters and will provide 

an Enable Trigger response time of 2 millisecond or less. 

When the Enable Follower trigger occurs, the Commanded Position at that point is captured 

in a parameter register so that it can be used in a Programmed Move command. The 

position is captured in parameter 226 (for Servo Axis 1), parameter 234 (for Servo Axis 2), 

parameter 242 (for Servo Axis 3) or parameter 250 (for Servo Axis 4). 

Follower Enabled status is returned in a %I bit for each axis. 
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8.8 Disabling the Follower with External Input  
Any CTL bit CTL01- CTL32 can be configured as a Disable Trigger for the follower axis. The 

trigger input is tested only when the Enable Follower %Q bit is ON. When the Enable Follower 

%Q bit is ON, an OFF to ON transition of the trigger bit will disable the follower. Turning OFF 

the Enable Follower %Q bit immediately disables the follower, regardless of the disable 

trigger configuration.  

8.9 Follower Disable Action Configured for 

Incremental Position  
Configuring the Follower Disable Action for Inc Position allows the follower axis to perform 

an Incremental Registration Move. Disabling the follower with the Enable Follower %Q bit or 

optional Disable Trigger will cause the axis to continue at its present velocity, then 

decelerate and stop after a specified distance has elapsed. The incremental distance is 

specified in a parameter register for each axis: 

P227 = Axis 1 Incremental distance 

P235 = Axis 2 Incremental distance 

P242 = Axis 3 Incremental distance 

P250 = Axis 4 Incremental distance 

The incremental distance represents the total actual position change that will occur from 

the point where the follower is disabled until it stops. Superimposed motion commands 

(Jog, Move at Velocity or Motion Programs) should not be active during a Follower 

Registration Move. 

8.10 Follower Axis Acceleration Ramp Control  
For applications where the Follower is enabled after the Master command is already up to 

speed, the Follower Ramp feature can be used to apply a controlled acceleration rate to 

bring the follower axis up to speed. This may be done without losing any Master command 

counts from the point at which the Follower was enabled. During the automatically 

generated Follower Ramp Control make-up move, the acceleration/deceleration does not 

exceed the configured Follower Ramp Acceleration value and provides a smooth motion. 

When the follower is enabled, the slave axis is ramped up to the master velocity at the active 

configured Follower Ramp Acceleration rate. This function is most useful when the master 

source is in motion before the follower mode is enabled. In addition to the host controller 

Enable Follower %Q bit, a CTL bit (CTL01-CTL32) may be configured as the enable follower 

signal for position registration functions. When the Enable Follower %Q bit is ON, then the 

CTL bit chosen acts as a rising edge trigger to enable follower mode. After Follower is 

enabled, only the host controller Enable Follower %Q bit controls the active state of the 

following function. When the follower axis is enabled to a moving master source, some 

master source counts cannot be used immediately. The master counts that accumulate 

during acceleration of the follower axis are stored. When the follower axis reaches the 
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master velocity, they will be inserted during make-up distance correction motion. This 

motion has an automatically calculated trapezoidal velocity profile determined by the 

Follower Ramp Distance Makeup Time, the amount of accumulated counts, and the 

configured Follower Ramp Acceleration. Set the Follower Ramp Distance Make-up Time to 

the desired time in the configuration software or it can be changed with the host controller 

%AQ Command 42h. 

If the Follower Ramp Distance Makeup Time is too short, then the automatically generated 

velocity profile is triangular in profile. If during the distance correction velocity exceeds 80% 

of the configured Velocity Limit, then the automatically calculated move velocity will be 

clamped at 80% of the limit value. Clamping the makeup move velocity at 80% of the 

velocity limit allows the system some reserve velocity capacity for continued tracking of the 

master source velocity. In both cases a warning message is reported, and the real distance 

make-up time is longer than programmed, but the distance is still corrected properly. 

Setting a Follower Ramp Distance Make-Up Time of 0 allows the Ramp feature to accelerate 

the axis without making up any of the accumulated counts. In this instance velocity will not 

exceed the master velocity. For applications where lost counts do not matter, set the 

distance make-up time = 0. 

