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M WARNING: Use of CTC Controllers and software is to be done only by experienced and qualified
personnel who are responsible for the application and use of control equipment like the CTC controllers.
These individuals must satisfy themselves that all necessary steps have been taken to assure that each
application and use meets all performance and safety requirements, including any applicable laws, regulations,

codes and/or standards. The information in this document is given as a general guide and all examples are for
illustrative purposes only and are not intended for use in the actual application of CTC product. CTC
products are not designed, sold, or marketed for use in any particular application or installation; this
responsibility resides solely with the user. CTC does not assume any responsibility or liability, intellectual or
otherwise for the use of CTC products.

The information in this document is subject to change without notice. The software described in this document is
provided under license agreement and may be used and copied only in accordance with the terms of the license
agreement. The information, drawings, and illustrations contained herein are the property of Control Technology
Corporation. No part of this manual may be reproduced or distributed by any means, electronic or mechanical, for
any purpose other than the purchaser’s personal use, without the express written consent of Control Technology
Corporation. Products that are referred to in this document may be either trademarks and/or registered trademarks
of the respective owners. The publisher and the author make no claimto these trademarks.

While every precaution has been taken in the preparation of this document, the publisher and the author assume
no responsibility for errors or omissions, or for damages resulting fromthe use of information contained in this
document or fromthe use of programs and source code that may accompany it. In no event shall the publisher
and the author be liable for any loss of profit or any other commercial damage caused or alleged to have been
caused directly or indirectly by this document.

The information in this document is current as of the following Hardware and Firmware revison
levels. Some features may not be supported in earlier revisions. See www.ctc-control.com for the
availability of firmware updates or contact CTC Technical Support.

Model Number | QuickBuilder Controller M3-40 M3-41 IncentiveECAT
Revision Firmwar e Firmwar e Firmwar e Embedded PC
Revision Revision Revision
5300 >=1.2.6620 >= >=1.45 >=1.84 >=1.84
02/15/2018 | 5.00.90R70.11

Doc. No. 951-530017-019
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Chapter 1: Introduction and Overview

This document provides details about adding motion control to a QuickBuilder project. QuickBuilderis CTC's
integrated desktop development environment for the 5300 and Incentive PC series automation controllers. The
primary programming language used in QuickBuilder is QuickStep4 (Q4). The QuickStep multi-tasking state
language was invented by CTCin the 1980s to simplify the process of programming high performance machine
control applications. Over the years QuickStep has been continually refined, and now it has been extended with
the addition of QuickM otion to be able to easily handle even the most demanding motion control applications in a
very intuitive manner.

The focus of this document is the QuickM otion extension to QuickBuilder. It is assumed that the reader is
aready familiar with the QuickBuilder environment and programming language. This document should be used in
conjunction with the QuickBuilder Reference Guide.

This document is valid for use with the following motion modules:

e M340A: 2Axs Servo Module
e M340B: 3axs Stepper/High-speed Counter Module (24V)
e M340C: 3axs Stepper/High-speed Counter Module (5V)

e M341A: 5300 Hardware Module for EtherCAT (reference this guide and EtherCAT Application Guide
for added features)

e IncentiveECAT: Embedded PC Real-time Software for EtherCAT (reference this guide and EtherCAT
Application Guide for added features)

Detailed data sheets for these motion modules may be found on CTC's website, www.ctc-control.com.

/s Note: The M3-41A is available both as hardware, for the 5300 PLC, and as a software component as part of a
PCbased EtherCAT master, IncentiveECAT. IncentiveECAT executes the exact same M 3-40 motion control code
except with enhancements for a virtual hardware environment. IncentivePLC runs on the PC as well, running the
same QuickBuilder software, hence full compatibility with their hardware (5300 PLC) counterpart. Froma software
perspective almost all of the commands used on the M 3-40 module apply directly to the M3-41A and
IncentiveECAT. References to software features and language instructions that follow for the M 3-40 can be
assumed to apply to the M3-41A/IncentiveECAT except as noted.

Guide to Symbols
Features that warrant caution or special consideration are denoted by a /.

A command or statement that is supported by a given mode or block is denoted by a checked box [E.
Unsupported commands and statements are denoted by an empty checkbox M .

Doc. No. 951-530017-019
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Brief Overview of Motion Control

Servo Motor Applications

Background

A servo motor is used in aclosed loop control system, where the controller has information about both the actual
position and velocity of the motor as well as the desired position (or velocity). The controller then adjusts the
motor's output to remove the difference between the actual and desired values. Because this systemhas
information about the error, and the output (which is usually proportional to the motor power) increases as the
error increases, it can require very little power when the error is small.

This means that the average power needed for a high performance application may be considerably less than the
peak power, so smaller motors and drives may be used.

Thereis usually a Servo Drive module between the motion controller and the motor that accepts the control signal
(torque or velocity command) fromthe motion controller (alow current signal in the range -10 Volts to +10 Volts)
and converts it into the high power (depending on the motor, several amps of current at 24V to 200+V) signals
required by the motor. The Servo Drive must usually be configured to match the Motor (or is designed
specifically for the motor). The drive and the motor are often, but not necessarily, made by the same
manufacturer. The motor may be a simple brush type DC motor (which is low cost but requires periodic
replacement of brushes) or a Brushless DC or A C motor, which requires additional circuitry in the Servo Driveto
handle electronic commutation and will generally require additional sensors and signals fromthe motor to the
driver.

Controlling the Servo Motor

The Model 5300 automation controller can be used to control up to 64 axes of servo motors. To control motion,
an M 3-40A motion module is added to the system. The M3-40A moduleis adual axis servo controller that can
control 1 or 2 servo motor systems with Analog Torque or Velocity command and Quadrature encoder feedback.
Additionally M 3-41 EtherCAT modules can be add network based drives and 10.

Servo Command Output

The output of the Servo Controller is an Analog signal that can vary from-10V to 10V with 16 bit resolution. The
analog output is used, viaa servo amplifier, to control the current in a DC motor generating torque at the shaft.
The amplifier may also handle other functions such as commutation for a brushless motor or it may use the analog
input to control the velocity. Care must be taken in the wiring to minimize the possibility of errors being
introduced into the signal by noise induced fromany high power switching circuitry near to the system, since this
will directly affect the quality of the control.

/i Shielded cabling must be used between the Servo Controller and the Servo Drive and the distance between
themshould be minimized.

Encoder Feedback

An encoder mounted to the motor generates two pulse signals (A, B) that are used by the M3-40A moduleto
track the motor position. The M 3-40A module can also accept athird encoder channel (the Z axis or Index) that
can be used to identify a specific point in the motor rotation. This Z pulseis typically used for accurate homing
of the motor.

The M3-40A encoder inputs accept a quadrature differential signal for the A and B encoder channels. The index
pulse, or Z channel, is also accepted as a differential signal. The direction is counted positive, or clockwise (CW)

QuickMotion Reference Guide
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when the A encoder phase leads the B encoder phase. Indicator LEDs for each servo axis on the module indicate
the states of the A and B channels.

For some Brushless Servo systems, the Servo Drive also uses an encoder for information about the position and
will provide a set of suitable encoder outputs for connection to the Servo Controller. In this case the power for
the encoder is usually provided by the Servo Drive and it is hot necessary to connect power for the encoder, but
it is recommended that the controller’s 5V return be connected to the common or return for the servo drive's
encoder outputs. This limits the common mode voltage between the drive and controller and helps protect the
encoder input circuits fromdamage caused by over voltage.

/4 5VDC power is available froma dedicated 5V connector on the M odel 5300 power supply modules. This
connector also has a5V return that is common to the controller’s 24V return.

/i Shielded cabling should be used for the encoder wiring between the Servo Controller and the Servo Drive and
the distance between them should be minimized.

/i When the encoder output is provided by the Servo Drive, care must be taken that the signalsare actually
encoder signalsand are not a simulated encoder generated by the Servo Drive fromother signals. When the
outputsare simulated encoder signals, thereisgenerally a delay between the movement of the motor and
the encoder signal generation. When thisdelay issmall thisisnot a concern, but since the M3-40A updates
the servo command at a rate of over 1250Hz, delays as small as 200us can be significant.

/i Reference the EtherCAT Application Guide for details on the M3-41 and IncentiveECAT modules.

The M3-40A module also has five high speed inputs and five high speed outputs that can be configured for a
wide variety of functions via software. See |0 A ssignments later in this chapter and the M odel 5300 module data

sheets at http://www.ctc-control.conycustomer/techinfo/idxdocs5300.asp for more details.

Stepper Motor Applications

Background

Stepper motors are typically used in open loop applications. A stepper motor has a fixed number of magnetic
poles that determine how many steps the motor will move through during one revolution. M ost stepping motors
have 200 full steps that can be subdivided into smaller increments via microstepping technology built into the
stepper drive. Microstepping drives can boost the number of steps per revolution to 50,000 or more providing
smoother motion and more precise positioning.

Controlling the Stepper Motor

The Model 5300 automation controller can be used to control up to 64 axes of stepper motors. The motors are
connected to a matched stepper drive, and then the stepper drive is commanded by the M odel 5300 motion
module. To control motion, an M 3-40B or M 3-40C stepper motion control module is added to the system. These
modules are configured in QuickBuilder to match the steps per revolution of the stepper drive so that
programming can be done in user units. The M 3-40B/C module is a dual axis stepper controller that can control
up to three stepper axes by putting out a step and direction command to the drive.

Doc. No. 951-530017-019
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Encoder Feedback (optional)

Normally, stepper motor applications are designed to operate in an open-loop mode where there is no encoder
feedback. However the M3-40B/C modules have one encoder input for each primary axis and they can be
configured to monitor position viathe encoder as a check on the commanded position. The encoder inputs
accept aquadrature differential signal for the A and B encoder channels. The index pulse, or Z channel, is also
accepted as a differential signal. The direction is counted positive, or clockwise (CW) when the A encoder phase
leads the B encoder phase. Indicator LEDs for each servo axis on the module indicate the states of the A and B
channels.

/4 5VDC power for encoders is available froma dedicated 5V connector on the M odel 5300 power supply
modules. This connector also has a5V return that is common to the controller's 24V return.

/i Shielded cabling should be used for the encoder wiring and the distance should be minimized.

£ When the encoder output is provided by the Stepper Drive, care must be taken that the signalsare actually
encoder signalsand are not a simulated encoder generated by the Stepper Drive fromother signals. When
the outputs are simulated encoder signals, thereisgenerally a delay between the movement of the motor and
the encoder signal generation. When thisdelay issmall thisisnot a concern, but since the M3-40B/C
updatesthe stepper command at a rate of over 1250Hz, delays as small as 200ps can be significant.

The M 3-40B/C modules also have five high speed inputs and five high speed outputs that can be configured for a
wide variety of functions via software. See 10 A ssignments later in this chapter and the M odel 5300 module data

sheets at http://www.ctc-control.conycustomer/techinfo/idxdocs5300.asp for more details.

Brief Overview of M3-40/41 Motion Module Features

High performance motion control can be easily achieved with Blue Fusion M odel 5300 automation controllers by
adding one or more M 3-40 motion modules. The M 3-40 series modules are two axis motion control modules
specifically designed for the Blue Fusion M odel 5300 controller. They can be used to command motion on both
servo and stepper motor drive systems. The M 3-40 uses space saving design features that enable it to fit into a
single rack slot in the M odel 5300 controller. Up to 32 of the M 3-40 modules can be installed into a single M odel
5300 system, allowing for up to 64 axes of motion control.

M otion performance is maintained even as axes are added because each M 3-40 has its own on-board processors
that handle all motion related processing for two axes. CTC has fitted each dual axis module with a powerful
RISC processor as well as CTC's new Motion Accelerator Chip (MAC). This gives the M 3-40 modules the ability
to run CTC's latest 64-bit floating point motion loops and handle local high-speed I/O events.

There are currently three M 3-40 modules that can be used in the M odel 5300 automation controller and one M3
41:

e M3-40A: 2Axs Servo Module

e M3-40B: 3AXxs Stepper / High Speed Counter M odule, 24V command
e M340C: 3AXxs Stepper/ High Speed Counter Module, 5V command
e M341A: EtherCAT Master for both motion and 10 automation control

QuickMotion Reference Guide


http://www.ctc-control.com/customer/techinfo/idxdocs5300.asp
http://www.ctc-control.com/customer/techinfo/idxdocs5300.asp
http://www.ctc-control.com/customer/techinfo/idxdocs5300.asp

QuickMotion Reference Guide 11

Hardware Features

Each moduleis capable of controlling two axes of closed loop motion. The M3-40A can be connected to either
stepper or servo drives. Each M3-40A axis has a precision 16-bit analog command signal that can command both
torque and velocity mode drives, giving the designer great flexibility in motor and drive selection. Alternatively,
each axis can also be set up to output step and direction signals to interface to stepper drives or intelligent servo
indexers. The M 3-40B and M 3-40C do not have analog command capability and therefore are best suited for
stepper applications.

All modules have two primary axes of control and most hardware and software functionality is divided
accordingly. Each primary axis has encoder feedback inputs that operate at rates up to 17.5 M Hz, accommodating
even the fastest linear motors. Each primary axis has five fast user assignable inputs and five fast user assignable
outputs. In addition, it is possible to configure two of the outputs on the M 3-40 module (40A/B/C) to command a
third open loop stepper. Seethe Alternative Stepper Output statement in the I/0 Statements section of Chapter 4
for more on this topic.

Software Features

Whilethe M 3-40's hardware is impressive, its software capabilities are what really set it apart fromthe
competition. The software has been designed to simplify and speed every step of the machine development
process. To set up amotion axis, simply “drop” an axis object into the QuickBuilder Resource Manager. Then it
can be easily configured using convenient user-units and other fill-in-the-blank properties. Dialog boxes and
tuning wizards de-mystify the whole servo setup and tuning process.

CTC has taken avery modular approach to QuickBuilder's motion control capabilities. To create motion on an
axs, one or more motion commands are placed in an object called aMotion Sequence Block (M SB). After
creation, that M SB can be used by any of the axes at any time. A simple example would be ahoming M SB — write
it once, and then use it on as many axes as desired.

To further simplify the motion programming process, CTC has created an extension to the QuickStep language
within QuickBuilder called QuickM otion, which has more than 50 new commands and more than 100 specialized
motion variables. QuickM otion makes programming motion applications very intuitive. For example, if one
wanted to move an actuator 3.76 inches in 1.25 seconds the command would be:

Moveto 3.76in 1.25

Of course, 3.76 could just as easily be avariable or an expression that is calculated on thefly.

M3-40 and M3-41 Module Data sheets

Refer to Document No. 950-534001: M odel M 3-40A data sheet at http://www.ctc-
control.conycustomer/techinfo/docs/5300 950/950-534001.pdf for more detailed information on the M 3-40A
module.

Refer to Document No. 950-534002: M odel M 3-40B data sheet at http://www.ctc-
control.comycustomer/techinfo/docs/5300 950/950-534002.pdf for more detailed information on the M 3-40B
module.

Doc. No. 951-530017-019
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Refer to Document No. 950-534003: M odel M 3-40C data sheet at http://www.ctc-
control.comy/customer/techinfo/docs/5300 950/950-534003.pdf for more detailed information on the M 3-40C
module.

Refer to Document No. 950-534101: M odel M 3-41 data sheet at http://www.ctc-
control.com/customer/techinfo/docs/5300 950/950-534101.pdf for more detailed information on the M 3-41 module.

1.3.1 M3-40 & M3-41/IncentiveECAT Motion Module Features

M3-40

Two axes of seno or stepper control per module
Up to 64 axes per Model 5300 system

Position loop update times of 800us / 2 axes (as fast as 500us under software selection)
Encoder feedback up to 17.5 MHz

64-bit floating point loop control

16-bit analog command (M3-40A only)

5 user assignable inputs / axis

5 user assignable outputs / axis

High speed registration capture

High speed PLS outputs

48 user variables per axis

M 3-41/IncentiveECAT

e 64-bit floating point loop control

Up to 16 axes per network. 64 axis with IncentiveECAT. Multiple networks supported as well
as redundant master (PC only) and secondary master

Virtual axis/master support

Up to 2000 I/O points using remote 1/O

500uS, 1 mS, 2 mS, or 4 mS updates on all axes

Any axis can track/gear/cam off any other

Registration Capability

Commands: linear, S-curve, Cam, Spline, Gear, Move on a gear, Segmented moves
Syncs master to slaves - provides simultaneous motions

EtherCAT motion modes:

0 Cyclic Sync Position

o Interpolated Position

o Profile Position

o Profile Velocity

Network auto configuration

Support for absolute encoding

Link software counters to any input

Link PWM outputs to any output

48 user variables per axis

M3-41 has 3 encoder inputs which can also be used as a master encoder for EtherCAT axis
Segmented EtherCAT packets for large networks

QuickMotion Reference Guide
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1.3.2

1.3.3

Special M3-40 I/O Functions

e 16 HS Counters (10 MHz): All fiveinputs as well as the A, B, and Z signal pins on each axis connector
can be configured as high-speed counters.

e Period Measurement (0.1 psec accuracy): Two pairs of inputs on each axis can be set up to measure
the time between activation of the first and second input in the pair. Ideal for high-speed measurement
and frequency measurement.

e Frequency Outputs: Three outputs on each axis can generate a programmable frequency up to 500 KHz.

e Pulse Outputs: All ten outputs can be pulsed for a programmable time value with an accuracy of 0.5
msec.

e Programmable Limit Switch Outputs: Three outputs on each axis can be configured to automatically
turn on and off as a function of the encoder position. Up to sixteen on/off positions can be configured
per axis. The on/off positions can be changed programmetically on-the-fly. This is especially useful to
compensate for lead or lag time based on operating speed.

Drives & M3-41 |10

Some drives support inputs and outputs at the remote drive level. The MSB property ‘dins’
represents the raw inputs provided by the drive, up to 32 inputs (EtherCAT object 0x60FD.0). The
first 10 inputs may be accessed using ‘din1’ to ‘din10’ bit properties; as with the M3-40 modules.

Outputs operate as they do on the M3-40 module, limited to 8 outputs at the remote drive level
(object OXx60FE.1). Use the ‘setout’ and ‘clrout’ MSB instructions for access, where the first output
is 1.

Local 1/0 is also present on the 5300 M3-41 EtherCAT module. This module has 6 inputs and 2
outputs which are global to all MSBs. The outputs are referenced as 9 and 10 when using the
‘setout’/’clrout’ instructions. The MSB property ‘global_inputs’ is used to read the 6 inputs, with
the first bit being the first input. The MSB property ‘global_outputs’ can be used in addition to
‘setout’/’clrout’ for read/write operations of the local outputs.

Local global Inputs, P1 connector pins:

P1-11 DIN1
P1-13 DIN2
P1-15 DIN3
P1-12 DIN4
P1-14 DINS
P1-16 DING6

Local global Outputs, P1 connector pins:

P1-9 DOUT1
P1-10 DOUT2

Doc. No. 951-530017-019
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1.3.4

E——“ 1. ‘global_inputs’ and ‘global_outputs’ axis properties may be accessed by QuickBuilder
using the Axis name/property method: axisname.property. These two properties will contain the
same value on all EtherCAT axes.

2. Chapter 6 discusses additional |0 capabilities available from the MSB language using
various |0 arrays. These arrays give access not only to drive and module based 10 but remote
EtherCAT 10 blocks such as those from Wago, Turck and Beckhoff. Some of the features include
PLS, PWM, pulse, and atomic multi-bit access of 32 drive inputs/outputs, local and remote 10.

3. IncentiveECAT Version only supports drive I/O.

QuickBuilder Motion Control Features

* Axs objects configured in the Resource M anager

¢ New tuning wizard simplifies tuning

*  Monitor motion parameters in multiple watch windows
¢ Use QuickScope to chart motion and 1/O timing

e Simple English commands

e Over 100 new motion variables

e Full user-unit support

e Soft limits and hard limits

e Asynchronous event handlers

QuickMotion Reference Guide
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1.3.5 10 Assignments

1.3.5.1 IO Assignments - M3-40A

Terminal block connections

TB1 (Axis 1)

ANALDG CMD
DOUT 1(5E 24
A DESV)

B (DE&V)

DIN 1(5E 24V)
DIN 3 (SE 24V
SV_ENC_RTN
DOUT 3 (SE 24
£ [DESV)

(NC)

(NC)

TB2 (Axis 2)

ANALOG CMD
DOUT 1 (5E24v)
A DESV)

E DE 5V)

DIN 1 (SE24V)
DIN 3 (SE24v)
s\V_ENC_RTN
DOUT 3 (SE24v)
ZIDEEV)

(NC)

(NC)

G

2)

22

M3-40A

AGND

DOUT 2 (SE 24v)
A (DE 5V

B'[DE V)

DIN 2 (SE 24v)
DIN 4 (SE 24v)
VDCRTN (24v)
DOUT 4 (SE 24v)
Z' [DEBV)

DIN 5

DOUT 5 (SE 24v)

AGND

DOUT 2 (SE 24V)
A'[DEEV)

B' (DE &V)

DIN 2 [SE 24V
DI 4 (SE 24v)
VDCRTN (24V)
DOUT 4 (SE 24V)
Z'[DESV)

DIN 5

DOUT 5 (SE 24V)

Do

D
DIz
D4
DIz
D03
DO4
NC
NC

DIs
DO5
NC

A Any two digital inputs can be configured in QuickBuilder to function as registration inputs 1and 2. These
digital inputs still function as general purpose inputs even when configured as registration inputs.
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1.3.5.2 IO Assignments - M3-40B

Terminal block connections

S

MO O N .. |
DOUT1 (SE240) B30 N Ko Bl DOUT 2 (SE 24) moeilE

E

1 D02

apesy) 54 R KoM A (DESY) 2 ';f”

BoEsY B8 N K=Ed B (DESY 4 B

- 5 O

‘f DiMsE 20 Kol 0 ol DINZSE2MN 5 o

“ . 7 Dls

< pinze2s) O f QOB DING[SE2H) o
= 5 ENC RTN o VD RIN (24 5 STEPA/DOZ
= - lﬁ..@: ) 10 DIRADO4

siepaooz sy N el DIRADD A 11 NC

12 MC

Zipes) 078 N el 7 [DESY) 13 NC

- 14 DIs
(ne) el i ReoRy DIN & 15 STEPC/DOS

ne) B2 B BBl siepcipours 16 NC
OSSO N ..

) - . LEDY  Imd.
poutisez4v) o) B K< B DOUT2 [SE240) T Doz
aes) ) I KR A 05y 2007
Boesv) 78 B KRl & (DESV) 4 B

- 5 Dl

?E piNisE24) Kol B Dol DIN2[SE248 ¢ gz

= DiNzseE2e ) W G2 DIN 4 (SE 249) ; g::
T o voc RN ey © STEPBIDOS
= e '@..@": 24V) 10 DIRB/DO4

siergDo3 o) W Ny DR BO04 11 NC

12 HNC

Zipesy) 78 N KB 7 (DESY) 13 NC

- 14 DIs
U CHED. U 15 DIRC/DOS

TSN @ W W @ * LIS LR T S—

| (#3408

1. All step and dir connections are single-ended 24V,
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1.3.5.3 IO Assignments - M3-40C

Terminal block connections
r‘

ne 8 B K3 ne
. = LED  Ind.
pout1sEz4y) ad N KB DOUT 2 (SE 240)

apes) Lo B KB A (DESY) % 'ng
Boesv) 70 0 Kell B (DESV) 4 B
= DINTISE24) (o] N o DN 2 (SE 240) : E:;
2 omssezs DO onagseay Lo
= svenc R i) B @ VDC RTN (24V) 15:] g;;‘:fﬂ%‘f
sieraoos sl B s DIRADDA 11 NC
Zipes 78 N Jsl 7 (DESV) :i :g
(NC) IIBII@E DN 5 :: Isjrlipwnos
ne) B2 B G:Bl siepcipours 16 NC
ne ) B K ne -
DOUIT 1 [SE 24V) 9..0; DOUT 2 (SE 24\) D m'
LA oNNOe E NN
Boesv) 70§ Kol & (DESV) 4 B
S DIN1(SE 24) (o] 0 Dol DN 2 (SE 240) :-. g:;.
AR o mm e  [UTEIT S
= ovoc PYTTH wcmew o S
SEZUOEE © I © » GE 1 NC
Zipesy) 7N N KsEM 7 (DESY) :i :E
ve) (Gl Jooly O it g::c.’m:ﬁs
(TN @ W W & * PLIEET LA S—

| [#dM3-40C

1. Step A/B and Dir AJB connections are single-ended 5V.
Step/Dir C connections are single-ended 24V,
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1.3.5.4 10 Assignments - M3-41A

Terminal block connections

Special I/0 Functions

NG NG = Three encoder inputs. May be used as a
master to any EtherCAT axis or as a
N/C N/C general encoder
NC e « Six digital inputs
» Two digital outputs
NC N/C . Tw :
o registration inputs
(SE 24\1 {SE zdﬁfh ° S re coun
DIN1 DIN 2 « PWM outputs
ISE 24V} ISE 24V} + Up to 16 RFID channels
DIN3 DIN 4
{SD%E,‘? ! rsDEﬁ? ! For more information refer to the
ISE 24V} (SE 24V} CTC EtherCAT Applications Guide
REGIM 1 REGIN 2
(SE 24V) {SE 24V)
Encoder AD+ Encoder AQ-
Encoder BO+ Encoder BO-
Encoder A1+ Y Encoder Al-
Encoder B1+ Encoder B1-
Encoder A2+ || Encoder A2-
Encoder B2+ | Encoder B2-
Encoder Z1+ Encoder Z1-
Encoder Z2+ | Encoder Z22-
EtherCAT
connector
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Chapter 2: Motion Architecture

The Model 5300 PLC uses a powerful distributed architecture approach to solving machine control applications.
The overall machine control program— called a QuickBuilder project — runs on the main CPU of the M odel 5300
Automation Controller. It provides the primary guidance for the application and is in charge of communications
with the outside world and the local M odel 5300 1/O, motion, and specialty modules. The distributed nature of the
M odel 5300 design allows portions of the project to be passed to intelligent M odel 5300 modules for local
processing. This distribution of processing tasks and the overall coordination between modules and the main
CPU is taken care of autometically by QuickBuilder.

Theresult is a significant improvement in machine performance by off loading demanding processor-intensive

functions like motion control tasks to specialized motion control processors on the M odel 5300 M otion Modules.
Even though this process takes place automatically, it’s important for the automation engineer to have a basic
understanding of the architecture of the M odel 5300 controller and how it interacts with the QuickBuilder

project.

The 5300 backplane can accommodate multiple modules of the following type:

e M340A: 2Axs Servo Module
e M340B: 3axs Stepper/High-speed Counter M odule (24V)
e M340C:. 3axs Stepper/High-speed Counter Module (5V)

e M341A: 5300 Hardware Module for EtherCAT (reference this guide and EtherCAT Application Guide
for added features)

With the release of EtherCAT motion support for the 5300 a new architecture was introduced, that of virtual
network based devices. Once perfected it became apparent that there was a strong industry need to move the
PLC and motion architecture to an embedded PC platformwhere a seamless interface could be provided to .Net
programmers. This is known as the IncentivePLC and IncentiveECAT PC based software modules. These
modules run the exact same environment as the 5300 PLC, in real-time, using dedicated cores of the PC. Both a
real-time operating systemand Windows run in parallel, communicating through shared memory. IncentiveAPI is
provided to provide a seamless interface to the real-time world from programming languages such as C#, VB.NET,
and C++.
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The structure of the virtual PLC environment looks something like the following:

CTC Incentive Real-time PC Automation Control

Complete Windows Programming Interface with
IncentiveAPI Windows CPU Core 1, 2
C#, VB.Net, C++, QuickBuilder, etc... LT

['_Irsa Motion Command & EmerCAT Networ -:mrr:-'_:]

Net Managed API J(

IncentivePLC Logic Core IncentiveECAT Engine Core
fo L2 (" _HgnPromy | (T HighProay
~ Tick Flate Update Tick Raste Upsate
Real-time Execution AMIS 1 AMIS L.,
= 3 T i Vendor Transparency gl -
& &
[ dl
(| EtherCAT Motion & IO Interface |
e,
EtherCAT. ™
Teckruskoy G

VD in conpeaon wih Ol ckiuiider padior
Randalons Fam Mot APl

Both the 5300 PLC and Incentive products are programmed using the exact same tools. Before we get into the

details of how to add motion to a QuickBuilder project, we'll first review the major elements of the software
architecture:

e  QuickBuilder, the software application used to program M odel 5300 controllers

e  QuickStep, the programming language used in QuickBuilder

e QuickMotion, an extension to the QuickBuilder application that is tailored to handling motion control.
2.1 QuickBuilder

QuickBuilder is CTC's innovative graphical development environment built using the latest .NET technology,
making it very intuitive to use. It combines all the aspects of an automation project into one easy to use desktop
application. This holistic approach to solving automation projects leads to quicker machine startups and simpler
understanding of even the most advanced automation tasks. The key to simplifying the automation process is to
break the overall process down into the operating states of each of its elements.
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2.2

% QuickBuilder - C:\TomTesting\HS_GlassChannel.gbp.
© File Edit View Help
(DR HE YD @000 83 LPED 7 iE e EE e EE @ O
Project XY Fioject | Editar |(& Resources X

=50 GuickBuider T New Y View
0 Proiect Pages L

507 BlassChannel [BL5311- (] Contiollers
ERE] 2 =89 GlassChannel BC5311-014]
W e = 048
g oonet | E==—
T faulMoritor T
* iea (=i
% mode
% monior . " () Vaiabes
g powerllp = ] Myarisbles
saw ChMs
B poge E PLSs
] disabes s () SegmentedMaves
B enableServo () FIDs
o peiCalc ars
0 peibiect 7 Unassigned
B resethiis 2] Unassigned
B resetServodmp -
= [ Unassigned Proiect Pages
1 Scratchpad
€3 Documentation
= 4% Debug
1 actuator
£ avis2_MetiErc
£ inputs
1 iobTable
2 mppr_Cale
£ Constants
o ¢
< E]
i |~ @54 Code - nitSysten on ‘page 1" #x
[ Froject | & Ly -e B

| Dverview [page 1]

& statTasks @ initSystem @ model @) cnvyrl @ powerlp_1
1/

3

2 upon machine initialization, wait for things to
3 cowe to life hefore launching other threads.

