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Contents

= Everything but motion

In this class we won't have servos, axes, or make anything
move

You’'ll manipulate bits, values, and time

You'll become proficient in the programming and navigation of
MotionWorks IEC

You'll experience the IEC 61131-3 languages, data types, and
programming structure

When you see the IEC logo, this means the page is directly
related to IEC 61131-3
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Sofitwere Orieniziion)

Mpiec Controllers vs PLC simulator
Mwiec versions, install, registration tips
Mwiec main screen, simple program editing
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Software Orientation Install MotionWorks IEC

Download page

« yaskawa.com/iecsw m

. | Installation mstruc_:tlons ”””bm%g;% >
Windows XP Requirements

= Service Pack 3
= Dot Net 3.5
Windows 7
« Multi-Language Support




Software Orientation MotionWorks IEC Registration

30'd ay De mO r MotionWorks IEC 2 Pro - License Configuration |._I [ ‘Eﬁ
. Program License
Do not change windows :

clock
Site Code: 11B8 D16E 8388 34E4 DO

Unlimited License Site Key: | vaidae |

Frogram nat authorized Electronic Registration. . |

$$ COSt MotionvWWorks IEC 2 Pro Redistration Indtructions: H
Serlal Number P Registration Wizard
I nte rn et CO n n eCtI O n Enter pour prepaid zenal number information below and press "Mest".
. . B
USB license option A
Sales Order Email contains Serial Number
/\ Serial nurmber
D A [
See Video: http:/lyoutu.be/yGC2TmtP1bU?t=22s Lancel < Erevious Next >



http://youtu.be/yGC2TmtP1bU?t=22s
http://youtu.be/yGC2TmtP1bU?t=22s
http://youtu.be/yGC2TmtP1bU?t=22s
http://youtu.be/yGC2TmtP1bU?t=22s

Software Orientation EXpress & Pro

MotionWorks IEC “Express” - MotionWorks /EC “Pro”

= Simplified Interface = Full options interface

« 1 Execution Task = Multi-tasking operation possible

= Fundamental programming « All five IEC 61131-3 Ianguages
|anguages (ST’ |_D) available (ST, LD, FBD, IL, SFC)

« Easyto use = Full featured

« Easyto learn = Medium cost

« Low cost = For the most demanding and

high-performance applications

= For simple applications
requiring point-to-point,
camming, gearing, ethernet




Software Orientation EXpress & Pro

Both Express and Pro can be simultaneously installed in
one PC

= Separate license required for each

EXpress projects can be opened in Pro

« EXxpress Project is converted to Pro format
» Save project under a new name or as zip project first

« Pro projects cannot be opened with Express

Code can be copied and pasted between Pro and Express
« Multiple Express / Pro open at the same time
= Easiest to copy the entire POU



Software Orientation MPiec Controller

Ethernet Communication via PC

| Web Server

== .Confirm Ethernet communication
Determine/Set IP address
*Troubleshoot and clear alarms
Save/Restore Project Archive
*Test Motion

" | *Upgrade Firmware

_— | *Requires Java

MotionWorks IEC

/’ll}l]{}lAMorI(S’lEc = | *Monitor and Edit Application Program

PROFESSIONAL

*Configure axes, 10, Network
*Troubleshoot and clear alarms
.. *Save/Restore Project Archive
*Test Motion
F7%,
m

ko

ol | =11k | P |




Software Orientation PLC Simulator

f# pEmoIo - DRIVER B[] B

/’I’,li”morksmsc »_| MotionWorks IEC

PROFESSIONAL *Monitor and Edit Application Program
LD, ST, FBD, SFC languages
Tasks, Programs, Functions
*l/O

11 HEEE



Software Orientation Start MotionWorks IEC

) VideoLAN »
. Launch MotionWaorks —
Express T ' /) MotionWorks IEC Help

@ P — @ vaskawa CamTool » || ) Motionworks IEC 2 Express  » || €& Launch MotionWorks IEC 2 Pro
our Windows =
) YE_Applications ¥ smC v

: F“es and Settings Trs é Internet Explorer
- Wizard

g. Remote Assistance

L2 8 windows Movie Maker

1 Log Off L O Turn

| ¥ YASKAWA |

Maoligiorks: iec i‘

PROFESSIONAL

B




Software Orientation New Project

Start a new project
PLC Simulator Template
File - Save Project As

I!E‘H’ ﬂrn]ecl E YASKAWA

Quick Reference Guide
General |

+

* s ] N Je]e
‘ ++ -|-+ -|-+
Fo

Project ‘Wizard MP23005Siec  MP2310iec MP2E00DIEC
Template Template Template

5] 2 [
= =]+ = =]

MP2200iec | PLC Sirmulator
Template Template




Software Orientation MotionWorks IEC Main Screen

l otionvwor o - 30 are urentation

EFiIe Edit “iew Project Build Online Extras 7

Ba Project : G\ azkawahbWIEC_2_ ProtProjectshT|
D Libraries |-“-\”
=5 Data Types
o " Mame
- fE] PLLCTaskinaTypes —

Ea Lagical POUs 1 Firmware FB

EI@ M ain® T Firmware functions
“[i] MainT

o Kepword
& Library FB
W Library function
B@ Phyzical Hardware” 8 Network Templates
=8 Configuration : PLC_Simulator® I User FE
B@ Fesource : PLC_Simulator I User function
= Tasks
- =[] Task:CYOLIC
(O] Main: Main®
iy Global Variables™
10_Configuration™

| Description |

ET

4
EE TR

= Message W

4| \Build JI'{ Emars )\ iarmings }\ Infoz ,}\ PLC Emors }\ Print }\ Multi-User,-"

Faor Help, press F1




MotionWorks IEC 2 Pro - Software Orientation - :Main o

E'File Edit Wiew Project Build Objects Lavout Orline Extras ‘Window ?

R
ezl ﬁ L m § nuummunggggu H gh Rt m

i Project Tree Window Av@ i Edit wizard A w[

Ba Froject : G:vvaskawatbWIEC_Z_ProhProjectsiT Group:

Lo Libraries

= R Data Types Programming Space

E LT 3sRITIOT YHE ‘
B a Logical POUs

| <Favorites: M

Mame Deszcription [ﬂ
W ADD Addition
W AND Bitwise AMND

Logical POUs -

[ \ M| CTUD Counter Up/Dovn
EI% Canfiguration : PLC_ n » T - teXt CO m m e ntS : Eg EII:L::IDZ
- ‘@l Resource : PLC_Simulator \ . i F_TRIG FaIIing}Edge Detection
n . _
EI % Tazks » V —_ Varlables W GE Greater Than Equal: »= 1
_ @ ESF;“ EYC}:W B GT Greater Than: » 1
------ ain : ain® W LE Lesz Than Equal: <=
ih Global_ ariables™ » COd e Pag eS W|LT L:zz Th::: :IUEI ‘

Gl 10_Configuiation®
—-anhgurEtan BMOD  Modulo Division

W MOVE  Assigns Value
W MUL tultiplication
& NE Mat Equal: <>
W NOT Carmplerment
& 0OR Bibwize OR
W F_TRIG Rising Edge Datection 3
W ROL Rotate Left

M W ROR Raotate Right

11l ] [) |< | I ] [ﬂ RS Feset Danminant

M SHL Shift Left
.|'~E||EE|5'| & MaIN:Main W 5HR Shift Right [w]

= Mezzage U 4 W

4 \Build ,I'; Errors j'\ Warnings }-\ Infos j'\ PLC Errors }-\ Print}-\ hAulti-Uzer ,-"

For Help, press F1 2,0 & =2GE

15
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Software Orientation MotionWorks IEC Main Screen

E]-File Edit Yiew Project Build Onlne Extras 7 - g X

S R mew
i Project Tree Window 1vO 4N
=) a Project : G:vr'askawaWMWIEC_2_Pro‘\ProjectshT| raLp: ‘

<Fawvarites: Iﬂ
<all FUz and FBa>

PLCT asklnfaT ypes” <Favorites:
B a Logical POUs . <Software Orientation:
S b Programming Space

~[i] MainT
[GETRN

Type conv. FUs

EI @ F'h_l,an:aIHardware &/ o Divigion
= @ Configuration : PLC_Simulator” WED Equal =
=@ Resource : PLC_Simulator™ FWF_TRIG Faling Edge Detection
S @8 Tasks W GE Greater Than Equal »=
=R . Task : CYCLIC . W|GT Greater Than : » 3
fﬁa‘ E‘;II;E Vh;:;nbleh:am I n Stru Ctl O n S W LE Less Than Equal: <=
- &;LT Lezs Than: <

10_Configuration”
_Canfiguration W MOD  Modulo Division

W HMOVE  Assigns Yalue
;UL tultiplication
W ME Mot Equal: <>
| HOT Cormplerment
& 0R Bibwize OR
R _TRIG Rising Edge Detection —
& ROL Rotate Left

@ W ROR Raotate Right

—I m ] [2] E w__| B WERs Fieset Dominarnt

W SHL Shift Left ‘
.|®|E|5‘| W AN b ain MH Shift Right [v

4|k \Eluild ,I'; Erars }-\ Warnings j'\ Infos ,}-\ PLEC Errars ,}-‘ Print,}-\ b ulti-Uzer ,-"

1A




Software Orientation Basic Ladder/Block Editing

: Edit Wizard nw
CTU Eroup: =
_ | <Favorites> &I
— — CU Qe H Marme Description [ﬂ
#— EN ENO b W ADD Addition
#— RESET CWike W AND  Bitwise AND
wale l— 7 —l— & CTD Counter Down
Py < ol CTU Counter Up
valle2— W CTUD  Counter Up/Down
D Divizian

Add variables Drag from Edit Wizard FEQ  Eaual-

I F TRIG Falling Edge Detection
W GE Greater Than Equal: »=

F_TRIG_1 WG Greater Than : » 3
W LE Less Than Equal: <=
CLE O EM BN ;LT Lezz Than: <
? 5 b !
. Error E
Execution number and highlight Feedback may be wrong
unkil next successFul compilation!
| FLTRIG] [~ _ :
1 W nOC FOrae Cem
Add blocks by typing the name o[ mren  Roaeran
[{ T 3 ;RS Feset Dominant
— W SHL Shift Left
& MalN:Main W SHR Shift Right M

17
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Prograrnnine QuiciK Stairk

- Function Block
Make, Download
- Debug Mode
' Ladder
- Variables and Properties

% YASKAWA



Programming Quick Start

Learn the software by means of a simple program
Parking gate control
Many detalls to follow

20 HEEE



Programming Quick Start‘E Counter Program

= New Project — PLC Simulator Template
= POU “Main”
Counter UP block
Add variables (Usage: VAR)
Make, download, warm start
Debug Mode CTU_1

» Enter values

|__—Sensor— CU (] ul
Reset— RESET CW urrenty alue

Variable Properties

M anne:

MaxCapacity— PW

Sensar L

Drata Tope:
\BOOL v

IJzage:
WAR [ |RETAIN

Ji] [ 1l ]

Lk AN Main

Add this code to the Main POU

21 HEEE



Programming Quick Start _ Download

= Steps to Download
Make (includes automatic “save”)

Project Control = Resource More details to come
Download ,
Download Dflhtd

e N

Download Changes

T 1 Wt 0 G p Enzure real-time fior L ”ulnad Changes
L____._.x. i e | Resource =J 03 [] Include Bootprojec

b [ Include Sources q-r

Inzlude OFC data

State: Fiun
[ Davnload Source

Bezet W arm

| zer-Libranies
Include User-Libraries
Inzlude Frontend-Code

[ Diowwnload ]l[ Upload ]

[]Include Pagelayouts
[ 1Include Eackend-Code

Errar

Delete Source on Target

Cloze

22 HEEE




Programming Quick Start

Warm Start

Normal “Power On” start

rResn:tur::e Mﬁ
Shate: Stop

Stop
[ Reset ]

Hat

[ D'ownload ] Upload

Errar [ Irifc ]
[ Cloze ] [ Help ]

- o0 -piven BEIE

23

Fil: Help

FroCon0SH [ 1] -

2 Run Fro- QPro-

Stop Con0S§Con05S

20 | 9o

21 1 91

2z | @2

Gz | 0=

24 | @4

95 | 95

2 | @c

o7 | OF

CFU In-S N Out-g
-

More details to come




Programming Quick Start |1EC Monitor “Debug Mode”

Online — Debug

= Double click variables
= Qverwrite

Editing is disabled during debug

’ 2 4
N e Sraees m v > mae Y
i ':.)._._._ AR Lersss casovtl i (W r .
" - - ~ . =) i
ar ~
"
.
5] \
|2 ¥ i
| wimm = § Thmmesss Libamy bon bovm Svtemred |
| |
R Y D Ty | |

mpm 5

r['.I\E.-hug_: Resource
Force/Overite Simple “Parking Gate” Control
Sensor CTU_l
" (— Ccu )
® TRUE O FALSE [ Sensor CL 0 —|1:uII
Feset— BESET CV F—CurrentVale
Farce Rezet farce l l Qenarite ) 0 0
MaxCapacihy—] PY
Rezet force lst C

Debug Mode (Disables Editing)

24 HEEE



Programming Quick Start Simple Ladder

= Simple Ladder
= Network
= Series contact, NC
« Comments
= Download changes
= Debug mode

Jbieckts  Lavout Online Extras SWindow ¢

Reset—y RESET TV

MaxCapaciy— PV




Programming Quick Start Download Changes

= Download Changes
= Saves time

« Includes

» Save
» Make
» Download

= Does not require warm start

CTu 1
(o ) Change
Riaht-Click to (*Sensor to count cars Sensor—p CU Q —ul contact
J entering parking lot™*) FReset— RESET CWF— test type

add comment
MaxCapachy—1 PV

DD'1 OpenForBusiness Gatelpen |
i || 2 |

(M eave gate up during open hours and when garage is not full*)



Programming Quick Start |?C Local Variable Properties

= Variable Properties
Toggle Boolean Mode

Retain
Initial Value
Retain last value “Toggle Boolean” is
after warm start a feature of debug
Initial Value mode
 Project Tree Window tyg M arne / Type Uzage |Description Addrezs T Init Fetain | FDO| OPC) TE
=3 Project : G:5askawaMWIEC ] Default
----- [ Libraries CTU_1 CTU  |WAR B (8808
=3 Data Types Currentyalue MT waR O O/ 00
e _F'LETaskInfn:uT_l,Ipes Ful BOOL VAR I Fl|F | F
=3 Logical POUs GateOpen BOOL | WAR O (O 00O
EILE_I Mﬂlﬂ _ ham Capacity T W AR | HEEERR A
¥ “ tain] COpenForBusiness  |BOOL WAR l (O a
%m Reset BOOL VAR FiHLE
e =L o0 VAR .
B% Physzical Hardware senser & L] L0 '

27



Programming Quick Start Toggle Boolean

= Toggle Boolean

Extras ‘Window 7

Debug F10
Project Conkral, ..
Ponserflow

opline Layvout,,

( Toggle Boolean Yalues

|4 Download Changes
Zancel Download
Show Active Skep

Logic Analyzer

Layouk

Toggle Boolean — variable in
debug mode is like a push-
button

CTU_1

=

entering parking lot™®) Sensor—p CL 0
Reset— RESET CY

MaxCapacity—y1 PY

20

J01 OpenForBusiness

| (M eave gate up during open hours and when garage is not full®)

HEEEN



Programming Quick Start Variable Properties

= |nitial Value

rResnurce Mﬁ
Change the value in debug mode. = Smp
What happens after Warm start? C e I won ]
Cold start? Hol
Dowrload Upload
I:TU 1 [ Clogze ][ Help ]
(*Sensor tg count car
entering pparking lot™®) Sensor—p CL 0 Ll
0
Reset—{ RESET CV urrentyalue
[
MaxCapacity Py
201

J01

CpenForBusiness

| (M eave gate up during open hours and when garage is not full®)

1 L] ]
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Progjrarnrnine QuUick Siart #2

- Task, Task Instance
Structured Text
- F5 variable declaration
VAR & VAR _GLOBAL
- Data Type & Conversion

% YASKAWA



Programming Quick Start New Application Challenge

= Calculations in a Structured Text program (ST POU)
= $29.99 per car

» Income = 29.99 * NumberOfCars

« Ladder or Function block language also works

] SIS0 ——

0

Feset— RESET OV

| 0
[axCapaciy —
200

umberOfCars

P




Programming Quick Start 1EC| New ST Program PQU

: F'ru:u]e::lz Tree Window r¥Q
=-£9 Project : G:\Yaskawa\MWwIEC

[ Libraries

Ela Data Types
U PLLTaskinfoTupes (*Sensor to count cars

Ea ........................... i [V P T T T i
ey . Insert. .. b [':iﬂ Proagram i
AR ™ Pﬁ Function |

Paste Chrl+Y
Pﬁ Function | Insert

PO grog M anne:

Save fs Mebwark Template Calculations
Define Placehalders rE":EiHESS Type Language

(*) Program
() Function

() Function Block

Expand All

Action

33 HEEE



Programming Quick Start |IEC Program Instance

= Program POU runs in a Task
Manually add program instance

L

F R N ey

|_—_| k| Ln:-gln::al POUs

EI |:| Calculations”

----- m CalculationsT
----- . Calculationsy™

Insert

Froagram instance:

. DE Calculations” Calculations Enter “Program instance”
m:::; Frogram tepe:
1 P;;@alﬂ:izlware Calculations A Choose “Program Typ e

EI% Configuration : PLC_Sirnulatar
=- ‘@l Resource : PLC_Simulator®
EI % Tazksz

Description worksheet

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

Insert, .. »

(O] Main: Main
A Glabal_%ariables
/-[1] 10_Canfiguration

Delete Delete Task

;39 Cuk Chrl4% Program instance

Result

“Calculations” is not - )
) running in the task. =l Tasks
- =[8] Task:CYCLIC

: S IE Calculations : Calculations
Insert a program instance. T 0] Main: Main

34 . F ] L]



Programming Quick Start

= Use F5 to declare variables

ITncome:= NumbherQOfCars & LEEALHS#Z29,.99:;

O e ¥

Variable Properties Variable Properties Format for “literal”
Mame: M ame: (Constant) ValueS iS
Incomme w MumberQfCars w <datatype>#<va|ue>
Ciata Type: Data Type:
LREAL v LREAL v
Uzage: Izage:
WaR | []BETAIM WiR | [JRETAIN

Download Changes

35 HEEN



Programming Quick Start |1EC Local Variable

= Why is “NumberOfCars” not the same value in both POUs?