By default, the superimposed motion profile that is automatically generated by the follower 

ramp function (with non-zero makeup time) is trapezoidal using the Follower Ramp 

Acceleration and a distance derived from the active Ramp Makeup Time. 

The value of the Velocity Limit  may affect functionality differently depending on the 

relationships of the master source velocity. The following case examples illustrate these 

points. 

Case 1: The master source velocity is less than 80% of the configured Velocity Limit and the 

makeup time (Mkup Time) is a long enough interval so that the resultant velocity remains 

less than 80% of the Vlim. This is the preferred operation; no errors are reported, and the 

over speed move of the ramp function occurs within the specified makeup time. The 

follower axis velocity will not exceed 80% of the Vlim unless the master source velocity 

increases. 

Case 2: The master source velocity is below 80% of the configured Velocity Limit but the 

makeup time interval is too short to allow operation as in case 1. A status only error (ECh) 

will be returned when the follower velocity matches the master command velocity. The 

makeup move will accelerate using the active Follower Ramp Acceleration to 80% of the 

velocity limit (Vlim). The makeup move will occur, and all accumulated counts stored during 

initial acceleration will be used. 

Case 3: The master source velocity is greater than 80% of the configured Velocity Limit when 

the follower velocity matches the master command velocity. A status only error (EAh) is 

returned and no makeup correction move is attempted. 
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Case 4: At the time when the follower velocity matches the master command velocity and 

the makeup move is to occur and conditions are the same as in Case 1 or Case 2 and the 

makeup move has initiated, the master source increases to >80% of the Velocity Limit. The 

amount of accumulated counts and the active makeup time value will determine if the 

makeup move will complete in the specified makeup time. A status only error (F2h) will 

occur if the combined master command velocity and the makeup move velocity reach 100% 

of the velocity limit. The master command velocity will not exceed 100% of the Velocity 

Limit value. Accumulated counts may be lost and the makeup move will not complete. 

The Follower Ramp Active %I bit indication is turned on while the ramp control is in effect for 

both the ramp up/make-up and ramp down. 

The Follower Enabled and Follower Ramp Active %I bits can be monitored by the host 

controller to determine which part of the follower ramp up/ramp down cycle is active. The 

following figure shows the state of Follower Enabled and Follower Ramp Active during a 

follower cycle. 

Figure 101: Follower Ramp Up/Ramp Down Cycle (Case 2) 

 

The programmed make-up time can be too short for the required distance correction. In 

this case a warning error is reported (in the point B of the trajectory), but system continues 

acceleration up to the speed, insuring the minimum possible distance correction time.  The 

velocity profile for such case is shown on the figure 106. 
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Figure 102: Follower Ramp Up/Ramp Down Cycle î Case 2 with make-up time too 

small.  

 

During the ramp phase of the distance correction, the velocity limit is controlled. If 

calculated velocity is too high, then the velocity is clamped, and warning error code is set (in 

the point C of the trajectory). Figure 107 shows the velocity profile during the follower ramp 

cycle for this case. 

Figure 103: Follower Ramp Up/Ramp Down Cycle - case with active velocity limit.  

 

If the acceleration time (sector BC of the trajectory in figure 107) exceeds 128 seconds, then 

another warning error will be reported. In this case the distance also will be corrected 

accurately. 
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8.10.1 Follower Mode Command Source and Connection 

Options 
The diagrams on the following pages illustrate a variety of Master axis and Follower slave 

axis loop connection options. 

The diagram below illustrates the three DSM314 analog axes connected in parallel with 

Actual Position for Axis #4. The reader should note that with this configuration, the Local 

Logic function can be run. This is because the command generator for axis #4 is not required 

for this configuration. The Master Source Configuration items are all set to Actual Position 

Axis #4. This is not a requirement. However, it does eliminate a source of error due to the 

master source select bit being set incorrectly. 