4 This waits for:

s 1. E-Stop Integrity

6 2. Serve iwp Initialization

7

E

3. 5300 Axis Controller Initialization d

*

10 4/ reset any axis fault information
4 11 set bictuatorixisFltStatus off;

12 iketuatorFltlordl = O

13 idetuatorFltlord2 = 0

o 140 dheruatarfleliardd = A vl

I
v

11/13/2009 410PM

QuickBuilder desktop showing threetasks. Asingle stepishighlighted inred.

A QuickBuilder project is comprised of one or more tasks. Breaking the programinto separate easily defined
tasks greatly simplifies the programming process. A task contains multiple steps — where the steps represent a
given operating state of the machine. Within the step are the actual instructions such as wait for input, turn on
output, move an actuator, etc. It is also here at the instruction level that motion is initiated.

QuickStep

QuickStep is CTC's programming language used for the instructions within the steps. QuickStep was originally
invented by CTCin the 1980's and has been proven in thousands of automation projects. Over theyears CTC
has continually refined and upgraded the language. The current version of QuickStep is QuickStep4 (Q$4). The
screen captures below show a highlighted step fromthe flow chart window that is automatically linked to the Q4
editor.

The use of QuickBuilder and QuickStep are covered in their respective manuals, and the user should be familiar
with their use prior to starting a motion application.
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2.3

Task
faultMonitor

[¥]Pammeters

[¥]Locals

0

EﬁD

% 54 Code - ‘initS5ystem’ on ‘page 1
ML A
£ ztartTazks 8| initSystern (% model & cowwrl & powerllp 1
10 Fw
Z2i upon mwachine initiali=sation, wait for things to
3i come to life hefore launching other threads.
4: This waits for:
5 1. E-53top Integrity
=] 2. Gervo mp Initialization
7 3. 5300 Axis Controller Initialization
a; w/
=]
10i /F reset any axiz fault information
11; set bictuatorixisFlt3tatus off:;
1z idctuatorFleWordl = 0O;
13 idctuatorFlteWordzs = 0O;
14 ibmtuatnrFI1Ianrdd = M:

QuickMotion

QuickM otion is a specialized extension of QuickBuilder that is designed for motion control applications. It has
been optimized to simplify the motion control process and to take advantage of the distributed architecture.
QuickM otion instructions are entered into specialized tasks called M otion Sequence Blocks (M SBs).

The M SBs are coded within the QuickBuilder environment in the same way as steps are coded in QuickStep:
Drag the M SB symbol onto the graphical desktop, give it a name, then use the editor to add the appropriate
instructions. But there are two big differences:

1. an MSBisboth astep and atask
2. asingle M'SB may be used by any number of axes.
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Motion Sequence

yMove

sk ation - ‘Mykove’ on ‘page 1°
AN EY

A Here'a an example of a simple M3IE called MyMove

f% Thizs M3E mwoves to an absolute position specified
by the variable "drillpoz" at & max veloocity
zpecified by the wvariable "rapidrate® wf

T i B - o

move at rapidrate to drillpos;

By way of a practical example, think of the common motion control operation of homing an axis. In older control
schemes, designers were either forced to write this homing code over and over in the programor call some generic
homing routine hard coded by the motion control manufacturer. With QuickMotion, it is easy to create a
customized homing M SB once, give it a name, and then use a QuickStep statement to start that M SB on any axis
whenever an axis needs to be homed.

2.3.1 Adding Motion to the 5300/Incentive Application
The main components used in motion control are:

e TheAxis Module: The physical motion module in the rack
e The Axs Object: The QuickBuilder Resource representing an axis on that physical module.

e TheMSB: The Motion Sequence Block, which contains one or more motion statements that execute on
the Axis Module's CPU under the supervision of QuickStep.
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2.3.1.1 The Axis Module

A Model 5300 axis module is inserted into the M odel 5300 rack just like any other I/O module. CTC offers axis
modules that can control one or more motion axes. Each motion module contains its own CPU and Motion
Accelerator Chip (MAC), ensuring consistent high performance motion control regardless of the number of axes
to be controlled.

M3-40A: Example of a Model 5300 AxisModule
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IncentiveECAT is a software module running on am embedded PC that is responsible for all the motion control.
IncentivePLC runs the main QuickBuilder logic application. Something called M SB's, or Motion Sequence Blocks
executes in real-time within the IncentiveECAT process, detailed later. A popular choice for an embedded PC
integrates the HM | with automation control as shown below:

| Uplimt o ¢
| Oownlinit 0 o
Pover [N I

|
Thermo RN NN

Heat Ratio(%] | Cool
1: 0

2
3B

2.3.1.2 The Axis Object

The Axis object represents a hardware-based or virtual axis associated with a servo or stepper drive. It is
automeatically created when amotion module is added to arack in the Resource Manager. It typically consists of a
controller module with various inputs and outputs that control the servo (or stepper) and usually feedback
signals that are used to monitor position. Each axis can be commanded to perform some sequence of motion
commands by the use of motion sequence blocks (M SBs). These M SBs appear in the Q$4 program as stand-
alone graphical elements.

AXis objects have many specialized properties that can be configured using the Property Inspector. Most of
these properties can also be changed dynamically in the QuickBuilder project. Axis Objects have various inputs
and outputs that control the servo (or stepper) and usually feedback signals that are used to monitor position.

When an M SB is selected, the programmed motion command sequence appears in the text editor window — the
same window that is also used to edit Q4 code.

QuickStep4 can only start one motion sequence at atime for agiven axs, but the active motion sequence can
start other motion sequences (with some exceptions) that can run in parallel.

An MSB is not associated with any particular axis, which allows the same sequence to be reused many times for
different axes.
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[ Resources S

B Mew W Wiew

= g_', Cantrallers
=@ conl [BCE311-014]
=T R3-084
= M3-400
b1 [axi= 007)
b2 [axis 002) %
=l M40
ax] [awiz 003)
ans [ariz 004]
= M40
+ wzk [ariz 005]
b3 [axi= OOE)
= M3-100
M| 7 (din 001)
M| 7 [din 002)
M| 7 [din 003)
M| 7 [din 004)
M| 7 [din 005)
M) 7 [din 008
M) 7 [din 007
M) 7 (din 00g)
M| 7 [din 009) ks

2.3.1.3 The Motion Sequence Block

The Motion Sequence Block (M SB) element holds QuickM otion statement sequences. M SBs appear in the
QuickBuilder project as stand-alone graphical elements. M SBs are not associated with any particular axis. This
allows the same sequence to be reused many times for different axes, much like how afunction works. M SBs are
programmed using the QuickM otion language. An M SB may have only one QuickM otion statement, or it may
have hundreds of statements.

The MSB is started on agiven axis from QuickStep by using the Start MSB statement.

Once started, an M SB can start another M SB on its own that can run in parallel on the same axis. An MSB
cannot start an M SB on another axis. This can only be done by QuickStep.

Up to 4 foreground M SBs can be running simultaneously. This limitation is imposed to guarantee high
performance deterministic execution. A foreground M SB executes each of its statements at the loop update time
of the Axis Module. This keeps themfast and in sync with the position loop.

In addition to the foreground M SBs, any number of background M SBs can be running simultaneously. The
number of background M SBs is limited only by available memory on the Axis M odule.
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2.4

24.1

24.2

Motion Sequence

ome

Controlling Motion from QuickStep

As mentioned earlier, QuickStep is in overall control of the project and as such, QuickStep has the ability to start
and stop M SBs. There are actually only two Quickstep instructions pertaining to motion: Start and Stop.

e Start: Begins execution of the named motion sequence block (MSB) on the specified axis as a
background MSB. This background M SB can then launch foreground M SBs on that axis. QuickStep
can also directly launch foreground MSBs by using the FG option (start <axis> <msb> {optional
FG'BG}, where FGis foreground and BGis background task.

e Stop: Stops execution of all foreground and background M SBs and thereby all motion.

In addition to these commands, QuickStep has extensive abilities to monitor and control M SBs on the axes while
they are running via pre-defined and user-defined variables.

QS4 start Statement
This statement begins execution of the named motion sequence block (M SB) on the specified axis.

It is not an error to start another M SB when there is one already running for a given axis — however, if the named
MSB is already running on agiven axs, the start is effectively ignored.

start axisl MSBI; // start MSB1 on the axis called 'axisl', as
a background thread.

start axisl MSBl BG // start MSB1 on the axis called 'axisl', as
a background thread.

start axisl MSBl1 FG /1 start MSBl1 on the axis called "axisl', as
a foreground thread (run on each loop ticks, limted to 4).

QS4 stop Statement

This statement stops execution of al M SBs on the named axis.

Bxample:

stop axisi; /1l stop execution of all MSBs on 'axisl', this
stops imedi ately

stop axisl slewed wusing 100; // stop execution of all MSBs on
"axisl', slewed stop at 100 user-units/sec/sec.
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2.4.3 Motion Architecture Summary Diagram

5300 PLC (M 3-40/41)

5300 CPU
QuickStep 4
Program

System 1O Local D & Motor Interface

.- L I

QuickMotion Reference Guide



QuickMotion Reference Guide 29

IncentivePLC & IncentiveECAT Soft PC

CTC Incentive Real-time PC Automation Control

IncentiveAPI
C#, VB.Net, C++, QuickBuilder, etc...

Windows CPU Core 1, 2

Complete Windows Programming Interface with
& Optional 3

{{ Repsters, Varisnis, Synbols. State Cornl )

{58 Moton Command & EmerCAT Mefwork Contro |

\Net Managed AP

("

IncentiveECAT Engine Core |

Real-time Execution
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Chapter 3: QuickMotion Axis Setup

Adding a motion axis to a QuickBuilder project is very similar to adding any other resource. Thefirst thing that
needs to be doneis to add the axis module to the appropriate rack in the controller. This is done by right clicking
the rack and selecting the appropriate module. For this discussion we will be adding a third M 3-40A moduleto
our first 8-slot rack. As with other module types, axes are automatically numbered fromleft to right starting at the
CPU. Soin this case the two axes on the third module are numbered 5and 6.

[ Besources -~ 3 X

=R
=@ conl [BCR3T1-014]
=I-TM R3-08A
=l bA3-404
b1 [awxiz 001)
b2 [axiz 002) %
= A 3-404
+ awl [awiz 003)
+ and [awiz 004]
= 3408
+ yzk [amiz 005]
b3 [axiz 006)
== 3104
M 2 [din 001
M 7 [din 002)
M 7 [din 003)
M 7 [din 004)
E 7 [din 005)
M 7 [din 005
M 7 (din 007
E 7 [din 003
M) 7 (din D0 v

The axes first appear with question marks in their names, which must each be edited to aunique name. It is an
error to have unnamed axes in a project. Right click and name the axs.

If the project changes, or the physical connection of the axes to the modules changes, axes can easily be
rearranged in the Resource Manager. A single axis may be moved in the tree or awhole module can be moved as
needed so that the named axes in the Resource M anager correspond to the actual wired axes.

After placing the Axis object in the proper place and naming it, the axis properties should be checked and updated
as necessary. This is donein the property inspector window.
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3.1 Axis Properties

acc 1000000
aff 1]
crode torque mode
dec 1000000
drivesnable 0
gtimebase 1
inposw 0.01
invertcmd 1]
invertfeed 0
invertmaster 1]

jerk 1000
kd 0

efilk 0.001
kgain 200

ki 0

ke 0.1

kot 0.8
PR 4000
neglim -1E+50
OvEINEgin 0
averpozin 1}

pdead 1]
perlirnit 1}

pff 0

pozlin 1E+50
10

ppr 4000
unning 1}

sfrmod 0

sppr 10000
stoprate 100000
timebase 1

Hirm 10000
trnas 1

uud 1

uun 1

wff 0

e 1000

ppg
poszition-loop gain [1000/min]
o e g

g "UREEL GURPTRE %

\‘v'n\"h‘%ﬂ.'n%-ﬂa"hwm‘h l%’ — \. ‘i‘-ﬁ *i - %

When an Axis object is highlighted in QuickBuilder's
Resource Manager, the following alphabetical property list
for the axis is displayed. Required and Recommended
properties to set up are reviewed below. Default values are
givenin[]. To learn more about these as well as the other
properties, see the Variables Chapter later in this guide.

Required— When setting up an axs, the following
properties must be set up in order for the Servo or Stepper
Control module to properly interface with the connected
motor and drive:

e cmode: Determines the command signa the
controller sends out. Set to [Torque], Velocity, or
Stepper.

e tmax/ vmax: Depending on the drive type set, the
maximumtorque or velocity that will be realized by a
10V command fromthe controller. [INm/ 1000RPM]

e ppr: The number of feedback counts per revolution
[4000]

e sppr: When operating in stepper mode, this value
must be set to correspond to the steps/rev of the
controlled stepper drive.

Recommended — Once the required properties have been
entered, the axis can be tuned. However, it is recommended
that the following properties also be checked and adjusted
as necessary.

e acc/dec: Checkthat the acceleration / deceleration
rates are appropriate. [ 10000000/20000000]

e driveenable: Set this to the output number that will
be used to enable the servo drive. (Highly
recommended that this be used. Use positive input
number for true state=high; use negative number
for true state=low.) [0=not used]
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3.11

inposw. The in-position window scaled in user units. This is used to determine when the drive has reached the
commanded position. Use positive input number for true state=high; use negative number for true state=low.
[0.01]

overnegin / overposin: (Hardware over-travel limits) Set these to the input number to be used to signal
positive and negative over-travel. Use positive input number for true state=high; use negative number for true
state=low. [0=not used]

neglim/ poslim: (Software over-travel limits) Set theseto the input number to be used to signal positive and
negative overtravel. [-1E+50/ 1E+50]

perrlimit: This is the maximum allowed following error in user units before a fault is generated. [O=disable
checking]

uun/uud: User-units numerator and denominator. This fraction is used to convert revolutions to user units.

(V1]

Other — Many of the other properties are either automatically adjusted by the tuning wizard or are used for more
specialized functions. Refer to Chapter 5: Variablesfor more details.

Basic Tuning

= ServoTune - Test (axis 1) g|§|®
POSITION LOOP
FPG 1000¢min J
feed-fonward
YELOCITY LOOP
FID FDF
Loop Type J
Bandwidth J
[ high
laver higher
Dramping J
unider over
MOTOR
Inertia | 1.36e-06 kgm”™2
ke = 0.00322 whn=30Hz Updated at;
ki = 0.30361 zeta = 1.000 2:31 PM
ke = 0.53000
ppg = 10.000
pff =0.180

For basic tuning of an axis there is only one adjustment needed: adjust the Bandwidth slider until the desired
performance is reached. Moving the slider to the right increases the servo loop bandwidth and hence the move
performance. By checking the high box, the slider impact is doubled. If moved too far, the motor will become
unstable and begin to emit a buzzing sound and vibration even with the motor at rest. If this occurs, movethe
slider back to the left until this condition is eliminated.

/4 Note: Tuning parameters adjusted using the wizard are updated in volatile memory. To save themto the non-
volatile memory of the controller it is necessary to download the project to the controller after tuning.
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3.1.2

Fine Tuning
~ SeryoTune - Test (axis 1) E]|E|E]
POSITION LOOP
PPG 1000¢/min J
feed-fonward
VELOCITY LOOP
FID FDF
Loop Type J
B andwidth a
[] high
lower higher
D amping J
under aver
MOTOR
Inettia | 1.36e-06 kg-m™2
kv = 0.00322 wn =30 Hz Updated at:
ki = 030361 zeta = 1.000 2:31 PM
kef = 0.53000
ppg =10.000
pff=0.180

While the Basic Tuning method just discussed works well for most general purpose applications, higher
performance applications or those with unusual loads or friction will typically require more adjustments. For best
results in fine tuning an axis, it is useful to observe the velocity profile of the axis and how it responds to various
adjustments to the tuning properties. This can be done by using QuickScope within QuickBuilder or by using an
external oscilloscope to monitor the velocity output signal of the drive. The other wizard adjustment items are
listed below:

PPG: Thisis the position loop proportional gain scaled in 1000/min units. This increases the response of the
position loop and stiffness.

Feed-forward: This increases the position loop velocity feed-forward gain.
Loop Type: Adjust theloop type from 100% PID to 100% PDF structure.
Damping: This has the effect similar to adding or removing friction fromthe system.

For advanced applications, all of these parameters with the exception of motor inertia can be changed
programmatically or interactively through a QuickBuilder Watch Window. There are also several other tuning
variables available for the experienced motion engineer. Referto Chapter 5: Variables for details.
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3.2 Tuning an axis (5300 M3-40 Only)

= M3-404

gk [

b3 [axis
F s M3104
=k M3-404

7 [awis O

I [zxiz O
{2 Undefined 3
=] Variables :g\' Exchange With  »
aldl —
ald2 =

aocount

adenom
adisp ‘ Tune I

Bl -dbirna

Wevee Dowuny

0

| Unassign

3

Rename

QuickBuilder simplifies the tuning process by utilization of an innovative new tuning wizard for each axis. To
access the tuning wizard, simply right click on the axis and select Tune. Doing so will bring up awindow like the

one shown below. Notethat each axis has its own tuning wizard window. M ultiple windows may be active and
displayed simultaneously.

* SeryoTune - Test (axis 1) E]|E|E]
POSITION LOOP
FPG 1000/ min J
teed-forward
YELOCITYLOOP
FID FDF
Laoop Tupe J
Bandwidth J
[ high
lenwer higher
Damping J
under over
MOTOR
Inertia | 1.36e-06 kg-m™2
ke = 0.00322 wn = 30Hz Updated at:
ki = 0.30361 zeta = 1.000 2:31 PM
kevf = 0.53000
ppag = 10,000
pff = 0.180

To tune an axis with the wizard, the first step is to enter the motor inertiain the bottombox of the wizard. Once
this is entered, the wizard is set up to critically damp the motor. Since the wizard adjusts tuning parameters in real

time, the best way to useit is to set up a safe repeating move for the axis and then make adjustments in the wizard
to optimize the motion profile.

Oncetuning has been configured it may be save to the axis non-volatile memory but clicking on the ‘commit’
button. To remove tuning parameters fromnon-volatile motion board storage click the ‘clear’ button. By default
the tuning parameters are saved with the QuickBuilder program and re-written each time the project is loaded.

Committing the parameters to the motion board will override those in the program. This will set the nonvolatile
axis variable to 1 when active.

MOTOR
Inertia | 1.36=-06 kg-m™2
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4.1

Chapter 4: QuickMotion Programming

This chapter covers the QuickM otion commands and their usage with M SBs.

£/ These statements cannot be used in a QuickStep step! The M SB statement set has been created to simplify
the motion programming process and make powerful motion control applications accessible to awide range of
users. These statements are optimized for high performance execution on motion modules. In addition to the
motion statement set, CTC has provided over 100 pre-defined motion variables that greatly simplify development.
The motion related variables are covered within their own chapter, later in this guide.

Operating Modes

set node tracking

TRACKING
MODE

POSITIONING
MODE

set nmode positioning

sl ew end

sl ew begi n

Positioning

In this mode, the axis is able to perform absolute and incremental time-based motion, including SegmentedMoves
and time-based CAMs.

The axis must have conmpleted any pending positioning operations before changing to a different operating mode.

Slewing

In this mode, the axis generates a series of interpolated positions based upon a constant (but alterable) velocity.

The axis must be stopped by using slew end in order to performany positioning operations.

Tracking

The axis is able to perform position-tracking in this mode. This includes following, gearing and position-based
CAMs. The axis must complete all pending tracking operations before changing to a different operating mode.
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4.2 Expressions

In QuickM otion, expressions consist of variables, constants, and operators. Variables are listed in Chapter 6:
Variables.

The following operators, listed in order of grouped precedence, are available in QuickM otion:

() par ent hesi s
| | ogi cal - or
&& | ogi cal - and

| bi t wi se-or

& bi twi se-and

= not - equal

== equal

<= | ess-than-or-equal
< | ess-than

> greater-than

>= greater-than-or-equal
+ add

- subtract

* mul tiply

/ di vi de

% nmodul o

! | ogi cal - not
~ bi t wi se-not

- negat e
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4.3

Utility Statements

Summary:

stop { slewed using rate }

drive enable
drive disable

delay tine ns
vari abl e = expression

zero feedback position

zero target position

zero follow ng error

reset
if condition then variable = expression

wait until condition

Stop IZ'[Positioning Iz'[SI(—JWing IZ‘ITracking ¥ BGMB
MFreMSs
syntax
stop { slewed using variable }
parameters
vaiable optiond rate a which to stop the axis in user unit
st op; /1l stop the axis
stop slewed using rate; /'l stop the axis by slewing to 0 at

specified rate

In positioning mode:

Non-dlewed — This statement immediately aborts the present motion operation as well as halts the target
position generator fromupdating the target position (tpos), thereby (eventually) stopping motion. This
formof stop may not be desirable in all cases (such as when the axis has excessive following error), since
thetarget position may be greatly different than the feedback position and the feedback position will still
seek the target position.

Slewed — This statement first copies the current feedback position (fpos) into the target position (tpos)
and then generates a controlled deceleration by slewing to zero velocity using the rate specified.

If the axis is in Slewing mode, aslew end is issued thereby placing the axis in positioning mode. The optional
stop mode slewed is ignored in this mode.

If the axis is in tracking mode, the numerator of the gear ratio is set to zero — but the axis remains in tracking
mode. The optional stop mode slewed is ignored in this mode.
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Enable/Disable Drive b Positioning | Sewing | Tracking E’ BGMSB
—“FGM3B

syntax
drive enabl e
drive disable
Enables or disables the drive associated with the axs, thereby allowing motion to occur. If the driveenable
variable has been set to an output number, that output is automatically turned on when the drive enable command

is encountered or turned off when the drive disable command is encountered. In some cases, the motor may
slowly decelerate to a zero velocity when disabling.

drive enabl e; /] enable the drive for this axis
drive disable; /] disable the drive for this axis

/4 Invoking the drive enable command sets the target position (tpos) to the feedback position (fpos).

syntax
delay time ns
parameters

tinme an expression representing time in milliseconds

This statement delays execution of the active M SB for the specified number of milliseconds.

del ay 2500 ns; /1l delay for 2.5 seconds
Timeout Initialization ¥positioning | ¥ Sewing ¥ Tracking | or BGMS5
*FGMSB
syntax

set tinmeout ticks

parameters

ticks Number of ticks until atimeout occurs causing any active ‘on timeout’ event handlers
to take action.

This command initializes a private msb timer which is decremented on every tick if the ‘on timeout’ command is
active. To disable execute an ‘on timeout ignore’ command. The timeout value must be set after every timeout, it
acts as adown counter, invoking the event handler when Qis reached. .

set tinmeout 100; // Set tinmeout to 100 ticks
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Assignment ¥ positioning | ¥ Sewing ¥ Tracking - BGMSS
ZFGMSB

syntax

vari abl e = expression

parameters
vari abl e avariableto change the vaue of
expression an expression

The value of the specified expression is evaluated and stored to the named variable.

//calculate a new value for result
result = 34.857 * oldresult;

Zer o Feedback Pasition ¥ positioning | LI Sewing U Tracking — BEMSS
Y FGMSB

syntax
zero feedback position
Zeros the target position, but maintains following error ( fposc = fposc - (ppr * tpos) then tpos = 0). Operates the
same as zero target position.

//set the current position as zero
zero feedback position;

_ — - ul

syntax

zero target position

Zeros the target position, but maintains following error. Operates the same as zero feedback position, but is more
readable in stepper mode.

/lset the current position as zero
zero target position;

ZeroFdlowing Error ¥l positioning [] Sewing [] Tracking

syntax

zero follow ng error
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This statement zeros the feedback position (fpos/fposc) and target position (tpos), thereby removing any
following error.

/'l relax the system by zeroing the follow ng error
zero followi ng error;

TIP: Unlessyou are current limiting and driving into a hard stop (or similar application), thereisno
reason to use "zero following error" (and it's probably wrong in most applicationsto useit). Zero
position feedback iswhat should normally be used. Remember that following error is maintained
when zeroing the position

feedback and 99.99% of the time that iswhat isdesired. Think of it likethis:

1. 000

t pos
fpos = 0.999

After " zero feedback position”:
tpos = 0.000

-0.001

f pos

You don't want to lose that 0.001 of error, but you still want to call wherever you are zero —that is
generally the case. Because tpos (the target to seek) runsthe show, that iswhat you want to be
precisely zero. All motion isrelative/absolute to the target position, NOT the feedback position, as
that wouldn't make sense.

Zero following error isused, for example, in nut-driving applicationswhere one limitsthe torque,
drivesto an unreachable position (because asthe nut istorqued, thetorque limit ishit), and then
watchesfor current limit and then zeroesthe following error —thus, removing the torque, etc.

Reset Faults ¥ positioning | BT Sewing ¥ Tracking | o BGMSS
Y FGMSB

syntax

reset

Resets any fault (if possible to).

reset; /] reset axis faults
If/Assignment ¥ positioning | & Sewing M Tracking | o BGMS8
M FGMSB
syntax

QuickMotion Reference Guide



QuickMotion Reference Guide 43

if condition then variable = expression

parameters
condi tion aBoolean test condition
vari abl e avaiable

expression an expression

This statement evaluates the specified condition. If true, the expression is evaluated and variableis set to the
resulting value. If false, M SB programflow continues at the next M SB statement.

/1 if the position error for the axis exceeds
/1 0.25 set a variable ‘fault’ to 2
if perr > .25 then fault = 2;

syntax

BG M SB
FGMSB

"E

wait until condition

parameters

condi tion condition to test

This statement waits for until the specified condition is true.

/1 wait here until chamber tenp exceeds mn
wait until tenp > 32.849;
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4.4

Program Flow Statements

Summary:

[l abel ]

start MSB node

end { and start MSB node }
abort MSB

goto | abel

if condition goto |abel

on _asynchevent asynchhandl er

Statement Label | Positioning | Sewing L_"Tracking l_"_ BGMSB
Y FGMsB

syntax

[l abel]

A label within an M SB is used as a marker for the destination of agoto or similar statement.

It is often required to iterate or branch depending on the state of some external input/output or internal condition
—alabel is used to mark the destination.

/1l this label is called Top
[ Top]

: e w : —

syntax

start MSB node

parameters
MSB the name of the M B to start
nmode FG start as ahigh-priority (tick) M SB

BG start as alow-priority (non-tick) M SB

This statement activates an M SB — if the M SB is already active, this statement is effectively ignored.
Up to 4 foreground (FG) M SBs may be running simultaneously.

Thereis no logical limit to the number of active background (BG) M SBs.

/1l start the MSB called PressCap and run as a foreground MSB
start PressCap FG
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End M positioning | & gening ™ Tracking | ¥ Boms
YoM

syntax

end { and start MSB nmode }

parameters
MSB the name of the M SB to start
mode FG start as ahigh-priority (tick) M SB

BG start as alow-priority (non-tick) M SB

This statement ends execution of this MSB. An optional M SB can be specified to start after this one completes.

An end or goto statement should be the last statement in any M SB.

/'l this is the end of the MSB
end;

/1l end the current MSB and then start the MSB cal |l ed Wel dCap
/1l as a foreground MSB
end and start Wel dCap FG

Abort i Positioning il SEN) M Tracking l_"_ BGMSB
YoM

syntax
abort MSB
parameters
VSB the name of the M SB to abort (stop) the execution of
This statement ends execution of another MSB. If the named M SB is not active, the statement is effectively
ignored.

/1 kill only the Wel dCap MSB
abort Wel dCap;

Goto b1 Postioning b1 Tracking I’: BGMSB
YMIFGMSB

syntax
got o | abel
parameters

| abel the name of thelabe to branch to
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This statement changes programflow to the specified label.

/1l junmp to the MSB | abel called Top
goto Top;

If/Goto Tl Positioning b1 Sewing

syntax

if condition goto |abel

parameters
condi tion aBoolean test condition
| abel the name of thelabe to branch to

This statement evaluates the specified condition. If true, M SB programflow continues at the specified label. If
false, M SB programflow continues at the next M SB statement.

/1 1f the axis's inputl is on goto the |abel MakeMove
if dinl goto MakeMove;

Asynchronous Event Handling | Positioning b1 Sewing

syntax

on asynchevent asynchhandl er

parameters
asynchevent One of the follow ng:
riseof n Ri se of specified general purpose
i nput .
fallof n Fal | of specified general purpose
i nput .
har df aul t When a non-recoverable fault occurs.
capture Capture of specified input trigger.
pl s out put PLS output 1 to 5 activated.
ti meout "timerticks' variable decrements to
0 (use ‘set timeout' to initialize
msb private val ue).
asynchhandl er One of the follow ng:

i gnore Cancel asynchronous event
moni t ori ng.

start MSB {FG BG {arm Starts the specified MSB in
BG (background) node unless FGis
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specified, if capture then optional
{arm} at end of statenent.
goto |l abel {arm} Branch on event, if capture
then optional {arm at end of
st at ement .

This statement controls asynchronous event handling.

If asynchhandler is set to start..., then an M SB is started automatically when the specified event occurs. If the
MSB is already active when the event occurs, a second instance is not started. If not specified background mode
is used (BG).

If asynchhandler is set to goto..., then abranch to that label occurs upon the event, within the same M SB.

If asynchhandler is set to cancel, then no operation will occur upon event. Each event is unique to a specific
M SB although only one M SB may monitor a capture or specific pls output event.

If asynchevent is set to timeout then the ‘set timeout <ticks> command must be set for down counting to begin
(500us/tick). Branching based upon atimeout will occur regardless of motor operations and it is up to the MSB to
properly recover and/or stop motors.

BExample ‘on timeout’:

X=0

y =0

set timeout 5000 * 2; /I'5 second timeout

on timeout goto timedout;

(top]

/I xwill increment for 5 seconds and then a branch to [timedout] will occur
X=X+1;

delay 100 rs;

gototop;

[timedout]

/l'y will increment after 5 seconds and continue forever
y =y+l

del ay 100 ns;

goto tinmedout;
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4.5

Set Statements

Summary:

set conmon bit nunber state

set common var nunber val ue

set | oopperiod val ue

set node positioning
set node tracking
set tinmeout ticks

set target position value

set feedback position value

set target position counts vcounts

set feedback position counts vcounts

set sinul ated feedback on/off

of fset position value

of fset position counts vcounts

set master nmode { using gl obal }

Set Loop Period I'Positioning b1 Tracking

syntax

set | oopperiod val ue

parameters
val ue The desired loop timein uS, default valueis .0008 (800uS). The minimum is 500uS.