MainV:Main - Configuration.Resource.Task.Mai... |= || O 3 MAIN:Main - Configuration.Resource. Task.Mai = ||O| S
g :
M ame £ | Dnline walue I Type | IJzage |Descripl ~ CTu 1
El Default LNt cars (o) a
cTu cTu WaR
_ " B
Currentialue 0 NT VAR ng lot™) @!} U 0 ﬁ'—‘"
Full FALSE BOoL WaR =
GateOpen TRUE R T 1 Reset—{ RESET CV urmberOfCars
: ] e
g Cangcity el T WAR .
MumberOfCars 5 NT ) VAR IMaxCapacity—y PV
OpenForBusiness TRUE BooL WaR — 20
Reset FALSE BOoL WaR [
o e Fal —F (=TTl LN~ Iﬂ -M
£ 1T ] [l] 11 ] [i]
s d
CalculationsV:Calculations - Configuration_Res ..a 1 ALCULATIONS: Calculations - C ﬂl** Re r—1r—1m
—
M arne I Orline walue | Tupe | 0.0000000 |Income: I'-Iu:ml:uE]:OfCars * LEEA—
=] Default
InCnme [0 noonnnn |LREAL W [MumberOfCars = 0.000000
MumberOfCars 00000000 ) LREAL Wi _J/
Open local variable list Hover mouse for tooltip
[i] 1 | [l] |<| w_| [L]

36 HEEE



Programming Quick Start 1EC| Global Variable

= Use New Global Variable in both POUs
G_NumberOfCars
Global Variable List

CTU_1 -
) Sensor—p CU O —Full 1
Reset— RESET  CV [ FG NurrberOfcars |
. ) ly
MaxCapacity—) PV Variable Properties /
—
M ame:
Ful
I JI,r I [lG_NumI:uerElfl:ars ] v
. Drata Type:
ng open hours and when garage is ||NT M
US-EIQEZ [ S D S R [N, WML
WaR_GLOBAL BETAIM . ) PLCMODE_HALT B WAR_GLOBAL
( — 3 O BFLL_Simulator PLCDEBUG_BPSET BO.. |VAR_GLOBAL
il o prLL Simula... PLCDEBLIG_FORCE BO..  |VAR_GLOBAL
o s PLCDEBUG_POWERFLOW  |BO.. | VAR_GLOBAL
B0 Task:Cveuc | PLC_TICKS_PER_SEC NT | VaR_GLOBAL
. i ’ o = ':E"F“'E'“':'fﬂ: r PLC_SYS_TICK_CHT DINT | WAR_GLOBAL
Best Practice: G_ preflx ' DT valued DINT | ¥aAR_GLOBAL
yalue? DINT  |WAR_GLOBAL
""" G_MumberOfCars ] WaR_GLOBAL

37 HEEN



Programming Quick Start |1EC Data Type Invalid

= |EC 61131-3 “Strict Data Typing”
Operations on data with same data type only
Convert data type in code; no automatic conversion

Download Changes

Income:= G NunberCOfCars * LREEALHZ9.99;

:|- MAIN:hain l.mLcumﬂ 23] Global Vari..|

O 0 Invalid datagdme
-I
allleqal data type of operf

Procezsing data ...

Creating task info ...

Creating initialization code ...
)(2 Erroris), 3 Warningis)

> Code Generator)
11 data type: INT; Opers

4 F % Build /§ Ermrors

Py
J—"

: Meszage v a0 & [

arnings .r}'-. Infos .r}'-. FLC Errars

INT cannot multiply by LREAL

i Project Tree ‘Window n

EI 'a Logical PDUS

]

M amne Type |Jzaqe |

= Default
Income
MumberofCars
.................................. G_MumberOfCars

WAR
WAR
WAR_EXTER...

CV output datatype is INT

38 HEEE



Programming Quick Start |EC Data Type Conversion

= Use Conversion Functions In code
« Best Practice required by IEC 61131-3

1 (¥ Rezult @z LEREAL *) :=INT TO LEEAL([(* IN azs INT *])1: Il L
- - Group:

3 Income:= LEREALH#Z9.99 * NuwberOfCars: Tupe conv. Fllg

I ame
W NT T0 LIMT

W IMT_TO_LREAL Converts INT ta LRI
Cornvertz INT to RE.

D escription

g.0000000 PhanberofCars :=INT TO LEELL ([ G NuwmberOfCars | ;

239.9200000 [(Incowme:= LREEALHZ9.99 F NumberOfCars:
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rELP DOCUNVIENTATION

Programming System
IEC 61131 blocks
Right-Click Help
Contextual Help Button

e e
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Help Documentation Qverview

- CHM Documentation Installed SSL el

W'lmlsmlml' ‘
= MotionWorks IEC =
» MPReadMe0D

=« Help on Functions and
Blocks 001 English
» PLC_FBfurl001fm oag ahanese
« Search for *.CHM

» C:\Program Files (x86)\Yaskawa

Online Help System

* ) Datalpes mIECENIN 3
- ;‘V.\&lnlf(s‘.ﬂ'!i

+ (L) Rustine spsden spaciic danclons
+ (] Rurtese spsdem speciic unchon bl
# (1) B9 reanguision funchone

= {3 Help on Furchon and Function Blocks [ &
+ ) IEC V1313 furesens anne
(7 1EC 631312 furcion blocks L
¥ ) ENEND
1] )
L]




Help Documentation

MotionWorks IEC Software

- |[EC 61131-3 Basics
“About IEC 11317
- General PLC
“PLC Help”

Programming System

Avalilable in several languages

Extras — Options — General -

Language

Extras ¥

-

COptions

| Dire-:tu:uries_" Debug || Backup || T oolips || Logic Analyzer

| Text editor ||

Text colors

| Graphical E ditor [2) [

[Graphica

| Toolbars | Commands [

General | Cross References |

[l

Simplified Chinese

Language: | Englizh
Deutzch
Enalizh
Wwiorkhook Style E zpafiol
Francais
Open Last Project on Progltaliano
| apanese
[ ]Hide extemnal variables

ﬁn:!'j oy -

l’“h (0 Ve e WAL Otk n

o o Poper CAD vty
w N Lsawy

W8 MG,

U M Copen, T

(i3
h-

7B e o &
Hde Locste Back Home Pt

Coterts | indec | Serch | Fevogen]

QT AT VATLA »
L 70F523 DAF L A

Help File

! -_|D'/_'J
il 23 EanySm QMO -5 2
v T5-hM7
B AT QU
b i) ANV BIT Q88T 7 FL 21
-4 EC 6 NIDTEE
BIEC 611313 QI/74¢Y
Z)EC81131-3 ) PV
A2 >
" '

Conkents
About IEC 1131

& Help on Standard FEIFL

FLZC Help

Irfa...

8 W _Nowiupslvgoind
B M _Novwieoon

8 W P

8 W Paadhch sl outon

i

em MPReadMe001.chm

HolioiMorks 'Y YASKA

IEC 611313 DA s 7249 —7a %
EC 61131-3MEO C TATS L YAFLE, /=Fo2PONREIV 24T L

~Va ERTELAT. V7420 -2 BR . S8BT 22T L-Un
2 W= 9207TT.

U=2, REARLZED 218 L CPU ., TCP/IP TRMLACE 71142, 3
RSV - A S -FIMAS AR T, - 3TR. o/ - 280 TERT
A= NIXREENTAIY, L U/~ ATH. L 22 RR oS sxiFTer Y,
IEC G1131-3D 42 D

?l,".?l Mg B ATATS L0214, ATV~ LERO2T, ‘A‘I.t 7!15’5—‘_'_'
4 »




Help Documentation Functions and Function Blocks

Standard |IEC 61131-3 blocks
Add, subtract, timer, pulse, ... augw % .

About IEC 1131
- . . . ¥ Help on Standard FE{FL
- Applies to These Groups in Edit Wizard ra
|
Function Blocks B

L=
d Info...
Functions
. Group:
Strlng FUs <all FUs and FEs> v

<all FUs and FB &>

Type conv. FUs e s

<Training Sample 203 PRO:
Funchion blocks

- Available in Several Languages R
Extras — Options — General - Language ’

: Edit Wizard L¥0O

String FU=
Type conv. Fls

Extras ?
Options
| Directaries | Debua | Backup | Tooltips | Logic Analyzer
| Text editar || Test colors ||
| Graphical Editor [2] Graphicg
c | Toolbars | Commands | General | Cioss References
Help File
PLC_FBfun001.chm o Croit ]
—_— * Deutsch
Endlish
‘wiorkbook Style Espafial
Tangais
Open Lazt Project on Prog |taliano
J@par)ese
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Help Documentation Right-Click Help

- Right click a block for help
In the code
In the edit wizard

: Edit Wizard 1 w ﬁ

Graup:

]

£

<Favarites>

M arne Drezcrption

| >

> A0D Addition
W AnD Bitwize AND

W CTD Counter Diown
=T Counter Up

—

Help on FE/FU TUD  Counter Up/Dc
Delete From Favarites " Divizion =
o [ Equal =
¥ Show Descriptions TRIG Faling Edge D

W GE Greater Than E
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Help Documentation Contextual Help Button

powrioas
Project B ootproject 2 e 1
[ —— | — | EI [ Heb_ |
[ Download Changes ] Activate | Stack check on PLC

E nzure realtime for Download Changes [
Include Bootproject
Include Sources

] ] Array bounda
| Force EOOLS
" | Generate boo

Delete on Target Resource

State: Fiun

Include OPC data Cold

[ Dawrload Source ] Reset W arm

|lzer-Libraries Hat

Include User-Libraries

Include Frontend-Code [ Dawnload l [ Upload ]
[ Include Pagelayouts Errar
[]Include Backend-Code [ Close ||| Heb
[ Delete Source on Target ] [ Download File ]
{3 Marked POUS () Mo rezerve
Cloze ] Help
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Usiine) 1/©)

- 1/O Module Concept
I/O Variable Addressing
Configuration
Best Practice

Execution Sequence
~ Task Assignment

% YASKAWA



Using 1/0 Field |/O Devices

Parking Gate Example Application
Connect physical sensor to PLC input
Connect physical gate to PLC output

Input Output
Module Module

|\\\\\“
o

Relay

e
7
|
—Q 0—

How can the PLC interface with these devices?
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Using I/0 EC I/O Module Concept

Digital Input Digital Output
MOdule Processor MOdule
24V
10 Supply
Input Output
uy _I_O Variable Variable 4
—0 = %] % b
10 Supply }< —> E' _{g ::'
1—0— 3 Connection of l
ov module to yanable Relay
is accomplished
using Hardware
Address
oV

- ]
7 00000000 S
G Mm-S =]
i

o

000000090 5
S v ey 2

DDDDD




Using 1/0 IEC| Input Variable With Address

- Any variable can be given a hardware address
Make “sensor’ an input variable with address %I1X0.0
In debug mode, turn the simulator input on/off

mmy - G_MumberotCars  (IN] VAR _ER | ERMAL
=-[0] Main | G_Sensor BOOL  |WAR_EXTERMAL
1 Main] G_test IMT WAR_EXTERMAL
iy GateOpen BOOL  |VAR
Al M= Capacity T VAR 2
=@l Physical Hardware MumberOfCars INT VAR
=@ Configuration : PLC_Simulatar CpenForBusiness  |BOOL  |WAR
= &8 Resource : PLC Simula... | = =" BOOL VAR
=58 Tasks Sensar BOOL VAR FalH0.0
= @ Taszk : CvCLIC

15 _[esT
o Kl GateOpen FALSE Where does %I1X0.0
MaxCapacity 20 0
MumberOfCars 0 come from :
I OpenForBusiness  |FALSE
Fro- QFro- Feset LAalSE 2 :
Con0S e TRIE - Explanation coming next
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Using 1/0 1O Configuration

- Connection of hardware to software
|O Driver

Digital Input Digital Output

MOdule Processor MOdule

24V

Input Output 10 Supply

- Variable Variable d
24v O O — | ol %Q

11, i e— = |
10 Supply }< >{] O 2

< e —$ O Y
' fannr— MEET QM e
x4 M

= ‘&3 Physical Hardware
= %4 Configuration : PLC_Simulator
=54 Fesource : PLC_Simula...
=53 Tasks
[=l @ Tazk : CvCLIC

@ 2 : Calculatio...
@ b air : Main
{ Global Variables

i %B0.. %180

gy



Using 1/0 @ /O Addressing

IEC 61131-3 Byte level addressing

5IX 43210
=
(o, o
Data Size Bit Indicator
X — Bit (1 bit) .0to.7
B — Byte (8 bits) Only for Bit (X)
W — Word (16 bits) data size
D — Double (32 bits)
L — Long (64 bits) Memory Address
0 to max supported

Byte level addressing

%IB0
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Using I/0 O as a Byte

%IB0

%QB0

= F'h_l,lﬁal Hardware
=48 Configuration : PLC_ Simulatar
=58 Resource : PLC Simula. .
=4 Tasks
=l Taszk : CYCLIC
IEl z : Calculatio...
IEl b air : Main
4y Global_Variables

PR ———— -

_..%IB0... %180

rereer e e e —




Using 1/0 Quick Quiz

1. Sensor corresponds to input 4 on the
simulator. What address is required?

%I1X0.4

2. GateOpen corresponds to output 6 on the
simulator. What address is required?

%QX0.6

-
1 CTU_1 Make it work!

Cl

(*Sensor to count cars

entering parking lot™®) Sensor

Feset—y RESET  CV

i
MaxCapacity—

20 2

j[j:i OpenForBusiness [
i C
(M eave gate up during open hours and when garage is not full®)

P




Using I/0 1O as a Byte

- Create an input variable DI_PcSim in Global Variables
All 8 inputs as a byte

- Create output variable DO_PcSim in Global Variables
All 8 outputs as a byte

- Read inputs in debug mode Al sielppeins i eCiog
: _ _ mode if there is no 10

What is the value with all inputs on? module configured at the

- Overwrite outputs in debug mode Ellifists @ NS Wl ofs =
for example try %IB2

How can you enter hex values directly?