Figure 104: 3-Axis Analog Follower / Parallel Structure / Follower Source = Actual 

Position 4 
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The diagram below illustrates the three DSM314 analog axes connected in parallel with 

Commanded Position for Axis #4. The reader should note that with this configuration, the 

Local Logic function cannot be run. This is because the command generator for axis #4 is 

required for this configuration. The Master Source Configuration items are all set to 

Commanded Position Axis #4. This is not a requirement. However, it does eliminate a source 

of error due to the master source select bit being set incorrectly. 

Figure 105: 3-Axis Analog Follower / Parallel Structure / Source = Commanded 

Position 4 
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The diagram below illustrates the two DSM314 digital axes connected in parallel with 

Commanded Position or Actual Position for Axis #3. The reader should note that with this 

configuration the Local Logic function can be run. This is because the command generator 

for axis #4 is not required for this configuration. 

Figure 106: 2-Axis Digital Follower / Parallel Struc ture / Source = Commanded or 

Actual Position 3  
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The diagram below illustrates two DSM314 digital axes connected in parallel with 

Commanded Position from Axis 1 driving servo loops for Axis 1 and Axis 2. This will allow 

both axes to run from the same commanded path. Note that Axis 1 is configured with 

Follower Control Loop = Disabled. This configuration does not allow for load sharing 

between axes that are tightly coupled. The reader should note that with this configuration 

the Local Logic function can be run. This is because the command generator for axis #4 is 

not required for this configuration. 

Figure 107: 2-Axis Digital Follower / Parallel Structure /  Source = Commanded Position 

1 
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The diagram below illustrates the four DSM314 analog axes connected in two parallel pairs. 

The reader should note that with this configuration the Local Logic function cannot be run. 

This is because the servo position loop for axis #4 is required for this configuration. 

Figure 108: Four-Axis Analog Follower / Parallel Structure / Src = Cmd Pos 1 & Cmd 

Pos 3 
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Follower Control Loop Block Diagram 

Figure 109: Follower Axis Control Loop Block Diagram  
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Chapter 9: Combined Follower and 

Commanded Motion 
Combined motion consists of Follower motion commanded from a master axis combined 

with one of these internally commanded motions: 

¶ Jog Plus/Minus %Q Command 

¶ Move at Velocity %AQ Command 

¶ Move %AQ Command 

¶ Stored Motion Program 

Combined motions are additive. The slave axis motion is equal to the sum of the motion 

commanded by the master axis and the internally commanded motion. 

9.1 Example 1: Follower Motion Combined with Jog  
In this example, the Enable Follower %Q bit is set, causing the slave axis to follow the master 

input. While the slave axis is following, the Jog Plus %Q bit is set. The following axis 

_aacjcp_rcq dpmk grq k_qrcpòq tcjmagrw rm grq k_qrcpòq tcjmagrw _bbcb rm rfc asppclr Hme 

Velocity. This acceleration will be just as if the axis was not following a master source at the 

tim e. When the Jog Plus %Q bit is cleared, the following axis decelerates to its k_qrcpòq

velocity. In the velocity profiles below, the dotted lines indicate when the Jog Plus %Q bit is 

turned ON and then OFF. 

Figure 110: Combined Mot ion (Follower + Jog) 
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9.2 Follower Motion Combined with Motion 

Programs 
Motion commands from stored programs or the Move %AQ command can also be 

combined with the master command to drive the follower axis. These point-to-point move 

commands can come from one of the stored motion programs 1 through 10 and any stored 

subroutines they may call. The Move %AQ command is treated as a single line motion 

program, which uses the present Jog Velocity and Jog Acceleration. Program execution is 

started by the host controller setting an Execute Program n %Q bit or sending a Move %AQ 

command. 

If there is no master command, the axis can be commanded solely from the stored motion 

program data. Thus, with no master input to Servo Axis 2 and Commanded Position 2 

selected as the master source for Servo Axis 1, a stored program can be used to control 

Servo Axis 2 with Servo Axis 1 following per the designated ratio. 

When PMOVEs are executed with Follower not enabled, the In Zone %I bit must be set at the 

end of the move before programmed motion will continue. When Follower is enabled, since 

In Zone may not turn on while also following a master command, the In Zone indication will 

not be required to continue. The next Move will take place when the commanded distance 

for the previous move has completed. The In Zone %I bit will always indicate the true in zone 

condition.  