This statement sets motion interrupt loop period. The current loop period and rate are available viathe axis
‘loopperiod’ and ‘looprate’ variables (looptime group). The period selected should be evenly divisible for
accuracy. Thus .0005 has arate of 2000 ticks/second, .0008 is 1250 ticks/second (1/.008). Setting one axis sets the
other and it is recommended to only change the loop time at initialization, prior to the ‘drive enable’ command.

set | oopperiod 800; /'l Set |oopperiod to the default, 800 uS
/'l (not needed since powerup default

Set Positioning Mode [] Positioning b1 Tracking

syntax

set node positioning

Sets the operating mode of the axis to positioning.

set node positioning; /1l switch to positioning node
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Set Tracking Mode ol Positioning

syntax

set node tracking

Sets the operating mode of the axis to tracking.

set node tracking; /1l switch to tracking node
" I P S ¥ BGMSB
Set/Offset Tar get/Feedback Paosition(s) M Fo M
syntax

set target position value

set feedback position val ue

set target position counts vcounts
set feedback position counts vcounts
of fset position val ue

of fset position counts vcounts

parameters
val ue new or offset for the named position (user-units)
vcount s new or offset for the named position (counts)

These statements modify the target and/or feedback positions. The new value (or offset) may be specified in
user-units, or in feedback counts (by use of the keyword counts). The first two forms set the target or feedback
position to a specific absolute value in user-units. The third and fourth forms set the target or feedback position
to a specific absolute value in counts. The last two forms modify the target and feedback positions
simultaneously by adding the specified offset to both.

/i Following error is maintained when these statements are executed.

/4 The axis must not be active (i.e. actively generating atarget position by use of a move statement) when any of
these statements are executed.

/'l set the feedback position (fpos) to 2.149
set feedback position 2.149;

/1 offset both the target and feedback positions by 1100 counts
of fset position counts 1100;

syntax
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set sinul ated feedback on/off
parameters

on/ of f off - normal operation, feedback from encoder. on - feedback simulated and from tposc
on each servo loop.

Enables or disables simulated feedback, setting fposc to originate fromthe encoder (off) or tposc (on). 'tposc'is
the incremental amount to move on the next servo loop. Thus when simulated the desired increment will be
achieved on each loop. This command is useful for both test purposes and when using avirtual master. The
simulated axis can publish its master position across the controller backplane, based upon its moves. Seethe
"Virtual Master' section. This command is also useful during open loop stepper operation when using the pls
functionality.

set simulated feedback on; // this will cause fposc to = tposc after each loop period, drive must not be

enabled
Set Master Encoder Sour ce | Positioning | Sewing ] Tracking T VE:!
¥ FeMsB
syntax

set master node { using gl obal }

parameters
node feedback 1 master position sourced from axis 1 feedback
feedback 2 master position sourced from axis 2 feedback
targetl master position sourced from axis 1 target
target2 measter position sourced from axis 2 target
feedbackZ master position comes from axis 1&2 Z-inputs
virtual master position on this axisis to be caculated as a
virtual source, reference ‘ move master at’ for
setup (master axis).
common measter position from controller backplane as
determined by variant regster 36827 (slave axis)
gl obal global (optiona) This position information is made public to

the controller backplane. Distributed to ‘common’
nodes as determined by variant register 36827.

This statement sets the source of the axis master encoder. The default source for M SBs executing on the first axis
is feedback2. This means the first axis is using the second axis as the master. This command executes
independently on each access thus to change axis 1 to be the master a‘set master feedbackl must be executed
by MSB’s on both axis. The default for the second axis is feedback.

The source feedbackZ is derived by using thefirst axis’ Z-channel input as the “ A” -channel for the master
encoder and the second axis’ Z-channel input as the “B”-channel for the master encoder.

For an axis to make its master public the ‘using global’ option is used. This allows the axis to publish its position
information to other axis that executes the ‘set master common’ command.
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4.6

Variant register 36827 is used to define how global master information is distributed amongst slaves. The variant

is a4 row, 3 column array with the first 4 rows defining possible global master sources to reference and the
columns referenced as follows:

[0] — enabled position information updates (every 4 mSto all slaves), set 1to enable, 0to disable.

[1] — master axis whose position information is to be distributed to slaves, 1to N where N is all the axis in a
controller rack. Note that the master axis M SB must have executed the ‘set master global’ command.

[2] — 32 bit field with each bit representing a slave axis to whomthe master axis information is to be
distributed. Bit 0would be axis 1, Bit 31is axis 32.

Common bits and variables

Summary:

set conmon bit nunber state

wait conmon bit nunber state

set common var nunber val ue

wait conmon var nunber range

Common bits and common vars are used to communicate state information:

a.  between QuickM otion based modules
b. between QuickMotion and QuickStep 4

c. between axes on asingle module such as an M 3-40A

There are 256 common bits and 256 common vars. Common bits are Boolean, and common vars are bytes and
therefore have values from 0 through 255.

The common bits are globally shared between all QuickM otion modules as well as QuickStep 4. Any changes
made to common bits are “seen” by all QuickM otion modules and the main CPU running QuickStep 4.

The first 32 common vars are overlaid on top of the 256 common bits — changes made to a common var may alter
up to 8 common bits.

The remaining 244 common vars are modul e-local — changes are only seen local to the module. This is useful to
communicate state information between axes on atwo-axis QuickM otion module such as an M3-40A.

A user may decide whether to use just common bits or just common vars or even a combination of the two
depending on the application.

From QS4, common bits are accessed viathe $CBITY | systemvariable and common variables are accessed via
the $CVARY | systemvariable.
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There are several QuickM otion instructions that deal with common bits and vars:

e set common bit
e wait common bit
e set common var

e wait common var

Within QuickM otion, common bits and vars can be used in expressions through the notation:

cbhit[n] where n is 0 through 255

cvar|[ n] where n is 0 through 255
For example:

[top]

if chit[10] goto oplO;
if chit[11] goto oplil;
if chit[12] goto opl2;
goto top;

[0op10]

move to 1.0;

wait for in position;
goto top;

[opll]

move to 0. O0;

wait for in position;
goto top;

[opl2]
nmove to 2. 25;
wait for in position;

goto top;
Set Common Bit ¥ positioning | ¥ Sewing ¥ Tracking | o 8G M5
“ FGMSB
syntax

set conmon bit nunber state

parameters
nunmber bit number (0-255)
state true or fal se
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This statement sets the specified “common bit” to the given state.

Wait For Common Bit ] Positioning | Sewing | Tracking | BGMSS
“FGMSB

syntax

wait common bit nunber state

parameters
number bit number (0-255)
state true or fal se

This statement waits until the specified “ common bit” is at the desired state.

Set Common Var ¥ positioning | ¥ Sewing ¥ Tracking | o 8G M5
“ FGMSB

syntax

set conmon var nunber val ue

parameters
nunber variable number (0-255)
val ue an integer value (0-255)

This statement sets the specified “ common state variable” to the given value.

Wait For Common Var ¥ Positioni ng

syntax

wait comon var nunmber range

parameters
nunber varigble number (0-255)
range X avaueof x
X-y avdueof x throughy inclusive
I X avaue other than x
I x-y avdue outsidetherange of x throughy

This statement waits until the specified “ common state variable” is within/outside the given range.
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4.7 I/O Statements

Summary:

setout outputli st

clrout outputlist

pul se output for n

pl s output using reference definitions

pl s output state
wait for[****]transition[****]Jof[****]input { or[****]condition }
generate output output rate fregq

generate n steps on pair

variable = ctr[n]

ctr[n] = expression

ctr[n] = offset

generate alternate node

Set Output(s) ¥ positioni ng b1 Tracking

syntax

setout outputli st
parameters

out put | i st acommadeimited list of outputs to set

This statement sets one or more outputs to the on state.

The output number can be 1-5 (dual axis mode) or 1-10 (1¥2 axis mode).

setout 2; /1l turns on the second output on the nodul e
setout 1, 3; /1 turns on the first and third outputs

Clear Output(s) ¥ Positioni ng

syntax

clrout outputlist
parameters

out put | i st acommadelimited list of outputs to clear

This statement sets one or more outputs to the off state.

The output number can be 1-5 (dual axis mode) or 1-10 (12 axis mode).

clrout 2; /'l turns off the second output on the nodul e
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clrout 1, 3; /1 turns off the first and third outputs

Pulse Output b1 Positioning

syntax

pul se output for n

parameters
out put the output to pulse
1-5 (dud axis mode)
1-10 (1¥2 axis mode)
n thetimeto pulsethe output, an expression as milliseconds

This statement causes the specified output to pulse for the specified duration. If the output is already on when
this statement executes, the output state is unchanged — however it will be turned off after the specified time.

If another statement changes the state of the output to off before the allotted duration, the generation of the
pulseis aborted.

The generated pulse is accurate within ¥z of a millisecond.

/1 turns on the 2nd output on the nodule for 500ns
pul se 2 for 500;

PLS Define T Positioning b1 Tracking

syntax

pl s output using reference definitions

parameters
out put the output (1-5) to control via a PLS
reference the encoder count scaled reference variable to conpare to:
f posc Feedback position of axis nsb
mposcl - nposc5 Master position counters #1
t hrough #5
nmposc Mast er position counter
snmodc Sl ave position (nmodul o)
smar k Sl ave marked position
tncl tnc2 Tenporary master counters #1 & #2
tscl tsc2 Tenporary slave counters #1 & #2
sdc Sl ave decrenent counter
f poscl Feedback position of axis 1
(f poscA)
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f posc2 Feedback position of axis 2
(f poscB)
t modc Tenporary master counter nmod nmc
sf posc Secondary feedback position of
axi s

definitions a conm-separated list of up to 16 PLS definitions:
on x to y Turn out put on when the reference
is within the bounds specified
by x through y (may be
expr essi ons)

Thefirst statement defines or redefines a PLS (software-based programmable limit switch) associated with a given
output. A definition over-writes the previous definition for an output (if one was defined already).

/h When a PLS s defined/re-defined it will be disabled and will not compute the state for the output. To enable a
PLS after it is defined/re-defined, a pls on statement must be issued:

/1 define a PLS for output #1
/1l output will be on when fposc is within 10-200 or 400-430
pls 1 using fposc on 10 to 200, on 400 to 430;

/'l enable the PLS for output #1
pls 1 on;

/' When using open loop stepper tposc is not available for PLS thus issue the command 'set simulated feedback
on'to have tposc copied to fposc, on each control loop, allowing the use of this command.

M

syntax

pl s output state

parameters
out put the output to control viaaPLS
1-5 (dua axis mode)
1-10 (1%2 axis mode)
state on or of f

This statement enables (“on”) or disables (“ off”) a PLS for an output.
On - Enables the pls functionality initialized for a particular output with the PLS Define statement.
Off — Disables the pls functionality initialized for a particular output with the PLS Define statement.

A If the output is on when aPLS is disabled, it will remain on — unless the user re-enables the PLS (to re-compute
the PLS output), or they clrout the output.
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YMBeMB
FGMSB

7
wll
—

7
il

syntax

wait for transitionof input { or condition }

parameters
transition rise or fall
i nput the general purposeinput to wait upon
1-5 (dua axis mode)
1-10 (1% axis mode)
condition an optiona exit condition

This statement waits for the specified transition of the specified general purpose input to occur.

The M SB will not continue execution until the transition occurs — unless there was a condition specified and the
condition evaluated to true.

/1 delay execution of MSB until inputl transitions fromoff to on

wait for rise of 1;

/h When this statement is used with the optional exit condition and the statement is part of aBGMSB, it is
possible to miss transitions of the general purpose input. Therefore, the optional exit condition formshould be

used with care in BGM SBs.

e —_— p— I

syntax

generate output output rate freq

parameters
out put 1-10
freq thefrequency (in Hz) to generate pulses; rounded to an integer

This statement begins or ends generation of pulses using a specific output. If pulses are being generated on an
output, then setout, clrout and pulse output commands given to the same output have the following behavior:

no pulse generation occurs; the output will be active

setout
clrout pulse generation occurs for non-zero freqs
pulse output no pulse generation occurs until the pulse output completes
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When afrequency of 0is specified, no pulse generation occurs. This effectively turns the output back into a
general-purpose output.

The minimumfrequency that can be generated is 1 Hz. The maximumfrequency that can be generated is well
over 500 kHz.

The accuracy of the generated signal varies by frequency (lower frequencies are more accurate). The following
table summarizes the accuracy for several frequencies:

<100Hz  +/-0.001Hz
500 Hz +/- 0.005 Hz
1kHz +/- 0.02 Hz
2kHz +/- 0.1 Hz
5kHz +/- 0.5 Hz
10 kHz +/-2Hz

20 kHz +/- 8Hz

50 kHz +/- 50 Hz
100kHz  +/- 200Hz
250kHz  +/-15kHz

500 kHz +/- 5kHz

/4 Dueto ahardware limitation, this statement is only usable with outputs 3, 4, 5 (Axs 1) and outputs 3, 4, 5 (Axis
2). The use of outputs other than those listed will be ignored.

/4 The number of generated pulses cannot be controlled — only the frequency of the generated pulses.

BGMSB
Gener ate St Positioni Sewi s

syntax

generate n steps on pair

parameters
n the number of stepsto generatein 500 pisec
pai r the step/direction pair to output steps on:
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1. axs 1step/direction pair (M 3-40A/B/C outputs 3&4)
2. axis 2 step/direction pair (M 3-40A/B/C outputs 3&4)
3. alternate step/direction pair (outputs 5 on each axis)

This statement generates step and direction pulses on the specified step and direction pair.

If the expression n evaluates to a negative number, then the direction will be negative.

All of the pulses will be emitted in the next 500us loop period.

/\ Any setout, pulse or generate output used in parallel with this command will cause erroneous step/dir pulses
to be emitted. One should not use these commands in conjunction with generate steps.

/i This command when used with cmode set to stepper mode will command additional pulses out the step/dir

outputs.

|

syntax

variable = ctr[n]

ctr[n] = expression
ctr{n] = offset
parameters
n the counter number (0 through 7)
vari abl e the variable to store the current value of the counter to

expr essi on anew value for the counter

of f set

These specialized

an offset for the counter (subtracted fromthe current counter value)

forms of the assignment statement give read/write/offset access to the axis counters.

On the M3-40A, -40B, and -40C, there are 8 counters/axis that accumulate off-to-on transitions of the following:

ctr[Q]
ctr[1]
ctr{2]
ctr[3]
ctr[4]
ctr[5]
ctr[6]
ctr[7]

digital input 1
digital input 2
digital input 3
digital input 4
digital input 5
‘A’ channel input (non-quadrature)
'B' channel input (non-quadrature)
*Z' channel input (non-quadrature)

The first form of the statement stores the current counter value in avariable.

The second form of the statement changes the current counter value.
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The third formof the statement offsets the current counter value.

Thefirst and third forms are often used together:

total counts = 0;

[top]

/1 wait until input #1 rises
wait for rise of 1;

/1l get the current counter val ue
X =ctr[7];

/'l accunul at e

total counts = total counts + x;

/'l offset so no counts are m ssed

ctr[7] -= x;
goto top;
Alter nate St r Output ¥ positioning | 1 Sewin B Trackin YBGMsB
€ppel pu g g g MG M8
syntax

generate alternate node
parameters

mode on generate stepper outputs on adternate pins
off generate stepper outputs on standard pins

On aM3-40A/B/C, (and when in stepper mode in the case of the M3-40A), the step and direction outputs are
normally output on axis (TBX) pin pairs (15, 16).

These cards also allow a third-axs to be controlled by temporarily outputting step and direction pulses on TB1
pin 22 (step) and TB2 pin 22 (direction).

To output on this alternate pair, the command generate alternate on should beissued. To output on the
standard pair, the command generate alternate off should be issued.

/% One needs to be careful as only the destination of the step and direction signals change — the axs still
believes that motion is being commanded on the primary axis (and thus updates its idea of where the absolute
stepper position is). Therefore, it is good practice to zero the target position (zero target position) before
switching to or fromthis alternate mode:

/1l move ny axis 30 revs

zero target position;
generate alternate off;

move at 5 for 30 using 10, 10;
wait for in position;

/'l nove axis #3 20 revs

zero target position;

generate alternate on;

move at 10 for 20 using 10, 10;
wait for in position;
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/1 move ne again 10 revs
zero target position;
generate alternate off;

move at 5 for 10 using 10, 10;
wait for in position;
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4.8

Simple Motion

Summary:

nove to position { using acc, dec }

nove at maxvel ocity to position { using acc, dec }

nove trap to position using rate

nove in tine to position {node n }

nove for displacenent { using acc, dec }

nove at maxvel ocity for displacenent { using acc, dec }

nove trap for displacenent using rate

nove in tine for displacenment {mode n }
wait for in position
new endposition position using rate

new endposition relative displacenent using rate

sl ew begin
slew at velocity in tine

sl ew for displacenent

sl ew end

syntax

move to position { using acc, dec }

parameters
posi tion absolute end position, user-units
acc accderation rate, user-units/sec/sec
dec deceleration rate, user-units/sec/sec

This statement generates atriangular move to the specified end position. If the parameters acc and dec are
omitted, then the default rates are used.

/i Linear acceleration and deceleration is used (as programmed in the axis acc and dec properties) unless the
property jerk_a_reg/jerk_d_req is set to anon-zero value in which case an S-curve type profile is generated.

Note: The specified position may also be specified as ZPULSE _POS or ZPULSE_NEG, meaning the next
encoder Z-pulse in the positive or negative directions, respectively.

& ZPULSE POS or ZPULSE_NEG should only be used with absolute move commands.

/* Move to the absolute position specified by the variable
drill pos using default acceleration and decel eration rates. */

nmove to drill pos;
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/* Move in the positive direction to the Z pul se using default
accel erati on and deceleration rates. */

nmove to ZPULSE PGCS;

syntax
move at maxvelocity to position { using acc, dec }
parameters

maxvel ocity unsigned maximum velocity, user-units/sec

posi tion absolute end position, user-units
acc acceleration rate, user-units/sec/sec
dec deceleration rate, user-units/sec/sec

This statement generates a trapezoidal move to the specified end position. If it is not possible to reach the
specified maximumyvelocity maxvel ocity, then atriangular move is generated. If the parameters acc and dec are
omitted, then the default rates are used.

/M Linear acceleration and deceleration is used (as programmed in the axis acc and dec properties) unless the
property jerk_a_reg/jerk_d_req is set to anon-zero value in which case an S-curve type profileis generated.

Note: The specified position may also be specified as ZPULSE POS or ZPULSE_NEG, meaning the next
encoder Z-pulse in the positive or negative directions, respectively.

M ZPULSE POS or ZPULSE_NEG should only be used with absolute move commands.

/* Move to the absolute position specified by the variable
drillpos using default acceleration and deceleration rates and
the rapidrate variable for a nax velocity. */

nmove at rapidrate to drill pos;

Move Absol ute, Tr apezoidal ¥ positioning | L] Sewing U Tracking | — 8G M5
—“FGM3B

syntax

nmove trap to position using rate

parameters
position absolute end position, user-units
rate accderation/decderation rate, user-units/sec/sec
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This statement generates a 1/3-1/3-1/3 trapezoidal move (1/3 of the time accelerating, 1/3 constant velocity, 1/3
decelerating) to the specified end position. The acceleration and deceleration rate must be specified.

/N Linear acceleration and deceleration is used (as programmed in the axis acc and dec properties) unless the
property jerk_a_reg/jerk_d_reqis set to anon-zero value in which case an S-curve type profileis generated.

Note: The specified position may also be specified as ZPULSE_POS or ZPULSE_NEG, meaning the next
encoder Z-pulse in the positive or negative directions, respectively.

M ZPULSE POS or ZPULSE_NEG should only be used with absolute move commands.

/* Move to the absolute position specified by the variable
drill pos using the variable rapidacc to set acceleration and
decel eration rates. The velocity used will be based on

the calculation to achieve a trap nove. */

nmove trap to drill pos using rapidacc;

M

syntax

move in time to position {node n }

parameters
tinme time, sec
posi tion absolute end position, user-units
n acc / dec ramp multiplier

This statement generates a 1/3-1/3-1/3 trapezoidal move to the specified end position in the specified time. The
optional mode feature decreases the amount of time spent on acceleration and deceleration. Then
parameter must be a positive, non-zero integer. By increasing the value of n, the acceleration and
deceleration times are equally reduced, allowing more time at constant speed.

/i Linear acceleration and deceleration is used (as programmed in the axis acc and dec properties) unless the
property jerk_a_reg/jerk_d_req is set to anon-zero value in which case an S-curve type profileis generated.

Note: The specified position may also be specified as ZPULSE _POS or ZPULSE_NEG, meaning the next
encoder Z-pulse in the positive or negative directions, respectively.

/i ZPULSE _POS or ZPULSE_NEG should only be used with absolute move commands.

/* Move to the absolute position specified by the variable
drillpos setting the cal culated velocity, accel and decel rates
to make a trapezoidal nmove in the tinme specified by the variable
novetinme. */
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nmove in novetinme to drill pos;

Mowe Incremental, Triangular b1 Positioning [] Sewing [] Tracking — BGMSB
—“FGM3B

syntax

move for displacement { using acc, dec }

parameters

di spl acement incrementa position, user-units

EEE acceleration rate, user-units/sec/sec

dec decdleration rate, user-units/sec/sec

This statement generates a triangular move for a specified displacement. If the parameters acc and dec are
omitted, then the default rates are used.

A Linear acceleration and deceleration is used (as programmed in the axis acc and dec properties) unless the
property jerk_a_reg/jerk_d_req is set to anon-zero value in which case an S-curve type profileis generated.

& ZPULSE _POS or ZPULSE_NEG should not be used with incremental move commands.

/* Move an increnental distance specified by the variable
spannmove using default accel eration and deceleration rates */

nmove for spannove;

o _ |

syntax

move at maxvel ocity for displacement { using acc, dec }

parameters

maxvel oci ty unsigned maximum velocity, user-units/sec

di spl acement incrementa position, user-units

acc acceleration rate, user-units/sec/sec

dec decdleration rate, user-units/sec/sec
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This statement generates atrapezoidal move for a specified displacement. If it is not possible to reach the
specified maximumyvelocity maxvel ocity, then atriangular move is generated. If the parameters acc and dec are
omitted, then the default rates are used.

/M Linear acceleration and deceleration is used (as programmed in the axis acc and dec properties) unless the
property jerk_a_reg/jerk_d_reqis set to anon-zero value in which case an S-curve type profileis generated.

M ZPULSE POS or ZPULSE NEG should not be used with incremental move commands.

/* Move an increnental distance specified by the variable
spannmove using default accel eration and decel eration rates and
usi ng the variable sl owspeed as a nax velocity. */

move at sl owspeed for spannove;

: T = - : ¥IBGMSB
Mowe Incremental, Tr apezoidal &1 Positioning | - Sewing L1 Tracking 0 e e

syntax

move trap for displacenent using rate

paran’eters
di spl acement incrementa position, user-units
rate acceleration/decdleration rate, user-units/sec/sec

This statement generates a 1/3-1/3-1/3 trapezoidal move (1/3 of the time accelerating, 1/3 constant velocity, 1/3
decelerating) for a specified displacement. The acceleration and deceleration rate must be specified.

/i Linear acceleration and deceleration is used (as programmed in the axis acc and dec properties) unless the
property jerk_a_reg/jerk_d_reqis set to anon-zero value in which case an S-curve type profileis generated.

M ZPULSE POS or ZPULSE NEG should not be used with incremental move commands.
/* Move the increnmental distance specified by the variable offset
usi ng the variable rapidacc to set accel eration and decel eration
rates. The velocity used will be based on the calculation to
achieve a trap nove. */

move trap for offset using rapidacc;

syntax

BG M SB
FGMSB

EE

move in time for displacement {node n }

parameters
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time time, sec
di spl acement incrementa position, user-units
U acc / dec ramp multiplier

This statement generates a 1/3-1/3-1/3 trapezoidal move for a specified displacement in the specified time. The
optional mode feature decreases the amount of time spent on acceleration and deceleration. Then
parameter must be a positive, non-zero integer. By increasing the value of n, the acceleration and
deceleration times are equally reduced, allowing more time at constant speed.

/M Linear acceleration and deceleration is used (as programmed in the axis acc and dec properties) unless the
property jerk_a_reg/jerk_d_reqis set to anon-zero value in which case an S-curve type profileis generated.

M ZPULSE POSor ZPULSE NEG should not be used with incremental move commands.

/* Move the increnmental distance specified by the variable offset
setting the calculated velocity, accel and decel rates to make a
trapezoidal nove in the tinme specified by the variable

novetime. */

nove in novetine for offset;

Wait For In Position ol Positioning

syntax
wait for in position
This statement temporarily stops the execution of the active M SB until the target generator has reached its final
value and the position error, perr is within the programmed in-position window.

/'l Move speed-linted
nmove at sl owspeed for spannove;

/1 Wait till motor is within the progranmed in-position wi ndow
wait for in position;

/1 Turn on output 1 for 1 second
pul se 1 for 1000 ns;

Set New End Pasition ¥ positioning | L] Sewing O rracking | o 8G M5
“ FGMSB

syntax

new endposition position using rate
new endposition relative displacement using rate
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This statement modifies the end position for the active move command. If there is no active move, then this
statement is effectively ignored. Thefirst formof this statement changes the end position to a new absolute
position. The second formof this statement changes the end position relative to the current position. Using a
displacement of 0 effectively stops motion here without generating a fault (unlike the stop command). Both
statements require arate to be specified. This rateis used as the acceleration/deceleration rate for the modified
profile.

The newvel variable may be set to anonzero value in order to specify avelocity. A trapezoidal move will be done
whenever possible, if the end position does not alow for that then atriangular move will result. S-curveis not
supported when using newvel although you may start out with an S-curve move and it will changeto a
trapezoidal or triangular with the new target and if newvel is nonzero, velocity.

/M Linear acceleration and deceleration is used (as programmed in the axis acc and dec properties) unless the
property jerk_a_reg/jerk_d_req is set to anon-zero value in which case an S-curve type profileis generated.

M ZPULSE_POSor ZPULSE _NEG should not be used with this motion command.

Example 1. After dinl is activated change the end positionto -3 mm.

/* This exanpl e denonstrates how a nove can be nodified
on-the-fly by using the new endposition command */

[top]
zero feedback position;

/1l start noving to 25 nmm
nmove at 5 to 25;

/1l if dinl is activated during the nove, change the end
/'l position of the nove to -3 nm

wait for rise of 1;

new endposition -3 using 10;

wait for in position;
del ay 3000;
goto top;

Example 2: The move will be terminated 3mm after dinl is activated. Speed is only changed when it
is time to decel to the new end position.

/* This exanpl e denonstrates how a nove can be nodified
on-the-fly by using the new endposition command. */

[top]
zero feedback position;

nmove at 5 to 25;
wait for rise of 1;

new endposition relative 3 using 10;
wait for in position;

del ay 3000;
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goto top;

Example 3: Change target from 30 to 35, acceleration from 3 to 10 and velocity from 5 to 10 during
the acceleration phase of the move.

| QuickMtion - 'gearmain’ on ‘page 1" <nones - 1 ]
-8 @ <ones - :! ]
mgearmam <nones - ] |
// S—Curve sample program - -
2 drive enable: <none> - :! 1
3 zero feedback position: ores . 1 |
4 // Reguest jerk to be the sa - -
5 jerk_a_reg = O: <nones s 1 |
& jerk_d_reg = 0:
= [loop] <none> - :! i
zero feedback position: P . 1 |
s move at 5 to 30 using 3,3: 3 2
10 delay 1000 ms:
11 newvel = 10; left BH
12 new endposition 35 using 10: 307
13 wait for in position: alfpos - ig:
14 delay 2000 st | E
15 move at 5 to 5 using 3,3: [ ]| E_‘
16 delay 1000 ms: G - s
17 newvel = 20: wone>  ~ 0
18 new endposition 0 using 10: _5-:
13 wait for in position: right -0
20 delay 2000: -15
21 goto loop: <none> - 2T L~ L L L NL L L L L L L L L
22 W 1 2 3 4 5 65 7 8 § 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 B
) <none> - [T b}
Slew (begin) 1 Positioning LI Tracking
syntax

sl ew begin

This statement changes the operating mode of the axis to slewing.

sl ew begin; /1 change from position node to slew node

Slew At 1 positioni ng [] Tracking

syntax

slew at velocity in tine

parameters
vel ocity new slew velocity, user-units/sec
time time, sec

This statement alters the current slew velocity. The velocity is changed smoothly over the specified time. For an
immediate speed change, specify 0.0 for time.

/1 change from position node to slew node
sl ew begin;
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/'l change fromcurrent speed to feedrate in 0.5 seconds
slew at feedrate in 0.5;

Slew For O positioning | ¥ Sewing O rracking | o 8G M5
“ FGMSB

syntax
sl ew for displacenent
parameters
di spl acenent ending relaive slew position, user-units

This statement alters the current slew velocity over time (to aslew velocity of 0.0) such that some displacement is
consumed. If the current slew velocity is 0.0, then this statement is ignored.

The displacement should be unsigned, as the sign of the current slew velocity is used to sign the displacement.

/'l change from position node to slew node
sl ew begin;

/'l change fromcurrent speed to feedrate in 2 seconds
slew at feedrate in 2;

/1l delay execution of MSB until input3 transitions fromoff to on
wait for rise of 3;

/1l slewto a stop in the distance specified by the variable
/'l registrationoffset
slew for registrationoffset;

= - = YgcMB
Slew (en L Positioning | &£ Sewin LI Trackin —

syntax

sl ew end
This statement changes the operating mode of the axis to positioning. A zero-speed slew (in 0.0time) is first
generated if the axis is currently slewing at a non-zero velocity.