Ly e v Do 00 TRLE Debug: Resource
(O] Money : taney . ol TRLE —_ _
@ [_PcSim: O_PcSim DO_PeSim 1647E orced Oy enarte

7y Global_Variables
|0_Configuratian

|

Dl_PcSim 16#FF

| DO_PcSim |
D1_0o0 TRUE

W alle

B

123 |

[ Force ] [ Reszet force ] [ enrite ]
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Using I/0 MPiec Addressing

Large number of input modules possible in real PLC

PraoCon0s . . 0

2 Run
& Stop

Fro- QP
Con0S

CFU ' Ing ] 1n-& ] In-e out-5 ff out-&

MPiec
%IB21488 oqe214ss  MotionWorks [EC
EtherNet/IP Adapter, controls the
Modbus Slave %IB32767 %QB32767
%IB32768 o0QB32768  addresses and
Ethernet/IP, Modbus creates many |0
el %IB53247 %QB53247 oo
%IB53248 %QB53248 :
Mlink Nodes automatically for
%IB61439 %QB61439 :
Jo1B61440 s%QBe1440  he MPiec
Local Inputs I | controllers
%IB65535 | | %QB65535
1111 011111

58 HEEE



Using I/O IO Programming Best Practice

Generic 10 variables in Global _Variables list
DI_00, DI_01, etc.
DO_00, DO 01, etc.

Program 10O variables in separate program POUs

POUs easily reused with other 10 hardware — modularity
» Example: move from one HMI to another — addresses may change

1 or 2 POUs affected by hardware change
Transfer 1/O data through global variables

|_PcSim (LD) Main(LD)

Xl [il tia S

(M L4 pert onlsress

|

(*Sensor to count cars

entering parking lot*) RESET CV _test
P

G_Sensor N

transfe rs data 5 OpenFi::rBlijsiness IF?"I - G_G?:e}@pen |
from InpUt O | (M eave gate up during open h wWhen garage is nat full®) |
SR ) G_GateOpen Other POUS
" osmae oo || transfers data to P a—

| | output0
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Using I/0

Best Practice Project Update

Project Update Checklist
Global Variables in Code

o
» G_Sensor
» G_OpenForBusiness
» G_GateOpen

« Global IO Variables

» DI 00, DI _01
» DO _00

« LD Program POUs
» Q PcSim
» | _PcSim

» Instance in Task

E% Tazks
= [¢] Task: CYCLIC
e @ [_PcSim : O_PcSim

------ (O] 1_PcSim: I_PcSim

- (O] Money: Maoney
O] Main: Main
..... i Global Yariables

(*Sensor to count cars

entering parking kot™) RESET CV _MurmberOfCars

Py

O'l G_CpenForBusin® Full (3_GateDpen |
2 [ | | /1 - |
I (M eave gate Up during open hours and when garage is not full®)
T —
PUECRR B Ax) '
=[] LPesin [ [P DI_00 G_Sersor
[ i 1 '

b

5_OpenForBusiness
I
L

[ N e

L I ] S o T

WAR_GLOBAL

BOOL

G_Senszar
G_OpenForBusiness BOOL VAR _GLOBAL

= G_MumberOfCars IMT WAR_GLOBAL
G_GateOpen BOOL WAR_GLOBAL
D200 BOOL WAR_GLOBAL K00
Dl_1 BOOL WAR_GLOBAL EH0.1
Dl_oo BOOL WAR_GLOBAL 2EH0.0




Using I/0 Execution Sequence

Digital Input Digital Output
MOdule Processor MOdule
24V
_1 _3 10 Supply
I y
851 Input_var Output_Var ) 1
24v — O O 3 ~ o)
10 Supply L} H—1>{] 2 g0 \‘:i'
| — ———
ov i —Q O l
— oV

1. Input variables are read from input modules
2. Processor solves application code, updating output

variables from top to bottom of task
3. Output variables are written to output modules
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Using I/0 IEC O In Task List

Order of POU instances in task affect operation
Read Input Variables to global variables at top of task list
Write Output Variables at bottom of task list

= Iﬁl Tazk ; CYCLIC
EI | PcSim: | PcSim
E td ain : B ain

EI | PcSim: | PczSim

E h;cuney: b oney
EI td i ; b ain
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Using 1/0 1O Task Assignment

- Assign IO to the task in which they are used
Physical Hardware — 10 _Configuration: Properties - task

Properties P9
M ame: |in | [ K ]
Task: (<|:Iefault> Dr] [ Catizel ]
) <default:
Logical addrl T azk [ Dezcription. .. ]

: 1
INPUT | QUTPUT | vARCONF | Length:

End addresz: ZB 0O

[0 Group Board A 140 Module Rahge
Ein Ulzer defined Input ZIBO .. ZIB0

=28 Physical Hardware
=83 Configuration ;
=% Fesource

=28 Tasks [i] in ] [i]

Add... ] l FBroperties... ] [ Delete l [ D egcription... l

[ k. ” Cancel ] Apply
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Using 1/0 IO Execution Timing

=8 Physical Hardware
=88 Configuration : PLC_Simulator
=8 Fesource ; PLC Simulator

- Inputs are read into %IB before task execution
starts

- Task Is executed

- %QB are written to outputs immediately after
task execution ends.

= Tazk : CvCLIC

@ I_PcSim : [_PcSim

@ b ain : bain

@ Money : Money

@ G_PcSim: B_PcSim
4y Global Variables
|0_Configuration

— —
1}:l<| >[%IB
_ S
\)\5‘9 %QB \)\‘5
&? \m’\‘e
Application Task
O] kain O] kMoney
: O FcSim
| PcSim :I L
Default/ Background
Task (100ms)

N
Vv
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- Force I/O variables
LREAL Value Display
- Watch Window
Tooltip
- Cross Reference
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Monitoring Force I/O Variables

Monitor Global Variables

et et P ] et T e et (LRSS e e (LIRS S S ) | S

= Task: Dﬂ_:UE . G MumberOfCars 1 INT WAR_GLOBAL
=] |_FecSim: 1_Pe3im 5 GateOpen TRLE BOOL  |vAR_GLOBAL
O] Main: Main A D0 _PoSim 1601 BYTE WaAR_GLOBAL %GB0
=] Money: Money = HC0_00 TRLE BOOL  [WAR_GLOBAL 0.0
0 _PeSim - 0 PeSim Dl_PCSim 16203 BYTE WAR_GLOBAL FIB0
y [1_01 TRUE BOoL  [WAR_GLOBAL EARGR
EE TRUE BOOL  [WAR_GLOBAL Fl¥0 .0
LI-" i

Debug: Resuurct‘

Force boolean to Forge/Ovenyrite
TRUE —
FALSE =
Walle
Or Reset Force O TRUE (® FALSE
ﬁ Force | | Reset force | | Owvenarite
Reszet force list
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Monitoring Force Status

= Pink Highlight

G_CpenForBusiness

DO_PoSim 16200 BYTE  |WAR_GLOBAL 0D

OO 00 FALSE BOOL  [WAR_GLOBAL Y00
DI_PcSim 16#7E BYTE  |WAR_GLOBAL I
Dl_0 TRLE BOOL  |vAR_GLOBAL L0 1

£ D100 WAR_GLOBAL

69 HEEE



Monitoring 1EC| Force |I/O Variables

= What is “Forcing” and an 1/O variable?

Variable in processor is held at a specific value regardless of
code execution

Processor does not see true input state
Output does not reflect result of code

Digital Input

Digital Output

MOdule Processor MOdule
24V
10 Slipply
L Input_Var Output_Var 1
2w -0 O
10 Supply g )
<

OVl_.

ket

U1
o - srex—d0 0 BE-2u
vy prate g 1T faatr—f MR QU v 0\/
P s — My
0 e, "
i iy
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Monitoring

Force List

Debug Mode
Info - Force

Resource: Resource

Fezsource | POUSs
W erzin
=N Resource: Resource
| | Resource | POUSs | Force |
g “ariables name Inztance Path Address Walue
ForcedOwvenarite
Proi [] Do oo Global wariables E=00 FalLSE
roje - .
| DO_00 ] DI_PcSim Global variables %IB 0 123
W alue CPL []Dl_oo Global wanables Zl=00 TRUE
® IRLE ) FALS
Fietal [ Feset force ] [ Fezet force list ]
Force Rezet force
[ a ] [ = ] [ Bres (] ] [ Cancel ]
[ Reszet force Jist ] u
| iNeset Iorcelst M Ore
Logic &nalyzer
Time bebween transmissions : ms inactive
k. ] [ Cancel
Cloze L Info J [ Help
[ | [ |
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Monitoring PLC Force State

= Limitations during Force F—
Force state is not saved in the project Ctate: Riun [Debual
Force DOES survive warm start and | Stop | Cold
cold start Reset W arm
Task instances cannot be deleted or
rearranged

[ Download ]

Task instances CAN be copied
» Click and drag will create a copy
» Best not to edit code during force | Close

Errar

Variables name
[ po_on
[] DI_PeSim




Monitoring LREAL Value Display

= Add line to “Money” POU
= lax:= Income* TaxRate;

= Value Display
« Debug Mode 25.95 |Incowe:= LREAL#25.99 * NunberOfCars:
« Double click any variable
= Adjust Precision
« Close

¢ Standard

" Decimal

(" Hexadecimal

" Binary

~REAL values

|15 |2

I~ IEEE format

Help




Monitoring Tooltip

= Tooltip shows data of variable
Debug Mode
Hover over variable

= Especially useful in ST code

2 .90 Tax:= Income™ TaxBEate:

Ta=zRate ;= 0.03
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Monitoring Watch Window

- DISpIay WatCh W| ndOW Yiews Project Build Objects Layout Opline
Debug || project Tree windaw Shift+Fa
V_ W h W d ] Message Window Zkrl+F2
lew — Vvatc Inaow ] ¥, Edit wizard shift+F2
@ iCross References Window Alt+FZ2
[T wwiakch Window Alk+F10
—
| = Logic snalyzer Alk+F11
? Y ariable Yalue Default wvalue  Type
1 MurnberQfCars | 1.00 LREAL
G_Mumberd... | 1 INT
lrizome 2999 LREAL
T axHate 0.0s LREAL
Tax 2.40 LREAL The Watch Window is
b sensar TRUE L BOOL | only available in
MaxCapacity 10 MT DEBUG MODE
3 DM TRLE BOOL
E C_oo TRUE BOOL
5(<] | B
_E Wigtch 1 A Wiatch 2 A Wiratch 34 Wratch 4 4 wlatch 5 4 Wi b names can
be changed




Monitoring Watch Window

= Right-Click Method
« Debug ON
« Right-Click Variable in Code
« Right-Click Variable in Variable List
« Choose “Add to Watch Window”

MunberOfCars :=INT TO LEELL( & NumbherOfCars |

Income:= LREAL#29.99 gl Mumherofrars.
Debug dialog. ..

Tax:= Income?* Taifate; Conkrol dialog. ..

Cpen Wakch Window, .
Add ko akch Window

Cpen Logicanalyzer Window, .,

Add ko Logicanalvzer




Monitoring Watch Window

= Drag & Drop Method
Debug ON

Drag and drop from code only
» Variable List Not supported

(*Sensor to count cars G_Sensorl— U Q
ertering parking lot™) Feset— RESET C¥
0
MaxCapaciw— Py Wariable Default valus  Twp |F
10 NumberDfCars LRE

) G_Mumberd_ INT |
- CpenForBusin® | I LRE |
TaxRate LRE
LRE
. ! BO
(M eave gate up during open hours and when garage | e |
EO
Bol |

<| | [>

4[] watcn 1 4 watch 2 j, Watch 3 j, Watch 4 j wa
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Monitoring Cross Reference

- DISplay CI’OSS Reference Yiews Project Build Objects Layout Opline
View — Cross References Window  |/I3 Eroject Tree window Shift+F8
. E ﬂ szage Window Zkrl+F2
Build — Build Cross References @Enss References Window — Al+F2
T watch window AIL+F10
| B Logic Analyzer Alk+F11

|| [ Make Fa

I Projeck online Extras ¥

81 Variable S POUMWorksheet Acce
'iﬁG_Seﬁ-lnmEDﬂ'Eem... Home.Home Read

4s & [

. T Alt+F3 3} G_SetHomeOffsetR... Home,HomeV
L= -0 == Compile Worksheet Shift+F3 'i‘i']G_SErt Configuration.Resource.G...
W Rebuild Project Ctrl+F9 Ii‘|i-‘||3_513r1: HMI, HMI Write
Diacument: -+ Stop Compile o G_Siart HMI, HMIY
n (=] e 3 21z 3
d Go ko Next Error e E G_Siart Positioning. Positioning Read
~openflus_ _ _ Z | (kG _start Positioning. PositioningV
~open_Tod 3o ko Previous Error Shift+F12 w )

- 3] 'i‘i.]G_SEtL.IELEﬂZ Configuration.Resource.G...
tD}'uti_DTnl:n:ulhcn:-: wtuild Cross References F1z E ﬁG_SEtusLEﬂ: CydePower, CycePower Read
hpes ) Remove unused variables and FE instances EE G_STatL.lsLEﬂ: CydePower, CydePowerV

g | ™G statusleft Enable.Enable Write
[




Monitoring

= Navigation

« Click on variable in code

» Cross reference window
updates

» Read or Write access
indicated
« Double-Click to open
variable from Cross
Reference
» Code worksheet opens

Variable in Code O

|23 La_PEnForgUsiness

o_Sensor

Cross Reference

/_— SUBEN.
Reset—{ RESET ©

MaxCapacity—] PV

—

11300, Iy
Confiquration. Resource, 3., .

45 _Sensar
¥ Sensor

I_PcSim.I_PcSim Wirike

o ’iﬁG_Sensnr

:_ G_Sensu:ur

o MaxCapacity
a -5 o

I PcSim T PO

fain, Main Read
Main, Mainy

Main. Main . ’ Read

G_OpenForBusiness
"

T




Monitoring Cross Reference

= Filter
Right-Click (title bar) — Filter

IT Allaws Docking
Hide:
Filker...

3o ko Position Access Command I/O Ad...

30 ko Definition D=z
ross Reference Filter

Eirst reference

Prewvious reference Ckrl4+5hift+F12

M ame |

Mext reference alk+F1z

Address |

Last reference
booess Fead

[ [+]i0rly zelected variable

Configuration.Resource,G. |  I=m Tvpe Blacktype

CydePower, CydePower Vel [7] vaR

FBz
r ¥ WAR_IMPUT
C}'dEF‘ﬂWEF ' C}'dEF‘ﬂWEF"ﬂ' Actions/Tranzitions/Steps
WaR_OUTPUT

#ﬁ, 3 StatusLeft Enable.Enable Jumps/Labelzs/Connectars
Urnreferenced Yanables VaR_IN_OUT

Drefirition Global

: Cross References Window
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Overvisw

~ Standard
Languages
Data Types

Software Model
- Task Execution
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IEC 61131-3 Programming@ Global Standard

|IEC = International Electrotechnical Commission
World standards organization
Founded in 1906

International Electrical and Electronic Standards
50+ Participating countries

83



IEC 61131-3 Programming |!EC

Global Standards

= ECKELMANN OMRON
N =i 23 AN
W nR Axs  BERGERLAHR  £iau
soue? o mumme e
bﬂChmonn Honeywe" INVENSYS..
L <& geensys =TRICONEX
Fipap Panasonic
Schneider
MITSUBISHI @ Electric 7 YAS KAWA
ELECTRIC A.,;'!,‘:,‘.';,".::I
IB?e)r(‘rGoth
0SC ro
YOKOGAWA P W ics tnplex lenze
% SO f twar -
BECKHOFF
S m SIEMENS mLMSSm‘KM
KUlKn Y- a o
! . BAUMULLER
Alo= Danfis -ORMEC
- SICK TOSHIBA -
Ingeteam AwTRIEBSTEGHK ,
AANC logicals

= Selectron



IEC 61131-3 Programming|1EC Reusable Code

- Yaskawa Tech Note: TN.MCD.08.130

= ‘3 Libraries PLCO
penPlus
3 PLCopenPlus-v_2_2 | =
) % PLCopen Toolbox v009 firmware library
= <3 Data Types
PLCT askinfoTypes™
MotionBlock Types™
= {3 Logical POUs
0] Revision_History®
AxisStatus™
Zﬂzcdumcm :fe'* MC_MoveAbsolute MC_Power MC_SetPosition
i i1
| Home_LS™
Home_LS_Pulse” bat
Reverse_MC_Direction” AxisControl ProductBuffer ; e
Read4xisParameters™ ypes
EnableServo”
2| Jog" Toolboxes &
MoveRelative_ByTime” User Libraries (e
Main®
= =y Data Types
X MyDataT ypes
= ‘¥ Logical POUs
(] Iniialization
(8] ControlPower
(8] Homing*
Run

All Functions, Function Blocks,

and DataTypes from the libraries

are available for the application.

