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/% 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 ofthis 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 revision 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.
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1 Chapter 1: QuickBuilder Overview

Introduction to the QuickBuilder architecture and terminology

QuickBuilder is CTC’s innovative graphical development environment for the 5300 series automation controllers.
Using the latest .NET technology, 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 ongoing maintenance.

QuickBuilder is based upon concepts fromthe IEC 61131 (1131) standard and CTC’s proven automation state
language called QuickStep. A QuickBuilder project contains all of the relevant information pertaining to a
particular automation application. The five main elements of the QuickBuilder desktop are:

L.

The Resource Manager (RM), which allows the automation developer to define how and where data
and physical I/O exist in one or more CTC automation controllers. It features a hierarchical, resource
definition view that is used to describe the data used in the project, where the data exists (physical-to-
logical mapping) as well as "typing" information for the data.

The graphical Sequential Function Chart (SFC) that describes the overall logic flow of the project. The
SFC is composed of logically connected graphical constructs parented fromtasks, functions and events,
as well as their underlying logic steps.

The QuickStep Editor is where logic is entered or edited within the steps of a QuickBuilder project. A
structured text language known as QuickStep4 (QS4) is used to programthe logic of the steps that are
contained within a task function or event. The QS4 text can either be freely typed into the editor or
automatically entered into the editor from menu-driven pick lists.

The Project Manager provides a hierarchical view of the major program elements in a familiar tree
structure. Using the tree’s drill-down capability, even large multi-controller projects are easy to navigate.
The project manager also organizes other useful information such as debug watch windows and project
documentation files.

The Library Manager allows individuals and teams to easily share and re-use common code elements.
Any portion of a project froma step, to a series of steps, to a task, to an entire page can be saved as a
library element.

Note: Appendix C contains training slides which can enhance your understanding of QuickBuilder. These

slides are only available when using the 'Help' menu option within QuickBuilder, not when this
document is a separate PDF.

QuickBuilder™ Reference Guide
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Graphical SFC Project

Project ‘_ Eitor iow REsOIGEC
Manager / : Manager
Tree List
Library
Manager
Property
Inspector

Talat. B©® - [Herawh. -

Project CriarTT - o
Navigator Step Code Automatic /

Editor Step Builder
(Cetc
Control Technology Corp.

1.1 QuickBuilder projects

A QuickBuilder project is composed of:

1. Global and local definitions that specify symbolic representations of storage (“registers”) or physical
resources such as digital inputs, digital outputs or the like;

2. Global constant definitions that specify symbolic representations of a value that do not change during
program execution;

3. One or more controllers — each of which has one or more pages containing graphical diagrams that
define logic and multi-tasking relationships. These diagrams are parented from tasks, functions and
events and are programmed in QS4.

1.2 Resource Manager (RM)

All of the physical and logical attributes of the controller are contained in the Resource Manager (RM). Instead
of burying this important information within the Project Manager, QuickBuilder uses a dedicated window for
resource management. This not only provides a clearer view of the project, but it significantly speeds program
development. Using the menus and right click functionality, it’s easy to set up and configure controllers for the
application.

Doc. No. 951-530020-010
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[ Resources > 1 X
B, New ~ ‘W View - _
=il Rescurces ~

27l Controllers
=™ BCE311-014A
=T R3-024
| M3-10A
== M3-33D
Fr_IM (@in 002) %
Oven_temp (zin 003)
E Ambient (ain 004)
T R3-044
{2 Undefined
- (7] Variables
I delta
I fail_count
Il OperatorMessage —
u product_count
7] NVariables
2] CAMs
7] PLSs
7] Segmented Moves
{7l Unassigned
[=-E™ BCE321-51A01A
T R3-044
{2 Undefined
(7] Variables
7] MVariables
2] CAMs
7] PLSs
[[j Segmented Moves
{7l Unassigned
H -

=1 11 b

Maximum capacities for the Resource Manager are:

Digital Inputs 512
Digital Outputs 512
Analog Inputs 256
Analog Outputs 256
PID loops 256
Modules per CPU 32
Racks per CPU 4
Active tasks (including Tasks, Functions and %
Events)

Volatile integers 485
Volatile floats, strings and arrays: 600
Array cells holding integers or floats > 250,000
Array cells holding strings >40,000
Non-volatile integers 4000

QuickBuilder™ Reference Guide
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14

Non-volatile floats, strings, and arrays1 100

/4 Non-volatile arrays are stored to NVRAM as part of the file system. It is suggested you use the_save datatable
script commands for larger arrays and tables since each element or cell in an array is 256 Bytes. (a 10 x10 table
would occupy 25K of NVRAM space).

/4 Integers - 32 bit signed, Floats - 64 bit doubles, strings 223 bytes maximum.
SFC Window

The SFC Window is where the program development takes shape. Using flowcharting techniques, the major
application elements are arranged according to task. Under the tasks are steps that can easily be altered, moved,
cloned, or deleted. When a step is highlighted, it is instantly linked to the code window.

main_start Eam Task
= Error_Handler S

[YlParameters
[¥Locals

[¥]Parameters

[¥lParameters
ELocals [¥]Locals

f Dial Error =1 0
Di«-x

fe=10]
D&Q
do

auto
measure D probel
Monitor
False
;Lﬂ
L

limit1 & llimit2)

Step Editor & Assistant

Once a step is highlighted in the graphical SFC Window, the actual instructions and logic for that step can be
created and/or edited in the editing window. Here you have two options: For novice programmers there is an
auto Step Assistant Editor that walks the user through the command selection and completion. The resulting
code is automatically inserted into the left side code editor window. The Step Assistant Editor is typically not
shown in the default configuration and has be included for legacy users. A more powerful full screen editor is
available, detailed later in this manual.

Doc. No. 951-530020-010
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=| Code - step'on ‘page T v ax
N e set
1 a pump1
2 do initRAll; A
3 frue
4! // zero the product count & fail count false
5 uct_count = 0;
: oo - M
; / enable pumps
& set pumpl on;
10; set pumpZ om: set pump1 on:
12, // check limits Set -- sets 3 digital output to some state
13 if (limitl limit2 limit3 limit4) then
14 OperatorMessage = string("CHECK LIMITS");
15 fail count += 1:
15 dﬂne: State: The new state:
7 ! o OK
18! /7 init tolerance table B
The Step Assistant Editor It may be opened using the View->Step Editor menu option. As an alternative
intellihelp is available which allows you to work solely in the text editor and use special key sequences to view
available commands, variables, etc. Reference the_Intelligent Prompting section for further details.
=| @54 Code - "initSystem’ on 'page 1'
‘@@
£ powerldp 1 & initSpstem
14] ikctuatorFltWords = 0;
15 iketuatorFltWord: = 0;
16 2.
1 % begin task. -
e 5 break;
;‘3 e call func. E
W cancel all tasks; |4 - ) . )
21 - | other tasks: [MInitialization Reguired®™):
22 : cancel " ! ing on ESE, Servo Amp & Axis Card
23 i canlce var. tatus && 'actuator.faulted;
24 % clrbit «<#3> war.
25 % cantinue;
26 W delay <#>ms; "o Action MNecessary"):
5 disable event event, -
4
/i Refer to the 'Editor & Debugger Mode' section for enhanced editing features.
1.5 Project Manager

The Project Manager provides a hierarchical view of the major program elements in a familiar tree structure.
Using the tree’s drill-down capability, even large multi-controller projects are easy to navigate. At the top ofthe
tree are the controllers used in the project. The program for each controller is built on logical pages. The page
concept offers a convenient way to logically break up the program. A controller can have as many pages as
desired. Clicking on a page activates it in the graphical SFC window. The pages contain the flowchart view of
the application, including all of the tasks, events, and functions used. In addition to Controller pages, there is a
scratchpad area that is not associated with any particular controller, but rather can be used in developing
modules that might be used in multiple places.

QuickBuilder™ Reference Guide
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1.6

L1 Project > 1 X
=3 QuickBuilder
=17 Project Pages
=-[7] BC5311-01A
=[] page 1
T initAll
[ main
B measure
B «vMeasure
=-[£] page2
® Seal Control
= [7] BCE321-51A014 [}g
= |J page 1
B Dancer CTRL
B Limit monitoring
E Main Mation
E Motion Error Han
B FI0-Standard
=-[#) Unassigned Project Pages
[# Scratchpad
=4l Documentation
@-_] B4 panel clear frame jpg
IE_] Cell 7 Recipe Data xls
esign 1

[ ault Flan
[ Report3
=15k Debug
& Analog 10
I Critical Vars
P Constants

Library Manager

QuickBuilder’s powerful Library Manager allows individuals and teams to easily share and re-use common code
elements. Any portion of a project froma step, to a series of steps, to a task, to an entire page can be saved as a
library element. Library elements are stored in a folder that can be located on the local PC or shared server.
Multiple libraries can be open simultaneously.

» Stores and retrieves snippets of logic

* Multiple libraries are supported.

* Encourages code re-use

* Minimizes debug time when proven logic is inserted into a new project
+ Standardize Projects and Programs

* Corporate (networked) Libraries as well as User Libraries are supported

Doc. No. 951-530020-010
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1.6.1

Creating a Library

In order to create a library simply select the 'Library' tab:

bu Bck_l_i_uilder - C:"n.DE'.r‘-LTDn:l.Testing‘aC_Example_CunErsicns["u"

) Library
Library g
Narme: Description Last Madified User l"]
[ Autostart B Use to autstart pick and place 9/26/2006 1060 AM  CTCAGreg
D Base Error...  Standard Enmor Handler for base machine 9/26/2006 10:53 4 CTCAGreg =
[ codl fune Groups coaling functions together 11/29/2006 E0EPM  CTCAGreg
%4 Library [210 initislizati... - Initislizes 1/0 for the dual cj}i:cnnvaym 9/26/2006 10:54 AM  CTCAGreg
Ubrary % [Z log This task will log data from uts 1-8 everp 10ms when input 1645 .. 11/7/2008 9:19.AM CTCGreg
- [ main blink light blirk rates 1142172006 £33 PM  CTCAGreg
Name Descriptif| ) rae 11409008 3101 Bhd CTMRran l”]
DAulusta.. Use to au| I A | l’]
[ Base E... Standard || Library: | My QB Library v
ool func Groups GO o s s Toget e
=l p: J i
[510 initia... - Initializes 1/0 for the dual chain conweys A
[=] loa This task will lag dats fram outputs 19 ¢~
2] main bi... Use to set andon ight blink rates
[= test Sets auta test routine
D threest...  Three step homing routine
[=] twostep  Twio step haming routine [v]
= . .
[l i J 2]
Librany: | My O Library lv
—————{My OB Library E—
4 Over Eamples [}S X
’—_‘ETEADDS Dept [,,
= T

: File Edit

BEHE

View Help
= M

Bl

] 73]

P

=t l"i

<

‘@ ® B E s ve[d @

7 Library

i ]

¢ [0
x

Library
MName Description L
1 | 1] |
Library: [ v]
[y Project | Lit:anu'I:r

Fromthe menu select the New' item:

QuickBuilder™ Reference Guide
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QuickBuilder - CADev\TomTesting\C_Example_ConversionsIV

i File Edit Wiew Help
R HRE YD B ED N P
@ T E R s veld @ % a:=c [
“J Library 1%

Library | [

| Mew

[
B
Dpen

Cloze

Show Full Information

4 | 1 | 3

Library: [ v]
[ Project | @ Library |

A file dialog box will open, enter the name for the library and modify the path as needed if it is to be stored
elsewhere:

Doc. No. 951-530020-010
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L Bl
ClukckFices - Dl S|

' Organize - Mew folder S, @
< Favorites * Mame : Date modified Type [*
Bl Desktop 0 AidaFINAL 3/8/2012 9:33 AM File fol =
8 Downloads . ArrayCreationTest 3/24/201010:49 AM  File fol
"El Recent Places ) b275-PLC-) 4,/20/2010 907 AM  File fol
—* lomega StorCent . blinkderno 6/2472010 3:57 PM File fal
. BrandGausExamplel 1/31/201211:54 AM  File fol
[ Libraries 1 C_Example_ConversionsId 9/28/2011 317 PM  Filefol
@ Documents =3 1. C_Example_ConversionsIV 10/372011 2:36 PM File fol
Jl Music . CAMFileUpdate 7/26/2011 8:33 AM  File fol
[E] Pictures . CAMLoading 5/3/2010 12:20 PM File fol
B videos 0 camTestWithStopAndStartOwer 5/6/2010 3:16 PM File fol
) CamWith2Axes 3/15/2010 2:38 PM File fol
18 Computer . CancelTask 10/17/2011 1:49 PM  File fol
ﬂ Win7 (C) . CancelTaskl 10/31/2011 11:56 ...  File fol
5 backups (\\backy| | L. Coilcraft_Caming_Problem 51772010 4:22 PM File fol
L. CoilcraftMissedCam5Start 51772010 8:54 AM  Filefol ™
€8 Netunrk ~ | e LN d 4
File name: -
Save as type: [QuickEuilder Libraries (*.qbl) V]
'~ Hide Folders [ Save Cancel ]

Select the blocks to store in the library by holding the 'CNTL' key down and clicking the steps. Below shows 3
steps being selected.

QuickBuilder™ Reference Guide



QuickBuilder Reference Guide 17

Integer_To_ASCI

Click the Add icon to store the selected items as a Library entry. Each time Add is selected a new entry will be

made.

QuickBuilder - C:\Dev\TomTesting\
! File Edit Wiew Help

B HE S R EDO NP
‘@ ® B E s ve [d[3 % @:== ¢ [

Library

MName L‘*&m‘ipﬁun Li

<] i J ’
Library: [mg,ﬂn.b v]
[ Project |4 Library |

Edit the 'New Item' name to that you wish to call the Library entry:

Doc. No. 951-530020-010
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i File Edit Wiew Help

B EHE S R EON P&

‘Ex e B s vefd[a « 6= c [0

“J Library o
Library (&
MName Description L
=
4 | i | b
Library: [m}‘d.b v]

[ Project |49 Library |

Below shows the new itemnamed:

. _uichuiIder =T

! File Edit Wiew Help
DR HE R B EON
@ T e RS ved@ %@z c [

“J Library oox
Library &
MName Description
[=] [Integer_To_ASCII Function| | 3
1| ] | 3
Library: [m}'ﬁb v]

[ Project | Library | I

In order to use the item fromthe library simply select it and drag and drop it to the flowchart area.

QuickBuilder™ Reference Guide
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1.7

FTP Explorer

The FTP Explorer allows you to organize the projects that are stored in your controller. It also allows you to set
up which project will run when the controller is initially powered up. FTP Explorer can be accessed by right-
clicking on the controller as shown.

B New "y View
= [ Resources: &
=_| Controllers
SR ) Control1 [BC5311-014] =
=- B New 3
@ Open grid view 001)
£+ Move 1 002)
J Move Do
§  Telnet
£33 Status/Control
i} Bxplore [
22 Delete
|| k3 T
- HJ 7 (din 012)
-] 7 (din 013)
-] 7 (din 014)
-] 7 (din 015) &
FTP File Manager:

Doc. No. 951-530020-010
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1.8

& Controller Explorer: "Control1"

File
(=& Controller Ez: | A
=] _system &Lﬂl =
-] Datatables Bt =n B
-] Diags modified 2/14/2006 11:34 A
] Emails name Lab2-Cortrol1 gz
] Firmware size (compressed 17k
] Messages Bl Manifest
-2l Programs —— e
I'_'Iq_jS{:rlpts L\} — —
@) _startupini downloaded 12/14/2006 10:26 A
& ] Web e
E{jHM'-ﬂDEK LESET HELAF TUF-LIANY Llawn
-] DataStore B Publish
S} Lab2-Control1 (cached) startup project True
----- [ Iab3-Analoglab (cached)
. (B Lah3-Control1 (cached)
""" @ Lab4-DEMOT (cached)
[ string-Contrel1 (cached) modified
The date and time the file was modified
[|j?| Copy to.. ] | ew Folder || S anage Ke
ﬂ Delete || Open on Deskiop
@[ | Connected

Global and Local Resources

Global and Local resources are defined and grouped in a tree structure. Global resources are shared by all QS4
tasks, events, and functions (and in the future, all of 1131) — Local resources are created and used on a per-QS4
task/event/function basis.

Logical resources are what used to be called registers, except they are no longer numbered and can take on
multiple types depending on their current assigned value (Boolean, integer, string and double-precision floating-
point).

Variables (Volatile & Non-Volatile)
Data Types:
32-bit Integer (“int”),
64-bit Floating Point (“float™)
String (“string”)223-byte maximum length
Boolean (“boolean”)
Any (“any”)

Storage Types:

e Scalar (“scalar”) - Holds a single value
® One dimensional array (“vector”)

* Two dimensional array (“table”)
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/M QS2 Users: Arrays are used in place data tables. They are much more powerful then data tables also since
two-dimensional arrays allow the use of multiple variable types.

/l Variable names are case sensitive. Spaces and special characters are not allowed. You may find it useful
to routinely use lower-case characters when writing your program, because reserved system variables are
typically upper-case and it will help differentiate them.

Physical resources represent controller physical entities which usually connect in some way to the outside
world, such as inputs, outputs and the like.
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For example:

B Mew v Wy View * _ :

=il &
=4 Contrallers
=8 BCET-1A
=1 R3-024
== W38
™ Outt [dout 001)
M 0wt [dout 00Z)
M 7 [dout 003)
M 7 [dout 004)
M 7 [dout 005)
M 7 [dout D0B)
™ 7 [dout 007)
M 7 [dout 008)
|2 h43-14B
1) Undefined
=[] WVariahles
BB tuivan
=] Wy ariahles
har2
] CamMs
"] PLSs
7] Segmented Moves
13! Unassigned
! Unassigned

e

RV P S T T 1 ¥

+

This example shows four resources defined: two logical and two physical.

The first logical resource, MyVarl is defined as a simple volatile Variable. The second, MyVar2 is defined as a
non-volatile NVariable.

The first physical resource, Outl, is defined as a digital output and is assigned physically to the first rack’s (R3-
02A) module (M3-18A) and the first output on the module. The second physical resource, Out2 , is defined as
another digital output and is assigned physically to the first rack’s (R3-02A) module (M3-18A) and the second
output on the module.
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1.9

Physical reconfiguration can be performed at any time by context (right-mouse click) menu:

B Mew v Wy Wiew v _

=@
=-_| Contrallers
=8 BCE311-014

]
=T R3-024 -
== k3188 &
L] Outt [dout 0011
M Out2 [dout 002] 4~ o
™ 7 [dout 003)
I 2 [dout 004] e Move Down j
E 7 [dout 005) E] Unassign
™ ?(dout008] | , b |
™ 7idoutoon) | "
M 7 [dout 008 |@ Exchange 'With  » " f= M3-148 b | [ 7 (dout 009)
| M3-14B
(& Undefined [ Rename = M3-188 v B 7 (dout 010)
= 7] Wariables L™ ™ 7 (dayt 011] "
B3 tiiar — : Llii‘
= 7] Nvariables 1 7 (dout 012) L
- B My M 7 (dout 013) {
Camsg
7] PLSs M 7 (dout 014) {
7] Seamented Moves M 7 (dout 015)
7l Unassigned
&l Unassigned I 7 (dout 016)
M 7{dout 017} /
ba - ¢ fdaut 015, .
o i AT e _,,F_,mn_),

Intelligent Prompting

While in the editor window certain key sequences can be used to help remember available commands, defined

variables, functions, axis, etc.
STEP Intelligent Prompting Editor Keys:

Summary:

?.— Display available commands.

ain. — Display available analog inputs.
aout. — Display available analog outputs.
axis. — Display available motion axis.

din. — Display available digital inputs.

dout. — Display available digital outputs.axis. — Display available motion axis.

“selected axis”. — Display motion variables and property for specific axis.
func. — Display available function calls.

evt. — Display available events.

msb. — Display available MSB blocks.
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nvar. — Display defined non-volatile variables
pid. — Display available PID definition blocks.
step. — Display available steps.

task. — Display available tasks.

var. — Display defined volatile variables

xvar. - Display defined xvar variables (locals)

?.— Display available commands

2

. thegin task, S
B, break;

g, call fune,

=, cancel all basks;

w5, cancel other tasks;

B, cancel var,

g, clrbit # war,

B, conkinue;

m, delay # ms;

B, disable event event, b

Note: Allitems enclosed in < >must be replaced by valid references.

axis. — Display available motion axis

axis.

o r—— ;
H1a iactuakor
L) axise

“selected axis”. — When axis. is satisfied the resulting axis name may be used to reference all created MSB
variables as well as axis properties. For example if the axis name was ‘actuator’ then actuator. would cause a
prompt with MSB variables and axis properties.

actustor.
'STEF ﬂ jogMinus s
Jtrue ﬂ jogPlus

I leadToalonTime
'mode. [l manualCut
creenP [ materialFeed
then g [ movingManualCut
else g u mppr

J_] Property-Motion

e I8 returnDwel

e — sawonTime W
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func. — Display available function calls.
func.

| enableServo

P priCalc
B ppilirect

evt. — Display available events.
eve.

E iresetbixis
B resetServobmp

msb. — Display available MSB blocks

gtart actuator ms]::-J

icamMove_CFg P
camMove_Run ;
disahleServo
enableServa
goToZero
homesctuator
jogCnkrl

resetfxis
rollCrer_Inik

rollover _Run w

nvar. — Display defined non-volatile variables
nvar.

[T backiveCutMade Lo
[ iBatchCount
[ igatchstpt
[T icCutSkartPtERkey
[M iLeadToolonTimeEntey
m iLengkhEntry
m iMskr_mppr
[T iMstrEnclineCntEntry
[M iPPICalDisplay
i [ iPPIHolding w

pid. — Display available PID definition blocks.
pid%

110 Windows 7 and Vista Support

QuickBuilder has been fully tested with Windows 7 Ultimate, both 32 and 64 bit. In fact QuickBuilder is now
developed on both ofthose platforms to ensure compliance. Vista has not been fully tested but it is
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recommended that you follow the Windows 7 guidelines. As before, install '‘QuickBuilder Support' first, followed
by the latest 'QuickBuilder Setup'. For legacy users a new 'QuickBuilder Setup' was made available in February
2010, mainly to address security issues that effect the 'C' compiler, cygwin 1.d1l.

After the initial install QuickBuilder must be invoked using the 'run as administrator' menu option. This is needed
to establish machine wide licensing. Windows 7 is very security minded and thus many things are limited to a
user level. Once run you can exit immediately and reinvoke using the desktop shortcut, QuickBuilder will then be
run as a normal application.

Failure to 'run as administrator' after install will cause the following to appear:

QuickBuilde

Licensing Error: 7 (CAMMOT OPEM FILE). If Windows Vista or 7 must
‘run as adrninistrator’ pregram Ch\Program Files (x86)\Control
Techneology Corperation’ QuickBuilder\QBApp. EXE first time after
install.

Followed by:

€3 QuickBuilder - Unhandle

To ensure this does not happen simply invoke the QBApp.exe file as suggested by the Licensing Error dialog,
right clicking on the exe file as shown:

F

il
<« Win7 (C:) » Program Files (x86) » Control Technology Corporation »

Organize = Open Burn Mew folder

Mame Date ml:ndvifi

| . Favarntes

Bl Desktop |‘ﬂ QBApp 225070010 1
J. Downloads %] QuickBuil L=
*E—-j Recent Places _relnotes I@I Run as administrator

B Release N Troubleshoot compatibility
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Simply execute and exit immediately. Note that this is needed regardless of whether you have administrator
privileges. It is not needed if UAC (User Access Control) is turned off.

Numerous problems can arise due to security access problems. This is typically caused by a user attempting to
write to something above their user security level. Although QuickBuilder conforms to Windows 7 security,
something as simple as copying a full project from another computer to your disk can cause a security violation
when you open the project. This is because the sub-folder of the project is fromanother system and not owned
by the user. The simplest way around this is to only copy a project file (qdp) and not the sub-folders. The
folders will automatically be created during translation. Ifa problem still persists make sure that the user had full
control permissions on the sub-folder. Ideally it is best to keep files in the User's Documents area to avoid
problems. Failure to have the proper security level can cause this message:

- =
QuickBuilder s

I__,»"_"\__ Couldn't open project {exception):

Ny __,-'I Systern.UnauthorizedAccessException: Access to the path
~'CADevTomTesting\CamWith2 Axes\conl'gs2.dso’ is denied.

at System.IC._ Error WinlOError(Int32 errorCode, String
maybeFullPath)

at Systern. IO FileStream.Init(String path, FileMode mode, Fileficcess
access, Int32 rights, Boolean useRights, FileShare share, Int32 bufferSize,
FileQptions options, SECURITY_ATTRIBUTES sechttrs, String msgPath,
Boolean bFromProsxy)

at Systern.ICLFileStream..ctor(String path, FileMode mode, FileAccess
access, FileShare share, Int32 bufferSize, FileQptions options, String
msgPath, Boolean bFromProxy)

at System.C.FileStream..ctor{String path, FileMode mode)

at QuickBuilder. JBMain.doOpen(String name)

Followed by:
r B
QuickBuilder -

1 It is OK to continue, exception information is for diagnostics, if
WY Windows 7 delete any

folders related to project and let them be created at this user's security
level,

Windows 7 has been tested with the following User Access Control setting:

Doc. No. 951-530020-010



28

Control Technology Corp.

1.1

B/ User Account Control Settings T S e S —— E‘ﬂg

Choose when to be notified about changes to your computer

Tell me more about User Account Centrol settings

User Account Control helps prevent potentially harmful programs from making changes to your computer,

Always notify
| - [ - Default - Notify me only when programs try to make
' changes to my computer
| ®  Don't notify me when I make changes to Windows ]
| -- settings
|
|

@; Recommended if you use familiar programs and wisit

| - - familiar websites, 1
| .
| Mever notify
|
|
| — l
|
| Ok ” Cancel ]
[ —— —_ I I

Setting it to "Never notify" will require a restart to become active and will disable UAC. This will resolve most

security confusion if problems should occur.

Tech Tips

Numerous programming tips are available online at Control Technology's web site, TechTips.

One of particular interest is:

Technote #36: QuickBuilder’s Expanded Features Make Programming Even Easier - Details a number of features

that may not be available in this manual, such as online debugging.

A knowledge base of sample code is also available.
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21

Chapter 2: QuickStep 4 (QS4)

QuickStep 4 is CTC’s next-generation automation programming language.

QuickStep 4 is the next-generation programming language for CTC automation controllers. Although different
from earlier versions of QuickStep, it is similar enough to allow seasoned automation engineers to easily
transition to.

Whereas Quickstep 2 & 3 used a single program that consisted of many steps, QuickStep 4 allows users to break
their programs into reusable and flexible tasks, events and functions that encourage good programming practices.

QS4 SFC Graphical Constructs

QuickBuilder uses a series of graphical constructs to define the overall logic for a QS4-based project within the
SFC window. These constructs are as shown below.
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211 SFC Diagram

The SFC Diagram is a graphical representation of overall program flow. The SFC Diagram contains a series of
connected graphical constructs which determines and controls how the programis executed on the controller.

Task Task

FUN_X_axis run_y_axis

[¥Parameters TParameters

YL ocals L ocals
posi>0 pos2=0

Diﬂ
b
True M True

¢
4
i
-
/
{
Py
+
1
¢
s
P
posIxl pos2yl (
True X !\

P e _.4[‘?_4_,!" F - - g s r-"'""”'r_'? I T L -~ [

A toolbar in QuickBuilder is used to insert these graphical constructs onto the SFC Diagram. This toolbar is
pictured below.

=
[ -
|m
-
y| &
| &

dad=cm{
o

=

Each of the icons in this toolbar inserts a specific graphical construct into the diagram. In the section that
follows, these icons appear in the sub-section header as a guide to their meaning.
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2.1.2 QS4 Task Definition

Icon(s) on toolbar: Iw

F
[Start Task | Task
name name
[¥|Parameters [¥|Parameters !
[¥]Locals [¥]Locals
L8] [ /
2 " . - -

This graphical construct begins a QuickStep4 task definition. The QS4 task name appears within the blue box.
When a task is designated as the szart task, bold lines appear at the top (as shown above on the left). Every
QuickBuilder project must have exactly one starting task for each defined controller.

Task constructs are used to begin a series of QS4 steps. Tasks are a section of code that includes multiple steps,
decisions, and conditions. Start tasks run only when the programbegins. You must have one start task and you
can only have one start task. Standard tasks can be started from either the start task or any other task that is
currently running. Also, note that you can have multiple tasks running simultaneously. When multiple tasks are
running, QuickBuilder uses a time-slice or time-share method to run them. Time-sharing is the sharing ofa
computing resource (the CPU) among many processes. In the background, the CPU automatically manages which
steps to attend to next.

Tasks can have parameters and local variables — although a start task cannot take parameters (since no one will
ever call a start task).

21.3 QS4 Event Definition

Icon on toolbar: 'E

Event

name f
[FIParameters 4
[¥lLocals f’

condiion

This graphical construct begins a QuickStep4 Event. This construct is a mechanism to define logic for
asynchronous events. When the specified condition evaluates to true, the defined steps are executed in parallel
to other steps that are executing.

Events are implemented like tasks except that they wait on a specific condition before they run. Rather than
beginning an event, you enable or arman event. When you enable an event, it scans and waits for the condition
to occur. When the condition occurs, it triggers the event to run. Events are specifically useful for error-handling
and looking for error conditions such as E-Stops or light-curtain triggers.

Events are allowed to have local variables, but they do not take parameters.
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21.4 QS4 Function Definition
Icon on toolbar: [E

Function 1

name #
[¥]Farameters y
[¥lLocals P

L&) r'f
» e

This graphical construct begins the definition of a QuickStep4 (user-defined) function. User-defined functions
are a series of steps which perform some operation and possibly return a value. These functions are called by
using the QS4 instruction call.

Functions are implemented much like a tasks in that they allow both local variables and to pass parameters.
Functions are “called” rather than “started” and must be completed before the task that called the function can
resume processing. This is commonly known as subroutine programming.

Functions can have parameters and local variables.

21.5 QS4 Step

Icon on toolbar: &

- ?

L

P
rlET w [

A il

The QS4 step contains QuickStep4 code. The name that appears in the top boxis the QS4 step name.

A QS4 step can be connected to another QS4 step. When a connection transition (the white box below a step) is
used, it defines when and if the program flow will proceed to the next step. If the connection transition is left
blank, program flow continues without waiting for any condition (implicitly true).

In the diagram below, two steps are shown with a transition in between. In this case, step! will only proceed
onto step2 when x>0.
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2.1.6

21.7

Gl
-/

QS4 steps must parent froma QS4 Task, a QS4 Event or a QS4 Function.

QS4 steps are guaranteed atomic during execution with specific caveats on certain instructions.

QS4 Goto

Icon on toolbar: E

-
(8]
[> destination ] /
L . r‘ alb
The QS4 Goto sends program flow to the named destination. It is sometimes more convenient to utilize a
graphical “goto” rather than connecting lines in the SFC diagram.

QS4 Do Step

Icon on toolbar: %2
-
ag

(]
bt a

The QS4 Do Step is a shortcut symbolic construct that represents the textual QS4 do statement. This aids the
user in visualizing multi-tasking operations which would have been otherwise obscured.

For example, the construct:
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> name <

fels]

Lower_Clamp
Lcweb Clampd

’_...,.,-—-- -

is equivalent to the QS4 statement:

do ( Lower Clampl Lower Clamp2 );
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2.1.8 QS4 Begin Step
Icon on toolbar: b€
-
begin r

s

.. A
The QS4 Begin Step is a shortcut symbolic construct that represents the textual QS4 begin statement. As with
the QS4 Do Step, it aids the user in visualizing multi-tasking operations which would have been otherwise

obscured.

For example, the construct:

I’.
= llel_task }
parallel_

g A .

is equivalent to the QS4 statement:

begin parallel task;

2.1.9 QS4 Decision Step

Icon on toolbar:

True O-'—(
A

The QS4 Decision construct can be used in place of the if/then/else statement to provide a more readable SFC
diagram.

By default, the true path is on the bottom, but the user can select an alternate with the false path on the bottom.
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2.1.10

21.11

QS4 Done Step

Icon on toolbar: @
<in ¢
. o7

The QS4 Done construct visually represents a QS4 done statement (for tasks and events) or a return statement
(for functions).

QS4'C' Step

Icon on toolbar: ©

The QS4'C' step contains ANSI'C' code provided by the User. The name that appears in the top box is the step
name.

A QS4'C' step can be connected to other QS4 steps. Unlike the QS4 step, there is no transition blocks. QS4'C'
steps must parent froma QS4 Task, a QS4 Event or a QS4 Function.

QS4'C'steps execute just like other steps except that they own the task processing until they return, thus they
should not stay in a loop once invoked, returning immediately. Reference Chapter 3 of the 5300 'C' Users
Programming Guide for some of the available internal function calls. Chapter 6 of the_5300 Enhancements
Overview also references Variant access via 'C'. A sample project is available, called 'QB_C.zip', which provides
numerous 'C' function examples.

'C' steps are very powerful constructs that can be used to enhance both the QuickBuilder language and
performance. The code within the block is compiled inline with that of QS4 steps, thus no external tools are
needed.

/4 The gce compiler V3.4 is currently used. C++is not supported.

/4 'C' steps can access all QS4 resources, including the file systemand communications. When a QS4 program is
generated 'C' code is created. Check out the gs4.c file that is available in the project folder after translation. 'C'
steps are simply inserted in this file as function calls and compiled with the rest of QS4 in a very efficient manner.
You may even place your own external functions and globals in other files and include them.

/M 'C' steps can not be easily debugged. It is suggested that you write small amounts of code and test it, using
XVAR's as a way to view variables and relay information fromyou 'C' step during debugging. XVARNAME.
value is what is referenced at the 'C' level, reference the generated qs4.c file and QB_C.zip examples for details.
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2.1.12

4 'C' steps are each actually a 'C' function call encapsulated within a step. The function is passed a TASK *task
which is typically used to access local variants.

Example:

// Convert a 32 bit binary value to an ASCII string

// storing in successive integer registers starting at CTC destRegister
// Example:

// _CTC floatValue = 3.567

// On exit CTC destRegister would be 0x33

// _CTC destRegister+l would be 0x2e

// _CTC destRegister+2 would be 0x35

// etc...

// ON RETURN: CTC length is 0 if failed or number of registers used

char buffer[32]; // scratch buffer for convertion
int i, j, val;

// Convert 32 bit binary value to ascii bytes locally
sprintf (buffer,"%0.6f", CTC floatValue.value);

// Find out length of all characters
i = strlen(buffer);

for (j = 0;j!=i;j++, CTC destRegister.value++)
{
// Get a character
val = buffer[j];
// Store it in the next desired sequential register
regWrite( CTC destRegister.value, val);
}
// Set number of converted characters
_CTC length.value = i;

Motion Overview & Sequence Blocks

CTC’s Model 5300 uses a powerful object-oriented approach to solve motion control applications. This greatly
simplifies application creation and maintenance. It also improves performance by offloading the demanding
motion control tasks to specialized motion control processors on the 5300 Motion Modules. Motion control
commands are created within QuickBuilder and then transferred to one or more physical Motion Modules, for
true parallel operation. The logic to control motion is encapsulated in what is called a Motion Sequence Block, or
MSB.

Operational Overview:
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5300 CPU
QuickStep 4
Program

Q5S4 Motion
Properties

QS4 Motion
Statements
Start axis MSB
Stop axis
Sync

—)
:\I>

5300 Motion Module |

b g

[ System 1/O

Local I/O & Motor Interface —

One or more
QuickMotion
Statements

right © 2010 CTC

The main components used in Model 5300 motion control are:

The Axis Module - The physical Motion Module in the rack.

The Axis Object -

® The Axis Object represents a

physical servo or stepper
axis on a motion module.
® It is created
automatically when
a motion module is
added to arack in
the Resource
Manager.
® 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.

* Using Motion Sequence
Blocks (MSBs), you can

(Gete:
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command each axis to
performa sequence of
motion statements.

=l M3-4048
conveyor [axz 001]
prezs [axiz 002]

The MSB - The Motion Sequence Block containing one or more motion statements that execute on the Axis
Module’s CPU under the supervision of QuickStep on the main 5300 CPU.

The Motion Sequence Block (MSB) element holds QuickMotion statement sequences.

MSBs appear in the QuickBuilder project as stand-alone graphical elements.

MSBs are not associated with any particular axis. This allows the same sequence to be reused many
times for different axes, similar to the way a function works.

An MSBis started on a given axis by using the “Start MSB” statement within QuickBuilder.

MSBs are programmed in the QuickMotion language —a language designed specifically for motion.

One MSB can start another MSB that can run in parallel on the same axis: Up to 4 foreground (500-

800us) MSBs can be running simultaneously. A foreground MSB runs an instruction per servo tick
cycle while a background MSB does not run as periodic, executing using free processor time about

every 2mS.

Up to 32 total MSBs can be running simultaneously (memory limited).

Icon on toolbar: IIJ

Motion Sequence

The Motion Sequence Block (MSB) construct holds QuickMotion command sequences. These
sequences are used with QS4 Axis objects.

See the QuickMotion Reference document for further information on using QuickMotion.
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2.2

Editor & Debugger Mode

QuickBuilder consists of two editor modes, Project and Editor. Project mode is similar to the screen shown below

where the graphical flow chart representation is depicted, you can click on a step and then edit the code in the
window at the bottom of the screen.

= = ==
= =

)

[T N

The tab at the top of'the flow chart window also shows Editor. Selecting that converts you to Editor mode.
Editor mode offers some very powerful features:

1. the ability to view the code fromtwo different tasks at the same time;
2. view help by simply double clicking an instruction, in the help tab;
3. online monitoring of variables;
4. MSB online monitoring and debug.

Below shows the Editor with the 'Split' tab selected:
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Project | Editor

ST

BaOBD ORI B BRI BRI RY
b L R) R

o

// !l'analog: — [
&l ! !STEF TRANSITION CCODE

goto FilTre=zlni Indicates a Start Task or
Task

lueln.

// ''analog.Fill¥
//Turn on the Fill Valve

lve on;
Error variable to 0

Indicates a Step

TRANSITION CODE

evelCheck:

// 'lanalog.LevelCheck:
while !Error repeat {

//If TankLevel >= 8V

turn on the drain v

if TankLevel >= & then =set Dra
f/If TankLevel < = &V turn off the drain
if TankLevel <= & then set DrainValve of
¥

f 11STEP TRANSITICN CCDE

when (StartInput && !'Error) goto FillVal

il | [)]

<]

1 y/ !!StartFunction:
2y // !''5TEP TRANSITION CODE
31 goto Starc;
54 // !'StartFunction.5tart:
61 /*0Once We have seen the start input we run the funct
74 BatchSize times*/
8] for i = 1 to BatchSize repeat{
91 call Batch;
10§ delay 1000ms;
113 ¥
12
13
15
16

/ !'!5TEP TRANSITICN CODE
131 when (StartInput) goteo Start;
20
21

11 [)]

nds N4

diay

<]

You can even add steps while in the Editor by issuing a right click in the Editor Step. Selecting ‘Add Step’ inserts
anew step below the step you have selected.