/1 change from position node to slew node

sl ew begi n;

/'l change fromcurrent speed to slowjog in 0.5 seconds
slew at slowog in 0.5;

/'l delay execution of MSB until inputl transitions fromon to off
wait for fall of 1;
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/1l stop notion and return to position node
sl ew end;
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4.9

Gearing
Summary:
gear at nunmerator : denoni nator
gear at nunerator : denonminator in counts
gear at nunmerator : denominator in counts after acounts

gear for slavecounts in nastercounts

gear for slavecounts in nmastercounts after acounts

of fset slave by slavecounts in tine

wait master counts

wait slave counts

wait source within start , end

wait source outside start , end

zero masslv counters

Gear At 1 positioni ng

syntax

gear at nunmerator : denom nator
parameters

nuner at or new gear ratio numerator

denomi nat or new gear ratio denominator

This statement instantaneously changes the gear ratio of the slaved axis to the specified values.

Gear At In I positioni ng

syntax

gear at numerator : denomi nator in counts

gear at nunerator : denomi nator in counts after acounts
parameters

nuner at or new gear ratio numerator

denomi nat or new gear ratio denominator

counts counts of the master encoder

acounts counts of the master encoder to "wait for" before gpplyingthe gear/at...in...

This statement changes the gear ratio of the slaved axs to the specified values over some number of master
counts. An optional after condition can be applied to delay applciation of the gear/at/in.
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Gear For In ] Positioning ] Sewing E.Tracking | 8G M5
2 FGMSB

syntax
gear for slavecounts in mastercounts
gear for slavecounts in mastercounts after acounts

parameters
sl avecounts  counts of the axis encoder
mast er count s counts of the master encoder
acounts counts of the master encoder to "wait for" before gpplyingthe gear/for...in...

This statement temporarily modifies the gear ratio of the slave axis such that a slavecounts correction (offset)

occurs over a master-feedback displacement of mastercounts. The slavecounts correction may be positive or
negative. An optional after condition can be applied to delay application of the gear/for/in.

Offset Slave Position 1 positioning | L] Sewing ¥ Tracking | o 8GMS8
2 FGMSB

syntax
of fset slave by slavecounts in tinme
parameters
sl avecounts  counts of the axis encoder
tinme time, sec

This statement offsets the position (and therefore phase) of the axis such that a davecounts correction (the
offset) occurs over a period of time. The slavecounts correction may be positive or negative.

: T - : ¥ BG M

syntax

wait master counts

parameters

counts counts of the master

This statement waits until the specified number of master encoder counts has been generated.

Wait for Counts of Slave ] Positioning

syntax
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wait slave counts

parameters

counts counts of the axis (slave)

This statement waits until the specified number of axis (slave, target-position) counts has been generated.

Wait Within [] Positioning b1 Tracking

syntax

wait source within start , end

parameters
sour ce masterl, naster2, master3, master4 or slave
start amodulo starting bound
end amodulo ending bound

This statement waits for the modulo position (either mposcl-4 or sposc) to lie within the specified bounds.

Wait Outside [] Positioning b1 Tracking

syntax

wait source outside start , end

parameters
source masterl, master2, nmamster3, master4 or slave
start amodulo starting bound
end amodulo ending bound

This statement waits for the modulo position (either mposcl-4 or sposc) to lie outside the specified bounds.

Clear Tempor ary Gearing Counters ¥ positioni ng b1 Tracking

syntax
zero masslv counters
parameters

massl| v master clearstmcl and tmc2
slave clears tscl and tsc2
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This statement atomically clears the temporary master or slave counters.
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4.10

Position Capture & Registration

Summary:

set capture transition of input input { gate input gatei nput gatestate }
set capwin range start, end using reference { arm}
wait capture { if limt of limt goto limtlabel }

(Also reference the EtherCAT Applications Guide for additional details pertaining to network drive control).

Set Capture ZSIeNing ErTracking

syntax

BG M SB
FGMSB

ME

set capture transition of input input { gate input gateinput gatestate }

parameters
transition rise, fall or edge (any)
i nput theinput# (1-10, representing al the inputs on the M 3-40A card)
gat ei nput theinput# (1-10, representing al the inputs on the M 3-40A card)
gatestate on or off

This statement initializes the parameters to be used for all captures on this axs, specifying the input (caplnput) to
use and the optional gated input. If gating is specified, then the specified gating input (capGate) must be at the
specified gating state (capGateState).

The following variables are computed and available after a successful capture:

capposc capture position in encoder counts
cappos capture position in user units
capTriggered  flag set to 1 when capture occurs

Note: capposc and cappos are only valid when capTriggered isal. Once armed capposc/cappos will reflect the
value latched when the capture input goes active but is not necessarily within the defined capture window.
capTriggered verifies the capture window against the latched capposc/cappos, prior to setting.

If more than one running M SB on an M 3-40A card arms the same input for capture, unexpected capture results
may occur.

Only oneinput may be armed for capture at atime per axis. If another input is presently armed when this
command is issued, the other input is effectively disarmed.

Set Captur e Window ZSIeNing ErTracking

syntax

BG M SB
FGMSB

ME

set capwin range start, end using reference { arm}
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parameters

start Sart window position to compare against reference. Reference >= start.

end End window position to compare against reference. If equas start then no window
exists and capture will occur based oninput. Reference <= end.

reference the encoder count scaled reference variable to compare to:
fposc feedback position
mposcl - mposc5  master position counters #1 through #5
mposc measter position counter
smodc slave position (modulo)
smark slave marked position
tmcl tmc2 temporary master counters #1 & #2
tscl tsc2 temporary slave counters #1 & #2
sdc slave decrement counter
fposcl feedback position of axis 1 (fposcA)
fposc2 feedback position of axis 2 (fposcB)
tmodc temporary master counter mod mmc
sfposc secondary feedback position of axis

arm If included will arm the capture, if not arm will need to be done by aWait or On
command.

This statement initializes awindow to be monitored for valid captures to occur, anything outside this window is
considered invalid and ignored. If the capture occurs outside this window it will automatically be re-armed within
the loop period (default 800 uS). If ‘arm’ is specified this statement will automatically armthe capture prior to
completing this instruction. The capwinStart variable is the start of range and the capwinEnd variable is the end
of range, inclusive.

£ When using open loop stepper tposc is not available thus issue the command 'set simulated feedback on' to
have tposc copied to fposc, on each control loop, allowing the use of this command.

|

syntax

wait capture { if limt of limt goto |limtlabel }
parameters

limt optiona master encoder count limit

linmtlabel optiond label to branchtoif |i mit isreached

This statement waits for the capture and arms the capture input. If the capture occurs the next statement in the
MSB is executed. A maximumlimit of counts prior to exiting (capLimit/capLimitflag) can be set. This limit
references the ‘reference’ set by ‘set capwin’ and the sign must be adjusted accordingly. The capWait variable
will be set to 1 while the ‘wait capture’ is active, Oif not.

If alimit (capLimit) is specified, then the statement will branch to the specified goto limitlabel after that number
of master encoder counts has passed.
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4.11

S-Curve

S-Curve support is optionally available for the move commands, froma stopped position. When using timed
commands the distance, acceleration, and velocity will be calculated for the given time and then translated to an
S-Curve move. The time will not be the same as the non S-Curve move but all other parameters will be, including
position. Variables of interest are:

‘runv’ - velocity fed to the PID algorithminternal use only, read only.
‘jerk_aljerk_d’ - acceleration/deceleration actual jerk, read only .

‘jerk_a reg/jerk_d_req’ — requested acceleration/deceleration jerk in units/sec3, read/write. Set to 1 for
automatic calculation.

‘sign’ — nonzero for S-Curve move, 1 for CCW rotation and -1 for CW rotation, read only.

The minimumjerk that can be used is calculated by the formula(a,, * &, )/V,,), @pplied independently to the

requested acceleration and deceleration jerk. The maximumvelocity is the same as the non S-Curve move and
defined by the expression:

sign = 1;

if (delta < 0) {
sign = -1;
delta = -delta;

Q -

= sign * acceleration;
= -sign * deceleration;
=sqrt(2.0 * a_ * d * sign * delta / (d_ - a_.));

nmax

nmax

max

< o

nmax

If ‘jerk_a reqg/jerk_d_req’ is Othen anormal move will be attempted. If only oneis set then ‘jerk_a/jerk_d’ will be
set equal. If therequested jerk is greater than the minimumthen it will be used. The variables ‘jerk_a/jerk_d’ are
the actual jerk used for the move. Also notethat S-Curve uses twice the acceleration and deceleration specified
by the non S-Curve move request.

Below shows a sample S-Curve where the jerk is set to 1, thereby having the motion card calculate the optimum
jerk and the velocity set to alarge number so that the motion card will calculate the maximumvelocity possible for
the move. Note that the step graph is the segment (substep), 1to 7, of the S-Curve, with 0 being segment 1. If for
some reason the proper velocity or distance can not be attained by the parameters given, the non S-Curve curve
move will be used. The end position can not be changed and a slew stop will do the non S-Curve stop. Inthe
example below the motion card will calculate the meximumvelocity and optimumjerk. Notethereis little or no
segment 4 (constant velocity). Also linear segments 2 and 6 are 0.
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m -1 ™ ok W D

left

<nane:
<hanEs
axl.uny

<N0neE:

night

<N0ngEx
<ROng:

axl substep

A 3-Curve sample program

drive enahle:

zero feedback position;

/¢ Bequest jerk to he the same for acc/dec.
jerk a reg = 1:

jerk d reg = 1:

[loop]
move at 1000 for 246 using 20, 20: S oturn CCUW
walit for in posgition:
delay 1000;
move at 1000 for -Z46 using z0, Z0; J/ turn CI
walt for in position;
delay 2000;
goto loop;
Resulting motion S-Curve using QuickScope:
&0 _— -7
] T IF
" — / [ [°
0 | Lk
20 - ) I [,
o ) | S SR S U N [ -
20 1 X = 4 | [°
] ! / e -2
40 F_____J v [ L
50:1 .\hu__’ﬁ, | 2
50 M= NI N B S S B 7w B B s e B B S R S N S B S R B R S B S B 4
&1 2 i 5 i 7 & 9 10 11 12 13 14 15 16 1iE
tirmie
an 1y an1 substep

<hong:

/i 800uSis the default loop period. If 500uSis desired use the ‘set loopperiod .0005' command prior to drive

enable.
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4.12 Linear and Circular Interpolation (Vectors)

Reference the EtherCAT Applications Guide for details.

QuickMotion Reference Guide



QuickMotion Reference Guide 81

Chapter 5: Camming and Data Tables

Camming tables in QuickM otion are two-dimensional arrays of floating-point data. There are 6 tables available for
use, numbered 0through 5, each having up to 2000 rows and always 2 colurms. These columns are named “X’
and “y”. Although their primary useis to hold data for spline- and CAM-based motion, they can be used to hold
arbitrary data such as positions for recipe-based motion. Although limited to 6 tables, these tables can also be
swapped out dynamically and refreshed with new data when loaded fromthe controller file system.

Splinetables usethe“X’ column as time and the “y” colurm as arelative position. CAM tables use the “X’
column as arelative master position and the “y” colunn as arelative slave position.

Since spline and CAM tables use rel ative position data, the first point pair in these tables must be 0.0, 0.0
(time/master-position of O, position/slave-position of 0). The exception to this is with CAM tables where they
component can be non-zero in newer firmware revisions, thereby establishing an offset. In addition, for any
tables used for spline and CAM operations, all “X’ values must be increasing, that is: agiven row's “X’ must be
greater than the previous row's “X’'. Also, the minimum number of rows (pairs) in these tables is 3.

/iy It is recommended that CAM tables and instructions be used whenever possible. Significant enhancements
have been made to camming which have currently not been carried forward to splines. Some of this consists of
the ability to start on non-zero y column values, ability to start anywhere within atable, and forward and reverse
table traversing.

Points in aspline or CAM table are also referred to as knots, as they represent critical loci that must be passed
through when interpolation occurs.

For example, in the following spline table:

0.0 0.0
15 20
20 25
3.0 3.0
4.0 20
50 0.0

there are 6 knots. Sincethis is aspline table, the last 5 knots are interpreted as follows:

At time = 1.5 seconds, the position of the axis should be 2.0 user-units beyond where the axs started
this spline move.
At time = 2.0 seconds, the position of the axis should be 2.5 user-units beyond where the axs started
this spline move.
At time = 3.0 seconds, the position of the axis should be 3.0 user-units beyond where the axs started
this spline move.
At time = 4.0 seconds, the position of the axis should be 2.0 user-units beyond where the axis started
this spline move.
At time = 5.0 seconds, the position of the axis should be back where the axis started this spline move.

The position of the axis between these “knots” is determined by the interpolation method specified by the QM
code when thetable is started.

The three available interpolation methods in QM for spline (and CAM tables) are:
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linear astraight-line joins each knot

quadratic  apiecewise 2nd degree polynomial is fitted between this knot and the next; the first
derivative of the first point is forced to 0.

cubic apiecewise 3rd degree polynomial is fitted between this knot and the next two knots; the
first and second derivatives of the first point is
forced to 0.

Thefollowing graph shows different interpolation methods using the following table of knots:

0.000 0.000
0.500 1.250
1.000 1.500
1.750 2.000
2.250 3.250
2.750 3.375
3.000 4.000

1 15 2

linear quadratic ——cubic O knots

CAM tables are interpreted similar to their time-based spline counterparts. For example, in the following CAM

table:
0.0 0.0
25 10
40 -1.0
5.0 0.0

the last 3 knots are interpreted as follows:
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At arelative master position of 2.5 user-units, this (slave) axis should be 1.0 user-units beyond where it
started.

At arelative master position of 4.0 user-units, this (slave) axis should be 1.0 user-units before where it
started.

At arelative master position of 5.0 user-units, this (slave) axis should be where it started.

The master position is kept in the QM variable, npos and is scaled to user-units by dividing by the axis
parameter nppr . No other scaling occurs (i.e. uun and uud are not utilized). A raw (counts) variableis also
availablein nposc.

/4 Unlike splines, Camtables may start on a non-zero relative position (y). This position is used as an offset.

M 'activeCAM _row' may be set to any desired row upon which mpos will be initialized to that which is the 'X
value of that row, allowing the table to start in that position.

A invertmaster variable is by default set to 0, meaning the camtable is traversed moving fromrow Oto N. If
‘invertmaster' is set to 1 the camtable position will begin at the end of the table and traverse N to 0.

‘activeCAM _row' determines the start position, initialized by the precompute command either to the end or start
of the table based upon ‘invertmaster'. Prior to a'table start' command 'activeCAM _row' can be changed to a
different start position. ‘invertmaster', when set causes mpos to decrement on positive master pulses, thus the
reverse traversing of the table.

A ‘camming_invertend' variable is by default set to 0, meaning follow the logic described above for
‘invertmaster'. If you wish to invert the logic of the 'invertmaster', with regards to camming table positioning only,
set this flag. The 'invertmaster' variable will still control whether mpos is added or subtracted frombased upon
the master but ‘caming_invertend', if set, allows you to start at the other end of the camming table. The direction
you traverse the camming table is important since if you are at the start of the table and go slightly negative you
will hold position but if you go past the end of the table the command will be considered completed.

invertmaster camming_invertend

0 0 master difference added to mpos, assume moving from beginning

of camming table to end (thus go beyond end COMPLETE).
0 1 master difference added to mpos, assume moving fromend

of camming table to beginning (thus go beyond beginning COMPLETE).
1 0 master difference subtracted frommpos, assume moving fromend

of camming table to beginning (thus go beyond beginning COMPLETE).
1 1 master difference subtracted frommpos, assume moving from beginning

of camming table to end (thus go beyond end COMPLETE).
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5.1 Loading Tables

Summary:
table n clear
tabl e n addpair xexpression , yexpression
table n addseries pairs
table n copy fromrowOifsetl to table mrowOf fset2 numRows
table n | oadoffset rowOffsetFile, nunPairs,rowdfsetTabl e
table n | oadseries source fil eNunber

In order to use atable, it must be loaded with point pairs. There are several QM statements which facilitate
loading of tables. These statements allow tables to be loaded either directly fromwithin program code, thus static
data, or dynamically frombinary table files which reside on the controller file system. The commands that effect
tableloading are:

Table Clear ¥ positioning Ul Tracking

syntax

table n clear

parameters

n the table to clear

Clears atable of al of its points, thus setting the number of data points to 0, within atable.
table 1 clear;

There can be no active motion command when this statement is issued.

Table Add Pair

¥l postioning U Tracking

syntax

tabl e n addpair xexpression , yexpression

parameters
n the table to add a point pair to
xexpression an expression which when evaluated will be utilized as the

value in the “x” colum

yexpression an expression which when evaluated will be utilized as the
value in the “y” colum

This statement adds a point pair to atable. This statement is used when the table is computed at M SB runtime
since the pair is computed by two expressions.
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table 2 addpair 3.75 + ztine, q + zoffset;

/% There can be no active motion command when this statement is issued.

A An error will occur if there are already 2000 rows in the table.

Table Add Series I positioning U1 Tracking

syntax

tabl e n addseries pairs

parameters
n the table to add a point pair to
pairs a series of one or nore pairs (in the formof x,y), colon-

del i mited
This statement adds constant point pairs to atable.
/1 add 4 point pairs to table 1
table 1 addseries 0.0,0.0 : 1.0,1.5: 2.0,1.75 : 3.0, 2.0;
/\ There can be no active motion command when this statement is issued.

& An error will oceur if adding these pairs will result in a table with more than 2000 rows.

Table Copy

v Postioning ] Tracking

syntax
table n copy fromrowOffsetl to table m rowOf fset2 numRows

parameters
n The table which is source of the copy.
rowof f set 1 The source table row offset, 0 is no offset.
m The table which is destination of the copy.
r owox f set 2 The destination table row offset, 0 is no offset, -1 is
append.
nunRows The nunber of rows to copy, O is all.

This statement allows for one table to be copy or appended to another table. The destination table does not need
to exist. The offsets can be used to merge table data.
table 1 copy fromOtotable200; // Copy al of table1to 2
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Table L oadoffset Positioning HE, racking

syntax
table n | oadoffset rowOffsetFile, nunPairs, rowdffsetTabl e

parameters
n The table to set the offset information on.
rowOffsetEile The file row offset to begin transfer on, 0 is no offset.

nunPairs The nunmber of camfile pairs to transfer, 0 is all.

rowOf f set Tabl e The camtable row offset to begin storing file at, 0 is
start.

This statement works in conjunction with the 'loadseries’ command, setting the offsets to be used. The offsets
can be used to merge table data. This command only initializes parameters for 'loadseries' and does not directly
effect the table.

table 1 loadoffset 000; // Default, transfer all fromstart .

Table Loadseries ¥l positioning U tracking | Bevss
M FGMsB
syntax
table n | oadseries source fil eNunmber
parameters
n The table to load the camfile into.
source The | ocation on disk where file will be found, ‘flash’ or
‘ram (/_system Dat at abl es or /RAMDI SK/ Dat at abl es) .
fil eNunber The file to transfer, ‘cantable# tbl’, where # is any
valid positive nunmber. A variable may be referenced as

wel | .
This statement requests a camfile to be transferred from the controllers file system. The file is transferred to the
M SB for local storage and must be precomputed prior to operation. The ‘loadoffset’ parameters are referenced
for this command as to where within the file and table to begin the transfer.
table 1loadseries ram1; // Load file ‘camtablel.tbl’
Thefile formet of ‘camtablet.tbl' consists of abinary file of 32 bit float pairs with afile record structure as:
float rows[NUMROW ][ 2];

Where NUMROWSis the number of camfile pair entries, with thefirst starting at 0, 0. The samerules as the
‘addseries' command exists. Each float is stored in little endian format with X being the first float.

As an example of a 3row table with the values of:

0,0
250, 25.67
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500, 50.48

The binary data within afile would consist of 24 bytes, 4 bytes per entry in little endian and |EEE-754 floating
point format. Below is byte representation of the required file, in hex

(0x00 000 Ox00 0x00 0x00 000 OX00 OX00 0x00 Ox00 OX7A 0x43 0x29 Ox5C OXCD 0x41
0x00 Ox00 OxFA 0x43 0x85 OxEB 0x49 0x42

|EEE-754 conversion calculator is available at:

http://babbage.cs.qc.cuny.edu/| EFE-754/Decimal .html

For example, 50.48, is Ox4249EB85, reversed when stored in the file sincein little endian format (low byte first).
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5.2

Using Tables for Spline/CAM

Summary:

tabl e continue

n
tabl e n preconpute

table n

table n start inmethod cam npscale , spscale , repeatcount

start inethod tscale , rpscale , repeatcount

stop table

Table Continue ¥l postioning ] Sewing ] Tracking ¥ BGMB
Yl FeMsB

syntax
table n continue

parameters

n The table to continue that was previously stopped.

Continues a camtable that was stopped by the ‘stop table’ command. Note that this command should only be
used if the master position stopped at the beginning of the next table row position otherwise any row that is
currently being executed during a‘stop table’ (immediate stop) will be re-executed. The master position allows for
aslewed stop. Upon execution of ‘stop table’, with the servo not moving, would then save all the camming
information so that you can exit camming, jog into position, and then continue with the same camming table from
where left off with the ‘table n continue’ command.

table 1 continue;
/M There can be no active motion command when this statement is issued.

Ay In many cases this command is no longer needed since the 'activeCAM_row' can be set prior to 'table start'.
Only supported in camming mode, not spline.

Table Pre-compute for Spline/CAM | Positioning ] Sewing 1 Tracking | BGMSB
I FGMSB

syntax
table n preconpute

parameters

n the table to pre-conpute

This statement readies atable for use by a spline/CAM motion. After points have been added to atable, there are
aseries of computations that need to occur before the table can be utilized for spline and CAM motion
operations. This statement causes those computations to occur.
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There is no need to issue this command if atable is being utilized simply for data (i.e. for thin, thix or tbly
operations).

Failure to precompute atable before starting the table will cause a hard fault.

/iy It takes roughly 250ms to precompute a 1000 row table.

/4 Thetable must contain at least 3 points and all ‘X column values must be increasing or an error will occur.
Thefirst point in the table must be 0.0,0.0 otherwise an error will occur.

A In camming mode 'invertmaster’ set to 0 will cause "precompute’ to initialize the table to move
from start to end, if set then from end to start, with positive master position motion.

/'l prepare the table for CAM use

table 1 preconpute;

Table Start Spline Motion ] Positioning O Sewing O Tracking M oM
M rems

syntax

table n start inmethod tscale , rpscale , repeatcount

parameters

n the table to utilize for notion

i met hod i near uses |linear interpolation
quadratic uses 2nd order interpolation
cubi c uses 3rd order interpolation

tscal e time scale factor: the values in the “x” (time) colum in
the table are effectively divided by this nunmber

rpscal e relative position scale factor: the values in the

“y” (relative position) columm in the table are effectively
mul tiplied by this nunber

repeat count the nunmber of times to “run through” the table (0=forever)

This statement starts spline motion using the specified table.
The current (target) position is used as the starting relative-position for the motion.

The table must be ready for use (i.e. atable precompute operation has been successfully completed on the table).

A *In position” will be true only when the table has conpleted all required repeats. If O (forever) is specified for
ther epeat count , then “In position” will never betrueunless ast op t abl e isissued.

/M The scalefactort scal e must evaluate to avalue greater than 0 otherwise an error will occur.

Doc. No. 951-530017-019



90

Control Technology Corp.

/i The scale factor r pscal e must evaluate to avalue other than 0 otherwise an error will occur.

/M The scale factor r pscal e is not affected by uun or uud. The generated position is also unaffected by uun
oruud.

[top]

zero feedback position;

table 1 start quadratic 1.0, 1.0, O; // run through the table
forever, 'table stop' conmand will cause the background notion
command to stop.

¥ gems
¥ revs

Table Start CAM Moation ] Positioning O Sewing

syntax

table n start inmethod cam npscale , spscale , repeatcount

parameters

n the table to utilize for notion

i met hod I'i near uses |linear interpolation
quadratic uses 2nd order interpolation
cubi c uses 3rd order interpolation

nmpscal e mast er-position scale factor: the values in the
“x" (master-position) colum in the table are effectively
di vided by this nunmber

spscal e rel ative slave-position scale factor: the values in the “y”

(relative slave position) colum in the table are
effectively nmultiplied by this nunmber

r epeat count the nunmber of times to “run through” the table (0=forever)

This statement starts CAM motion using the specified table.

The master position (npos, mposc) is not cleared when this statement is executed, the activeCAM_row will be
used to offset into the camtable and that position will become mpos/ nmposc. 'table precompute’ will set the
activeCAM_row to 0.

The current (target) position is used as the starting relative slave-position for the motion.

The table must be ready for use (i.e. atable precompute operation has been successfully completed on the table).

/4 1f the master position “backs up” past 0 (its initial position) and the “repeats left to do” counter is greater
than 1, then the “repeats left to do” counter is decremented and the master-position wraps. If the
r epeat count was specified as 0 (forever), then the master-position will always wrap.
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A “In position” will be true only when the table has completed all required repeats. If O (forever) is specified for
the repeatcount, then “In position” will never be true unless a stop tableis issued.

/\ The scale factor npscal e must evaluate to avalue greater than 0 otherwise an error will occur.

/M The scale factor spscal e must evaluate to avalue other than 0 otherwise an error will occur. The scale factor
r pscal e is not affected by uun or uud. The generated position is also unaffected by uun or uud.

[top]

zero feedback position;

table 1 start quadratic cam 1.0, 1.0, 1;

e 7 e
¥l FGMSB

syntax

stop table

This statement stops spline or CAM motion. If in CAM motion then the current table state is saved in case a
‘table continue' command is executed.

If thereis no active t abl e st art (spline/CAM) motion, then this command is effectively ignored and no fault
occurs.

Unlike other st op statements, st op t abl e will never generate a hard fault.
wait until npos > 9;

stop table;
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53 Accessing Table Data

As mentioned earlier, tables may also be used to store/retrieve data. In QM, there are special array access
operatorscalledt bl x[],tbl y[] andtbl n[] that allow the user to retrieve information fromatable.

tbl x[] andt bl y[] retrievethe*Xx’ value (t bl x) or “y” value (t bl y) fromagiven row in atable. t bl n[ ]
retrieves the total number of rows in atable.

Their syntaxis as follows:
tbl x[ tabl e#, row]
tbly[tabl e#, row
tbl n[ t abl e#]
&y Any attempt to read avalue outside the bounds of the table will result in a value of 0.
They can be used in any QM expression, as show in the example QM code below:
/'l use table 1 for "nove in tine" pairs
/1 x will hold the nove tine (although it can hold anything we want)
/'l 'y holds an absol ute position
/1 note that 'x' values in the table don't have to be
/1l in increasing formas they do for spline/cam
/1 since we are using the table just as data
/'l also note that there is no 'preconpute’ as the table is
/1 just being used for data and not spline/cam
table 1 clear;
table 1 addseries 1.0,1.0 : 0.5,1.5: 2.0,3.75: 1.0,6.0;
[top]
zero feedback position;
/1l set index to O (indexes into tables are 0-based)

i = 0;
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531

/1 grab how nany pairs are in table 1

n = tbln[1];
[l oop]
/] done?

if i > n goto top;

/1 grab data

move in tblx[1,i] to thly[1,i];

wait for in position;
del ay 1000;

/] increnment index

goto | oop;

Diagnosing Table Issues

When table datais loaded by an M SB it can be difficult to determineiif it is correct froma diagnostic viewpoint.
Diagnostic variables exist that can be monitored to allow a user to walk through the table to visually or
programmatically verify datafromQuickBuilder. A Quickbuilder Debug Window can be used to view the

Diagnostic Variables listed below:

Diagnostic . Type
-

debugT able Camtableto view, from 0to 5, representingtable 1 to 6 since 0 based. read-write
debugT ableRows Number of rows presently in the selected cam table, debugT able. read-only
debugT ableRow Current row number to view in the selected cam table, debugT able. read-write
debugT ableX X vauefor selected debugT ableRow. read-only
debugT ableY Y vauefor selected debugT ableRow. read-only
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/i The above variable are only available from a QuickBuilder Debug Window, when executing an M SB use the
tblx, tbly, and tbin commands discussed in the previous section.

5.4 Microsoft Excel as Table Data
It is relatively simple to use data from Microsoft Excel as table data.

One can easily create four colunns with x-data, a column containing acomma (*,”), y-data and lastly a colurm
containing a colon (*:") as follows:

A B C O E
1 0.0000 . 0.0000 : 4
2 | 0.000 . 0.0998 -
3| 02000 . 0.1987
4| 03000 . 0.2955 /
5 04000 . 0.3894
E | 05000 . 0.4794 7
7 | 06000 . 0.5646
8 | 07000 . 0.6442 4
3 | 0.8000 . 0.7174 4
10 09000 0.7833 7
11 1.0000 0.8415
12| 11000 0.8912 /
13| 12000 0.9320
14| 13000 0.9636 '
15| 14000 0.9854 j
16| 15000 0.9975
17 1.6000 0.9996 -
18 17000 0.9917
19 1.8000 . 0.9738 {
20 1.9000 . 0.9463 >
21| 2.0000 ) 0.9093 ' P
22 21000 . 0.8632 |J
23 22000 . 0.8085
24 23000 . 07457 /--’
25 4704, 4 L 067550 g e

Rled

Since the QuickBuilder editor allows free-formlines, the data can simply be copied and pasted into QM codein an
M SB such as:

table 1 clear;
table 1 addseries

/'l paste Excel cells here
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A The last colon (%) inthe last row will need to be removed using this method.

A Refer to the loadseries command to dynamically load tables from a binary file stored on the
controller's file system.

Virtual Master
At times avirtual master is required. This can be donein one of two ways:

1. Usethenpve mast er command to generate background pulses on the selected access based on timer loop
tick counts. This allows the same access to operate normelly, as an axs.

2. Setup asimulated axis, which runs as though it was receiving real encoder input, although it is not. The
master position can then be published so others can track to it. Just about all motion commands are valid
during asimulation, including s-curve.

Once amethod of generating a master position is determined it can then be published across the backplane of the
controller using variant 36827 (see Virtual M aster Broadcasting).