The active commanded position updated and used by the stored motion program is 

referred to as Program Command Position. Each time a program is selected for execution, 

this position register is initialized in one of the two ways listed below. 

1. If the follower is not enabled, the Program Command Position is set to the current 

Commanded Position = Actual Position + Position Error. 

2. If the follower is enabled, the Program Command Position is set to the Program 

Reference Position (0). Since the Program Command Position is only updated by 

internally generated commands (and not by the master command), it will then 

indicate the position commanded by the stored program. Absolute move 

commands from the stored program will be referenced to the Program Reference 

Position. 

Therefore when an absolute move is the first move in a program, it will behave like 

an incremental move when the follower is enabled. Additional absolute moves 

within a program will be referenced to the current Program Command Position, 

which is updated by each move. Once a motion program finishes, executing another 

program with follower enabled will again cause the Program Command Position to 

be initialized to zero. 

Position ranges (in counts) for the Actual and Program Command Position registers are 

indicated in the figure below. 
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Figure 111: Combined Motion (Follower + Jog)  

 

With sustained commanded motion in the same direction, the Program Command Position 

will roll over at +2,147,483,647 or í2,147,483,648 counts. 

The Actual Position, however, will be confined by the configured High Position Limit and 

Low Position Limit. 

Table 51 below indicates which source commands affect these position registers and the 

actual and commanded velocities. Program Command Position is updated only by internally 

generated move commands (program commands, Jog Plus Minus, Find Home, and Move at 

Velocity). The Commanded Velocity (returned in %AI data) also only indicates velocity 

commanded by these internally generated move commands. Actual Position and Actual 

Velocity %AI return data reflect the combination of the master input and the move 

commands. In other words, counts coming from the master source affect only the Actual 

Position and Actual Velocity. If there are no internally generated move commands, the 

Commanded Velocity will be 0 and the Program Command Position will not change. 

Table 51: Command Input Effect on Position Registers  

COMMAND 

Input  

Follower  

Enabled 

Follower Registers Affecte d by input  

Master Commands 

(from selected 

Master source) 

No None affected 

Yes Actual Position %AI status word is updated 

Commanded Position %AI status word is updated 

(Actual Position + Position Error) 

Program Command Position is Not affected 

Actual Velocity %AI status word is updated 

Commanded Velocity %AI status word is Not affected 

Program 

Commands 

No Actual Position %AI status word is updated 

Commanded Position %AI status word is updated 

Actual Position + Position Error) 

Program Command Position is updated 

Actual Velocity %AI status word is updated 

Commanded Velocity %AI status word is updated 

(by Program commanded velocity only) 

Yes Actual Position %AI status word is updated 

(by Program command + Master command) 

Commanded Position %AI status word is updated 
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COMMAND 

Input  

Follower  

Enabled 

Follower Registers Affecte d by input  

(Actual Position + Position Error) 

Program Command Position is updated 

(by Program command only) 

Actual Velocity %AI status word is updated 

(by Program command velocity + Master command 

velocity) 

Commanded Velocity %AI status word is Updated 

(by Program command velocity only) 

Other Internally 

Generated Move 

Commands 

(Home, Jog, and 

Move at Velocity) 

No Actual Position %AI status word is updated 

Commanded Position %AI status word is updated 

(Actual Position + Position Error) 

Program Command Position is updated but not used 

Actual Velocity %AI status word is updated. 

Commanded Velocity %AI status word is updated 

(by Internal command velocity only) 

Yes 

(Find Home 

is not 

allowed) 

Actual Position %AI status word is updated 

(by Internal command + Master command) 

Commanded Position %AI status word is updated 

(Actual Position + Position Error) 

Program Command Position is updated but not used 

Actual Velocity %A status word is updated 

(by Internal command velocity + Master command 

velocity) 

Commanded Velocity %AI status word is updated 

(by Internal command velocity only) 
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The Program Command Position can be synchronized to the Actual Position %AI value in 

three ways: 

¶ Find Home %Q command execution 

¶ Set Position %AQ command 

¶ Execute Motion Program n %Q command (if the follower is not enabled) 

The effect of these commands is indicated in Table 52 below. 

