CPDev - SFC programming
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Introduction

CPDev environment supports programming in graphic SFC language (Sequential Function Chart)
by means of SFC Editor module (external component). Users can create programs and function
blocks, and trace values of variables during simulation. In this instruction creating typical
programs in SFC language is described in details by means of three examples. First of them,
temperature control in a greenhouse, includes steps, transitions, jumps, and sequence selections.
Transition conditions are simple, with Boolean variables only. Conditions involving time are
needed in the second example, reverse switching. Third example, level control in two fanks,
requires concurrent simultaneous sequences. The three examples are addressed especially to
the users without experience in SFC language, but familiar with basics of using CPD
environment. Final part of the instruction generalizes SFC programming properties and describes

some issues not covered in the examples.

Greenhouse

Control problem

e If AM switch is on (Auto), PLC keeps temperature in a AM
greenhouse between low A and high C, preferably near c 4
middle B. If the temperature drops below A, heater HEAT is B = | PLC —>HEAT
turned on. It is turned off when the temperature reaches B. A —>COOL
Fan COOL is turned on when the temperature exceeds C
and turned off when it drops to B. When AM switch is off
(Manual), PLC sets HEAT and COOL to zero. Heater and
fan are then controlled by other means.

State diagram

e Simple sequential controls are conveniently ggg{i%

represented by state diagrams. Diagram for the
greenhouse consists of four states, transitions
between them with appropriate conditions, and
actions executed at particular states.

AM-C

HEAT=0
COOL=1



SFC diagram prototype

e State diagram can be directly vit [Sway | HEAT=0
transformed into prototype of SFC & °P' | cooL=0
diagram with steps replacing states —— AMA —i—-AM-AC —l— AM-C
and bars instead of transition arrows. HEAT=1
IEtepZ COOL=0 Step3 Step4
e Second and the other transitions N A
coming out of particular state are 5 _J._
replaced by horizontal branch with Step3 EE‘E,TL;% Stepf
jumps to relevant steps. Such branch W=7 Y T
is called sequence selection. | |
. _ ‘ Steps | HoAT=0 Step2 Stept
e First step is usually called /nit.
—— B-AM —l— AM
v
Step3 Step1

New program

Project

e New project is defined by selecting File = New in CPDev main menu or clicking New icon in
the toolbar.

¥ CPDev

| File | Edit View Project Tools Window Help
[ New CtreN B by by B |2 B

I @ .
5 Open CuivO D

e Enter Project name, here Greenhouse_SFC, and eventually other data in Project properties
window.

Project properties — O
Basic  Advanced

General
Project name: [Gmorhmse_SRl
File location: |C:\Users\Leszek Trybus'Documents\CPDev - programy, instrukcje\Projekty CPDev\$
VM speciication:  |C:\Program Files (<8)\CPDevFBD-1.1 4.19d\VM\VM-Praxis vl |

Information

[ Subject: [ngamkmpe&mﬂmmammhnmeMa range

[] Version: ‘\r,1

[ Author. |Jan Nowak

[ Company: |Rzeszow Universty of Technology

M Created: | Saturday. August 27, 2016 6:21:40 AM

4 Compied: | Thursday, April 26. 2018 11:00:24 AM

[ Auto number: I‘IT




File location, compilation date and number will be filled in
automatically while saving the project.

VM specification indicates path to virtual machine
description file.

Left part of CPDev window presents initial tree of the

Greenhouse_SFC project.

Program name and language

Program can be added to the project in two ways:
— from project tree:
o select project name, i.e. Greenhouse_SFC

& CPDev

File Edit View Project 1
DEH Al @

A Greenhouse_SFC
{7 POU
L[ Global variables
.y Tasks

¥4 Libraries

o from context menu, select Add ltem - Program or select POU and from its context

menu choose Add - Program
— from CPDev main menu:
o select Project > Item > Add
o select Programin Adding new element window.

Enter Object name, here PRG_Greenhouse, and choose SFC language (default SFC Editor

appears).

&y Creating new POU ==

Object type: quam ™

Object name: [PHG_Gmerhouse

Source language: SFC ~

Edtor. | SFC Editor v

In this window the user can also select function block as
object type. Functions are not created in SFC language but
can be invoked from step actions.

Project tree involves now PRG_Greenhouse program.

SFC graphic editor

Main window

The window involves:
— drawing board with toolbar

Greenhouse SFC
& POU
| e PRG_Grenhouse
"|_7 Global variabies
Ll % Tasks
@l Librares




— list of local variables (upper-right)
— list of actions (lower-right).

F CPDev
File Edit View SFCeditor Project Tools Window Help
NFEd e T IDT Global Search @ .