Move Master Position IE‘l-Positioning | Sewing M Tracking M Bems
¥ roms

syntax
move master at rate for limt { using ramp }

move master at rate forever limt { using ranp }

parameters
rate The pul se rate of the encoder in pulses added per position
| oop period (800us default on the M3-40A).
limt The total number of pulses to generate.
r anp Optional ranp added or subtracted fromrate at the position

| oop period (800us on the M4-40A).
This statement virtually “moves” the master encoder by changing its “position” at the specified rate for a certain
number of generated pulses (first form, specified by limit). If the limit is set to O then just the rate will change,
dynamically, using any specified ramp, fromthe current rate.

To generate a continuous stream of pulses, use the second form. move _master_ramp and move_master_rate
variables can be referenced to check current settings of virtual master.

Referenceset master nmode { using global } for additional information.

Bxample:

/I stop the virtual axis

move master at Oforever using 1;

/I set the virtual access global

set master virtual using global; // this will place the master information in dual ported memory for
broadcast to slave axis
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551

/I start the virtual axis
move master at 100000 for ever using 1,

One of the drawbacks of the 'move master at' command is that it is based on the loop period and not user units.

This can make things difficult to program. The benefit is the axis is available for motion. If an axis can be
reserved and dedicated as a master then a simulated feedback can be used. In essence the axis becomes a virtual
axis, responding to commands as it would on areal axs:

set simulated feedback on; // this will cause fposc to = tposc after each loop period, drive must not be
enabled

Broadcasting (M3-40 only)

When the 'set master virtual using global' command is given, mposc delta counts (mposc - last_mposc) are placed
in adual ported memory for broadcast by the controller, across the backplane. This allows muliple axis to follow a
master. Up to 4 masters are currently support with a broadcast update rate of 4ms. Prior to broadcasting, the
controller must be initialized with the proper master/slave information

A special variant table located at 36827 supplies the interface to control virtual broadcasting. In Quickbuilder
define atable of type 'int' with an override of 36827.

Properties o
El

2z | A
22| L

B General
description
aroup

Linits
B Info

overnide J6g27

B Location

E Object Properbes
initiafy alue
ghorage table
type int

Once created the variable table columns are defined as follows where masterNumis 0to 3 (up to 4 masters):
MasterA rray[masterNum][Q] - O disables broadcasting, non-zero enables.
MasterArray[masterNum][1] - Master axis number, 1to 32.

MasterArray[masterNum][2] - Slave axis bit positions, up to 32 supported (16 2 axis cards). Which slaves to
replicate master information to.

Bxample:
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5.6

5.6.1

MasterArray[0][0] =0O; // disable any running master
MasterArray[0][1] = 1; // Axis number 1 will be a master

MasterArray[0][2] = 14; // AXis 2, 3, and 4 are slaves referencing master: 0x0000000E

Segmented Moves and Examples

Summary:

segnove table clear

segmove table accdec to vel using rate
segmove table accdec to vel for displacenent
segnove table slew until position

segmove table stop at position using rate

segmove table start relative

Topics:

e Concept
e Commands

o BExanples

Concept

A segmented move is a preconmpiled move with multiple distances, acceleration, and velocities tied together.
Below is the velocity profile of an example segmented move.

Up to 16 Segmented Move “tables” can be defined with up to 20 segments each residing within them Oncea
segment table has been defined and then started, you can redefine that same table while it runs without affecting
the segment table in progress.

Below is an example of a segmented move with 5 segments using table 1. You define each acceleration or
deceleration ramp and each constant velocity ramp as a separate segment.
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left 209
[
F
Motor2. vl J| il 15
<none: -
10
£none: - -
<none: - 27
right !
<none> = SATET T T T T T T T T T T T T T T T T T T
A 1 2 3 4 5 & 7 8B 8 10 11 12 13
nones - ad K1 :
time
£Mone:: -
“none: = — Motor2 vel
500 points ~ Immediate ~ [Capture | S00pts @ 10:17:20AM  A=0.000 B=24.953 AAB=:
4 [Top]
5 segmove 1 clear:
6 segmove 1 accdec to Vell for Posl;
7 segmove 1 acodec to VelZ for PosZ:
8; segmove 1 slew until Fo=s3;
5: segmove 1 accdec to Vel3 for PosZ;
10! segmowve 1 accdec to 0 for Posl:
11! wait for in position:
12: delay 500;
13: =eqmove 1 start relatiwve;
5.6.2 Commands

Creating and running atableis easy and uses the following procedure:

1. Clearthe Table.
2. Create up to 20 acc/dec and constant velocity segments.
3. StarttheTable.

Clear Segmented Move Table ¥ Tracking

¥l postioning

syntax

segnove table clear

parameters

tabl e what table to clear: 1 to 16

This command clears any existing table information
Bxample: segnove 1 cl ear;

il Tracking

¥ postioning

Add Segmented Move to Table at r ate
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| | | |Teous

syntax

segnove table accdec to vel using rate

parameters
tabl e Which table to add to: 1 to 16
vel Vel ocity, user-units/sec
rate Accel eration/decel eration rate, user-units/sec/sec

This command adds an acc/dec segment fromthe current velocity to the new <vel> at the specified <rate>.
BExample: segnove 1 accdec to Vel 1 using Accl;

Add Segmented Move to Table over M postioning 1 Tracking

di splacement

syntax

segnove table accdec to vel for displacenment

parameters
tabl e Wich table to add to: 1 to 16
vel Vel ocity, user-units/sec

di spl acement ! ncremental position, user-units

This command add an acc/dec segment fromthe current velocity to the new <vel> over some <displacement>.
Note this is an incremental acc/dec segment.
BExample: segnove 1 accdec to Vel 2 for Pos2;

Add Segmented Move to Table (slew) M positioning ¥ Tracking

syntax

segmove table slew until position

parameters
tabl e Which table to add to: 1 to 16
posi tion Vel ocity, user-units/sec

This command adds a constant velocity segment until reaching some specified <position>. This is an absolute
position fromthe start of the profile. Prior segments in table must represent movement before this command is
accepted, otherwise a fault will occur as table is built

BExample:

segnove 1 slew until Pos3;
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| | | |Teous

syntax

segnove table stop at position using rate

parameters
tabl e Which table to add to: 1 to 16
position Position to stop at, user-units
rate Accel eration/decel eration rate, user-units/sec/sec

This command stops motion at the specified position, with agiven rate. This will cause motion to stop at an
absolute position at a specified deceleration rate. Prior segments in table must represent movement before this
command is accepted, otherwise a fault will occur as table is built.

Bxample:

segnove 1 stop at Position using Accel;

Add Segmented Move to Table (r el ative) M positioning ¥ Tracking

syntax

segmove table start relative
parameters
tabl e VWich table to add to: 1 to 16

This command starts arelative segmented move — a*“ zero feedback position” occurs automatically upon
executing this command.

Bxample:

segnove 1 start relative;
5.6.3 Examples

Thefollowing pages include screen shots of move profiles and the code used to create them.

left 35 |-
304 E
MotorZ vel = 1 !
ord vel 25 ]
<nones - 20 -
<none: - 154
<nones - 107
5—
right 04~
iﬂDnE,‘— o '5 I‘I T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T
A 1 2 3 4 5 ] 7 ] 8 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24 |B
<naones - b & L
time
<nones -
nonEs - — Motor2 vel
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| left 140 = |
" = - 120 i
100 7
<nones - - :
80
<nonex - - :
60 ;
<nones - - i
404 :
right d
<nene> - jAI‘:IEI;I;IgI;I;I;I;I‘IICII1I1I‘II2‘1I3I1I4I1I5I‘IISI‘IITI‘IIBI1IBI2I3I2I‘II2I2I2I3I2I-1IE
<nones - & K - iz
time
<nones -
ronEs = — Motor2 fpos
500 points = Immediate - _ .| 500pts @ 11:23:33AM  A=0.000 B=24.965 AAB=24.965 ¥=2.211¥1=-0,813953
1 [Top]
Zi =egmove 1 clear; f/fclear segment table 1
3: segmove 1 acodec to 10 for 10; ffaccel to a vel of 10 over a dist of 10
4: segmove 1 slew until 20; f/fmove at current wel 10 till position 20
5: segmove 1 acodec to 30 for 20; ffaccel to a vel of 30 over a dist of 20
6: segmove 1 slew mntil 70; f/move at current vel 30 till position 70
7i =segmove 1 accdec to 20 for 30: ffdecel to a vel of 20 over a dist of 30
8: segmove 1 slew mntil 120; S/fmove at current wel 20 till position 120
% =zegmove 1 accdec to 0 for 10; ffdecel to a vel of O over a dist of 10 (stop)
10! wait for in position; S fWait for previous moves to be complete
11! segmove 1 start relative: f/fStart the move
12 delay 500 ms; f/delay 500 ms;
13 goto Top: /fgoto Top and repeat
[ Top]
segmove 1 cl ear; /lclear segnent table 1
segmove 1 accdec to 10 for 10; /laccel to a vel of 10 over a dist of
10
segnove 1 slew until 20; /I move at current vel 10 till position
20
segmove 1 accdec to 30 for 20; /laccel to a vel of 30 over a dist of
20
segnove 1 slew until 70; /I move at current vel 30 till position
70
segmove 1 accdec to 20 for 30; //decel to a vel of 20 over a dist of
30
segnove 1 slew until 120; /Imove at current vel 20 till position
120
segmove 1 accdec to O for 10; /ldecel to a vel of 0 over a dist of
10(stop)
wait for in position; /1Wait for previous noves to be
conpl ete
segnmove 1 start relative; /[l Start the nove
del ay 500 ns; /1 del ay 500 ns;
goto Top; /1 goto Top and repeat
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left

IR |- |

35:

30

Znone:= b -
25:

Znonex - 20 -
<none: - !
1049

right 29
j-

rMmartrrirrrerryrreyrryrrrrrrrrrrrrrrrrirrrrrerprerptT

<nones - L
A 1 2 3 4 3 ] 7 8 g 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 B
<nones - L4 1 IY]
time
ZNones >
<none: i — Motor] vl
500 points = Immediate _ ) 500pts @ 11:48:24 AM  A=0.000 B=24.964 AAB=24.964 X=8.040Y1=37.7326
1 [Top]
2! =zegmove 1 clear: S fclear segment table 1
3: segmove 1 accdec to 10 m=ing 10; ffaccel to a vel of 10 using accel of 10
4 zegmove 1 =lew until 35; Sfmove at current wel 10 till position 35
5i =segmove 1 accdec to 40 m=ing 200; ffaccel to a wvel of 40 using accel of 200
6! =egmove 1 =lew until 70; Sfmove at current wel 40 till position 70
7i =segmove 1 accdec to 5 msing 30; ffdecel to a vel of 5 using accel of 30
2! =zegmove 1 =lew until 120 Sfmove at current wel 5 till position 120
3i =megmove 1 accdec to 0 msing &0: ffdecel to a wvel of 0 using accel of &0 (stop)
10! wait for in position: ffWait for previous moves to be complete
11 segmove 1 start relative: ffS5tart the mowve
12! delay 500 m=: ffdelay 500 ms;
13;i goto Top: ffgoto Top and repeat
[ Top]
segnmove 1 cl ear; /lclear segnment table 1
segnove 1 accdec to 10 using 10; /laccel to a vel of 10 using accel of
10
segnove 1 slew until 35; /Inmove at current vel 10 till position
35
segnove 1 accdec to 40 using 200; /laccel to a vel of 40 using accel of
200
segnove 1 slew until 70; /Imove at current vel 40 till position
70
segnhove 1 accdec to 5 using 30; //decel to a vel of 5 using accel of 30
segnove 1 slew until 120; /Imove at current vel 5 till position
120
segnhove 1 accdec to O using 60; //decel to a vel of 0 using accel of
60( st op)
wait for in position; /1'Wait for previous noves to be
conpl ete

segnove 1 start
del ay 500 ns;
goto Top;

rel ative;

/] Start the nove
/1 del ay 500 ns;
/1 goto Top and repeat
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left 353
30

Motor2 vel = T
25 =1

<NONE: - e ]
At

<MOne s - 15 =

Znones - 107
5 e

right -
0

. -5

<MONE: -

£ e A A

<NONE: -

<None: -

“none s -

500 points = Immediate - | Capture S500pts @ 11:45:34 AM  A=0.000E

4 [Top]
5 segmove 1 clear:
6: segmove 1 acocdec to 10 for 10;
7: segmove 1 =slew until 20;
2: segmove 1 accdec to 30 for 20;
9 segmove 1 slew mntil 100;
10 segmowve 1 acodec to 20 for 30;
11 segmove 1 accdec to O for 2;
12! walt for in position;
13i delay 500;
14 segmove 1 start relative:
15 goto Top:
A
[ Top]
segnmove 1 cl ear;
segnmove 1 accdec to 10 for 10;
segnmove 1 slew until 20;
segnmove 1 accdec to 30 for 20;
segmove 1 slew until 100;
segnmove 1 accdec to 20 for 30;
segnmove 1 accdec to 0 for 2;
wait for in position;
del ay 500;
segnmove 1 start relative;
goto Top;
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left 209
[
F
[Motor2.vel [ 15
<none: -
10
£none: - -
<none: - 27
right !
<none:s = e o " L B N B B B I B N B B e
A 1 2 3 4 5 & 7 8B 8 10 11 12 13
niongs - 2l :
time
£Mone:: -
“none: = — Motor2 vel
500 points = Immediate - Capture S00pts @ 10:17:20 AM  A=0.000B=24.953 AAB=:
4 [Top]
5 segmove 1 clear:
6 segmove 1 accdec to Vell for Posl;
7 segmove 1 acodec to VelZ for PosZ:
8 =segmove 1 slew until Fo=s3;
5: segmove 1 accdec to Vel3 for PosZ;
10! segmowve 1 accdec to 0 for Posl:
11! wait for in position:
12: delay 500;
13: =eqmove 1 start relatiwve;

[ Top]

segnove 1 clear;

segnove 1 accdec to Vell for Posi;
segnove 1 accdec to Vel 2 for Pos2;
segnove 1 slew until Pos3;

segnove 1 accdec to Vell for Pos2;
segnove 1 accdec to O for Posi;
wait for in position;

del ay 500;

segnove 1 start relat

ive;
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Chapter 6: Motion Variables

QuickMotion User-defined Variables

When entering code into an M SB, variables are automatically defined as they aretyped in. A total of 48 user
variables per axis are allowed. Each variable is automatically created as a double-precision floating point variable.
When you translate a QuickBuilder programthe number of variables used on each axis will be displayed, should

too many be referenced an error will be flagged:

Severity Err# Message
3 & 0 00| Braider {axis 005): 0 out of 48 variab d

E:! errar 100 FrontX_2 (axis 002): 54 out of 48 variables used
N i) info 100 FrontZ_4 (axis 004): 38 out of 48 variables used
B i) info 100 Rear¥_1 {axis 001): 38 out of 48 variables used
B i} info 100 RearZ_3 (axis 003): 38 out of 48 variables used
N i) info 100 VirtuzlMaster 6 (axis 006): 18 out of 48 variables ...
|| i) info 0 Translation Time {1 ERRORS FOUMD): 9.86 sec(s)
| info 0 ITT archive size: 269,327 byte(s)

Component

Project %

Project

Variables used in an M SB are automatically assigned to each axis that uses that particular M SB.

For example in the following example two M SB variables are used: speed and dist.

/'l nmove at assigned speed for
[top]

nmove at speed for dist;

wait for in position;

del ay 500;

goto top;

end,

assi gned di stance

In this sample project, this is the only M SB that QuickStep is calling for the axis named ax1, the speed and dist
variables are automatically added to the ax1 object at the time of translation in QuickBuilder. Note that they will
not be shown in the resource tree under an axis object until the project is translated, becauseit is only at this

point that QuickBuilder knows which axes are using which M SBs.

= 3404
= aw] [awiz 003
- izt
- gpeed
= aw? [awis 004)
-

3

Because a single M SB can be used by more than one axs, the actual variable name has the axis name pre-pended
to it so that it can be uniquely accessed by QuickStep (Q34). So in the above example, the variable dist used on
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ax1 has aname of ax1.dist that is used to access it fromQuickStep. If that same M SB were to be used on ax2 as
well the dist variable ax2.dist would be used in QuickStep.

Note that axis prefixes are only used at the QuickStep level and not within MSBs. The M SB cannot directly
access avariable froman M SB running on a different axis. If this information is needed, it can be obtained by first
assigning the desired M SB variable to a QuickStep variable. This QuickStep variable can then be assigned to a
variable in the other M SB. The methodology for reading and writing variables between QuickStep and an MSB is
shown below.

0OHA Example code:

/'l QsS4 Sanpl e code showi ng how to update vari abl es between
/'l QuickStep and MSBs

/] set the MSB variable x for Axisl Drill Position
/1 where, DrillPosition is a QuickStep variable
Axisl.x = Drill Position;

/'l set the MSB variable speed for Axisl to 5
Axi sl1. Speed = 5;

/'l set the QuickStep variabl e AxOneTar get

/1l to the MSB variable Axisl. Target
AxOneTar get = Axisl. Target

Axisl MSB Example code;

/1 MSB Sanpl e code showi ng how to use updated vari abl es
/'l between QuickStep and MsSBs

Hal f spd = Speed/ 2;
/* Make a trap nmove to the DrillPosition specified in the QS4 step at
hal f speed */

nmove at Hal fspd to x;

wait for in position; /1 Wait for nopve to conplete
pul se 1 for 1000; /1 Turn the drill output on for 1 sec

/* Move to Target at the speed specified above. */

nmove at Speed to Target;

QuickMotion Reference Guide



QuickMotion Reference Guide 107

6.2

QuickMotion Pre-defined Variables

In addition to user-defined variables, there are approximately 100 pre-defined variables for an axis in the
QuickM otion language.

Many of these variables correspond to properties in the QS4 world.

The pre-defined variables are organized on the following pages into tables by function. The functional groups

are:

Status Variables — These are read-only variables that give information as to the status of a given axs,
such as fault code, in position, over-travel reached, etc.

Control Variables — These are a mix of read-only and read-write variables used to set general control
conditions for the axis and how it interfaces with the drive. Some of these can only be adjusted before
the axis is enabled.

Tuning Variables — These variables are all read-write and they are used to adjust the control loop
characteristics. These values can be adjusted while the axis is running either by using the tuning wizard
in QuickBuilder, or by directly changing the value of the variable.

Feedback Variables — These variables are a mix of read only and read-write that set the characteristics of
the encoder feedback. This is where the counts per revolution and the user unit conversions are set.

10 and Register Variables — These variables are used to read the status of the Axs 1/O; change the
status of outputs, and assign special functionality to an I/O point such as input to be used for positive
over travel. Additionally general purpose global registers are available.

Tracking Variables - This is a large set of variables used to set up electronic gearing and registration
type applications. These variables greatly simplify these types of applications from a programming
perspective, plus they drametically improve performance.

Capture Variables - These variables are used for registration/capture routines.

Diagnostic Variables - These variables are useful in monitoring low level functionality internal to
QuickMotion.

Quickstep Variables - These variables are used when programming in Quickstep rather than
QuickBuilder.

Fault Variables - These variables are used to analyze axis fault conditions.

Setup Variables - These variables are used to initialize and/or check certain parameters read during
initialization and setup.

RFID Variables - These variables are used with Turck RFID readers. Reference the EtherCAT
Applications Guide.

Vector Variables - These variables are used for vector moves during the implementation of 2D, 3D
Linear Interpolation, and 2D Circular Interpolation (EtherCAT only).
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Satus Varizbles

axisnum

activeCAM _row

camReguest

capSatus

enabled

faultl

fault2 (not used)
fault3 (not used)
fault4 (not used)

faulted

inpos

overpos

overney

overtrq

pstate

EtherCAT Only: Contains the axis number an M SB is running on,
startingat 1.

Active cam row presently executingin cam table.

1 requesting cam file from controller disk, O idle, else error code.

Capturestatus, bit 8 (axis 1), bit 9 (axis 2). 1= active.

Holds the state of drive enable. When used with EtherCAT this
reflects the state of power on the drive (Voltage Enabled) and ready
to run. Will be set after a 'drive enabl€ instruction if executes
without error.

Fault status words, reference Chapter 8.

et to truewhen afault has occurred.

Holds the state of in position.

In Position is true when the target generator is inactive and when
the position error (perr) is within bounds set by inposw. When
used with EtherCAT this reflects that thedriveis "in position” that
was commanded.

Set to true when target position (tpos) >= poslim or when the
associated hardware positive overtravel limit is active.

Sat to true when target position (tpos) <= neglim or when the
associated hardware negetive overtravel limit is active.

Sat to true when the commanded torque trgc has been clamped to
thetorque limit (either tmax or tlim). Not used for EtherCAT.

Current axis motion state (M 3-40):

enum PSTATE {
IDLE, // ready to run

RUNNING,  // processing sub-steps
COMPLETE, // donerunning, awaiting IDLE
STOP, /I stop

S_LEWSTOP, // slewed stop

SLEWING, /I slewing

INT32, read-write

INT32, read-only

INT32, read-only

INT 16, read-only

BYTES, read-only

BYTES, read-only

BYTES, read-only

BYTES, read-only

BYTES, read-only

BYTES, read-only

BYTES, read-only

BYTES, read-only
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PRESPLINE, //pre'SPLINE move

PRECAM, /I pre' CAM' move

CONT_CAM, /[ continue‘CAM’ move that was stopped

INSPLINE, /I'in "SPLINE" move

INCAM, /[ in'CAM' move

TABLESTOP, // stop table

TRACKING, //geared

PRETRACKING //initialization for TRACKING (gear ed)
mode

¥
EtherCAT (IncentiveECAT and M 3-41):

enum PSTATE{

IDLE, // ready to run
RUNNING,  // processing sub-steps
COMPLETE, // donerunning, awaiting IDLE
STOP, /I stop
S_LEWSTOP, // slewed stop
S EWING, /I slewing
PRESPLINE, //pre'SPLINE move
PRECAM, /[ pre'CAM' move
CONT_CAM, /I continue‘CAM’ move that was stopped
INSPLINE, /l'in "SPLINE' move
INCAM, /l'in'CAM' move
TABLESTOP, // stop table
TRACKING, //geared
PRETRACKING //initialization for TRACKING (geared)
mode
EXIT_TRACKING,
ECAT_COMPLETE_PENDING,
ECAT_PROFILE_POS INIT,
ECAT_PROFILE _POS STARTINGI,
ECAT_PROFILE POS STARTINGI1A,
ECAT_PROFILE POS STARTING2, /1 20
ECAT_PROFILE_POS RUNNING,
ECAT_PROFILE_POS WAIT_INPOS,
ECAT_PROFILE_VEL_INIT,
ECAT_PROFILE_VEL_WAIT_DELAY1,
ECAT_PROFILE_VEL_WAIT_DELAY?2,
ECAT_PROFILE VEL_WAIT_DELAY3,
ECAT_PROFILE_VEL_WAIT,
ECAT_PROFILE_ TORQUE_INIT,
ECAT_PROFILE_INIT_CSP,
ECAT_PROFILE_INIT_INTERPOLATED,
ECAT_PROFILE_ WAIT_CSP1,
ECAT_PROFILE_WAIT_CSP2,
ECAT_MODE_WAIT_CSP, /133
ECAT_MODE_WAIT_INTERPOLATED,
ECAT_M ODE_WAIT_PROFILE, / This just idles, awvaiting
// for the Profile request to be processed.
ECAT_PROFILE INIT_QSTOP,
ECAT_PROFILE WAIT_QSTOP1,
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ECAT_PROFILE WAIT_QSTOP2,

ECAT_PROFILE WAIT_QSTOP,

ECAT_PROFILE AT _VEL, 1140
ECAT_PROFILE_AT_TORQUE,

ECAT_HOMING_INIT,

ECAT_HOMING_STARTING1,
ECAT_HOMING_STARTINGI1A,
ECAT_HOMING_STARTING2, //45

ECAT_HOM ING_RUNNING,

ECAT_HOMING WAIT_INPOS KOLLM ORGEN,
ECAT_HOMING_WAIT_INPOS
ECAT_HOMING_WAIT_INPOS IAl,

ECAT_PROFILE POS WAIT_ABORTING, /150
ECAT_PROFILE_VEL_STOP,

ECAT_PROFILE VEL_STOPPING,
ECAT_HOMING_ABORT_START,
ECAT_HOMING_ABORT_WAIT, /I 54
ECAT_OFFLINE=-1,

ECAT_USER OFFLINE = -2 // User requested offline

tracking pstate EtherCAT only, used mainly for vector moves on axis that is INT32, read only
following main axis (Arc and linear interpolation). Same states as
'pstate.

Contains the current execution state of the drive during a ‘move on
agear’ operation. ‘pstat€ must bein TRACKING mode for this
property to bevalid.

time A settable, accurate time counter (sec). This is a floating point  DOUBLE, read-write
variable with precision of the control loop period (800uS defaullt,
M 3-40. 1mS M 3-4VIncentiveECAT). The vaue will increment
by the control loop period vadue each interrupt cycle. time = time
+ period;

touchProbeStatus EtherCAT Only: INT32, read only

M aps directly to drive object 0x6009.

zpulse* Set to true when the Z-pulse has been seen. BYTES, read-only

*Note: Currently this does not work properly and only detects the
first Z-pulse. Workaround is to watch for a change in ztheta as an
indication of Z-pulse. Not used on EtherCAT, only M 3-40.
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Control . Type
Il!!l!!l!!llllllll|EHHEHHIlHlEHlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

acc

cmode

dec

encoder_mode

gtimebase

Default acceleration rate for absolute and incrementa motion.
Scaled in user-units/sec/sec.

Control mode — controls the structure of the position/velocity
loops.

M 3-40:

Torque (0) — Control loop outputs a torque command (velocity
loop is active).

Velocity (1) — Control loop outputs avelocity command to the drive
(velocity loop is inactive).

Stepper (2) — Control loop outputs step and direction pulses
to the drive (velocity loop is inactive).

Open loop (16) — Or this with Torque mode for open loop,
direct dac control. Write directly to trqc, -10to 10 (float)
representing volts.

M 3-41/IncentiveECAT:

$CYCLIC_SYNC_POSITION_MODE @ (default)
$PROFILE_VELOCITY_MODE
$INTERPOLATED_MODE
$PROFILE_POSITION_MODE
$PROFILE_TORQUE_MODE
$CYCLIC_SYNC_TORQUE_MODE
$CYCLIC_SYNC_VELOCITY_MODE
$HOMING_MODE
$VELOCITY_MODE

(not supported)
(not supported)
(not supported)

W oONOUVLh WE

This variable cannot be changed while the axis is enabled

Default decderation rate for absolute and incremental motion.
Scaled in user-units/sec/sec.

EtherCAT Only:

Enable Absolute Positioning mode by settingthe encoder_mode axis
property variable to a 1, prior to executing the ‘drive enable
command. This will set the current position to that read from the
drive, assuming battery backup, rather than 0. A valueof Oisfor an
incrementa encoder. This variable can aso be automaticaly set by
using the axis property pull-down menu option: absolute.

A global timebase variable that affects both axes. This
variable in conjunction with the per-axis timebase sets the

FLOAT32, read-write

BYTES, read-write

FLOAT32, read-write

INT32, read-write

FLOAT32, read-write
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Control . Type
-

effective per-axis natural time base of the target generator.

This parameter should only be set through areference to the
first axis in an M SB or froma Q4 program.

Should not be used on M 3-41/IncentiveECAT as it will
increment the time between control loops used in calculations
but not change the control loop period itself. Defaults to 1.0
since the control loop time is:

loop time = Tick Period * gtimebase;

homing_speedl EtherCAT only: FLOAT 32, read-write
Some homing modes require multiple speeds, with this one beingthe
speed to the switch (object 0x6099.1).

homing_speed2 EtherCAT only: FLOAT32, read-write
Some homing modes require multiple speeds, with this one being
the speed to theindex (object 0x6099.2).

inpos_t EtherCAT only: INT 32, read-write
Settlingtime for in position prior to notifying application in
milliseconds. This valueis written to the drive object 0x6068.0 if it
is available.

inpos_w EtherCAT only: FLOAT 32, read-write
In Homing and Profile Position modethisis the in position window
that is acceptible prior to acknowledging motor is in position.
Object 6067.0 is written to if available. In CSP and other modes the
perr must be less than inpos_w in order for inpos to be set as 1.

This variable mgps to inposw which is available on M 3-40 boards.

invel_t EtherCAT only: INT 32, read-write
Time required, in milliseconds, to be a thetarget velocity, Profile
Veocity mode. M aps to object OX606E.0.

invel_w EtherCAT only: FLOAT 32, read-write
In Profile Velocity modethis is the window velocity isto be
maintained in. inpos w X Target Velocity. Object 606D.0 is
written to if available.

jerk_a req Requested acceleration jerk (default 0), units/sec®. Jerk (S-curve FLOAT 32, read-write
ceneration) for absolute and incrementa motion (scaled in user-
units/sec/sec/sec). If set to zero (0.0), then S-curve generation is
disabled. St to -1 for automatic calculation based on move.

jerk_d req Requested deceleration jerk (default 0), units/sec®. Jerk (S-curve FLOAT 32, read-write
ceneration) for absolute and incrementa motion (scaled in user-
units/sec/sec/sec). If set to zero (0.0), then S-curve generation is
disabled. St to -1 for automatic calculation based on move.

jek_a Actua acceleration jerk used, units/sec®. FLOAT 32, read-only
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-

jerk_d

newvel

sppr

stoprate

theta

time

timebase

tlim

tmax

Actua deceleration jerk used, units/sec®.

New velocity is used in conjunction with the 'new endposition'
command to request adifferent velocity thanis current. If Othenis
ignored.

Seps/rev to output when in stepper mode (when cmode is Stepper).
Not used on M 3-41/IncentiveECAT.

Rate at which to do aslewed stop (uu/sec/sec)

Motor ange. In EtherCAT this vaue is incremented by the
position change (+/-) each control loop tick. UINT 32.

Incremented by loop period each interrupt.

Used to override the natural time base of thetarget generator. When
set to 1.0 (the default value), the target generator’s “time’ is un-
scded. When set to a vaue between 0.0 and 1.0, the target
generator’s “time’ is slowed-down, effectively generating lower
velocities. When set to 0.0, motion stops.