£

1'MainTask.HomeWait:

L# start Axisl Main;

start Axi=s2

Start the Main MSE
S5tart the Main M5B

Main;

H
f 1I5TEP TH
i1 when (Strtln
i Copy
SFf '""MainTas
L Delete ned bits
H ! Mis 1 Main M5B to =
! o EEEEar i= 2 Main MSB to s
3 Find All References
g STEF T& Change State/Procedural
when (SCEITSroressoorrorrrr—goroe Step3;

You can create code in the new step and rename it as desired.
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| 108 // !''MainTask.HomeWNait: <Procedural >
11§ =start Axisl Main; fS S5tart the Main MSB
123 start Axis2 Main:; S5tart the Main MSB
13
15
174 // ''5TEP TRANSITICH CODE
13§ when (StartInput) goto SendHome;
1g
| 0 ff ''MainTask.=stepl: 11 [Dul-kBuilde
21: =et StatuslLight on;
22! set Actuator off;
23i delay 500 ms;
22|
| 25; // ''"MainTask.SendHome: <Proccfiural >
o SrETTS 0] = (M= S ~laary the hemad it o
271 SCBITS[1] = O:
28] Axisl.GoHome = 0; /f/Tell the Axis 1 Main M5B to start homing Axis 1

Other useful features such as 'Find All References' allows you to find all references to the highlighted

text.
14 start @ enable axis; J/ enable axis number
15 E |_|I'Iljl:l :|1]
1 ztart ax tal;e axis number
?: del 10 cut 0] d
18 ela 01 seconds
] ¥ Copy
19
ff Delete
&l
22 115TE|] Add Step
237 goto mot] Rename Step
24
254 S/ '"!'mai
-6l © Change Stategrucedural
i

The result is displayed in the console window below the editor. Double clicking on a line of the result

will make that step current an place your cursor within that area of the editor.
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Console

[main, 442, 445] start &¢1 enable_ads; 4/ enable axis number 1 using enable_axis MSE

[main, 777, 780]: start &1 main; // startt axis 1 using the main M5B

[main, 35, 898]: start =1 freg_out; // start axis 1 Freg_Out M5B

[main, 1276, 1275]: /faxl y=0;

[main, 1305, 1308]: stop ax1; //stop all M5Bs on ads 1

main, 1432, 1435]: repeat &1 x=0; until E_Stop==0; /¢ hold here and wait for switch to tum off

in, 1513, 1516]: repeat &x1x=0; until Start_Mation==1; // hold here and wait for Start Motion PB on the CT_HMI| touchscreen is on
[main, 1622, 1625]: ax1x=0; // setthe x varable to 0 to start motion at main M5B
[main, 1696, 16559]: start a1 enable_axis; /7 enable &ds 1 using the enable_=ds MSE
[card_|_0, 647, 650]: Greenlight = x1.Greenlight; // Monitor fwdis 1 varable Greenlight to see when it comes on, and tum on Greenlight {din1)
[conveyaor, 257, 260]: &1 y=frequency; // varable vy on &ds 1 is equal to varable frequency in the Quick Builder world

You can also use the Cntrl-F keyboard sequence to invoke the find form, further refining a search
based on case, local, global, etc.
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2.21

2.2.2

Translation

After programs are created they must be translated. The translation generates the compiled 'C' code
that is downloaded to the controller for execution. All errors must be corrected prior to download. To
translate a program select the translate button:

QuickBuilder - Ch\DeviTomTesting
: File Edit View Help

DRAHE YR B 00N @S0 EG 7L

=34 g . ey B
lat
=59 QuickBuilder | Frd

=-00y Project Pages
=[] Test [BC5311-01E] art Task

=-[Z page 1 Kickoff

- AddressOf_Var Paramet

-\ ASCI_To_Number
Braider_ADJ
Checksum_X0OR
COM_Recv
COM_RecvCnt
COM_Send
Float_To_ASCII |
Integer_To_ ASCII
Kickoff
String_To_Reg

T R o

[ yrsle

A window will appear in the center of the screen listing any errors or none as shown below:

=

[ QuickBuilder Errors & Warnings [ =N |r

Sewerity

Component
0|Image size: 1241188 bytes. 0.98% Program Are...
i} info 0 Translation Time (MO ERRORS): 3.28 sec(s) Project
i} info 0 Test archive size: 107,710 byte(s) Project

A

Translation Modes

There are 5 translation modes available within QuickBuilder:

Legacy — The original translation mode used by older QuickBuilder programs, prior to 11/2010. This mode
generated ‘C’ code and interpreted Quickstep code. It is no longer supported and provided for legacy
applications that need to be built. It is recommended that all Legacy programs be built with ‘Optimized _debug’
for a significant performance improvement. Many new instructions are not supported in Legacy mode and an
error will be generated during translation.
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Optimized debug — The default QuickBuilder translation mode which generates full ‘C’ compiled code along with
debug information useful for breakpoints and monitoring program execution. Step instructions execute
sequentially as in a procedural program.

Optimized no_debug — Same as “Optimized debug” except the debug information has been removed in order to
make a smaller program image. Some large programs have problems fitting in the base RAMDISK size and need
to remove the debug information as a cost reduction versus expanding to a larger RAMDISK.

Optimized Quickstep debug — The default Quickstep Import translation mode (automatically set when imported).
State programming where the assignment instructions are executed only on the first loop of the step and a
branch out of the step must be by a specified ‘goto’ instruction. Debug information is included in the program
file image.

Optimized Quickstep no debug — The same as “Optimized Quickstep debug” except the debug information
has been removed to reduce file storage requirements.

The desired translation mode is selected under the controller properties:

o ox

description

name conl
optimized_Quickstep_debug [+
tick legacy

E Pubhsh optimized_debug

address optimized_no_debug

CRC

CRCMode optimized_Cuickstep_no_debug
encryption key

make startup project False

password YT

path RAMDISK

store source False

2.2.3 Program Download

Once a program have been successfully translated it can be downloaded to the controller using the 'Publish and
Run All'button. The IP address provided in the properties section of the controller will be used as the
destination.
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QuickBuilder - C:\Dev\TomTesting\C_Example_ConversionslV.gbp®

: File Edit View Help

 BAHRAR D RO 0B WEE B TilE

L Project x| o :
=59 QuickBuilder f Publish and Run All
EIQ] Project Pages
=[] Test[BC5311-01B) Start Task
== page 1 Kickoff
- Sl AddressOf Var Wm-i
{8 ASCII_To_Number T
- Braider_ADJ e
-l Checksum_XOR
- COM_Recv
- COM_RecvCnt
-4l COM_Send

If more than one controller is listed all will be downloaded. If only one is desired, right click the controller and
select the 'Publish’ option on the menu.

(il Resources q
o || B MNew %y View

"Il 2@ Resources
=2l Controllers

= a0 311-01E]

B New L 7T
[ Open resource grid view ':::E::d
4 Move Up [ariables
{}. Mowve Down ;Srs
| 4 Publish %_Essiﬂn
ik Verify Project

& Telnet

W o ~=fControl

2.2.4 Reserved Words

When entering instructions or naming steps, within QuickBuilder, there are a number of reserved word tokens
which ifused will generate a Translation error. The tokens currently are as follows:

Instructions:
all begin break by
call cancel clrbit clrebit continue scount const
delay disable do done timeout
else enable event
for goto if next other
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2.2.5

repeat return

set setbit setebit start stop store sync FGBG slewed

tasks then to until when while with

softstop hardstop maxspeed position up down cw ccw

profile zero motion search and accel P I D servo at reset turn deadband of rotate shift

Functions:
sin cos tan asin acos atan sinh cosh tanh atan2
abs exp log log10 sqrt pow hypot
ceil floor frac sign sign2 len
min max fimod
left right trim mid padl padr compare find
bit addr isdone string
_servolnfo rol ror

Constants:
false true FALSE TRUE on off ON OFF pi PI ms
BITO BIT1 BIT2 BIT3 BIT4 BITS5 BIT6 BIT7 BIT8 BIT9 BIT10 BIT11 BIT12 BIT13 BIT14 BIT15
BIT16 BIT17 BIT18 BIT19 BIT20 BIT21 BIT22 BIT23 BIT24 BIT25 BIT26 BIT27 BIT28 BIT29
BIT30 BIT31

Note: Each space is a separator between the unique words/tokens.

Watch Windows

Watch Windows are created via the Project Manager and allow you to monitor variables or resources
with a simple drag and drop from the Resource Window. You can also write to any “writeable”
resources, view arrays, and do some simple data-logging. You can create as many Watch Windows as
you like and their configuration is saved as part of the project.
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21 2 |23 (24 (25 26 |27 |28 |23
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HELL THERE
HE6. TO0000

1
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9 /971 97 (93 ‘94 (95 36 |37 28 (33
[10/104 102

1000 104105 1061167 1081109

(upedpted ot | 33329 AH.

[ Updsted: 1112335 A

2.2.6 Online Variable Monitoring

QuickBuilder has the ability to view “online” values of any given resource using the Editor-Online feature. This
allows you to run your programon a controller and then simply hover your mouse over certain variables within
your program editor to determine their current values and type.
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ax
==
=-i~| Controllers
m New b ntr-nl1 [BC5311-014]
g R3-044
-’E @ Dpen grid view J= M3-184
4 = M3-324
: = M3-104
4 [ M3-40A
N R3-04n
§  Telnet & Undefined
£53  Status/Control 7] Variables
I~ WVariables
ik Bxplare ] CAMs
Editor - Online - Il PLSs
: _ bty 1] Segmented Moves
4 QuickScope i1 PIDs
QuickView 12 ¥Vars
) ) {7 Unassigned
™ View Symbol/Reqg Assignments hssigned
3 Delete
Properties 1 x
[@m=—Ta1 1

Once you are Online you will see the Editor highlighted in green.
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Project "Editer
Copy

5] Axis2.GoHome = O; £ tialize servo '-Jariablf[:‘l —_ 1y // !!'Main:

63 delay 1000ms; ffwait 1 second 1 2] Homed = 0O;

7 11 STEP TRAMNSITICN CODE 3 [WaitForHome]

81 goto HomeWait; 4 if GoHome == 1 got

g 51 if GoHome == 2 got
1 10 // !''MainTask.HomeWait: 6] goto WaitForHome:

113 =start Axisl Main; Start the Main MSE 7

12 start Axis2 Main: // Start the Main MSB 8 [BeginHomel]

13 33 start Homel BG;

14 10§ wait common bit O

15 11§ goto HomeFinished:;

16 12

17 115STEP TRANSITICN CODE 13 [BeginHome?2 ]

18] when (StrtInput) goto SendHome; 141 start Home2 BG;

19 154 wait common bit 1
—_ 20 // !'MainTask.SendHome: 16y goto HomeFinished:

21§ SCBITS[0] = O: // clear the homed bits 17

22§ SCBITS[1] = O: = 18 [HomeFinished]

23] Axisl.GoHome = 0; ell the Axis 1 Main M5B to start 128 end and start Off:

243 Axis2.GoHome = 1; ell the Axis 2 Main M5B to start 20

25 21

2631 f/ '1STEP TRANSITION CODE

271 when (SCBITS[0]&&SCBITS[1]) goto step3:

28
[ 23 // !'!MainTask.step3:

304 //Axis are homed so continue program here

31

321 // !!'STEP TRANSITION CODE

33] done;

34

5] i

v

(a | 1 ra | 1

This feature allows you to mouse over any resource and see its value. The value is shown within the curly
brackets {}. This also shows you details about the resource, such as type and location.

If you mouse over a resource while the Editor is not online you will still see the resource details, but the value
reports back as {?}. Below you can see the value of Pos2, which is a read/write float variable. This value is a
snapshot of the resource taken at the time you mouse over it. If you want to update it simply move the mouse
away and then back over the resource.

331 Axisl.GoHome = 0y /f/Tell the Axis 1 MHain M5B t«
43 AxisZ.GoHome = 1; [f/Tell the Axis 2 Main M5B t«
5] repeat {

6] Po=sl = Lxi=l.fpos=:;

78 Pfs2 = Rxis2.fpos;

2% |{2531.69612024911} - {var, float) [Readwrite] , Register - 36102 ()

9] mntil (SCBLIS[UJ&&asCBLIISIIIT .

To exit online mode simple return to the resource menu and select Editor - offline. Translating a program will also
automatically cause the online mode to be disconnected. Note that it is not recommended that you modify
source code while you are online, but you are not prevented from doing so.

/N The 'Editor Online/Offline' option will automatically be activated if the Status/Control window is open while in
the '"Editor Mode' or transitioned from 'Project' to 'Editor' mode.
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2.2.7

Online Status & Control Monitor/Debugger

The "Status & Control Monitoring" window allows you to monitor the execution of all the tasks in a controller.
Additionally, if the programis translated and executed in 'optimize' mode, a source level debugger is available
with breakpoints, single stepping and the ability to monitor source code execution. The window is invoked from
the controller Resources panel using the Status/Control menu selection:

[l Resources
o] B Mew "y View
‘_‘ = Resources

=7l Controllers
E— g [BC5311-014]

B New b §3-084
[l Open grid view M3-104
Indefined
Mowve Up fariables
. I'/ariables
Wlove Dow
ove Down D
Puklish Kvars
) ) Inas=signed
Verify Project -

Status/Control

e

¢

<X

& Telnet
&

ok Explore

0, Editor - Online
B4l QuickScope
T QuickView

™ View Symbol/Reg Assignments

% Delete All Unreferenced

o8 Delete

Selection of "Status/Control" causes the window to open and attempt a connection to the controller. Assuming
a controller is online then all the executing tasks and their state of execution will appear:

Task Handle TFE Step State
L1} (BEZAB MODULE(main) STEP{esting_digital):LINE 13 RUNNING: call check_digital
02 [Q10991D | FUNCTION(check_digital) STEP(checking_digital):LINE 13 RUNNING: i $REGISTERS[11203]'=8REGISTERS[10203] goto fault_d

| »

15
[ Run Stop | B4 Restart || 8 SStep | &g LStep |/ Global Off | (] ClearSlct RUMNMNIMG @ StopMotion | AFS:

Note: Ifthe window does not appear as above then the programis translated in legacy mode. In legacy mode
SStep, LStep, Global Off, and ClearSlct buttons will be disabled, the line number will not reflect actual SFC
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execution, and the instruction line will not appear within 'State'.
The headers across the tops of the columns are:

Task - Up to 96 tasks can be run, 1 to 96 is listed. Double clicking the Task cell of an active task will activate
that task for direct control by the Execution Buttons at the bottom ofthe window. Up to 16 tasks can be
highlighted. Double click again to remove the highlight or click the 'ClearSlct' button to clear all highlighted.
Handle - Each task, function, or event is assigned a unique handle identifier upon startup of execution. The
'Handle' is used to control individual tasks. It is also referenced in QuickBuilder for task cancellation.

then the task is being started and none has been assigned yet.
Step - Step name and current line execution number. The first number references the SFC line number as
viewed within the Project Editor. If the Full Editor is open then an /## will appear after the Project Editor line
number, which references the line within the Full Editor. Double clicking this cell, within the Full Editor, will
cause that source code to appear in the Editor with the line highlighted and also turn on line tracking during
single stepping, for this task. Line Tracking will cause the step that appears in the 'Step' column, and line in
the State column, to become current in the editor. During single & line stepping the source code will track
with the controller execution. Note that double clicking the column title 'Step' will disable line tracking. Also
clicking a different task Step will then cause that task to be in line tracking mode.
State - The current state of the task as well as the instruction being executed. Possible states are:

RUNNING - Executing normally.

STOPPED - Task temporarily stopped.

S _STEP - Stopped in single step mode.

S_RUN - Executing a single step.

L STEP - Stopped in line step mode.

L RUN - Executing a single line execution.

L BREAK - Breakpoint has occurred.

HALTED - May be displayed at task start or while ending, task preparing to start or stop.

M An '*' will appear to the right of the 'State' if a breakpoint is active anywhere within the task. This is useful to
prevent randomunused breakpoints frombeing left activated or if for some reason you loose sync with the
controller.

/N The instruction line that appears within the State cell is what is about to be executed in Line Step mode and is
what was last executed in Single Step mode. Also in Single Step mode it is what is about to be executed fora
conditional test or loop instruction such as an 'if, 'while', 'do', etc. This is due to the fact that Single Step mode
maintains the same atomicity as a running program and yields as a normal program does, allowing other tasks to
run. Line Step is useful for more detailed debugging but does allow other tasks to run after each line execution,
which is not the same as a fully running task. This can result in slightly different results if the variable is shared
with other tasks.

The buttons across the bottomare used for task control. Double clicking the 'Task' column will highlight
individual rows/tasks. If highlighted then Run, Stop, SStep, and LStep will effect only those tasks. Ifnone are
highlighted than all tasks are effected. Buttons are defined as:

Run - Run tasks normally, full speed.

Stop - Stop the task, temporarily.

Restart - Restart the program and begin execution.

SStep - Single step to the point where a programyields control to another task.

LStep - Step each individual instruction and yield task control after each execution (SStep is normal
execution where task execution is not yielded until the end of a step or the beginning of a conditional test or
end of a loop (while, do...)).

Global Off - This button displays the current mode of the SStep and LStep keys. The possibilities are 'Global
Off' and 'Global On'. When on all tasks may be stepped at once. Be careful as stepping all tasks, or any for
that matter, can cause damage to your equipment if not careful.

ClearSict - Clear all selected (highlighted) tasks.
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2.2.8

/M Reference the Tasks and Steps section for information regarding Legacy and Optimized execution.

Breakpoints

/M Breakpoints are only supported in controllers with the optimization level set to 'optimized'. Also it is
recommended that programs be translated and newly downloaded to ensure they are in sync. If you set your
project CRCMode property to 'common' instead of 'unique' then you will not have to download after translation
unless the project is actually different (controller must be initially downloaded with the 'common' project version).
The debugger will check the CRC of the last translated project to that in the controller and if they do not match

you will be warned. As is the normal procedure with any debugging. be careful with breakpoints since once you
stop executing you will loose control of your equipment and depending upon its implementation damage or

injury could result.

The 'Editor' supports up to 16 source code level breakpoints per task. Breakpoints can be set on either a global
programor task basis. To activate the use of breakpoints simply view your program in the 'Editor' mode and open
a 'Status/Control' window (from the controller resource menu). The debug environment will automatically activate
online variable monitoring as well as breakpoint capabilities.

Below is a sample editor session monitoring the controller execution. Note the 'Editor' tab is green indicating
variable monitoring is also active:

QuickBuilder - C\Dev\TomTesting\CounterTest_New.qbp*

i File Edit View Help
BE R S S eD OO P b EE RS @R e O
Tasks B[ Project |ETER (8 Resou
= ; ,Tas‘ks. _Functions check_digital 25 g New
m " 3': fing digital ] 1] /f !!check digital: <Procedural> !! ”T‘ = =M@ R
& testing_digitz 23] goto checking digital; | B
-4 _Functions - - o E
=+l check_digital = — _ _ __ — =i
& checking_digitsl 4] FAE .che.ck digital.checking digital: <Procedural> !I[{
2 fault_d 5] /*Read check- -
& fin_d 6] Registers 11001- 11032 are digital input access via 32-bit number - ‘f:ﬂ_'
Edone 71 Registers 10001- 10032 are digital output access via 32-bit number
§] comment out what is not needed in accordance with the
9] controller resources you have available.
10
11 b G
1z B
13] while (myreg < 10) repeat { myreg = myreg + 1; };
14] //8-Slot #1 Main Rack Maximum Digital I/O
15] if SREGISTERS[11201]!'= £RE TER5[10201] goto fault_d;
16] if $REGISTERS[11202]'= § R5[10202] goto fault d;
17§ if SREGISTERS5[11203]'!= $REGISTERS[10203] goto fault d;
8] if $REGISTERS5[11204]'= $REGISTERS[10204] goto fault d;
- - N - N i %] Proper
193 //if SREGISTERS[11205]!= SREGISTERS[10205] goto fault d: L) 1
-5 Status/Control: 'canl’ =2
Task Handle TFE Step State )|
01 |(5E2AB MODULE(main) STEP testing_digital).LINE 712 RUNNING: call check_digitsl I
02 |mx16B638 | FUNCTION(check _digital) STEP(checking_digtal):LINE 1317 RUNNING: i SREGISTERS[11203]!=8REGISTERS[10203] goto ...
03 e
[ Run [ Stop | B4 Restart || &g SStep | g LStep | A Global Off | (5] ClearSlct RUNNING .m StopMotion | AFS:
« m 3
encryp
Brkpts oox passw
ath
Controller: conl - = ztores
g
Line Tracking Handle: -
=
- Fa
Clear All Breakpeints (Cantroller) 2 || address
Controlle
-
[y Project | Tasks =

There are no "*' next to the RUNNING status, thus indicating breakpoints are not active. We willnow set a global
breakpoint in all tasks at line 17. Note that task 2 is currently displaying LINE 13/17. The 13 is the line when
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referenced within the 'Project’ view and line 17 is the current 'Editor' view. Since the controller is running full

speed we are only seeing a moment of execution. Upon setting a breakpoint the task will stop when it executes
that line within the step. To set a breakpoint double click to the left of line 17, in the gray column, a maroon bullet
and highlighted line will appear for each set:

QuickBuilder - C\Dev\TomTestir

¢ File Edit View Help

03

ERHE S EEON @S G D7 NS~ EE e 0
Tasks * X | Project R | (i5 Resouw
i —TaSk“’: _Functions.check _digital L B New
=] main - 11 // !lcheck digital: ZProceaurals ip—| =[ll=@ R
& | testing_digital =1 . rp— i E{Z
i 2| goto checking digital; '}
=-J _Functions — = - =
= check_digital J — - — - =2
& checking_digital |:| 4% [/ ''check digital.checking digital: <Procedural> !'! [{
& fault d 5] /*Read check- -
& fin J 6] Registers 11001- 11032 are digital input access via 32-bit number = %
‘done 71 Registers 10001- 10032 are digital output access via 32-bit number
8] comment out what is not needed in accordance with the
91 controller resources you have available.
- @
12 loop+1;
13 g < 10) repeat { myreg = myreg + 1; };
14 Main Rack Maxim gital I/0
15 S[11201] = § RS[10201] goto
16 [11202 [10202] goto
@ v REGISTERS[10203] goto
18 R5[10204] goto =
19y /f/if SREGISTERS5[11205]!= $REGISTERS5[10205] gotc fault d;
.4 Status/Control: ‘conl’ [Tasks: 2] { = |/ [=] &3 |
Task Handle TFE Step State &
01 | x5E2AB MODULE(main) STEP testing_digital):LINE 7/12 RUNNING": call check_digital i
02 | 17DCB4 |FUNCTION(check_digtal) STEP(checking_digtal).LINE 13/17 L_BREAK™: if SREGISTERS[11203]'=8REGISTERS[10203] gato ..

[ Project | Tasks

[ Run Stop | B4 Restart || fg SStep | &g LStep | /2 Global Off | (G ClearSlct RUNNING @ StopMotion | AFS:
_'J € 1 v | | .
encryp
Brkpts o x passwt
Controller: coni ~ | [con1] FUNCTION(check_digital):S TEP(checking_digitalk LINE 13/17 - if SREGISTERS[11203]'= SREGI| o piath
= slore s
g
Line Tracking Handle: -
&y
Clear All Breakpoints (Controller) £ | address
Controllel
-
-

When a breakpoint is set the round maroon indicator will stay in your programas long as you are in the Editor.
Also the list at the lower right will show all the breakpoints that are currently set. You can double click on any
breakpoint in the list to move to that location within your editor. The combo boxthat says 'Controller' lists the
currently active controller. You can open another Status/Controller window and by selecting different controllers
in the combo boxyou can interact with both.

If you reference task 02 in the Status/Control window you'll see the current status is now L BREAK. This means
the task has stopped running and has hit a breakpoint. The instruction shown in the state window was about to
execute. You may either click the RUN button to continue to the next breakpoint or click LStep to single step to

the next line.

To clear a breakpoint simply double click the round maroon indicator and it will be removed, alternately click the
'Clear All Breakpoints' button if you wish to clear all in the controller. You may also set breakpoints for individual
tasks by highlighting those tasks in the Status/Control window and then setting a breakpoint. The breakpoint
will only be active on the tasks highlighted. Note that if you clear breakpoints, they are cleared for that program

location on all tasks.

/4 Up to 16 global breakpoints are allowed, or 16 different one's per task. Breakpoints are stored on a task basis
thus global breakpoints are all tasks and each counts as one.

/A Double clicking on an item in the 'Step' column will make that line current in the source editor and also enable
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line tracking for that Handle task. the "Line Tracking Handle" text box will contain the task handle of the active
task with tracking enabled.

2.29 MSB Status/Control Monitor Fault Processing

There are a number of features within QuickBuilder to enable the debugging of QuickMotion MSB's. This can be
either during normal operation or should a fault occur. A fault is indicate by a flashing FLT LED on the controller
CPU. To observe a QuickMotion fault the Status/Control monitor can be viewed:

o ||| B Mew 'y View
‘_‘ =l Resources

=-¢2l Controllers )
Mew

Cpen grid view

— )

&

Move Up

Mowve Down

Publizh

Verify Project

Status/Control

Fay
-
<2
$ Telnet
& N
k| Explore 3
o Oirline

Once the Status/Control window appears observe and click the AFS text. Note that each character represents an
axis, with the first on the far left. In the example below a 0 means the axis is OK, F that there is a fault. Below
shows a fault on axis 1 since it is 'F".
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GE—— e

|| Task Hande TFE Step
. 1 EeD000 | main {Start Task) mair.motion {Step)

> Run [ Stop | 4] Restart | FAULT

Fault

MF_NOCAMFILE (21) - Requested CAM file not found
[MSB #1] [INFO: {WFC_TABLE_LOADSERIES), table <table: loadseres <source <fileMumbers] [FUMCTION: processVFC]

ERROR in "FrontXCamControl’ at line 6: table 1loadseres ram foo

= Run [ Stop | f4 Restart | FAULT | 4@ StopMotion | <EXIT F2 LT DISPLAY =

Note that the error occurred at line 6 of the source code of the FrontXCamControl MSB. In referencing that MSB
we can see the line listed, 'table 1 loadseries ram foo' as being the problem. In this case there was no camtable209

file present within the controller flash disk.:
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2.2.10

Project | Editor |

jr

abs a3 B}

=1 oy in

| Sl e el
[T 5 T SR T T« ¢

[
ik

MSB Monitor

_M5Es. Front¥CamCorntrol

[Top]

takle 1 clear;

foo=209;

tabkle 1 loadseries ram foo
invertmaster = 0;

takle 1 precompute:

[top]

zero feedback position;
foo=0;

table 1 start linear cam 4,

foo=1:;

r

e—s—_

ol

ta

QuickMotion MSB blocks may be monitored the same as regular steps. Since a single MSB can be run by more
than one axis, the default axis to request information must be selected while in Editor Mode fromthe MSB

Monitor window:

QuickBuilder - ChDeshTomTestingtH3_GlassChannel.gbp®

¢ File Edit View Help

BRHE &S @R 08 dr®E @ 2 EEEESENHEHRS@E:== e O,

Tasks

7 x

=% _Tasks
=+ powerlp
& powerlp_1
-l done
=% made

= & model
- & modeZ
< 8 homel
<& home2
< 8 setupl
<8 setup2
< test]
<8 test2
< 8 testd
<8 testd
< 8 nl
8 ung
<& 1un3
<8 tund

< 1

:

1y Project | Tasks

Project Editar
_MSBz.camtove_Run i
§ BN o =
: -
27 Wariable Functions: =
3] cvar 33 = 1 = (leading edge) sStarts cam folloVer motion Lrajectory |ﬂ @
4] ocvar 34 = 1 = (leading edge) sStarts appropriate cut controls msh -
51 cvar 34 is zero'd by the cut msh
s & gf
7
5] [wain]
9 wait common var 33 1; /% wait on cam trigger cvar Signal T
< [0 ] "
Console ox
MSE Axis: ~ |P dddress: Check the Monitor Enable’ checkbox to begin scanning M5B instruction e g
2
Az fpoz: tpos: =
vel: mpos: %
=]
perm: =
=
g

["] Enable MSE Manitaring

Once online the I[P Address will be filled out with that to which you are connected and the MSB Axis pull down
list will contain all available axis. That which is seelcted is what will be active for mouse hover data monitoring.
Clicking the 'enable MSB Monitoring' check box will cause the axis to be periodically scanned and both position
and MSB execution information shown. Double-clicking on the MSB instruction information will bring you to
that line of code in the Editor.
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QuickBuilder offers a MSB Monitor when online in the Editor mode.

[ Resources
g MNew Wy View
.
- = || =@ Resources
E-{2] Controllers
& new 110141 |
[l Open grid view 104
R0
Move Up pedH
Move Down ES
bles |
#4 Fublish
if| Verify Project
& Telnet
£=3 Status/Control
ik Explore r'
@] Editor - Online [:}5
B4 QuickScope

] uickiew
4 —
T

This monitor periodically (about every second) refreshes axis information for display. Current fpos,
mpos, \el, 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.

If the axis is faulted, using the example from the 'MSB Status/Control Monitor Fault Processing' section,
the following will appear:
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J—_q_H_H_?J_rMM_Lh_F_?‘_Lﬂ_#MI_ el e R I_ﬂ_d
L
= liﬂ M5B Frrtamlnd =
’ Ea B = =
mat - [Tep]
e o rasis 1 sasars
= _msas i| foe=z09;
-DMJM 4 table 1 loadssries zam foo » 4/ cable ¥ losdseries [flash/mam] [cemcable ¥]
B 7| invezimastez = 07
B tetomare s owegitan | table i precompoter 4/ pompuce che cam caboot 174 sec per 1000 poah
] Masier ]
= ﬂ-&u 15| [sop]
[ 11| zaro fesdback poaitions
a: 13| foo=0r
[ ] 13| tablm 1 atart linsar cam 4, .01, O:
o a — 14| foo=is
o g 14
&l o 16| redelay 51
='°° = 17| s=ep wabia:
i 18
m‘ﬂl-'lﬂ: - 15| dslay 10 smas
3= 39| mawe ax 2% Loz Li
[ ram—— 21| waie fer in pesivisas
i
23| geze Teps
34
x5
T
2y
0|
2
35
35|
1
-
T
S Ay i w P idireaa: 17 405Y R [MESBs. Font T ontwl. 17 50 e B FALR TECTH tabis 1 Toacinanad i s
i fpos: B w0
vt EITONIEIMEEN  epoas  DMOBE BBENTEE ﬁ
(= L. ] £
wir_ ¥ Enable MEH Moories: 4
Console nox
MSB Axis:  ax] » |P Address: |12 4053218 [_MSBs FrontXCamCortrol, 32, 59 {ine #6 FAULTED])]: table 1loadseries ram foo o
B =3
Puiis fpos: 0 tpos: O £
vel: -8.4077307355483E mpos:  -153 624996566214 =
o @
Enable MSB Menitoring g

/i Note that the "Enable MSB 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 MSB line appearing in the list box will automatically make that code and line current in

the Editor.

In situations where a fault had not occurred multiple MSB's would appear executing, as well as their line number

and axis motion status:
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Enable MSE Monitoring

Console X
MSB fxis: &1 + |P Address: 5 [_MSBs FrontXCamCantrol, 287, 300 {ine #18 BG)): foo =foo = 1 =)
Pods fpos: 137 639009121034 z
vel:  26.240421295166 mpos: 3442 11242306279 =

perr:  -0.00460693359374 ;E"E

=

INCAM : AT_SPEED
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2.3

2.31

QS4 Resources

Symbolic Names and Resources

Symbolic names are used to reference controller resources within a Quickstep program. Resources are things like
memory storage (volatile and non-volatile variables), input and outputs, etc.

Basically all instructions either reference variables, QS4 objects or constant values (such as numbers or strings).

Each symbolic name, when referencing a resource, may have properties associated with it that extend its usage
and capabilities.

You define symbolic names for the following items:
¢  Controller memory storage;

® Specialized motion control devices — such as servo and stepping axes;

® Specialized I/O resources such as digital inputs / outputs and analog inputs / outputs;
e (Constants used in a QS4 program (e.g., multiplier value, maximum speed of a stepping motor or a
temperature value).

Each the above resources are identified by a unique #ype, each of which has specific properties particular to it.

In other words a Variable resource is nothing more than general memory storage (what was called a "register" in
QS2) whereas an Analoglnput resource references a hardware-based analog input.

The Analoglnput resource is much more complex and contains properties that can adjust its operation, while a
general memory storage Variable is more limited to read/write and the type of data being accessed.

Resource types consist of:

® Variable — (volatile) simple generic memory store for strings, integers (default), and single(float32) or
double-precision floating-point (float64);

e NVariable — (non-volatile) simple generic memory store for strings, integers (default), and single
(float32) or double-precision floating-point (float64),

*  AnalogInput — a reference to an analog input on I/O board;
*  AnalogOutput — a reference to an analog output on I/O board;
¢ Digitallnput — a reference to an digital input on I/O board;
¢ DigitalOutput — a reference to an digital output on I/O board;

¢ PID - areference to associated inputs upon which a PID algorithm should be run and what output is to
be controlled;

e XVar - (volatile) simple generic memory store for strings, integers (default), and single or double-
precision floating-point. Stored local to generated output code and not public to most communication
protocols. Faster operation than a Variable and arrays not supported. May also be designated read-
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2.3.2

2.3.3

only and initialized with static data when defined as a CONSTANT;
®*  Motion-related resources such as Axis.

One key departure from QS2 is the concept of a register. Users can visualize that Variable or NVariable
resources are simply registers but in reality, QS4 allows these resources to contain an integer, a single precision
floating point (foat), a double precision floating point (double), or a string — or a 1 or 2 dimensional array of
such.

Resource Declarations

Resources must be defined prior to translation for use in the controller. The Resource Manager handles such in
a graphical manner. Users may elect to define resources prior to use in the QS4 Editor, as they are used, or after
they are used in the logic.

Allresources declarations are public and may be referenced within a task, function or event.

The assignment of specific resources, such as which Digitallnput corresponds to what physical connection at
the controller, is performed at the project level within QuickBuilder using the Resource Manager. This “soft
configuration” allows the same programto be reused regardless of the physical I/O assignment. Each controller
can use the same program, with a differing I/O assignment, as desired.

Vector and Table Declarations (Arrays)

An indexed one-dimensional set of the same type of a Variable or NVariable (generically a variable) is known
as a Vector. An indexed two-dimensional set of the same type of a variable is known as a Table. Both are
considered Arrays.

An Array is declared in much the same way that a variable is with one exception: the type of storage (either
vector or table) is specified in the Resource Manager. Non-arrays are referred to as scalars.

Within a QS4 statement, a reference to a specific element of a vector is coded by using square-brackets with the
desired index within. For example, to reference the i-th element of the vector variable VectorOfData one would
write:
VectorOfDatal[i]
The index may be a numeric constant (i.e. 5), a variable or a complicated expression such as (i+1)*2:
VectorOfDatal (1+1) *2]
To reference the i-th row and j-th column element (cell) of the table variable TableOfData, one would write:
TableOfData[i][]]

The first element in the array is the Oth element (e.g., i would equal O to reference it).

M Tt is a requirement for NV arrays (tables & vectors) that the array must be pre-allocated. This is done by
writing to the “last cell” (last row, last column) you will ever need to access before writing to any other cells.
Since NV arrays are stored on the file systemthis allows hashing tables to be built and optimized for the array
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234

size you will be using, thus providing my better performance. You can always expand the number of rows in your
array by simply writing to the next last expected row cell. Columns can not be expanded once a table is created
although the table could be deleted and re-created. To do this entails stopping the application program, using
the telnet 'set close nvariant [variant #]', command and then physically deleting the file from the RAMDISK.
Arrays will still work if you expand the row size dynamically, although with much slower access time.

For example, if a 1000 x 6 non-volatile table is required, it would be coded as follows:

// First pre-allocate table by selecting and storing a value to

// the last cell to ever be used BEFORE writing to any other cells
NVtable[1000] [6]=0;

// then init or fill in the table as your program requires.

NVtable[0] [0]=

(@)

NVtable[10][3]=7; // etc.

Deleting a non-volatile table that has been created on the controller using a telnet session:

BlueFusion/RAMDISK/ _nvar/>dir

drw-rw-rw- 0 owner group 000256 JAN 03 19:38 .

drw-rw-rw- 0 owner group 000000 JAN 03 19:38 ..

-rw-rw-rw- 0 owner group 000528 JAN 03 19:45 nv36705.var
-rw-rw-rw- 0 owner group 000664 JAN 03 19:11 nv36706.var
-rw-rw-rw- 0 owner group 002324 JAN 04 05:43 nv36702.var
Volume: Capacity - 1012992 Free - 950016 Deleted - 0.

BlueFusion/RAMDISK/_nvar/>set close nvariant 36702
SUCCESS: Closed non-volatile variant 36702.
BlueFusion/RAMDISK/_nvar/>delete _nv36702.var
SUCCESS: File deleted.

BlueFusion/RAMDISK/ nvar/>dir

drw-rw-rw- 0 owner group 000256 JAN 03 19:38.

drw-rw-rw- 0 owner group 000000 JAN 03 19:38 ..

-rw-rw-rw- 0 owner group 000528 JAN 03 19:45 nv36705.var
-rw-rw-rw- 0 owner group 000664 JAN 03 19:11 nv36706.var
Volume: Capacity - 1012992 Free- 952576 Deleted - 0.

BlueFusion/RAMDISK/ nvar/>
Constants & Literals

Literals are values that which define themselves and are not reference by a symbol, like constants. The number
'5'is a literal. String literals must be used using the 'string' function, such as string("My literal string").

/1 Note that if a negative number is used in a conditional it should be enclosed in parenthesis, (...). For example x
>=(-8). Failure to do so will typically result in a 0 literal.

Constants are used to associate a symbolic name with a constant value. Unlike variables, constants are read-
only, and can only be optionally defined using an XVar.

Constants may be defined as integer, double or string constants.
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It is suggested, but not required, that constants be in uppercase.

(il Resources
g New "y View

=-[ Resources
=zl Controllers
| [E-E™ conl [BC5311-014]
=M R3-08A
 Em M3-104
Gl M3404
=& Undefined
priables
Variables
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as CAM
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]
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2.3.5

| Resources o x
B New %Wy View

=l Resources
EH7] Controllers
-8 conl [BC5311-014]

-zl Unassigned

Properties X
=
B General
description
group
name MYCONSTANT
units
B Info
allocation| D 0
assignment
references 1
B Location
channe!
controller conl [BC5311-01A]
module
B Object Properties
aCCess as constant E
filter (read) varizhble
filter (write) congta
type LS b ]
value 0

'value' property field can be modified to set the read-only value.

Indirect Variables

Indirect Variables are used to pass a reference to a variable when used with a Task or Function. This allows the
Task or Function to operate on the passed variable — including changing the variable’s value.

Normally, without indirection, parameters are passed by value. Non-scalar variables (arrays) can only be passed

indirectly.

Indirect Variables appear with an asterisk by their name.

In this function definition, the parameter x is passed by value:
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w

Function
increment (
[*]Parameters y
#xint (36001)
[+ Locals f

-
Ry wvitll

In this function definition, the parameter x is passed by reference (indirect):

Function
increment

[Parameters

oo
-
Hxint (36001) /

Localk

{

Assume that step0 contains the following code:

#x = #x + 1;
If we were to call these two different function using:

call increment (some global variable);
there would be two quite different outcomes:
In the first function (that uses pass by value) — the value of some_global variable would be passed to the
function increment — and the value would get incremented in sftep0 — but the global variable
some_global variable would not change.
In the second function (that uses pass by reference) — a reference to some global variable is passed to the
function increment — therefore all operations on x will actually operate on some global variable. Thus, the

code in step0 will affect some_global variable — in this case, some_global variable will be incremented by 1.

This is a powerful tool as one could create a task or function which operates on a set of digital outputs — and the
code which invoked the task or function can pass a different set of outputs to be manipulated.
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2.3.6

Tasks and Steps

QS4 allows for multiple fasks versus a single large program. There may be as many fasks as desired (up to the
controller task limit of 96), each containing any number of steps. The fasks are combined, as desired, during a link

process, with outputted code directly executable by the controller CPU (as compared to QS2, which used an
interpreter).

A few rules about tasks:

®  Fach task/function/event must have a unique, non-empty name within the project;

®  Multiple fasks may be included within a single project;

*  You may multitask as many instances of a task as desired (using do / begin) up to the controller task
limit — presently 96.

®  FEach function/event also counts towards the limit of 96 simultaneously executing tasks.

As will be discussed further in the next section, controller resources are made up of variables and OS4 Objects.
Variables and Q5S4 Objects are created and defined using QuickBuilder’s Resource Manager (RM).

QuickBuilder has two modes of translation which directly effect task execution, legacy and optimized. Legacy
mode was a transition from Quickstep to QuickBuilder. Some of the QuickBuilder application program remained in
Quickstep, some was in compiled 'C'. This was needed for product stability given the scope of QuickBuilder.
Legacy mode was all that was available prior to November 2010. It is still supported for existing installations but
a new, higher performance mode is now available, Optimized. With the availability of Optimized task execution
and code has totally changed. Tasks are now independent threads, executing in parallel, held off only for
atomicity. Most importantly is Quickstep has been removed and QuickBuilder code is now 100% compiled 'C’
code yielding a significant performance increase. In some cases as much as 22 times faster.

The selection of Legacy and Optimize modes is fromthe property panel of the controller:

@Pmperiw o o

B2 |
B Genersl

description
name conl

optimize

tick
E Publish irmi

address
CRC 23803FD3
CRCMode unigue

encryption key

password TTITIIIIIL

path RAMDISK

store source True

The controller is designed to handle Quickstep, QuickBuilder Legacy, as well as QuickBuilder Optmized programs
and can detect which has been downloaded for automatic configuration. and execution.
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2.4

2.41

QS4 Functions and Expressions

Expressions

Expressions perform mathematical and string operations on variables and constants. Expressions consist of
unary (one operand) and binary (two operand) operators as well as functions.