—
Greenhouse_SFC [ e “"-W:"-*"-‘E"‘ e prsgrarn [SECY e
= Ly POU h 3 ise:: program (SFC)

I B PRG_Greenhouse Ba@BF BN b ox 0% - v IE G
[ Global variatles '“—*Im“— - = VAR |CONSTANT RETAIN

Ly Tasks i
[# 4 Libraries Name Type Initial

Trans1
-
TRUE

Jump1
N it

Name Lang. Edit Con

G e
.

POU  Resources Types < 3

e Default diagram presented in the drawing W—N InitAction

board consists of step /nit with /nitAction,

transition Trans1 with TRUE condition and Trans1

jump Jumpi back to Init. N qualifier L

adjacent to /nit means that /nitAction is o I'Jn‘:rm

executed when the step is active. Frame

surrounding  Trans1 indicates active

element (selected).

e List of local variables is empty. Local VAR CONSTANT RETAIN
variables, including instances of function Name T ntial | Comment
blocks, may be needed in complicated J ‘ |
projects (see SFC editor summary section). ' ) ' :

e Program assigned to /nitAction is initially | Name lang. Edt Comment
empty what may be checked by clicking edit _"3_7' edt|

or double-clicking InitAction. | | 1

Remark. When the diagram becomes sufficiently wide, a grey line appearing on the right

indicates the limit of the printed page. Grey lines partition total work area into a few pages
(see Printing).



Editor options

e The following options are available in SFC editor and toolbar menus:

B GG Hd g x| 100% - | v 4

Insert — basic operations with elements added to the diagram

a Step + Transition — new step with following transition
2 Transition + Step — new transition with following step
= Sequence selection — new branch with alternative sequence of steps and transitions

& Simultaneous sequence— new branch with simultaneous sequence (concurrent) of steps
and transitions

+ Jump — new element which moves execution token to another step
“SFC editor Project Tools Window Help
|| Insent » | B Step+Transition
Move or delete P [ Transition+Step
; Scale P | 8B Sequence selection
v Verify @8 Simultaneous sequence
S|  Show ST code F3 & Jump
e : I

Move or delete — basic operations for editing the diagram

4% Move down — moves selected steps and transitions down in the diagram
(numbers of steps and transitions must be equal)

# Move up — moves selected steps and transitions up in the diagram (numbers
of steps and transitions must be equal)

r Exchange vertically— exchanges upper and lower elements adjacent to selected group
of steps or transitions

1 Move to the left moves selected branches of Sequence selection or Simultaneous

sequence to the left
I Move to the right

moves selected branches of Sequence selection or Simultaneous
sequence to the right

% Delete — deletes selected steps and transitions (numbers of steps and
transitions must be equal)

ml Project Tools Window Help 100 %
Wiwert E 't 2 1200%
| Move or delete b |4 Movedown 150%
Scale b |t Moveup 125%
v Venfy My Exchange vertically ;23:6
St Show ST code F3 44 Move left 50%
! Others F | {»  Moveright




Scale — chooses scale ratio for the drawing board

Verify v — verifies diagram completeness (names of steps, actions, variables, etc.)
Show ST code — generates the code after pressing F3 (after Build, Verify invoked internally)

Others

i Renumber — renumbers steps, transitions, and jumps from left-to-right and top-to-bottom.

l' Others > l [Fg Savefigure
34 Renumber steps

Remark. Numbers of steps, transitions, and jumps are provided automatically by the
editor. It may happen that some elements with lower numbers are at the bottom of the
diagram and vice versa. The optional renumber function creates natural order of the
numbering. Hence the renumbered diagram, especially complicated, is easier to examine.

Save figure — saves figure of the diagram in PNG file

SFC library
e SFC blocks library is required to execute programs in SFC [ S——
language. The library is imported automatically while opening -z POU
SFC editor window. However, if removed accidentally and not B 4G Creeriouse
present in Libraries of the project tree, it must be imported :j ?ﬂw”
from corresponding file in CPDev installation folder by & Hbares
selecting Project - Import - Library. -l IEC_81131
-yl Basic_blocks
i)l SFC_blocks

etyk i Automatyl / Politechmika R

C:\Program Files\CP Dev'\Biblioteki\SFC_blocks fop

@ None

i =l
N

Objad_name
{' SFC_ACTION_CONTROL
[@] {7 SFC_STEP

e The library consists of two function blocks which execute actions and handle steps.

Step monitoring

e State of a step can be monitored by two system variables:



— state_name.X of BOOL type which is TRUE when the step is active (FALSE otherwise)
— state_name.T of TIME type indicates time elapsed since activation of the step.

e The step_name.X,T variables may be used in transition conditions, actions and testing
(simulation).