ErrE




IEC 61131-3 Programming@ 2 Languages

Instruction List (IL) Structured Text (ST)  Sequential Function Chart (SFC)
LD A
ANDN B C:=A AND NOTB
ST c Step 1 N | FILL
Transition 1
Function Block Diagram (FBD) Ladder Diagram (LD) Step2 =S | Emply
A B C N
AND T — () Transition 2
A C
B Step 3
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IEC 61131-3 Programming@ What is SFC

- A graphical programming

language to describe N | petighsout
control sequences in T e
graphical form ER |
- A tool for “top-down” N Resireentor
analysis and | ceentoore
representation of a control o S ———
sequence el
- Shows the main states of Yeit;l
a program Red N | AcRedion

_ | RediDone

»[ Greenl

Traffic Light Example
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IEC 61131-3 Programming@ When to use SFC

When there is a definite sequence for the machine to follow

When it is advantageous to think of the machine operation as
different states of operation

When someone who is not familiar with your code will have

to work with it. Look at SFC and quickly understand how the
machine works

To Aborting .

Stopped r» Starting , Ready Standby Held
i Holding )

Aborted

ou=|=




IEC 61131-3 Programming | lEC

EC

Data Types standard with IEC 61131-3

Elementary Data Types

No.| Keyword Data Type Bits
1 B L*’ Boolean 1
2 Sﬁ)\l?' 2 Short integer 8
3 INT * Integer 16
4 DIN Double integer 32
5 Long integer 64

LINT : .
6 USINT Uns!gned ;hort integer 8
7 IN'I* Unsigned integer 16
8 BDIN Unsigned double integer 32
9 Unsigned long integer 64
ULINT Real b

10 REAL I_ea nun|1 ers 32

11 LREA cond reals 64

12 TIME # uration 32

13 Date (only) 16

DATE T td |

14 | TIME_OF_DAY or TOD e oo (on fyzj 32

15 | DATE_AND_TIME or DT cﬁ € arl '”t“‘? orday 64

16 | STRING S 8

7| BTEsty tstring of leng 8

18 WORD Bit string of length 16 16

19 Bit string of length 32 32

DWORD Bit stri f length 64
20 LWORD It string ot leng 64
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IEC 61131-3 Programming Software Model

IEC hardware must operate according to this standard

Configuration

Resource Resource

JRLE

POU
" _Program Progrém Program Program
[ Functon | N\ >
POU
FB FB FB FB FB
POU
Global and directly represented variables
[
KN

Access paths

POU = “Program Organization Unit” I
Communication Functions
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IEC 61131-3 Programming@ Software Model

Configuration

MotionWorks |EC does not yet support an entire configuration with multiple controller resources
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IEC 61131-3 Programming@ Software Model

Configuration

Resource
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IEC 61131-3 Programming |1EC Resource, Task, POU

- Controller “Resource” must execute code according to IEC
standards

B Eh o pee Bant e Cynw g |
- =

slajelela sle| slelal b

. ) 4
1 & \ ' . o &3 BN |8 T
& V. J\ - ;
l : \/ e
A | it '
T Comtgumme omenrre /| B ST BTV TR WS 15 W T e (TR

(ewsitn X




IEC 61131-3 Programming @ Software Model

- Task Detalls

EI% Physical Hardware
= % Corfiguration : MP2000_Seres

. ) \ % Resource : MPZ23005iec™
The controller is the “Resource — E

= Start : SYSTEM

O] Initialize ; Initialize

=[] FastTsk : CYCLIC

0] Practice_ST : Practice_ST
- O] Practice_LD : Practice_LD

Multiple tasks run at different

update rates. System tasks can N =1 :
be set to run once, such as at : ] 101
WarmStart Elﬂ EEdTE'J{ : IC
- O] Main : Main Y Click and drag to
Elﬂ SlowTsk - CYCLIC 1) change order of program execution
: : 2) move program to another task
""" O] HMI:HMI 3) remove from the Task list
------ 'ih Global_Varables
- 10_Corfiguration

94 [ | [ |



IEC 61131-3 Programming POU EXxecution

Program Organization Unit (POU)
3 types of POU

» Program Tupe
= . Only Program POUs can
- NClo "+ Program run in a task. Functions
» Function Block *" Function and Function Blocks run in
" Function Block a program.
- @-{0] Initislize e =le nts
@[ o
@3] Hmi € code page Resource
#-[0] Main
EI@ Physical Hardware
EI% Corfiguration : MPZ2000_Series
EI@ Resource : MP23005iec
=8 Tasks
= Start : Y ST E M - al Hardware
. @ Intialize ; Initialize 0 are o
E@ Fast}l’oslc.: ;éjYCLlC Droara DO
2-[@] MedTsk : CYCLIC
- [d] Main : Main
EI--- Slow Tsk ; CYCLIC
“-[3] HMI: HMI
----- [y Global_Varables
----- 10 _Configuration
N ——
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Driving Value u=

Witlil TasK

~ New Task
Task Types
System Task, Default Task
Cyclic Task
Slow Task
~ Task Priority
~ Watchdog
Task Properties/Settings

% YASKAWA




Multi-Task Multi-Task QOverview

4 Task Types
= System, cyclic, default, event
Up to 16 Tasks
= Yaskawa implementation Task Priority

Event Event
TaSk I nte rval for CyCIIC Ta-S kS System Pulse W

= Lowestinterval dependson PLC | @ I @

» Simulator ~ 10 ms 5 ' o i o
. Event Task H - i H 1 |
» MP2000iec ~ 1 ms E E 2t P Pl
» MP3000iec ~ 0.125 ms ot | ———— — L
Task Priority for Cyclic T comnrnt | — -
as ority for Cyclic Tasks  _ [_l 15 E/

= 0 = highest priority (runs first)

= 15 = lowest priority (runs last)
Task Execution

= Read Inputs %l

« Program POUs

= Write outputs %0




Multi-Task Insert New Task

- Class Project
- Right-Click Task Folder
- Insert =2 Task

EI% Phyzical Hardware
EI% Configuration : PLC_Simulatar
= % Resource : FLC_Simulator”
E] % Tasks

@ | F'n:Sirn: In=etk. .. » Description worksheet

@ Mair : ba Delete Delete Task,
@l bl criey ;b
...... @ 0_PcSim o Cut CErl+

------ 'iEI Global % ariables E% Copy Chrl4-iC
...... I0_Canfigurat
. onfiguration ¢ Paste Chrly

I 1] ]
AEEE:]

Program instance

Expand All

Save 85 Metwork Template
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Multi-Task

Task Types

| Default
D Executes after all other tasks
complete

Cyclic
Repeats at given “interval’.

» Slow interval for non-critical tasks.

» Fast interval for machine 1O and
motion

Priority

» Which cyclic task is done 1st, 2nd,
3rd, etc

System

Executes 1 time when the
system reaches a given state
» Warm Start
» Cold Start

100

Event
Executes 1 time when condition
Is met

Marme:

|Warm

T ask type:

CYCLIC

DEFALLT
CYCLIC
EWVEMT
SYSTEM

Ewclude from compilation

Type

Configuration
Rezource

(*) Tazk

Prograrm instance

Dezcription
Wariables

EB inztance

b ode:

) Inzert
() Append




Multi-Task System Tasks

Use system tasks to execute a program POU triggered by
specific system conditions

Warm Start
Cold Start
Errors

Task settings for PLC_Simulator

SPG N warm Start [SPG 0] vl | oK

Wharr Start [SPG 0]

Cold Start [SPG 1] |
Program execution stopped [SPG 2)
YWatchdog eror [SPG 10] I Help
Drvizion by zer [SPG 11] =
Stack overflow [SPG 12)

Cancel

Stack: Unkrava firmmware PO [SPG 13)

[0 driver emor [SPG 14)

S rmall floating paint errar [SPG 16]

- CPU overload [SPG 17)

Medium 1200 driver initialization error [SPG 18)

Large Boundanes £ Index exceeded [SFG 19)
[nternal eror [SPG 20]

#Large

Sting operation erar [SPGE 21)
Blue Screen Exception [SPG 24)




Multi-Task Create System Tasks

- Create a warm start system task named “warm” g
- Create a cold start system task named “cold”
MotionWorks IEC 2 Pro X

@ kizzing program instance in regsource Configuration. Besource, tazk Cold!

Create a blank ST POU named “Init”
Insert program instance to Cold task
Insert program instance to Warm task L&

=] Cald: SYSTEM

O] Init_Cold] Irit | e

@ I_PeSim : 1_PcSim
@l Money ; Mone
E g ll'."'.'llarm STSTEM \ @ E_!‘chimiﬂ_;cﬁim
=f] Cold:SYSTEM
Il l

E | I"Iit_l'-.-'-.-'la[m \ @] Init_Cold : Ini

== Wam: SYSTEM
@ Init_wfarm : Init

iy Global_Variables

10_Configuration

102 [ | [ |



Multi-Task Create Default Task

Create a Default task named “BckGnd” @
500ms watchdog

Create a blank ST program POU named “LowestPriority”
Insert program instance in BckGnd task

=4 Resource : PLC_Simulator®

=i Tazks
E[E BokGnd : DEFAULT

E LowwestPrionty ; LowestPrionby

Il AT STSTEM
E [t armn ;T
= =] Cold: SYSTEM

E lrut_Cold : [rnit”

103 [ | [ |



Multi-Task Create Cyclic Task

Create a cyclic task named “Slow”

Why have another cyclic task?
Optimize code execution
Critical POUs in fast tasks (ex: motion & machine 10)
Non-time-critical POUs in slow tasks (ex: user interface)

Insert
Mame: Type =
wlow Configuration —
Resource
(®) Task
Frogram instance Help
Dezcriphion
Task type: Des
............ Ep W ariables
CYeie ] v B instance
b oide:
Inzert
b Append
E wlude from compilation

104 [ | [ |



Multi-Task Slow Task Settings

Set interval time = 200 ms Why Priority 77
Watchdog Time = Interval Uy 20 T 0 i
o priority tasks in the future
Priority = 7 (“medium” etc)
Task settings for PLC_Simulator E
Interval: 200 M nk.
Priarity: 7 Cancel
Wi atchdog Tirne: 200 M Help
Stack: O phionsz:
() Small
5 FPLI
(*) Medium [JSavel
() Large Bypass
'® ;{Large [ | Mo Suzpend

105 [ | [ |



Multi-Task ‘ Task Priority

- Tasks are executed sequentially in order of priority

O = first, 15 = last
» Software does allow entry up to 31, but don'’t do it! Controller internally
executes hidden tasks beyond priority 15. You want your code to execute
before these, so keep it to 15 and below

- Similar to prioritizing office work

\

Phone Calls ToLe
Emails

Daily Report

Weekly Report You wouldn’t work first on the yearly goal
Monthly Report \grr:;?l Sr;efusmg to answer phone calls and
Yearly Goals

106 [ | [ |



Multi-Task Watchdog Time

Maximum time allowed for
task to complete

Use same setting as Interval

Resource — E
Task settings for PLC_Simulator State:  Stop
-
[ Reset ][ WA ]
|rtereal:
Hat
Priority: Upload
) o .
Wiatchdog Time: [ Cese | [ Hep |

Ematchdug exceeded in task '3'!
! Exception detected in usertask '3'!
@Matchdug exceeded in task '2'!
If the task does not Complete ¥ Exception detected in usertask '2'!
in time, the PLC will stop with € vatchdog exceeded in task '1'!

'! Exception detected in usertask '1'!
Watchdog error €3 CPU load: 100%!

'! PLC ztopped!

4= 4 O

i Mezzage Window

E]]I". Build .']'I". Errars .']'I‘. Wiarnings ;'I". Infos .}‘.PLE Errars

107 [ | [ |



Multi-Task

Change Task Settings

- What are the settings of the existing “task”?
Right click, settings
Change to 20 ms

=l %%—"'iﬂalf!_lard?are AL Simulat l Task settings for PLC_Simulator
onfiguration : PLC_Simulator
=8 Resource ; PLC Simula  Insert.. "l Interval 20 m
= % T azks | Delete Delete
] Slow : CYCLIC 4o cuee | oty 0
= E 35k WELIEJ ,I%% e CirkC Watchdog Tirmne: 200 m
; O] I_PeSim:k © —
E Main : Malf  Expand Al Stack:
3 EI baney : b
O] O_PcSim= # i
= [ Cold: SYSTEM £ propertis.. © Medium
O] Init_Cold 3 i settings. . O Large
== wam: SYSTE Ol arge
O] Init_warm : Init

108




Multi-Task Change Task Properties

- Change name to “Fast”

=53 F'hyﬁalHardware B Fact
-8 Configuration : PLC_Simulator Insert. .. b

= -‘@8 Fesource : PLC_Simulator® Delete Delete Mame Type
o % Eﬁkﬂ ;E" Cuk Chrl+ [ﬂame: ]
Slow ; CYCLIC
C Chrl4-C Fazl
=¢8] Jask: CYOLIC E’g i f -
|E—I | PcSim:| Pc E Description:

| O] Mair : Main Expand Al
P O] Money : Mone:

O] G_PeSim: G_
= ] Cold: SYSTEM

0] Init_Cold - Init | [E5 Properties...
= ] Wwarm: SYSTEM 3 gettings...
E [t arrm ;T

109 m m



Multi-Task Move Program Instance

- Click and drag to move

=38 Physical Hardware
=38 Configuration : PLC_ Simulatar
=28 Resource : PLC Simulator®
=28 Tazks

What is the Slow task
cycle?

= [#] Show : CYCLIC What is the Fast task
O {Money : Money: cycle?
=[] Fast: CYCLIC
Of |_PcSimn: |_PzSim _
Ol Main - Main Which POU can be
O] @ PcSim: @ PcSim i;(;(;%ted at slower
= H Cold: S%'STEM
Of lrit_Cold : [rt

=] Warm: STSTEM
O it _wfarmm : Tnit

110 [ | [ |



Multi-Task System Tick

- Fastest possible task interval
- Set task interval as integer multiple of system tick
- MPiec System Tick = Mechatrolink network update

HotionWorks IEC ? Pro - Conhguration.Resource

OK to click accept

P Cycle ime of Fastest cyclic task iz 10 mz. The spstem tick frequency iz 10 mz.
q) It iz recommended to have a cucle time at leazt four times larger than the zpstem tick!

Do you want to proceesd?

(LS = 1N

Frogramminig B Resource - .9
CPU load Default-T azk Supztem tick Clate: Fun
1% 0 mz Cyc. time 10mz | o | Cold
Retain data Frog. mem. S Oana =28 -
2AR kB free 3188 kB free 509 kB free Reset W arm
Breakpaointz Force Hat
Mo breakpoints active Mo vanables forced
| anh&a\d | Upload
Time between transmissions ;| 10 mz |




Multi-Task

Interval and Priority

One task can interrupt another
Critical “fast” tasks can interrupt non-critical “slow” tasks

Fast

Code can execute in 0.7 ms. Interval = 2ms. Priority =0

Slow

Code can execute in 3.5 ms. Interval = 8ms. Priority =7

Hidden system operations. Includes MLINK network update in Mpiec. “System Tick” 2ms.
Executes in 0.2ms (example)

>
st TaRl2lS How long does it
truly take the slow
task to execute?
Fast Fast Fast Fast
Slow
Default
Task
>

Slow Task 8ms

What important item is missing from the timeline?

112 [ | [ |



Multi-Task Monitor Task Time

- Supported by MPiec controllers (not by simulator)
HIRES_TASK_TIMING_INFO_ARRAY

M anne Online walue Tupe

[l System
HREZ_TASK_TIMING _ARRAY HRE=_TASK _TIMMNG_INFO_ARRAY

INOow

d

C

Y ariable Walle Default valus |
= HIRES_TASk_TIMIMNG. .
-
------- CurD uration_us 126 3
------- MinDuration_us | 113
------- b axDuration_uz | 218 |
------- Reservedl 0
------- TazkPno 0
------- TaskPeriod 8 Fo
------- TaskM atchdog | B Fo
------- Reserved? I Fi
w12 ro
[ ¥ |Fo

<]
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Multi-Task Interval and Priority

- What happens with incorrect priority?