Expressions can contain other expressions enclosed in parentheses.

+ operator

The unary “+” operator is a meaningless operator — no operator occurs. The binary “+” operator adds two
numeric values together. It also serves as a concatenation operator for strings. For example, 3+4 evaluates to 7
where as “under” + “way” evaluates to the string “underway”. It is the only operator that is valid for strings.

- operator

T34 66 9

The unary “-” operator changes the sign of the expression. For example —(3+4) evaluates to -7. The binary
operator subtracts two numeric values. For example, 10-7 evaluates to 3.

* operator

Ceskr

The binary operator multiplies two numeric values. For example 11*6 evaluates to 66.

| operator

The binary “/” operator divides two numeric values. For example 21/2 evaluates to 10.5.

% operator

The binary “%” operator computes the modulus (remainder) of two values. For example, 17 % 4 evaluates to 1
(17/4 is 4 with a remainder of 1).

| operator

The binary

“|”

operator computes a bit-wise logical-or of two numeric values. For example, 8 | 2 evaluates to 10.

& operator

The binary “&” operator computes a bit-wise logical-and of two numeric values. For example, 9 & 5 evaluates to
1.

A operator

The binary “*” operator computes a bit-wise exclusive-or of two numeric values.

>> operator

The binary “>>” operator bit shifts /eft a numeric value a specific number of times. A left bit shift is effectively a
divide by 2 for each time the bit is shifted. For example 20 >> 2 evaluates to 5.

<< operator

The binary “<<” operator bit shifts 7ight a numeric value a specific number of times. A right bit shift is
effectively a multiply by 2 for each time the bit is shifted. For example 20 << 2 evaluates to 80.

> operator

The binary “>” operator returns a non-zero value when the left-side expression is greater than the right-side
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expression.

>= operator
The binary “>=" operator returns a non-zero value when the left-side expression is greater than or equal to the
right-side expression.

< operator
The binary “<” operator returns a non-zero value when the left-side expression is less than the right-side
expression.

<= operator
The binary “<=" operator returns a non-zero value when the left-side expression is less than or equal to the right-
side expression.

== operator

The binary “=" operator returns a non-zero value when the left-side expression is equal to the right-side
expression.

1= operator
The binary “!="
expression.

operator returns a non-zero value when the left-side expression is not equal to the right-side

& & operator
The binary “&&” operator returns a non-zero value when the left-side expression and right-side expressions are

both non-zero.

|| operator

The binary “||” operator returns a non-zero value when either the left-side expression or right-side expressions
are non-zero.

! operator
The unary “!”
result is 0.

operator inverts the truth of a Boolean expression — when applied to a non-zero expression, the

~ operator
The unary “~”

operator inverts all the bits (logical not — one’s complement) of specified numeric value.

pi constant
The constant "pi" or "PI" evaluates to the trigonometric constant 3.14159....

Boolean constants

The pre-defined constants "true", "TRUE", "on" and "ON" represent a true Boolean condition and are integer
valued to 1. The pre-defined constants "false", "FALSE", "off" and "OFF" represent a false Boolean condition
and are integer valued to 0.

/M Note that if a negative number is used in an expression it must be surrounded by parenthesis, (...). For
example x>= (-8). Failure to do so will typically result in a O literal.
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2.4.2 Numerical Functions

To call a numerical function, use the function name, with appropriately typed parameters (comma-separated)
inside parentheses.

Return
Name (Parameters) type Description

max(a, b) type Returns the maximum of two values.
independen
t
min(a, b) type Returns the minimum of two values.
independen
t
sin(double x) double Returns the sine of x where x is specified in radians.
cos(double x) double Returns the cosine of x where x is specified in radians.
tan(double x) double Returns the tangent of x where x is specified in radians.
asin(double x) double This function computes the arc sine of x — that is, the value whose

sine is X. The returned value is scaled in radians and lies between

-5%)

The arc sine function is defined mathematically only over the
domain -1 to 1.

acos(double x) double This function computes the arc cosine of x — that is, the value
whose cosine is x. The returned value is scaled in radians and lies
between

(0.7)

The arc cosine function is defined mathematically only over the
domain -1 to 1.

atan(double x) double This function computes the arc tangent of x — that is, the value
whose tangent is x. The returned value is scaled in radians and lies
between
T
-=,=
2°2
atan2(double y, double x) double This function computes the arc tangent of y/x — that is, the value

whose tangent is y/x. The signs of both arguments are used to
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exp(double x)

log(double x)

logl 0(double x)

pow(double x, double y)

sqrt(double x)

hypot(double x, double y)

sinh(double x)

cosh(double x)

tanh(double x)

abs(x)

double

double

double

double

double

double

double

double

double

type

determine which quadrant the result lie within. The returned value
is scaled in radians and lies between

(-7,7)

Returns the natural number raised to the power of x. In other
words,

Returns the natural logarithm (base e) of x.
Returns the logarithm (base 10) of x.
Returns

x.

Returns

x

Returns

x> +y°

Returns the hyperbolic sine that is defined by

Returns the hyperbolic cosine that is defined by

e +e”
2

Returns the hyperbolic tangent that is defined by

e™ —1

ezx+l'

Returns the absolute value of x.
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independen
t
ceil(double x) double Returns the x rounded upwards to the nearest integer.
floor(double x) double Returns the x rounded downwards to the nearest integer.
frac(double x) double Returns the fractional part of x.
sign(x) int Returns 1 if x>0, 0 if x equals 0 and -1 if x <O0.
sign2(X, y) type Returns the sign of x applied to y. If x <0, then —y is returned. If
independen | x >0 then y is returned. If x =0, then 0 is returned.
t
fmod(double x, double y) double Returns the floating point remainder of x divided by y.

243 String Functions

To call a string function, use the function name, with appropriately typed parameters (comma-separated) inside

parentheses.

Name Return

(Parameters) type Description

trim(string x, stringy) string Returns the string x with all leading and trailing characters specified
by the second string y removed from it.

left(string x, int s) string Returns the leftmost s characters from the string x.

right(string x, int s) string Returns the rightmost s characters from the string x.

mid(string x, int start, int length) string Returns length characters starting at position start from the string
X.

padi(string x, int length, string p) string Pads and returns the string x with the string p such that the length
of the string is greater than or equal to /ength. Padding occurs on
the left. The length of the padding string must be 1.

padr(string x, int length, string p) string Pads and returns the string x with the string p such that the length
of the string is greater than or equal to length. Padding occurs on
the right. The length of the padding string must be 1.

len(string x) int Returns the length of the string x. An empty string has a length of

0.
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compare(string X, stringy) int Compares two string — returns -1 if x is lexically less than y, 0 if
the strings are the same, and 1 if x is lexically greater than y.

find(string X, stringy) int Searches for string y in string x — if found, returns the position in x
(starting from 0) that the string was found. If not found, returns -
1.

2.4.4 Bit Functions

To call a bit function, use the function name, with appropriately typed parameters (comma-separated) inside

parentheses.

Name Return

(Parameters) type Description

bit(int x, int n) int Returns 1 if bit #n is ON in x, or 0 if the bit is OFF. »n can range
from 0 to 31.

_rol(<variable>,times) int Rotate bits left and returns result, variable not modified, 0 shifted
into LSB location.

_ror(<variable>,times) int Rotate bits right and returns result, variable not modified, 0 shifted

into MSB location.

245 Special Functions

To call a special function, use the function name, with appropriately typed parameters (comma-separated) inside

parentheses.

Name Return

(Parameters) type Description

addr(variable name) int Returns the address of the named variable (used for indirection

assignment).

Doc. No. 951-530020-010



76 Control Technology Corp.

isdone(variable name)

_servolnfo(<Axis>. Axis, request)

int

Returns a 1 if the task handles contained in the specified variable
are all done, otherwise a 0.

If the passed variable is a scalar, then it is assumed that the
variable holds a task handle to a single task — and therefore only
that task is checked if “done”.

If the passed variable is a vector, then it is assumed that the
variable holds a task handle to multiple tasks — and therefore all
tasks are checked for “done.” Thus, this function returns a value
of 1 if and only if all of the tasks are “done.”

returns a 1 or 0 based on true or false where ‘request’ is
one of following:

XVars defines:

__CTC_SERVO_ERROR with constant value of 8

__CTC_SERVO_POSITION with constant value of 7
__CTC_SERVO_RUNNING with constant value of 5
__CTC _SERVO_STOPPED with constant value of 6

Note: __ CTC_SERVO_POSITION returns a 32 bit signed
count value representing the current position.

*This function is only usable when the Quickstep 2/3 motion
simulation MSB's are being used.
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25 QS4 System Variables

There are a number of pre-defined system variables useful in QS4 programming. These variables are:

e $STASKTIMER
e SDINPUTS

e $DOUTPUTS

e SREGISTERS

e $TRIGGER
e S$CBITS
e S$SCVARS

e $TASKPRIORITY
e SCURRENT TASKPRIORITYLEVEL

2.5.1 $TASKTIMER

The STASKTIMER variable is similar to the register-based 13002 millisecond timer register in the QS2 world with
one difference: the timer is unique and independent for each Task, Function and Event.

$TASKTIMER increments by 1 every millisecond and is useful for timing things as well as handling timeouts
waiting for something to occur.

$TASKTIMER is cleared when a task is started, and is therefore useful as well to determine how long a task has
been running.

Examples:
// wait for up to 1000ms for inputl to turn on
STASKTIMER = 0;

while !inputl && TASKTIMER<1000 repeat { }

// measure how long the tablefill function takes
STASKTIMER = 0;
call tablefill;

tablefill duration = $TASKTIMER;
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2.5.2  $DINPUTS[]

The $DINPUTS vector system variable provides direct access to the digital inputs. The first input is in the [1]
element of the vector.

Example:

// count how many of the first 16 inputs are on

count 0;

for 1 = 1 to 16 repeat {

if $DINPUTS[1] then count += 1;

2.53  $DOUTPUTS[]

The SDOUTPUTS vector system variable provides direct access to the digital outputs. The first output is in the
[1] element of the vector.

Examples:
// count how many of the first 16 outputs are on

count = 0;

for 1i 1 to 16 repeat {

if $DOUTPUTS[i] then count += 1;

// clear the first 8 outputs
for 1 = 1 to 8 repeat {

$SDOUTPUTS[1i] = O;
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2.54  $REGISTERSI]

The $SREGISTERS vector system variable provides direct access to the controller registers. This is a better

79

alternative to using an override on a user-defined variable. The return value is always an integer. If a variant is
referenced with a float type, it will be rounded.

Examples:

// clear the millisecond timer

SREGISTERS[13002] = O;

// read the real time clock

year = SREGISTERS[13019];

month =

SREGISTERS[13018];

day = S$REGISTERS[13017];

hour = SREGISTERS[13016];

minute

second =

2.5.5 $TRIGGER

SREGISTERS[13015];

SREGISTERS[130147;

The $TRIGGER system variable triggers QuickScope for data capture when the scope is set for Triggered mode.

It should only be written to — the value written is ignored and can be any value.

Examples:

// trigger QuickScope

STRIGGER

= 1;

// also triggers QuickScope since the value is ignored

STRIGGER

256  $CBITS[]

= 0;

The $CBITS vector system variable provides direct access to the global common bits that are used on such
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modules as the M3-40A. The first common bit is in the [0] element of the vector.
The $CBITS vector is a Boolean read/write system variable with 256 elements ([0] to [255])
Common bits are further documented in the QuickMotion manual.
Examples:
// wait for CBITS[4] to be on

while !SCBITS[4] repeat { }

// set CBITS[2] on

SCBITS[2] = 1;

2.5.7 $CVARS] ]

The $CVARS vector system variable provides direct access to the global common “vars” (variables) that are used
on such modules as the M3-40A. The first common “var” is in the [0] element of the vector.

The $ CVARS vector is a read/write system variable taking values of 0 through 255 with 32 elements ([0] to [31]).
Common “vars” are further documented in the QuickMotion manual.
Examples:

// wait for CVARS[22] to be > 20

while $CVARS[22] <= 20 repeat { }

// set CVARS[2] to 11

SCVARS[2] = 11;

2.5.8 $TASKPRIORITY

The STASKPRIORITY variable is to set the run time priority of a task to something different from the default, 0.
By default all tasks have the same priority and between each step, or during for/while loops, they yield to other
tasks, sharing processor execution. At times greater performance may be needed. The STASKPRIORITY allows
you to set a number from 0 to 100. The greater the number the more processor time the task will get based upon
the SCURRENT_TASKPRIORITYLEVEL.
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The setting of the $TASKPRIORITY has no immediate effect unless it is -1 or 100. A -1 will force a task yield, so
others can run. A priority of 100 can only be used by a single task an makes that task the only one that will run.
It will also starve some communication protocols (CTC BINARY and Modbus). A priority of 100 may be useful if
a 'for' loop must be executed that has a critical timing requirement, a programmer might do the following:

$TASKPRIORITY = 100; // restrict execution to just this task.

for loop ...

$TASKPRIORITY = 0; // allow others to run now.
Reference the SCURRENT TASKPRIORITYLEVEL variable for additional features.
Examples:

// Set task priority to default, O

STASKPRIORITY = O0;

// Yield to allow communications to run (useful i1if TASKPRIORITY 1is
100). This value is not stored.

STASKPRIORITY = -1;
// Set task priority to 5, a read will return a 5 as well.

STASKPRIORITY = 5;

2.5.9 $CURRENT_TASKPRIORITYLEVEL

The SCURRENT TASKPRIORITYLEVEL variable is used to activate the STASKPRIORITY. Basically any task
equal or greater than the current SCURRENT TASKPRIORITYLEVEL setting will be allowed to run. This
variable is global and common to all tasks whereas the STASKPRIORITY is unique to each task.

For example if there are three tasks:
TASK 1-$TASKPRIORITY =5
TASK 2 - STASKPRIORITY = 0; // default
TASK 3 - STASKPRIORITY = §;

During normal execution all tasks will run. If one of the tasks sets the SCURRENT TASKPRIORITYLEVEL to 5
then only TASK 1 and 3 will run. TASK 2 will complete its current step or conditional loop and stop execution
until its priority levelis >= the SCURRENT TASKPRIORITY LEVEL.
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2.6

2.6.1

2.6.2

2.6.3

QS4 Statements

QS4 has a wide selection of statements that give you tremendous flexibility in building a powerful control
strategy. QS4 is the latest version of CTC’s proven QuickStep state language. QS4 statements and their use are
reviewed in the following sections.

QS4 Statement syntax

QS4 steps are made up of one or more statements and are entered in QS4 graphical steps.

The syntaxand definition of these statements (instructions) are defined in subsequent sections.
The general syntax for a statement is free-form.

Comments may be placed on a line following double-slashes “//”. Alltext following the double-slashes (on that
line) is ignored.

Multi-line comments begin with "/*" and end with "*/". For example:

/*
Initialize x and y

*/

x = 10;

y = 1;

Statements may be placed on more than one line and indented as desired, which enhances readability.

QS4 Editor Color Codes

The QS4 Editor automatically applies color coding for improved readability according to the following rules:

GREEN for comments: // Comments
BLUE for commands: goto

BLACK for values and operators: 3.14 + 77

PURPLE for keywords: off

DARK RED for variables: input conveyor
DARK BLUE for functions: y=sqrt (144);

Assignment (numeric)

There are four assignment statements in QS4. The first form simply stores the value computed fromthe right side
ofthe “="into the location specified to the left of the “=".

For example, to store 12 into the variable named X, one would write:
x = 12;

To add two variables, @ and b together and store the result in ¢, one would write:
c = atb;
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2.6.4

The second and third forms of the assignment statement increment or decrement a variable by the value
computed fromthe right side. These two forms use to different symbols — “+=" for increment and “—="
for decrement.

For example, to decrement the variable X by 5, one would write:

This last expression is equal to the following:
X = x-5;

The right side of the increment/decrement assignment is not limited to constant values. For example, if

one wanted to increment X by the value of ()-5) one would write:
x += y-5;

The last form of the assignment statement is to change the address of an indirect variable:
x <- addr (y);

This would set the indirect variable X to “point to” the variable y.

Assignment (string)

When assigning strings to a variable, a special notation must be used:
x = string("Hello There");

This would assign the variable x the value “Hello There”. This notation is only required when dealing with
expressions that evaluate to strings.

For example, to concatenate two strings (contained in variables stringl and string2) and store the result in
string3, one would write:

string3 = string(stringl + string2);

When a function that returns a string is utilized, the string() notation must also be used:
string2 = string(left(stringl, 5));

The above example would take the leftmost 5 characters of string/ and store them into string?2.
Data types can be mixed where integers, floats and doubles will automatically be converted to a string:

x = string("The total count 1is: " + sum); // where sum 1is an
integer variable, float, and double can also be referenced

x = string("" + sum); // where just the integer value is desired,
thus add an empty string.

Array Indexing is supported for strings where xis a string vector table:

x[0] = string(“Hello There”);
X[ 1] =string(“Goodbye”);

Concatenation Operator '+

y =string(“Joe”);
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x=string(“Hello There” +y);

Where the resulting string would be "Hello There Joe". Note that the quotes are not part of the string
stored.

Functions that do not return strings must not be enclosed in string(). For example, the function that returns the
length of a string (len) cannot and should not be enclosed in string():

x = len(left(stringl, 5));

The variable x will be set to the length of the result of the left() operation — one would assume that x will
be 5, but it can be any value from 0 to 5 depending on the value of string .

2.6.5 Store

The store statement is fundamentally the same as the first form of the assignment statement. It remains as part of
the QuickStep syntax for compatibility with QS2.

The syntax of this statement is:

store expression to location;
The store statement can also be expressed as an assignment:

location = expression;

Expressions must follow the same rules for strings as mentioned in the previous section on string assignment.

2.6.6 Set
The set statement alters a list of digital outputs or booleans.
The syntax ofthis statement is:
set list on | off | ON | OFF;
For example, to turn two outputs named dig/ and dig2 on, one would write:
set digl,dig2 off;

The list is comma-delimited.

2.6.7 Setbit, Clrbit

These two instructions manipulate bits (formerly referred to as flags) within a controller. Bits have two logical
values, true and false.

Bits are numbered from 0 upwards to 31.

Doc. No. 951-530020-010



86

Control Technology Corp.

2.6.8

You can also use themto store Boolean information just as flags were used in the QS2 world. Since one register
can hold 32 bit values, then the number of Boolean bits available to the user is quite high in comparison to QS2.

Multiple tasks can set/clear bits in the same variable, at the same time and receive the correct results.

The syntaxof these statements is:

setbit BITn variable;
setbit n variable;
clrbit BITn variable;
clrbit n variable;

For example, to set bit 5 in a variable named x, one would write:
setbit BITS x;
The prefix BIT is optional — therefore the last example could also be written:
setbit 5 x;
To clear bit 10 in a variable named x, one would write:
clrbit 10 x;
One can test the value of a bit using the bit() function.

For example, the follow sets the variable y to 1 (true) when bit 5 in the variable xis on (true):
y = bit(x, 5);

Goto

The goto instruction tells the controller which step to execute next. The destination step specified in the
instruction must be within the same task.

The syntax ofthis statement is:
goto destination;

Once executed, the existing step is exited, other steps allowed to execute if pending, and then the branch finally
occurs.

The following example instructs the controller to jump to the step named SHUT DOWN:
goto SHUT DOWN;
A special form of this instruction simply tells the controller to proceed to the next step in sequence:

goto next;
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2.6.9

2.6.10

Call, Return

The call mstruction tells the controller to invoke a user-defined function and return control to the next
instruction upon completion.

Calling a function repeatedly, without executing a refurn instruction will result in a controller fault, namely a stack
overflow. This will occur if you use a call instruction repeatedly and never return to the calling step.

The call nstruction can pass up to 9 parameters and also return a single infeger variable.
The various forms of the call statement are:

call function;

call function store to result;

call function (paraml, param2, ...);
call function (paraml, param2, ...) store to result;

The comma-separated parameter list (paraml, param?2, ...) can be a mix of variable names and/or constants
(numbers and strings). The returned integer result can be stored in the optionally specified variable result.

In order to return control (from within the called routine), a return instruction must be executed.
The two forms of the return statement are:

return;
return result;

The first formreturns a zero value, and the second formreturns a specific result.

/4 A 'call' function counts as an active task. Thus a single task which invokes a function is now 2 tasks until you
return fromthe function call. You are limited to 96 total active tasks, functions & events.

If/ Then/Else

The if instruction tests a conditional expression for a true (non-zero) value.

In QS2, the if instruction only included a single operation, namely a goto. In QS4, if statements can be made up
of multiple lines. QS4 also supports else logic.

The if statement has two forms:

if expression goto step;
if expression then statement;

In the first form (the gofo form), the controller will jump to the step named step if the expression
evaluates to a non-zero (true) value. This formis not allowed to have an else clause.
In the second form (the then form), the controller will execute the listed statement if the expression evaluates to a
non-zero (true) value.

The special target step next can be used as the destination for the goto.

As mentioned earlier, QS4 also allows a multi-line if. This formis written:
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if expression then {
statement;,
statement;

In this form, when the expression evaluates to a non-zero value, each of the statements are executed.
The if statement (in either the gofo or then forms) can optionally be followed by an else statement which is
written:

else statement;

If the associated if'evaluates to false, then the else statement is executed.
Just like the if'statement, the else statement supports a multi-line format:

else {
statement;
statement;,

Multiple if statements can be logically nested to form ifelse-if/else-if...else constructs. For example:
if expressionl then {
statementl;

statement?2;

}

else if expression? then ({
statement3;
statement4;

}

else if expression3 then {
statementb;,
statement6;,

}

else {
statement?7;
statement8;

}

statement9;

In this case, expressionl is evaluated. If expressionl is true, then statements 1 & 2 are executed followed by
statement 9. Ifit is false, then expression2 is evaluated — if true then statements 3 & 4 and executed followed by
statement 9. If expression?2 is false as well, then expression3 is evaluated — if true, then statements 5 & 6 are
executed followed by statement 9. If expression3 also evaluates to false, then statements 7 & 8 are executed
followed by statement 9.

Examples:
if x >= 8 then goto ProcessComplete; else goto next;

if digl then {
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set digoutl off;
x = 0;
}
else x = 1;
Ifinstructions are not atomic when contained in a step, but the body of the then or else instruction is
atomic.

/I Note that if a negative number is used in a conditional statement it must be surrounded by parenthesis, (...).
For example x>= (-8). Failure to do so will typically result in a 0 literal.

2.6.11  While

The while instruction repeatedly tests a conditional expression and executes one or more statements while true.
The while instruction operates as follows:
If the condition initially evaluates to true (non-zero) then the statement or statement block is executed.

Once the statement or statement block has been executed, the conditional expression is evaluated again and if
still true, then the statement or statement block is again executed.

The process repeats over and over again until the conditional expression evaluates to false (a zero value).
The two forms of the while statement are:
while expression repeat statement;

while expression repeat ({
statement;
statement;

While instructions are not atomic when contained in a step, but the body of the while instruction is atomic.

/4 Note that if a negative number is used in an expression it must be surrounded by parenthesis, (...). For
example x>= (-8). Failure to do so will typically result in a 0 literal.

2.6.12 Repeat/Until

The repeat...until instruction executes a statement or statement block and then tests whether or not a given
condition evaluates to true (non-zero). Ifthe condition is true, then control exits the repeat. If the condition is
false (zero), then the statement or statement block is executed again.

Once the statement or statement block has been executed again, the conditional expression is evaluated again
and if still false, then the statement or statement block is again executed.
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The process repeats over and over again until the conditional expression evaluates to true (a non-zero value).
The two forms of the repeat statement are:

repeat statement; until expression;

repeat {

statement;
statement;

} until expression;
Repeat instructions are not atomic when contained in a step, but the body of the repeat instruction is atomic.

/l Note that if a negative number is used in an expression it must be surrounded by parenthesis, (...). For
example x>=(-8). Failure to do so will typically result in a O literal.

2.6.13 For

The for instruction executes a statement or statement block while at the same time iterating a variable over a
range of values.

For instructions are not atomic when contained in a step, but the body of the for instruction is atomic.

The four forms of the for statement are:

for variable = start to end repeat statement;

for variable = start to end by increment repeat statement;
for variable = start to end repeat

{

statement;
statement;

}
for variable = start to end by increment repeat
{
statement;
statement;
}

Hi"

For example, to iterate the variable "i" from 1 to 10 (inclusive) by an increment of 1 (one):

for i = 1 to 10 repeat
{

statement;
statement;
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To iterate the variable "i" from 0 to 6 (inclusive) by steps of 2 (0, 2, 4, 6):

for i = 0 to 6 by 2 repeat
{

statement;
statement;

To iterate the variable "i" from 10 to 1 (inclusive) decrementing each time:

for i = 10 to 1 by -1 repeat
{

statement;
statement;

2.6.14 Break
The break instruction aborts a while, for or repeat instruction. When this instruction is encountered, no more
looping or iterating occurs and the "exit" condition (such as the while's until condition) is not tested.

The syntaxof the break statement is:

break;

In the following example, the variable "i" is iterated from 1 to 100. If however, the variable "X" exceeds
100, then no more iteration occurs:

for i = 1 to 100 repeat

{

if (x > 100) then break;

}

In the following example, statements 1 and 2 are executed while the variable "digin1" is true. If, however, the
variable "y" equals -1, then the while loop is exited and statement 3 is executed.

while diginl repeat {
statementl;
statement?2;
if y == -1 then break;

}

statement3;
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2.6.15

2.6.16

2.6.17

Continue

The continue instruction immediately begins the next iteration ("loop") of a while, for or repeat instruction.
When this instruction is encountered, no more statements are executed until the iteration condition is tested (
while and repeat) or the next iteration begins (for).

The syntaxof the continue statement is:

continue;

In the following example, the variable "i" is iterated from 1 to 100. If however, the variable "x" exceeds 100 (after
statement 9 is executed) then statement 10 is not executed but the next iteration of "i" occurs instead:

for i = 1 to 100 repeat
{

statement9;,
if (x > 100) then continue;
statementl10;,

Delay

The delay instruction is similar to the delay instruction in QS2, except there is no branch operation (reference
'timeout' for compatibility). This instruction causes the controller to proceed after a specified amount of time has
passed.

This time delay is specified as:

delay expression ms;

Note: the internal resolution of the controller is 1 millisecond and all times will be rounded appropriately.

Timeout

The timeout instruction is similar to the delay instruction available in QS2. This instruction causes the controller
to proceed after a specified amount of time has passed.

This time delay is specified as:

timeout expression ms goto label;
The big difference fromthe delay instruction is timeout runs in the background. The first time it is executed,
within a step, it is initialized, every execution after that is a test to see if the timeout occurred, resulting in the

branch ifit did. You must re-execute in order to test the state of the timer. Also if multiple zimeout instructions
are executed within a step, the last one if the one active but all will be tested. Exiting a step will clear the timer.

Note: the internal resolution of the controller is 1 millisecond and all times will be rounded appropriately.
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2.6.18

2.6.19

When

The when instruction is simpler in form than the if instruction but more efficient in operation.
The syntax for the when instruction is:

when expression goto step;

If the expression is initially true (non-zero) a branch will occur to the specified step step immediately — if it is false
(zero) the expression will be tested the next time the task is allowed to run.

Once the expression finally evaluates to true a branch will occur to the specified step.

The when instruction is not equivalent to the monitor instruction in QS2 — the when instruction is equivalent to
the transition condition used in QS4 steps.

/4 Note that if a negative number is used in an expression it must be surrounded by parenthesis, (...). For
example x>= (-8). Failure to do so will typically result in a 0 literal.

Enable, Disable (Event)

Events and their associated functionality often require program-level enabling and disabling.

For example, there may be a specific point in a QuickStep program where an event should not be allowed to occur
(initialization, during fault-handling, etc.). For this reason, a couple of QS4 instructions were creating to facilitate
enabling and disabling of these events.

The two forms of this instruction are:

enable event event;
disable event event;

The enable and disable instructions are also used with other resource variables and are covered later in this
document.

All events are initially disabled when program execution begins — it is required that a task programmatically
enable some or all events as required.

Example:

enable event MY event;
disable event MY event;

/1 Note that an 'event' counts as an active task. You are limited to 96 total active tasks, functions & events.
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2.6.20

2.6.21

Do

The do instruction starts one or more child tasks.

The parent task (that executed the do instruction) will not continue execution until a done instruction is issued
by each child task.

The two forms of this instruction are:

do ( task task ... )
do task with expression, expression,

The first form starts the listed child tasks but waits until each child task has finished executing before continuing
execution.

The second formstarts a single child task passing a series of parameters to the task. The parent task will wait
until the single child task has finished before continuing execution.

The parameter types and storage must match the signature of the task being started — that is if the task being
started takes two parameters (for example, a scalar integer and a scalar double), then the calling parameter types
must match.

Begin
The begin instruction starts one or more child tasks.
Unlike the do instruction, the begin instruction does not wait until the child task(s) complete(s) before execution

continues — the task(s) is/are started and control is returned immediately to the parent task for continued
execution.

Since more than one instance of a task can be started simultaneously, when tasks are begin-ed the QS4 runtime
returns a task handle for each started task.

When a single task is started with begin, the user can store a task handle in a scalar variable — if multiple tasks
are begin-ed, the user can store these series of task handles in a vector variable.

Ifthe task handles are not needed later in program execution, they do not need to be stored.
The first two forms of this instruction are:

begin ( task task ... ) ;
begin ( task task ... ) tasks to variable ;

These two forms of the begin instruction start a series of tasks. The second form allows the user to store the
series of returned fask handles into a yvector variable.

The last four forms of this instruction are:

begin task ;

begin task task to variable ;

begin task with expression, expression, ... ;

begin task task to variable with expression, expression, ... ;
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2.6.22

2.6.23

2.6.24

The first form simply begins a task.

The second formbegins a task and stores the task handle for the started task into the specified (integer) scalar
variable.

The third form begins a task with a list of parameters. Just like its counterpart do, the parameter types and
storage must match the signature of the task being started — that is if the task being started takes two parameters
(for example, a scalar integer and a scalar double), then the calling parameter types must match.

The fourth and final formbegins a task with a list of parameters — in addition, a variable is specified for holding
the resulting task handle. The same rules apply for this form— the specified variable must be (an integer) scalar,
and the parameters must match the signature of the task being started.

Cancel

The cancel instruction stops one or more child task specified in the instruction itself or all running tasks (2nd
form) or all other tasks (3rd form).

The two forms for this instruction are:

cancel variable;
cancel all tasks;
cancel other tasks;

The first form of this instruction cancels one or more tasks:

e [fthe named variable is a vector variable, then it is assumed to contain a series of task handles — each
of'these tasks will be stopped.

e [fthe named variable is a scalar variable, then it is assume to contain a single task handle — the single
task will be stopped.

The second form of this instruction cancels all the running tasks incl/uding the task that is executing the step
containing this instruction.

The third form of this instruction cancels all the running tasks except the task that is executing the step
containing this instruction.

Done

The done instruction stops this task — the task executing the done instruction. The done instruction also informs
a possibly waiting parent task that this child task has been completed.

The only form for this instruction is:

done,

Start

The start statement begins execution of the named motion sequence block (MSB) on the specified axis. The
MSB s started as a background (BG) MSB. Ifthe named MSB is already active on the axis, then the statement is
effectively ignored.

start axis MSB;
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See the QuickMotion Reference Guide for additional information on motion control programming.

2.6.25 Stop

The stop statement ends execution of all foreground (FG) and background (BG) MSBs that are active on the
specified axis.

stop axis;

See the QuickMotion Reference Guide for additional information on motion control programming.

2.6.26 Soft Counters

Reference Chapter 3. This is an enhancement added to support Quickstep 2/3, Soft Counters.

2.6.27 Rotate, Shift Flags

Quickstep 2/3 compatible flag rotate instructions:
rotate <QS2flag> << or >> <QS2flag> [number times| range must be on 32 bit boundry 1 to 31, 32 to 63, etc.

The ROTATE instruction replaces the status of a flag (either set or clear) with the status of the flag preceding or
following it. The first flag in the series inherits the status of the last flag in the series.

shift <QS2flag> << or >> <QS2flag> [number times ] range must be on 32 bit boundry 1 to 31, 32 to 63, etc.

The SHIFT instruction replaces the status of a flag (either set or clear) with the status of the flag preceding or
following it. The first flag in the series is automatically cleared.

Note: <QS2flag> - Overridden register variables from 13201 to 13228 representing individual flag registers within
the controller.
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Chapter 3: Importing QuickStep 2/3 Projects

Quickstep 2/3 programs can be imported into the QuickBuilder programming environment. Quickstep programs
were those programs used on controllers such as the 5100/5200/2600/2700 series as well as the 5300. The 5300
also offers the more advanced QuickBuilder programming environment. Importing a Quickstep program will allow
it to run on the 5300. When moving fromthe Quickstep to the QuickBuilder environment a few things need to be

noted:

Quickstep:

Each step executes an ‘assignment instruction’, such as ‘store’, only once during step execution. A
function ‘call’ will always executed and yield to other steps.

Ifa ‘goto’ is not executed the step will loop upon itself executing only the “if’, ‘while’, ‘when’, ‘repeat’,
‘for’, ‘call’, and other conditional type statements. The conditional is tested during each loop but the
assignment operations are only done the first loop, even if the conditional was not satisfied. As long as
the conditional is satisfied on the first loop the assignment instructions within that conditional will be
executed.

You must execute a branch instruction to exit a step block, the visual links connecting the blocks serve
no function other than specifying which task the step belongs to.

Execution will be atomic within a step until the end of the step is reached, a branch occurs, or a ‘while/
when’ loop begins to execute again (after does the first loop within itself).

Monitor instructions are now If conditional instructions.

Quickstep referenced a single data table of unsigned 16 bit integers, QuickBuilder allows for numerous
data tables, both volatile and non-volatiles and with differing types, 32 bit integers, float64, and strings.

QuickBuilder supports all previous Quickstep instructions natively or modifies syntaxto a new format
where required. This includes native support for TURN, ZERO, SEARCH AND ZERO, PROFILE,
SCOUNT (previously COUNT), ROTATE, and SHIFT. MONITOR is now an IF statement. A new
instruction of TIMEOUT replaces the prior Quickstep DELAY and works the same.

Quickstep allowed tasks to execute code in other tasks while QuickBuilder did not. In other words a task
can jump into the code of another task and execute it as though it is its own. This tends to make the
code difficult to follow and debug. Since during the import unique step names exist this rule has been
made flexible and is now allowed, but not recommended. A warning will be generated during translation
and can be ignored.

Quickstep allowed 40 characters for step and task names, QuickBuilder allowed 16. QuickBuilder was
expanded to 40.

Quickstep allows to multiple symbols to reference the same digital input, active high and active low.
QuickBuilder only allows a single symbol definition. To enable the import to function properly this
restriction was relaxed to allow the multiple references to be listed in the digital input resource tree.
Once deleted it cannot be re-created and QuickBuilder will not allow you to do this within a normal
project. It is meant to support the initial Quickstep import but going forward should not be used.

QuickBuilder:
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31

e [Each step executes an ‘assignment instruction’, such as a ‘store’, every time executed, similar to
procedural programming logic.

e Ifa‘goto’is not executed the step will branch to the next step, connected to by the visual link, if none
then the task will execute a ‘done’ command.

®  Execution will be atomic within a step until the end of the step is reached, a branch occurs, or a ‘while’,
‘when’, ‘repeat’, ‘for’ loop begins to execute again (after does the first loop within itself). A ‘delay’
and’call’ instruction always yields to other steps.

® The visual links between step blocks are functional when using QuickBuilder mode.

®  Quickstep allowed 40 characters for step and task names, QuickBuilder allowed 16. QuickBuilder was
expanded to 40. This will cause an old programthat is loaded into the new version of QuickBuilder to
have its steps visually overlay each other, due to a change in spacing. Select the ‘View-> Autoformat
Grouped Area’ menu item to reformat the screen. This only needs to be done once. Each Page will have
to be reformatted.

Prior to attempting the import of a Quickstep programthe program must be fully compiled using Quickstep and
contain no errors. All generated files must be present within the same directory. During import only the
Quickstep Booleans of AND, OR, ANDNOT, and XOR are supported. Every attempt is made to execute the
imported Quickstep programs in a similar manner as before but all possible deviations can not be 100% tested. It
is important to fully test your program prior to deployment into a production environment. For example
something as simple as speed of execution may cause problems with some programs, depending upon how they
were written.

Datatables

If a data table is present within the imported Quickstep program a non-volatile variant table, register 36800, is
referenced within the QuickBuilder generated code called ©_datatable’, with a data type of 32 bit signed integer.
The table will not be created, only referenced, and it either needs to be created by your programor by using
external means, such as using the Quickstep generated .tab file. Not keeping the data table as part of the program
is on purpose, since the table is non-volatile, you do not want to initialize it every time a new programis loaded or
modified. Quickstep use to keep it as part of the program and whenever a new Quickstep program was loaded
into the controller the data table had to be backed up and restored, manually, given the new Quickstep program
would overwrite the values in the table.

If a default value of 0’ is valid for the table then it can be created programmatically by writing to the last cell of
the desired table size:

_datatable[lastrow-1][lastcolumn-1]=0;

Assuming the original Quickstep .tab file will be referenced, then that file must be placed on the controller at the
‘datatablespath’ location. By default this is “/_system/Datatables” directory, and resides in flash. If you wish
this to be changed to RAMDISK, or some other location you can change the default by using:

‘set datatablespath myDatatablesDir
Where myDatatablesDir is a user defined path.

Once the Quickstep .tab file has been placed in the proper directory, typically by FTP, the file can be loaded

QuickBuilder™ Reference Guide



QuickBuilder Reference Guide 99

3.2

directly into the variant register using the ‘load datatable 36800 qs2.tab’ telnet command, any existing data table
will be erased and the new table created with the values residing within the referenced file.

load datatable 36800 qs2.tab (note that gs2.tab is whatever the file name was generated as Quickstep
compilation output).

Motion Control

QuickBuilder uses MSB’s for motion control. Quickstep had a number of commands which were specific to
motion control. When a Quickstep programis imported into QuickBuilder two MSB’s are automatically included
froma library (<InstallationDir>\Resources\QS2 Motion.qbl) which provides an interface for these instructions
as well as the Quickstep Motion Registers, such as 14/15/17000 register blocks. These MSB blocks can be
customized by the user, as needed. These two automatically generated MSB’s are known as the Quickstep
Motion Simulation Environment. Note that the user units of Quickstep were counts whereas that of QuickBuilder
can be user defined, typically revolutions. QuickBuilder also supports 64 bit data whereas Quickstep was only 32
bit integers. This restriction still applies to an imported program, although as modifications are made full access
to the 64 bit data is available as with any QuickBuilder program. The restriction is only in the use of the legacy
motion commands, such as TURN, ZERO, PROFILE, and SEARCH AND ZERO.

In order to support the Quickstep MONITOR and IF instructions a function called _servolnfo() has been added
to QuickBuilder in order to interface with the motion control Quickstep simulation environment. Its accepts two
parameters, the first the motion axis name with a property of .Axis following it, which generates an axis number, 1
to N. The second parameter what information is desired. The second parameter can be hard coded or what the
importer does, defined as an XVar constant:

_servolnfo(<Axis>.Axis, request) returns a 1 or 0 based on true or false where ‘request’ is one of
following:

XVars defines:

__CTC_SERVO_ERROR with constant value of 8
__CTC _SERVO_POSITION with constant value of 7
__CTC_SERVO_RUNNING with constant value of 5
__CTC_SERVO_STOPPED with constant value of 6

Note: _ CTC_SERVO_POSITION returns a 32 bit signed count value representing the current position.
Quickstep Motion ins tructions now supported in the QuickBuilder environment:

<Axis> - M340 axis name defined in the resource tree.
<cw/ccw> - Either select cw for clockwise, or ccw for counter clockwise rotation.

motion <Axis> hardstop/sofistop

The STOP SERVO instruction brings the servo to a halt. You can choose one of the following methods
to stop the servo:
* softstop - Causes the servo to stop at the deceleration rate specified in the last profile instruction.

Example:
motion servo_2 softstop

* Hard Stop - Causes the controller to attempt to stop the servo instantly. However, because of
momentum (caused by the inertial load), the servo does not stop instantly and consequently the
absolute position may be lost and instability may result.
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Example:
motion servo_ 1 hardstop

In either case, you should use a monitor instruction before issuing another turn instruction.

turn <Axis> to <Expression>
turn <Axis> <cw/ccw> [<Expression> steps]
turn <Axis> <cw/ccw>

The TURN SERVO instructions initiate a new servo motion. The controller must have executed a
PROFILE SERVO instruction to define the motion parameters. TURN SERVO defines the distance the
servo travels using one of the following methods:

* Absolute — Tums the servo a calculated number of steps based on the distance from a predetermined
zero position.