Table 52: Actions Affecting Program Command Position  

ACTION Follower  

Enabled 

Resulting Updates to Follower Position Registers  

Home Found No Actual Position %AI status word is set to Home Value 

Program Command Position is  set to Actual Position + Position 

Error 

Yes Find Home %Q command is Not allowed 

Status Error is returned 

Set Position %AQ 

Command 

Not 

applicable 

Actual Position %AI status word is set to %AQ Value 

Program Command Position is  set to Actual Position + Position 

Error 

Note: Set Position is not allowed if the Moving %I bit is ON. 

Execute Program No Actual Position %AI status word is NOT affected 

Program Command Position is set to Actual Position + Position 

Error 

Yes Actual Position %AI status word is NOT affected 

Program Command Position is set to Reference Position (0) 

Program moves will execute in a continuous fashion such that incremental PMOVE or 

CMOVE commands past the limits will roll over at the limit and continue. Absolute PMOVE 

or CMOVE commands can also be used for applications that do not require going beyond 

the high/low count limits. 

Any internally generated move command can be immediately terminated by the Abort All 

Moves %Q command. 

The User Selected Data %AI status word can be changed to report the Program Command 

Position by using the Select Return Data %AQ command. Refer to Chapter 5 for details. 

The following application example illustrates how a stored program can be used to control 

positioning operations relative to the detected edge of a moving object as it moves at a rate 

detected by the master axis (Aux Axis 3) encoder input. 
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9.3 Example 2: Follower Motion Combined with 

Motion Program  
Applications that require modifying parts on the fly (such as notching, marking, riveting, 

spot welding, spot gluing, and so forth) would make use of the point-to-point moves 

superimposed on follower motion and enable follower at input features. A typical 

configuration and control sequence required for these applications is shown below. 

Figure 112 

 

Control Sequence 

1. With Enable Follower %Q bit OFF, the host controller commands Follower axis to 

home position where Actual Position & Program Command Position are 

synchronized and set to Home Position value.  Position Valid %I bit indicates when 

this step is complete. 

2. The host controller sets the Enable Follower %Q bit command. 

Note: The CTL01- CTL24 bit to which the part edge sensor is connected would already have been 
configured in the Follower Enable Trigger configuration parameter. 

3. When the Part edge sensor trips, the DSM314 enables the Follower axis to start 

following the master (Aux Axis 3) encoder inputs.  The Follower Enabled %I bit 

indicates when the axis is following the master command. Note that the Accel Ramp 

and Make-Up Time feature could be used to allow the follower axis to catch up to 

the master axis if required. 

4. Once the follower is enabled, the host controller sends the Execute Motion Program 

n %Q bit to start execution of the selected program for the follower axis. At the time 

the program is selected, Program Command Position will be set to program 

reference position (0) because the follower is enabled.  Program execution is then 

relative to the moving part edge as the follower axis tracks the part.  Program 

Command Position now contains the position of the follower axis relative to the part 

edge and Actual Position indicates the total distance the follower axis has moved 

from the Home point (master +/í program commands). 

5. At the end of program, the host controller turns Enable Follower %Q bit OFF and 

loops back to step 1 to repeat for next part. 
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Note:  

Since the DSM314 saved the Follower enable input trigger Commanded Position in a parameter 
register (#226 for axis 1, #234 for axis 2), step 1 this time could be used to execute another 
program with an absolute move command back to the parameter value position and continuing 
with step 2. In this case, the Moving and In Zone %I bit indications could be used to indicate when 
step 1 is complete. 

This method is possible because the Program Command Position is set to the Actual Position + 
Position Error when Execute Motion Program is commanded with the follower disabled. 
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Chapter 10: Introduction to Local Logic 

Programming 
This chapter contains an introduction to the basic local logic programming concepts. The 

DSM and the DSM motion programming language are not discussed in detail in this chapter. 

These concepts are discussed in other chapters within this manual. 