Fast Code can execute in 0.7 ms. Interval = 2ms. Priority =1

Slow Code can execute in 3.5 ms. Interval = 8ms. Priority =0

Hidden system operations. Includes MLINK network update in Mpiec. “System Tick” 2ms.
Executes in 0.2ms (example)

Resource

State: Stop
n ] gwatchdug exceeded in tg Stop
P ¥ Evceprion devected in W [ Reset | [ wam |
gwatchdug exceeded in tg Hot
'! Exception detected in 4
S/OW S/OW €3 Watchdog exceeded in t4 Upload
z| ¥ Exception detected in
Tgé €3 CPU load: 100%! [ Cose | E Hep |
Fan ) ! PLC stopped!
Watchdog on Fast task
E II]‘\IBuiId {:'.‘ Errars .}". Warnings .}". Infos P\PLC Errors F
Fast Task 2ms
<€ >

Slow Task 8ms

114 [ | [ |



Using 1/0 1O Task Assignment

- Assign IO to the task in which they are used
Physical Hardware — 10 _Configuration: Properties - task

Properties P9
M ame: |in | [ K ]
Task: (<|:Iefault> Dr] [ Catizel ]
) <default:
Logical addrl T azk [ Dezcription. .. ]

: 1
INPUT | QUTPUT | vARCONF | Length:

End addresz: ZB 0O

[0 Group Board A 140 Module Rahge
Ein Ulzer defined Input ZIBO .. ZIB0

=28 Physical Hardware
=83 Configuration ;
=% Fesource

=28 Tasks [i] in ] [i]

Add... ] l FBroperties... ] [ Delete l [ D egcription... l

[ k. ” Cancel ] Apply

115 [ | [ |



Using I/0 . 1O Execution Timing

|O configuration assigned to Fast task

I Fast I Slow

I Fast I

Fast I

n Defa
| Fast

What if an input changes
state rapidly?

O configuration assigned to Slow task

S
O o
/z\b\ﬁ\Q '&QQ\X‘Q
e N
Fast ISIOW Fast | ... Fast ... Fast I?jﬁ("”
Inputs not read until task |O update takes
execution begins processor time

116 [ | [ |



IEC 61131-3 Programming!1EC Task Execution

Slow task

Medium task N

> c

o

Fast task (FT) 5 =

> @ >

System , . £ a

Tick ! i £ 3i

task :
sl [ I I I A
oo W | | ||
23 é i i
Fast e 5 ! |
Py 0 1] 1 e ! ~{[m 1
Medium i e i 5
< A 22 771NN ;
Priority 7 =8 A 28 NN i
Slow | 5 i z
1 %ﬁ gﬁ i
Priority 15 *5 » E E el i
© * 1
o = - i
(&) —_© .

Default = £ 22
\ 2 = S8 .
v -}g !
=2 !
-
e}

*If 10 is assigned to medium task
117 HEEE



Driving Value u=

Logic Anzlyzer

Overview

Add Variables

Trigger Setup
- Zoom, Cursors

% YASKAWA



Logic Analyzer Overview

- Quick Reference Guide - eLearning Video on Yaskawa.com
Document:

Document: eLV.MotionWorkslEC.01.Logi
) _ : .01.LogicAnalyzer
ORG.MP2000iecSeries.01 . YouTube Video

Search Yaskawa.com: ORG Search: Yaskawa Logic Analyzer
You yaskawa logic analyzer Q Browse | Movies

YASKAWA
Quick Reference Guide MotionWorks IEC Logic Analyzer

YaskawaYEA Subscribed 42 videos ¥
MPiec Senes Controlers °

E
,

Contents

Startup Procedures
St the Froet Panel Swiches
# Opat 4 aned progst
o Sta 8 tew progct
e Estadtah ethanet commnioasor
wih contryber (el mierace)
# 00 onise win controfer
n Downigad progect 1o contraker
# Set pragram iz asto-sterd
Reaet an WP2302S e wystemn back 0
factory setings?
o Cotfom yetion s seabie o8 aach
wh .
* Tona the retses VP00 fibleiins ‘ fr—

0o o000 -
AR IR &

o

PXS TRTENETE

e WAGPT. . WA PET .. Whoee-Feul

B ;lcaooa<|-_._-x: oo

OwterrmaSel unbeown § addreas » " g
controker

- ExtraciOpen e prapct fom
Sentrofer

by »
o4 e -
o Qeclace Da sarvtpach =
B Repioce e S6rvD B o 1% T x5 T G T L
_Senpies N

] Anstynix & Troubleshooting « 0\ Contguisnan Aesowroe [ b )

o Mensor Progren o
Vatch Variabies @ 8 Lt (Moatsr

% windsw) 448

o U9¢ Lopc Anaiyaer (AKA. gragh
— wace. scoze)

§ Diagnase A States & Like ® Addto ‘Share’ R = 188 jiews

ModbusTCP and [MernetiF

http://youtu.be/UtbAIMmsu?, embed || Emai nu

Options More =

120 HEEN


http://yaskawa.com/site/dmcontrol.nsf/SearchV/86256EC30069B6348625762C00728CA3?OpenDocument&Source=SearchResultPage
http://yaskawa.com/site/dmcontrol.nsf/SearchV/86256EC30069B6348625762C00728CA3?OpenDocument&Source=SearchResultPage
http://yaskawa.com/site/dmcontrol.nsf/SearchV/86256EC30069B634862578A40074C38B?OpenDocument&Source=SearchResultPage
http://youtu.be/UtbAlMmsu3Q

Logic Analyzer Overview

- Features
16 variables
Sample at task update rate Project Buld Onlne Extras ?
With MotionWorks IEC open Project Tree Window ~ Shift+7
Debug mOde Message Window Ctrl+F2
1 Edit Wizard Shift+F2
Cross References Window — Alt+F2
1-D§ | Watch Window Alt4F 10
e Logic Analyzer Alt+F11
% 15002% Project Comparison Result Window
e
o 1% ..........
F E; : Y.aranl
g 1055 i w Allow Docking l
“E T Hine
. 0E
= wwindow Width. ..
T = N V.
FF_ i [{_ Connected Yariables. ..
If: p % E Trigger Configuration. ..
¥ E = Start Recording
S PP E Stop Recording
FE | T . l ' =
0 100 w0 300 400 z Capture Curves o2
amples >
| <] Configuration:Resource o R Cures
= Export Data... =
_I "

121




Logic Analyzer Add Variables

Add variables to Logic Analyzer : .g > '
Debug ON : E’

Right-Click Variable

» From Code bebug dial
g dialog...
: Cantral dialag. ..
P From LISt Open Watch Window, ..
. Add to Watch Window
Ad d to Log I Can alyz e r Open Lodicanalyzer Window, .,

&dd ko Logicanalyzer

Add To Logic Analyzer & /
—gull

¢ G_N u mberOfcaI’S - G_Sensor—p CU 0

e D] 00 ) Resetl— RESET CW¥}—G_MumberOfCars
— 0 1

® G_G a.t e O p en MaxCapamtym— By

. DO 00

2 during open hours and when garage is not full®)

122




Logic Analyzer Trigger Configuration

Right-click Tab pger configuratio

S am p | | N g [ ] Continuous recording
. . Sampling
T”gger Cond Itlon Pre-recarding cycles: 0
TaS k Fost-recording cycles: 200
Logic Analyzer Trigger conditions
1. variable: Global_Variables.Dl_00

Allawy Docking ]
Hde e, Operator: RE w | rising edge
Window \Width. ..

Connected Yariables, .,
Trigger Configuration.

[Data collection

Start Recarding o (®) Synchronous with tagk: [ | Fast ‘
Stop Recarding  f T Bcklnd
c Cald

apkure Curves AREEEasany ch iat st
Cloar Curves . - 0o0se an appropriate L

port Daka. .. CYCLIC task W arm

4] CﬂnﬁKﬁon:Resmm} D — —
.
Data will be captured over how much

time? (cycles... task time)

s

12




Logic Analyzer Record Data

Trigger Configured
Debug ON . E]

Start Recording
Toggle DI_00

Logic Analyzer

C 103
E 5:2 Allove Docking
e ;4 —— Hie

1.23 —

. window Width, .,
EI i [JSN TR B E B Connected Yariables, .. . L1
T Triggetr Configuration. .,
S 0
E DOl Stark RE,:,:,,«,jm,;_]

.27 Stop Recording
iﬂj DE ............................................ Capture Curves
E"I '1i“”|”“|”“| IIIIIII - Clear Curves S

1o Expart Data. .. =0 30 100

0
O | q'-, Configuration:Resource [

124




Logic Analyzer

- Mouse cursor over axis
- Right-Click and drag
- Left-Click and drag

Logic Analyzer

e 'IEI—:E
£ =
= B J—l—l—'—‘
s __:4I—I—I7
E__ 23
a -I = —
g'l 0
= oA 1. .o
EF 02
1 [Samples] :396
gl . & G_MumberQfCars - Tazghk Main : 5.00
o OD_0a- Tazk.l_PcSim - 0.000
E . .. {}DD_DD- Task.E!_F'n:Sim ol
— 2 G_GateOpen - Tagk.0_PcSim : 1.00
4 9
£| TP
(] 1—
E IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIlIIIII IIIIIIII IIIII
N 10 20 a0 40 r \ B0 il al a0 100
ll‘l.llin:infiguratinn:ﬁfegnurce I.I'r ‘ y




Logic Analyzer Cursors

One Vertical Cursor

One Horizontal Cursor Verify the correct number of “cars”
though DI_00 before gate closes.

Logic Analy: er

4 1a
g
= E
(s
= 2

. 1L
g'l a
= Segx \ L [ o o
E -0

1 395
gl 0. |mber0fCars - Task. Main : 5.00
] A - Tazk.|_PcSim - 0.000
E . Lo DD_DD ) TEISk.u_PCSiITI CONNL

— 2G_GateOpen - Task.0_PcSim ; 1.00
o
I.U ..............................................................................................................
“
(s
5]

Samples
\'l‘llinnfigura‘tinn:ﬂescuurce I.l'r

12A




Driving Value u=

Prograirn Daial Transiar

Compile

Download/Upload

Cold/Warm/Hot Start
- Power-On Sequence

% YASKAWA



Program Data Transfer

. “MAKE” (F9) . “Rebuild Project” (Shift+F9)

Saves project source Saves project source
Compiles changes only Compiles entire project

Faster Slower
Normal Usage | B Periodic Usage

ik File Edit View Project

5 i B T ﬁ Rebuild Project Chrl+F
F'ru:ujeu:t Tree Window il —— ; _\
Project. MWT
/l/la , .
Chin
($]

= Froject - C:A\Document Go ko Mexk Error Ckrl+F12
=3 Libraries 30 ko Previous Error Shift+F12
wt PLEopenPlus_ Build Cross References Fiz Project
Ella Data Types ] ]
DeviceCammT Remove unused variables and FB instances
o R ControllednfaT woes® AN
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Program Data Transfer Compile Errors

° CIle Errors Tab M ame | Type I IJzage IDE&CriptiDr‘l I |
=l Default
: Inc:ome LREAL VAR
- Double-Click Error Noberbrr———feree: =~ :
I o i i
Location of Error — e
. n INT / VAR
- FIX Error n N ]
PLC_SYS_TICK_CNT  [DINT [ W AR_EXTER...
Dy DIMT oMt/ VAR
¢ Make M NT [ WAR
lyIMT Nt/ VAR
Walle! LRE&Y VAR
Yalue2 LRE4L VAR
MyLREAL LREAL VAR

T MalN:Main b _PCSIM:_.. I 0_PCSIM

x| C 13  abl ?EHD natching ﬁll:uhal varigele found for 'Money: Mumberlf
————————— onpiling wariables ---—----- , , o
4 Global Variahles 1 @I-ID natching global wariab found for 'Main:G NumberOf£C

————————— Linking POU --------
————————— Fenerating IEC Code --------

z Collecting POUz used by RESOURCE 'Bezource! ... §
o
E Gaperating TRC code £oy FESOURCE 'Resource’ ... %
% )(2 Error(s), 0 Warning(s) @
= 2
Et o ﬁ :
= l"-,IBuild ."{. Errars I,}'-,Illlfarnings I,‘-'-,Ilnfcni .'1"". PLC Errars I;'-,IF'rint .}'ﬁ hulti-User f-'r E Buildd & Errars I.l'l{.l'l.lll' mings I}l,llnfl:lS .}". FLC Errars :l'l,lF‘rint .}". hAulti-User ."I{
T




Program Data Transfer Download

Project Control Button e =
Connection to the controller e "
» Normal “online” status is green = =

» If Error button appears red, click it ﬁ L w53 b b

to view/resolve error i ' ’

Close the Resource Window I ‘
» Tasks cannot be deleted or Lo _
changed while open

» Avoid Errors “com channel is open”

ProCon0Sy [ 1]

: Fro- [Pro-
Stake: Fun 32:2;. cEﬁDS C;ﬁDS
Project MWT
' \ Beszet W arm
Project Hot

[ Diovwnload ][ Upload ]

Errar Irfi

| Clos= | Help




Program Data Transfer Download

- Project (o
Machine code Project
Stored in RAM L Download )
Stop CPU Dowinload Changes

Enzure real-time for Download Changes

Py a8 Uncheck ems for - [iliSHees e
Machine code faster download [7] Inchude OPC data
. Download Source
Stored in flash [User_ums =
Loads to RAM at power up (7] Includs UserLibrariss

Include Frontend-Code

Executes at power up IR,
. SO u rces Include Backend-Code

Zipped offline project folder

Stored to flash Project MWT

Future upload w Project

Download time slow
Intellectual property
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Program Data Transfer Download Changes

Download Changes Includes:
MAKE all edited POUs
» Automatic SAVE
Download Changes

CPU does not stop ,‘\
Limitation (Not Supported) FHS

» Hardware Change
» NO project on controller
» Other

Works by memory swap
Cal

Compiled project must be <1/2 | = e
PLC RAM capacity Ho

[ Download H Upload ]

Errar Info

[ Close |[ Hep ]

Always Close §

Resource
State: Run




Program Data Transfer | Diagram

Project MWT Boot Project

WProject [N Coppiled Project

PLC On

Dawnload |

PLZ Reset
PLZ Download

PLC Resetting

PLC Download

¢ PLC Loading

PEoJUMO(]

yoloid uedo

- Flash Download I Upload I
PLC Download PLC Resat -

(SOUTEICGZWt) Reset | FLC Dzlsjnload Error I Info I

Ziprile.

Download

| Close I Help
I |

™

Boot Proje Cod |

(o

WwWharm | PLC Cold start PLC Stop
Y FLC Warmn start
e Haol | PLC Hot start
CED PLZ Start error
- k.
S PLC Starti P
S arting PLC Stopping
PLC Cold start
PLC "Warmn start
PLZ Hot start
PLC Stop
O plied v
Proje PLC Running
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14 PLC State Machine.pptx

Program Data Transfer  |'EC|  Cold / Warm / Hot Start

Start CPU: Cold, Warm, or Hot

Resource |- ) O[3
State: Sta
H Cold Start
[ Foem wam (Machine Commission)
Hat
\_
annlnad Hpioad . .
;] Retain Variables Y, N N
Errar Initialized €5 © °
[ Clese |[ THeip
Non-Retain
Variables Yes Yes No
Initialized
ColdStart Task
RUNS Yes No No
WarmStart Task
RUNS No Yes No
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Program Data Transfer

Training Action - Program

1. Add variables to global list
Marne ol Type lUsage Init | Retain
= System
Var_Retain IMT YAR_GLOBAL 123
Var_MonRetain (INT YAR_GLOBAL 456 O
Var_InitTask LREAL |VAR_GLOBAL O

2.

i F'ru:u]ect Tree \Window = v H 7

Add code to Init POU

Download Changes
Debug Mode

Stop and start controller
using Cold/Warm/Hot

[ Resource . -. .
State: St

[ Beset [ W arm ]
Hat

Stop

.
Upload

Download

var_InitTask:=LREAL#789.1D;

137

[ Close | [ Help

Errar




Program Data Transfer Training Action - Monitor

- Program POU instance used in more than one task

i Project Tree Window & ¥ B |1 war InitTask:=LREAL#7E9.10;

= (1] it
m [t T Open Instance
[ k!
i Inztance Configuration Fesource 0k
——

[t arm Configuration Resource
Irit_Cold Configuration Resource

- Change Online Values

Stop and start controller Resource uﬂ'ﬁL
Shate: SO
Name Online value | Type Usage Init Stop
= System [ Beset || ﬂHaErltm ]
Yar_Retain | 123 INT VAR_GLOBAL [123 T
Var_NonRetain |456 NT  |VAR_GLOBAL |456 peest
Yar_InitTask 78910 LREAL |VAR_GLOEBAL [ Close | [ Help ]
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Program Data Transfer ~ |IEC|  Cold / Warm / Hot Start

- Initialize Data at CPU Start

111 )
Y ' ——I>'tart : SYSTEM.
Warm Start Task . - WE
E' . FastTsk L] ings for MP2000_Series
Cold Start Task [0 Postion nes =
: : P IE Maritar SPG Moo Wwharm Start [SPG 0]
@ MedTsk - C] Eroiw ETJ%EJETS[EE% ]
Frogram execution stopped [SPG 2]
* Watchdog Time: W' atchdog emor [SPG 10)
Divizion by zero [SPG 11]

Mame Online value Tvpe |sage | Description I Addre{[ Imit  * i Hﬂtem |

= Default

HomeVel 55.000 LREAL VAR 450 |:|
HomebccDec 350000.000 LREAL VAR 350_000.0 |:|
HomeOffzetleft -332.300 LREAL VAR 200
HomeO ffzetRight -126.000 LREAL VAR 0.0
HomePosition 0.000 LREAL VAR 0.0 |:|
G_AbsRe=etDoneRight |FALSE BOOL WAR_EXT.. \ J

Why mark a variable “Retain”?
» Home Offsets, Part Counters and other variables have to keep their values
when the power is off.