Example:

turn servo_1to 1500

turn servo_2to 1500 on_start switch
The second absolute distance instruction also requires a contact closure on the servo module’s
dedicated start input before the servo motion begins.

* Relative — Turmns the servo clockwise or counter clockwise a specified number of steps fromthe
current motor position.

Example:
turn servo_5 cw 70000 steps

NOTE: step = encoder signal transition

* Velocity — Begins continuous clockwise or counter clockwise motion. The servo remains in motion
until the controller executes a ‘motion <axis> hardstop/softstop’ instruction or the servo control module
senses a stop input signal.

Example:
turn servo_5 ccw

NOTE: Do not issue another TURN SERVO instruction for a servo while the servo is still in motion. If
the servo is still turning, the controller reports a software fault (servo not ready) and halts execution of
the program. Before issuing another turn instruction, you should program a monitor servo:stopped
(_servolnfo(<axis.axis>,__CTC_SERVO_STOPPED) instruction prior to any subsequent turmn
instruction.

profile <Axis> servo at position [maxspeed = <Expression>] [accel = <Expression>]

[P = <Expression>] [l = <Expression>] [D = <Expression>]

profile <Axis> motor off at position [maxspeed = <Expression>] [accel = <Expression>]

[P = <Expression>] [l = <Expression>] [D = <Expression>]

profile <Axis> deadband of <Expression> at position [maxspeed = <Expression>] [accel = <Expression>]

[P = <Expression>] [l = <Expression>] [D = <Expression>]
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profile <Axis> [maxspeed = <Expression>] [accel = <Expression>] [P = <Expression>] [I = <Expression>]
[D = <Expression>]

Note: P/I/D information is not presently used but is passed to the Quickstep Motion Simulation MSB.
The Profile Servo instruction sets the motion parameters for a servo as follows:

¢ Maximum Speed (max) — Establishes the maximum speed of the servo. It is defined in encoder
pulse edges (steps) per second (fully decoded).

® Acceleration Rate (accel)}— Specifies the acceleration rate of the servo. Defined in encoder
pulse edges (steps) per second per second (steps/sec2). This parameter also sets the
deceleration rate. If you want the acceleration and deceleration values to be different, store the
deceleration value to a special purpose register. The following example sets the deceleration
rate:

Example:
profile servo 1 max=50000 accel=100000
store 20000 to reg_ 15006 (axis No. 1 deceleration register)

e P (Proportional) Filter - Specifies the factor applied to the sensed position error to create a
correction signal. It is expressed as a multiplication factor from 0 to 255. (Not currently used).

® [ (Integral) and D (Derivative) Filters - Determine the characteristics of the built-in digital
compensation filter. (Not currently used).

* Holding Mode - Specifies the status of the servo when stopped, using one of the following
parameters:

o Servo at position - Once the servo reaches the desired position, the actuator will
continuously seek this position. If the actuator is forced fromits position, the servo
control module sends a correction signal to attempt to correct the perceived error.

o Deadband of __ at position - The servo control module senses position errors but does
not correct themunless the error is out of the range of the Deadband.

o Offat position - Once the servo reaches position no further corrective action occurs. This
allows manual adjustment or another external force to change the position of the servo.

o None - Indicates that the controller should use the holding mode specified in a previous
PROFILE SERVO instruction.

The PROFILE SERVO instruction does not start the servo motion. To initiate motion use the TURN
SERVO instruction. You may respecify the servo profile parameters any number of times in the same
program. Any of the numeric parameters for a servo motor can be drawn fromany of the controller’s
numeric resources, instead of being expressed as a fixed number. For additional information, refer to the
section on the STORE instruction.

Unlike a stepping motor, you can execute a new PROFILE SERVO instruction while the servo is still in
motion. You can change any parameter except the acceleration rate.

Example:
profile servo_3 servo at position maxspeed=15000 accel=35000 P=10 I=95 D=50

search and zero <Axis>

The SEARCH AND ZERO SERVO instruction sets a zero or home reference position for a servo. The
SEARCH AND ZERO SERVO instruction starts the servo turning at the rate specified in the PROFILE
SERVO instruction until the servo control module senses a contact transition on its home limit switch
input (dedicated input). Depending on the model of the servo control module you have, the instruction
functions differently.
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Example:
search and zero servo_1

zero <Axis>

The ZERO SERVO instruction sets the current position of the servo as its zero or home reference
position.

Example:
zero servo_ 1

A Important: When doing motion control you must tune your motor and set the properties for each axis prior to
operation (M3-40 axis). Also make sure you set the driveenable property to the proper output to enable the drive,
it is disabled, 0, by default. CTC demo boxes use output #1, thus a change is needed.

3.3 Variables

When importing a Quickstep programsome variables are automatically created, other than the XVar constants
referenced in the Motion Control section, anotheris __qb_localOl. This is a scratch variable for internal use only
and is assigned to use the task local register 36089.

34 Soft Counters

The counter instructions control the eight internal counters in a controller. These instructions can start a counter
and increase or decrease the value in one of the controller’s counters. They also reset, enable, and disable any of
the controller’s counters.

<counter> - Where counter a register overridden as 1 to 8 or variable that contains the counter number.

scount up <counter>

COUNT UP adds one to the current value in the counter.

Example:
scount up ctr_3

scount down <counter>
CouNt DowN subtracts one from the current value in the counter.

Example:
scount down ctr_3

scount enable <counter>
Count Enable reactivates a counter that was temporarily disabled.

Example:
scount enable ctr 3
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scount disable <counter>

Count DISABLE temporarily disables a counter so that it does not accept any count up, count down, or
reset pulses until it is enabled.

Example:
scount disable ctr 3

scount reset <counter>

Count Reset returns the value in the counter to zero.

Example:
scount reset ctr_3

scount start <counter> [up <input>] [down <input>] [reset <input>]

Count Start initializes a counter. The counters overlay the first eight registers (i.e., counter No. 1 =
register No. 1). When starting the counter,

you can assign three of the controller’s inputs to performthe count-up, count-down, and reset
functions:

scount start ctr_1 up in_5A down in_6Breset in_7A

This initializes the counter and assigns functions to three of the controller’s inputs. These inputs
continue sending input signals to the counter until the counter is re-initialized or disabled.

— Up in_5A, specifies that input No. 5 is being used for the count up function and increments the
counter for each switch closure. The A specifies that the input is a normally-open input. A normally-
open input means that the count occurs when the switch closes.

— Down in_6B, specifies that input No. 6 is being used for a countdown function and decreases the
value in the counter by one for each time the switch opens. The B specifies that the input is a normally
closed input. A normally-closed input means that the count occurs when the switch opens.

— Reset in_7A, resets the value in the counter to zero when the switch closes.

Note: The De-bounce available in Quickstep Start Count instruction is not supported and is removed
upon importing. Also the Digitallnput ‘activeState’ property is not referenced, using the default ‘true’
value. ‘activeState’ is only applied for normal register read operations.

Reserved Words Error Search

A Quickstep program may use variable and/or step names which are reserved by QuickBuilder. Sometimes these
can be difficult to find. The correction can be made by simply searching for all instances of the reserved word
and replacing it with a new one. Ifthe reserved word was used as a variable the variable name should be
changed first, for example ‘timeout’ changed to ‘Timeout’ or ‘position’ changed to ‘Position’. Then attempt a
translation and it will fail due to a syntaxerror. A dialog boxwill display what task and step the error is in. Scroll
through that task until you see the red underlines under the instructions, indicating a syntax error. Assuming
you have more than one place you use this variable, select the ‘Editor’ tab and you will now have a full text editor
display of multiple steps. Hold the Control key down and hit ‘F’, CNTRLF, and a find/replace screen will display.
Fill out the dialog as desired and select ‘Replace All’:
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3.6

Find/Replace

Find what: timeowut ; Find Mext

Replace with: Timeout

Match case [¥] Global Replacg All
Match whele word [7] Search in selection Find Al Be
[7] Search up

Close

[ <]
-F

[[JUse |Regular Expressions

= QuickBuilder |

| 95 Items replaced.

Your entire program, all pages, will be searched for what desired and replaced accordingly. Be sure to select
‘Match case’, ‘Match whole word’, and ‘Global’ prior to selecting the ‘Replace All’ button. Close the Find/
Replace screen and select “Translate’ again, repeating above for each error instance until your program fully
translates.

In looking for step names that may be using a reserved word as its name typically the link prior to that having a
reserved word will be pink versus white. For example 'motion'is a reserved word, below shows the error:

[Start Task |
Kickoff

¥ Farameters
[¥]Locals

]

2l

To correct this problemthe step named 'motion' would have to be edited, for example changed to 'motionx, as well
as any references. To resolve the pink boxand clear that error simple double click on the boxand the parser will

then see the step name has been changed and clear the error. Sometimes you need to click the clear boxbelow as
well if an error still exists.

Importing

To import a Quickstep project first create an empty project with the proper controller modules in place. Save that
project with no steps or tasks present, now re-open the empty project. Ifthe project is imported and there are not

enough resources you will be warned to reference the unassigned folder for resources not defined. Re-open the
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saved project, added the needed resources, and attempt the Import again until adequate resources exist.

uickBuilder - C!
; FflehEdit View Help

[E] | Mew Project W d s 7, &

: | &5 | Open Project tr+0 ¢ g m| g
N Recent Projects » M editor
E K Save Project Ctrl+5

I Save Project As... Ctrl+Shift+5

i+ | Print Configuration Ctrl+5hift+5
i3y Print/ Print Preview Crl+Shift+P

Import * Quickstep Symbols

Exit Quic ksteR Project

H‘ W

Search Titleist

Organize = New folder = s T e
< Favorites =i Mame . Date modified Type Size
PR Desktop . APM2011 2/3/2012 B:44 AM File folder
& Downloads . Kimball 2/3/2012 8:44 AM File folder
| Recent Places ., Mew Folder 2/3/2012 8:44 AM File folder
. QSBACKUP 2/3/2012 8:44 AM File folder
4 Libraries . TS102210 2/17/2012 4:11 PM File folder
@ Documents o TS102710 2/13/2012 8:47 AM File folder
&' Music 3 . TS102710gbp 2/21/2012 2:37 PM File folder
[ Pictures EH TS81209 1042172010 4:57 PM VC++ 6 Project 282 KB
B Videos (34 75102210 10/27,/2010 10:15 AM VC++ 6 Project 284 KB
EH T5102610 10/27/2010 10:17 AM VC++ 6 Project 284 KB
18 Computer | 5102730 10/27/2010 10:24 AM VC++ 6 Project 284 KB
&L, Local Disk (C:) s
58 projects (\Vicurlyj
a QuickBuilder (Q:]
5% backups (\\back:
File name: 75102710 - [QuicksteF- Projects

i Open Ivi [ Cancel
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When adequate resources exist the import process will begin, first by assigning symbols followed
by scanning for all tasks and then building the task tree’s.

QuickBuilder - CAQBTesti
: File Edit View Help
B HR S @ OO @S P H - |
i@ E R s e @@ e [@=c 0.
mwﬁi X Project | Editer
El-q? QuickBuilder
-0 Project Pages Task Task
- B0 myController [BC5311-0 Task_UPSTACKER Task_SKIP_SPRAY

- page 1 [FlParameters [¥]Farameters
Unassigned Project Pages [MLocals [FlLocals

[ Scratchpad 9]
[ Documentation 2
“-- 18 Debug
Importing Quickstep: Step 211

Once complete a dialog box will appear.
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Project | Editor

Quickstep Program imperting completed.

I- Check for any unassigned or undefined resources,

4

E

RS

Below is an example of an imported program, each task is a separate tree.

Project | Editor

5':'E':'E$$$$':'E$$55EE’EE?HE%’—":'EEE%E”$$$$E$$”’$$$$$$E”EEE

..........................................................
.......................................................................
...................................................................

I IR SRS BT BERERE. BRECES B EEEE S & v—.— L . R L= EEEE B I r—‘—-r—‘—v'—‘— =i -—|—
..|_..|_..|_ == ' SRR s = ==

= SRSl N

#

i
-EE}PHHH}}}}E}HHHH}}}}H-IHPH}E}PHHHH
-}E}HH-IHP}}}EHH-I-I-HH}}}}H-I-FHHE}PHHH

QuickBuilder™ Reference Guide



QuickBuilder Reference Guide 109

QuickBuilder - C:

File Edit View Help
BEHEYQD $B 00008 PEBGB
@ ® e fs w[dzw@:=cl

| Project | Editor

=53 QuickBuilder
[ Project Pages

@ Resources .
e - T o[l New ‘& View
) =

-] myController [BC5311-0 i En

m
m

page 1
=[] Unassigned Project Pages

ources|

1 <) Controllers

E 589 myController [BC5311-01A]
™ R3-084

P

[ Scratchpad
() Documentation

=}

o

o

J M3-10A
11_START_PB_RELEASED (din 001)

1 Debug

o

11_START_PB_PRESSED (din 001)
12_PausePressed (din 002)

o

o

. 2. O
g

o

12_PauseReleased (din 002)
13_ContinueReleased (cin 003)
13_ContinuePressed (in 003)

o

14_EStopOperatorPanel_On (din 004)

a
4
g

=]

g
g
]
a
9
]

‘:s?

g

2
H
g
i
|
2
El

o

o

15_RabatDoorlnterlock_OFF (in 005)
16_DawnstackDoorlnterLock_OFF (din 006)

o

Ol o
g

o
g

&
g

&
3
o
a

o,

7_Boothlight ON (din 007)
BoothLight_OFF {din 007)

o}

o
o

o

=]

i

o

- @
|8 RESET_UL_EMFTY_ROW_PAUSING

o

o

g
oD oD D oD oD B D D D D

T Task_VISION_ALARM  [@ OVEN [ OVEN_ALARM [ §l Oven_Alam_Msg [ TOTAL VISION_FLTS [ SET_VISION_ALARM [ Set visi 4 )

18_AlarmResctPressed (din 008)
18_AlarmReseiReleased (din 008)

19_SkipSprayBall SenseBlocked (din 003)

] 19_SkipSprayBallSenseOpen (din 003)

P 110_SkipSpreySpindleSenseDpen (din 010)

P 110_SkipSpreySpindleSenseBlocked (din 010)

P 111_SPRAY_GUN_AIR_PS_ON (din 011)

P 111_SPRAY_GUN_AIR_PS_OFF (din011)

P 112_SETUP_MODE_SELECTED._SS (din 012)

P 112_SETUP_MODE_NOT_SELECTED_SS (din 012)
M) 113_LINE_AIR_PRESSURE ON (din 013)

M} 113_LINE_AIR_PRESSURE_OFF (din 013)

M} 114_NO_BALL_AT_BALL_MISS_PE (din 014)

P 114_BALL_AT BALL_MISS_PE (din 014)

M 115 NO_BALL AT ROBOT_PE (din 015)

M 115 BALL_AT_ROBOT_PE (din 015)

1 /7
2/ ©025_FRONT_DOORS_BYPASS_RELAY
3| 014_24VDC_K8ControloN = 1;
4 TURN_OVEN ON_024 =
5! 03_BallBlowoff OFF
6
7
9

I Project | ) Library
e

"
cancel other tasks:

zero S1_Rotatiomalimis:

zero S2_Verticallwis:

10, zero 33 GripperAxis;

11, zero 54 Trayhxis;

12, zero S5 _ExtensionAxis;

13} if I1_START_PB_RELEASED goto

- START QUTRUIS

o;
END OUTPUTS -

INIT_1;

// %% Converted fram meniter ***

] 116_BALL_ON_TRAY_AT_LOAD_ROBOT_PE (din 016)

E J] 116_NO_BALL_ON_TRAY_AT_LOAD_ROBOT_PE (din 016}
M O1_TopGun_Off (dout 001)

M O1_TopGun_On (dout 001)

I 02_BottomGun_On (dout 002)

I 02_BottomGun_Off (dout 002)

I 03_BallBlowoff_ON (dout 003)

I 03_BallBlowoff_OFF (dout 003)

1] AUDIO_VISUAL_ALARM_ON_O (dout 004)
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Sample Quickstep 2/3 motion instructions imported and converted to the QuickBuilder environment:

_- RESI:T_UL_EN;I-:’TY_ROW_PAUSING B Task_VISION_ALARM [@OVEN [g OVEN_ALARM [ Oven Alarm Msg |[§ TOTAL VISION_FLTS [§ SET_VISION_ALARM [ Set visi 4 »

i Fy =———————————e STA_.RT OOTPUTS ——————— 7y

2. // <NC CHANGE IN DIGITAL CUTPUTS>

3 N mm———————————ee END OUTPUIS -————-—————————

4 store servoInfo (51 Rotationalhxis.Axis, SERVO position) to R15000 ROT POSITION:

5 store _servoInfo (32 VerticallAxis.Axis, SERVO position) to R15010 VERT POSITION:

6 store _servolnfo (53 GripperAxis.hAxis, SERV0 position) to R15020 GRIP_POSITICN:

7. store servoInfo (55 ExtensionAxis.Axis, SERVD position) to R15040 ExtensionPosition;

8 profile 51 Rotationalfixis servo at position P=R801 Rotational P Gain I=Rotational I Gain R802 D=Rotationl D Gain RB03;

3 profile 52 VerticalAxis serve at position P=R791 XV403 Pgain I=R752 XV403_ Igain D=R793 XV403 Dgain;

10! profile 53 _Gripperfxis servo at position P=R791 XV403 Pgain I=R792 XV403_Igain D=R793 XV403 Dgain;

11 profile 55 _Extensionlxis serve at position P=R791 XV403 Pgain I=R792 XV403 Igain D=R793 XV403 Dgain;

12! turn 51 _Rotationallxis to R471 RotatePosition:

13 turn 52 Verticallxis to R472 VerticalPosition;

14! tumrn 53_Gripperkxis to R473 GripPosition;

15 turn 55 ExtensionfAxis to R475 ExtensionPosition;

16; if (_servoInfo(51 RotationallAxis.Axis, SERVO stopped) && _servolnfo (52 Verticallxis.Rxis, SERVO stopped) && _servolInfo

17 i
] n | 3

|@ RESET_UL EMPTY_ROW _PAUSING ® Task_VISION_ALARM [@]OVEN [@ OVEN_ALARM @ Oven_Alarm Msg @l TOTAL VISION_FLTS @ SET_VISION_ALARM [ @ Set

ffH - STA_.RT OUTPOTS ——————————
025_FRONT_DOORS_BYPASS RELAY K12 OFF = 0;

014 24VDC K8ControlON = 1;

TURN_OVEN _ON 024 = 1;

03_BallBlowoff COFF = O;

ff - END OUTPUTS ——————————————
cancel other tasks:

zerc 51_Rotationallxis;

zero 52_Verticallxis;

zero S53_GripperAxis;

ZEero Sﬂ_TIanyis;

zero S55_Extensionlxis:

if I1_START PE RELEASED goto INIT_1; f/f **%* Converted from monitor **%

I I
I = T T= e (- T RS O
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Sample resources generated after input:

% Mew "y View

B s M3-40A

- ==

.

-

B 51_RotationalAxis (axis 001)
il S2_Verticalfuds (axis 002)

O M3-40A

Wk S3_Gripperfuis (axis 003)
.- 54 Trayfods (aas 004)

E-fa= M3-404

.- 5b_Bdensiondas (aos 005)
-l 7 (axis 006)

= M2-40A
= R3-08A
-

M3-104
M3-10A
! M2-404
 M3-40A
s M3-404
 M3-40A
M3-30A

I."'-

"

'I'-\.' M3-30A

i@ Undefined

(-~ Variables

(7] Nvariables

[l _data_table

- El AUDIO_VISUAL_ALARM_R570

-l BALL_CONV_BOOTH_PB_CALC_R757
[l BALL_COUNT_IN_R508

B8 BALL_LINE_CLEAN_OFF_PB_CALC_R7
- B8 BALL_LINE_START_DELAY_RE71
-l BALL_LM_STOP_INTEG_R507

[/ BALLS_AT_ROBOT_R701

- [ CONTINUE_PE_IMHIBIT_R503

- [l BEXIT_BALL_COUNT_RE00

[l EXTENSION_ACCELERATION_R541

- [l EXTENSION_SPEED_R540

--[M GRIPPER_ACCELERATION_R531
[ GRIPPER_SPEED_R530

- [l HIGHEST_EXT_ERROR_RG83

- HIGHEST_GRIP_ERROR_R622

- Bl HIGHEST_TRAY_ERROR_R684

- [l HIGHEST_VERT_ERROR_R681

[ HOPPER_EMPTY_R573

- HOPPER_FULL_ACCUMULATED_TIME_R516
[ HOPPER_FULL_R572

-8 HOPPER_FULL_START_TIME_R509
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Upon translation warnings may occur when a task branches into the code of another task. This is typical for a
Quickstep program, although not good programming practice, hence the warning. It can be ignored.

|| QuickBuilder Errors & Warning

warning Task_APM_DRY_LINE.INIT_2 branching to another task step: Task_Main.Init4 [page 1].Task_APM_DRY_LINE.INIT_2
Ay warning 100 Task_APM_DRY_LINE.step_7 branching to another task step: Task_Main.Main [page 1].Task_APM_DRY_LIME.step 7
A, warning 100 Task_Main.step_14 branching to another task step: Task_APM_DRY_LINE.INIT_1 [page 1] Task_Main.step_14
‘y, warning 100 Task_ROBOT.step_67 branching to another task step: Task_APM_DRY_LINE.INIT [page 1].Task_ROBOT.step_67
My warning 100 Task_PANEL.AUTO_RESTART branching to another task step: Task_APM_DRY_LINE.INI... [page 1].Task_PANEL.AUTO_RESTART
Ay warning 100 Task_PAMEL.ClearServos branching to another task step: Task_APM_DRY_LINE.INIT [page 1] Task_PAMEL.ClearServos
A, warning 100 Task_PAMEL.RESTART branching to another task step: Task_APM_DRY_LIME.Start [page 1] Task_PAMEL.RESTART
Ay warning 100 Task_TRAJ_EMABLE_DLY.SINGLE_AXIS_PAUSE branching to another task step: Task_PA... [page 1].Task_TRAJ_EMABLE_DLY.SINGLE_AXIS_PAUSE
My warning 100 Task_TRAJ_EMABLE_DLY.SINGLE_AXIS_PAUSE branching to another task step: Task_PA... [page 1].Task_TRAJ_EMABLE_DLY.SINGLE_AXIS_PAUSE
Ay warning 100 Task_TRAJ_EMABLE_DLY.TrayAdvanceShutDown branching to another task step: Task_... [page 1].Task_TRAJ_EMABLE_DLY TrayAdvanceShutDown
/%, warning 100 Task_TRAY_COMV.TRAY_HOMING branching to another task step: Task_ROBOT.DriveEr... [page 1].Task_TRAY_CONV.TRAY_HOMING
A, warning 100 Task_TRAY_COMV.TRAY_HOMING branching to another task step: Task_ROBOT.DriveEr... [page 1].Task_TRAY_COMNV.TRAY_HOMING
A, warning 100 Task_TRAY_COMV.RowNotClear branching to another task step: Task_PANEL.EM_STOP [page 1]. Task_TRAY_COMV.RowNotClear
Ay warning 100 Task_Events.DELAY_ELEVATOR branching to another task step: Task_Elevator1.Elevatorl [page 1].Task_Events.DELAY_ELEVATOR
A, warning 100 Task_BALL_MISS_CHK.CheckifTrackStillRunning branching to another task step: Task_R... [page 1].Task_BALL_MISS5_CHK.CheckifTrackStillRunning
A, warning 100 Task_FOLLOWING_ERROR.ServoError branching to another task step: Task_PAMEL.EM... [page 1].Task_FOLLOWING_ERROR.ServoError
i) infa 100 51_RotationalAxis (axis 001): 0 out of 48 max variables used
i) info 100 52_VerticalAxis (axis 002): 0 out of 48 max variables used
i) info 100 53_GripperAxis (axis 003): 0 out of 48 max variables used
i) info 100 54 _TrayAxis (axis 004): 0 out of 48 max variables used
i) infa 100 55_ExtensionAxis (axis 005): 0 out of 48 max variables used
i) info 0 Image size: 1975060 bytes, 15.37% Program Area Used. Project
i) info 0 Translation Time (MO ERRORS): 40,36 sec(s) Project
i) info 0 myController archive size: 564,280 byte(s) Project

M Important: When doing motion control you must tune your motor and set the properties for each axis prior to
operation (M3-40 axis). Also make sure you set the driveenable property to the proper output to enable the drive,
it is disabled, 0, by default. CTC demo boxes use output #1, thus a change is needed.

/4 Translation Errors - In looking for step names that may be using a reserved word, as its name, typically the
link prior to that having a reserved word will be pink versus white. For example 'motion'is a reserved word, below
shows the error:

[Start Task |
Kickoff

¥ Farameters
[¥]Locals

]

2l

To correct this problemthe step named 'motion' would have to be edited, for example changed to 'motionx, as well
as any references. To resolve the pink boxand clear that error simple double click on the box and the parser will
then see the step name has been changed and clear the error. Sometimes you need to click on the clear boxbelow
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the step as well should a translation error continue to occur.
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Chapter 4: BACnet/IP

BACnet (Building Automation and Controls network) was developed by the American Society of Heating,
Refrigerating, and Air-Conditioning Engineers (ASHRAE, www.bacnet.org). BACnet is an ISO global standard,
American national standard, a European pre-standard, and is used in more than 30 countries.

BACnet is a data communication protocol, or set of communication rules, that ASHRAE created in order to
standardize communication between building automation system components. It allows systems from various
vendors, such as HVAC, lighting, security and fire systems, to communicate with each other by providing
standardized methods for presenting, requesting, interpreting, and transporting information.

QuickBuilder has a powerful BACnet programming implementation. Almost all devices, objects, and properties
can be accessed programmatically, in real time. It is expected that the basic programming skills of QuickBuilder
are understood before proceeding with this section. Also the basics of BACnet Devices and Objects is needed.
Reference document 951-536105, "BACnet Communications Guide" for more detailed QuickBuilder and 5300
controller information.

QuickBuilder allows a programmer to take a standard volatile variant table and remap it to BACnet device objects.

Object values can be read and written, in real time, as the instruction is executed. No values are cached and the
operation is initiated immediately. Since QuickBuilder programs run as independent threads this does not affect
other task operation. If a polled mode is desired then it is recommended a programmer dedicate a single task to
periodically reading BACnet data and storing it into local QuickBuilder variables for other tasks to access, this
may be more efficient than simply reading an online variable randomly.

As with reads, writes also occur immediately and as soon as control is returned to the task, the write has
occurred. Last read and write error status is also available as well as online system status to ensure data
integrity. The 5300 ‘tsm timeout” and ‘tsm retries’ setting will determine the maximum amount of time a task will
hang should the device be powered off and an attempt to access is made. Note that if the device has already
been identified as offline then control will return immediately, with the appropriate error code set. It is only
during the transition to offline that a delay may occur. Actual read and write times will vary, dependent upon the
response time of the device you are conversing with. The 5300 typically initiates the transaction within 1-2 mS.

E_—“ The QuickBuilder/5300 interface does not support properties that have an array. Typically only the first
element will appear in a read but given the vast number of properties testing of each desired would be needed.

BACnet Volatile Tables

In order to define a QuickBuilder volatile variable to be a BACnet aware a number of things must be done. In the
example below we are defining a variable ‘BACNet_AnalogReg’ to be redirected to the BACnet network. It will
interact with a device called “New Virtual Device 1” and an analog output called “My New Object”. In this
particular example the SCADA Engines BACnet Simulator is being used, converting a PC into a BACnet/IP
server.

1. Define a variable of storage ‘table’ and type ‘any’:
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o X
description
group
name BACNet_AnalogReg
units
E Info
assignment 36101
override 0
references 3
E Location
channel
controller Test [BC5311-01A]
module
E Object Properiies
initialValue
storage table
type any

2. Inyour programinitialize the first element of the table prior to access (only do this once):
// Initialize the variant register we will use for BacNet, this just
// creates it by writing any value to the first cell.
BACNet AnalogReg.i[0][0] = 0;

3. Set the BACnet indirection flag (only do this once):

// Set our Variant selection register so we can indirectly set the BACNET
remote flag

SREGISTERS[36804] = addr (BACNet AnalogReq);
// Set the remote access flag, we are now a BACnet remote variable
SREGISTERS[36814] = 1;

4. Initialize the table entries for the Device to communicate with, Object Name, and Object Type. It is
assumed that the Device name is unique on the network and the Object Name is unique for the Object
Type defined. Ifnot the BACnet Device Instance and Object Instance information will need to also be
set (Refer to the QuickBuilder Explorer for the needed information). Each row specifies a specific device
while the column is the property to be accessed for that device. The variable may reference as many
different BACnet objects as desired by simply changing the row index. You may also define multiple
tables of different QuickBuilder names referencing the same device and the same or different BACnet
objects.

// Set the device entry for this array element, multiple device definitions may
be defined

// by incrementing the row value of the table. Below we are assuming the first
table entry.
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// ‘device’ is an integer.
device = 0;

// Initialize the Device Network Name, each row can be a new or the same device
to access,

// regardless, each row must be initialized to create a mapping.

BACNet AnalogReg.s[device] [$PROP BACNET CTC DEVICE NAME] = string("New Virtual
Device 1");

// Set the object name we map to
BACNet AnalogReg.s[device] [SPROP BACNET CTC OBJECT NAME] = string("My New
Object");

// Set the object type expected, OBJECT ANALOG OUTPUT
BACNet AnalogReg.i[device] [$PROP BACNET CTC OBJECT TYPE] = $
OBJECT BACNET_ ANALOG_OUTPUT;

// If duplicate names exist on the network then the BACnet defined device
instance must be

// set, the default is -1, which means the first found matching the device
name.

BACNet_AnalogReg.i[device][$PROP_BACNET_CTC_DEVICE_INSTANCE] = 1;

// If duplicate object names exist for the desired object type then the object
instance must

// be set, the default is -1, which means the first found matching the object
name/type.

BACNet AnalogReg.i[device] [$PROP BACNET CTC OBJECT INSTANCE] = 0;

5. Duplicate the above for all BACnet objects desired, then prior to accessing wait for the device to be
online. This is only needed for the first variable to be used accessing that particular device:

// Check the system status for this device

online status = BACNet_AnalogReg.i[device][$PROP_BACNET_CTC_SYSTEM_STATUS];
// If 1 then am online, if 0 then offline

if (online status == 1) then goto online;

// Wait for bit, then check again

delay 1000 ms;

goto wait online;

6.  Once online you may freely access the variable and properties as desired. Since the variant is of type
‘any’ you must use the .f32 for a float, .i for an integer or enumerated BACnet type, or a .s for a string.
The type will automatically be changed to the proper type of the property you are accessing, if

possible.

// It is online so loop, writing a value, use .f32 since an analog output is of
type Real.

BACNet_AnalogReg.f32[device][$PROP_BACNET_PRESENT_VALUE] = test value;

// Verify wrote properly and read the last write error, will be 0 if no error,
-1 if busy,

// else error code. Since we block during write we do not have to loop for
results

result_code = BACNet_AnalogReg.i[device] [§PROP_BACNET_ CTC_LAST_ WRITE_ERROR];

// See if OK
if (result code != 0) then goto error handler;
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4.2

// Wrote properly so continue
test value = test value + 1.0;

// continue to loop
goto online;

BACnet Explorer

QuickBuilder provides a basic BACnet Explorer whose information comes from the controller your project is
defined for. QuickBuilder will initiate a telnet session with the controller and graphically display the information
retrieved with the ‘get bacnet devices’ command. You may then scroll through what that 5300 views as its
current BACnet network connections. Present Value properties may be refreshed and updated using graphical
buttons which translate to the telnet ‘get bacnet data’ and ‘set bacnet data’ commands.

Note that the Present Value properties displayed are those when the device was first on-lined, not at the moment
the display was rendered, thus may be old data. Use the ‘Refresh Present Value’ button to update the selected

object.

The Explorer is very useful when attempting to determine the names of devices and objects, as well as instance
numbers (object-identifier) for inclusion in your QuickBuilder program. To invoke the Explorer, right click the

controller of interest and click ‘BACnet Explorer’:

(il Resources n
% New Wy View
- Resources
=42 Controllers
=R ) Test [BCEI1LO1M
m R = New
=
H Snd [ Open resource grid view
ari
] NVq 48 Move Up
] PIDS —
li_:j }{l'.l'lﬂ VIOWE LAOWN
{al Unal @8 ppiich
{7l Unassigned
k| Werify Project
& Telnet
f=3 Status/Control
ik Controller Explorer
i#| BAChet Explorer
@) Editor - Online
[ QuickScope
O QuickView
2% Delete All Unreferenced
Delete
Properties 5 a

Allthe devices currently connected will appear after expanding the Controller folder (Test):
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] "CTC5300 Server” (Device, 655245)
qj "Mew Virtual Device 17 (Device, 1)

ontroller Test
IP Address 1721

=
=]
==

5

Clicking on the device will display the device object information available. The number listed within the <###> is
the BACnet property identifier which is used as the QuickBuilder table column reference to read this property.

8™ Test = | =]
BBT-CTC5300 Server” (Device, 656245 L] | i
1 "Mew Virtual Device 1° {Device, 1) (Device, 655245) ||
ip-address 1721629 1
port 47308 5
SNET 0
SADR-length 0
SADR (hex) 0
APDU 1476
object-name <77 "CTC5300 Server”
object-type Device (8)
system-status <112> operational
vendor-name <121 "Control Technology Corporation”
rendor-identifier <120 ha6
5300 BlueFusion”
07.1"
application-software-version <12 "05.00.50R69.59.." -
object-identifier <75>
(Device, 655245)

tVzlue || fg Refresh Discovery

Upon expanding a device entry, all the public objects will appear:
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(7 BACnet Explorer: Tes o

=0 Test o] ms

Er+Z] "CTCE300 Server” (Device, 655245) T -
@ L (Analog Input. 0)

[ “A-001" (Analog Input, 1) by

"AJ-002" (Analog Input, 2) b

"Al-003" (Analog Input, 3)

"Al-004" (Analog Input, 4)

"Al-005" (Analog Input, B)

"Al-006" (Analog Input, &)

"Al-007" (Analog Input, 7)

"AJ-008 (Analog Input, &)

*A-009" (Analog Input, 9) description 28> "Module 4, M3-31A - 16 AIN +/-10V vo1.02"

"AIF010" (Analog Input, 10)

"Al-011" (Analog Input, 11)

“AF012" (Analeg Input, 12)

"Al-013" (Analog Input, 13)

“Al-0147 (Analeg Input, 14)

"AJ-015 (Analog Input, 15) object-identifier <755

"AD-000" (Analog Output, 0) (Analog Input, 0)

"A0-001" (Analog Output, 1)

"AN-007" {Analon Chteat 21

[ Update Present Value

[g,, Refresh Present Value ][@s Refresh Di&wvery]

Real

false false false false}
niomal

FALSE

millivolts

PEe00Ea008a00080aE

Once an object is selected you may then use the ‘Update Present Value’ and ‘Refresh Present Value’ buttons to
modify and refresh respectively. The ‘Refresh Discovery’ button will initiate a telnet session with the 5300 and
update the display with the current discovery information within that controller.
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5 Appendix A: Shortcut Keys

There are a number of shortcut keys that are useful within QuickBuilder. The following table describes these

keys.
Key Description
Control-R Insert Resource

This key is available in the code editor window to automatically insert a resource by name
from a drop-down combo box. This key is also available in the Q$4 step editor when
building expressions, or when a variable name is required.

Control-Arrow  SFC Diagram selector

The arrow keys “move around” the SFC diagram while editing in the code editor window.
For example, if you are on a step, and want to edit/view the next connected step, then
pressing Control-Down-Arrow would take you to that step.

Control-E Switch editors

This key toggles between the code editor and the QS4 editor windows.

Control-M Make a new step

This key (while in the code editor) creates a new SFC element. Essentially equivalent to the
SFC construct toolbar, this is a non-mouse method to add a new SFC step.

Control-N Add a new statement (after)

This key brings up the Q$4 editor to add a new statement affer the present statement. It is
equivalent to the Insert Statement After command in the QS4 editor window.

Control-Shift-N Add a new statement (before)

This key brings up the Q$4 editor to add a new statement before the present statement. It is
equivalent to the Insert Statement Before in the Q$4 editor window.

F3 Find Next

This key finds the next occurrence of the Quick Find text entered in the code editor
window.
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6 Appendix B: Known Anomolies & Warnings

This section lists known issues with the current revision QuickBuilder and suggested workarounds:

Quickstep/QuickBuilder Project Upgrade Warnings

1. Digital Input ActiveState — The digital input activeState property is functional, previously the property
was ignored. Thus setting it to ‘false’ will cause the input to be inverted, ‘true’ being the default state.

2.  Reserved words — To handle the importing of Quickstep some new reserved words were added whose
use in older programs will now generate a compile error: _rol, ror, servolnfo, at, accel, and, const, cw,
ccw, D, deadband, down, hardstop, [, maxspeed, motion, of, position, P, profile, reset, rotate, scount,
search, servo, shift, softstop, tgoto, timeout, turn, up, zero. If any of these words are used as resources
or step/task names in your program they must be changed. This includes MSB properties referenced
from a main QuickBuilder step using the ‘dot’ property.

3. Reserved Words In Step Names - In looking for step names that may be using a reserved word as its
name, typically the link prior to that having a reserved word will be pink versus white. For example
'motion'is a reserved word, below shows the error:

[Start Task
Kickoff

¥ Farameters
[¥]Locals
Dl

= motion

-

To correct this problemthe step named 'motion' would have to be edited, for example changed to
'‘motionx, as well as any references. To resolve the pink boxand clear that error simple double click on
the boxand the parser will then see the step name has been changed and clear the error. Sometimes you
need to click on the clear boxbelow the step as well should a translation error continue to occur.

Negative Numbers in Boolean Expressions

Expressions which are used to generate a boolean (true/false) result must have negative number enclosed in their
own parenthesis, for example -5 would be (-5). Some statements which this would occur are in 'if' and 'while'. For
example the correct way to detect to see if a number is within a particular range would be:

if (x> (-5)) && (x<5)) then
Note the extra parenthesis around the -5. Failure to do this will result in the -5 being interpreted as a 0.

Menus can hang open on the Resource Tree

Periodically, and only on some computers, if you right click on the Resource Tree you must make a selection to
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close the menu window. This appears to be a Windows issue with the mouse driver and especially occurs with a
wireless mouse. The present fix for this is to either make a selection to close the menu or simply restart
QuickBuilder and the problem typically goes away.

Controller CRC Mode

An enhanced version of the controller CRC mode has been added. Previously every translation generated a
‘unique' CRC but now with the introduction of source level debugging the CRC is used to detect code changes in
the controller versus what is resident within your project on the PC. By default the CRC mode is now set to
'‘common' and is imported that way from previous revisions. A new feature allows you to set the mode to
‘common' where by the CRC will only change when the source code changes, not on every translation.

XVar Constants and Strings

Usage of XVar Constants and strings within a project will make that project not backward compatible to releases
including and prior to September 2009, since those programs do not support this feature.

Filenames and Revision Numbers

If a user names a file with more then 20 characters and changes a rev number (i.e
"thisfilenameisover20charecters V1.2.qbp" vs. "thisfilenameisover20charecters V1.3.qbp") when making changes it
appears as though the new version 1.3 will over write his old one 1.2.

Events and Tasks

There can be no more than 96 Events in a system and the total number of running tasks and pending events can
not exceed 96.

M3-40 MPPR

The M3-40 motion module contains numerous properties. If one is not being used it is recommended to leave
themset to the defaults. The default for 'mppr' is currently 4096, this can be changed to any non-zero value.
Setting to zero will cause an error in the motion module.

M 3-40 Module Definition in Rack

If the M3-40 motion module is included as a rack resource and the 40 card is not in the controller at runtime, a
fault will occur. The controller initialization code will attempt to initialize the 40 card but its presence will not be
seen, which is an error. Remove the card from the QuickBuilder resource rack if not present in the controller.
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Appendix C: Training

PDF versions of the Training slides for QuickBuilder as well as Motion control are available via the below
hyperlinks:

QuickBuilder Training

Motion Control Training

Note that in the top left corner of each presentation page there are notes which should be helpful in
understanding the slide:

Presenter

This training module provides an introduction to
QuickBuilder™." QuickBuilder is CTC's comprehensive
programming suite, an intuitive, graphical tool to
program, pre-test, commission, and maintain your
project — whether it's a simple application with fews I/O
points and little or no motion, or a complex project with
hundreds of I/O and many axes.