10.1 Local Logic Programming  
The local logic program works in conjunction with the host controller logic program and 

motion program to yield a flexible programming environment. Specifically, local logic 

programs provide the user with the ability to perform math and logic that is deterministic 

and synchronized with the DSM Position Loop execution rate. This ability is critical to many 

applications where the accuracy and/or speed require this tight synchronization. 

The DSM local logic function provides the user the ability to execute basic logic and 

mathematical functions within the DSM module. Additionally, local logic permits fast 

read/write access to local DSM digital and analog I/O. Consult Chapters 13 and 14 for a 

complete listing of available I/O. The local logic program execution method guarantees the 

local logic program runs at the position loop sample rate and completes each sample 

period. Note: If the module is unable to complete the local logic program execution within 

the allotted time the module generates an error message. Chapter 13 and Appendix E 

contain more information concerning program execution times. Additionally, the local logic 

program runs in parallel with normal DSM motion programs. The parallel program 

execution allows the local logic program to supervise the motion program. Thus, local 

logic programs are also called supervisory logic blocks (SLB). The local logic program 

execution versus motion program execution is shown in Figure 113. 

Figure 113: Local Logic Versus Motion Program Execution  
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It is important to understand the concept shown in Figure 113. before writing local logic 

programs. The local logic program runs to completion each position loop sample period. 

The program then re-executes the complete local logic program the next position loop 

sample period. This execution method differs from the motion program execution method. 

The motion programs execute each command to completion in a sequential fashion, 

without any time guarantees. This concept is illustrated in Table 53. , which lists the first four 

local logic execution periods for the local logic and motion programs shown in Figure 113. 

In the example, note that the local logic program executes to completion each position loop 

sample period. The motion program statements execute until the controlled motion 

achieves the desired result. For additional details concerning motion program statement 

execution, consult chapter 7. 

Table 53: Local Logic î Motion Program Execution Example  

Position Loop Sample 

Number  

Active Motion Program  

Statement  

Local Logic Program 

Statements  

n CMOVE ##,ABS,S-CURVE Position_Loop_TC_1:=50; 

  IF Actual_Position_1>4000 THEN 

  Digital_Output1_1:=ON; 

  END_IF; 

  IF Actual_Position_1>=4500 THEN 

  Digital_Output1_1:=OFF; 

  END_IF; 

  IF Actual_Position_1> 6000 THEN 

  Digital_Output3_1:=ON; 

  END_IF; 

  IF Actual_Position_1>=7500 THEN 

  Digital_Output3_1:=OFF; 

  END_IF; 

   

n+1 CMOVE ##,ABS,SCURVE Position_Loop_TC_1:=50; 

  IF Actual_Position_1>4000 THEN 

  Digital_Output1_1:=ON; 

  END_IF; 

  IF Actual_Position_1>=4500 THEN 

  Digital_Output1_1:=OFF; 

  END_IF; 

  IF Actual_Position_1> 6000 THEN 

  Digital_Output3_1:=ON; 

  END_IF; 

  IF Actual_Position_1>=7500 THEN 

  Digital_Output3_1:=OFF; 
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Position Loop Sample 

Number  

Active Motion Program  

Statement  

Local Logic Program 

Statements  

  END_IF; 

   

n+2 CMOVE ##,ABS,SCURVE Position_Loop_TC_1:=50; 

  IF Actual_Position_1>4000 THEN 

  Digital_Output1_1:=ON; 

  END_IF; 

  IF Actual_Position_1>=4500 THEN 

  Digital_Output1_1:=OFF; 

  END_IF; 

  IF Actual_Position_1> 6000 THEN 

  Digital_Output3_1:=ON; 

  END_IF; 

  IF Actual_Position_1>=7500 THEN 

  Digital_Output3_1:=OFF; 

  END_IF; 

   

n+3 CMOVE ##,ABS,SCURVE Position_Loop_TC_1:=50; 

  IF Actual_Position_1>4000 THEN 

  Digital_Output1_1:=ON; 

  END_IF; 

  IF Actual_Position_1>=4500 THEN 

  Digital_Output1_1:=OFF; 

  END_IF; 

  IF Actual_Position_1> 6000 THEN 

  Digital_Output3_1:=ON; 

  END_IF; 

  IF Actual_Position_1>=7500 THEN 

  Digital_Output3_1:=OFF; 

  END_IF; 
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10.2 When to Use Local Logic Versus Ladder Logic 
The local logic programming language contains basic mathematical and logical constructs. 