Changing the timebase only effects commanded motions, it does not

alter other commands such as delay. Do not change on Ether CAT
systems, should stay as default of 1.0.

M 3-40:

Torquelimit (Nm) —torque command limit.

EtherCAT:

Does not apply to most EtherCAT systems. Used on some drives

in PROFILE TORQUE MODE and by IAI, reference the
EtherCAT Applications Guide.

M 3-40:

Scae factor — maximum torque (Nm) theat is generated at the motor
when the control loop commands 10V to the drive.

This is set using the property inspector and cannot be changed in
QM code. Consult the connected motor and drive specifications to
properly set this vaue.

This property is valid when cmodeis Torque.

EtherCAT:

FLOAT32, read-only

FLOAT32, read-write

INT3, read-write

FLOAT32, read-write

INT 16, read-only

DOUBLE, read-write

FLOAT32, read-write

FLOAT32, read-write

FLOAT 32, read-write
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Used on most drives to limit the torque while in CSP mode.
Referencethe EtherCAT Applications Guide for specifics.

vmax M 3-40: FLOAT32, read-write

Scde factor — velocity generated when the control loop commands
10V to thedrive.

Scaled in RPM (rotationd) or linear-units/min (lineer).

This is set using the property inspector and cahnot be changed in
QM code. Consult the connected motor and drive specifications to
properly set thisvaue.

This property is vaid when cmode is Vel ocity.

EtherCAT:

Used to limit velocity in CSP mode to a maximum. Also to set the

maximum velocity for Veocity and Position modes and homing
speeds in Homing modes.

ztheta M 3-40: INT 16, read-only
M otor ande of Z.
EtherCAT:

Not used.

Tuning Varizbies

_highBW Interna useonly. Not used with EtherCAT. BYTES, read-write

_inertia Interna useonly (tuninginertia). Not used with EtherCAT. DOUBLE, read-write

_wn Interna useonly (tuningwn). Not used with EtherCAT. DOUBLE, read-write

_zeta Interna useonly (tuning zeta). Not used with EtherCAT. DOUBLE, read-write

aff Veocity-loop accderation feed-forward gan. Not used with FLOAT32, read-write
EtherCAT.
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Tuning Varizbies

kd

kfilt

kgain

ki

kv

kvf

nonvolatile

pdead

pff

pPg

vif

Scded a Nm/(rev/isec)/sec  or Nm/(linear-unit/sec)/sec  of
commanded velocity .

Velocity-loop derivative gain (D). Not used with EtherCAT.

Scaed as Nm-sec/(rev/sec)or Nm-sec/(linear-unit/sec) of velocity
error.

A compensation vaue for the Kdman-filter used in the veocity
estimator. Not used for EtherCAT.

A compensation vaue for the Kdman-filter used in the veocity
estimator. Not used for EtherCAT.

Vdocity-loop integra gain (). Not used with EtherCAT.

Scaed as Nm/(rev/sec)/sec or Nm/(linear-unit/sec)/sec of velocity
error.

Velocity-loop proportiona gain (P). Not used with EtherCAT

Scaled as Nm/(rev/sec) or Nmy/(linear-unit/sec).

Vdocity-loop factor (0.0-1.0). Not used with EtherCAT.

When set to 1.0, the velocity loop is aclassic PID structure. When
set t0 0.0, the velocity loop is aclassic PDF structure. When set to
avduein between, the velocity loop is acombination of both.

Writinga 1 will cause tuning parameters to orignate from
nonvolatile serid flash instead of the defaults used in the property
window when the program was first created. O clears this feature
(oneper axis). Not used for EtherCAT

Position-loop dead-band (user-units). if perr <= pdead then perr =
0.

Position-loop velocity feed-forward gain (0.0 — 1.0). Not used on
EtherCAT.

Position-loop proportiona gain. Not used with EtherCAT.

Scaed as 1000/min.

Velocity -loop velocity feed-forward gain.

FLOAT32, read-write

FLOAT32, read-write

FLOAT32, read-write

FLOAT32, read-write

FLOAT32, read-write

FLOAT32, read-write

BYTES, read-write

FLOAT32, read-write

FLOAT32, read-write

FLOAT32, read-write

FLOAT32, read-write
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Tuning Varizbies

Scded as Nm/(rev/sec) or NnV/(linear-unit/sec) of commanded
velocity .

EtherCAT:
Used on some drives to set velocity feed forward vaue when

initiating CSP mode. Not dl drives support it, typicaly object
0x60B1.

e

camming_invertend Inverts logic of invertmaster with regards to camming table start BYTES, read-write
position and assumed direction traversing. By default 0, follow
invertmaster, 1 to do opposite of invertmaster (!invertmaster).

encoderZ Z encoder input. Not used on EtherCAT INT64, read-only

encoderZ3 Combination of Axis 1 and Axis 2 Z inputs A/B. Not used on INT 64, read-only
EtherCAT.

fpos The feedback position scaled in user-units. DOUBLE, read-only

fposc The feedback position scaled in encoder counts. INT 64, read-only

gdtio Present geer ratio. DOUBLE, read-only

inposw In Position window. Controls when theaxisis deemed in position. = DOUBLE, read-write

Scaed in user-units. Typicaly EtherCAT object 0x6067 when
supported. Also used for EtherCAT settling to meke sure perr is
smdler than inposw when the drive has finished move.

invertcmd M 3-40: BYTES, read-write
Whether to invert the sign of the command output:
0 =no inversion
1=invert
dac voltage = - dac voltage

EtherCAT: Not used.

invertfeed Whether to invert theway the feedback encoder counts: BYTES, reed-write
0 = count normally
1 = count inverted

invertmaster Whether to invert theway the master encoder counts: BYTES, reed-write
0 = count normally
1 = count inverted
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mppr M aster encoder counts per revolution (or per linear unit for linear INT32, read-write
feedback devices).
negim Negetive over-trave limit, scaed in user-units. DOUBLE, read-write

overneg = tpos <= axistc->neglim;

per The position error (scaled in user-units). DOUBLE, read-only

perrlimit The limit before afollowing-error fault is generated. Thevariableis DOUBLE, reed-write
scaled in user-units.

0 = disablefollowing-error fault check

ppr Feedback encoder counts per revolution (or per linear unit for linear INT32, read-write
feedback devices).
poslim Positive over-travel limit, scaed in user-units. DOUBLE, read-write

overpos = tpos >= axistc->poslim;

runv Calculated run velocity fed to PID agorithm. Used internaly as FLOAT 32, read-write
next tick timevelocity.

settling EtherCAT only: DOUBLE, read-write

Timein seconds to dlow things to settle when commanding a new
move while dready in motion and will be changing directions.

sign Nonzero for SCurve move, 1 for CCW, -1 for CW. BYTES, read-only

EtherCAT dso usesit to show direction of al moves.

stepsout Sepper pulses output. Not used on EtherCAT. INT64, read-only

substep Segmented move current step on. Trapazoida is0to 2, S-Curveis BYTES, read-only
0to 6. Used for diagnostics.

sfmod The secondary position modulus. Used to control when sfposc INT64, read-write
wrgps around to 0.

sfpos Secondary feedback position (in revolutions). DOUBLE, read-only
sfpos = sfposc * (1/ppr)

sfposc A secondary feedback position (scaed in counts). INT64, read-only

A separately maintained feedback position similar to fposc with the
exception that the position will “wrap” (modulo) a 0 and a sfmod
(unless sfmod is set to 0).

sfposc = fposc % sfmod;
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tpos

tr

tposc

troc

uud

uun

units_ratio

vemd

vel

Thetarget position scaled in user-units.

EtherCAT Only: Translation ratio. Result of uun/uud used by the
program.

Thetarget position scaled in encoder counts.

M 3-40:

The commanded torque vaue (Nm). Note that if in torque mode
and cmode open loop bit set (bit 5) then this becomes DAC anaog
output -10 to 10V, floating point.

EtherCAT:

Used only on velocity drives as torque compensation. Presently
not used by any drives, reserved for future use.

User-units conversion factor (denominator).
M otion commands are divided by this vaue (after multiplying by

uun) to scae user-units to revolutions (or linear unit or linear
feedback devices).

User-units conversion factor (numerator).
M otion commands are multiplied by this vaue (then divided by

uud) to scae user-units to revolutions (or linear unit or linear
feedback devices).

EtherCAT Only:
User-units conversion factor (uun/uud as a double).

If uunis set to 0 then units ratio will be used for more precise ratio
settings then uun/uud.

Commanded velocity (in rev/sec or linear-units/sec).
EtherCAT:
Used to set target velocity for drives and modes that require.

Presently just M OTIONLINX uses this varigble, otherwise set to
default of 1.0.

Feedback velocity (in rev/sec or linear-units/sec).

DOUBLE, read-only

DOUBLE, read-only

INT 64, read-only

FLOAT32, read-only

INT32, read-write

INT32, read-write

DOUBLE, read-write

M 3-40 - read-only

EtherCAT - read-
write

FLOAT32, read-only
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verr

zfpos

ZPULSE_POS

ZPULSE_NEG

ztpos

Velocity error (in rev/sec or linear-units/sec).
EtherCAT.

Holds thelast feedback position beforeit was modified by a“zero

Not used with| FLOAT32, read-only

DOUBLE, read-only

feedback position” or “ zero following error” statement. Not used

with EtherCAT.

Thenext Z-pulse location in the positive direction; user-units. Not

used with EtherCAT.

The next Z-pulselocation in the negative direction; user-units. Not

used with EtherCAT.

Holds thelast target position beforeit was modified by a“zero

DOUBLE, read-only

DOUBLE, read-only

DOUBLE, read-only

feedback position” or “ zero following error” statement. Not used

with EtherCAT.

Varbles 0

ctrO-ctr7

dinl—din5

din6 —din10

dout1 —dout5

dout6 —dout10

Axis counters (64-hit). These variables count off-to-on transitions

INT64, read-write

of the eight axis-related inputs (5 digta inputs, A, B and Z).

variable  input (M3-40A/B/C)
ctrO dinl

ctrl din2

ctr2 din3

ctr3 din4

ctr4 din5

ctr5 A-encoder channel
ctré B-encoder channel
ctr7 Z-encoder channel

EtherCAT: See EtherCAT Applications Guide.

Thestate of digta inputs 1 through 5.
EtherCAT: See EtherCAT Applications Guide.

Thestate of digital inputs 6 through 10.

Valid only when the moduleis in 1% axis mode
EtherCAT: See EtherCAT Applications Guide.

The state of digita outputs 1 through 5.
EtherCAT: See EtherCAT Applications Guide.

Thestate of digta outputs 6 through 10.

Valid only when the moduleis in 1% axis mode
EtherCAT: SeeEtherCAT Applications Guide.

BYTES, read-only

BYTES, read-only

BYTES, read-only

BYTES, read-only
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Varbles 0

dins Thestate of digital inputs 1 through 5 (or 10 if in 1 %2 axis mode) as INT 32, read-only

douts

driveenable

goba_flagl to
doba_flagb

doba_inputs

gobad_outputs

goba_regl to
gobd_reg32

overposin

overnegin

asingeinteger.

Each input has its own binary value starting with 1 for dinl, 2 for
din2, 4 for din3, 8 for din4, etc. Asan example, if din3 and din5
wer e both on, dins would equal 20.

EtherCAT: SeeEtherCAT Applications Guide.

The state of digita outputs 1 through 5 (or 10 if in 1 %2 axis mode)
as asindeinteger.

Each output has its own binary value starting with 1 for doutl, 2 for
dout2, 4 for dout3, 8 for dout4, etc. As an example, if dout3 and
dout5 wer e both on, douts would equal 20.

EtherCAT: See EtherCAT Applications Guide.

Thedigta output number to use for “ drive enable.”
Positiveinput number for true state=high

Negative number for true state=low

0 = useno output

When an output is assigned for use as drive enable, all set/clear
oper ations to that output areignored.

EtherCAT only:
5 genera use goba flagregsters directly accessible by al M SB's
and QuickBuilder program.

M 3-41 Only:

Loca 1/0O is present on the 5300 M 3-41 EtherCAT module. This
module has 6 inputs which is doba to dl M SBs. TheM SB
property ‘goba_inputs' is used to read the 6 inputs, with thefirst
bit beingthe first input.

M 3-41 Only:

Loca 1/O is present on the 5300 M 3-41 EtherCAT module. This
module has 2 outputs which are gobd to dl M SBs. The outputs
arereferenced as 9 and 10 when using the ‘setout’ /' clrout’
instructions. The M SB property ‘goba_outputs' can beused in
addition to ‘setout’/ clrout’ for read/write operations of theloca
outputs.

EtherCAT only:

32 general use goba regsters directly accessibleby al M SB's and
QuickBuilder program.

Thedigta input number to use for positive over-travel.
Positive input number for true state=high

Negative number for true state=low

0 = disable positive over-travel checking

Thedigta input number to use for negative over-travel.
Positive input number for true state=high
Negative number for true state=low

INT 32, read-only

BYTES, read-write

DOUBLE, read-write

INT32, read-only

INT32, read-write

DOUBLE, read-write

BYTES, read-write

BYTES, read-write
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Varbles 0

running

0 = disable negetive over-travel checking

Thedigta output number to usefor “M SB active’ (running). BYTES, read-write
0 = use no output

When an output is assigned for useas “ MSB active’ (running), all
set/clear operations to that output are ignor ed.

Tracki _
e

antibackup

master_feedback

Whether or not to alow the slave to generate geared pulsesin BYTES, read-write
response to negetive displacements of the master

0 = dlow generated pulsesin al cases
1 = accumulate negetive displacements of the master and generate
geared slave pulses when accumulated total > 0

EtherCAT Only: INT32, read-write
Any axis can track another axis by simply droppinginto tracking

mode. To reference which axis to track, use the variable

‘master_feedback’, which by default is 1. Set this variableto the

axis you wish to track, set whether to reference fpos or tpos of the

measter axis, and then drop into tracking mode.

// *kkkkkkkk TRACKl NG M ODE kxkkkhkkkkhkkk
[SetTracking
Zero master counters;
master_feedback = 1;
/I Set wewill track axis 1
Il Set the feedback mode first so when enter trackingit is
Il referencing correct master. ‘set master feedback’ references
I the other axis fposc or feedback position.
/I *set master target1’ references the other axis tpos position.
set master feedback;
set modetracking; // Enter tracking mode

M 3-41.

Another option, only available on the M 3-41 hardware module, is
the provision for directly connectingup to 3 local quadrature
encoders. These encoders can be used as master references by the
EtherCAT axis. To reference these encoders, the master_feedback
variableis set to 1001, 1002, or 1003, for each of the respective
encoder inputs. Once master_feedback is referencing aloca
encoder, its present value will appear in ‘mpos’ and ‘mposc’ M SB
variables. In addition, al local encoder counts can be accessed
usingthe‘ctr’ array, index 5 to 7 froman M SB, or ctr5, ctr6, and
ctr7 from QuickBuilder.

M aster_feedback = 1001, ctr[5]/ctr5, P1 connector pins:
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P1-19 A0+
P1-20 AO-
P1-21 BO-
P1-22 BO+

M aster_feedback = 1002, ctr[6]/ctr6, P1 connector pins:

P1-23 A1+

P1-24 A1l-

P1-25B1-
P1-26 B1+

M aster_feedback = 1003, ctr[7]/ctr7, P1 connector pins:

P1-27 A2+
P1-28 A2-
P1-29 B2-
P1-30 B2+

mcinv The bit-oriented variable controls when mposcl-5 are cleared. Bit INT32, read-write
0, the lesst-significant bit, controls mposcl. Bit 1, the next
significant bit controls mposc2, etc.

Bit 16 to bit 20 controls whether mposc# is cleared upon entering
tracking mode. If set cleared.

Bit 21 to hit 22 controls whether tscl/tsc2 is cleared upon entering
tracking mode. If set cleared.

mdeltal M aster position delta, counts INT 32, read-only
This variable holds the displacement that occurred in the master

encoder between position captures. Essentidly thisis the last
vaue of mposcl before mposcl is cleared dueto aposition

capture.
Cleared upon entering tracking mode.

mdelta2 M aster position delta, counts INT32, read-only
This variable holds the displacement the occurred in the master

encoder between position captures. Essentidly thisis thelast
vaue of mposc2 before mposc2 is cleared dueto aposition

capture.

Cleared upon entering tracking mode
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mdeta3

mddtad

mdetab

mmc

mMposC

mposcl

M aster position delta, counts

This variable holds the displacement the occurred in the master
encoder between position captures. Essentidly thisis thelast
vaue of mposc3 before mposc3 is cleared dueto aposition

capture.

Cleared upon entering tracking mode

M aster position delta, counts

This variable holds the displacement the occurred in the master

encoder between position captures. Essentialy this is the last
vaue of mposc4 before mposc4 is cleared due to aposition

capture.

Cleared upon entering tracking mode

M aster position delta, counts

This variable holds the displacement the occurred in the master

encoder between position captures. Essentidly thisis the last
vaue of mposc5 before mposch is cleared dueto aposition

capture.
Cleared upon entering tracking mode
M aster position modulus (O=functionality disabled)

This variableis used as amodulus for the variables mposcl-5 and
tmod. Whenever updated, mmc is applied by formula:

mposcl = mposcl mod mmc
MpPOSC2 = mposc2 mod mmc
mposc3 = mposc3 mod mmc
mposc4 = mposc4 mod mmc

mposc5 = mposcS mod mmc
tmodc= tmodc mod mmc

M aster position, counts

This variable is cleared when the mode is changed to tracking.
This variable is unaffected by mmc or changes to mposcl-5.

This counter rolls over at 65536 times the vaue of mppr when in
tracking mode.

M aster position, counts (modulo by mmc)

INT32, read-only

INT32, read-only

INT 32, read-only

INT32, read-write

INT64, read-write

INT 32, read-only
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This variableis cleared when the mode is changed to tracking.

This variableis cleared when input #1 makes an off-to-on transition
unless the 0-bit in mcinv is set in which casethis variableis cleared
when theinput makes an on-to-off transition. Bit 16 in mcinv set
will disable clearing upon entering tracking mode.

mposc2 M aster position, counts (modulo by mmc) INT 32, read-only

This variableis cleared when the mode is changed to tracking.

This variableis cleared when input #2 makes an off-to-on transition
unless the 1-bit in mcinv is set in which casethis variableis cleared
when theinput makes an on-to-off transition. Bit 17 in mcinv set
will disable clearing upon entering tracking mode.

mposc3 M aster position, counts (modulo by mmc) INT 32, read-only

This variableis cleared when the mode is changed to tracking.

This variableis cleared when input #3 makes an off-to-on transition
unless the 2-bit in mcinv is set in which casethis varigbleis cleared
when theinput makes an on-to-off transition. Bit 18 in mcinv set
will disable clearing upon entering tracking mode.

mposc4 M aster position, counts (modulo by mmc) INT32, read-only

This variableis cleared when the mode is changed to tracking.

This variableis cleared when input #4 makes an off-to-on transition
unless the 3-bit in mecinv is set in which casethis variableis cleared
when the input makes an on-to-off transition. Bit 19 in mcinv set
will disable clearing upon entering tracking mode.

mposc5 M aster position, counts (modulo by mmc) INTE32, read-only

This variableis cleared when the mode is changed to tracking.

This variableis cleared when input #5 makes an off-to-on transition
unless the 4-bit in meinv is set in which casethis variableis cleared
when the input makes an on-to-off transition. Bit 20 in mcinv set
will disable clearing upon entering tracking mode

move_master_counts | M ove master counts target if not forever. INT 32, read-only
(r:ove_master_rate_tag M ove master rate target setting (virtua master). INT32, read-only
move_master_ramp M ove master ramp setting (virtua master) INT 32, read-only
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Tracking
Variables

move_master_rate

mpgai

mpdfi

sdc

SpGgi

spdfi

smodc

smod

smark

smarkrise

M ove master rate setting (virtua master) INT32, read-only

M aster position duringgear ...at...in, counts INT32, read-only

This variable holds the number of consumed master position
counts during the last gear...at...in statement

M aster position duringgear ...for...in, counts INT32, read-only

This variable holds the number of consumed master position
counts duringthe last gear ...for...in statement

Save decrement counter INT32, read-write

This counter decrements for every output slave count wheress tscl
and tsc2 increment.

Save position during gear .. .at....in, counts INT 32, read-only

This variable holds the number of consumed slave position counts
duringthe last gear...at...in statement.

Save position during gear ...for ...in, counts INT 32, read-only

This variable holds the number of consumed slave position counts
duringthe last gear...for...in statement.

Save position counter. INT32, read-only

This variableis cleared when the mode is changed to tracking.

Save position modulus INT32, read-write

This variableis used as amodulus for the variable smodc.
Whenever smodc is updated, smod is applied by formula:

smodc = snodc nod snod

Save modulo marker position, counts INT32, read-only

When an input transistions in conjunction with the bits specified in
smarkrise and smarkfall, this varigbleis computed by formula

smark = sphase — snodc

This bit-oriented variable controls when smark is caculated. INT32, read-write
When theinput correspondingto aset bit in smarkrise makes an

off-to-on transition, smark is caculated.

Bit O, the least significant bit, represents input #1, etc.
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Tracking
Variables

smarkfall

sphase

tmc2

tmodc

tscl

tsclrise

tsclfall

tsc2

tsc2rise

This bit-oriented variable controls when smark is caculated.
When theinput correspondingto aset bit in smarkfall makes an
on-to-off transition, smark is caculated.

Bit 0, the lesst significant bit, represents input #1, etc.

Save marker position phase, counts

Used to offset smark.

Temporary master position counter 1

This variableis auxiliary, settable counter that tracks master
position.

These variables can be zeroed atomically by zero master counters.
Cleared when changng modeto TRACKING.

Temporary master position counter 2

This variableis auxiliary, settable counter that tracks master
position.

These variables can be zeroed atomically by zero master counters.
Cleared when changng modeto TRACKING.

Temporary master position counter mod mmc. User cleared only.

Temporary slave position, counter 1

This variableis auxiliary, settable counter that tracks slave
position.

This bit-oriented variable controls when tscl is cleared. When the
input correspondingto aset bit in tsclrise makes an off-to-on
transition, tscl is cleared.

Bit O, the least significant bit, represents input #1, etc.

This bit-oriented variable controls when tscl is cleared. When the
input correspondingto aset bit in tsclfall makes an on-to-off
transition, tscl is cleared.

Bit O, the least significant bit, represents input #1, etc.

Temporary slave position, counter 2

This variableis auxiliary, settable counter that tracks slave
position.

This bit-oriented variable controls when tsc2 is cleared. When the
input correspondingto aset bit in tsc2rise makes an off-to-on
transition, tsc2 is cleared.

Bit 0, the least significant bit, represents input #1, etc.

INT32, read-write

INT32, read-only

INT32, read-write

INT32, read-write

INT32, read-write

INT32, read-write

INT32, read-write

INT32, read-write

INT32, read-write

INT32, read-write
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Tracking
Variables

tsc2fall

tracking pstate

tracking_sign

tracking status

tracking_tpos

tracking_tposc

vmddta

Capture
Variables

capArmed

capEdge

capGate

This bit-oriented variable controls when tsc2 is cleared. When the
input correspondingto aset bit in tsc2fall makes an on-to-off
transition, tsc2 is cleared.

Bit 0, the lesst significant bit, represents input #1, etc.

EtherCAT Only: See Status Variables.

EtherCAT Only: If theaxisistrackingthis variableis set to 1 or -
1 depending on the direction of rotation.

EtherCAT Only: If an axis is tracking this variable represents the
current state of motion:

enum QS2STATE {
NOT_INITIALIZED,
STOPPED_READY,
WAIT_START,
ACCELERATING,
AT_MAX_SPEED,
DECEL_TO NEW_MAX_SPEED,
DECEL_TO_STOP,
SOFT_STOP,
REG_M OVE,
HOME,
NOT _USED1,
FOLLOWING,
NOT _USED2,
COMMAND_ACCEPTED
i

EtherCAT Only: If an axisis trackingthen thisis the target
position scaled in user-units.

EtherCAT Only: [f an axisistrackingthen thisis thetarget
position scaled in encoder counts.

Virtua master delta counts.

Capture armed, non zero. If captureis armed and this varigbleis
cleared any capture will be ignored (equivaent to disabling

capture).

Edge to monitor for capture as set by the ‘set capture instruction.

2 —any edge, 1 —rising edge, 0 —faling edge.

Captureinput used to getethetrigger input, if -1 then dways
geted.

INT32, read-write

INT32, read_only

INT32, read_only

BYTES, read-only

DOUBLE, read-only

INT64, read-only

INT 32, read-only

BYTES, read-write

INT 16, read-only

INT 16, read-write
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capGaeSae

caplnput
capLimit
capLimitflag

capM od

capOffset

cappos

CapPOSC

capSatus

capTriggered

capWait
capwaitBranch

capwinEnd

capwinStart

capwinType

msource

Gate active as on or off, O it waitingfor gate to be high, 1 if waiting
for gate to below.

Captureinput to be used as atrigger.
Capture limit value
St if capture limit occured

EtherCAT only:
Defaults to 1 and applies amodulus to the captured vaue.

Amount to move after acapture occurs, fposc + capOffset = new
end position. If 0 then move continues as was orignaly
instructed.

Capture position in user units. capposc* 1/ppr.

Capture position in counts. This will befposc + encoder offset if
not in Tracking mode. If Trackingthen sfposc + encoder offset.
Latched when defined capture input goes active.

Capture status, bit 8 (axis 1), bit 9 (axis 2). 1 = active.
Capture occurred flag, non zero. capposc/cappos contans the
latched position when occurred.

If 1, an M SB is waitingon a‘wait capture instruction, else 0.
Capture M SB offset branch value.

End of capturerange as set by the ‘set capwin’ instruction. If
same as capwinSart then no window is active.

Sart of capturerange as set by the‘set cgpwin’ instruction. If
same as capwinEnd then no window is active.

Capture window type (0-17):

fposc  (0) feedback position

mposcl - mposc5 (1-6)  master position counters #1 through
#5

mposc  (7) measter position counter

smodc (8) slave position (modulo)

smark (9) slave marked position

tmcltmc2 (10/11) temporary master counters #1 & #2
tscltsc2 (12/13) temporary slave counters #1 & #2
sdc (29) slave decrement counter

fposcl (15) feedback position of axis 1 (fposcA)
fposc2 (16) feedback position of axis 2 (fposcB)
tmodc (17) temporary master counter mod mmc
sfposc  (18) secondary feedback position of axis

EtherCAT: Reference EtherCAT Application Guide.

M aster source setting
0x01 — feedback1
0x02 — feedback?2

INT 16, read-only

INT 16, read-only
INT64, read_write
BYTES, read-only

INT32, read-write

INT64, read-write

DOUBLE, read-only

INT64, read-only

INT 16, read-only

BYTES, read-write

BYTES, read-only
INT 16, read-only

INT64, read-write

INT64, read-write

INT 16, read-only

BYTES, read-only
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Diagnostic
Variables

activeBG_M SBs

activeFG_M SBs

debugT able

debugT ableRows

debugT ableRow

debugT ableX

debugT ableY

last_ ALSatusCode

last_errorCode

last_errorRegster

last_errorType

lastOverdl

loopperiod

looprate

0x03 - feedbackz
0x04 —targetl
0x05 —target2
0x06 — common
0x07 - virtua
Bit OR of above
0x80 - goba

EtherCAT: Reference EtherCAT Application Guide.

Number of active background M SB's running on axis.

Number of active foreground M SB's running on axis.

Camtableto view, from0to 5

Number of rows presently in the selected cam table, debugT able.

Current row number to view in the selected cam table, debugT able.

X vauefor selected debugT ableRow.

Y valuefor sdected debugT ableRow.

EtherCAT Only:

Last AL Satus code read from drive.
EtherCAT Only:

Last error code read from drive, ty picaly object Ox603F.
EtherCAT Only:

Last error regster from drive, typicaly 0x1001.
EtherCAT Only:

Used internaly by M 3-41/IncentiveECAT.

Last full loop time of dl axisin uS.

EtherCAT: Not used.

Periodic motion loop interrupt timein uS

Number of motion loop interrupts/second.

129

BYTES, read-only

BYTES, read-only

INT32, read-write

INT32, read-only

INT32, read-write

FLOAT 32, read-only

FLOAT 32, read-only

INT32, read-write

INT32, read-write

INT32, read-write

INT32, read-write

FLOAT32, read-only

FLOAT32, read-only

FLOAT32, read-only
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minLoopTime M inimum actud individua axis loop execution time (uS) reached. FLOAT32, read-only

EtherCAT: Not used.
maxLoopTime M aximum actual individua axis loop execution time (uS) reached. FLOAT32, read-only

EtherCAT: Not used.
minOveral M inimum actual axis loop execution time (uS) reached for al axis. FLOAT32, read-only

EtherCAT: Not used.
maxOverall M aximum actua axis loop execution time (uS) reached for al axis. FLOAT32, read-only

EtherCAT: Not used.

overflowFlag M otion loop overflow flag, set to 1 if loop time exceeded whilein INT 32, read-only
the loop (800uS default, reference 'set loopperiod')
EtherCAT: Not used.

scanning EtherCAT Only: INT 32, read-only
Varigble set accordingto EtherCAT scan state. 0 = not scanning,
1= initidizing, 2 = operationd and scanning.

wSatus EtherCAT Only: INT16, read-only

Satus Word read from the drive, object 0x6041.
wControlWord EtherCAT Only: INT 16, read-only

Control Word used to issue commands to the drive, object 0x6040.