This tutorial is designed to be completed in six
sessions. Four labs are included to give you hands-on
experience working with QuickBuilder. Completing the
sections in the order provided is the best way to use
this tutorial.

The sessions include:

Section I: QuickBuilder Overview

Section 2: Programming with QuickBuilder:

Configuration, Programming,
Cnmmlssmnlnu. and Mamtamlnu

Control Technolc
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Control Technology Corp.

25 South Street

Hopkinton, MA 01748

Phone: 508.435.9595 « Fax508.435.2373

Document No. 951-530017-019

/% 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 from the 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 revision
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 Firmware | M3-40 Firmware
Revision Revision Revision
5300 >=1.2.4410 >=5.00.90R69.47 >=1.45
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1 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 series automation controllers. The primary
programming language used in QuickBuilder is QuickStep4 (QS4). The QuickStep multi-tasking state language
was invented by CTC in 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 QuickMotion to be able to easily handle even the most demanding motion control applications in a
very intuitive manner.

The focus ofthis document is the QuickMotion extension to QuickBuilder. It is assumed that the reader is
already familiar with the QuickBuilder environment and the QuickStep programming language. This document
should be used in conjunction with the QuickBuilder Reference Guide.

This document is valid for use with the following Model 5300 motion modules:

e  M3-40A: 2 Axis Servo Module
e M3-40B: 3 axis Stepper/High-speed Counter Module (24V)
® M3-40C: 3 asix Stepper/High-speed Counter Module (5V)

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

11 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 [ .

1.2 Brief Overview of Motion Control

1.2.1 Servo Motor Applications

Background

A servo motor is used in a closed 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.

There is usually a Servo Drive module between the motion controller and the motor that accepts the control
signal (torque or velocity command) from the motion controller (a low current signal in the range -10 Volts to +10
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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 AC motor, which requires additional circuitry in the Servo Drive to
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 M3-40A motion module is added to the system. The M3-40A module is a dual axis servo controller that can
control 1 or 2 servo motor systems with Analog Torque or Velocity command and Quadrature encoder feedback.

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, via a 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
them should be minimized.

Encoder Feedback

An encoder mounted to the motor generates two pulse signals (A, B) that are used by the M3-40A module to
track the motor position. The M3-40A module can also accept a third encoder channel (the Z axis or Index) that
can be used to identify a specific point in the motor rotation. This Z pulse is 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)
when the A encoder phase leads the B encoder phase. Indicator LEDs for each servo axis on the module indicate
the states ofthe 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 not 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 from damage caused by over voltage.

4 5 VDC power is available from a dedicated 5V connector on the Model 5300 power supply modules. This
connector also has a 5V return that is common to the controller’s 24V returm.

/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.

/N When the encoder output is provided by the Servo Drive, care must be taken that the signals are actually
encoder signals and are not a simulated encoder generated by the Servo Drive from other signals. When the
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outputs are simulated encoder signals, there is generally a delay between the movement of the motor and
the encoder signal generation. When this delay is small this is not a concern, but since the M3-40A4 updates
the servo command at a rate of over 1250Hz, delays as small as 200us can be significant.

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 IO Assignments later in this chapter and the Model 5300 module data

sheets at http://www.ctc-control.com/customer/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. Most 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 Model 5300 motion
module. To control motion, an M3-40B or M3-40C 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 M3-40B/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.

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 via the encoder as a check on the commanded position. The 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) 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 5 VDC power for encoders is available froma dedicated 5V connector on the Model 5300 power supply
modules. This connector also has a 5V return that is common to the controller’s 24V return.

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

N When the encoder output is provided by the Stepper Drive, care must be taken that the signals are actually
encoder signals and are not a simulated encoder generated by the Stepper Drive from other signals. When
the outputs are simulated encoder signals, there is generally a delay between the movement of the motor
and the encoder signal generation. When this delay is small this is not a concern, but since the M3-40B/C
updates the stepper command at a rate of over 1250Hz, delays as small as 200us can be significant.

The M3-40B/C modules also have five high speed inputs and five high speed outputs that can be configured for
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a wide variety of functions via software. See IO Assignments later in this chapter and the Model 5300 module

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

Brief Overview of M3-40 Motion Module Features

High performance motion control can be easily achieved with Blue Fusion Model 5300 automation controllers by
adding one or more M3-40 motion modules. The M3-40 series modules are two axis motion control modules
specifically designed for the Blue Fusion Model 5300 controller. They can be used to command motion on both
servo and stepper motor drive systems. The M3-40 uses space saving design features that enable it to fit into a
single rack slot in the Model 5300 controller. Up to 32 of the M3-40 modules can be installed into a single Model
5300 system, allowing for up to 64 axes of motion control.

Motion performance is maintained even as axes are added because each M3-40 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 M3-40 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 M3-40 modules that can be used in the Model 5300 automation controller:

o M3-40A: 2 Axis Servo Module
e M3-40B: 3 Axis Stepper/ High Speed Counter Module, 24V command
e M3-40C: 3 Axis Stepper/ High Speed Counter Module, 5V command

Hardware Features

Each module is 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 M3-40B and M3-40C do not have analog command capability and therefore are best suited for
stepper applications.

Allmodules 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 MHz, 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 M3-40 module (40A/B/C) to command a
third open loop stepper. See the Alternative Stepper Output statement in the I/O Statements section of Chapter
4 for more on this topic.

Software Features

While the M3-40’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 a motion 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 a very modular approach to QuickBuilder’s motion control capabilities. To create motion on an
axis, one or more motion commands are placed in an object called a Motion Sequence Block (MSB). After
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creation, that MSB can be used by any of the axes at any time. A simple example would be a homing MSB — 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 QuickMotion, which has more than 50 new commands and more than 100 specialized
motion variables. QuickMotion 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:

Move to 3.76 in 1.25

Of course, 3.76 could just as easily be a variable or an expression that is calculated on the fly.

M3-40 Module Datasheets

Refer to Document No. 950-534001: Model M3-40A data sheet at http://www.ctc-control.com/customer/techinfo/
docs/5300_950/950-534001.pdf for more detailed information on the M3-40A module.

Refer to Document No. 950-534002: Model M3-40B data sheet at http://www.ctc-control.com/customer/techinfo/
docs/5300_950/950-534002.pdf for more detailed information on the M3-40B module.

Refer to Document No. 950-534003: Model M3-40C data sheet at http://www.ctc-control.com/customer/techinfo/
docs/5300_950/950-534003.pdf for more detailed information on the M3-40C module.

Model M3-40 Motion Module Features

*  Two axes of servo 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

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

* Suserassignable inputs / axis

* Suserassignable outputs / axis

*  High speed registration capture

*  High speed PLS outputs

*  48user variables per axis

Special M3-40 I/O Functions

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

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

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

*  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 programmatically on-the-fly. This is especially useful to
compensate for lead or lag time based on operating speed.

1.3.3 QuickBuilder Motion Control Features

* Axis objects configured in the Resource Manager

*  New tuning wizard simplifies tuning

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

+  Simple English commands

*  Over 100 new motion variables

»  Fulluser-unit support

*  Soft limits and hard limits

* Asynchronous event handlers
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1.3.4 10 Assignments

1.3.4.1 10 Assignments - M3-40A

Terminal block connections
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M3-40A

M\ Any two digital inputs can be configured in QuickBuilder to function as registration inputs 1 and 2. These
digital inputs still function as general purpose inputs even when configured as registration inputs.
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1.3.4.2 10 Assignments - M3-40B

Terminal block connections
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1. All step and dir connections are single-ended 24V,
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1.3.4.3 10 Assignments - M3-40C

Terminal block connections
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1. Step A/B and Dir &/B connections are single-ended 5W.
Step/Dir C connections are single-ended 24V,
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Chapter 2: Model 5300 Motion Architecture

The Model 5300 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 Model 5300
Automation Controller. It provides the primary guidance for the application and is in charge of communications
with the outside world and the local Model 5300 I/O, motion, and specialty modules. The distributed nature of
the Model 5300 design allows portions of the project to be passed to intelligent Model 5300 modules for local
processing. This distribution of processing tasks and the overall coordination between modules and the main
CPU is taken care of automatically by QuickBuilder.

The result 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 Model 5300 Motion 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 Model 5300 controller and how it interacts with the QuickBuilder project.

Before we get into the details of how to add motion to a QuickBuilder project, we’ll first review the major elements
ofthe Model 5300’s software architecture:

®  QuickBuilder, the software application used to program Model 5300 controllers
*  QuickStep, the programming language used in QuickBuilder

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

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

P QuickBuilder - C:\TomTesting\HS, GlassChannel.qbp

: Fie Edt View Help

(B HE > B A PSS LPEE 2 EAreEs-dide@=cOl
Fioject | Froiect | Edior | Resources ax
=50 QuickBuilder all = Hew Y view
=1y Project Pages = P ]
= [ GlassChanrel [BCS311- = == [ =) Conolers
S8 pase1 (589 GlassChannel BCS311-074]
o ety = R34
5 comt | s M3T1A
G |- — S
g ico =Y = M3404
x '“”d‘r ¥ & Undefined
Ii o, > a (0] Vaistles
[l 1] Wariables
T saw = ] Gk
=) page2 - CIRs:
W dscbleServa = (] SegmentedMaves
W enableServa 5
B priCale Cltims
W prDirect ] Unassigned
) rooctiis 2] Unassigned
B reselServalmp -
£ [, Unassigned Project Pages -
[ Seratchpad
(2 Documentation
= 1% Debug ==}
B actuator
T a¥is? MatEnc
B inpuis
3% iobTable
B mppr_Calc 8) ==
P Constarts =) g
s,
=% r— 0? o? oy
== aald L
<] | 3
| =054 0ode - iSyetenton page ' X
(13 Project [ @) Lbay Je @
= Dvervien [pags 1] BN 18 sotTasks @ intSystem (@] mock] 8 crwrl 8 powerllp 1
=8 TR =
xz 2 upon nachine initialization, wait for things to —
= 3 come ta life before launching other threads.
4 This vaits for:
s 1. E-Stop Incegrity
5 2. servo My Initialization
7 3. 5300 Axis Controller Initialization g
8
10 // reset any axis fault information
d 11 set bictustorixisFltStatus off;
12, ilerustorFlefordi = O
13 ilcrustorFlefordz = Of
v 14l taeruarorFininra = ne v
< | @

11/13/2003 410PM

QuickBuilder desktop showing three tasks. A single step is highlighted in red.

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 CTC in the 1980’s and has been proven in thousands of automation projects. Over the years CTC
has continually refined and upgraded the language. The current version of QuickStep is QuickStep4 (QS4). The
screen captures below show a highlighted step fromthe flow chart window that is automatically linked to the QS4
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 QuickMotion

QuickMotion 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 of
Model 5300 automation controllers. QuickMotion instructions are entered into specialized tasks called Motion
Sequence Blocks (MSBs).

The MSBs are coded within the QuickBuilder environment in the same way as steps are coded in QuickStep:
Drag the MSB 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 MSBis both a step and a task
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2.31

2. asingle MSB may be used by any number of axes.

Motion Sequence

yMove

kM otion - 'Mybove' on ‘page 1
x & |

1i f/ Here's an example of a simple MSE called MNyMove
z

3 /% This M3B moves to an absolute position specified
4:| by the wariable "drillpos" at a max velocity
Eilzpecified by the wariabhle "rapidrate™ w

=]

7

movre 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 program or call some
generic homing routine hard coded by the motion control manufacturer. With QuickMotion, it is easy to create a
customized homing MSB once, give it a name, and then use a QuickStep statement to start that MSB on any axis
whenever an axis needs to be homed.

Adding Motion to the Blue Fusion 5300

The main components used in Model 5300 motion control are:

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

e The MSB: The Motion Sequence Block, which contains one or more motion statements that execute on
the Axis Module’s CPU under the supervision of QuickStep on the main Model 5300 CPU.
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2.3.1.1 The Axis Module

A Model 5300 axis module is inserted into the Model 5300 rack just like any other /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.

M3-40A4: Example of a Model 5300 Axis Module

2.3.1.2 The Axis Object

The Axis object represents a hardware-based axis associated with a servo or stepper drive. It is automatically
created when a motion module is added to a rack 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 (MSBs). These MSBs appear in the QS4 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 MSB is selected, the programmed motion command sequence appears in the text editor window — the
same window that is also used to edit QS4 code.

QuickStep4 can only start one motion sequence at a time for a given axis, but the active motion sequence can
start other motion sequences (with some exceptions) that can run in parallel.

An MSB s 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
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=l M40
+ ax] [awiz 003)
+ ans [ariz 004]
= M40
+ wzk [ariz 005]
b3 [axi= OOE)
= M3-100
M| 7 (din 001)
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M| 7 [din 009) ks

2.3.1.3 The Motion Sequence Block

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

The MSB s started on a given axis from QuickStep by using the Start MSB statement.

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

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

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

2.41

242

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 MSBs. 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 MSB can then launch foreground MSBs 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 MSBs and thereby all motion.

In addition to these commands, QuickStep has extensive abilities to monitor and control MSBs 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 (MSB) on the specified axis.

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

start axisl MSBI1; // start MSBl on the axis called 'axisl', as
a background thread.

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

start axisl MSB1 FG; // start MSB1 on the axis called 'axisl', as
a foreground thread (run on each loop ticks, limited to 4).

QS4 stop Statement
This statement stops execution of all MSBs on the named axis.

Example:

stop axisl; // stop execution of all MSBs on ‘'axisl', this
stops immediately

stop axisl slewed wusing 100; // stop execution of all MSBs on
'axisl', slewed stop at 100 user-units/sec/sec.
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243 5300 Motion Architecture Summary Diagram

5300 CPU
QuickStep 4
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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. The first thing that
needs to be done is 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 M3-40A module to
our first 8-slot rack. As with other module types, axes are automatically numbered from left to right starting at
the CPU. So in this case the two axes on the third module are numbered 5 and 6.

[ Besources -~ 3 X

W Mew ' View

=i Comitrollers
=@ conl [BCR3T1-014]
=I-TM R3-08A
=l bA3-404
b1 [awxiz 001)
b2 [axiz 002) %
= bA3-404
+ awl [awiz 003)
+ and [awiz 004]
= 3404
+ yzk [amiz 005]
b3 [axiz 006)
=l b 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 a unique name. It is an
error to have unnamed axes in a project. Right click and name the axis.

Ifthe 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 a whole module can be moved as
needed so that the named axes in the Resource Manager 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 done in the property inspector window.
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31 Axis Properties

When an Axis object is highlighted in QuickBuilder’s

2 . #  Resource Manager, the following alphabetical property list
Hilhstikropeie: I ¢ forthe axis is displayed. Required and Recommended
:;C 0 properties to set up are reviewed below. Default values are
;o torque mode 4 given in [ ]. To learn more about these as well as the other
dee 1000000 “  properties, see the Variables Chapter later in this guide.
driveenable 0 J
gtimebaze 1 . . . .
jE— oo |¢ Required— When setting up an axis, the following
invertemd 0 |5 properties must be set up in order for the Servo or Stepper
invertfesd 0 f Control module to properly interface with the connected
Ll = ¢ motor and drive:
jerk 1000 {
kd 0
Kfilt 0.001 : e cmode: Determines the command signal the
t_ga'” Sl]l] -~ controller sends out. Set to [Torque], Velocity, or

|
ky 01 i_ Stepper.
:;fpr Ei]?]l] [3 e tmax/vmax: Depending on the drive type set, the
adi AE+50 ; maximum torque or velocity that will be realized by
ovemegin 0 y’ a 10V command from the controller. [INm /
averpasin 0 ) 1000RPM]
pdead 0 !
perlimit 0 "t’ e ppr: The number of feedback counts per revolution
i 0 {‘ [4000]
'ml"“_ :E*Eu > e sppr: When operating in stepper mode, this value
4000 .i must be set to correspond to the steps/rev of the
runring 0 3 controlled stepper drive.
frnod 1] {j . .
zpn;? 10000 \ Recommended — Once the required properties have been
stoprate 100000 £ entered, the axis can be tuned. However, it is recommended
timehass 1 #  that the following properties also be checked and adjusted
Hirn 10000 #  as necessary.
trnias 1 g} Y
uud 1 g
1 . . .

:;n 0 ® acc/dec: Checkthat the acceleration / deceleration
wmnan 1000 ( rates are appropriate. [10000000/10000000]

{ . .
ppg b e driveenable: Set this to the output number that will
positiorrloop gain [1000/min] ’ be used to enable the servo drive. (Highly

: 1 S i

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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3.1.1

¢ 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 these to the input number to be used to signal positive and
negative overtravel. [-1E+50/ 1E+50]

e 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.
[1/1]

Other — Many of'the other properties are either automatically adjusted by the tuning wizard or are used for more
specialized functions. Referto Chapter 5: Variables for 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
kvf = 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. Ifthis occurs, move the
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]

POSITIOM LOOP
FPG 1000/ min J
feed-fonward
YELOCITYLOOP
FID FDF
Loop Type J
B andwidth J
[ 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: This is 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 the loop 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

=k M3-404
gk [
b3 [axis
B MIT0A - Mave Down
=) M3-408 1
2 fasis 0f £)] Unassign
S U '?d[axisU N
& Undefine k
=[] Yarisbles &) Exchange With »
&1dl . E—
0 =142 =
acount
B =dencm ‘

adisp
Bl -dbirna

Rename

Tune I

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 a window like the
one shown below. Note that each axis has its own tuning wizard window. Multiple windows may be active and
displayed simultaneously.

= ServoTune - 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 inertia in the bottom box 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 use it is to set up a safe repeating move for the axis and then make adjustments in the wizard
to optimize the motion profile.

Once tuning 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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41

Chapter 4: QuickMotion Programming

This chapter covers the QuickMotion commands and their usage with MSBs.

/ These statements cannot be used in a QuickStep step! The MSB statement set has been created to simplify
the motion programming process and make powerful motion control applications accessible to a wide range of
users. These statements are optimized for high performance execution on the Model 5300 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 mode tracking

POSITIONING
MODE

TRACKING
MODE

set mode positioning

slew end

slew begin

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 completed 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 perform any positioning operations.

Tracking

The axis is able to perform position-tracking in this mode. This includes following, gearing and position-based
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4.2

CAMs. The axis must complete all pending tracking operations before changing to a different operating mode.

Expressions

In QuickMotion, 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 QuickMotion:

parenthesis
logical-or
logical-and
bitwise-or
bitwise-and
not-equal

equal
less—-than-or-equal
less-than
greater-than
greater-than-or-equal
add

subtract

multiply

divide

modulo

logical-not
bitwise-not

negate

Doc. No. 951-530020-010



152 Control Technology Corp.

4.3 Utility Statements

Summary:

stop { slewed using rate }

drive enable
drive disable
delay time ms

variable = expression

zero feedback position

zero target position

zero following error

reset

if condition then variable = expression

wait until condition

Stop il Positioning i Tracking ¥ BG MSB

¥ FG MSB

syntax

stop { slewed using variable }

parameters
variable optional rate at which to stop the axis in user unit
stop; // stop the axis
stop slewed using rate; // stop the axis by slewing to 0 at

specified rate

In positioning mode:

Non-slewed — This statement immediately aborts the present motion operation as well as halts the target
position generator fromupdating the target position (¢pos), thereby (eventually) stopping motion. This
form of stop may not be desirable in all cases (such as when the axis has excessive following error),
since the target 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 (zpos)
and then generates a controlled deceleration by slewing to zero velocity using the rate specified.

Ifthe axis is in slewing mode, a slew end is issued thereby placing the axis in positioning mode. The optional
stop mode slewed is ignored in this mode.

Ifthe 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 s/lewed is ignored in this mode.
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Enable/Disable Drive b1 Positioning

syntax
drive enable

drive disable

Enables or disables the drive associated with the axis, thereby allowing motion to occur. Ifthe 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 enable; // enable the drive for this axis
drive disable; // disable the drive for this axis

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

Time Dela ¥positioning | ¥ Slewing ¥ Tracking
y t=3 t=} t=}

syntax
delay time ms
parameters

time an expression representing time in milliseconds

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

delay 2500 ms; // delay for 2.5 seconds

Timeout Initialization '—_"Positioning bl Tracking

syntax
set timeout ticks

parameters

ticks Number of ticks until a timeout 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 a down counter, invoking the event handler when 0 is reached. .

set timeout 100; // Set timeout to 100 ticks
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Assignment B Positioning il Tracking
syntax
variable = expression
parameters
variable a variable to change the value 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;

Zero Feedback Position ¥l Positioning LI Tracking

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;

Zero Target Position ¥l positioning | L Slewing LI Tracking

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.

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

Zero Following Error ¥l Positioning ! Tracking

syntax

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

following error.

// relax the system by zeroing the following error
zero following error;

W& Unless you are current limiting and driving into a hard stop (or similar application), there is no
reason to use "zero following error” (and it's probably wrong in most applications to use it). Zero
position feedback is what should normally be used. Remember that following error is maintained

when zeroing the position

feedback and 99.99% of the time that is what is desired. Think ofit like this:

1.000

tpos
fpos = 0.999

After "zero feedback position":
tpos = 0.000

-0.001

fpos

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) runs the show, that is what you want to be
precisely zero. All motion is relative/absolute to the target position, NOT the feedback position, as

that wouldn't make sense.

Zero following error is used, for example, in nut-driving applications where one limits the torque,
drives to an unreachable position (because as the nut is torqued, the torque limit is hit), and then
watches for current limit and then zeroes the following error — thus, removing the torque, etc.

Reset Faults vl Positioning % Tracking

syntax

reset

Resets any fault (if possible to).

reset; // reset axis faults

If/Assignment i Positioning b Tracking

syntax
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if condition then variable = expression
parameters

condition a Boolean test condition

variable a variable

expression an expression

This statement evaluates the specified condition. If true, the expression is evaluated and variable is set to the
resulting value. If false, MSB program flow continues at the next MSB statement.

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

Wait Until b1 Positioning | Slewing ol Tracking

syntax
wait until condition
parameters

condition condition to test

This statement waits for until the specified condition is true.

// wait here until chamber temp exceeds min
wait until temp > 32.849;
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4.4 Program Flow Statements

Summary:

[labell]

start MSB mode

end { and start MSB mode }
abort MSB

goto label

if condition goto label

on asynchevent asynchhandler

Statement Label W Positioning | 2! Slewing I T racking

syntax

[1abel]

A label within an MSB is used as a marker for the destination of a goto or similar statement.

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

// this label is called Top
[Top]

Start ¥l positioning | ¥ Slewing ¥l Tracking

syntax

start MSB mode

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

BG start as a low-priority (non-tick) MSB

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

There is no logical limit to the number of active background (BG) MSBs.

// start the MSB called PressCap and run as a foreground MSB
start PressCap FG;
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| . | . = .
>l Positioning | * Slewing *! Tracking

syntax

end { and start MSB mode }

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

BG start as a low-priority (non-tick) M SB

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

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

// this is the end of the MSB
end;

// end the current MSB and then start the MSB called WeldCap

// as a foreground MSB
end and start WeldCap FG;

Abort W Positioning | 2 Slewing ¥ Tracking

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

// kill only the WeldCap MSB
abort WeldCap;

Goto ¥l positioning | ! Slewing ¥l Tracking

syntax
goto label
parameters

label the name of the label to branch to
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This statement changes program flow to the specified label.

// jump to the MSB label called Top
goto Top;

If/Goto ¥l Positioning ¥l Tracking

syntax

if condition goto label

parameters
condition a Boolean test condition
label the name of the label to branch to

This statement evaluates the specified condition. If true, MSB program flow continues at the specified label. If
false, MSB program flow continues at the next MSB statement.

// If the axis’s inputl is on goto the label MakeMove
if dinl goto MakeMove;

Asynchronous Event Handling ¥ positioning | I Slewing ¥l Tracking

syntax

on asynchevent asynchhandler

parameters
asynchevent One of the following:
riseof n Rise of specified general purpose
input.
fallof n Fall of specified general purpose
input.
hardfault When a non-recoverable fault occurs.
capture Capture of specified input trigger.
pls output PLS output 1 to 5 activated.
timeout 'timerticks' variable decrements to

0 (use ‘set timeout' to initialize

msb private value) .

asynchhandler One of the following:

ignore Cancel asynchronous event
monitoring.
start MSB {FG/BG}{arm} Starts the specified MSB in

BG (background) mode unless FG is
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specified, 1f capture then optional
{arm} at end of statement.

goto label {arm} Branch on event, if capture
then optional {arm} at end of

statement.
This statement controls asynchronous event handling.

If asynchhandler is set to start..., then an MSB 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 a branch to that label occurs upon the event, within the same MSB.

If asynchhandler is set to cancel, then no operation will occur upon event. Each event is unique to a specific
MSB although only one MSB 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 a timeout will occur regardless of motor operations and it is up to the MSB
to properly recover and/or stop motors.

Example ‘on timeout’:

x=0;

y=0;

set timeout 5000 * 2; // 5 second timeout

on timeout goto timedout;

[top]

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

delay 100 ms;

goto top;

[timedout]

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

delay 100 ms;

goto timedout;
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4.5

Set Statements

Summary:

set common bit number state

set common var number value

set loopperiod value

set mode positioning

set mode tracking

set timeout ticks

set target position value

set feedback position value

set target position counts vcounts

set feedback position counts vcounts

set simulated feedback on/off

offset position value

offset position counts vcounts

set master mode { using global }

Set Loop Period ¥lpositioning | & Slewing ¥l Tracking

syntax

set loopperiod value

parameters

value The desired loop time in uS, default value is .0008 (800uS). The minimum is 500usS.

This statement sets motion interrupt loop period. The current loop period and rate are available via the axis
‘loopperiod’ and ‘looprate’ variables (looptime group). The period selected should be evenly divisible for
accuracy. Thus .0005 has a rate 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 loopperiod 800; // Set loopperiod to the default, 800 uS
// (not needed since powerup default

Set Positioning Mode U positioning | L Slewing ol Tracking

syntax

set mode positioning

Sets the operating mode of the axis to positioning.

set mode positioning; // switch to positioning mode
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Set Tracking Mode | Positioning [ Tracking

syntax

set mode tracking

Sets the operating mode of the axis to tracking.

set mode tracking; // switch to tracking mode

Set/Offset Target/Feedback Position(s) '—_"'Positioning [ Tracking

syntax

set target position value

set feedback position value

set target position counts vcounts
set feedback position counts vcounts
offset position value

offset position counts vcounts

parameters
value new or offset for the named position (user-units)
vcounts 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.

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

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

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

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

Set simulated feedback Mposit ioning 1 Tracking

syntax
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set simulated feedback on/off
parameters

on/off 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 a virtual master. The
simulated axis can publish its master position across the controller backplane, based upon its moves. See the
'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 Source | Positioning 0 Slewing | Tracking ¥ BG MSB
M rG MSB
syntax
set master mode { using global }
parameters
mode feedbackl master position sourced from axis 1 feedback
feedback2 master position sourced from axis 2 feedback
targetl master position sourced from axis 1 target
target2 master position sourced from axis 2 target
feedbackZ master position comes from axis 1&2 Z-inputs
virtual master position on this axis is to be calculated as a
virtual source, reference ‘move master at’ for
setup (master axis).
common master position from controller backplane as
determined by variant register 36827 (slave axis)
global global (optional) 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 MSBs 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 feedbackl.

The source feedbackZ is derived by using the first 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 a 4 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 mS to all slaves), set 1 to enable, 0 to disable.

[1]— master axis whose position information is to be distributed to slaves, 1 to N where N is all the axis in a
controller rack. Note that the master axis MSB 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 0 would be axis 1, Bit 31 is axis 32.

Common bits and variables

Summary:

set common bit number state

wait common bit number state

set common var number value

wait common var number range

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

a. Dbetween QuickMotion based modules
b. between QuickMotion and QuickStep 4

c. between axes on a single module such as an M3-40A

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 QuickMotion modules as well as QuickStep 4. Any changes
made to common bits are “seen” by all QuickMotion 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 module-local — changes are only seen local to the module. This is useful to
communicate state information between axes on a two-axis QuickMotion 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 via the $CBITS[ ] system variable and common variables are accessed via
the SCVARS[ ] system variable.
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There are several QuickMotion instructions that deal with common bits and vars:

®  set common bit
®  wait common bit
®  set common var

®  wait common var

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

cbit[n] where n is 0 through 255

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

[top]

if cbit[10] goto oplO0;

if cbit[11] goto opll;

if cbit[12] goto opl2;

goto top;

[opl0]

move to 1.0;
wait for in position;
goto top;

[opll]

move to 0.0;

wait for in position;
goto top;

[opl2]
move to 2.25;
wait for in position;

goto top;
Set Common Bit b1 Positioning b1 Slewing ol Tracking
syntax

set common bit number state

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

Wait For Common Bit

vl Positioning

syntax

wait common bit number state

parameters

number bit number (0-255)

state true or false

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

Set Common Var

¥l Positioning

» Tracking

syntax
set common var number value
parameters
number variable number (0-255)

value

an integer value (0-255)

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

Wait For Common Var

¥l Positioning

il Tracking

syntax

wait common var number range

parameters
number variable number (0-255)
range x avalue of x
X-y avalue of x through y inclusive

a value other than x

x-y a value outside the range of x through y

This statement waits until the specified “common state variable” is within/outside the given range.
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4.7 /0 Statements

Summary:

setout outputlist

clrout outputlist

pulse output for n

pls output using reference definitions

pls output state

wait for[****] transition[****Jof[****]input { or[****]condition }

generate

output output rate freg

generate

n steps on pair

variable

= ctr[n]

ctr[n] = expression
ctr[n] = offset
generate

alternate mode

Set Output(s)

i Positioning 7 Slewing bl Tracking

syntax

setout outputlist

parameters

outputlist a comma delimited 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% axis mode).

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

Clear Output(s)

M posit ioning bl Tracking

syntax

clrout outputlist

parameters

outputlist a comma delimited 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 (1% axis mode).

clrout 2; // turns off the second output on the module
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clrout 1, 3; // turns off the first and third outputs

Pulse Output ¥ posit ioning il Tracking

syntax

pulse output for n

parameters
output the output to pulse
1-5 (dual axis mode)
1-10 (1% axis mode)
n the time to pulse the 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
pulse is aborted.

The generated pulse is accurate within %2 of a millisecond.

// turns on the 2nd output on the module for 500ms
pulse 2 for 500;

PLS Define ¥l Positioning | 2 Slewing ¥l Tracking

syntax

Pls output using reference definitions

parameters
output the output (1-5) to control via a PLS
reference the encoder count scaled reference variable to compare to:

fposc Feedback position of axis msb

mposcl - mposc5 Master position counters #1

through #5
mposc Master 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)
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fposc2 Feedback position of axis 2
(fposcB)

tmodc Temporary master counter mod mmc

sfposc Secondary feedback position of
axis

definitions a comma-separated list of up to 16 PLS definitions:
on x to y Turn output on when the reference
is within the bounds specified
by x through y (may be

expressions)

The first 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).

/4 When a PLS is 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:

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

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

/5 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.

¥ BG MSB

PLS Enable/Disable M positioning | ™ Slewing & Tracking ¥ FG MSB

syntax

pPls output state

parameters
output the output to control via a PLS
1-5 (dual axis mode)
1-10 (1% axis mode)
state on or off

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.

/N If the output is on when a PLS is disabled, it will remain on — unless the user re-enables the PLS (to re-
compute the PLS output), or they c/rout the output.
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Wait For Input b1 Positioning il Tracking

syntax

wait for transition of input { or condition }

parameters
transition rise or fall
input the general purpose input to wait upon
1-5 (dual axis mode)
1-10 (1% axis mode)
condition an optional exit condition

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

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

// delay execution of MSB until inputl transitions from off to on
wait for rise of 1;

/' When this statement is used with the optional exit condition and the statement is part of a BGMSB, it is
possible to miss transitions of the general purpose input. Therefore, the optional exit condition formshould be
used with care in BGMSBs.

Generate Pulses ¥l Positioning | 2 Slewing ¥l Tracking

syntax

generate output output rate freg

parameters
output 1-10
freg the frequency (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 sefout, clrout and pulse output commands given to the same output have the following behavior:

setout no pulse generation occurs; the output will be active
clrout pulse generation occurs for non-zero fireqs
pulse output no pulse generation occurs until the pulse output completes

When a frequency of 0 is specified, no pulse generation occurs. This effectively turns the output back into a
general-purpose output.
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The minimum frequency that can be generated is 1 Hz. The maximum frequency 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:

<100 Hz

500 Hz

1 kHz

2 kHz

5 kHz

10 kHz

20 kHz

50 kHz

100 kHz

250 kHz

500 kHz

+/-0.001 Hz

+/-0.005 Hz

+/- 0.02 Hz

+/- 0.1 Hz

+/- 0.5 Hz

+/-2 Hz

+/- 8 Hz

+/- 50 Hz

+/-200 Hz

+/-1.5kHz

+/- 5 kHz

/i Due to a hardware limitation, this statement is only usable with outputs 3, 4, 5 (Axis 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.

I . —— ¥ BG MSB

syntax

generate n steps on pair

parameters
n

pair

the number of steps to generate in 500 psec
the step/direction pair to output steps on:
1. axis 1 step/direction pair (M3-40A/B/C outputs 3&4)

2. axis 2 step/direction pair (M3-40A/B/C outputs 3&4)
3. alternate step/direction pair (outputs 5 on each axis)
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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.

M 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.

A\ This command when used with cmode set to stepper mode will command additional pulses out the step/dir
outputs.

Counter read, write, offset % | Positioning | Slewing 0 Tracking

syntax

variable = ctr[n]
ctr[n] = expression

ctr[n] = offset

parameters
n the counter number (0 through 7)
variable the variable to store the current value of the counter to
expression anew value for the counter
offset an offset for the counter (subtracted from the current counter value)

These specialized 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{0]  digital input 1
ctr{1]  digital input 2
ctr[2]  digital input 3
ctr{3]  digital input 4
ctr[4]  digital input 5
ctr[5]  'A'channel input (non-quadrature)
ctr[6]  'B'channel input (non-quadrature)
ctr[7]  'Z'channel input (non-quadrature)

The first form of the statement stores the current counter value in a variable.
The second form ofthe statement changes the current counter value.
The third form of the statement offsets the current counter value.

The first and third forms are often used together:

totalcounts = 0;
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[top]

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

// get the current counter value
x = ctr([7];

// accumulate

totalcounts = totalcounts + x;

// offset so no counts are missed
ctr([7] -= x;

goto top;

Alternate Stepper Output B Positioning il Tracking

syntax

generate alternate mode

parameters

mode on generate stepper outputs on alternate pins

off generate stepper outputs on standard pins

On a M3-40A/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-axis to be controlled by temporarily outputting step and direction pulses on TBI1
pin 22 (step) and TB2 pin 22 (direction).

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

/4 One needs to be careful as only the destination of the step and direction signals change — the axis 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:

// move my axis 30 revs

zero target position;
generate alternate off;

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

// move axis #3 20 revs

zero target position;

generate alternate on;

move at 10 for 20 using 10,10;
wait for in position;

// move me again 10 revs
zero target position;
generate alternate off;

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

Summary:

move to position { using acc, dec }

move at maxvelocity to position { using acc, dec }

move trap to position using rate

move in time to position {mode n }

move for displacement { using acc, dec }

move at maxvelocity for displacement { using acc, dec }

move trap for displacement using rate

move in time for displacement {mode n }

wait for in position

new endposition position using rate

new endposition relative displacement using rate

slew begin
slew at velocity in time

slew for displacement

slew end

Move Absolute, Triangular ¥l positioning | ! Slewing LI Tracking

syntax

move to position { using acc, dec }

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

This statement generates a triangular move to the specified end position. 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 req/jerk _d req is set to a non-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.

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. */

move to drillpos;
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/* Move in the positive direction to the Z pulse using default
acceleration and deceleration rates. */

move to ZPULSE POS;

Move Absolute, Speed-limited b1 Positioning [ Slewing [ Tracking

syntax

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

maxvelocity  unsigned maximum velocity, user-units/sec

position 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. Ifit is not possible to reach the
specified maximum velocity maxvelocity, then a triangular move is generated. Ifthe 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_req/jerk _d_req is set to a non-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.

/4 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 max velocity. */

move at rapidrate to drillpos;

Move Absolute, Trapezoidal B Positioning I Tracking

syntax

move trap to position using rate

parameters
position absolute end position, user-units
rate acceleration/deceleration 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.

/M Linear acceleration and deceleration is used (as programmed in the axis acc and dec properties) unless the
property jerk _a_req/jerk _d_req is set to a non-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.

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 the variable rapidacc to set acceleration and
deceleration rates. The velocity used will be based on

the calculation to achieve a trap move. */

move trap to drillpos using rapidacc;

Move Absolute, Time-limited Positioning O Slewing O Tracking

syntax

move in time to position {mode n }

parameters
time time, sec
position absolute end position, user-units
n acc / dec ramp multip lier

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. The n
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_req/jerk d_req is set to a non-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.

M 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 calculated velocity, accel and decel rates
to make a trapezoidal move in the time specified by the variable
movetime. */
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move in movetime to drillpos;

_ —
Move Incremental, Triangular ¥l Positioning LI Tracking

syntax

move for displacement { using acc, dec }

parameters
displacement incremental position, user-units
EeC acceleration rate, user-units/sec/sec
dec

deceleration 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.

/M Linear acceleration and deceleration is used (as programmed in the axis acc and dec properties) unless the
property jerk _a_req/jerk d req is set to a non-zero value in which case an S-curve type profile is generated.

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

/* Move an incremental distance specified by the variable
spanmove using default acceleration and deceleration rates */

move for spanmove;

Move Incremental, Speed-limited 1 Positioning | LI Slewing

LI Tracking

syntax

move at maxvelocity for displacement { using acc, dec }

parameters
maxvelocity unsigned maximum velocity, user-units/sec
displacement incremental position, user-units
acc acceleration rate, user-units/sec/sec
dec

deceleration rate, user-units/sec/sec
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This statement generates a trapezoidal move for a specified displacement. If it is not possible to reach the
specified maximum velocity maxvelocity, then a triangular move is generated. Ifthe 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_req/jerk d req is set to a non-zero value in which case an S-curve type profile is generated.

M ZPULSE_POS or ZPULSE_NEG should not be used with incremental move commands.

/* Move an incremental distance specified by the variable
spanmove using default acceleration and deceleration rates and
using the variable slowspeed as a max velocity. */

move at slowspeed for spanmove;

Move Incremental, Trapezoidal &1 Positioning [ Slewing [ Tracking

syntax
move trap for displacement using rate
parameters
displacement incremental p osition, user-units
rate acceleration/deceleration 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_req/jerk d_req is set to a non-zero value in which case an S-curve type profile is generated.

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

/* Move the incremental distance specified by the variable offset
using the variable rapidacc to set acceleration and deceleration
rates. The velocity used will be based on the calculation to
achieve a trap move. */

move trap for offset using rapidacc;

Move Incremental, Time-limited b1 Positioning | LI Slewing I Tracking

syntax

move in time for displacement {mode n }

parameters
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time time, sec
displacement  jhcremental position, user-units

n acc / dec ramp multip lier

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. The n
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_req/jerk _d_req is set to a non-zero value in which case an S-curve type profile is generated.

M ZPULSE_POS or ZPULSE_NEG should not be used with incremental move commands.

/* Move the incremental distance specified by the variable offset
setting the calculated velocity, accel and decel rates to make a
trapezoidal move in the time specified by the variable

movetime. */

move in movetime for offset;

Wait For In Position ¥ positioning | LI Slewing U Tracking

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

// Move speed-limited
move at slowspeed for spanmove;

// Wait till motor is within the programmed in-position window
wait for in position;

// Turn on output 1 for 1 second
pulse 1 for 1000 ms;

Set New End Position &1 Positioning [ Slewing [ Tracking

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. Ifthere is no active move, then this
statement is effectively ignored. The first form of this statement changes the end position to a new absolute

position. The second form of'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 a rate to be specified. This rate is used as the acceleration/deceleration rate for the modified

profile.

The newvel variable may be set to a nonzero value in order to specify a velocity. A trapezoidal move will be done
whenever possible, if the end position does not allow for that then a triangular move will result. S-curve is not

supported when using newvel although you may start out with an S-curve move and it will change to a
trapezoidal or triangular with the new target and if newvel is nonzero, velocity.