» The controller uses the lithium battery to keep these variable values “alive.”
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Program Data Transfer ~ |IEC Power-On Sequence

- Normal PLC Power-On Execution Seguence

« Load Boot Project
» From FLASH to RAM Dowrios

« Warm Start
» |nitialize non-retain variables
» Run Warm system task 1x
» Run Cyclic Tasks

-
- Simulator has no “power on ||

= Boot project is activated manually el |

= Cold or warm is activated manually (_picstaning )

PLC Cold stard
PLC Warm st
PLC Hot start

sy

PLC Stop

unnin



14 PLC State Machine.pptx

Program Data Transfer Power On Timing

Warm Start

Fast I Slow

] Wam: SYSTEM [ Task: CYCLIC

Marme Cnlinevalue | Init | Betain

Ao Var_Retain 123

‘ PLC Boot | First War_MonRetain €456 [
Power-UP | Project | Run?

Flash e Cold Start

Initialize ALL »
L_Boot Project | Variables Cold 2 F&SfIS/OW

] Cold: SYSTEM[$] Task: CvCLIC

Az
Marme Onlinevalue | Init | Retain
Compiled Var Retain (—I-'1 23
Project War_NonRetain (—:456 '
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Driving Value u=

Name Rules
Data Type
Global/Local

Literal, Keyword

Variable Usage

Renaming Variables
. Local and Global with same name
' Variable List Organization

Global List Cleanup

Remove Unused Instances

% YASKAWA




Variables ' VEREL CANEIES

12/

- Alphanumeric characters and underscore “_
Abc_123 el
. Capitalization is displayed but not important " #enoeceien
Varl = varl =VAR1

- 30 character maximum

Structures and “dot notation” for longer names
» EXx: FeedAxis.Home.CreepSpeed
» Declare structures in a Data Types worksheet

: Project Tree Whird o 1vY @ =
=13 Project: C:\Documents and Settir | | |3 (* extended task info data for MP2000
----- (] Libraries = EXT TASK INFO 1 STRUCT
=3 10 (* 652 hytes
FLCT asklnfaT ypes® 11 [* structure can bhe arrayed *)
SR e 1z Natne : TASKE NAME TYPE;
=-{0] Main® 13 Pricrity . INT:
~[i] MainT 14 unused 0 . INT:
- EET 15 Period . INT:
- in’ 16 Stack : INT:
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Variables

- Convert the data type
Type Conversion Functions
No automatic conversion

1 3.0000000 MurwberOfCars (=INT TO LRELL[ G NumberOfCars |:

89.9700000 |[ITncome:= LERELLHEZD.99 * NumberQfCars:

Edit Wizard (%]
Group:
Type cor., FlUz ;I
M ame | D' ezcriptian 2|

B ECD_TO DINT  Corwerts BCD-BYTE ta DINT —
B ECD_TO_INT Converts BCD-BYTE ta INT

B ECD_TO_SINT - Corwerts BCD-BYTE ta SINT

& BCD_TO_DINT Converts BCDWORD to DIN
& BOOL_TO_BYTE Converts BOOL to BYTE

& BOOL_TO_DINT Converts BOOL to DINT

W BOOL_TO_DWORD  Corwerts BOOL to DwORD

W EOOL_TO_INT Corvertz BOOL to INT

W BOOL_TO_LREAL

W chnl TO BEAI " reesarke BONL o BE AL b |
& 11 ] |
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Variables , Literals & Keywords

- Literals

Notice the decimal point — never an “implied”
REAL#1.0 <4 decimal point

INT#3
Notice ALL CAPS to define a
TIME#2s literal value
- Keywords
List in “edit wizard” Edit Wizard ®
Group:
Keywords only apply to ST POUs [Kepwords =
I are | D'ezcriptian
O = Azzignment
o CASE Case Staterment
ewELSE Elze Statement
ow ELSIF ElzlF Statement
o ExT Abort Execution of Loop
ow FOR For Loop
o F |f Statermnent
ow REPEAT  FRepeat Statement
oew BETURM Return from FBAFU
o W HILE While Staternent
{_ | 11} ] l.
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Variables IECI“  “Underscore Character

With Alphanumeric Characters in Variable Name
« Servo 01
« 01Servo

Place Holder Within Data (Cosmetic Only)

= Initial Values
» 100 _000 000.0

=« Literals
» LREAL#100 000 000.0



Variables View Variables

- View Local Variables

RSy = AT S — . XD
: Name Type
= El Practice_LD~ MC_MoveRelative_1 MC_MoveRelative | [VAR
------ m Practice_LDT Start] BOOL
- _ Distance1 LREAL VAR
------ -] Practice_LD* Speed LREAL VAR
- El Practice_ST* G_AccDec LREAL
(0] Initizlize

. View Global Variables

------ Q] HMI: 5 User Variables ‘
------ ﬂ'ﬁ:‘ Global ‘u’anables G_AccDec LREAL WVAR_GLOBAL
...... . I0_Corfiguration |, -] <SGDV Rotary> - Sigma-V Rotary Servo Amplitier - 1:1 (*

14




Variables ‘ Variable Usage

POU1 Variables: POU 1 GLOBAL VARIABLES
Name U Name Usage
= = o H V0oL VAR AccDec VAR _GLOBAL
== = V002 VAR G_V004 VAR GLOBAL
_ g g G_AccDec VAR EXTERNAL ™| G_V005  VAR_GLOBAL
POU 2 Variables: POU 2
= = Name Usage
oo V001 VAR
W ¢ - V002 VAR

G_AccDec VAR _EXTERNAL
G_V005 VAR _EXTERNAL

POU xxx Variables: POU xxx
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- Create global and local variables

Practice LD

MZ_MowveRelative_1

TestVWariable
LREAL#1.0
G_ArcDec—

G_AccDec

Variables: Practice LD

Mame I Type Llzage
= Default
M _MoveRelative_1 [MC_MoveRelstive VAR

s | e y

G_AccDec |LREAL WaR_EXTER...

Best Practice:
Name global variables
with prefix G_

Practice ST

Variables: Practice ST

MC MoveRelative 1(Axis:=
[* ANY ¥),Execute:= (% BOOL *],
Diztance:= TestDistance (¥ LRELL +),

Velocity:= LRE F LEELL *),
Leceleration:4 G AccDec [ LEEAL *),
Deceleration:= [* LEELL ¥],

Jerk:=(* LRELL #,

BufferMode:=(* INT *)):
[ * i

Mame I Type I Uzage I
=l Default
MC_MoveRelstive 1 |MC_MoveRekstive  |WAR
L= 0 e e | ) LARCAL a3

G_Mcchec |LREAL ['waR EXTERMAL

GLOBAL_VARIABLES

Marne Type [Jzage
MO1_DI_15 |BOOL WaR_GLOBAL
WMo DD 00 BooL WAR_GLOBAL
MO DD 01 BodL WAR_GLOBAL
MO DD 02 BooL WAR_GLOBAL
WO _DD_05  BooL WAR_GLOBAL
MO DD 04 B0l WaR_GLOBAL
Mo DD 05 BooL WAR_GLOBAL
MO DD 06 BOOL WAR_GLOBAL
WMo D207 BooL WAR_GLOBAL
MO DO 08 |BOOL WaR_GLOBAL
WMo DD 09 BooL WAR_GLOBAL
MO DO 10 |BOOL WaR_GLOBAL
MO D14 BooL WAR_GLOBAL
WO DD 12 BooL WAR_GLOBAL
MO D13 BooL WaR_GLOBAL
o1 DD 14 BOOL WAR_GLOBAL
MO D15 BOOL WAR_GLOBAL
o User Variables

I G_AccDec LRE&L AR GLOBAL ]
[{_] 11 |

G|nba|_vana...|
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Variables Global & Local Color Format

- Use “Show Borders” for color confirmation of global and local
Extras, Options, Graphical Editor (2)

- El o m> [5] @ W MZ_MoveRelative_1
S Po— . (—  MCMoveRelative |
Options E e ﬁ\ Execute Diane b=
| Ditectories | Debug | Backup | Toolips | Logic Analyzer Colors | Yariables Grid | Test/ariable — |Distance Busy p—o
| T ext editor || Text colors || Graphical editor | _ _
| I I | Crozs References || Pagelaypouts || Build | +— | velocity - Active [
Graphical Editar [2) | Graphical editor colors | | G_AccDec  — | acceleration éummandﬂhurted —
Dizplay of additional wanable information k 2 Deceleration Error b—s
[] 5how additional information ol Jerk ErroriD s
Comment only
|40 addrezs anly g | ZUiEEES

Drata type anly
Comment, |/0 address or data twpe

M awirnurmn dizplay width:

[] Keep FP positions when updating FB/FU
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Variables

- GLOBAL or LOCAL?

Use LOCAL unless global is
required

Suggested Convention

» Type G_ in front of all global
variables
— G_EnableRight
— G_EnableLeft

» Visual Confirmation when looking
at global list

153

Variable Conventions

MName I Type I |lsage I by
System
F <LI0-01=> - 16 DI / 16 DO Sinking + 1 Pulse Latch IO M
[l User Variables
LeftMotor AXIS_REF WAR_GLOBAL
RightMotor AXIS_REF WAR_GLOBAL
Wirtualotor AXIS_REF WAR_GLOBAL
G_EnableRight BOOL WAR_GLOBAL
G_Enable\Virtual BOOL WAR_GLOBAL
ExternalEncoder AXIS_REF WAR_GLOBAL
G_Start BOOL WAR GLOBAL
G_StoplLeft BOOL WAR GLOBAL
G_StopRight BOOL WAR_GLOBAL
G_Resetleft BOOL WAR_GLOBAL
G_Res=etRight BOOL WAR_GLOBAL
G_ResetController BOOL WAR_GLOBAL
[F] =SG0V Rotary=> - Sigma-\' Rotary Servo Amplifier - 1:1
AX1_SH_POT BOOL WAR_GLOBAL |P
AXA_SI2_NOT BOOL WAR_GLOBAL |M
AX1_SI13_DEC BOOL WAR GLOBAL |D
AX1_SI4_EXT1 BOOL WAR _GLOBAL |E
AX1_SI5_EXT2 BOOL WAR _GLOBAL |E
AX1_SKE_EXT3 BOOL WAR_GLOBAL |E
AX1_BRE BOOL WAR_GLOBAL |B
AX1_HBB BOOL WAR GLOBAL |H
AXA_SI0_I012 BOOL WAR GLOBAL |(C
AX_SM_I013 BOOL WAR_GLOBAL |C
AX1_S12 1014 BOOL WAR_GLOBAL |C
AX1_S13 1015 BOOL WAR_GLOBAL |C
AX1_ALM BOOL WAR_GLOBAL

i—l i

Global_Vari...




Editing Variables Variable Groups

- Insert Variable Groups

Mame Type lsage Init | Retain | Description

= System _ .

“v‘ar_ﬁe\tai n Icnsertt Viﬂét: t Ckrl+Shift+I

s redte wariaole set...,

"'v'fEII'_N-OFl \’[EII " Append wariable O

Var_nitl - Insert group Chrl+5 O _ i
PLCMO[' o’ Delete wariablefgroup Chrl+Shift+0 O YalR 1.0 %
FLCMOD A A Sl 1.0

- Rename

User Variables . .

_ Variable Groups facilitate
PC Simulator organization of the global
variables

Mame Type Usage
= User Variables
= PC Simulator

= System
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Editing Variables Variable List Organization

Global variables in the wrong group?
Example: Check LIO-01 Group
Drag variables to appropriate group

Marme Type sage
Click and drag row A User Variables
header to highlight =
multiple rows = PC Simulator
= System
Click and drag row

header again to
move the group of

variables

Pl MODE S.. [BOOL |VAR GLOBAL
Red Line PLCMODE R.. [BOOL |VAR GLOBAL

appears while
dragging
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Editing Variables

Variable Groups

Create the variable “G_DelayTime” in the Init POU

Yariable Properties

s

G_DelayTime Lv

Data Type:

TIME w

Uzage:
VaR_GLOBAL

~v| [CIRETAIN

Iritial walue:

[0 addrezs:

Drezcrption:

L] 1_FCoim e

O] Main: Main

0] O_PcSim: 0,
7y Global Variables
|0_Configuration

: Project Tree \Window 3 w [

D efinition zod -
Lacal = @ Ini
= m [ritT
Local Y ariab [ it
I it

Global Vanable Groups:

Physzizal Hardware
E{% Confiquration
EH% Resource

= PC Simulator

PLOCMODE STOP

|= User Variables | €

5 DelayTime

5 Gatedpen

LT T WSpenyy ey i, ¥ =7 Jepp

156

M

Var InitTask:=LEEAL#

DelayTime: =T#25;|‘

More information
coming on time

format T#2s

Global Variable Groups are
for organizational purposes
only and do not affect
operation



Editing Variables Global List Clean-up

Global List Has Mistakes
Delete them

[l User Variables
VirtualMotor VAR _GLOBAL
W0 \ JBAL

JBAL
WAR_GLOBAL
WAR_GLOBAL

GLOBAL

Change local list usage to “var”
» Find using MAKE

MName I Type I Usage | Description
T Detauit TIP: If you have a lot of
MC_Stop_1 MC_Stop (VAR | variables to update...
MC_Stop_2 WMC_Stop LD .
; o VAR ExT gl ~\ 1. (_3I|ck on the Usage
leftMotor AXIS_REF VAR field
rightMotor AXIS_REF 43 VAR_EXTERNAL ; Type the |etter ‘V’
G_Stopleft BOOL WAR_EXTERMNAL_PG Cll k th next on
<] ] : ck the next one
Glubal_‘u"ari...|'- Feset:Feset | HESHV:HESH' StopV:Stop
x| No matching globkal wvarisble found for "Stop:k' in resource "Resource'!
: @I‘TD matching glokal wvarisble found for "Reset:V000'" in resource "Resource'!

157 [ | [ |



Editing Variables Remove Unused Variables

- Warning — Variable is never used!

? E WVariable 'k' 13 never used! Build Pbjects Layout Online Extras Window 2
1 ;T}'ar%able :Start." 1? rllever used! | (53] Make Fg
O Variakle 'ErrorlIDl' is never used! " & Patch POU Alt+FS

= J
=N 4| 1'-,IEIuilul:I }". Errors }-,Iwarningg ."{. Infos .r]"'. PLC 3 @ Compile Waorksheet Shift+F9
Eebuild Project Ctrl+F3
Build menu

» “Remove unused variables and FB Go to Next Error Ctrl+F 12
Instances” Go to Previous Error Shift+F12
— “Unused” means not used in a POU Build Cross References F12

» MAKE Completes Wlth no Warnings Femove unused variables and FB instances
» Global variables NOT removed

Remove unused variables and FB instances

IJnused wvariables and FB inztances in all POU of this project are being removed.