Setup Varizbles

axisptr EtherCAT Only: INT32, read-write
Properties such as fpos, tpos, etc., areloca to an axis and not
shared with other axis M SBs. This limitation can be overridden by
usingthe ‘axisptr’ property of an M SB. This property controls
what axis the M SB will retrieveits property value on aread and
write operation. It istypicaly set to the vaue of ‘axisnum’, which
is the axis number of that axis executingthe M SB. Settingthis axis
number to any other value will override what axis the property is
retrieved from.

dim factor_num EtherCAT Only: INT32, read-write
Reserved for later use with velocity drives.

dim factor_denom EtherCAT Only: INT32, read-write
Reserved for later use with velocity drives.

dwSavelD EtherCAT Only: INT 32, read-only
SavelD for this axis.

eCAT _driveType EtherCAT Only: INT 32, read-only

Thetype of drive and axis number that an M SB is executing can be
referenced programmaticaly viathe ‘eCAT_driveTyp€ and
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Setup Varizbles

‘axisnum’ property variables. ‘axisnum’ contains the axis number,
where Listhefirst. ‘eCAT_driveTyp€ is defined as follows:

eCAT_manufID

eCAT_productCode

gs_dece_time

vel_accd_time

vel_decd_time

vmin

RFID Variables

RFID_channd

RFID_totaChannds

RFID_state

$DRIVE_COPLEY

$DRIVE _YASKAWA
$DRIVE_ELM O (not supported)
$DRIVE_KOLLM ORGEN
$DRIVE_SANYO_DENKI
$DRIVE_EM ERSON
$DRIVE_AMC

$DRIVE VIRTUAL
$DRIVE_IAI_ACON_M ODE3
$DRIVE_ABB_M ICROFLEX
$DRIVE_ABB_M ITSUBISHI
$DRIVE_ABB_PANASONIC
$DRIVE_ABB_LINMOT
$DRIVE_M OTIONLINX
$DRIVE_WAGO_ENCODER_631
$DRIVE_WAGO_ENCODER_637

EtherCAT Only:
EtherCAT ES menufacturer ID.

EtherCAT Only:
EtherCAT ES product code.

EtherCAT Only:

P Ooo~NOuh~WN

1

13
14
15
17
18
19

INT 32, read-only

INT 32, read-only

INT32, read-write

Reserved for future VFD quick stop deceleration time.

EtherCAT Only:
Reserved for future VFD veocity acceleration time.

EtherCAT Only:
Reserved for future VFD veocity minimum.

Description (EtherCAT Only)

INT32, read-write

EtherCAT Only: Reserved for future VFD velocity deceleration INT32, read-write
time.

FLOAT 32, read-write

Sdects the RFID channel to be operated on by the properties INT32, read-write
that follow. Entries of 1to RFID_totadChannds arethe valid

selections, with 0 disabling access. All properties should be

initialized to their proper vaues before settingthe

RFID_channe to anon-zero vaue.

Represents the tota number of RFID channels availablein the INT32, read-only
sy stem.
Represents the current state of the RFID interface logic state INT32, read-write

machine as it executes any requests issued by the RFID_control
property varigble. Possible vaues are as follows:

RFID_OFF
RFID_IDLE
RFID_READING 1
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RFID Variables | Description (EtherCAT Only)

RFID_READING_2 3
RFID_READING WAIT_DONE 4
RFID_WRITING 1 10
RFID_WRITING_2 11
RFID_WRITING_3 12
RFID_WRITING_4 13
RFID_WRITE _DONE 15
RFID_WRITE WAITTAG 20
RFID_READ_WAITTAG 21
RFID_WAITNOTAG 22
RFID_ERROR 30

RFID_error Turck specific error where bits 7 to O represent the category and INT32, read-only

bits 15 to 8 are the description. Any timethe RFID_error
property is non-zero an error is present. To clear the error the
RFID reader must bereset usingthe RFID_control property
RESET bit. See EtherCAT Applications Guide for error codes..

RFID_address This address is forwarded to the RFID reader to determine INT32, read-write
wherein its memory block to begin accessing data for read and
write operations. A vaueof Oisthefirst address.
RFID_address is auto-incremented after any read or write by the
amount in RFID_bytesTransferred therefore set it back to the
desired start location after each read or write.

RFID_index Theindexis used to select which INT32, read-write
RFID_data readl/RFID_data readh or
RFID_data write/RFID_data writeh array itemisto be
operated on. Where O is thefirst item, up to 31 (32 array items
for 256 bytes total possible).

int RFID_data readl[32];
int RFID_data readh[32];
int RFID_data writel[32];
int RFID_data writeh[32];

RFID_data reed| Thefirst 32 bit integer or 4 bytes of datatransferred fromthe INT32, read-write
RFID tag. This property is an array of 32 deep, indexed by the
RFID_index property.

int RFID_data readl[32];

RFID_data readh Read/write, the second 32 bit integer or 4 bytes of data INT32, read-write
transferred from the RFID tag. This property isan array of 32
deep, indexed by the RFID_index property in pardld to
RFID_data readl.

int RFID_data readh[32];

RFID_data writel Read/write, thefirst 32 bit integer or 4 bytes of datatransferred INT32, read-write
tothe RFID tag. This property is an array of 32 deep, indexed
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RFID Variables | Description (EtherCAT Only)

RFID_data writeh

RFID_status

RFID_control

RFID_controlActive

RFID_count

RFID_bytesTotd

by the RFID_index property.

int RFID_data writel[32];

The second 32 hit integer or 4 bytes of datatransferred to the
RFID tag. This property is an array of 32 deep, indexed by the
RFID_index property in pardlel to RFID_data writel.

int RFID_data writeh[32];

32 bit integer with only thefirst 8 bits reflectingthe status as
returned by the Turck RFID reader.

e Done- (Bit 7) Siceis ready to receive command. T his bit will
be off until previous command bit is turned off.

e Busy — (Bit 6) Siceis currently processingcommand. Thisis
normally on when transceiver is waitingfor atagto be
presented.

e Error — (Bit 5) Slice has encountered an error during last
command. Refer to Error_Cat and Error_Desc for details.
This bit is not away's set so check RFID_error for nonzero.

e Trans_Conn — (Bit 4) Transceiver is correctly connected and
communicatingwith the slice.

e Trans_On— (Bit 3) Transceiver has been turned on by slice.

e TP—(Bit 2) Tagpresent; Tagis present in transceiver field.
LED on transceiver will blink rapidly.

e TFR—(Bit1) TagFully Read; Taghas been present in
transceiver field long enough so that entire tag memory has
been stored in buffer. This bit does not need to be on to
indicate acommand has been completed.

32 hit integer which is used to request RFID transactions to
occur, read and writing different aspects of thetagand
transcelver. Some of the bits are defined by Turck but have been
enhanced by CT C for additiond features.

Represents the vdue actualy beingtransferred to the Turck
RFID controller a any moment. During operation bits are
set/cleared automaticaly by the M 3-41 module, especiadly when
transferring multiple blocks of data. Useful for diagnostic
pUrposes.

Represents the vaue actudly beingtransferred to the Turck
RFID controller as the needed byte count. This property is
automaticaly set based upon the RFID_bytesT otd required.
Useful for diagnostic purposes.

This property must be set to thetota number of bytesto be
transferred to/from the RFID reader. If to the reader
RFID_data writel/h array is used, if from the reader

RFID_data readl/his used. For asindetransfer thisistypically
set to 8. This property is aso used in conjunction with the
‘host read’ and ‘host writ€ commands when transfers are done

INT32, read-write

INT32, read-only

INT32, read-write

INT 32, read-only

INT32, read-only

INT32, read-write
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RFID Variables | Description (EtherCAT Only)

with the RFID_data readl and RFID_data writel properties.
These properties can be used to transfer strings to/from
Quickbuilder variants.

RFID_bytesTransferred | This property represents the number of bytes that have been INT32, read-write
transferred during aread/write RFID operation as well as ‘ host
read’ and ‘host writ€' . If a‘host read’ is used to read a
QuickBuilder variant stringthis property will represent the
length of the string after the access.

RFID_tag DI This property is automatically set whenaTAG ID read INT32, read-write
operation is performed. This property represents the lower 4
bytes.

RFID_tagDh This property is automaticaly set whenaTAG ID read INT32, read-write
operation is performed. This property represents the upper 4
bytes.

RFID_lasttagl DI This property is automaticaly set whenaTAG ID read INT32, read-write
operaion is performed and auniqueid is found, different than
that previously read. This property represents the lower 4
bytes. The RFID_lasttaglDI/h is checked agginst the latest tagid
read to ensure no duplicates are found, if that option is enabled.

RFID_lasttagDh This property is automatically set whenaTAG ID read INT32, read-write
operation is performed and auniqueid is found, different than
that previously read. This property represents the upper 4
bytes. The RFID_lasttagiDl/h is checked against the latest tagid
read to ensure no duplicates are found, if that option is enabled.

Vector Variables | Description (EtherCAT Only)

accX Caculated acceleration dongthe X axis of thelast vector move, DOUBLE;, read-only
accY Caculated acceleration dongthe Y axis of thelast vector move. DOUBLE;, read-only
accZ Caculated acceleration dongthe Z axis of thelast vector move. DOUBLE;, read-only
accVector Circular Interpolation: DOUBLE;, read-only
Accderation in radians/second? that is being used for the calculated
profile.
ande Circular Interpolation: FLOAT32, read-only

Initialized to 0 and records the calculated ande as it sweeps.

2D and 3D Linear Interpolation:
Caculated ange of thelast vector move.

angeSart Circular Interpolation: DOUBLE, read-write
Theangea which motion should start where O is vertica on the Y
axis, minus ange moves left, and positive ange moves right. The
‘angeSwveep’ variableis added to this ange.
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Vector Variables | Description (EtherCAT Only)

andeSweep Circular Interpolation: DOUBLE, read-write
The desired amount of angular motion that is to occur relative to the
radius center point. A positive angeSveep rotates clockwise,
negeative, counter clockwise.

axisY The axis number, from 1 to N, which will bethe Y axis, commanded INT32, read-write
fromthe X axis. TheY axis must be set for either 2D or 3D
interpolation to occur.

axisZ 3D Linear Interpolation: INT32, read-write
The axis number, from 1 to N, which will bethe Z axis, commanded
fromthe X axis.

decVector Circular Interpolation: DOUBLE, read-only
Decderation in radians/second? that is being used for the calculated
profile.
decX Caculated deceleration dongthe X axis of the last vector move. DOUBLE, read-only
decY Caculated deceleration dongthe Y axis of thelast vector move. DOUBLE, read-only
decz Caculated deceleration dongthe Z axis of thelast vector move. DOUBLE, read-only
magnitude 2D and 3D Linear Interpolation: DOUBLE, read-only
Cdculated size of thelast vector move.
radius Circular Interpolation: DOUBLE, read-write
Theradius in user units of thearc to bedrawn. A negetive radius
flipsthearc.
vectorY Circular Interpolation: DOUBLE, read-write

The caculated center of the arc for the Y axis will be stored here for
diagnostic reference, in machine units. M ake sureyou update
vectorY after acircular moveif the next moveis linear
interpolation.

3D Linesar Interpolation:

Thedesired Y position on an X/Y/Z grid in user units, based upon
revolutions. Notethat this valueis overwritten after acircular
interpolated move for diagnostic purposes.

2D Linear Interpolation:
Thedesired Y position on an X/Y grid in user units, based upon
revolutions.

vectorZ Circular Interpolation: DOUBLE, read-write
The caculated center of the arc for the X axis will be stored herefor
diagnostic reference, in machine units.

3D Linear Interpolation:

Thedesired Z position on an X/Y/Z grid in user units, based upon
revolutions. Notetha this vaueis overwritten after acircular
interpolated move for diagnostic purposes.
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Vector Variables | Description (EtherCAT Only)

velVector Circular Interpolation: DOUBLE, read-only
Veocity in radians/second that is being used for the caculated
profile.
velX Calculated velocity adongthe X axis of the last vector move. DOUBLE, read-only
velY Caculated velocity dongtheY axis of thelast vector move. DOUBLE, read-only
velz Caculated velocity dongtheZ axis of thelast vector move. DOUBLE, read-only
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6.3 Host Register Access

The Host Read/Write commands are used to directly access all the main controller's registers, including variant
storage. These registers consist of, but are not limited to:

e Analog /O

¢ Digital /0

o Datatables

¢ Volatile and non-volatile Variant scalar, vector and tables
o Ceneric integer registers

¢ Non-volatile register

e Communications

Reference the Quickstep Register Guide for a summary of available registers:

http://www.ctc-control.conycustomer/techinfo/docs/5300 951/951-530006.pdf

Summary:
host read variable, register {, row, columm}
host write variable, register {, row, colum}

Host Read m Pos'tioning m Se\Mng m Tracking m BGMSB
M revss

syntax

host read variable, register {, row, colum }

parameters

vari abl e Local user variable or axis property to have ‘register’
stored to it.

regi st er Mai n control |l er QuickBuilder register as defined in the
Model 5300 Quick Reference Register Guide. My be constant
or variabl e access.

r ow Optional row used only for variant register table access.
May be constant or variabl e access.

col um Optional colum used only for variant register table

access. My be constant or variable access.

This statement pauses execution of the M SB while the contents of a QuickBuilder register is retrieved fromthe
main processor. The register value is then stored into the local ‘variable’ or axis ‘property’. The datatype will
automatically be converted to that of the local storage. Both integer based registers and variant vectors and
tables are supported. When reading a variant, one cell at atimein the table (if any) is read. If no row or column is
specified, Ois assumed.

/I Read the controller tick timer referencing a variable
/I and storeto ‘userVar’

reg = 13002,

host read userVar, reg;

/I Read the controller tick timer using constant register
/I number and storeto ‘userVar’

host read userVar, 13002;
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Host Write

Positioning

syntax

host write variable, register {, row, colum }

parameters

vari abl e

register

row

col um

Local user variable or axis property to store to controller
‘regi ster’.

Mai n controller QuickBuilder register as defined in the
Model 5300 Quick Reference Register Guide. My be constant
or variable access.

Optional row used only for variant register table access.
May be constant or variabl e access.

Optional colum used only for variant register table
access. My be constant or variable access.

This statement pauses execution of the M SB while the contents of alocal ‘variable’ or axis ‘property’ is written to
a QuickBuilder register on the main processor. The datatype will automatically be converted to that of the
QuickBuilder register, thus double will be converted to integer, etc. Both integer based registers and variant
vectors and tables are supported. When writing avariant, one cell at atime in the table (if any) is written. If no
row or column is specified, Ois assumed.

/I Clear the controller tick timer, register 13002,
/1 referencing the contents of ‘userVar'.

userVar =0;
reg = 13002,

host write userVar, reg;

/I Clear the controller tick timer, register 13002,
/I using a constant value.

host write 0, 13002,
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Chapter 7: Quickstep Support

QuickMotion has been designed for high integration with the QuickBuilder language and include such features as
programinteraction and user units. A legacy product, Quickstep, uses aregister interface for motion control.
This interface is not as tightly coupled but thereis alarge existing code base thus an M SB emulation mode has
been created which allows the M 3-40 module to appear as a 2219 motion control card, used on the 2700 series
controllers, or 5140, within the 5100/5200 controller family.

Register emulation is always available fromaread only perspective. In order to fully support the emulation mode
aspecial M SB has been created and must be loaded. This M SB is the output of a QuickBuilder project where
initial parameters and any minor M SB customization can be made. To sinplify initial use afully compiled project
is available that can be loaded into a 5300 controller for Quickstep programsupport, QS2M SB. This project is
available fromthe download portion of CTCs' web site. In the example provided, 2 axis, are supported. To
support more axis simply add the card to the QuickBuilder project as well as 'start axis' references, or if
QuickBuilder is not available, you may simply copy and rename the files with the appropriate axis names. Note
the files which are available after compiling QS2M SB, within the controller sub-directory:

|| AXISO1_MSB00_QS2_Menitor.bin 4
|| AXIS01_MSBO01_Q52_Motion.bin &
|| AXIS02_MSB00_QS2 Monitor.bin g
|| AXISD2_MSBO1_QS2_Motionbin

|| PARAM_AXISOL.bin

|| PARAM_AXIS02.bin r

!
—

These files consist of the binary output, generated by QuickBuilder, for MSB's (AXI1S??_MSB??_msbname.bin)
and their respective configuration parameters (PARAM _AXIS??.bin). They must be placed in the controller

'/ _systemy/Programs/M otion' subdirectory. Upon power up or reset the M3-40A module will automeatically look in
this directory and if the files are present then an auto-boot sequence will begin. Namely, the files will be loaded
into the M3-40 card and automatically executed. If aservo has been tuned and parameters saved to the card, the
PARAM file settings will be ignored and only the M SB binary file will be loaded.

Once loaded and running most legacy Quickstep motion applications will run, unchanged.

/i Note that the emulation will appear similar to a 2700, 2219 module. Any extended features available within the
5100/5200 controller 5140 module are not currently supported. The Register interface is fully available on all
motion products. If only Registers are desired the above .bin files do not have to be loaded. The .bin files are
used to simulate full Quickstep motion instructions thus if M SB's are used in a normal QuickBuilder program, they
are not needed.
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7.1 Registers

M ost of the motion registers supported by the 2700/5100/5200 controller are available within the 5300/Incentive
environment, regardless of whether the emulation mode is run or not. If emulation is not running then write
operations are not supported. These registers consist of:

Motion Registers Grouped by function then axis

140ax

141ax

142ax

143ax

144ax

145ax

1l46ax

147ax

The 5300 firmware is designed to access up to 16 axes. For the 14XXXregister
values below substitute the axis number for ‘ax’ to get the correct register. Axis #1
=1; For example the position of axis #1 is stored in register 14001.

Position (counts), R only [QuickBuilder reference = fposc]
Error (counts), R only [QuickBuilder reference = perr * ppr * (uun/uud)]

Velocity (counts / sec), R only [QuickBuilder reference = vel * ppr * (uun/uud)]

Status, R only:
0 Axis not initialized
1 Stopped and ready
2 Motion imminent: waiting for start
3 Accelerating
4 At max speed.
5 Decelerating to new max speed
6 Decelerating to stop
7 Soft stop
8 Registration move (armed, not moving)
9 Home
10 Following (not used)

128-255 | Error (not used)

Integral Error (count-seconds), R only (not supported)

Velocity Feedforward [QuickBuilder reference
=QS2 VAR NEW_VEL_FEEDFORWARD]

Deceleration (counts/sec”2) [QuickBuilder reference =
QS2_NEW_DECELERATION]

Dedicated Inputs, R only:
This is a bit map of the input signals
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148ax

149ax

0 (Isb) Reg. (hot 4 RevEOT
supported)
Home 5 Fwd EOT
Start 6 Z/index (not
supported)
3 Kill 7 Not Used

Acceleration Feedforward [QuickBuilder reference =
QS2_ VAR NEW_ACC_FEEDFORWARD]

Analog Output, RW - 32,767 =-10.000V; 32,767 = 10.000V, [QuickBuilder
reference =rint(dac_mv* 3.2767)]

Motion Registers Grouped by axis then function

15bx0
15bx1
15bx2

15bx3

15bx4

For the 15xxx, 16xxx, 17xxx register values below substitute the axis number for ‘bx’ to get
the correctregister. Axis #1 = 0; For example the position of axis #1 is stored in register
15000.

Position (counts), R only [QuickBuilder reference = fposc]
Error (counts), R only [QuickBuilder reference = perr * ppr * (uun/uud)]

Velocity (counts / sec), R only [QuickBuilder reference = vel * ppr * (uun/uud)]

Status, R only:
Axis not |n|t|aI|zed Deceleratlng to stop
1 Stopped and ready 7 Soft stop (not used)
2 Motion imminent: 8 Registration move
waiting for start (armed, not moving)
3 Accelerating 9 Home
At MAX speed 10 Following (not used)
5 Decelerating to new | 128- | Error (not used)
MAX speed 255

Integral Error (count-seconds), R only (not supported)
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15bx5

15bx6

15bx7

15bx8

15bx9

16bx0

16bxl

16bx2

16bx3

16bx4

16bx5

16bx6

16bx7

16bx8

16bx9

17bx0

17bx1

Velocity Feedforward, alse-used-to-specify-the Output-in-Directmeode [QuickBuilder
reference = Q2_VAR_NEW_VEL_FEEDFORWARD], outputin direct mode not supported,

use Analog Outputinstead (15bx9).

Deceleration (counts/sec”2), R only [QuickBuilder reference =
QS2_NEW_DECELERATION]

Dedicated Inputs, R only:
This is a bit map of the input signals

Bit Number Bit Number | Description
0 (Ish) Reg. (not 4 Rev EOT
supported)
Home 5 Fwd EOT
2 Start Z/Index  (not
supported)
3 Kill 7 Not Used

Acceleration Feedforward [QuickBuilder reference =
Q2 VAR _NEW_ACC_FEEDFORWARD]

Analog Output, RW -32,767 =-10.000V; 32,767 = 10.000V [QuickBuilder reference =
rint(dac_mv* 3.2767)]. On 2219 this is read only and Velocity Feedforward is written to for
Analog Output.

Reg. Start, RW — Position at which the registration will be enabled [QuickBuilder
reference = QS2_CAP_WINSTART]

Reg. Window, RW — The range that the registration will be enabled [QuickBuilder
reference = QS2_CAP_WINEND_REL]

Reg. Position, R only— The position at which the registration was detected, when Reg
status is 1 [QuickBuilder reference = capposc]

Reg. Offset, R\W — The distance to be moved after the registration input [QuickBuilder
reference = QS2_CAP_WINOFFSET]

Reg. Status, RW — 0 = Armed (write 0 to arm), 1 = Detected, can only setto 0
[QuickBuilder reference = QS2_REG_STATUS]

Numerator, RW — For following the master axis [QuickBuilder reference =
QS2_VAR_MTN]

Denominator, RIW — For following the master axis [QuickBuilder reference =
QS2_VAR_MTD]

Leader Position, R only— Only valid when following a master axis (not supported)
Leader Velocity, R only— Only valid when following a master axis (not supported)
Reserved

Rrmware Revision, R only

Hiter & Mode, RW:
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17bx2

17bx3

QuickBuilder reference = QS2 FILTER MODE

Lower 3 bits 0or3=PID
(0x07) Filter type |1 = + Direct (CW) 2 = - Direct
(CCW)
4 = PAVff 5 = PAV
6 = Stepper 7 = Initialize
Encoder Resolution
Bits4 & 5 0 = Linear 1=S Cune
Accel/Decel Type | 2=Parabelic—3=1Inverse-
Parabelie
Bit 7 (0x80) O=Trajectory Following
1 (value 128) = Encoder Following

Note: Initialize Encoder Resolution, filter type 7 is only a temporary mode that can be
applied anytime there is no motion. It is recommended this be done prior to initial
motion. This can be used to override the default ppr, mppr, and sppr. Upon writing this
value the following registers will be initialized as follows, thus set accordingly prior to
execution:

ppr = QS2_VAR_NEW_VEL_FEEDFORWARD
mppr = QS2_VAR_NEW_ACC_FEEDFORWARD
sppr = QS2_NEW_DECELERATION

After changing the above variables setthem back to their previous values and set the Filter
Mode to the proper mode for motion desired.

Input Polarity, RW

This is a bit map that controls the active level of the input signals,. When the bitis
0 then the inputis active when itis On; if the bitis 0 then the inputis active Off.

Bit Number Bit Number

0 (Ish) Reg. (not Rev EOT
supported)
Home 5 Fwd EOT
Start 6 Z/Index  (not
supported)
3 Kill 7 Not Used

Home Direction, RW [QuickBuilder reference = QS2_HOME]

CCwW 0 or —1 = Home & Index
-2 = Home Only
= Index Only (not supported)

Doc. No. 951-530017-019



144 Control Technology Corp.

cw 1 = Home & Index

2 = Home Only

3 = Index Only (not supported)
17bx4 Options, R only (not supported)
17bx5 Reserved
17bx6 Maximum Following Error, RW default = 30000 [QuickBuilder reference = perrlimit * ppr]]
17bx7 Speed Limit, RW — overrides maximum velocity, default = 4194303 steps/sec (not

supported)

17bx8 Maximum Position, RW — Used as a Software EOT when itis larger than the Minimum

Position (not supported)

17bx9 Minimum Position, RW — Used as a Software EOT when itis smaller than the Maximum
Position (not supported)
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7.2 Quickstep Variables

Quickstep Variables

QX_Saus Axis status as defined by register 143xx. read-write
Q2 Cmd Command to be processed by the M SB, read-write
emulates 2700 2219 module.
Q2 _Overrides Override commands that can be processed by read-write
the M SB during motion without afault.
QX2 _Hoalding Holding command to be processed by the M SB. read-write
Q2 _Params Parameter command to be processed by the read-write
M SB. Written onceany 'VAR_NEW:' variables
are updated.
Q2 VAR_NEW_ACCELERATION X vauefor selected debugT ableRow. read-write
Q2 VAR_NEW_MAX_SPEED Y vaue for selected debugT ableRow. read-write
QS2_VAR_NEW_PROPORTIONAL Requested new kd, processed by M SB as read-write

required. Thisis dso written to by the Q2
profile statement.

QS2_VAR_NEW_INTEGRAL Requested new ki, processed by M SB as read-write
required. Thisis also written to by the Q2
profile statement.

Q2 VAR _NEW DIFFERENTIAL Requested new kd, processed by M SB as read-write
required. Thisis dso written to by the Q2
profile statement.

Q2 VAR_NEW_VEL_FEEDFORWARD Processed by M SB application. read-write
Q2 VAR_NEW_HOLDING_M ODE Processed by M SB application. read-write
Q2 VAR_NEW_DECELERATION Processed by M SB application. read-write
Q2 VAR_NEW_FORCE_POSTION Processed by M SB application. read-write
Q2 VAR_NEW_FORCE_CUMULATIVE Processed by M SB gpplication. Not currently read-write
used.
Q2 CAP_WINSTART Processed by M SB application. read-write
QS2_CAP_WINEND_REL Processed by M SB application. read-write
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Quickstep Varizbles

QS2_CAP_WINOFFSET Processed by M SB application. read-write
Q2 VAR _ NEW_ACC_FEEDFORWARD Processed by M SB application. read-write
Q2 HOME Processed by M SB application. read-write
Q2 VAR _MTN Processed by M SB application. read-write
Q2 VAR MTD Processed by M SB application. read-write
QX LAST_CMD Last QS2_Cmd processed. read-write
Q2 CMD_CNT Number of QS2_Cmd's processed. read-write
Q2 OVERRIDE CNT Number of override commands processed. read-write
Q2 HOLDING_CNT Number of holding commands processed. read-write
Q2 PARAM_CNT Number of parameter commands processed. read-write
Q2 MB_STATE Generd scratch storage used by the MSB to  read-write

write program execution state information.

QX2 FILTER MODE Referenceregister 17bx1 for mode settings. read-write

Q2 TMP1 Generd scraich storage used by the MSB as  read-write
needed (integer).

Q2 TMP2 Generd scraich storage used by the MSB as  read-write
needed (integer).

QX2 TMP3 Generd scratch storage used by the MSB as  read-write
needed (integer).

QX2 TMP4 Generd scratch storage used by the MSB as  read-write
needed (integer)

Q2_REG_STATUS Regstration status, write a0 to am, elseread a  read-write
1if detected.
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7.3 Input Mapping (M3-40 Only)

M3-40A inputs are monitored by the QS2MSB MSB program and when executing the DIN inputs are
monitored similar to a 2219. The inputs are mapped as:

DIN1- START

DIN2 - REGISTRATION INPUT
DIN3- FWD LIMIT

DIN4 - REV LIMIT

DIN5- HOME
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Chapter 8: Fault Codes & MSB Debugging

Should an error occur several registers contain information which can be helpful in detecting what caused
the problem. These registers exist for each axis:

Fault Variables

faultl Fault status words, reference Chapter 8. read-only
fault2 (not used)
fault3 (not used)
fault4 (not used)

faulted 0 = nofault, 1 = faulted. reed-only

faultFunction Code 0 to N which represents interna function where fault occurred. reed-only
Thus far defines as:
FGTick - 1
runM SB - 2
processM B - 3
process_motion_command - 4
DP_M GRTask_Axisl - 5
DP_M GRTask_Axis2 - 6

processVFC - 7
faultM SB The MSB number from 0 to 31 which has faulted. reed-only
faultM SBLine The line number as referenced to source code M SB where the fault reed-only
occurred. Notethat the source must bein sync with what is executing
for this to be correct.
faultM SBOffset Absolute byte offset into M SB binary opcode where was executing read-only

when fault occurred. Interna use.

faultOpcode M SB opcode that was being executed when fault occurred. Interna use. read-only
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8.1 Fault Codes

/M Note that firmware prior to V1.40 (M 3-40A) use outdated fault codes. Changes were made to enhance
diagnostic abilities.

MF_NO_ERROR No error. 0
MF_GENERICFAULT Generic M otion Faullt. 1
MF_INVALIDTIME Negative or Zero 'time specified in M OVE. 2
MF_INVALIDVEL Negative or Zero 'velocity' specified in M OVE. 3
MF_INVALIDACC Negative or Zero 'acc' specified in M OVE. 4
MF_INVALIDDEC Negative or Zero 'dec’ specified in M OVE. 5
MF_INVALIDRATE Negative or Zero 'rat€ specified in M OVE. 6
MF_ONLYINBG QM command only adlowed in BG M SB. 7
MF_MOTIONACTIVE M OVE atempted while M OVE in progress. 8
MF_UNIMPLEM ENTED M OVE atempted while M OVE in progress. 9
MF_WRONGM ODE In wrong mode (positioning/tracking/slewing. 10
MF_FGM SBLIMIT FG M SB limit reached. 11
MF_NOTINSLEW Not in SLEW mode. 12
MF_FOLLOWERR Following error limit reached. 13
MF_BADINPUTNO Invalid input number specified. 14
MF_NOTENABLED Not enabled. 15
MF_BADARGUMENT1 Bad argumentl/parameter. 16
MF_INVALID_TBL_OP Invalid 'table operation. 17
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MF_NOTINTRACK Not in ‘tracking mode. 18
MF_CANTCONSUME Illegal state for ‘consume. 19
MF_SESGM OVE_ERROR 'Segmented M ove' error. 20
MF_SESGMOVE SZE 'Segment siz€ error, too many . 21
MF_NOCAMFILE Reguested CAM file not found. 22
MF_REM OTE_READ Read of controller regster failed. 23
MF_REMOTE WRITE Write of controller register failed. 24
MF_NOM SBFILE M SB file does not exist on flash disk. 25
MF_BADARGUMENT?2 Bad argument2/parameter. 26
MF_BADARGUMENT3 Bad argument3/parameter. 27
MF_BADARGUMENT4 Bad argument4/parameter. 28

Additional EtherCAT Only Fault .