/4 Linear acceleration and deceleration is used (as programmed in the axis acc and dec properties) unless the
property jerk _a_req/jerk _d req is set to a non-zero value in which case an S-curve type profile is generated.

M ZPULSE_POS or ZPULSE_NEG should not be used with this motion command.

Example 1: After dinl is activated change the end position to -3 mm.

/* This example demonstrates how a move can be modified
on-the-fly by using the new endposition command */

[top]
zero feedback position;

// start moving to 25 mm
move at 5 to 25;

// 1f dinl is activated during the move, change the end
// position of the move to -3 mm

wait for rise of 1;

new endposition -3 using 10;

wait for in position;
delay 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 example demonstrates how a move can be modified
on-the-fly by using the new endposition command. */

[top]
zero feedback position;

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

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

delay 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.

<none> - 1 1
M e <none> - 1 1
[ gesrmin <none> °© ] |
1 // S—Curve sample program - *
2 drive enable; G M :! 1
3 zero feedback position; P . 1 |
4 // Reguest jerk to be the sa - -
5 jerk_a_reg = O: <nones s 1 |
3 jerk d req = O:
7 [laop] one> - 1 l
8 zero feedback position; nones . | |
] move at 5 to 30 uwsing 3,3; = =
10 delay 1000 ms;
11 newvel — 10; ek .
12 new endposition 35 using 10: 307
13 wait for in position: axlipos M igz
14 delay 2000: o runv] 3
15 move at 5 to 5 using 3,3: -. 13:
16 delay 1000 ms;: G T =
17 newvel = 20; <nones - 24
18 new endposition 0 using 10: _55
13 wait for in position; right -107
20 delay 2000: -15
21 goto loop; enone> vI B B B B S B B L S B S L L L L N L L L L L L L L L N
22 W 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 @
3 <none> - GaKai Iv]
. B Sns 5 1 o 1 .
Slew (begin) ¥l Positioning | L Slewing LI Tracking
syntax

slew begin

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

slew begin; // change from position mode to slew mode

Slew At U1 positioning [T Tracking

syntax

slew at velocity in time

parameters
velocity 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.

// change from position mode to slew mode
slew begin;
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// change from current speed to feedrate in 0.5 seconds
slew at feedrate in 0.5;

Slew For [ Positioning [ Tracking

syntax

slew for displacement
parameters
displacement ending relative slew position, user-units

This statement alters the current slew velocity over time (to a slew velocity of 0.0) such that some displacement
is consumed. Ifthe 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.

// change from position mode to slew mode
slew begin;

// change from current speed to feedrate in 2 seconds
slew at feedrate in 2;

// delay execution of MSB until input3 transitions from off to on
wait for rise of 3;

// slew to a stop in the distance specified by the variable

// registrationoffset
slew for registrationoffset;

Slew (end) [ Positioning | Slewing [ Tracking

syntax

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

// change from position mode to slew mode

slew begin;

// change from current speed to slowjog in 0.5 seconds
slew at slowjog in 0.5;

// delay execution of MSB until inputl transitions from on to off
wait for fall of 1;
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// stop motion and return to position mode
slew end;

QuickBuilder™ Reference Guide



QuickMotion Reference Guide 185

49

Gearing
Summary:
gear at numerator : denominator
gear at numerator : denominator in counts
gear at numerator : denominator in counts after acounts

gear for slavecounts in mastercounts

gear for slavecounts in mastercounts after acounts

offset slave by slavecounts in time

wait master counts

wait slave counts

wait source within start , end

wait source outside start , end

zero masslv counters

= =
Gear At L Positioning ¥ Tracking
syntax
gear at numerator : denominator
parameters
numerator new gear ratio numerator

denominator  new gear ratio denominator

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

Gear At In [ Positioning ol Tracking
syntax
gear at numerator : denominator in counts
gear at numerator : denominator in counts after acounts
parameters
numerator new gear ratio numerator

denominator  new gear ratio denominator
counts counts of the master encoder
acounts counts of the master encoder to "wait for" before applying the gear/at...in...

This statement changes the gear ratio of the slaved axis to the specified values over some number of master
counts. An optional affer condition can be applied to delay applciation of the gear/at/in.
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Gear For In U positioning M Tracking

syntax

gear for slavecounts in mastercounts

gear for slavecounts in mastercounts after acounts
parameters

slavecounts  counts of the axis encoder

mastercounts counts of the master encoder

acounts counts of the master encoder to "wait for" before applying the 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 [ Positioning [ Slewing

syntax

offset slave by slavecounts in time
parameters

slavecounts  counts of the axis encoder

time time, sec

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

Wait for Counts of Master [ Positioning [ Slewing ol Tracking

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 U positioning il Tracking

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 u Positioning il Tracking

syntax

wait source within start , end

parameters
source masterl, master2, master3, master4d or slave
start a modulo starting bound
end a modulo ending bound

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

Wait Outside u Positioning ol Tracking

syntax

wait source outside start , end

parameters
source masterl, master2, master3, masterd4d or slave
start a modulo starting bound
end a modulo ending bound

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

Clear Temporary Gearing Counters i1 Positioning

syntax
zero masslv counters
parameters

masslv master clears tmcl 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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410

Position Capture & Registration

Summary:

set capture transition of input input_{ gate input gateinput gatestate_}

set capwin range start, end using reference { arm }

wait capture_{ if limit of Iimit goto limitlabel }

Set Capture | Positioning il Tracking

syntax

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

parameters
transition rise, fall or edge (any)
input the input# (1-10, representing all the inputs on the M 3-40A card)
gateinput the input# (1-10, representing all 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 axis, specifying the input (capInput) to
use and the optional gated input. If gating is specified, then the specified gating input (cap Gate) must be at the
specified gating state (cap GateState).

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 is a 1. 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 MSB on an M3-40A card arms the same input for capture, unexpected capture results
may occur.

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

Set Capture Window | Positioning il Tracking

syntax

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

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

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

reference the encoder count scaled reference variable to compare to:
fposc feedback position
mposcl - mposcS  master position counters #1 through #5
mposc master 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 a Wait or On
command.

This statement initializes a window to be monitored for valid captures to occur, anything outside this window is
considered invalid and ignored. Ifthe 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
ofrange, 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.

¥ BG MSB

Wait Capture O positioning | L Slewing ¥ Tracking M FG MSB

syntax

wait capture { if limit of Iimit goto limitlabel }

parameters
limit optional master encoder count limit
limitlabel optional label to branch to if 1imit is reached

This statement waits for the capture and arms the capture input. If the capture occurs the next statement in the
MSBiis executed. A maximum limit 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 cap Wait variable
will be set to 1 while the ‘wait capture’ is active, 0 if not.

If a limit (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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4.1

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 algorithm internal use only, read only.
jerk a/jerk d’ - acceleration/deceleration actual jerk, read only .

jerk a req/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 minimum jerk that can be used is calculated by the formula (a  _*a_ )/v _ ), applied independently to the

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

sign = 1;
if (delta < 0) {
sign = -1;
delta = -delta;
}
a .. = sign * acceleration;
d. . = -sign * deceleration;
V.. =sqrt(2.0 * a ~* d * sign * delta / (A = e )i

If ‘jerk a req/jerk d req’is O then a normal move will be attempted. If only one is set then ‘jerk a/jerk d’ will be
set equal. Ifthe requested 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 note that 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 a large number so that the motion card will calculate the maximum velocity possible for
the move. Note that the step graph is the segment (substep), 1 to 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 willbe used. The end position can not be changed and a slew stop will do the non S-Curve stop. In the
example below the motion card will calculate the maximum velocity and optimum jerk. Note there is little or no
segment 4 (constant velocity). Also linear segments 2 and 6 are 0.
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m -1 ™ ok W D

A F3-Curve sample program

drive enahle:

zero feedback position;

/¢ Bequest jerk to he the same for acc/dec.

Resulting motion S-Curve using QuickScope:

left

<nane:
<hanEs
axl.uny

<N0neE:

night

<hones
<none:
axl substep

<hong:

jerk a reg = 1:

Jjerk d reg = 1;

[loop]

move at 1000 for 246 using 20, 20: S oturn CCUW

walit for in position:

delay 1000;

move at 1000 for -Z46 using 2z0, Z0; J/ turn CI

walt for in position;

delay 2000;

goto loop;
B0 Ty _— -7
B0 ] ,—J Ve ¢ I—|__5
40 | v \}. .
20 S A p I [,
a . S N S L
20 % | , P =
KA f -
_50:-| \"\.____q__ - - | _-‘I
B B I B e e e e N T | ——— aall

&1 2 3 5 £ 7 & 9 10 11 12 13 14 15 16 1iE
o tirme: ’
anl e anl substep

/1 800uS is the default loop period. If 500uS is desired use the ‘set loopperiod .0005’ command prior to drive

enable.
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Chapter 5: Camming and Data Tables

Camming tables in QuickMotion are two-dimensional arrays of floating-point data. There are 6 tables available
for use, numbered 0 through 5, each having up to 2000 rows and always 2 columns. These columns are named
“xX*and “y”. Although their primary use is 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.

Spline tables use the “x” column as time and the “y” column as a relative position. CAM tables use the “x”
column as a relative master position and the “y” column as a relative slave position.

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

My Tt 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 a table, and forward and reverse
table traversing.

Points in a spline 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
1.5 2.0
2.0 2.5
3.0 3.0
4.0 2.0
5.0 0.0

there are 6 knots. Since this is a spline 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 axis started
this spline move.
At time = 2.0 seconds, the position of the axis should be 2.5 user-units beyond where the axis started
this spline move.
At time = 3.0 seconds, the position of the axis should be 3.0 user-units beyond where the axis 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 the table is started.

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

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

cubic a piecewise 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.

The following 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 1.5 2

linear quadratic ——cubic O knots

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

table:
0.0 0.0
2.5 1.0
4.0 -1.0
5.0 0.0

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

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

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

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

/i Unlike splines, Cam tables 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.

M 'invertmaster' variable is by default set to 0, meaning the camtable is traversed moving fromrow 0 to 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.

/M ‘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 from mpos, assume moving frombeginning

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

Loading Tables

Summary:

table n clear

table n addpair xexpression , yexpression

table n addseries pairs

table n copy from rowOffsetl to table m rowOffset2 numRows

table n loadoffset rowOffsetFile, numPairs,rowOffsetTable

table n loadseries source fileNumber

In order to use a table, 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 from within program code, thus
static data, or dynamically from binary table files which reside on the controller file system. The commands that
effect table loading are:

Table Clear Wl Positioning L] Slewing L] Tracking

syntax

table n clear

parameters

n the table to clear

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

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

Table Add Pair

¥l positionin g | Y Slewing ! Tracking

syntax

table 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 “ column

”

X

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

”

This statement adds a point pair to a table. This statement is used when the table is computed at MSB runtime
since the pair is computed by two expressions.
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table 2 addpair 3.75 + ztime, g + zoffset;

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

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

Table Add Series ¥l Ppositioning 1 Stewin g U1 Trackin g

syntax

table n addseries pairs

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

delimited
This statement adds constant point pairs to a table.
// 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;
A\ There can be no active motion command when this statement is issued.

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

Table Copy

A . M .
&1 Positioning ! Tracking

syntax

table n copy from rowOffsetl to table m rowOffset2 numRows

parameters
@ The table which is source of the copy.
rowOffsetl The source table row offset, 0 is no offset.
m The table which is destination of the copy.
rowOffset2 The destination table row offset, 0 is no offset, -1 is
append.
ATROTS The number of rows to copy, 0 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 fromOto table200; // Copy all of table 1to 2
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Table Loadoffs et ¥ Positioning I Slewin g U Trackin g

syntax
table n loadoffset rowOffsetFile, numPairs,rowOffsetTable
parameters
n The table to set the offset information on.
rowOffsetFile The file row offset to begin transfer on, 0 is no offset.
numPairs The number of cam file pairs to transfer, 0 is all.

rowOffsetTable The cam table 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 00 0; // Default, transfer all from start .

Table Loadseries W Positioning | ! Slewing L1 Tracking

syntax

table n loadseries source fileNumber

parameters
n The table to load the cam file into.
SOMEEE The location on disk where file will be found, ‘flash’ or
‘ram’ (/ system/Datatables or /RAMDISK/Datatables) .
fileNumber The file to transfer, ‘camtable#.tbl’, where # is any
valid positive number. A variable may be referenced as
well.

This statement requests a cam file to be transferred fromthe controllers file system. The file is transferred to the
MSB 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 1 loadseries ram 1; // Load file ‘camtable1.tbl”
The file format of 'camtable#.tbl' consists of a binary file of 32 bit float pairs with a file record structure as:

float rows[NUMROW S][2];

Where NUMROWS is the number of cam file pair entries, with the first starting at 0, 0. The same rules as the
'addseries' command exists. Each float is stored in little endian format with X being the first float.

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

0,0
250, 25.67
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500, 50.48

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

0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x7A 0x43 0x29 0x5C 0xCD 0x41
0x00 0x00 OxFA 0x43 0x85 OxEB 0x49 0x42

IEEE-754 conversion calculator is available at:

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

For example, 50.48, is 0x4249EB8S, reversed when stored in the file since in little endian format (low byte first).
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5.2

Using Tables for Spline/CAM

Summary:

table n continue

table n precompute

table n start imethod tscale , rpscale , repeatcount

table n start imethod cam mpscale , spscale , repeatcount

stop table

Table Continue ¥l positioning | 1! Slewing LI Tracking

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 a slewed 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;

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

/% 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

¥l positioning | 1! Slewing L Tracking

syntax
table n precompute
parameters

n the table to pre-compute

This statement readies a table for use by a spline/CAM motion. After points have been added to a table, there
are a series 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.

There is no need to issue this command if a table is being utilized simply for data (i.e. for thin, tblx or thly
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operations).

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

A Tt takes roughly 250ms to precompute a 1000 row table.

A\ The table must contain at least 3 points and all X’ column values must be increasing or an error will occur.
The first point in the table must be 0.0,0.0 otherwise an error will occur.

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

// prepare the table for CAM use

table 1 precompute;

Table Start Spline Motion Positioning | LI Slewing O Tracking

syntax

table n start imethod tscale , rpscale , repeatcount

parameters

n the table to utilize for motion

imethod linear uses linear interpolation
quadratic uses 2nd order interpolation
cubic uses 3rd order interpolation

tscale time scale factor: the values in the “x” (time) column in
the table are effectively divided by this number

rpscale relative position scale factor: the values in the

N

y” (relative position) column in the table are effectively
multiplied by this number

repeatcount the number of times to “run through” the table (0=forever)

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

The table must be ready foruse (i.e. a table precompute operation has been successfully completed on the
table).

A\ “In position” will be true only when the table has completed all required repeats. If 0 (forever) is specified for
the repeatcount, then “In position” will never be true unless a stop table is issued.

/4 The scale factor t scale must evaluate to a value greater than 0 otherwise an error will occur.
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/4 The scale factor rpscale must evaluate to a value other than 0 otherwise an error will occur.

/M The scale factor rpscale is not affected by uun oruud. The generated position is also unaffected by uun
oruud.

[top]
zero feedback position;

table 1 start quadratic 1.0, 1.0, 0; // run through the table
forever, 'table stop' command will cause the background motion
command to stop.

Table Start CAM Motion Positioning O Slewing O Tracking

syntax

table n start imethod cam mpscale , spscale , repeatcount

parameters

n the table to utilize for motion

imethod linear uses linear interpolation
quadratic uses 2nd order interpolation
cubic uses 3rd order interpolation

mpscale master-position scale factor: the values in the
“x” (master-position) column in the table are effectively
divided by this number

spscale relative slave-position scale factor: the values in the “y”

(relative slave position) column in the table are
effectively multiplied by this number

repeatcount the number of times to “run through” the table (0=forever)

This statement starts CAM motion using the specified table.

The master position (mpos, 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/mposc. '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. a table precompute operation has been successfully completed on the table).

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

/i The scale factor mpscale must evaluate to a value greater than 0 otherwise an error will occur.

A The scale factor spscale must evaluate to a value other than 0 otherwise an error will occur. The scale
factor rpscale is not affected by uun oruud. The generated position is also unaffected by uun or uud.

[top]
zero feedback position;

table 1 start quadratic cam 1.0, 1.0, 1;

—

Table Stop ¥l positioning | — Slewing ! Tracking

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.

Ifthere is no active table start (spline/CAM) motion, then this command is effectively ignored and no fault
occurs.

Unlike other stop statements, stop table willnever generate a hard fault.
wait until mpos > 9;

stop table;
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5.3 Accessing Table Data

As mentioned earlier, tables may also be used to store/retrieve data. In QM, there are special array access
operators called tblx [],tbly[] and tbln[] thatallow the user to retrieve information froma table.

tblx[] and tbly[] retrieve the “xX’ value (tblx)or “y” value (tbly) froma given row in a table. tbln[]
retrieves the total number of rows in a table.

Their syntaxis as follows:
tblx[table#, row]
tbly[table#, row]
tbln[table#]
4\ Any attempt to read a value 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:
// use table 1 for "move in time" pairs
// x will hold the move time (although it can hold anything we want)
// y holds an absolute position
// note that 'x' values in the table don't have to be
// in increasing form as they do for spline/cam
// since we are using the table Jjust as data
// also note that there is no 'precompute' as the table is
// 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;
// set index to 0 (indexes into tables are 0O-based)

i=0;
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// grab how many pairs are in table 1
n = tbln[l];

[loopl]

// done?

if 1 >= n goto top;

// grab data

move in tblx[1l,i] to tblyI[l,i];

wait for in position;

delay 1000;

// increment index

goto loop;

5.3.1 Diagnosing Table Issues

When table data is loaded by an MSB it can be difficult to determine if 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 data from QuickBuilder. A Quickbuilder Debug Window can be used to view the
Diagnostic Variables listed below:

Diagnostic o —

debugTable Cam table to view, from 0 to 5, representing table 1 to 6 since 0 based. read-write
debugTableRows Number of rows presently in the selected cam table, debugTable. read-only
debugTableRow Current row number to view in the selected cam table, debugT able. read-write
debugTableX X value for selected debugT ableRow. read-only
debugTableY Y value for selected debugTableRow. read-only

/4 The above variable are only available from a QuickBuilder Debug Window, when executing an MSB use the
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tblx, tbly, and tbln commands discussed in the previous section.

54 Microsoft Excel as Table Data

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

(T3E1)

One can easily create four columns with x-data, a column containing a comma (“,”), y-data and lastly a column
containing a colon (*:””) as follows:

A B C D E
1 0.0000 . 0.0000 : r
2 | 01000 0.0998 pr
3| 02000 0.1987
4 03000 0.2955 /
5 | 04000 0.3894
E | 05000 0.4794 7
7 | os000 0.5646
8 | 07000 0.6442 4
3 | 08000 0.7174 4
10 09000 0.7833 7
11 10000 0.8415
12 11000 0.8912 {j
13 1.2000 0.9320
14 13000 0.9636 '
15 1.4000 0.9854 j
16 1.5000 0.9975
17 1.6000 0.9996 -
18 17000 0.9917
19 18000 0.9738 {
20 19000 0.9463 >
21| 2.0000 , 0.9093 ' P
22| 21000 0.8632 |J
23| 22000 0.8085
24| 23000 0.7457 /--’
25 000 b, b L. 067550 4 | g

Rl

Since the QuickBuilder editor allows free-form lines, the data can simply be copied and pasted into QM code in an
MSB such as:

table 1 clear;
table 1 addseries

// paste Excel cells here

’

/M The last colon () in the last row will need to be removed using this method.

QuickBuilder™ Reference Guide



QuickMotion Reference Guide 207

5.5

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

Virtual Master
At times a virtual master is required. This can be done in one of two ways:

1. Use the move master command to generate background pulses on the selected access based on timer loop
tick counts. This allows the same access to operate normally, as an axis.

2. Setup a simulated 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 a simulation, including s-curve.

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

Move Master Position IEI—Positioning il Slewing | Tracking M BGMSB
¥ FGMSB

syntax

move master at rate for limit { using ramp }

move master at rate forever limit { using ramp }

parameters
rate The pulse rate of the encoder in pulses added per position
loop period (800us default on the M3-40A).
limit The total number of pulses to generate.
ramp Optional ramp added or subtracted from rate at the position

loop 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 limif). If the /imit is set to 0 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.

Reference set master mode { using global } for additional information.

Example:

// stop the virtual axis

move master at O forever using 1;

// 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

// start the virtual axis

move master at 100000 forever using 1;
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5.5.1

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 a real axis:

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

Broadcasting

When the 'set master virtual using global' command is given, mposc delta counts (mposc - last_mposc) are placed
in a dual ported memory for broadcast by the controller, across the backplane. This allows muliple axis to follow
amaster. 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 a table of type 'int' with an override of 36827.

Froperties oo
%]

2z | A
w2 | £

B General
descrptian
qraLp

Linitz
E Info

avernde 6827

E Location

E Object Properbes
iritialy alue
starage table
type int

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

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

Example:
MasterArray[0][0] =0; // disable any running master

MasterArray[0][1]=1; // Axis number | will be a master
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5.6

5.6.1

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

Segmented Moves and Examples

Summary:
segmove table clear
segmove table accdec to vel using rate
segmove table accdec to vel for displacement
segmove table slew until position
segmove table stop at position using rate
segmove table start relative
Topics:
e Concept
e Commands
e Examples
Concept

A segmented move is a precompiled 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. Once a
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 207

[

F
Motor2. vl J| il 15
<none: = ]

10

<None: - -
<none: e >
right ’
nones = '5JI'I'I'I'I'I'I'I'I'I'I'I'I'

A 1 2 3 4 5 & 7 8 9 10 11 12 13
nones - ad K1

time

<NonNE: ¥
“none: i — Motor2 .vel
500 points + Immediate ~ [Capture ) S00pts @ 10:17:20AM  A=0.000 B=24.953 AAB=:

4 [Topl
5 segmove 1 clear:
6 segmove 1 accdec to Vell for Posl;
7 =zegmove 1 acodec to VelZ for Pos2;
8: =segmove 1 slew until Pos3;
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: =seqmove 1 start relatiwve;

5.6.2 Commands

Creating and running a table is easy and uses the following procedure:

1. Clear the Table.
2. Create up to 20 acc/dec and constant velocity segments.
3. Start the Table.

Clear Segmented Move Table M positioning | B Slewing ¥l Tracking

syntax

segmove table clear

parameters

table what table to clear: 1 to 16

This command clears any existing table information
Example: segmove 1 clear;
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| | | [Troun

syntax

segmove table accdec to vel using rate

parameters
table Which table to add to: 1 to 16
el Velocity, user-units/sec
rate Acceleration/deceleration rate, user-units/sec/sec

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

™ Trackin g

Add Segmented Move to Table over M positioning

dis placement

syntax

segmove table accdec to vel for displacement

parameters
table Which table to add to: 1 to 16
val Velocity, user-units/sec
displacement Incremental 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.
Example: segmove 1 accdec to Vel2 for Pos2;

= :
! Tracking

Add Segmented Move to Table (slew) M positioning | B Slewing

syntax

segmove table slew until position

parameters
table Which table to add to: 1 to 16

position Velocity, 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

Example:
segmove 1 slew until Pos3;

A .
*! Tracking

Add Segmented Move to Table (stop) M positioning | B Slewing
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5.6.3

| | | [Troun

syntax

segmove table stop at position using rate

parameters
table Which table to add to: 1 to 16
position Position to stop at, user-units
rate Acceleration/deceleration rate, user-units/sec/sec

This command stops motion at the specified position, with a given 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.

Example:

segmove 1 stop at Position using Accel;

Add Segmented Move to Table (relative) M positioning | B Slewing ¥ Tracking

syntax

segmove table start relative
parameters

table Which table to add to: 1 to 16

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

Example:

segmove 1 start relative;

Examples

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

left 35 |-

MaotorZwel - i

“nones -

wones v

<none: - i

right

"-ﬂone,‘: o 5 L | LI | LI | LI L | L | L | L | LI | LI | LI | LIS L | L | L | L | LI | LI | LI | LIS L | L | L | L | L
A1 2 3 4 5 ] 7 & 8 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24 B

<nones - il EX I*]

timia
<none: -
ones - — Motor2 vel
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| left 1409
120
O (] - -
100
<None:= ot -
304
Znones= ¥ -
60
ZNone:= > -
404
rijt 20 =
<nones & a T 1T T TrTT rTITrrIrrrrrrri T T I rTrrrrrrrrrr
A1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24 B
ZNones - | EN | I+
tima
<None:= T
ronEs = — Motor2 fpos

500 paints = Immediate - [Capture | | S00pts @ 11:23:33AM  A=0.000 B=24.955 AAB=24.965 ¥=2.211Y1=-0.513953

1 [Top]
2! segmove 1 clear: //clear 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 accdec 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; Sfmove 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/Wait for previous moves to be complete
11! segmove 1 start relative: f/fStart the move
12! delay 500 ms; ffdelay 500 ms;
13 goto Top: /fgoto Top and repeat
[Top]
segmove clear; //clear segment table 1
segmove accdec to 10 for 10; //accel to a vel of 10 over a dist of
10
segmove slew until 20; //move at current vel 10 till position
20
segmove accdec to 30 for 20; //accel to a vel of 30 over a dist of
20
segmove slew until 70; //move at current vel 30 till position
70
segmove accdec to 20 for 30; //decel to a vel of 20 over a dist of
30
segmove slew until 120; //move at current vel 20 till position
120
segmove accdec to 0 for 10; //decel to a vel of 0 over a dist of 10
(stop)

wait for in position;

complete

segmove 1 start relative;
delay 500 ms;

goto Top;

//Wait for previous moves to be

//Start the move
//delay 500 ms;
//goto Top and repeat
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right =
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<none: i — Motor] wal
500 points = Immediate ~ _ .| 500pts @ 11:48:24 AM  A=0.000 B=24.964 AAB=24.964 ¥=8.040Y1=37.7326
1 [Top]
2! =zegmove 1 clear: ffclear segment table 1
3: segmove 1 acecdec to 10 m=ing 10; ffaccel to a vel of 10 using accel of 10
4 zegmove 1 =lew until 35; S /fmove at current wvel 10 till position 35
5 segmove 1 accdec to 40 nm=ing 200; ffaccel to a vel of 40 using accel of 200
g =egmove 1 =lew until 70; S /fmove at current wvel 40 till position 70
7: segmove 1 accdec to 5 nsing 30! ffdecel to a vel of 5 using accel of 30
2! =zegmove 1 =lew until 120; S /fmove at current vel 5 till position 120
3: =egmove 1 accdec to O n=sing 60; ffdecel to a vel of 0 uszing accel of &0 (=top)
10! wait for in position; S fWait for previous moves to be complete
11i =segmove 1 start relative; J/8tart the move
12! delay 500 ms; S fdelay 500 m=;
13i goto Top: ffgoto Top and repeat
[Top]
segmove 1 clear; //clear segment table 1
segmove 1 accdec to 10 using 10; //accel to a vel of 10 using accel of
10
segmove 1 slew until 35; //move at current vel 10 till position
35
segmove 1 accdec to 40 using 200; //accel to a vel of 40 using accel of
200
segmove 1 slew until 70; //move at current vel 40 till position
70
segmove 1 accdec to 5 using 30; //decel to a vel of 5 using accel of 30
segmove 1 slew until 120; //move at current vel 5 till position
120
segmove 1 accdec to 0 using 60; //decel to a vel of 0 using accel of 60
(stop)
wait for in position; //Wait for previous moves to be
complete
segmove 1 start relative; //Start the move
delay 500 ms; //delay 500 ms;
goto Top; //goto Top and repeat
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4 [Top]
5 segmove 1 clear:
6: segmove 1 accdec to 10 for 10;
7: segmove 1 =slew until 20;
8 segmove 1 acocdec to 30 for 20:;
9 segmove 1 slew mntil 100;
10 segmowve 1 accdec 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]
segmove 1 clear;

segmove 1 accdec to 10 for 10;
segmove 1 slew until 20;
segmove 1 accdec to 30 for 20;
segmove 1 slew until 100;
segmove 1 accdec to 20 for 30;
segmove 1 accdec to 0 for 2;
wait for in position;

delay 500;

segmove 1 start relative;

goto Top;
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4 [Top]
5 segmove 1 clear:
6 segmove 1 accdec to Vell for Posl;
7 =zegmove 1 acodec to VelZ for Pos2;
8: =megmove 1 slew until Pos3;
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: =seqmove 1 start relatiwve;

[Top]

segmove 1 clear;

segmove 1 accdec to Vell for Posl;
segmove 1 accdec to Vel2 for Pos2;
segmove 1 slew until Pos3;

segmove 1 accdec to Vell for Pos2;
segmove 1 accdec to 0 for Posl;

wait for in position;
delay 500;
segmove 1 start relative;
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6.1

Chapter 6: Variables

User-defined Variables

When entering code into an MSB, variables are automatically defined as they are typed 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 program the number of variables used on each axis will be displayed, should
too many be referenced an error will be flagged:

Severity

v Li 0
error

|| i) info
|| i) info
[N i) info
|| i) info
|| i) info
|| i} info

Err#
00
100
100
100
100
100

o O

Message

Braider {axis 005): 0 out of 48 variab d
Front¥_2 (axis 002): 54 out of 48 variables used
FrontZ_4 (axis 004): 38 out of 48 variables used
RearX_1 (zxis 001): 33 out of 48 variables used
RearZ_3 (awis 003): 38 out of 48 variables used

VirtualMaster_6 (axis 008): 18 out of 48 variables ...

Translation Time {1 ERRORS FOUND): 9.86 sec(s)
ITT archive size: 269,327 byte(s)

Component

Project %

Project

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

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

// move at assigned speed for assigned distance

[top]

move at speed for dist;
wait for in position;
delay 500;
goto top,

end,

In this sample project, this is the only MSB that QuickStep is calling for the axis named ax/, the speed and dist
variables are automatically added to the ax/ 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, because it is only at this

point that QuickBuilder knows which axes are using which MSBs.

S e M3-404

=0 aw] [awiz 003

- dizt
- zpeed

= 0 an2 (awis 004)

®

3
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Because a single MSB can be used by more than one axis, the actual variable name has the axis name pre-pended
to it so that it can be uniquely accessed by QuickStep (QS4). So in the above example, the variable dist used on
ax1 has a name of ax/.dist that is used to access it from QuickStep. Ifthat same MSB 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 MSB cannot directly
access a variable froman MSB running on a different axis. Ifthis information is needed, it can be obtained by
first assigning the desired MSB variable to a QuickStep variable. This QuickStep variable can then be assigned
to a variable in the other MSB. The methodology for reading and writing variables between QuickStep and an
MSB is shown below.

0S54 Example code:

// QS4 Sample code showing how to update variables between
// QuickStep and MSBs

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

// set the MSB variable speed for Axisl to 5
Axisl.Speed = 5;

// set the QuickStep variable AxOneTarget

// to the MSB variable Axisl.Target
AxOneTarget = Axisl.Target

Axis] MSB Example code:

// MSB Sample code showing how to use updated variables
// between QuickStep and MSBs

Halfspd = Speed/2;
/* Make a trap move to the DrillPosition specified in the QS4 step at
half speed */

move at Halfspd to x;

wait for in position; // Wait for move to complete
pulse 1 for 1000; // Turn the drill output on for 1 sec

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

move at Speed to Target;

QuickBuilder™ Reference Guide



QuickMotion Reference Guide 219

6.2

QuickMotion Pre-defined Variables

In addition to user-defined variables, there are approximately 100 pre-defined variables for an axis in the
QuickMotion 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 axis,
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 ofthe 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.

IO _Variables — These variables are used to read the status of the Axis I/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.

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 dramatically 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.

activeCAM _row Active cam row presently executing in cam table. read-only
camRequest 1 requesting cam file from controller disk, 0 idle, else error code. read-only
cap Status Capture status, bit 8 (axis 1), bit 9 (axis 2). 1 = active. read-only
enabled Holds the state of drive enable. read-only
fault1 Fault status words, reference Chapter 8. read-only

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

faulted Set to true when a fault has occurred. read-only

inpos Holds the state of in position. read-only

In Position is true when the target generator is inactive and when the
position error (perr) is within bounds set by inposw.

overpos Set to frue when target position (tpos) >= poslim or when the associated read-only
hardware positive overtravel limit is active.

overneg Set to frue when target position (zpos) <= neglim or when the associated read-only
hardware negative overtravel limit is active.

overtrq Set to true when the commanded torque #'gc has been clamped to the read-only
torque limit (either tmax or tlim).

pstate Current axis motion state: read-only

enum PSTATE {
IDLE, // ready to run
RUNNING,  //processing sub-steps
COMPLETE, //done running, awaiting IDLE
STOP, // stop
SLEWSTOP, //slewed stop
SLEWING, // slewing
PRESPLINE, //pre 'SPLINE' move
PRECAM, // pre 'CAM' move
CONT_CAM, //continue ‘CAM’ move that was stopped
INSPLINE, //in 'SPLINE' move
INCAM, //in "CAM' move
TABLESTOP, //stop table
TRACKING, //geared
PRETRACKING //initialization for TRACKING (geared) mode
5
time A settable, accurate time counter (sec). This is a floating point variable read-write
with precision of the loop period (800uS default).

zpulse* Set to true when the Z-pulse has been seen. 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.
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acc Default acceleration rate for absolute and incremental motion. Scaled in read-write
user-units/sec/sec.

cmode Control mode — controls the structure of the position/velocity loops. read-write

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

Velocity (1) — Control loop outputs a velocity 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, -10 to 10 (float) representing
volts.

This variable cannot be changed while the axis is enabled

dec Default deceleration rate for absolute and incremental motion. Scaled in read-write
user-units/sec/sec.

gtimebase A global timebase variable that affects both axes. This variable read-write
in conjunction with the per-axis timebase sets the effective per-
axis natural time base of the target generator.

This parameter should only be set through a reference to the first
axis in an MSB or froma QS4 program.

jerk a req Requested acceleration jerk (default 0), units/sec’. Jerk (S-curve read-write
generation) for absolute and incremental motion (scaled in user-units/sec/
sec/sec). If set to zero (0.0), then S-curve generation is disabled. Set to
-1 for automatic calculation based on move.

jerk d req Requested deceleration jerk (default 0), units/sec’. Jerk (S-curve read-write
generation) for absolute and incremental motion (scaled in user-units/sec/
sec/sec). If set to zero (0.0), then S-curve generation is disabled. Set to
-1 for automatic calculation based on move.

jerk a Actual acceleration jerk used, units/sec?. read-only
jerk d Actual deceleration jerk used, units/sec?. read-only
newvel New velocity is used in conjunction with the 'new endp osition' read-write
command to request a different velocity than is current. If O then is
ignored.
sppr Steps/rev to output when in stepper mode (when cmode is read-write
Stepper)
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Control Variables

stoprate

theta

time

timebase

tlim

tmax

ztheta

Tuning Variable

_highBW

_inertia

Rate at which to do a slewed stop (uu/sec/sec)

Motor angle

Incremented by loop period each interrupt.

Used to override the natural time base of the target generator. When set
to 1.0 (the default value), the target generator’s “time” is un-scaled.
When set to a value 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.

Torque limit (Nm) — torque command limit.

Scale factor — maximum torque (Nm) that 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 value.

This property is valid when cmode is Torque.

Scale factor — velocity generated when the control loop commands 10V
to the drive.

Scaled in RPM (rotational) or linear-units/min (linear).
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 value.

This property is valid when cmode is Velocity.

Motor angle of Z.

Internal use only

Internal use only (tuning inertia)

Type

read-write
read-only
read-write

read-write

read-write

read-write

read-write

read-only

Type

read-write

read-write
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_wn Internal use only (tuning wn) read-write
_zeta Internal use only (tuning zeta) read-write
aff Velocity-loop acceleration feed-forward gain. read-write

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

kd Velocity-loop derivative gain (D). read-write

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

Kfilt A compensation value for the Kalman-filter used in the velocity read-write
estimator.

kgain A compensation value for the Kalman-filter used in the velocity read-write
estimator.

ki Velocity-loop integral gain (I). read-write

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

kv Velocity-loop proportional gain (P). read-write

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

kvf Velocity-loop factor (0.0-1.0). read-write

When set to 1.0, the velocity loop is a classic PID structure. When set
to 0.0, the velocity loop is a classic PDF structure. When set to a value
in between, the velocity loop is a combination of both.

nonvolatile Writing a 1 will cause tuning parameters to originate from nonvolatile read-write
serial flash instead of the defaults used in the property window when
the program was first created. O clears this feature (one per axis).

pdead Position-loop dead-band (user-units). read-write
pff Position-loop velocity feed-forward gain (0.0 — 1.0). read-write
pPpg Position-loop proportional gain. read-write

Scaled as 1000/min.

vif Velocity-loop velocity feed-forward gain. read-write
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Tuning Variable

Feedback
Variables

camming_invertend

encoderZ

encoderZ3

fpos

fposc

gratio

inposw

invertcmd

invertfeed

invertmaster

mppr

neglim

perr

perrlimit

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

Description

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

Z encoder input.

Combination of Axis 1 and Axis 2 Z inputs A/B

The feedback position scaled in user-units.

The feedback position scaled in encoder counts.

Present gear ratio.

In Position window. Controls when the axis is deemed in position.
Scaled in user-units.

Whether to invert the sign of the command output:
0 = no inversion

1 = invert

Whether to invert the way the feedback encoder counts:
0 = count normally
1 = count inverted

Whether to invert the way the master encoder counts:
0 = count normally
1 = count inverted

Master encoder counts per revolution (or per linear unit for linear
feedback devices).

Negative over-travel limit, scaled in user-units.

The position error (scaled in user-units).

The limit before a following-error fault is generated. The variable is
scaled in user-units.

0 = disable following-error fault check

Type

read-write

read-only
read-only
read-only
read-only
read-only

read-write

read-write

read-write

read-write

read-write

read-write
read-only

read-write
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Feedback -
Variables Description

ppr

poslim

runv

sign

stepsout

substep

sfmod

sfpos

sfposc

tpos

tposc

trqc

uud

uun

Feedback encoder counts per revolution (or per linear unit for linear
feedback devices).

Positive over-travel limit, scaled in user-units.

Calculated run velocity fed to PID algorithm.

Nonzero for SCurve move, 1 for CCW, -1 for CW

Stepper pulses output.

Segmented move current step on. Trapazoidal is 0 to 2, S-Curve is 0 to
6.

The secondary position modulus. Used to control when sfposc wraps
around to 0.

Secondary feedback position (in revolutions).
sfpos = sfposc * (1/ppr)

A secondary feedback position (scaled in counts).
A separately maintained feedback position similar to fposc with the

exception that the position will “wrap” (modulo) at 0 and at sfinod
(unless sfimod is set to 0).

The target position scaled in user-units.

The target position scaled in encoder counts.

The commanded torque value (Nm). Note that if in torque mode and
cmode open loop bit set (bit 5) then this becomes DAC analog output -
10 to 10V, floating point.

User-units conversion factor (denominator).
Motion commands are divided by this value (after multiplying by uun)

to scale user-units to revolutions (or linear unit or linear feedback
devices).

User-units conversion factor (numerator).

Motion commands are multiplied by this value (then divided by uud) to
scale user-units to revolutions (or linear unit or linear feedback devices).

Type

read-write

read-write
read-write
read-only
read-only
read-only

read-write

read-only

read-only

read-only

read-only

read-only

read-write

read-write

Doc. No.

951-530020-010



226

Control Technology Corp.

Feedback -
Variables Description

vemd

vel

verr

zfpos

ZPULSE POS
ZPULSE_NEG

zZtpos

10 Variables

ctrO-ctr7
dinl — din5
din6 — din10

dout1 — dout5

dout6 — dout10

dins

Commanded velocity (in rev/sec or linear-units/sec).

Feedback velocity (in rev/sec or linear-units/sec).

Velocity error (in rev/sec or linear-units/sec).

Holds the last feedback position before it was modified by a “zero
feedback position” or “zero following error” statement.

The next Z-pulse location in the positive direction; user-units
The next Z-pulse location in the negative direction; user-units

Holds the last target position before it was modified by a “zero
feedback position” or “zero following error” statement.

Axis counters (64-bit). These variables count off-to-on
transitions of the eight axis-related inputs (5 digital inputs, A, B
and 7).

variable  input (M3-40A/B/C)

ctr0 dinl
ctrl din2
ctr2 din3
ctr3 din4
ctrd din5
ctr5 A-encoder channel
ctré B-encoder channel
ctr7 Z-encoder channel

The state of digital inputs 1 through 5.