: Fuor thiz operation Jndo’ is not possiblel

[“]iDan't remove | A0 variables

k., l [ Cancel
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Editing Variables Renaming Variables

Rename Variables using Global Replace

Same name required

» Local Variable List EXAMPLE:
o Usage in Code Rengme due to _spelling error or
naming convention

MotionWorks IEC 2 Pro - Training_01
 File View Project Buld Online Extras

- Lnd Ctrl47 N
i 15*- C -+ w
o\ 8 Cut Cirl 4% Global Find | Global Replace ]
= Paste Cirl+ Find What: G_ResetRihgt \Qg Find Next
L: L — —
See | LReglace With: I@_Reset Rig*ﬂr LJ! Replace
E Insert Insert
crr+ 7] ol Wge S [ Repecer ]
& Find Ctrl+F [ Match Case A
g & on Variables
Replace. .. Cirl+H “« )
S Check “Whole Word” St as
Find Previous (local) Alt+F3 7] Descriptions
Find Mext (ocal) Ctrl+F3 Régé - — Dirredion'
T ® A QOp
Global Replace. .. O Marked (®) Down | Cancel |




Editing Variables Local and Global Same Name

. Common MIStake r".“ﬂri-ahleF‘n:u:uz:rti\!,-s
Create global variable (without G_ ) Narme

Done w

» Mistake — wanted local variable

Create local variable with same name v
» CAUTION “New Local” or “Use Global” VAR_GLOBAL

Data Type:
BOOL

CAUTION /
[Fl User Variables
A global variable with the zame name already exists in the zelected global waork sheet! LefiMotar AXIS_REF VAR _GLOBAL
RightMotor AXIS REF WAR_GLOBAL
" Crsate new local variabls VirtualMotor AXIS_REF VAR GLOBAL
JS &+ fise gishal vanabis G_EnableRight BOOL WAR_GLOBAL
G_EnableVirtual BOOL WAR_GLOBAL
[ &pply setting above and don't ask again, ExternalEncoder AXIS REF WAR_GLOBAL
[Reactivating this dialog can be done by 'E stras’> 'Options'-> Build'.) G_Start BOOL WAR_GLOBAL
G_StoplLeft BOOL WAR_GLOBAL
[ o ] Cancel G_StopRight BOOL VAR_GLOBAL
G_Re=etleft BOOL WAR_GLOBAL
G_Re=etRight BOOL WAR_GLOBAL
Solution G_ResetControlfr BOOL VAR_GLOBAL
Wooo BOOL WAR_GLOBAL
» Cancel the CAUTION Delete mistake from 1

» DELETE global variable / | global variables first
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Tirners anel Sscjusneire

verview
IEC 61131-3 Timers
Application

Sequencing

% YASKAWA



Timers and Sequencing Timer Application Overview

Application
Timer to close gate after sensor releases

Sensor

Gate Delay
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Timers and Sequencing Using Timer

- Right-click Help for parameter definition o
- TIME data type has a special format n
Initial values must be expressed as a e

literal /

CORRECT rWp-mq:mrtim

» T#5S Name:

» T#5.0s - -

» TIme#5s IQTT;?ETPPE: [v]
NOST CORRECT RS

» Imitial walue:

» 5.0 TH#24

----- @ Programming languages in [EC &1°
(] Datatypes in |EC 611313
E | [ | B e} [ -

Duration literals

Duration data can be represented in hours, minutes, seconds, milliseconds and in combination of these formats.

Examples

Type
Help File Short prefix
MPReadMe001.chm Long prefix

T£14ms t#14ms t£12m18s3.5ms T#25h_15m t£25h_15m
TIME#14 ms time#14ms TIME£25h_15m time#25h_15m
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Timers and Sequencing @ IEC 61131-3 Timers

- Create new LD POU “Timers” TOF 1

- Run In Fast task H_.
_ TOFF_IN—o IN @

- Add each timer 0 0

Delay—{ FT ET }-=
5.000 5,000
Q

What happens if you change

the value of IN during TOM_1
operation? ﬁ
TON_IN— I O
0 i
Delay— PT ET }=
Which timer is 5. 000 0,000
appropriate for the e
application? TP_1
ol TP IN—] N ©
0 i
Gate Delay— PT ET =
= 5,000 0,000
Delay |
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——

Timers and Sequencing  |1EC Timer Application

- Implement timer modification to MAIN

CTU 1
5_Sensor— CL 0 Ll
Reset— BESET OV _MumberOfCars

D ata type Megated ) Edge
ANY_BIT

ANY_BIT

axCapacity—] PV

ANY_BIT
ANY_BIT

TP_1

. Open block properties.
G_S g T
- EHSEJ . e “Negate” the input

Duplicate

_DelayTime— PT ET

(*Sensor opens gate™)
[:":JI1 G_Dper?Fc::rlBusiﬂ* Full (G_Sensor G_GateOpen |

| /1 1 o
| | | | | | S ‘
} Timer W
|1

| |
(*Timer leaves gate open after sensor®)




Timer Sequencing

Timers and Sequencing

- Use ladder “seal-in” 001 ot () PUise
circuit . -
002 Pulse Active Sealed

L
L _
i
D —_
fat
&
m
L

003 Sealed — Timerl Done |
| | | N Q D |
Celayl— FT ET b=
TOM 2
004 Timer1_Done — Timer2_Done |
I | | I Q il
| 1 | L |
Celayz— FT ET b=
TOM 4
005 Timer2_Done — LastTimer Cone
I | | I Q il
1 | L
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Arrays

Definition
Create Data Type
Usage and Syntax
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What is an Array?

A Single Variable
Multiple elements MyArray [N]
Same data type Iten 0

Y =
Values accessed using index on 1

Iten 2

Using an Array MyArray [13] —s=| Item 13
Create array data type
Create a variable with this data Iten (N1)
type

Array element index
» MyArray[13]
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Data Type Worksheet

- Arrays and Structures Defined as Data Type

ata types
T |
T B i Insett...
Q ol Ry paste i+
- | Expand Al

Insert E
M ame: | 0K |

[;’;T 5 _CustomT ypes ]

/i pE

Language

Best Practice: Prefix data type name
1. Avoid name conflict

2. Organization
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ARRAY Data Type

- Add ARRAY Data Type From Edit Wizard

i Edit Wizard r1v@>

;— TR . . I Group:

{ *Typename*) : ARRAY [(*From..To#*)] OF [(*DATATYFPE®) :
3 END TYPE Drata types W
: M ame Description
& (o BRRAY Array Declaration
= o STRIMG  Uszer Sting Declaration
= = Lh STRUCT  Struct Declaration
=)
10
ik
12
13
14 B
i5 @
[En—m— B
TrainingCu...
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Create Array Data Type

- Compile (Make)

TYPE

TTTS Traindrravy| : ARERAY [0O..7] OF WORD:
END TY¥PE
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Create Variable

- Create Variable With Data Type

NENE Tupe zage
System
-] U=er Variables
G_TestVariahle] Trainsrray WaR GLOBAL

|TrainStruct

WAR_GLOBAL

- Use Variable In Code
Array Element [ |

Variable Properties

b ame

G_Testaniable1[0] "
Data Type:

Trairudray "
=age:

WaR_GLOBAL ~ | [ |RETAIM
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Array in Code

Add to Watch Window - Use in Code

= ‘. PApdirray - YTTS  Tramdray

@ [0]: WORD

i [1]:WORD

@ [2]:WORD MyArray[0]  — My Array[2]
_____ i [3] : WORD MyﬂrréﬁfﬁBCD— 16#0145
i@ [4]: WORD 16 #5555

@ [5]: WORD

i@ [6]: WORD

" [7]: wORD

n:= 0o; [*# nn 12 an integer *)
MyiArray[n] := Varl [* apply value to array element ¥
n:= n+ INTHI1: [* increment index wvariabhle *ﬂ
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IEC' BYTE, WORD, DWORD

e |

- “Bit String”
BYTE, WORD, DWORD
Default Debug Display: Hexadecimal (0-F)
Use “dot” (.) to specify bit, byte, etc

Conkents

About IEC 1131

Help on Skandard FEFU
PLZ Help

i 1 T e

Info...

See IEC1131 Help

Name: Crefinitio y
G Testanablez. Trainingdrrap[1]. |v Loc _EEI";E- IDWwWORD | |
_Tes . o
Data Tupe: @ B0 | :EWTER],i Data Type: @ B0 [FEYTE® |a
TrainStruct @Bl [FBYTE] DwWORD @Bl [FEYTE® | _
. @ %0 [BOOLY | _ B2 [EYTEY L
=Fags @1 [*BOOLY) Usage: @ B3 [*BYTE ¥
WaR GLOBAL |*-* r @ %10 [FBOOL ¥ - WAR_GLOBAL g [*WwWORD *)
Initial value: @ x11 [*BOOL % ritial value: @ W1 [*WORD ¥
@ %12 [*BOOL %) @ =0 [*BOOL ¥

D e @ ¥13 [FBOOL 7 =1 [rBOOLY

address: @ %14 [*BOOL 7 H /0 addregs: W@ 10 [*BOOL ¥ M
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Strueilres

Definition
Create Data Type
Usage and Syntax
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Structures

What Is a structure?

- A set of data with mixed data types
- Similar to a file directory structure
- Organize Data

- Complex names (DOT notation)
G_Gatel East.Sensor

i_' G_Gatel Easzt:YTTS ParkingGate

@ GateOpen: BOOL
@ MumberdfCarz ; INT
@ MaxCapacity : INT
@ Senszor: BOOL
@ Lotdpen: BOOL



Structures ' STRUCT Data Type

- Add STRUCT Data Type From Edit Wizard

T TYPE |: Edit ‘\Wizard L
z { *Typename*) : ARRAY [(*From..To#*)] OF [(*DATATYFPE®) : Giroup:

3 END TYPE Drata types W
4 .

- TYPE M ame Description

& ( *Typenamme ) . e ARRAY  Aray Declaration

bl STRUCT w—w&m—nﬁwﬂﬁ]
= {*Element 1 Hame*) . {*DATATYFE®) ; = o STRUCT  Struct Declaration

= (*Element 2 MName?®) [ *DATATYPE®) ;

10 i *Element 3 HName?®) [ *DATATYPE™) ;

ik [* . : . *]

1z [ * ) : ) )

13 [*Element n MNatue*) : [*DATATYPE®) ;

14 END STRUCT; N |

15  END_TYPE v

[Enm— B

TrainingCu...
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Structures Create STRUCT Datatype

- Compile (Make)

TYPE
YITS Trainhrray @ ARFAY [0..7] OF WORD:
END TYFPE
TYPE
TITS Trainostruct
S TREOCT
Arravg TTTS Tralinlrray;
Frequency : LEELL;
FunCormmand BOOL ;
Parameter : OINT:
END STRUCT;
END TYFPE
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Structures IEC]  Structure/Array In Code

- Create Variable In List

NENE Tupe zage
System
=] User Variables
iz TestVariable |Train.-'l'-.rra3= WaR GLOBAL
- | G_TestVariahle2 TrainStruct WAR_GLOBAL

- Use Variable In Code

Variable Properties

M arne: De
G_Testarabla2 ™
Data Type: (@ M yE lement [* LREAL #)

Il TrainStruct W@ MyMumnber [FUINT =)
——| @ RunCommand [*EO0OL %
— @ Speed " LREAL
WaR_GLOBAL k@@ Trainingdrray  [F Traindrray ¥

—— ,
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Funetions & Funeiior SlociKs

Comparison

Bitwise Functions

Duplicate & Negate Inputs
- EN/ENO

% YASKAWA



Functions & Function Blocks Comparison

Function Block Definition (IEC 61131-3)

TON_1 = |nstance

In Q
PT ET

Executes in 1 scan May require several scans to execute.
Executes without an "instance" of Each FB runs in a separate "instance" of
memory, as indicated by the icon memory, as indicated by the icon
Single Output required Multiple Outputs possible
Must connect output and all inputs for Only Var_In_Out must be connected to
compile compile
Output value depends only on the function |Output value may depend on values that
inputs are not part of the function block input
Function Blocks may not be used inside |Other function blocks may be used within
functions* the function block*

.. . |May use slightly more processor power
Most efficient use of processor and RAM and RAM to accomplish the same task*
VAR (local) variables only* VAR_GLOBAL allowed, but not

recommended*

* For user created FU or FB
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Functions & Function Blocks |1EC Bitwise Functions

Functions operate at bit level
Inputs require same data type

G_TestVariableZ, Traininghrray[ 1].B0 BitwiseResLIt

G_TestVariableZ Traninghrray[4].B1

Data X7 | X6 | X5 X4 | X3 [X2 X1 [XO
Input 1 1] Ol O] O 1f Ol o O
Input 2 Ol Ol 1} O 11 Ol O] 1
Input n

Output Of O Of O 11 O] 0O O




Functions & Function Blocks | Properties

Negate
= Same as NOT function

) —

= Inverts ALL bits
o
Duplicate il

= Add Inputs
= Does not apply to all Functions

| Data type

AMY_BIT
AMY_BIT

AMY_BIT
AMY_BIT




Functions & Function Blocks |1EC EN/ENO

Definition: Enable / Enable Output
Enable or disable execution
EN disconnect = Always enable execution
Normal operation = EN = ENO
Function error = EN = ON, ENO=0OFF

See Yaskawa FAQ number
MTN-7PCQK4

Function Enabled

001 Execution = TRUE
ErN EMNO Output updates every
scan
Valuel — Cutputl

1. 2000000 i

Valle? —

1.2000000

a0l Function Disabled

Execution = FALSE
Output remains at

Valle] — previous state

1, 2000000

Value? —

0, 1000000



Functions & Function Blocks EN/ENO

. Software Optlon ; “Extras” Menu, “Options”

_ Options B3
Applies to all worksheets and e L ] -
new worksheets | Toolbars | Commands | General | Cross References | Pagelayouts | Buid |
Affects new functions only L i —

- Worksheet Option Defaul- == —
! Worksheet Height: 800 | Width: 800 |
Active worksheet only | 5 o
) LD network width: Lg‘
Affects new functions only b s B
Coliision delay time: E] sec.
@ Lavout Online  Exkras Wi Grid width
() Use contact size () User defined
Skep)Transition Height: 4] Wi 4]
y Action Block. .. ~ Create FB/FUs with Pictures
| QLII:I"IZEItE! FP () No Pictures (®) Centered (O Optimized
S Toogle FP Megation [] Mark LD line junctions
| Insert Blacks with ENJEND e
Update Blocks with fixed FPs [ Functions wih EN/ENO:
i _ _ [ Two lines for name of contact/coil
Use Parkial Rouking e D
- Conneck Objects [ Add frame
[] Activate control message for delete function
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Functions & Function Blocks EN/ENO

Manual Update of EN/ENO For Existing Functions

Update Function >

LIdnd ] 3D LT TS ILES

@ Compile Waorksheet

Update FE/FL

iDbject Properties. .
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Driving Value u=

User Funectior

Overview & Concept
Write Code

Function in Program POU
~ PowerFlow
| Function Troubleshooting

% YASKAWA



User Function Concept

YTTS_ Temperature

Convert analog input voltage to temperature
» Based on scale and offset
» Linear equation: Y=mX+b

Best Practice:
Prefix function

name

1. Avoid name Output calculated
conflict always in 1 scan

2. Organization
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User Function

Write a User Function POU

Convert analog input
voltage to temperature
» Based on scale and offset
» Linear equation: Y=mX+b

Temperature
» output of function

Scale
» input “slope” of function

Voltage
» raw input voltage

Offset

» calibration offset

Qverview

User FU and FB in Edit Wizard group

<ProjectName>

N

+ Edit Wizard
[aroLp:

| <Training:

VT TS_Termperatre Mame D
*— oltage — I wTT5_Temperature
*— Scale

Offzet

User Function Appearance
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User Function Insert Function

- New Function POU

. Insert E
Name:
» YTTS_ Temperature Hame: [ ok ]
. YTT5_Temperature
Type l Cancel ]
_ Type Language
» Function
L . () Pragram Ol ’ Help ]
anguage: (#) Function Os1
» LD ' L
D f () Function Block O FBD
atatype of return LD
| yp Action © = [ ]Use Beserve
value. Tranzition MSFC
» LREAL Step
WA R tode
[rata Types
Wiorkzheet [Fzert
Descrption Append
D atatype of return walue [Function name wil be the YWAF OUTPUT
LREAL ["’l
PLC type: Frocessor bype:
<independent: » | | <independent: w




User Function Function Code

- Inputs - Output
Usage: VAR _INPUT Choose function name
Datatype: LREAL

Another variable

“-.-"(jltage nmaa% :!ot use this
Scale
Y1 Ta_Temperatre
Offset

['o‘ariﬂble Properties

Variable Properties

Hame:

|foset v 2

Wooo w
Drata Tope:
L % ExtemalE nooder
LREAL v| @ Lefitotor _
Uszage: 7] Scale

%u = N_
AR_INPUT [s]) " 1RETAIN [-WTS_THEWE,E,ME "
Iritial walue:




User Function Function Execution

E"I_ - MAKE

: E YTT5_Temperaturg®

Iritisfize - Execute YTTS_ Temperature in
0 Main Program POU

H| Open logical POU “Main”

in” Add Function

» Edit wizard group <project name>
Connect variables

Download Changes
Confirm output

Yoltage

E bzt ; M i Scale

. [¢] SlowTsk  TYELIC
[T HMI: HM) Offset

'iE, Global_Wanables
. |0 Configuration




User Function PowerFlow

- PowerFlow Prompt

Debug feature

e - 2 Powerflow increase the PLC cyde time!
Condition: function \.’) e et
worksheet open

ST language support
» monitor lines executed

Click No to disable
this feature

LD , FBD not supported

» Incorrect display T EDD

» Answer “No” Voltage— . Temperature
2.110 - 6.350 -
Sale— Offset—
6.330 - | 6.350 - |