The capabilities are not designed to replaac rfc fmqr amlrpmjjcpòq jmega a_n_`gjgrgcq, Glqrc_b*

jma_j jmega gq bcqgelcb rm amknjckclr rfc fmqr amlrpmjjcpòq jmega _lb kathematical abilities. 

Specifically, local logic is designed to solve a small logic and mathematical set that requires 

tight synchronization with the controlled motion. The local logic program must run to 

completion each sample period. Thus, local logic programs are limited in size. The default 

local logic program size limit is 150 lines. The Local Logic build process will generate an error 

message when the 150-line limit is exceeded. A warning message is generated when 100 

lines are exceeded. If the program is very large and computationally intensive it may exceed 

the allowed execution time and result in a watchdog timer warning/error (refer to Appendix 

C', Gl amlrp_qr* rfc fmqr amlrpmjjcpòq npmep_k qgxc gq jgkgrcb mljw `w _t_gj_`jc kckmpw,

However, as host controller program sizes increase, the host controller sweep times 

increase. (For additional information concerning sweep times, please consult the 

PACSystems CPU Reference Manual, GFK-2222 or the Series 90-30/20/Micro PLC CPU 

Instruction Set Reference Manual, GFK-0467.) This is not true with local logic programs. 

Local Logic programs always execute to completion every position loop sample period. 

When using host controller logic, the added latency associated with the host controller 

sweep times for time-critical logic operations that are tightly coupled to motion can be 

unacceptable or limit process performance. These tightly coupled and time-critical 

processes are potential Local Logic applications. Each process will have to be evaluated on 

an individual basis to determine which sections to write in host controller logic and which 

sections to write in Local Logic. 

10.3 Getting Started wit h Local Logic and Motion 

Programming  
The sections that follow provide information on getting started with the Local Logic Editor 

and Motion program editors. The sections concentrate on program usage with an emphasis 

on program creation, syntax check, and program download. 

10.3.1 Requirements 
The Local Logic and Motion Program editors are integrated within the programming 

software environment. You need one of the following software packages. Please refer to the 

software documentation for installation instructions. 

¶ Machine Edition Logic Developer í PLC version 2.1 or later 

¶ VersaPro version 1.1 or later (Series 90-30 only. For details, refer to Appendix H.) 

The DSM314 feature set also requires: 

Ή PACSystems firmware release 2.8 or later, or 

Ή 90-30 CPU firmware release 10.0 or later. 

  



User Manual Chapter 10 
GFK-1742F Jan 2020 
 

Introduction to Local Logic Programming 250 

10.3.2 Creating a Local Logic Program 
The Local Logic editor is integrated into the programming software environment. The editor 

allows you to easily create, edit, store, and download a Local Logic program. You create a 

Local Logic program in a VersaPro folder or a Machine Edition project. Refer to the software 

documentation for details on how to create or open a project. 

Dmp bcr_gjq ml ecrrgle qr_prcb ugrf K_afglc Cbgrgml* pcdcp rm ïK_afglc Cbgrgml 

Amldgesp_rgmlð gl af_nrcp 0, Dmp bcr_gjq ml sqgleVersaPro, refer to Appendix H. 

1. To create a local logic program, open your project in Machine Edition. 

2. In the Project tab of the Navigator window, right click the Target containing the 

DSM314, choose Add Component, and then choose Motion. 

Figure 114 

 

The Motion Program folder appears in the Navigator. 

3. Expand the Motion Program folder. Select Local Logic and choose New. A local 

logic block is created in the Local Logic folder and the local logic editor opens. 

Figure 115 
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4. To change the name of your local logic block, edit the name in the Block Properties, 

which is displayed in the Inspector window. 