The state of digital inputs 6 through 10.
Valid only when the module is in 1% axis mode

The state of digital outputs 1 through 5.

The state of digital outputs 6 through 10.

Valid only when the module is in 1/ axis mode

The state of digital inputs 1 through 5 (or 10 if'in 1 ' axis mode) as a
single integer.

Each input has its own binary value starting with 1 for dinl, 2 for din2,
4 for din3, 8 for din4, etc. As an example, if din3 and din5 were both on,
dins would equal 20.

Type
read-only

read-only

read-only

read-only

read-only
read-only

read-only

Type

read-write

read-only

read-only

read-only

read-only

read-only
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douts

driveenable

overposin

overnegin

running

Tracking

Variables

The state of digital outputs 1 through 5 (or 10 if in 1 % axis mode) as a read-only
single integer.

Each output has its own binary value starting with 1 for doutl, 2 for

dout2, 4 for dout3, 8 for doutd, etc. As an example, if dout3 and dout5

were both on, douts would equal 20.

The digital output number to use for “drive enable.” read-write
Positive input number for true state=high

Negative number for true state=low

0 = use no output

When an output is assigned for use as drive enable, all set/clear
operations to that output are ignored.

The digital input number to use for positive over-travel. read-write
Positive input number for true state=high

Negative number for true state=low

0 = disable positive over-travel checking

The digital input number to use for negative over-travel. read-write
Positive input number for true state=high

Negative number for true state=low

0 = disable negative over-travel checking

The digital output number to use for “M SB active” (running). read-write
0 = use no output

When an output is assigned for use as “MSB active” (running), all set/
clear operations to that output are ignored.

Description Type

antibackup

mcinv

mdeltal

Whether or not to allow the slave to generate geared pulses in response read-write
to negative displacements of the master

0 = allow generated pulses in all cases

1 = accumulate negative displacements of the master and generate geared

slave pulses when accumulated total > 0

The bit-oriented variable controls when mposci-5 are cleared. Bit 0, the read-write
least-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 bit 22 controls whether tscl/tsc2 is cleared upon entering
tracking mode. If set cleared.

Master position delta, counts read-only

This variable holds the displacement that occurred in the master
encoder between position captures. Essentially this is the last value of
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Tracking

Ao T
Variables Description ype

mposcl before mposcl is cleared due to a position capture.

Cleared upon entering tracking mode.
mdelta2 Master position delta, counts read-only
This variable holds the displacement the occurred in the master encoder
between position captures. Essentially this is the last value of mposc2
before mposc? is cleared due to a position capture.
Cleared upon entering tracking mode
mdelta3 Master position delta, counts read-only
This variable holds the displacement the occurred in the master encoder
between position captures. Essentially this is the last value of mposc3
before mposc3 is cleared due to a position capture.
Cleared upon entering tracking mode
mdelta4 Master position delta, counts read-only
This variable holds the displacement the occurred in the master encoder
between position captures. Essentially this is the last value of mposc4
before mposc4 is cleared due to a position capture.
Cleared upon entering tracking mode
mdelta5 Master position delta, counts read-only
This variable holds the displacement the occurred in the master encoder
between position captures. Essentially this is the last value of mposc5
before mposc3 is cleared due to a position capture.
Cleared upon entering tracking mode
mmc Master position modulus (O=functionality disabled) read-write

This variable is used as a modulus for the variables mposci-5 and tmod.
Whenever updated, mmc is applied by formula:

mposcl = mposcl mod mmc
mposc2 = mposc2 mod mmc
mposc3 = mposc3 mod mmc
mposc4 = mposc4 mod mmc

mposcS = mposcS mod mmc
tmodc = tmodc mod mmc
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Tracki
racking Description Type

Variables

mposc M aster position, counts read-write

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 value of mppr when in
tracking mode.

mposcl Master position, counts (modulo by mmc) read-only

This variable is cleared when the mode is changed to tracking.

This variable is cleared when input #1 makes an off-to-on transition
unless the 0-bit in mciny is set in which case this variable is cleared
when the input makes an on-to-off transition. Bit 16 in mcinv set will
disable clearing upon entering tracking mode.

mposc2 Master position, counts (modulo by mmc) read-only

This variable is cleared when the mode is changed to fracking.

This variable is cleared when input #2 makes an off-fo-on transition
unless the 1-bit in mcinvy is set in which case this variable is cleared
when the input makes an on-to-off transition. Bit 17 in mcinv set will
disable clearing upon entering fracking mode.

mposc3 Master position, counts (modulo by mmc) read-only

This variable is cleared when the mode is changed to tracking.

This variable is cleared when input #3 makes an off-fo-on transition
unless the 2-bit in mciny is set in which case this variable is cleared
when the input makes an on-to-off transition. Bit 18 in mcinv set will
disable clearing upon entering tracking mode.

mposcéd Master position, counts (modulo by mmc) read-only

This variable is cleared when the mode is changed to tracking.

This variable is cleared when input #4 makes an off-to-on transition
unless the 3-bit in mcinv is set in which case this variable is cleared
when the input makes an on-to-off transition. Bit 19 in mcinv set will
disable clearing upon entering tracking mode.

mposcS M aster position, counts (modulo by mmc) read-only

This variable is cleared when the mode is changed to tracking.

This variable is cleared when input #5 makes an off-to-on transition
unless the 4-bit in mcinvy is set in which case this variable is cleared
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Tracking
Variables

move_master_counts

move_master_rate targ
et

move_master_ramp

move master_rate

mp gai

mp gfi

sdc

spgai

spefi

smodc

smod

smark

Description

when the input makes an on-to-off transition. Bit 20 in mcinv set will
disable clearing upon entering tracking mode

M ove master counts target if not forever.

M ove master rate target setting (virtual master).

Move master ramp setting (virtual master)

M ove master rate setting (virtual master)

M aster position during gear...at...in, counts

This variable holds the number of consumed ma ster
position counts during the last gear-...at...in statement

Master position during gear...for...in, counts

This variable holds the number of consumed master position counts
during the last gear...for...in statement

Slave decrement counter

This counter decrements for every output slave count whereas #sc/ and
tsc2 increment.

Slave position during gear...at...in, counts

This variable holds the number of consumed slave position counts
during the last gear...at...in statement.

Slave position during gear...for...in, counts

This variable holds the number of consumed slave position counts
during the last gear...for...in statement.

Slave position counter.

This variable is cleared when the mode is changed to tracking.

Slave position modulus

This variable is used as a modulus for the variable smodc. Whenever
smodc is updated, smod is applied by formula:

smodc = smodc mod smod

Slave modulo marker position, counts

When an input transistions in conjunction with the bits specified in

Type

read-only

read-only

read-only
read-only

read-only

read-only

read-write

read-only

read-only

read-only

read-write

read-only
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Tracking

Ao T
Variables Description ype

smarkrise and smarkfall, this variable is computed by formula:

smark = sphase - smodc

smarkrise This bit-oriented variable controls when smark is calculated. When the read-write
input corresponding to a set bit in smarkrise makes an off-to-on
transition, smark is calculated.
Bit 0, the least significant bit, represents input #1, etc.

smarkfall This bit-oriented variable controls when smark is calculated. When the read-write
input corresponding to a set bit in smarkfall makes an on-to-off
transition, smark is calculated.
Bit 0, the least significant bit, represents input #1, etc.

sphase Slave marker position phase, counts read-only

Used to offset smark.

tmel Temporary master position counter 1 read-write

This variable is auxiliary, settable counter that tracks master position.

These variables can be zeroed atomically by zero master counters.
Cleared when changing mode to TRACKING.

tmc2 Temporary master position counter 2 read-write

This variable is auxiliary, settable counter that tracks master position.

These variables can be zeroed atomically by zero master counters.
Cleared when changing mode to TRACKING.

tmodc Temporary master position counter mod mme. User cleared only. read-write

tscl Temporary slave position, counter 1 read-write

This variable is auxiliary, settable counter that tracks slave position.

tsclrise This bit-oriented variable controls when #sc! is cleared. When the input read-write
corresponding to a set bit in zsc/rise makes an off-to-on transition, tscl
is cleared.
Bit 0, the least significant bit, represents input #1, etc.

tsclfall This bit-oriented variable controls when #sc! is cleared. When the input read-write
corresponding to a set bit in tsclfall makes an on-to-off transition, #sc/
is cleared.
Bit 0, the least significant bit, represents input #1, etc.

tsc2 Temporary slave position, counter 2 read-write

This variable is auxiliary, settable counter that tracks slave position.
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Tracking
Variables

tsc2rise

tsc2fall

vmdelta

Capture
Variables

cap Armed
capEdge

capGate

cap GateState

capInput
cap Limit

cap Limitflag
cappos

capposc

cap Status

cap Triggered

cap Wait
capwaitBranch

capwinEnd
capwinStart

cap Offset

Description

This bit-oriented variable controls when #sc2 is cleared. When the input
corresponding to a set bit in zsc2rise makes an off-to-on transition, zsc2
is cleared.

Bit 0, the least significant bit, represents input #1, etc.

This bit-oriented variable controls when #sc2 is cleared. When the input
corresponding to a set bit in zsc2fall makes an on-to-off transition, zsc2
is cleared.

Bit 0, the least significant bit, represents input #1, etc.

Virtual master delta counts.

Description

Capture armed, non zero. If capture is armed and this variable is cleared
any capture will be ignored (equivalent to disabling capture).

Edge to monitor for capture as set by the ‘set capture’ instruction. 2 —
any edge, 1 —rising edge, 0 — falling edge.

Capture input used to gate the trigger input, if -1 then always gated.

Gate active as on or off, 0 it waiting for gate to be high, 1 if waiting for
gate to be low.

Capture input to be used as a trigger.

Capture limit value

Set if capture limit occured

Capture position in user units. capposc * 1/ppr.

Capture position in counts. This will be fposc + encoder offset if not in
Tracking mode. If Tracking then 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 contains the latched
position when occurred.

If 1, an M SB is waiting on a ‘wait capture’ instruction, else 0.
Capture M SB offset branch value.

End of capture range as set by the ‘set capwin’ instruction. If same as
capwinStart then no window is active.

Start of capture range as set by the ‘set capwin’ instruction. If same as
capwinEnd then no window is active.

Amount to move after a capture occurs, fposc + capOffset = new end
position. If 0 then move continues as was originally instructed.

Type

read-write

read-write

read-only

Type
read-write
read-only

read-write

read-only

read-only
read write
read-only
read-only

read-only

read-only
read-write

read-only
read-only

read-write
read-write

read-write
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capwinType

msource

Capture window type (0-17):

fposc  (0) feedback position

mposcl - mposeS (1-6)  master position counters #1 through #5
mposc  (7) master position counter

smode (8) slave position (modulo)

smark (9) slave marked position

tmcl tmc2 (10/11) temporary master counters #1 & #2
tscl tsc2  (12/13) temporary slave counters #1 & #2
sdc (14) slave decrement counter

fposcl (15) feedback position of axis 1 (fposcA)
fposc2 (16) feedback position of axis 2 (fposcB)
tmode (17) temporary master counter mod mmc
sfposc  (18) secondary feedback position of axis

M aster source setting:
0x01 — feedback1
0x02 — feedback2
0x03 - feedbackz
0x04 — target 1
0x05 — target2
0x06 — common
0x07 - virtual

Bit OR of above:
0x80 - global

read-only

read-only

Diagnostic o -

activeBG_M SBs

activeFG_M SBs

debugTable

debugTableRows

debugT ableRow

debugTableX

debugTableY

lastOverall

loopperiod

looprate

Number of active background M SB's running on axis.

Number of active foreground M SB's running on axis.

Cam table to view, from 0 to 5

Number of rows presently in the selected cam table, debugTable.

Current row number to view in the selected cam table, debugT able.

X value for selected debugT ableRow.

Y value for selected debugTableRow.

Last full loop time of all axis in uS.

Periodic motion loop interrupt time in uS.

Number of motion loop interrupts/second.

read-only

read-only

read-write

read-only

read-write

read-only

read-only

read-only

read-only

read-only
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minLoop Time

maxLoop Time

minOverall

maxQOverall

overflowFlag

M inimum actual individual axis loop execution time (uS) reached.

M aximum actual individual axis loop execution time (uS) reached.

Minimum actual axis loop execution time (uS) reached for all axis.

M aximum actual axis loop execution time (uS) reached for all axis.

Motion loop overflow flag, set to 1 if loop time exceeded while in the
loop (800uS default, reference 'set loopperiod')

read-only

read-only

read-only

read-only

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:

Analog I/O

Digital I/O

Data tables

Volatile and non-volatile Variant scalar, vector and tables
Generic integer registers

Non-volatile register

Communications

Reference the Quickstep Register Guide for a summary of available registers:

http//www.ctc-control.com/customer/techinfo/docs/5300 951/951-530006.pdf

Summary:
host read variable, register {, row, column}

host write variable, register {, row, column}

Host Read Positioning Slewing Tracking

syntax

host read variable, register {, row, column }

parameters

variable Local user variable or axis property to have ‘register’
stored to it.

register Main controller QuickBuilder register as defined in the
Model 5300 Quick Reference Register Guide. May be constant
or variable access.

row Optional row used only for variant register table access.
May be constant or variable access.

column Optional column used only for variant register table

access. May be constant or variable access.

This statement pauses execution of the MSB 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 data type 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 a time in the table (if any) is read. Ifno row or column is
specified, 0 is assumed.

/] Read the controller tick timer referencing a variable
// and store to ‘userVar’

reg = 13002;

host read userVar, reg;

// Read the controller tick timer using constant register
// number and store to ‘userVar’

host read userVar, 13002;
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Host Write

—
Ao . - 7 -
>l Positioning | * Slewing &l Tracking

syntax

host write variable, register {, row, column }

parameters

variable

register

row

column

Local user variable or axis property to store to controller
‘register’.

Main controller QuickBuilder register as defined in the
Model 5300 Quick Reference Register Guide. May be constant
or variable access.

Optional row used only for variant register table access.
May be constant or variable access.

Optional column used only for variant register table
access. May be constant or variable access.

This statement pauses execution of the MSB while the contents of a local ‘variable’ or axis ‘property’ is written to
a QuickBuilder register on the main processor. The data type 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 a variant, one cell at a time in the table (if any) is written. Ifno
row or column is specified, 0 is assumed.

// Clear the controller tick timer, register 13002,
// referencing the contents of ‘userVar’.

userVar =0;
reg = 13002;

host write userVar, reg;

// Clear the controller tick timer, register 13002,
// 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 program interaction and user units. A legacy product, Quickstep, uses a register interface for motion control.
This interface is not as tightly coupled but there is a large existing code base thus an MSB emulation mode has
been created which allows the M3-40 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 froma read only perspective. In order to fully support the emulation mode
a special MSB has been created and must be loaded. This MSB is the output of a QuickBuilder project where
initial parameters and any minor MSB customization can be made. To simplify initial use a fully compiled project
is available that can be loaded into a 5300 controller for Quickstep program support, QS2MSB. This project is
available from the 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 QS2MSB, within the controller sub-directory:

|| AXISO1_MSB00_QS2_Menitor.bin 4
|| AXIS01_MSBO01_Q52_Motion.bin r
| AXIS02_MSB00_QS2_ Monitorbin o8
|| AXISD2_MSBO01_QS2_Motion.bin

|| PARAM_AXISOL.bin

|| PARAM_AXIS02.bin r

These files consist of the binary output, generated by QuickBuilder, for MSB's (AXIS??_MSB??_msbname.bin)
and their respective configuration parameters (PARAM _AXIS??.bin). They must be placed in the controller '/
_system/Programs/Motion' subdirectory. Upon power up or reset the M3-40A module will automatically 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. Ifa servo has been tuned and parameters saved to the card, the
PARAM file settings will be ignored and only the MSB binary file will be loaded.

Once loaded and running most legacy Quickstep motion applications will run, unchanged.

/M 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.
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Registers

Most of the motion registers supported by the 2700/5100/5200 controller are available within the 5300, 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

The 5300 firmware is designed to access up to 16 axes. For the 14XXX register 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.

140ax Position (counts), R only [QuickBuilder reference = fposc]

141ax Error (counts), R only [QuickBuilder reference = perr * ppr * (uun/uud)]
142ax Velocity (counts / sec), R only [QuickBuilder reference = vel * ppr * (uun/uud)]
143ax Status, R only:

Axis not initialized

Stopped and ready

Motion imminent: waiting for start

Accelerating

At max speed.

Decelerating to new max speed

Decelerating to stop

Soft stop

Registration move (armed, not moving)

O | O[N] [0S~ |W ([N |F|O

Home

10 Following (not used)

128-255 | Error (not used)

144ax Integral Error (count-seconds), R only (not supported)
145ax Velocity Feedforward [QuickBuilder reference =QS2_ VAR NEW_VEL FEEDFORWARD]
146ax Deceleration (counts/sec’2) [QuickBuilder reference = QS2_NEW_DECELERATION]
147ax Dedicated Inputs, R only:
This is a bit map of the input signals

0 (Ish) Reg. (not 4 Rev EOT
supported)

1 Home 5 Fwd EOT
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2 Start 6 Z/Index  (not
supported)
3 Kill 7 Not Used
148ax Acceleration Feedforward [QuickBuilder reference =

QS2_VAR_NEW_ACC_FEEDFORWARD]

149ax Analog Output, R/'W - 32,767 = -10.000V; 32,767 = 10.000V, [QuickBuilder reference = rint
(dac_mv * 3.2767)]

Motion Registers Grouped by axis then function

For the 15xxx, 16xxx, 17xxx register values below substitute the axis number for ‘bx’ to get the correct
register. Axis #1 = 0; For example the position of axis #1 is stored in register 15000.

15bx0 Position (counts), R only [QuickBuilder reference = fposc]
15bx1 Error (counts), R only [QuickBuilder reference = perr * ppr * (uun/uud)]
15bx2 Velocity (counts / sec), R only [QuickBuilder reference = vel * ppr * (uun/uud)]
15bx3 Status, R only:
0 Axis not initialized 6 Decelerating 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
4 At MAX speed 10 Following (not used)
5 Decelerating to new 128- | Error (not used)
MAX speed 255
15bx4 Integral Error (count-seconds), R only (not supported)
15bx5 Velocity Feedforward, atso-used-tospecify the Outputin-Directmode{QuickBuitder reference

=QS2_VAR NEW_VEL FEEDFORWARDY], output in direct mode not supported, use Analog
Output instead (15bx9).

15bx6 Deceleration (counts/sec’2), R only [QuickBuilder reference = QS2_NEW_DECELERATION]

15bx7 Dedicated Inputs, R only:
This is a bit map of the input signals
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Bit Number Bit Number

0 (Isb) Reg. (not 4 Rev EOT
supported)
1 Home 5 Fwd EOT
2 Start 6 ZlIndex  (not
supported)
3 Kill 7 Not Used
15bx8 Acceleration Feedforward [QuickBuilder reference = QS2_VAR_NEW_ACC_FEEDFORWARD]
15bx9 Analog Output, R/'W -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.
16bx0 Reg. Start, R/W — Position at which the registration will be enabled [QuickBuilder reference =
QS2_CAP_WINSTART]
16bx1 Reg. Window, R/W — The range that the registration will be enabled [QuickBuilder reference =
QS2_CAP_WINEND_REL]
16bx2 Reg. Position, R only — The position at which the registration was detected, when Reg status is 1
[QuickBuilder reference = capposc]
16bx3 Reg. Offset, R/W — The distance to be moved after the registration input [QuickBuilder reference =
QS2_CAP_WINOFFSET]
16bx4 Reg. Status, R/'W — 0 = Armed (write O to arm), 1 = Detected, can only set to O [QuickBuilder reference
= QS2_REG_STATUS]
16bx5 Numerator, R/'W — For following the master axis [QuickBuilder reference = QS2_VAR_MTN]
16bx6 Denominator, R/W — For following the master axis [QuickBuilder reference = QS2_VAR_MTD]
16bx7 Leader Position, R only — Only valid when following a master axis (not supported)
16bx8 Leader Velocity, R only — Only valid when following a master axis (not supported)
16bx9 Reserved
17bx0 Firmware Revision, R only
17bx1 Filter & Mode, R/W:

inBirectmodethe Feedforward-Vetocitygain specifies the output value (0 to

uickBuilder reference = QS2 FILTER MODE

Q

Lower 3 bits (0x07) |0 or3 =PID

Filter type 1 =+ Direct (CW) 2 = - Direct (CCW)
4 = PAVIt 5 = PAV
6 = Stepper 7 = Initialize Encoder
Resolution

Bits 4 & 5 0 = Linear 1 =SCurve

Accel/Decel Type | 2=Parabolic—3=Inverse——
Parabotic——
Bit 7 (0x80) 0=Trajectory Following
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17bx2

17bx3

17bx4
17bx5
17bx6
17bx7

17bx8

17bx9

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, R/W:

This is a bit map that controls the active level of the input signals,. When the bit is 0 then the
|nut is actlve when it is On; if the bit is 0 then the input is active Off.

0 (Isb) Reg. (not Rev EOT
supported)
1 Home 5 Fwd EOT
2 Start 6 Z/index  (not
supported)
3 Kill 7 Not Used

Home Direction, R/W [QuickBuilder reference = QS2_HOME]

CCW 0 or -1 =Home & Index

-2 =Home Only

-3 = Index Only (not supported)
cw 1 =Home & Index

2 =Home Only

=Index Only (not supported)

Options, R only (not supported)

Reserved

Maximum Following Error, R/W default = 30000 [QuickBuilder reference = perrlimit * ppr]]
Speed Limit, R/W — overrides maximum velocity, default = 4194303 steps/sec (not supported)

Maximum Position, R/W — Used as a Software EOT when it is larger than the Minimum Position (not
supported)

Minimum Position, R/W — Used as a Software EOT when it is smaller than the Maximum Position (not
supported)
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7.2 Quickstep Variables

Quickstep Variables Tove

QS2_Status Axis status as defined by register 143xx. read-write

QS2 Cmd Command to be processed by the M SB, read-write
emulates 2700 2219 module.

QS2_Overrides Override commands that can be processed by read-write
the M SB during motion without a fault.

QS2_Holding Holding command to be processed by the M SB. read-write
QS2_Params Parameter command to be processed by the read-write
MSB. Written once any "VAR_NEW' variables
are updated.
QS2_VAR NEW_ACCELERATION X value for selected debugT ableRow. read-write
QS2 VAR NEW_MAX SPEED Y value for selected debugT ableRow. read-write
QS2 VAR NEW_PROPORTIONAL Requested new kd, processed by M SB as read-write

required. This is also written to by the QS2
profile statement.

QS2_VAR NEW INTEGRAL Requested new ki, processed by M SB as read-write
required. This is also written to by the QS2
profile statement.

QS2_VAR NEW DIFFERENTIAL Requested new kd, processed by M SB as read-write
required. This is also written to by the QS2
profile statement.

QS2_ VAR NEW_VEL FEEDFORWARD Processed by M SB application. read-write
QS2_ VAR NEW_HOLDING_MODE Processed by M SB application. read-write
QS2_VAR NEW DECELERATION Processed by M SB application. read-write
QS2_VAR NEW _FORCE POSITION Processed by M SB application. read-write
QS2_ VAR NEW FORCE CUMULATIVE Processed by M SB application. Not currently read-write
used.
QS2_CAP_WINSTART Processed by M SB application. read-write
QS2_ CAP_WINEND REL Processed by M SB application. read-write
QS2_CAP_WINOFFSET Processed by M SB application. read-write
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QS2_ VAR NEW_ACC FEEDFORWARD Processed by M SB application. read-write
QS2_ HOME Processed by M SB application. read-write
QS2_ VAR MTN Processed by M SB application. read-write
QS2 VAR MTD Processed by M SB application. read-write
QS2 LAST CMD Last QS2_Cmd processed. read-write
QS2 CMD _CNT Number of QS2 Cmd's processed. read-write
QS2_OVERRIDE CNT Number of override commands processed. read-write
QS2_HOLDING_CNT Number of holding commands processed. read-write
QS2_PARAM_CNT Number of parameter commands processed. read-write
QS2 MSB_STATE General scratch storage used by the MSB to  read-write

write program execution state information.

QS2 FILTER_ MODE Reference register 17bx1 for mode settings. read-write

QS2 TMPI General scratch storage used by the MSB as  read-write
needed (integer).

QS2_ TMP2 General scratch storage used by the MSB as  read-write
needed (integer).

QS2_TMP3 General scratch storage used by the MSB as  read-write

needed (integer).

QS2_TMP4 General scratch storage used by the MSB as  read-write
needed (integer)
QS2 REG _STATUS Registration status, write a 0 to arm, else read a,  read-write

1 if detected.
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7.3 Input Mapping

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

DINS - 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:

Faslt Variables

fault1

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

faulted

faultFunction

faultM SB

faultM SBLine

faultM SBOffset

faultOpcode

Fault status words, reference Chapter 8.

0 = no fault, 1 = faulted.

Code 0 to N which represents internal function where fault occurred.
Thus far defines as:

FGTick - 1

runM SB - 2

processMSB - 3

process_motion_command - 4

DP_MGRTask_Axisl - 5

DP_MGRTask_Axis2 - 6

processVFC - 7

The MSB number from 0 to 31 which has faulted.

The line number as referenced to source code M SB where the fault
occurred. Note that the source must be in sync with what is executing
for this to be correct.

Absolute byte offset into M SB binary opcode where was executing
when fault occurred. Internal use.

M SB opcode that was being executed when fault occurred. Internal use.

Type

read-only

read-only

read-only

read-only

read-only

read-only

read-only
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8.1

Fault Codes

/i Note that firmware prior to V1.40 (M3-40A) use outdated fault codes. Changes were made to enhance

diagnostic abilities.

MF_GENERICFAULT

MF_INVALIDTIME

MF_INVALIDVEL

MF INVALIDACC

MF _INVALIDDEC

MF _INVALIDRATE

MF_ONLYINBG

MF_MOTIONACTIVE

MF_UNIMPLEMENTED

MF_WRONGMODE

MF_FGMSBLIMIT

MF_NOTINSLEW

MF FOLLOWERR

MF_BADINPUTNO

MF_NOTENABLED

MF_BADARGUMENT1

MF_INVALID TBL OP

MF_NOTINTRACK

Generic M otion Fault. 0
Negative or Zero 'time' specified in MOVE. 1
Negative or Zero 'velocity' specified in MOVE. 2
Negative or Zero 'acc' specified in M OVE. 3
Negative or Zero 'dec’ specified in MOVE. 4
Negative or Zero 'rate' specified in MOVE. 5
QM command only allowed in BG M SB. 6
MOVE attempted while M OVE in progress. 7
MOVE attempted while M OVE in progress. 8
In wrong mode (positioning/tracking/slewing. 9
FG M SB limit reached. 10
Not in SLEW mode. 11
Following error limit reached. 12
Invalid input number specified. 13
Not enabled. 14
Bad argument 1/parameter. 15
Invalid 'table' op eration. 16
Not in 'tracking mode. 17
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MF_CANTCONSUME Illegal state for 'consume'. 18
MF_SESGMOVE _ERROR 'Segmented M ove' error. 19
MF_SESGMOVE SIZE 'Segment size' error, too many. 20
MF NOCAMFILE Requested CAM file not found. 21
MF REMOTE READ Read of controller register failed. 22
MF_REMOTE WRITE Write of controller register failed. 23
MF_NOMSBFILE M SB file does not exist on flash disk. 24
MF_BADARGUMENT?2 Bad argument2/parameter. 25
MF_BADARGUMENT3 Bad argument3/parameter. 26
MF BADARGUMENT4 Bad argument4/parameter. 27
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8.2

MSB Status/Control Monitor Fault Processing

There are a number of features within QuickBuilder to enable the debugging of QuickMotion MSB's. This can be
either during normal operation or should a fault occur. A fault is indicate by a flashing FLT LED on the controller
CPU. To observe a QuickMotion fault the Status/Control monitor can be viewed:

(il Resources
o ||| m New 'y View f
‘_‘ = Resources

=7l Controllers
—
Mew » .

Cpen grid view

&

Mowve Up

Maowe Down

Publish

Verify Project

Status/Control

$
X
| Telnet
@ N
Q s

Explore
T e, Online

Once the Status/Control window appears observe and click the AFS text. Note that each character represents an
axis, with the first on the far left. In the example below a 0 means the axis is OK, F that there is a fault. Below
shows a fault on axis 1 since it is 'F'.

Doc. No. 951-530020-010



250 Control Technology Corp.

GE—— e

|| Task Hande TFE Step
. 1 EeD000 | main {Start Task) mair.motion {Step)

> Run [ Stop | 4] Restart | FAULT

Fault

MF_NOCAMFILE (21) - Requested CAM file not found
[MSB #1] [INFO: {WFC_TABLE_LOADSERIES), table <table: loadseres <source <fileMumbers] [FUMCTION: processVFC]

ERROR in "FrontXCamControl’ at line 6: table 1loadseres ram foo

= Run [ Stop | f4 Restart | FAULT | 4@ StopMotion | <EXIT F2 LT DISPLAY =

Note that the error occurred at line 6 of the source code of the FrontXCamControl MSB. In referencing that MSB
we can see the line listed, 'table 1 loadseries ram foo' 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:
M
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:

e e H—

e s e DA B b D "'ln._ﬂ_.i_l_ll_h-j_._—j_-_ I_ﬂ.d
L
= liﬂ M5B Frrtamlnd =
1 —
=l . = £
H e i rrep)
r 3
l.m'm 4| tabBle i clsarr
& [0 _mses s| Zeo=209:
-DMJM 4 table 1 loadssries zam foo » 4/ cable ¥ losdseries [flash/mam] [cemcable ¥]
= B v 7| invezizastez = O
B tetomare s owegitan E| table i precomporer /7 pompuse che cam fabous 174 sec per 1000 prep
O Masw %
Bl - B 15| [sop]
E| 11| zaro fesdback poaition:
' i3] foo=tr
[ ] 13| tablm 1 atart linmar cam 4, .01, O
o I moosc . 14| foomir
oA g ey 18
= an 16| sedelay 52
= - - 17| azep mabie:
D‘ﬂl'lﬂ: : delay 10 mar
| % mave as 23 foT s
[ — walr for 1R PealTisn!
geze Top:
-
T
S Ay i w P iddean 124055 298 [MESBs. Font T ontwl. 17 50 e B FALR TECTH tabis 1 Toacinanad i s
i fpos: B w0
vl BAITINOEIMERN  eeon  MORE EBEIGIEE0D 5
= E L. ] £
wr + Erable MER Marriorng H
Console n
MSB focie:  ax1 « |P Address: |124051218 [_MSBs.FrontXCamContral, 32, 59 {line #6 FALULTED)]: table 1 loadseries ram foo

Puiis fpos: 0 tpos: 0
vel: -B.40773078594859E mpos:  -153 624996566214

Enable MSE Monitoring

/i Note that the "Enable MSB 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 MSB line appearing in the list box will automatically make that code and line current in
the Editor.
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In situations where a fault had not occurred multiple MSB's would appear executing, as well as their line number
and axis motion status:

Caonsole ax
MSE fwis: ax1 » |P Address: |12.4053.218 [_MSBs FrontXCamContral, 287, 300 {ine #18 BG)]: foo =foo + 1 o
g

fuis fpos:  137.633099121094 tpos:  137.6344921875 =
vel: 26.240421295166 mpes:  3442.11242306279 =

L==]

perr:  -0.00460653359374 Active -

Enable MSB Monitoring INCAM : AT SPEED g
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9 Appendix: Sample Code

MAWARNING: The following examples are offered for traming purposes only and are not intended
to perform any actual real-world application or function.

/] —————————————— Pause Motion MSB —----—---"-"""-"—"—"—————————————

/* This MSB will pause motion by moving the timebase to 0
and then back to 1 based on switch 3 position.

Note: that changes to the timebase variable only impact
the actual motion commands other MSB commands such as
delay are not altered. */

[top]
wait for rise of 3; // wait for rising edge of input3
timebase=0; // set the motion timebase to zero
wait for fall of 3; // wait for falling edge of input3
timebase=1; // put timebase back to 100%
goto top; // repeat

end;

/) —mmm—————————— Jog MSB —=—————mmmm e ———

/* This MSB performs a simple Jjogging routine

The variable 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
motor stops. */

JogSpeed=1; // set a default jog speed
slew begin; // witch to slewing mode
[loop]

// check the switches
if !dinl && !din5 then speed=0;
if dinl then speed = JogSpeed;

if din5 then speed = -JogSpeed;

slew at speed in 0.5; // slew to speed in .5 sec

delay 510; // wait 510 ms until at speed

if !din2 goto loop; // as long as input 2 is off loop
slew end; // return to position mode

end;
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// add a move to switch code here if needed

foundz = 0;

// set zdir to 1 to search in the positive dir
// set zdir to -1 to search in the negative dir
zdir = -1;

// check if we know where the Z-pulse is
if zpulse goto knownz;

// dont know where z is, so...

// move positive for +/- 2 revs looking for it
zero feedback position;

move in 0.25 for zdir*2;

[searchloop]

// a z while moving?

// check the zpulse variable (1 if a z pulse has been seen)
if zpulse goto foundmid;

// done?

if !inpos goto searchloop;

// no z, stop and quit

stop;

end;

// found a z mid move, so stop
[foundmid]

new endposition relative 0 using 10000;
wait for in position;

// move to =z
[knownz]

// find the Z that is closest
if zdir > 0 goto posz;

[negz]
move in 0.125 to ZPULSE NEG;
goto exit;

[posz]
move in 0.125 to ZPULSE POS;
goto exit;

[exit]
wait for in position;
zero feedback position;
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foundz = 1;
end;

// ———————— Error Handler Example —-—-——-—--—--="="=""=""-"—"—"——————————

The following MSBs illustrate how an error handler can be used on a motion axis. The code for each is given
below with a brief explanation.

[=] MSBs Used in Error Handler
Testing

Motion Sequence

startMT MSB: This MSB starts the asynchronous event handler. 1In this case
Error Hdlr will automatically be called whenever there is a

hardfault.
on hardfault start Error Hdlr; //start an asynchronous event to
monitor for a hardfault error
start movetime FG; //now go do some motion

Error Hdlr: This MSB contains the error handler code. The comment at the
end gives a listing of valid error codes

// Error handler example MSB

// Check for a fault

if faultl == 0 goto genfault; //Generic Motion Fault

if faultl == 1 goto invtime; //Negative or Zero 'time' specified in MOVE
if faultl == 2 goto invvel; //Negative or Zero 'velocity' specified in
MOVE

// (etc)continue on to trap
all errors if you want

goto unknown; // If you get here there's no
known fault code

[genfault] //routine for general fault goes
here
// (put code here)
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[invtime]
// Invalid Time Fault: Trigger this error by setting move time to 0 in the
movetime MSB

setout 5; //turn on output to signal error

delay 5000; // wait 5 sec

clrout 5; // turn off output 5

delay 1000; // wait 1 sec

reset; // reset all faults

delay 1000; // wait 1 sec

start movetime FG; //re-start the MSB. Hint if you don't change

the movetime
//you'll end up right back here in six seconds.

[invvel]

// (code)
[unknown]

// (code)
end;

movetime MSB: This MSB contains a simple motion routine used to trigger a
hardfault

zero feedback position;
xm=1; //default mode setting

// Do a repeating forward and back move

[top]
time=0; //reset timer
move in time2 for dist mode xm; //move forward
wait for in position;
move in time2?2 for -dist mode xm; //move back
wait for in position;
movetime=time; //update movetime
goto top;
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10 Appendix: Command Hyperlinks

Statements:

Utility

Set

Program Flow

Common bits and variables
/o

Simple Motion

Gearing

Position and Capture
Loading Tables

Spline/CAM
Virtual Master

Segmented Moves
Host Register

Utility Statements:

stop { slewed using rate }

drive enable
drive disable
delay time ms

variable = expression

zero feedback position

zero target position

zero following error

reset

if condition then variable = expression

wait until condition

Set Statements:

set common bit number state

set common var number value

set loopperiod value

set mode positioning

set mode tracking

set timeout ticks

set target position value

set feedback position value

set target position counts vcounts

set feedback position counts vcounts

set simulated feedback on/off

offset position value

offset position counts vcounts

set master mode { using global }

QuickBuilder™ Reference Guide



QuickMotion Reference Guide 259

Program Flow Statements:

[labell]
start MSB mode

end { and start MSB mode }
abort MSB

goto label

if condition goto label

on asynchevent asynchhandler

Common bits and variables Statements:

set common bit number state

wait common bit number state

set common var number value

wait common var number range

I/O Statements:

setout outputlist

clrout outputlist

pulse output for n

pls output using reference definitions

pls output state

wait for transition of input { or condition }

generate output output rate freqg

generate n steps on pair

variable = ctr[n]

ctr[n] = expression

ctr[n] = offset

generate alternate mode

Simple Motion Statements:

move to position { using acc, dec }

move at maxvelocity to position { using acc, dec }

move trap to position using rate

move in time to position {mode n }

move for displacement { using acc, dec }

move at maxvelocity for displacement { using acc, dec }

move trap for displacement using rate

move in time for displacement {mode n }

wait for in position

new endposition position using rate

new endposition relative displacement using rate

slew begin

slew at velocity in time
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slew for displacement

slew end

Gearing Statements:

gear at numerator : denominator
gear at numerator : denominator in counts
gear at numerator : denominator in counts after acounts

gear for slavecounts in mastercounts

gear for slavecounts in mastercounts after acounts

offset slave by slavecounts in time

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 limit of limit goto limitlabel }

Loading Tables Statements:

table n clear

table n addpair xexpression , yexpression

table n addseries pairs

table n copy from rowOffsetl to table m rowOffset2 numRows

table n loadoffset rowOffsetFile, numPairs,rowOffsetTable

table n loadseries source fileNumber

Spline/CAM Statements:

table n continue

table n precompute

table n start imethod tscale , rpscale , repeatcount

table n start imethod cam mpscale , spscale , repeatcount

stop table

Virtual Master Statements:

move master at rate for limit { using ramp }

Segmented Move Statements:

segmove table clear
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segmove

table

accdec to vel using rate

segmove

table

accdec to vel for displacement

segmove

table

slew until position

segmove

table

stop at position using rate

segmove

table

start relative

Host Register Statements:

host read variable, register {, row, column}

host write variable, register {, row, column}
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Chapter 1: Overview

This document details the operation of QuickBuilder’s PID object. The main purpose of this guide is to
document the PID loop object used by QuickBuilder on Blue Fusion 5300 series controllers so that experienced
users can best apply it in their applications. PID objects are set up using the QuickBuilder Automation Suite and
then downloaded to a Blue Fusion Model 5300 controller. The PID object allows the Model 5300 automation
controller to precisely control temperature, pressure, flow or even simple motion applications. (Note: for most
motion control applications, CTC recommends using a dedicated motion module such as the M3-40 series).

What is a PID loop?

The term PID stands for Proportional plus Integral and Derivative control. The PID control loop is ideal for
applications where a desired setpoint value needs to be accurately maintained by the output (known as a
“Process Variable”) of a control system even when the control system experiences load disturbances and / or
measurement noise. And, most importantly for industrial applications, a PID loop when properly tuned will
reduce the error between the setpoint and the process variable in the minimum possible time.

The PID loop does this by measuring the output of the process via some type of feedback sensor and then
calculating the difference (error) between the output and the setpoint. If an error exists, the controller tries to
minimize this error by adjusting the output to bring the process closer to the desired setpoint.

PID loops are calculated repetitively at precise intervals and are able to use the history of error information
measured during previous cycles to determine how best to adjust the output in the current cycle. The way in
which the PID loop parameters are set up will determine how the loop responds to a measured error. Ifthe loop
parameters are set too aggressively (under damped), it may cause the process to become unstable and oscillate. If
the loop parameters are not aggressive enough (over damped), the system may require too much time to return to
the setpoint.

The following diagramshows how a basic PID loop is calculated.
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As can be seen fromthis diagram, the aggressiveness of the output response is directly controlled by the P, I,
and D factors.

The Proportional factor gives an immediate response that is directly proportional to the error. The
larger in magnitude kp is, the greater the response to an error.

The Integral factor is the termthat allows the PID loop to eliminate steady-state errors. Increasing the
value for ki will allow the error to be eliminated more quickly, but may also result in overshoot of the
desired setpoint value.

The Derivative factor gives the PID loop a “forward looking” input since it is based on the slope of the
error. A larger value for kd will reduce overshoot and settling time, but will also make the systemless
responsive to short term disturbances.