User Function \ Function Properties

- Return Datatype
Return Datatype may be incorrect

Invalid data type "BOOLE'. (Specific Code Generator)
alnvalid data type "LREAL'. (Specific Code Generator)

=Maiia-h‘l'ﬂ|

4 | ¥ ' Build } Errors & Wamings } Infos § PLC Emors }, Print f

2 Error(s), 5 Warning(s)

B . -
Insert... » Temperature’ m
Delete Delete
= | Name Plc/Processor | Attributes | Security
@-[0] Enable | e Cut Ctrl+x
w-[0] Intigize |22 copy Crl+C POU types:
@[] Positioning e paste Ctrl+v () Program [ |Use Beserve
. . =] Fasl ai=ey 5
@-[8] Monitor () Function Block
#-0] Step Expand Al ( Funchion
w#-[0] Reset
...ﬁ I Save As Metwork Template
E HMI Define Placeholders Fetum [ atatype:
&-[8] Main LREAL v
=38 Physical Hardwe Show POU Instances
EI@ Corfiguratio B = ]
EI'% Resouns Source Conversion. ..
E‘ - L % Properties...
L Bl Soram—— :
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Optional Exercise

User Function User Function

Create the same function using ST language
Force = Voltage * ScaleFactor + Offset

F{H?EE
HINTS: +— Voltage
1. Thiscan be donein 1 line of ST
2. Use F5 to declare variables in ST *— SG|E Factaor

3. Refer to the Initialize POU for syntax;

Offset




Driving Value u=

Usear Funectiorn Slocik

Overview & Concept
Write Code

Implement Instance
Troubleshooting
~ Enable Input
- Customized Help

% YASKAWA



User Function Block Concept

YTTS Blinker
Run in program POU

Outputs calculate

over many scans.
*Main POU Instance required.
Memory reserved
for execution.
Executes separately
from other instances

Best Practice:
Prefix FB name
1. Avoid name

blinker

"

conflict OFffTirner

2. Organization

OnTimer Q—a [N Q0

Off Tirne_rms— PT ET —FHapsedOffTime

Off Tirner O——F TN Q2

2nTime_ms—

PT ET —FHapsedOnTime

)
)

203 [ | [ |



User Function Block

Qverview

- Write a User Function Block POU
“Q” output cycles according to input OnTime and OffTime

Inputs
» OffTime_ms
» OnTime_ms
Outputs

» Q

Q

OnTime_ms

YTT5 Blinker 1
YTTS Blinker

Off Time_ms N

OnTime_ms

204

3 OnTime_ms

OnTime_ms

- OffTim : OffTim OffTim
" ems e_ms e_ms
: Edit Wizard 4 v [
Group:
<Favontes: ™
YEE D egcription :
W ADD Addition
W AND Bitwize AND
W CTD Counter Down
|CTU Counter Up




User Function Block

Write Function Block Code

M ame Type Ilzage Irit Dezcription Addreszz R etain
C = B Default
= age OffTimer TOM VAR ]
and Re of es onTimer TOM VAR F]
~ ElapzedafiTime TIKE AR T
e ElapsedOnTime TIME VAR IF
OffTime_ms DINT WVAR_IMPUT DIMT#1000 ]
onTime_ms DINT AR IMPUT DIMT#1 000 ]
Best Practice: No < BOCL WAR_OUTPUT —_— ]
Global Variables in a :
Function Block
*.Q notation for _
.Q : Off Tger
direct connection ﬁ'
Off Time_ms L PT ET —FElapxJOffTime
:r IN ' e P Chialged
- | |
(PINT_TOLTIVEY OffTimer.— N Q=
OnTime_ms— J PT ET F—FlapsedOnTime




User Function Block 1IEC|  Function Block Execution

E_ . Execute YTTS_Blinker
2 E YTT5_Temperaturg®

Imitialize Add to Main Program POU
10 Connect variables
M| Confirm output

Extra Credit

Drive simulator output
Use best practice for 10

YTTS Blinker 1

e Maln M ain Light2ff Time OffTime_ms 3 _LightDutput
=-[#] SlowTsk : CYCLIC

ﬁ GIDEII J;TE'M;M' LightnTime OnTime_ms

. |0 Configuration




User Function Block Troubleshooting - Input Order

- Local Variable List
Defines Inputs and appearance

=3 (YTTS_T emperature |

lsage Description

[0 YTTS TemperatureT
: TTTS_Temperaturet VAR_INPUT | Temperature offset for calibration

YTT5 Temperature WAR INPUT Raw input voltage to controlier
_ WAR INPUT scale factor to convert voltz to temperature

WAR_INPUT ooop=! | didnt mean to add thiz variable!

Undesired input order

Unexpected Input

il t tt
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User Function Block Troubleshooting - Update

Make Project

Right-Click

Update FB/FU

“Temperature
+— Offset

-

+ Voltage M Update Function
+— Scale 1
ul UDDD LIUid ] U2 LTSS ILED ‘_

@ Compile Worksheet

Update FB/FL

Cbject Properties. ,

J
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Insert YTTS Blinker into the Main program POU

Cause Two outputs to blink independently

Lightff Tirme—
S000

Light2n Tirme—
000

Lightff Tirme 22—
2000
LightOnTime2—;

2000

YTTS Blinker 1
YTTS Blinker

Off Tirme_ms 0

OnTime_ms

YTT5_Blinker 2
" Y TTS_Blinker

Off Tirme_ms Q)

OnTime_ms

_LightDutout

_LightDutput?

{i% DEMOIO - DRIVER

File Help




User Function Block Function Block with Enable

o1 . {*Iump to end of code if enable is off
) J u m p to Label | E? .le A??\ie 3 Jumpl  after one last scan™)
2 ~F | Off Timer
For efficiency OrTimer 0
IM O
OffTime ms —1 PTET ElapsedOff Time
. OnTImer
L ACtIVE Off Timer. O

TO Clear data OnTime ms 4] ElapsedOnTime
after execute
0?2 En |e Active [MOVER)
I 1/ 1 EMEMIC =
FALSE —o
(*reset all internal information i
and outputs at removal of enable®) (TVICVEY)
YTTS_Blinker_1 ENENG =
TIME#0s —  HapsedOnTime
StartBlinker1 Enable 0 =
LightOffTime OffTime ms - B
. . . EMC =
LightOnTime OnTime ms TIME #0s —  ElapsedOffTime
—
003 [*when enable is rermoved, active rermnains on for one more scan™)
i Erpal:;le Active I

L

(*Skip the code if enable is off*)

Jumpl :




User Function Block User Function Block Help

Option 1: Description Worksheet in Function Block Program

= E Egi:al PO = B Help = Text from “Description Worksheet “
= E | YTTS Blinker
ﬂ TTTS_BlinkerT ] Help of POU YTTS_Blinker
ﬂ DetaledHelp
TTTS—EHHEEN Y o putput cycles according to

LIl vTT5_Blinker

YTTS Blinker 2
© YT TS _Blinker Help on FE/FL

Lightoff Time2— OffTime_ms  Q _LightOutput2 Add to Favorites

W

|T Show Descripkions
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User Function Block

User Function Block Help

- Option 2: * HTML file
See Motionworks IEC Help
Search “HTML”
Graphics
Language Codes

% MotionWorks IEC

Hide

i A

Locate  Back Fopward Home

Frint

Dptions

Contents | Index | Search | Favartes |

<]

(=15 Programming a project &]
@ Developing a project - gen
- [£] How to create a user FU/F
#-[C7] Project tree

#-[2] Metwork templates

' @ FPOU groupsz in the project
#-[] Declaring variables and in
#-[] Test editor - general descri
@ Editing data types

(2] Editing IL code [text editar]
(] Editing 5T code [test edito
=3 Graphical editor - gereral c
% Selecting, moving, dels

=] Partial routing / autoror

% Connecting graphical ¢

% F.eyboard: Selecting, o
% F.eyboard: Inzerting blc
% Dragging declared wan

Z] Clipboard files [*.gp]

How to set up a HTML file

Prerequisite for displ:
that the Fu/FB subdired
stored, contains the file
interface language you
a HTML editar, If the sy
is autormatically added 1
tree.

i

* = |language abbrewviat
language {dialog '"Optio
used, according to the i
German user interface
‘081" and Chinese = '0E

1. Werify that the POU direcd
info* .htm providing the =
For information on editing
HTML editor,

£] Calling help on FEAFU o
=1 lodabiog e CLLICD (M

2. Inthe project tree right-c
the caontext menu item 'D

11T [ m

il

when calling help an this
systermn displavs the conte

212



Driving Value u=

Process Overview

Create a Library
Use a Library
| Zip/ Unzip
' Delete Datatypes

% YASKAWA



User Libraries Process Qverview

- Insert Another Project iPoeiTeewndy _awno
. . = a Project : C:\Documents and Settings Al Users*Application Data|»
= Library = any project 56 - N
« *.mwt (or *.mwe) 7 0 % pecte Coey | EEETDET-
i L] M .
- Library Data Imported sQlgy N
@ Ir Save As Network Template
- User FU & FB POUS . Q !( Define Placeholders mE
= Program POUs oot [B e i nstances |
« Data Types
= NOT global variables!
- Organization —— |arTau_p:_ I
. g . . < TrainmngLiorary ¥ W
|| SpGlelC prOJeCtS for Ilbrary M ame | Description |
use ;;?rrnja]ng
= Revision number in project H Tempee
name

« Prefix (ex: YTTS )




User Libraries

Prepare Library Project

- Refer to Quick Reference Guide
Save project in “Libraries” folder under new name
Clean up and make the project
Save as ZIP for reference

YASKAWA
Quick Reference Guide
MPiec Senes Controlers
Contents
Startup Procedures

¥ St the Froet Penel Swiches

# Opet 4 AN progst

A St 8 tew progct

1 ESfR0MN etranet commnicator
wir contryber Cwek nieriace)

8 G0 onise win controler

n Downigad project to contraler

# Lot pragran 2 asto-stert

p Reaet an WP2302S e wyslenm back
factocy setings?

o Cotfiom yetion s sesabie o8 aach
wn

# Tune e metors

Wantenance Procedures

" Update tre frmware

o DeterTmeel inkeswn § sddreas »
Cenroker

" SxtracaOpen e prapct fom
Sertroder

# Replace He contaier

* Regclace Da sarvtpach

€ Repioce e $6rvD DO

] Anstynix & Troubleshooting

o Mensor Progren
Veatch Vanabies o 8 Lat (Moatar
wndEw|

o U9 Lope Analyaer (AMA. gragh
race. scoze)

o Diagrase Adire Stales

ModbusTCP and [MernettF
User Libraries
UPC Server

User Libraries

Overview

User Libraries are just normal project files imported into another project file as a library.
"Application Code Toolboxes"” from Yaskawa are simply User Libraries created at Yaskawa

Create a Library
Step Description

Detail

Rename the project and save in the Libraries
folder (Optional, Best Practice)

File -» Save As File -» Save Project As / Zip Project As__.

Mawvigate to Libraries folder

Edit the file name to reflect the intended usage as a user library and revision contral.
For example, "TrainingLibrary V001"

Delete unnecessary POUs, Tasks, Datatypes
(Optional, Best Practice)

In project tree leave one LD program POL with an instance of each user FU/FB.
Leave one ST program POU with data initialization.
Leave one task to run both programs (for compile).

Prefix all POUs, Tasks, Datatypes (Optional,
Best Practice)

Example Prefic: "YTTS_". Typical to leave LD programs YTTS_Palette and YTTS_Init
running in YTTS Tsk, using YTTS CustomDatatypes.

4 MAKE the library project

Click "MAKE" and resolve all errors.
A project that has only been renamed reguires a new "MAKE"

Save the library project as ZIP (Optional, Best
Practice)

File -» Save Project As / Zip Project As_..

MNavigate to the Libraries folder (for organization purposes)

Choose ZIF as the file type

Best Practice: Do NOT change the name when zipping. Change the name in Step1
and re-MAKE first.

Under "Zip Options" check boxes for "User Libraries” and "Front-end Code”.

Click the Zip button.

Single portable Ibrary file with revision name i1s produced

The user library contains all POUs from the library project. Even program POUs
can be reused. More common and useful is to only reuse FU and FB.
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User Libraries Prepare Library Project

a Project - GAYASKAWAMAWIEC 2 PROALIBRARIESAT raimingLibrary V007 :

EI 'a Libraries

S I_Ell FPLCopenFluz_v_ < 2a /

El a Data Types | I

g YT et Revision In Project Name
- ] DeviceCommTypes — Data Type Prefix

- Controller nfoT ypes

[z PLCTaskinfoTypes POU PrefiX

P . M ationBlock Types

. a Logical POUs 2 Program POUSs
- [E] vTTE4 |m|:|IEJI:|j/

@ YTT5_Temperature 1-2 TaSkS
@ YTTS_Init ]
@ [1] YTTS_ Palette’ Every task requires a program
=53 Physical Hardware
El% Configuration : MP2000_Senes
=t % Resource : MP23005iec”
EI % Tazks
' El @ FaztTzk : Cv'CLIC
I @I YTTS Palette : ¥ TTS_Palette
=[] SlowTsk : CYCLIC
: ~[0] YTTS_Init: ¥TTS_Ini
------ 'i‘libl Global W arables
------ . [0 Configuration
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User Libraries Zip Compiled Library

Zip to Libraries Folder
Keep Organized
Single File is

p O rtab I e i%mocumems and Seﬂing:\.;/;m —_— u WE
. . = 3 Librariss Saveinl| | [ Libraries ] @3 > @
° FW_ Ll b rarl e S (re d) )% ;l;tc:p'le'::zt:;v\r_&za @ [EMath_Toolbox_v003: -
3 PLCoE en_TooE:ox_\r 02 1matt EJMO!E_I_lbrarles_
EX P L C 0] p en P I us 9@ E:;?C;‘fggsus I‘[;'I: cﬁfnceerg g::;:Eﬁ;::«b_ovxo_ovfzmm X
P art Of M Wi e C / E';':‘I" %&:w @ ﬁ_TrainingLibrary_\u‘UOl.zwt
..... CamT
. T R U | RN S S CamV/ Desktop
- User Libraries (Blue) g o 3 [
. . . - i o m GearT I
Zip these libraries in g D r
this project °E i 58 %
B pitonsd My Compur
- Frontend-Code | e ’
4 8% 'T':E:emture Q File name: |T|E|iningl_ibmry_‘u’DD1 wt M [ Zip ]
ZI p th e re S u It Of BLF_I Enable My Networl Save as type: |pred Project Files (*.zwt) _M Cancel
F M k ) . _ m] EnablsT I>Ib' E—
a e €5 Project @ Libraries | Zip Uszer-Libraries Zip Frontend-Cade
[ Zip Fw-Libraries
- Pagelayouts 3 Dbt
e |

Not used by
Yaskawa Default check “Zip User-Libraries” and “Zip Frontend-Code”
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User Libraries Add Library

New Project
« Insert user library
=« Add user function and function block to a POU

O , Use a Library
Quick Reference Guide Step Deseription Detail

MPiec Senies Controlers Use your own, or download from Yaskawa.com Product Page
Contents . Follow links to save the file
1 Acquire a ZWE (Express) or ZWT (Pro) file In Windows Explerer, copy the file to C:\Documents and Settingst\All
AR Users\Documents'MotionWaorks [EC xecdLibraries (For oranization purposes)
In MationWorks IEC... File-= Open Project / Unzip Project
Click "Yes" to unzip to the Library directory (File was copied here in previous step) or
2 Unzip the library project to the library directory |click "No” if opening directly from CD or Download folder
"Skip All" to Extracting Firmware Libraries dialog
"Yes to All" to Overwrite Page Layout
Project Tree -= Project Tab, Expand Libraries folder (&) Yaskawa Toolbax
Take note of any User Libraries, indicated by the "blue book” icon.
4 Start new / open existing project File -= New, or File -= Open
In Project Tree, "Project” tab, R-Click "Libraries” -> Insert -> User Libraries
MNavigate to find the Library (if you unzipped it to the “libraries” folder, you will see it
right away)
_.,"ﬁ,,;,"v"::__,_w,,, Also insert any dependent libraries noted in Step 3
_L’“’J.Lm.mm Py In Project Tree, "Project” tab, expand "Data Types" folder for both the user library and
T the project library.
UodounTCP s Eernet Delete any duplicates of "PLCTaskinfoTypes" or "MotionBlockTypes” from the project

user -
aPC server . . library.

3 Check for Dependent Libraries

5 Insert the Library and any dependent libraries

The user library contains all POUs from the library project. Even program POUs
can be reused. More common and useful is to only reuse FU and FB.
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