MF_SDO_READ EtherCAT SDO reed failed. Either network error 29
or object not supported by device.

MF_SDO_WRITE EtherCAT SDO write Failed. Either network error 30
or object not supported by device.
MF_DRIVE ERR_M SG Generic drive error message. 31
MF_ECAT_OFFLINE EtherCAT is offline 32
MF_DCSYNC Execution of DCSync instruction faled. Drive 33
may be offline or not support objects.
MF_INVALID_ECAT_MODE Attempted to set amode (cmode) the drive does 34
not support. Typicdly CSP modeis used
cenerically .
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Additional EtherCAT Only Fault o -
Codes

MF_STACK_ERROR

MF_READONLY

MF_INVALID_TBL_OP_Y

MF_INVALID _TBL_OP_Z

MF_INVALID_TRACKING

MF_TIMEOUT

MF_ERROR_NO_SERVO

MF_ABORT_REQUESTED

MF_ERROR_OO_RANGE

MF_ERROR_INIT_CONFIG

MF_ERROR NO_INIT

MF_ERROR_NO_PREOP

MF_ERROR NO_SAFEOP

M SB instruction execution error, attempted to pop
avariable off the stack and it was not there?

Tryingto writeto aread only variable.

Attempted to address more tables than available on
Y axis.

Attempted to address more tables than available on
Z axis.

Attempted an invalid instruction whilein tracking
mode. Typicaly begnning slew.

IncentiveECAT API:

Error occurring while waiting for in-position and
have atimeout occur.

IncentiveECAT API:

Error occurring while attemptingto read or writeto
an axis that does not exist.

IncentiveECAT API:

Error occurring while executing an APl command

and the user gpplication requested an ABORT
occur, restarting the network.

Incentive ECAT API:

Error occurring while attempting to onling/offline
aninvalid axis #.

Incentive ECAT API:

Attemptingto online an offline axis and it failed
whileinitigizing the configuration.

Incentive ECAT API:

Attemptingto online an offline axis and it failed

whiletryingto placeit in the Ether CAT INIT
state.

Incentive ECAT API:
Attemptingto online an offline axis and it failed

whiletryingto placeit in the EtherCAT PRE-OP
state.

Incentive ECAT API:

35

36

37

38

39

40

41

42

45

46

47
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Additional EtherCAT Only Fault

Codes

MF_ERROR NO_OPERATIONAL

MF_ERROR_INIT_PDO

MF_ERROR _REMAP_CONFIG

MF_ERROR_DC_RESTORE

MF_ERROR DC_SYNCO1

MF_ERROR_ILLEGAL_VAL

MF_ERROR NOT_ONLINE

Attemptingto online an offline axis and it failed

whiletryingto placeit in the EtherCAT SAFEOP

state.
Incentive ECAT API:
Attemptingto online an offline axis and it failed

whiletryingto placeit in the Ether CAT
OPERATIONAL state.

Incentive ECAT API:

Attempting to online an offline axis and it failed
whiletryingto initidize the PDO mapping.
Incentive ECAT API:

Attemptingto online an offline axis and it failed
whiletryingto remap the configuration.
Incentive ECAT API:

Attemptingto online an offline axis and it failed
whiletryingto restore propagation delay .
Incentive ECAT API:

Attemptingto online an offline axis and it failed
whiletryingto setup DC Sync (some drives

require DC Sync operationd beforethe driveis
fully inthe OPERATIONAL state.

Incentive ECAT API:

Attemptingto online an offline axis and it is no
longer availablein the drivetable.

Incentive ECAT API:

Attemptingto online an offline axis and it is no
longer available. Probably still offline.

48

49

50

51

52

53
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8.2

MSB Status/Control Monitor Fault Processing

There are anumber of features within QuickBuilder to enable the debugging of QuickMotion MSB's. This can be
either during normal operation or should afault occur. A fault is indicate by aflashing FLT LED on the controller
CPU. To observe a QuickM otion fault the Status/Control monitor can be viewed:

(il Resources
ol e Mew Wy View f
|l =@ Resources
=7l Controllers )

Mew

&

Cpen grid view

Mowe Up

Maowe Down

Publish

Verify Project

Status/Control

b

¢
e
| Telnet
&
ik Explore

A, N line

Once the Status/Control window appears observe and click the AFStext. Note that each character represents an
ads, with the first on the far left. In the example below a 0 means the axis is OK, F that there is afault. Below
shows afault on axis 1sinceitis 'F.
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PR ey

| | Task Handle TFE Step
.['l w0000 | main (Start Taszk) main motion {Step)

> Run [ Stop | 4] Restart | FAULT

Once clicked detailed information about the fault will be shown, if available:

Fault

MF_MNOCAMFILE (21} - Requested CAM file not found
[MSB #1] [INFO: (VFC_TABLE_LOADSERIES), table <table loadseres <source: fileMumbers] [FUNCTION: processVFC]
ERROR in "Front¥CamContral’ at line 6: table 1loadseres ram foo

[ Run [ Stop | B Restart | FAULT | ‘@ StopMotion | <EXIT F& LT DISPLAY=

Note that the error occurred at line 6 of the source code of the FrontXCamControl MSB. In referencing that M SB
we can see the line listed, 'table 1 loadseries ramfoo' as being the problem. In this case there was no camtable209
file present within the controller flash disk.:
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Project | Editor |

| _MSBs.FrontXCamCortrol

‘@ - I

| 2 [Top]
3
4: tabkle 1 clear:
5y foo=209;
i table 1 loadseries ram foo ; ff ta
7 invertmaster = 0;
2: takle 1 precompute; ff eo
g
10 [top]
11 zero feedback position;
12 foo=0;
13 table 1 =tart linear cam 4, .01, 0O:
141 foo=1:

8.3 MSB Monitor

QuickBuilder offers a MSB Monitor when online in the Editor mode.

[ Resources
g MNew Wy View
|
_ = || =@ Resources
E-{2] Controllers

2 New g 11-014]

 Cpen grid view 104
04

48 Move Up e

8 Move Down ES
bles

&Y Puklish

if| Verify Project

& Telnet

£=3 Status/Control

ik Explore

Editor - Online M

B4 QuickScope -

a Quick‘u"iem.r

™,

This monitor periodically (about every second) refreshes axis information for display. Current fpos, mpos,
vel, tpos and perr are available as well as the instruction and state of MSB's that are executing. A pull
down combo box lists all available axis, that selected is what will be automatically refreshed.
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If the axis is faulted, using the example from the 'MSB Status/Control Monitor Fault Processing' section,

the following will appear:

A —

DR S + 3000 Bh R D -?ﬁ.ﬂ.'l..l.l.l-ﬂ.ﬁ.- Iﬂd

. T e L S
i e F =
el - -
| [Tep)
= — 3
e 4| vanle 1 sisares
] _mses s| Zeo=209:
EIMJM 4 table 1 loadssries zam foo » 4/ cable ¥ losdseries [flash/mam] [cemcable ¥]
= v 7| invezizastez = O
Trameb i e e | table i precompoter 4/ pompuce che cam caboot 174 sec per 1000 poah
-]
] Masier ]
= . i3] [=opl
B 11| zaro fsedback poaition:
a: 13| foo=0r
[ ] 13| tablm 1 atart linmar cam 4, .01, O
o L . 14| foo=is
TOn(OC g gy 24
ol o 16| redelay 51
E’W‘ - 17| azep mabie:
TR .
mﬂl-!ﬂ: g 15| delay 10 ma:
ot 32| mawe ax 2% ox L
[ — 21| waiz fer in pesirica:
13| geze Tep:
34
1%
36
1%
30
2
35
36
1
-
S . = P AdSean: | 174055338 [MESBs. Font T ontwl. 17 50 e B FALR TECTH tabis 1 Toacinanad i s
i fpos: B w0
vl BAITINOEIMERN  eeon  MORE EBEIGIEE0D
(= L. ]
‘W Teaks o Ergble MEH Morstoreg:
Consodle o x
MSE fus:  ax1 + |P Address: |12 4053218 [_MSBs FrortXCamContral, 32, 59 (ine #6 FAULTED]]: table 1 loadseries ram foo o
S 0
=
Pucis fpos: O tpos: O £
vel:  -8.4077307355485E mpos:  -153.624996566214 g
@
Enable MSB Monitering g

/M Note that the 'Enable M SB Monitoring' check box must be checked for monitoring to be active. Also the
Editor tab should be green to indicate online debug mode.

/4 Double clicking on the M SB line appearing in the list box will automatically meke that code and line current in

the Editor.
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In situations where a fault had not occurred multiple M SB's would appear executing, as well as their line number
and axis motion status:

Console x
MSE Axis: ax] w IP Address: |12.4053 218 [_MSBs. FrontXCamControl, 287, 300 {ine #18 BG)]: foo =foo + 1 o
g

fuis fpos:  137.635095121094 tpos:  137.6344921875 =
vel: 26.240421295166 mpos:  3442.11242306279 =

L=}

perr:  -0.00460693353374 Active -

Enable MSB Monitoring INCAM - AT SPEED g
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Appendix: Sample Code

AWARNING: The following examples are offered for training purposes only and are not intended
to performany actual real-world application or function.

R R Pause Motion MSB ----------------ooao oo

/* This MSB will pause notion by noving the tinebase to 0
and then back to 1 based on switch 3 position

Not e: that changes to the tinebase variable only inpact
the actual notion commands ot her MSB commands such as
delay are not altered. */

[top]
wait for rise of 3; /1l wait for rising edge of input3
ti mebase=0; /1l set the notion tinmebase to zero
wait for fall of 3; /1 wait for falling edge of input3
ti mebase=1; /1 put tinmebase back to 100%
goto top; /'l repeat

end;

N Jog MSB - --------imei e

/* This MsSB perfornms a sinple jogging routine

The vari abl e JogSpeed is passed to this MSB to set

the jog velocity. If switch 1 is on a positive Jog

is activated, if switch 5 is on a negative Jog is activated,
if neither 1 or 5 are on zero speed is commanded, and the
nmot or stops. */

JogSpeed=1; /1l set a default jog speed
sl ew begin; /1l witch to slew ng node
[l oop]

/'l check the switches

if I'dinl & !din5 then speed=0;
if dinl then speed = JogSpeed;
if dinb then speed = -JogSpeed;

sl ew at speed in 0.5; /1l slew to speed in .5 sec

del ay 510; /[l wait 510 nms until at speed

if 'din2 goto |oop; /1 as long as input 2 is off | oop
sl ew end; /1l return to position node

end;
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A T Home via Z MSB  --------------------------

// add a nove to switch code here if needed

foundz = 0;
/1l set zdir to 1 to search in the positive dir
/1l set zdir to -1 to search in the negative dir
zdir = -1;

/'l check if we know where the Z-pulse is
if zpulse goto knownz;

/1 dont know where z is, so...

/'l move positive for +/- 2 revs looking for it
zero feedback position;

nmove in 0.25 for zdir*2;

[ sear chl oop]

/1l a z while noving?

/'l check the zpulse variable (1 if a z pul se has been seen)
if zpulse goto foundm d;

/'l done?

if linpos goto searchl oop;

/1l no z, stop and quit

st op;

end;

/1 found a z md nove, so stop

[ foundm d]

new endposition relative 0 using 10000;
wait for in position;

/!l nove to z
[ knownz]

/1 find the Z that is cl osest
if zdir > 0 goto posz;

[ negz]
move in 0.125 to ZPULSE NEG
goto exit;

[ posz]
move in 0.125 to ZPULSE PGCs;

goto exit;

[exit]
wait for in position;
zero feedback position;
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foundz = 1;
end;

A T Error Handler Exanple --------------------------

The following M SBs illustrate how an error handler can be used on amotion axis. The code for each is given
below with a brief explanation.

[=] MSBs Used in Error Handler
Testing

Motion Sequence

start Ml MSB: This MSB starts the asynchronous event handler. 1In this case
Error_Hdlr will automatically be called whenever there is a
har df aul t.
on hardfault start Error_Hdlr; /lstart an asynchronous event to
moni tor for a hardfault error
start nmovetine FG /I now go do sone notion

Error Hdlr: This MSB contains the error handler code. The comment at the
end gives a listing of valid error codes

/'l Error handl er exanple MSB

/'l Check for a fault

if faultl == 0 goto genfault; //Generic Mdtion Fault

if faultl == 1 goto invtinme; //Negative or Zero 'tine' specified in MOVE
if faultl == 2 goto invvel; /I Negative or Zero 'velocity' specified in
MOVE

/1 (etc)continue on to trap
all errors if you want

got o unknown; /1 1f you get here there's no
known fault code

[ genfaul t] /lroutine for general fault goes
her e

/1 (put code here)
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[invtinme]
/1l Invalid Time Fault: Trigger this error by setting nove time to O in the
noveti me MSB

setout 5; [/turn on output to signal error
del ay 5000; /[l wait 5 sec
clrout 5; /1l turn off output 5
del ay 1000; /1 wait 1 sec
reset; /'l reset all faults
del ay 1000; /[l wait 1 sec
start novetine FG /lre-start the MSB. Hint if you don't change
t he novetine
/[lyou'll end up right back here in six seconds.
[invvel]
/'l (code)
[ unknown]
/'l (code)

end;

nmovetine MSB: This MSB contains a sinple notion routine used to trigger a

har df aul t

zero feedback position;

XnEl;

/I default npde setting

/'l Do a repeating forward and back nove

[top]
ti me=0; //reset tiner
move in tinme2 for dist npde xn /[ move forward
wait for in position;
move in tinme2 for -dist node xn1 //nove back
wait for in position;
nmoveti me=ti ne; /I updat e noveti nme
goto top;

QuickMotion Reference Guide



QuickMotion Reference Guide 163

10 Appendix: Command Hyperlinks

Statements:

Utility

Set

Program Flow
Common bits and variables
1/0

Sinple Motion
Gearing

Position and Capture
Loading Tables
Spline/CAM

Virtual M aster
Segmented Moves
Host Reqister

Utility Statements:

stop { slewed using rate }

drive enable
drive disable

delay tine ms
vari abl e = expression

zero feedback position

zero target position

zero followi ng error

reset
if condition then variable = expression

wait until condition

Set Statements:

set conmon bit nunber state

set common var nunber val ue

set | oopperiod val ue

set node positioning
set node tracking
set tineout ticks

set target position value

set feedback position value

set target position counts vcounts

set feedback position counts vcounts

set sinul ated feedback on/off

of fset position value

of fset position counts vcounts

set master mode { using gl obal }
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Program Flow Statements:

[| abel ]

start MSB node

end { and start MSB node }
abort MSB

goto | abel

if condition goto |abel

on asynchevent asynchhandl er

Common bits and variables Statements:

set conmmon bit nunber state

wait conmon bit nunber state

set common var nunber val ue

wait common var nunber range

1/0 Statements:

setout outputli st

clrout outputlist

pul se output for n

pl s output using reference definitions

pl s output state

wait for transition of input { or condition }

generate output output rate fregq

generate n steps on pair

variable = ctr[n]

ctr[n] = expression

ctr[n] = offset

generate alternate node

Simple Motion Statements:

nove to position { using acc, dec }

nove at maxvelocity to position { using acc, dec }

nove trap to position using rate

nove in tine to position {node n }

nove for displacenment { using acc, dec }

nove at maxvel ocity for displacenent { using acc, dec }

nove trap for displacenment using rate

nove in tine for displacement {mode n }

wait for in position

new endposition position using rate

new endposition relative displacenent using rate

sl ew begin
sl ew at velocity in tine
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sl ew for displacenent

sl ew end

Gearing Statements:

gear at nunerator : denoni nator

gear at nunerator : denomi nator in counts

gear at nunerator : denominator in counts after acounts

gear for slavecounts in nastercounts

gear for slavecounts in nastercounts after acounts

of fset slave by slavecounts in tine

wait master counts

wait slave counts

wait source within start , end

wait source outside start , end

zero masslv counters

Position and Capture Statements:

set capture transition of input input { gate input gateinput gatestate }

set capwin range start, end using reference { arm}

wait capture { if limt of limt goto |limtlabel }

Loading Tables Statements:

table n clear
tabl e n addpair xexpression , yexpression

table n addseries pairs

table n copy fromrowOifsetl to table m rowOf fset2 numRows
table n I oadoffset rowOffsetFile, nunmPairs, rowOifsetTabl e
table n

| oadseri es source fil eNumber

Spline/CAM Statements:

table n continue
table n preconpute
table n

table n start i method cam npscale , spscale , repeatcount

start inmethod tscale , rpscale , repeatcount

stop table

Virtual Master Statements:

nove master at rate for limt { using ranp }

Segmented Move Statements:

segnmove table clear
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segnove table accdec to ve

using rate

segnove table accdec to vel f

or

di spl acenent

segnmove table slew unti

position

segnove table stop at

position using rate

segmove table start relative

Host Register Statements:
host read variable, register {, row, colum}
host write variable, register {, row, colum}
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Index
A -

axis module
axis object:
axis properties:
acc/dec 32
cmode 32, 107
driveenable 32
imposw 32
neglim/poslim 32
overnegin/overposin 32
perrlimit 32
ppr 32
tmax 32, 107
uun/fuud 32
vmax 32, 107
axis setup: 31
operating modes 37
positioning 37
slewing 37
tracking 37

_C -

camming and data table commands:
loading tables 84
manipulating master position 95
manipulating tables 88
reading and writing data to/from tables 92
using data from Excel spreadsheets 94
camming and data tables: 81
command outputs 8
common bhits 51
common variables 51

D -

document:
general info (QuickMotion Reference) 5
version number (QuickMotion Reference)

23, 24
23, 25

5

_E -

encoders 8

_F -

Fault Codes:
Codes, EtherCAT 151, 152, 153
Codes, General 150, 151
MF_ABORT REQUESTED 152
MF_BADARGUMENT1 150
MF_BADARGUMENT2 151
MF_BADARGUMENT3 151
MF_BADARGUMENT4 151
MF_BADINPUTNO 150
MF_CANTCONSUME 151
MF_DCSYNC 151
MF _DRIVE_ERR MSG 151
MF_ECAT OFFLINE 151
MF_ERROR DC RESTORE 153
MF_ERROR DC SYNCO01 153
MF_ERROR_ILLEGAL VAL 153
MF_ERROR_INIT_CONFIG 152
MF_ERROR_INIT PDO 153
MF_ERROR_NO_INIT 152
MF_ERROR_NO_OPERATIONAL 153
MF_ERROR_NO_PREOP 152
MF_ERROR_NO_SAFEOP 152
MF_ERROR _NO _SERVO 152
MF_ERROR_NOT ONLINE 153
MF_ERROR_OO_RANGE 152
MF_ERROR_REMAP_CONFIG 153
MF_FGMSBLIMIT 150
MF_FOLLOWERR 150
MF_GENERICFAULT 150
MF_INVALID_ECAT MODE 151
MF_INVALID TBL OP 150
MF_INVALID TBL OP_Y 152
MF_INVALID_TBL OP_Z 152
MF_INVALID_TRACKING 152
MF_INVALIDACC 150
MF_INVALIDDEC 150
MF_INVALIDRATE 150
MF_INVALIDTIME 150
MF_INVALIDVEL 150
MF_MOTIONACTIVE 150
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Fault Codes: and QuickStep 37
MF_NO_ERROR 150 operators 38
MF_NOCAMFILE 151 motion control:
MF_NOMSBFILE 151 getting started 31
MF_NOTENABLED 150 statements 27
MF_NOTINSLEW 150 tuning 33, 34, 35
MF_NOTINTRACK 151 tuning wizard 33, 34, 35
MF_ONLYINBG 150 motion sequence blocks (MSBs): 10, 22, 23, 37
MF_READONLY 152 and QuickStep 105
MF_REMOTE_READ 151 background MSBs 26, 27
MF_REMOTE_WRITE 151 foreground MSBs 26, 27
MF_SDO_READ 151 sample code 159
MF_SDO_WRITE 151 variables 105, 107
MF_SESGMOVE_ERROR 151
MF_SESGMOVE_SIZE 151 _ P _
MF_STACK_ERROR 152
MF_TIMEOUT 152 T
positioning mode 37
MF_UNIMPLEMENTED 150 programmable limit switch (PLS) 12
MF_WRONGMODE 150
- -Q-
) o QS4 (QuickStepd): 19, 21, 105
icons used in this manual 7 hardware compatibility 7
interpolfation, for splines and CAM tables: motion control statements 27
(?Ublc 81 start statement 27
linear ) 81 stop statement 27
quadratic 81 QuickBuilder 19, 20
QuickMotion 19
- K - QuickMotion commands:
abort 45
knots 81 asynchronous event handling 46
clrout 54
_ M _ counter = expression, offset 59
counter read, write, offset 59
M3-40A servo module: 7, 10, 12, 24 delay 40
LED mapping 15 dr!ve disable 40
pinouts 15 drive enable 40
M3-40B stepper module: end 45 i
LED mapping 16 gear at (rat!o) 72
pinouts 16 gear at (ratio, counts) 72
M3-40C stepper module: gear for (slavecounts, mastercounts) 73 -
LED mapping 17 geré%rate alternate mode (alternate/standard pins)
pinouts 17 generate output rate (pulse) 57
M3-40D seno module 7 generate steps on (step/direction) 58
MF_ERROR_DC_RESTORE 150 goto 45
Model 5300 controller 10, 19, 28 host read 137

motion control programming: 39, 44, 54, 62, 72, 76
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QuickMotion commands: stop 39
host write 138 stop table 91
iffgoto 46 table <n> addpair 84
iffthen 42 table <n> addseries 85
mowe at (maxwelocity) for (displacement; table <n> clear 84
trapezoidal) 65 table <n> continue 88
move at (maxwvelocity) to (position; trapezoidal) table <n> copy 85
63 table <n> loadoffset 86
move for (displacement; triangular) 65 table <n> loadseries 86
mowe in (time) for (displacement; trapezoidal) table <n> precompute 88
66 table <n> start <imethod> <tscale>... 89

mowe in (time) to (position; trapezoidal) 64
move master at 95

move to (position; triangular) 62

mowe trap for (displacement; trapezoidal) 66
movwe trap to (position; trapezoidal) 63

new endposition (position or displacement) 67
offset position 49

offset slave (position) 73

on 46

pls (output) on/off 56

pls (output) using 55

pulse (output) for 55

reset 42

segmowve <n> accdec...rate 98

segmowve <table> accdec...disp 99

segmowve <table> clear 98

segmove <table> slew 99

segmowve <table> start relative 100 gearing statements 72
Segmowe <tab|e'> sto.p ) 99 I/O statements 54

set capture (registration input) 76 38

i q operators
set capwin range (start, end) 76 position capture and queue statements 76
set common bit 52

program flow statements 44
set common var . 53 simple motion statements 62
set feedbac.k position 49 utility statements 39
set loopperiod 48 QuickMotion variables:
set master source 50

table <n> start <imethod> cam... 90
variable assignment (to expression) 41
wait capture (registration input) 77
wait common bit 53
wait for (transition) of (input) 57
wait for common var 53
wait for in position 67
wait master (counts) 73
wait outside (position range) 74
wait slave (counts) 73
wait until 43
wait within (position range) 74
zero (master/slawe) counters 74
zero feedback position 41
zero following error 41
zero target position 41
QuickMotion programming:

urce _highBW 114
set mode posm.omng 48 _inertia 114
set mode tracking 49 _wn 114

set simulated .f(_aedback 49 _zeta 114

set tgrget position 49 acc 111

set timeout 40 accVector 134
setout .54 accX 134
slew begin 69 accY 134
slewend 70 accZ 134

slew for (displacement) 70
stat 44
statement 44

activeBG_MSBs 129
activeCAM_row 108
activeFG_MSBs 129
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QuickMotion variables:

aff 114

angle 134
angleStart 134
angleSweep 135
antibackup 121
axisnum 108

axisptr 130
axisY 135
axisZ 135

camming_invertend 116
camRequest 108
capArmed 127
capEdge 127

capGate 127
capGateState 128
caplnput 128

capLimit 128
capLimitflag 128
capMod 128

capOffset 128

cappos 128

capposc 128
capStatus 128
capTriggered 128
capWait 128
capwaitBranch 128
capwinEnd 128
capwinStart 128
capwinType 128
cmode 111

ctr# 119

debugTable 93, 129, 149
debugTableRow 93, 129, 149
debugTableRows 93, 129, 149
debugTableX 93, 129, 149
debugTableY 93, 129, 149
dec 111

decVector 135

decX 135
decY 135
decz 135

dim_factor_denom 130
dim_factor hum 130
din#g 119

dins 120

dout# 119

douts 120

driveenable 120
dwSlavelD 130
eCAT _driveType 130
eCAT_manufiD 131
eCAT productCode 131
enabled 108
encoder_mode 111
encoderZ 116
encoderZz3 116
fault# 108, 149
faulted 108, 149
fpos 116

fposc 116
global_flag# 120
global_inputs 120
global_outputs 120
global_reg# 120
gratio 116
gtimebase 111
homing_speedl 112
homing_speed2 112
inpos 108
inpos_t 112
inpos_ w112
inposw 116
invel_t 112
ineel_w 112
invertcmd 116
inertfeed 116
invertmaster 116
jerk_a 112
jerk_a req 112
jerk_ d 113
jerk_d_req 112
kd 115

kfilt 115

kgain 115

ki 115

kv 115

kvf 115
last_ALStatusCode 129
last_errorCode 129
last_errorRegister 129
last_errorType 129
lastOwerall 129
loopperiod 129
looprate 129
magnitude 135
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QuickMotion variables:

master_feedback 121
maxLoopTime 130
maxOwerall 130
mcinv 122

mdelta# 122
minLoopTime 130
minOwerall 130

mmc 123
move_master_counts 124
move_master_ramp 124
move_master_rate 125

move_master_rate_target 124

mpgai 125
mpofi 125
mposc 123
mposc# 123
mppr 117
msource 128
neglim 117

newvel 113
nonwlatile 115
owerflowFlag 130
owerneg 108
overnegin 120
owerpos 108
overposin 120
owertrg 108
pdead 115
perr 117
perrlimit 117
pff 115

poslim 117
ppg 115

ppr 117
pstate 108
gs_decel_time 131

QS2_CAP_WINEND_REL 145
QS2_CAP_WINOFFSET 146

QS2_CAP_WINSTART 145
QS2 Cmd 145
QS2_CMD_CNT 146
QS2_FILTER_MODE 146
QS2 Holding 145
QS2_HOLDING_CNT 146
QS2_HOME 146

QS2 LAST CMD 146
QS2_MSB_STATE 146

QS2 _OVERRIDE_CNT
QS2 _Owerrides 145

QS2_PARAM_CNT

QS2_Params 145
QS2_REG_STATUS

QS2_Status 145
QS2 TMP1 146
QS2 TMP2 146
QS2 TMP3 146
QS2 TMP4 146
QS2 VAR _MTD

QS2 VAR_MTN

146

146

146

QS2_VAR_NEW_ACC_FEEDFORWARD 146
QS2_VAR_NEW_ACCELERATION 145
QS2_VAR_NEW_DECELERATION 145
QS2_VAR_NEW_DIFFERENTIAL 145
QS2_VAR_NEW_FORCE_CUMULATIVE 145
QS2_VAR_NEW_FORCE_POSITION 145
QS2_VAR_NEW_HOLDING_MODE 145
QS2_VAR_NEW_INTEGRAL 145
QS2_VAR_NEW_MAX SPEED 145
QS2_VAR_NEW_PROPORTIONAL 145
QS2_VAR_NEW_VEL_FEEDFORWARD 145

radius 135

RFID_address 132
133
RFID_bytesTransferred
RFID_channel 131
RFID_control 133

RFID_bytesTotal

RFID_controlActive
RFID_count 133
RFID_data_readh
RFID_data_readl
RFID_data_writeh
RFID_data_writel
RFID_error 132
RFID_index 132
RFID_lasttagIDh

RFID_lasttagiDl 134

RFID_state 131
RFID_status 133
RFID_tagiDh 134
RFID _tagiDl 134
RFID_totalChannels
running 121
runv. 117
scanning 130
sdc 125

134

133

132
132

133
132

131
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QuickMotion variables: vel 118

settling 117 vel_accel_time 131
sfmod 117 vel_decel_time 131
sfpos 117 velVector 136
sfposc 117 velX 136

sign 117 velY 136

smark 125 welz 136
smarkfall 126 verr 119
smarkrise 125 vif 115

smod 125 vmax 114
smodc 125 vmdelta 127
spgai 125 vmin 131

spofi 125 wControlWord 130
sphase 126 wStatus 130
sppr 113 zfpos 119
stepsout 117 zpulse 110
stoprate 113 ZPULSE_NEG 119
substep 117 ZPULSE_POS 119
theta 113 ztheta 114

time 110, 113 ztpos 119
timebase 113

tim 113

tmax 113 - R -

tmel 126 registration inputs 15
:zgjc li;} Resource Manager (RM): 10

touchProbeStatus 110

tpos 118 - S -

tposc 118

tr 118 seno drives 8
tracking_pstate 110 seno motors 8
tracking_sign 127 senvo operating modes:
tracking_status 127 positioning 37
tracking_tpos 127 slewing 37
tracking_tposc 127 tracking 37

trgc 118 slew at (velocity, time) 69
tscl 126 slewing mode 37
tscifall 126 splines 81

tsclrise 126 stepper drives 9

tsc2 126 stepper motors 9
tsc2fall 127 symbols used in this manual 7
tsc2rise 126

units_ratio 118 _ T _

uud 118

uun 118 tracking mode 37
vwmd 118

vectorY 135

vectorZ 135
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_V -

Variables, Pre-defined:
Capture Variables 127
Control Variables 111, 112, 113, 114
Diagnostic Variables 93, 129
Fault Variables 149
Feedback Variables 116, 117, 118, 119
IO and Register Variables 119, 120, 121
Quickstep Variables 145, 146
RFID Variables 131, 132, 133, 134
Setup Variables 130, 131
Status Variables 108, 109, 110
Tracking Variables 121, 122, 123, 124, 125,
126, 127
Tuning Variables 114, 115, 116
Vector Variables 134, 135, 136
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