Setting and adjusting the PID parameters is called tuning. While systems can be successfully tuned by trial and
error, better results are obtained by personnel experienced with both the process to be controlled and PID loop
tuning methods. For more information on tuning, see Appendix A.
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Chapter 2: The QB PID Object

Features

The PID Object in QuickBuilder allows users to set up very sophisticated high performance PID loops on the
Model 5300 automation controller. The QB PID Object has many advantages over more simplistic PID loop
implementations. Some of the key features are outlined below:

Up to 256 PID loops / CPU The Model 5300 can tackle even the most demanding applications

Advanced PID loop equation CTC uses a state-of-the-art loop equation with more than 20 settable
parameters and multiple alarms and status outputs. This allows the QB
PID Object to solve a wide variety of applications automatically
without adding auxiliary control logic to the project.

Floating point calculations Using 64-bit floating point calculations ensures the most precise
results, yielding improved loop response.

Timing accuracy <200 Ensures quick response and fast returns to steady state conditions.

nanoseconds

Fast loop update User settable down to lms, it allows the QB PID loop to be used for a

wider variety of applications.

Individually settable loop update | Ability to optimize each loop independently. Also allows more control
rates over CPU utilization.

Loops implemented as QB objects | Loops do not consume user memory, QuickStep steps, or user
variables. Loops run automatically as background tasks and do not
decrease the user task limit.

Table-driven setup Simplifies setup process. No need to code PID initialization steps.
Multiple properties Easily set up and customize PID loops for a wide variety of
applications.

Properties changeable on-the-fly = Allows the QuickBuilder programto adjust loop behavior based on

external events.
Multiple status and alarm Eliminates the need to code these items separately, saving time and
parameters resources. Also provides faster notification.
Programmable deadband Eliminates excessive dithering around a setpoint.
Multiple modes Easily set up manual, automatic, or cascaded control loops.
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2.2 PID Loop Algorithm

The actual loop algorithmused by the PID object is shown in the diagrams below. In the next section we will
explain the process of adding a PID loop to a controller. Following the setup section we will define all of the
parameters and variables shown in the PID diagram.
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23 PID Object Setup

Adding a PID object to your QuickBuilder project is easy. PID objects are associated and linked to Model 5300
CPU processors. To add a PID loop, simply click on the controller icon in the Resources window to select the

destination controller for the PID loop.

[if Resources IR

B Mew W View

= Resources ~
=] Controllers

- idemod (BRI HIA]
—t:g’n Ra-044,

e M3-184

e M08

o M3-324
B A0UTT [acut001)
BN A0UT2 [acut 002)
BN PUMP [aout 003)

Then go to the New menu itemand add a PID Object.

[ Resources
B Mew W Wiew
H Yariable 3
. A
B} nvariable > iiEESSTHHAT
Chject » CAM r
+- PLS r
= Segmented Move
&t PF » | @ in demol [BCS311-014]
X wvar P | 5l in Scratchpad as Unassigned
T B 3 T

At this point a new PID loop object will be added to the selected controller. The PID object should now be given
a meaningful name and then you will be ready to set up its parameters.
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2 Delete
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For this example, we will name the PID object “New_PID.” Just like the other resources in the Resource window,
when you highlight a PID Object, its properties are automatically brought up in the Properties window. The
screen capture on the following page shows the Properties window for our New_PID.

You will notice that all of the Object Properties are preloaded with default values except for resource feedback
and resource_output. These properties must be associated with actual controller resources, and a pop-up
selection window is provided for this purpose.

1 Object Properbes

derivative_form 1]

enor_deadband 7

enar_hll!m!t ol =
error_lalirmit o fumeresult

feedhack_hilimit InductionHeater?

feedback_lolimit o

kd UpperQyvenT emp

kIt PreHeat_Stage.kp

ki FreHeat_Stage. ki

kp PreHeat_Stage. kd

marval_feedback  |PreHeat Stage kff

miode PreHeat_Stage.manual_feedback.
output_hilimit PreHeat_Stage. output_hilimit

output_lalimit PreHeat_Stage. outpult_lcnlirnit

output_scale F'reHeat_Stage.setpo!nt "
rezource_feedback, hd
resource_oukput [%

zetpoint 1]
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FID Propaortional gain

T

The Properties window for New PID
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2.4

PID Object Properties

The following properties can be set in the Properties window of QuickBuilder. Most can also be altered in QS4
code as well through dot property notation:

pidname.property

Only items marked [REQUIRED] need be filled in. All other parameters are optional and need only be applied
where they improve or are required for the process.

derivative_form: When this parameter is set to a non-zero value, the PID algorithm is followed by an
additional derivative. This is used when the process being controlled is self-integrating.

error_deadband: This value controls when the loop ignores small values of error. The absolute-value
of'the error is compared to the value specified. If the absolute error value is less than or equal to this
value, the error for this update is set to be zero.

enabled: Controls whether or not the PID loop is active. When set to a zero value, the loop is
effectively disabled, since only the offset is routed to the output limiter.

error_hilimit: Limits the maximum value of the error fed into the PID equation.

error_lolimit: Limits the minimum value of the error fed into the PID equation.

feedback _hilimit: Limits the maximum value of the feedback signal fed into the error calculation.
feedback_lolimit: Limits the minimum value of the feedback signal fed into the error calculation.

integrator_unwind constant: A factor that determines how fast the integrator should self-discharge
when either the output is in limit or the value for ki is set to 0.

A value of 1.00 (the maximum) means that the integrator should hold its last value and not discharge in
those two cases. A value >0 but <1 discharges the integrator by multiplying the integrator by that value
each update.

kd: Constant that determines the derivative gain.

kff: Constant that determines the feed-forward gain. Provides improved response when the setpoint
value is changed.

ki: Constant that determines the integral gain.
kp: Constant that determines the proportional gain.

manual_feedback: The value that is wused in place of resource feedback when the
use_manual feedback parameter is set equal to a non-zero value.

mode: Reserved for future use.

offset: Offsets the generated output value. Can be used in conjunction with enabled to force the
output of the PID to a specific value (by setting enabled to 0 and the value to force the PID output to
into the property offser).

output_hilimit: Limits the maximum value ofthe PID loop output (before output scaling).
output_lolimit: Limits the minimum value of the PID loop output (before output scaling).

output_scale: The PID output is multiplied by this value to get the resource output value. Setting this
equal to -1 effectively negates the output value when required.

resource_feedback: This is the controller resource used for feedback to the PID loop. [REQUIRED]
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2.5

® resource_output: This is the controller resource connected to the scaled output of the PID loop.

[REQUIRED]
e setpoint: The desired initial value for the setpoint.
e setpoint_hilimit: Limits the maximum allowable value for the setpoint.
e setpoint_lolimit: Limits the minimum allowable value for the setpoint.
e setpoint_rate: Limits the rate at which a change in setpoint is presented to the system (/sec).

e tick_multiplier: All Model 5300 CPU modules have a settable tick rate (default tick = 50ms) that is used
to limit how fast it performs certain operations such as filtering analog I/O points. The PID update rate =
(controller tick) * (tick multiplier).

e use_manual_feedback: Ifset =0, then resource feedback is used. If set = 1, then manual feedback is
used.

Accessing Properties in QS4 code

The screen shot below shows dot properties for a PID object named “pid1” being accessed in the Code window
of QuickBuilder. This is a very powerful feature of the PID object that lets the application designer manipulate
most aspects of the PID loop under program control. The selection boxshown below pops up automatically as
soon as the period key is pressed after typing a PID object name. Dot properties enable object properties to be
accessed directly in code. For example, pidOne . rate refers to the loop rate of the PID object named pidOne.

Note that the bubble help also tells what type of variable is used for the property: in this case setpoint is a read/
write floating point value.

The properties listed below can only be accessed in QuickBuilder code via the dot properties. They cannot be
set in the Property Window, as they are read-only values, or they are computed on-the-fly by the PID loop.

e error: Current (nth value) calculated error value after limiting and deadband.
® error0: Previously (n-1) calculated error value after limiting and deadband.

® errorl: Previously (n-2) calculated error value after limiting and deadband.

e feedback: Current value of feedback (manual or resource) after limiting.

® in_error_limit: True when the error value is currently being limited.

¢ in_feedback_limit: True when the feedback value is currently being limited.
e in_output_limit: True when the output value is currently being limited.

* in_setpoint limit: True when the setpoint value is currently being limited.

e integrator: The current value of the integrator (derivate-forn=0 only).

e iperiod: An internal PID value used to determine the PID period.

e output: Value ofthe PID output after scaling and limiting.

e pecount: PID processed counter — holds the number of times the PID loop has run.
e period: the actual PID period (sec) — a computed read-only value.

® rate: the actual PID rate (Hz) — a computed read-only value.

e setpoint_rate_adjusted: The rate-adjusted setpoint value.

e subtick: PID sub tick— counts up to tick multiplier.
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Here is an example of dot properties in QS4 code:
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Appendix A: PID Loop Tuning

The following table gives general guidelines as to the effect of changing the PID tuning gains.

This is only a general guideline, because there are interdependencies between these variables and changing one
will impact the other two.

Settling Steady State
PID Factor | Rise Time Overshoot Time Error
larger kp Decreases Increases Small Effect Decreases
larger ki Decreases Increases Increases Eliminates
larger kd Small Effect Decreases Decreases Small Effect
larger kff Decreases May Increase Generally No Effect
Decreases
Tuning Response Curves
15 T T T T
1 - L"—‘: — ;_"_'_'—r'_‘—""‘__" Ta'—"'__
setpoint :
0.5 .
D I I | |
8 10 12 14 16
time

The plot above shows the systemresponse based on three different tuning setups based on a setpoint change

fromOto 1.

a) Critically Damped: The optimally tuned systemis shown in curve (a). This systemis said to be critically
damped. It does not overshoot the setpoint value and settles quickly (6 seconds) at the new setpoint value.

b) Over Damped: Curve (b) shows a systemthat is over damped. It does not overshoot the setpoint; however,

it takes too long to reach the desired setpoint.
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¢) Under Damped: Curve (c) shows a systemthat is under damped. It overshoots the setpoint and then
oscillates around the setpoint.
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1 Chapter 1: Overview

This document will introduce you to the powerful QuickScope tool available for CTC’s 5300 series controller.
QuickScope is a graphical “digital scope” and extremely useful debug tool.

#a QuickScope : 192.168.1.53
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Chapter 2: QuickScope and QuickView Features
There are two components to QuickScope.

®  QuickScope (QS) captures data and displays it in a graphic format.

*  QuickView (QV) displays and allows editing of data in a tabular format. This is similar to but better than
CTCMon since it doesn’t deal with registers, but with named resources.

QS & QVinterrogate a running programto find out the named resources within the controller.

QS & QV will always interrogate the controller for these symbols when connecting to the controller. This means
that these named resources are “always” right — there can be no “out of sync” issues as in the old QS2 way of
using symbols.

QS & QV can be started as stand-alone applications to monitor the operation of the controller or from within
QuickBuilder.

QS Captures can be initiated manually from QuickScope or triggered from within a QuickBuilder (QS4) program
usinga STRIGGER = 1; command. Referto the QuickBuilder QuickStart Guide for additional information.

Invoking QuickScope

QuickScope is invoked by clicking on the QuickScope icon shown below.

File Edit View Help

BaHEdYS | +BEON 08 a-}a[tﬁ 1
by

=-9¥ QuickBuilder Task QuickScope Task
= Project Pages blinkzb blink3
=[] conl [BC5311-014] e CT—
== page 1
T analog ¥ Locals Y] Locals

B blinkT DT

The rate between data captures is determined in QuickBuilder by the tick property for the controller. Any
adjustment to this rate must be translated, published, and run before the new rate will be implemented in future
captures.
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=4l B
E General
description
name conl
fick 20
= Publish
address 192.168.1.53

encryption key

password T
path RAMDISK
store source False

The tick rate is set by selecting a controller in the resource window, and then adjusting its tick parameter. The
tick rate can be set as low as 10 ms, with a default of 50 ms.

&1 Note: Capturing too much data at a very fast rate may impact the performance of the application project.

The following screen appears once you invoke QuickScope:

¥ QuickScope : 192:168.1.53
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2.2

2.3

Toolbar Summary

There is a toolbar at the top of the QS window:

. The first drop-down button selects the controller to connect to. Controllers are auto-discovered just like they

are in WebMon 2.0. There is a menu itemto add a controller for controllers that cannot be auto-discovered
(for example, remote controllers not on the same subnet).

. The second button re-synchronizes the symbol table. At the present moment, the symbol table is only read

once when QS connects to the controller. If you change the program, you will be alerted to re-synchronize the
symbol table.

¥ Note: Some time in the future, this manual re-sync will no longer be necessary as QS (and QV) will “know”

that the symbol table has been modified and inform the user that it will now resync on its own.

. The third button imports saved trace data for re-display.
. The fourth button will produce a PDF report of the trace data in graphical form.

. The fifth button writes the captured data as an XLS (Excel) file — not a CSV file. This allows the user to further

analyze the captured data. Allnamed logical resources (as well as the “main” user-specified resources) are
written to the file — not the selected logical-traces.

. The last button brings up a QuickView window for the selected controller.

Status Bar Summary

There is a status bar at the bottom of the QS window:

| 100 points + 1mmediate ~ [l 0 1000ts @ 12:24:34PM  A=0.000 B=1.960 AAB=1.960 X=0.651Y1=-1.95349 4

The Status bar allows you to:

Choose how many points to capture.

Choose how and when to capture. Immediate Capture means to capture when the capture button is
clicked. Triggered means to capture when a signal is generated by the QS4 programusing this statement :

STRIGGER = 1;
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2.4

If already in a capture, re-triggers are ignored.

Stop the capture (when in capture mode). By clicking the Stop button, the capture is aborted and no
capture data (even partial) is returned.

Next to the Stop button in the lower Status bar, there is a readout that indicates the current status. Initially
when a connection is made to the controller, the tick period is displayed. This is the capture period per point
for the data capture. When capturing, there are several messages displayed here:

=  Waiting — This means that another capture is in progress (perhaps by another QS program)
and that it is waiting until that one completes.

= Initing — This means that trace set-up data is being sent down to the controller in preparation
for a capture.

=  Capturing... — This means that the controller is recording data. A percent complete is
displayed, as it can take a while for some tick values and “# of points” to process.

= Wait4Trig — This means that Triggered mode was selected, and the controller is waiting for
a QS4-based signal (see item 2 in this list).

= Loading — This means that the capture is complete and QS is retrieving the captured data
points.

In the middle of the Status bar you will find readouts for the A and B cursor as well as the difference between
them. The A and B cursors can be moved by dragging them from their initial full-right and full-left positions.
They can be moved in either the upper or lower plot areas — they are vertically synched between the two
plots. This is a fast and accurate way to measure between two items.

At the far right in the Status bar there are X, Y1, and Y2 values displayed. These are used with the red
crosshairs in the lower Main trace window. These allow you to measure the value (both X & Y) for each of
the two axes of captured data.

Connecting to a controller

QuickScope should interrogate your network and find the available controllers. You can click on the Connect
to Controller icon and select the controller you want to connect to.

If you do not see the controller you want to connect to, simply select <add new> and type in the address of the
controller manually.

&) <add news

192,168, 1.53 I\J

T
<none - ]
<none - ]
<none - ]
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Setting up traces

The QS window consists of top and bottom trace areas. The top (shown below) consists of 8 “logical” trace
charts that allow you to select any of the first 64 inputs or outputs.

wt aem @

e BN ]
S ]
o> B ] ]
o> Bl 1 ]
None o 1 A|
o> B 1 ]
o> Bl 1 ]
ZNone: 2 1 A|

You can select any of the first 64 I/O to be displayed in these 8 trace windows even affer a capture since the first
64 digital inputs as well as the first 64 digital outputs are always captured.

When an IO point is named (from the running QS4 program), its name will appear in the dropdown trace selector
combo boxto the left of the trace as shown below.

- § e 0
{din 017} = AI
“None [A

{din 002) switch? K
{din 00:3) switch3
{din 004} switch4
{din 005) switchb
{din 00&) switché
idin_007) switch7 ]

You can also select unnamed I/O in the logical trace window by selecting its input or output channel fromthe
dropdown menu.

- i T §
idin 001) switc| ~ 1

idin 015) switch15 [A
(din 016} switch16

din 018)
idin 019)
idin 020)
idin 021)
idin 027) [s]
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& Note: Ifyou need to capture an 10 point beyond the first 64 ins/outs, the lower Main trace combo box
selectors need to be used prior to capturing the data.

The lower Main trace (shown below) allows you to capture 8 additional resources of your choice.

leit
-
<none> - 7
<none: - .
<nones - )
right
<none> hd
“nones - ! ! al !
A 1 B
nones - hd L 2
fime
<none> -

¥ Note: Traces in the lower Main trace must be set up prior to a capture by using the 8 combo boxes to the left
of the main trace window.

left 2

analogout 1R

You will be able to choose fromall variables and named analog and digital I/O in this lower Main trace area.
Blink1TaskAvg

Blink1TaskRun r/\ ﬂ f\ JJ
Blink1TaskTot

BlinkZaTaskAvg

Blink 2aTask Run

BlinkZaTask Tot

Blink 3TaskAvg . [vu

“none: - I -

The lower Main trace window allows these 8 items to be grouped in two scalings: left and right.

* Ifyou need to capture some analog inputs (e.g., -10 to +10V), you may want to put those on the left axis
so they all have the same scale factor. Then you can use the right axis for something else, perhaps
something that is not close in value to +/-10.

® The left and right axes in the Main trace scale independently and automatically.
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2.6

Capturing Data

The Controller’s tick property allows you to set the capture rate within QuickBuilder.

o= |24
E General
description
name conl
fick 20
El Publish
address 192.168.1.53

encryption key

password T TITIL)
path RAMDISK
store source False

¥ Note: Data points will be captured each tick for the 128 digital I/O as well as up to 8 variables for the lower
Main trace window. Capturing this amount of data does consume processor resource and users should be
careful not to set the tick rate too low, as this could impact the step execution time of the QuickBuilder program.
In general, these effects are minimal for tick rates greater than 20 ms.

QuickScope’s Status Bar allows you to set the number of points to collect during a capture.

F
50 points 7 \/ U
2 rF
A

200 points |4

300 points
400 points

500 points

100 points ~| Immedizte - [T

As mentioned in the Status bar Summary section, there are two ways to capture data:

F
snones - 2l
“none:
Immediate Capture
“None:

Triggered

100 points « | Immediate N 100pts @ 12:24:34 PM A=0.C

Selecting Immediate Capture means data will be captured when the Capture button is clicked.

Selecting Triggered means data will be captured by the QS4 program when the following statement is
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2.7

generated: STRIGGER = 1;

Once you select trigger mode, you must click on Capture in QuickScope. You will then see the following in the
Status screen:

@ wait4Trig...

Once your Quickbuilder code initiates the trigger (STRIGGER = 1;),you will see the following and
QuickScope will display the captured data when it is completed:

@ Capturing... 98% A=D.000E

Evaluating Data

X, Y1, and Y2 values are displayed at the far right in the Status bar. These are used with the red crosshairs in the
lower Main trace window. These allow you to measure the value (both X & Y) for each of the two axes of
captured data. Y1 will represent your left trace Y values, and Y2 will represent your right trace Y values. When X
represents time, the units will be in seconds.

A -
iNdlinnal il

TazkRun

-

analogoutl

stz ~ [ 1000t @ 308:55PM A=D0.000 B=1.950 AAB=1.950 ¥=1.089 ¥1=0 Y2=30636
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2.71 Zoom

You can also zoomin to get a more precise X, Y reading to an area by clicking and dragging the two desired
comers of the window you would like to zoom into.

- 30635
0.6 -
0.4 =
b - 30697
0.2
:]—
"1 4 30696

02 =

9 i
04 / \ [/
e - 30695
0.8 L

L q 30694

tirma

You can zoomback out by double clicking anywhere outside the lower Main trace area.
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2.7.2 A and B Cursors

The A and B cursors are great for obtaining more precise information. In the example below, the trace has been
zoomed in on and the A and B cursors have been dragged and dropped to measure the time that log2 was on.
The bottom of the Stazus bar shows the deltaAB result as being 0.251 seconds.

9 QuickScope : 192.768.254.153
m-f  deqH @
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left l%

b | .
) H '
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2 : -
- -1 ! | |
lite& - 0 - i 1 |
o i I ||
= H 11
lite 7 52 06 : li: I|
- i | |
. ! i |
<Nones - 0.5 i |
- [ |
right —_— : 1 |
e ] 1
! !
- " i -1 H i |
<None: i I +
A 2 B
<none: - 1] 5
e
<none - -
<none’ - liteS lite& lta?

100 points ~ Immediate - [ 000ts @ t3%1ePM A=1.900B=2.151 £AB=0.251 X=2.226 Y1=0.869675

& Note: When you zoomin on a chart, the yellow A and B cursor handles may not be visible. To re-align
them with edges of the current view, simply click on the A and B read out area in the Status bar.
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Creating a PDF file

You can create a PDF file using the generate a PDF of the captured data icon shown below:

7 QuickScope : 192.168.1.53

- § @éﬁ
(dout 025) outs - 1
ae yo |generate a PDF of the captured data li
dout 026} out1 = 1

This will create a PDF showing traces of all named digital I/O in the upper trace area(s) and the selected traces in
the lower trace area. If you have more then 8 named digital /O among the first 64 inputs and outputs, your PDF
will have multiple pages.

dout 023

dout 026

dout 027

dout 028

dout 02%
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2.9

210

Creating an Excel Spreadsheet

You can create an Excel spreadsheet file using the save captured data as an Excel spreadsheeticon
shown below:

¥ QuickScope - 192.168.1.53

- @
idout 025} out =

q
Eﬂe captured data as an Excel spreadsheetl—
(dout 026} out] = i

Y

R “h

The format of the Excel spreadsheet created appears as follows (time is in units of seconds):

A B c D E F G -

1 [time lanalogout1TaskRun <none> | switch1 | switch2 | switch3 5@
2 07 -1.3794 30694 0 1 0 0 =
3 | 0.020003 -1.9639 30694 0 1 0 0 r
4 | 0.040012 -0.74281 30694 0 1 0 0 =
5 | 0.059998 -0.74281 30694 0 1 0 o %
6 | 0.080001 1.161222 30694 0 1 0 0| o
7 0.1] 1.99763 30694 0 1 0 0 }
8 | 0.120006 0.997426 30694 0 1 0 0

9 | 0.140004 -0.91981 30694 0 1 0 0 }
10 0.16) -1.99137 30694 0 1 0 0 =
11| 0.180003 -1.23208 30694 0 1 0 0o &
12 0199998 41423208 30694 ... o, O . fee A 0L F

QuickView

To open QuickView, click on the open a quick view for this controller icon from QuickScope:

-

¥y QuickScope @ 192.768.1.53

- § A N
idout 025) outs ~

“lopen a quick view for this n:u:untru:ulleri
idout 026) ot ~ ]

idin 011) swite = i

Notice the left side of the screen displays a list of all named resources.
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"B QuickView : 192.168.1.53 ey

T — ) | N

Blink 1 TaskAvg
Blirk: 1TaskRun resource value
Blink 1 Task Tat
Blink ZaTaskAvg
Blink ZaTaskRun
Blink ZaTask Tot
Blink 3TaskAvg
Blink 3TaskRun
Blink 3Task Tot
lite1

lted

lite3d

lited
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lte¥

[ted

log

log2

log3

logd

log5

logk

log¥

logd

out 1

out10

out11
a1 M
4:48:07 PM

Click on the resources you would like to monitor and they will be added to the right side of the screen along with

their values as shown below.

| = Quick"*ew: 192.168.1.53
analogout1 [Py |

Blink 1 TaskAva
Blink 1 TaskRun rEsOLUrCE value
Blink 1 Task Tat

link 73 T askAve analogout 1 1340458
oo e I
Blink 22 Task Tat Blink 3TaskAvg 1

Blink 3TaskAvg =| | leg® o

Blink 3TaskRun outh 1

Blink 3Task Tat switch 13 0

[ite1
lted
ted
lited
[tes

To write a value to the controller, click on the resource you want to change and then enter the new value as

shown below. Then click on the green check icon.
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-168.1.93

192

A
Blink1TaskAvg [—]
Blink1TaskRun
Blink 1 Task Tat

| Elink2a TaskAvg
BlinkZa TaskRun
Blink2a Task Tat

|u

|

resource
analogout
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1547857

241
1

|new value k

logh

1
gwitch15 0

|| Blink3ATaskfvg
Blink3TaskRun
Blink 3Task Taot
lite1

lited

211  Multiple Windows

You can open multiple instances of QS and QV as shown below. This will allow you to track more resources and
monitor more than one controller at a time.

- g >|@|@ -t g @@
{din 00V swite = 1 ] || et oo - 1 I | ]
{dn 002)swic ~ 1 ] || o 018)ouz ~ T 1 T 1 1
{dn 003)swic ~ 1 1 || et 019)0uz - | T 1
{dn 004)swite ~ 1 ] || ot oamoue + I  ——
{dout 008} log = 1 1] || more> 1 1
{dout D10)log2 ~ T 1 1 ] || eone> 1 1
{dout D11)log3 ~ 1 1 1 ] || ene> 1 1
(dout 012)log4 = i N — 1 1 ]| none> 1 1
left . . M l ler 1 W‘ | H \ ' | ~ ' \ J i ﬁ r
te5 - [ Ite? - _} | h | f 3
e | | |‘ﬁ H‘ﬂ ||{ I" M ‘I" i (i R \‘/I (h H e
ite7 B Nl ‘ | | | ‘ |I H @one> v | ‘ ‘ | | \ I | | | Fee
) | \l | oL LI i 5| R L 1
B et e e RO AT
oo S 1/ 1 P00 e 1 1A AN (U
<none> =20 : 5 i o [ e 20 : : ; < 0]
<one> v e <ones - =
<none> —— lte§ —— leb —— lta? <nones k — ltal —— =2 —— lte3 —— lted
100points + Immeciste - M@ ' 100t @ 13%:16PM  A=0.000B=43008AB=4.900  X=2.735Y1=0.220472 ;|| 100points v Immediate - [N © 1000t @ 1:3406PM  A=0.000 B=4.500 4AB=4.900 578 Y1=0.330709 Y2=0.33 ;

ou15 resource value resource value
[y Project g8 Librry oule evitch [ i
[ Cverion et [ onteh 0 oz i
oo vyt enkchd 0 o3 [
poye switchd ) outd 0
b o5 1
out7 switch14 o
outd TaskHandie o
aus
antchid I 1
switch11
sl
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Index
-A -

addr function 75
Analoglnput 63
AnalogOutput 63
arc sine 72
arc tangent 72
arrays 64, 67
axis module 139, 140
axis object: 63, 139, 140
statements 95, 96
axis properties:
acc/dec 145
cmode 145, 219
driveenable 145
imposw 145
neglim/poslim 145
overnegin/overposin 145
perrlimit 145
ppr 145
tmax 145, 219
uun/uud 145
vmax 145, 219
axis setup: 144
operating modes 150
positioning 150
slewing 150
tracking 150

-B -

begin statement 37, 94
begin step 37

bit function 75

boolean operators 70
break statement 91

-C -

calculations, in expressions 70
call statement 34, 87

camming and data table commands:

loading tables 196

manipulating master position 207
manipulating tables 200
reading and writing data to/from tables 204
using data from Excel spreadsheets 206

camming and data tables: 193

cancel statement 95

clrbit statement 85

coding, in QS4 30

command outputs 126

comments, in QS4 83

common bits 164

common variables 164

constants 9, 65

continue statement 92

controller resources 63

cosine 72

-D -

decision step 37

delay statement 92

DigitalOutput 63

do statement 94

dostep 35

document:
general info (QuickBuilder Reference) 7
general info (QuickMotion Reference) 124
general info (QuickScope Reference) 275
version number (QuickBuilder Reference) 7
version number (QuickMotion Reference) 124
version number (QuickScope Reference) 275

done statement 38, 95

done step 38

-E -

enable, disable (event) statements 93
encoders 126

events:

asynchronous 32
definition of, in QS4 32
parallel 32
expressions:

- 70

I 70

= 70

% 70
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expressions:
& 70
&& 70
* 70
/[ 70
A 70
| 70
I 70
~ 70
70
< 70
<< 70
<= 70
== 70
> 70
>= 70
>> 70
addition 70
binary - 70
binary + 70
boolean constant 70
division 70
logical-and 70
logical-or 70
modulus 70
multiplication 70
pi 70
remainder 70
subtraction 70

unary - 70
unary + 70
Fault Codes:

Codes, General 247, 248
MF_BADARGUMENT1 247
MF_BADARGUMENT2 248
MF_BADARGUMENT3 248
MF_BADARGUMENT4 248
MF_BADINPUTNO 247
MF_CANTCONSUME 248
MF_FGMSBLIMIT 247
MF_FOLLOWERR 247
MF_GENERICFAULT 247
MF_INVALID TBL OP 247
MF_INVALIDACC 247
MF_INVALIDDEC 247

MF_INVALIDRATE 247
MF_INVALIDTIME = 247
MF_INVALIDVEL 247
MF_MOTIONACTIVE 247
MF_NOCAMFILE 248
MF_NOMSBFILE 248
MF_NOTENABLED 247
MF_NOTINSLEW 247
MF_NOTINTRACK 247
MF_ONLYINBG 247
MF_REMOTE_READ 248
MF_REMOTE_WRITE 248
MF_SESGMOVE_ERROR 248
MF_SESGMOVE_SIZE 248
MF_UNIMPLEMENTED 247
MF_WRONGMODE 247

flags, inQS2 85

flowcharting, in QS4 30, 34

for statement 90

function 34

function definition 34

-G -

global definitions 9
goto next statement 86, 87
goto statement 35, 86, 87

-H-

hyperbolic 72

icons used in this manual 126
icons, in QuickBuilder toolbar 31
iffthen/else statement 87
indirect variables 67
indirection 67, 75
interpolation, for splines and CAM tables:
cubic 193
linear 193
quadratic 193
isdone function 75
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local definitions 9
local variables 32

M3-40A servo module:
LED mapping 132
pinouts 132

M3-40B stepper module:
LED mapping 133
pinouts 133

M3-40C stepper module:
LED mapping 134
pinouts 134

M3-40D servo module 126

mathematical operations 70

Model 5300 controller 129, 136, 143

monitor statement (QS2) 93

motion control programming:

185, 189
and QuickStep 150
operators 151

motion control:
getting started 144
statements 95, 96, 142
tuning 146, 147, 148
tuning wizard 146, 147, 148

motion sequence blocks (MSBs):

139, 150
and QuickStep 217
background MSBs
foreground MSBs
sample code 254
variables 217, 219

-N -

non-scalar variables (arrays) 67
numeric assignment statement 83
numerical functions 72

126, 129, 130, 140

152, 157, 167, 175,

39, 129, 138,

141, 142
141, 142

NVariable 63, 64

- P -

PID:
definition 263
diagram 263
loop 263
theory 263
variables 263

positioning mode 150
programmabile limit switch (PLS) 130
programming:

branching 87, 93
jump (goto) 86
looping 89, 90

structure 30

-Q-

QS2 (QuickStep2): 8
differences from QS4 30, 85, 87
QS4 (QuickStep4): 8, 30, 136, 137, 217
begin step 37
color codes, for text 83
decision step 37
dostep 35
done step 38
flow 34
function definition 34
hardware compatibility 126
max tasks 69
motion control statements 142
shortcut keys 120
start statement 142
steps 34
stop statement 142
task definition 32
transitions 34, 93
QS4 system variables:
$CBITS 77,79
$CVARS 77, 80
$DINPUTS 77,78
$DOUTPUTS 77,78
$REGISTERS 77,79
$TASKTIMER 77
$TRIGGER 77,79

293
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QuickBuilder 8, 136
QuickBuilder PID:
features 265
PID loop algorithm 266
PID object 267
PID object, properties 270, 271
PID tuning 273
QuickMotion 136
QuickMotion commands:

abort 158
asynchronous event handling 159
clrout 167

counter = expression, offset 172
counter read, write, offset 172

delay 153

drive disable 153

drive enable 153

end 158

gear at (ratio) 185

gear at (ratio, counts) 185

gear for (slavecounts, mastercounts) 186

generate alternate mode (alternate/standard pins)
173

generate output rate (pulse) 170
generate steps on (step/direction) 171
goto 158

host read 235

host write 236

iffgoto 159

iffthen 155

move at (maxvelocity) for (displacement;
trapezoidal) 178

move at (maxvelocity) to (position; trapezoidal)
176

move for (displacement; triangular) 178

movwe in (time) for (displacement; trapezoidal)
179

movwe in (time) to (position; trapezoidal) 177
move master at 207

movwe to (position; triangular) 175

move trap for (displacement; trapezoidal) 179
movwe trap to (position; trapezoidal) 176

new endposition (position or displacement) 180
offset position 162

offset slave (position) 186

on 159

pls (output) on/off 169

pls (output) using 168

pulse (output) for 168

reset 155

segmove <n> accdec...rate
segmove <table> accdec...dis
segmove <table> clear 210
segmowe <table> slew 211
segmove <table> start relative
segmove <table> stop 211
set capture (registration input)
set capwin range (start, end)
set common bit 165

set common var 166

set feedback position 162
set loopperiod 161

set master source 163

set mode positioning 161
set mode tracking 162

210
p 211
212

189
189

set simulated feedback 162

set target position 162

set timeout 153

setout 167

slew begin 182

slewend 183

slew for (displacement) 183
start 157

statement 157

stop 152

stop table 203

table <n> addpair 196
table <n> addseries 197
table <n> clear 196

table <n> continue 200
table <n> copy 197

table <n> loadoffset 198
table <n> loadseries 198
table <n> precompute 200
table <n> start <imethod> <ts

table <n> start <imethod> cam...

cale>...

variable assignment (to expression)

wait capture (registration input
wait common bit 166

wait for (transition) of (input)
wait for common var 166
wait for in position 180

wait master (counts) 186
wait outside (position range)
wait slave (counts) 186
wait until 156

wait within (position range)

) 190

170

187

187

201

202

154
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QuickMotion commands: debugTableX 205, 233, 246
zero (master/slave) counters 187 debugTableY 205, 233, 246
zero feedback position 154 dec 221
zero following error 154 din# 226
zero target position 154 dins 226

QuickMotion programming: dout# 226
gearing statements 185 douts 227
I/O statements 167 driveenable 227
operators 151 enabled 219
position capture and queue statements 189 encoderZ 224
program flow statements 157 encoderZ3 224
simple motion statements 175 faulté 219, 246
utility statements 152 faulted 220, 246

QuickMotion variables: fpos 224
_highBW 222 fposc 224
_inertia 222 gratio 224
_wn 223 gtimebase 221
_zeta 223 inpos 220
acc 221 inposw 224
actieBG_MSBs 233 invertcmd 224
activeCAM _row 219 invertfeed 224
actieFG_MSBs 233 invertmaster 224
aff 223 jerk_a 221
antibackup 227 jerk_a req 221
camming_invertend 224 jerk_d 221
camRequest 219 jerk_d req 221
capArmed 232 kd 223
capEdge 232 kfilt 223
capGate 232 kgain 223
capGateState 232 ki 223
caplnput 232 kv 223
capLimit 232 kvf 223
capLimitflag 232 lastOwerall 233
capOffset 232 loopperiod 233
cappos 232 looprate 233
capposc 232 maxLoopTime 234
capStatus 219, 232 mcinv 227
capTriggered 232 mdelta# 227
capWait 232 minLoopTime 234
capwaitBranch 232 mmc 228
capwinEnd 232 monLoopTime 234
capwinStart 232 move_master_counts 230
capwinType 233 move_master ramp 230
cmode 221 move_master_rate 230
ct#f 226 move_master_rate_target 230
debugTable 205, 233, 246 mpgai 230
debugTableRow 205, 233, 246 mpgfi 230
debugTableRows 205, 233, 246 mposc 229
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QuickMotion variables:

mposc# 229
mppr 224
msource 233
neglim 224
newvel 221
nonvolatile
overflowFlag
owemeg 220
overnegin 227
overpos 220
overposin 227
owertrq 220
pdead 223
perr 224
perrlimit
pff 223
poslim 225

ppg 223

ppr 225

pstate 220
QS2_CAP_WINEND_REL
QS2_CAP_WINOFFSET
QS2_CAP_WINSTART
QS2_Cmd 243
QS2_CMD_CNT 244
QS2_FILTER_MODE
QS2_Holding 243
QS2_HOLDING_CNT
QS2_ HOME 244
QS2_LAST CMD 244
QS2_MSB_STATE 244
QS2_OVERRIDE_CNT
QS2 Overrides 243
QS2_PARAM_CNT
QS2_Params 243
QS2_REG_STATUS
QS2 Status 243
QS2_TMP1 244
QS2_TMP2 244
QS2_TMP3 244
QS2_TMP4 244
QS2_VAR_MTD 244
QS2_VAR_MTN 244
QS2_VAR_NEW_ACC_FEEDFORWARD
QS2_VAR_NEW_ACCELERATION 243
QS2_VAR_NEW_DECELERATION 243
QS2_VAR_NEW_DIFFERENTIAL 243

223
234

224

243

243

243

244

244

244

244

244

244

QS2_VAR_NEW_FORCE_CUMULATIVE

QS2_ VAR NEW_FORCE_POSITION
QS2_VAR _NEW_HOLDING_MODE
QS2_ VAR NEW_INTEGRAL 243
QS2_VAR_NEW_MAX_SPEED
QS2 VAR NEW_PROPORTIONAL

243

243
243

243

QS2_VAR_NEW_VEL_FEEDFORWARD

227
225
230

225
225
225

running
runv
sdc
sfmod
sfpos
sfposc
sign 225
smark 230
smarkfall 231
smarkrise 231
smc 230
smodc 230
spgai 230
spgfi 230
sphase 231
sppr 221
stepsout
stoprate
substep
theta
time
timebase
tim 222
tmax 222
tmc1 231
tmc2 231
tmodc 231
tpos 225
tposc 225
trqc 225
tsc1 231
tsc1fall 231
tsclrise 231
tsc2 231
tsc2fall 232
tsc2rise 232
uud 225

uun 225
vmd 226
vel 226

verr 226

225
222
225

222
220, 222
222

243

243
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QuickMotion variables:

Vit 223
vmax 222 - S =

vmdelta 232

zfpos 226

zpulse 220
ZPULSE_NEG 226
ZPULSE_POS 226

scalars 64
seno drives
servo motors

126
126
seno operating modes:

positioning 150
ztheta 222 slewing 150
-ztpos 226 tracking 150
QuickScope traces: set statement 85
setup 281 setbit statement 85
.WlndOWS 281 SFC (sequential function chart) 8, 31
QuickScope:

sine 72
A and B cursors 286

slew at (welocity, time) 182

controller, connecting to 280
data collection rate 277, 283
features 277

immediate capture 279
invoking 277

multiple windows 290
oveniew 276

pdf creation 287
performance 277

slewing mode
splines 193

square root 72
stack overflow, cause 87
start task 32

statements:

. begin 94
reading data 284 break 91
status bar 279 call, return
tick rate 277, 283 cancel 95
toolbar 279 continue
triggered capture 279 delay 92
xls (Excel) creation 288 do 94
zoom feature 285 done 95

QuickStep 8
QuickView: 277, 288

150

83
assignment (numeric) 83
assignment (string) 84

87

92

enable, disable (event) 93

) ] for 90
multiple windows 290 goto 86, 87
goto next 87
-R - ifithen/else 87
monitor (QS2) 93
registration inputs 132 repeat/until 89
repeat/until statement 89 set 85
Resource Manager (RM): 8, 20, 64, 129 setbit, clrbit 85
specifications and max limits 9 stat 95
resource types 63 stop 96
resources 63 store 85
return statement 87 when 93
while 89
stepper drives 128
stepper motors 128

steps 34, 69, 83
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store statement 85

string assignment statement 84
string function 74

strings 74, 84

symbolic names 63

symbols used in this manual 126
syntax 83

-T -

tables 64
tangent 72
tasks:

construct 32
definition 32
limit 69
parameters 32
text 74
toolbar 31
tracking mode 150
transitions 34, 93
trig functions 72

-V -

Variables, Pre-defined:
Capture Variables 232
Control Variables 221, 222
Diagnostic Variables 205, 233
Fault Variables 246
Feedback Variables 224, 225, 226
IO Variables 226, 227
Quickstep Variables 243, 244
Status Variables 219, 220
Tracking Variables 227, 228, 229, 230, 231,
232
Tuning Variables 222, 223, 224
variables: 64
non-wolatile 63
resources 63
wlatile 63
vector 64

-W -

when statement 93
while statement 89
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