Figure 116: Local Logic Editor Main Screen Layout, Machine Edition 

 

10.4 Local Logic Variable Table 
The programming environment includes a window that contains the Local Logic variables. 

The Local Logic Variable table (LLVT) allows you to drag and drop or cut and paste the text 

from the table into a program. (Reference Figure 123. ). 

¶ To open the LLVT in Machine Edition, right click the Local Logic folder in the 

Navigator and choose Local Logic Variable Table. 

Figure 117 

 

¶ To open the LLVT in VersaPro, select Local Logic Variable Table from the View 

menu, press Alt + 6, or click the Toggle Local Logic Variable Table button  on 

the toolbar. 
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The table has several tabs that group the variables by category. The categories are: 

¶ Axis 1 í Variables specific to axis number one 

¶ Axis 2 í Variables specific to axis number two 

¶ Axis 3 í Variables specific to axis number three 

¶ Axis 4 í Variables specific to axis number four 

¶ Global í Global data such as Module Status Code 

¶ CTL bits í DSM general purpose control/status bits 

¶ Parameter Registers - DSM Parameter data 

Figure 118: Local Logic Variable View Table 

 

The table has six columns. The columns are as follows: 

¶ Name í This column contains the variable name that is valid to be used within a local 

logic program 

¶ Type í This is the data type for this variable. For example 32 Bits means that this 

variable is a 32 bit variable. 

¶ Group í This is the group this variable is placed in. For example, FacePlate I/O means 

that this variable refers to a point on the module faceplate. 

¶ Description í This column contains a textual description of the variable. If the user 

hovers the mouse pointer over the description a tool tip will be generated that 

allows the user too easily read the description. 

¶ R í This column indicates if the variable can be Read by a Local Logic program 

¶ W- This column indicates if the variable can be Written by a Local Logic program 
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10.5 Connecting the Local Logic Editor to the DSM 
The configuration/programming software has several communications options. One 

communications option is to connect directly to the host controller SNP port, shown in 

Figure 119 below. Ethernet options are also available. All DSM314 programming is done 

through the software interface, yielding single point of programming for the module. (The 

DSM314 also has a serial port on the module faceplate, which is used only for updating the 

BQK1/2òq dgpku_pc,' Jma_j Jmega _lb Kmrgml npmep_kq _pc qrmpcb rm _ bcbga_rcb kckmpw

space inside the host controller CPU. The DSM314 then requests these programs by name 

from the CPU during configuration. The link to the programs the DSM314 requests from the 

CPU is contained in the Hardware Configuration for the host controller rack. The benefit is 

that programs are not module-specific but are rack/slot specific. Thus, if there is a need to 

swap DSM314s within a host controller, or to replace a DSM314, you need to perform the 

following three steps:  (1) turn off power to the host controller, (2) change out the DSM314 

modules, and (3) reapply power to the host controller. Upon powering up, the host 

controller will send the correct programs and configuration settings to the DSM314s. 

Figure 119: Programmer Connection Diagram  
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10.6 Building a Local Logic Program 
The programming software provides a self-contained environment that allows the user to 

perform all the actions necessary to create, edit, and download a local logic program to a 

DSM314 module. 

10.6.1 Creating a Local Logic Program 
Create a Local Logic program named Example. For details on how to do this, see: Section 

ïK_afglc Cbgrgml Configurargmlð. 

ïStarting VersaProð. 

The resulting display is like the figure below. 

Figure 120: Machine Edition New Local Logic Program  
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The Local Logic editor is a free-form text editor that allows you to enter programs in the style 

that you prefer. This example is a very simple Local Logic program that does not represent a 

fully functional application because it is intended for instructional purposes only. The 

example program is a simple timer application that relies on the digital servos position loop 

sample period (2 mSec) as a time base. See Chapter 1 for position loop sample periods for 

other configurations. 

Sample Local Logic Program 

 

Once you type the above program into the text editor, the editor screen will look similar to 

Figure 121. . 

 

  



User Manual Chapter 10 
GFK-1742F Jan 2020 
 

Introduction to Local Logic Programming 256 

Figure 121: Local Logic (LLExample) 

 

 

  
















































































































































































































































































































































































































































