Development steps

Global variables Greenhouse_SFC

e Global variables are usually declared at the beginning of . . p PRG_Greenhouss
creating the project (see basic CPDev instruction). =1{_ Global varizbles

e Greenhouse_SFC project involves A, B, C, HEAT, COOL  —A
and AM variables of BOOL type. :

Initial SFC diagram

Complete SFC diagram with steps, transition conditions as TRUE, no action except empty
IntiAction, and natural numbering of elements is called initial. The diagram is constructed as
follows:
e Place all elements on the drawing board, preferably in the following order:

— main vertical branch with step + transition pairs

— parallel vertical branches as simultaneous sequences (concurrent)

— horizontal selection sequence branches with transitions

— jumps to appropriate steps in selection sequence branches.
e Verify structure of the diagram.
e Renumber the elements.

Transitions and actions

e Write conditions for transitions.

e Prepare list of actions and write corresponding programs for the actions.

e Bind actions to steps.

o Verify the target diagram.
If names of steps, transitions, actions, and local variables are consistent, the diagram is
translated into ST language.

Task. Compilation. Simulation

e Declare task, select cycle and assign program (programs) to the task.

e During compilation the whole project (not only the diagram) is translated into ST language. If
the ST translation does not have errors, it is compiled into VMASM code of virtual machine.

e Online operating mode and CPSim simulator provide tracing of variable values during
execution.



Initial SFC diagram

Main branch Init - N InitAction
e Select Trans1 in the default diagram (if not selected). | Trans
TRUE
| Jump1
N it
ﬂlnﬂ —N InitAction
e Click step + transition icon 2 or choose such option in =
SFC editor menu to add Step2 with Trans2. — T
. . . Step2 =
Remark. No action is bound to Step2 for the time
being. 1 Trans2
TRUE
Jump1
it
e Click the icon ¥ twice more. The main vertical branch [t N IRACton
is ready.
1 Trans1
N . . TRUE
Remark. Maximizing the editor window keeps the S -
toolbar visible (scrollbars move inside). i
1 Trans2
TRUE
Step3 —
1 Trans3
TRUE
Step4 =
| Trans4
TRUE
Jump1
57 it

Sequence selection

e Select Trans1.

e (lick sequence selection icon 98 or choose editor option to add Trans5. Click the icon once
again. Horizontal branch with Trans1, Trans5 and Transé6 is created.

"mit —N InitAction

| Trans1 | Trans5 1 Trans6
TRUE TRUE TRUE

Step2 —

Remark. Grey line on the right indicates the limit of the printed page.



o Likewise, create sequence selection branches for Trans2, Trans3 and Trans4.

Init —N InitAction
1 Trans1 1 Trans5 1 Trans6
TRUE TRUE TRUE
Step2 ==
1 Trans2 1 Trans7
TRUE TRUE
Step3 —
1 Trans3 _1 Trans8 _ | Trans9
TRUE TRUE TRUE
Stepd =
1 Transd 1 _ Trans10
TRUE TRUE
- Jump1

Remark. Last transition or step placed on the diagram by the editor is active (framed).

Jumps

Select Trans5 in the first horizontal branch.

Click jump icon + or choose editor option.
JumpZ2 to undefined Step?is created.

Likewise, create Jump3to Step4.

1 Trans5 1  Trans6
TRUE TRUE
1 Trans5 1 Transé
TRUE TRUE
Jump2
Step?

Double-click JumpZ2 to replace Step? by Step3in Jump properties window.

&5 Jump — ] g

N T —

=

| Transa | Transé
TRUE TRUE
Jump2 Jump3
Step3 Y steps

By providing all transitions in sequence selection branches with jumps to appropriate steps the

initial SFC diagram is created.



S I—N. IratAction
| Transt | TransB
TRUE TRUE
Jumpd
7 Se 7
] Trans2 | Trans?
TRUE TRUE
Jum
52 it o
Seps
| Trans3 | Transs
TRUE TRUE
Jump5s
7 S >
Stepd —
| Transd _| Transio
TRUE TRUE
Jump7
%
Jumpl
Y I

Transd
TRUE
Jumpd
Stepd

| Transs

TRUE
Jumpé

intt

Remark. Alternatively, one may prefer to leave Step? temporarily for a few jumps to make
corrections later. However, if it takes too long, CPDev compiler reminds by error message
after some time.

Verification

« After saving the project, click verifyicon ¥ or choose editor option.

Verify

>

Jump from Jump?2 to Step? is not valid, Destination step does

not exist.

S|

Verify

o The diagram structure is correct.

X

[ o ]

e |n case of an error, a window with relevant information appears. Then make a correction (see

Diagram corrections), save the project and verify it again.

10



e Open diagram is automatically saved every 10 minutes into temporary directory followed by
verification (see Automatic save). Errors are reported only.

Renumbering
"
e Note that currently Jump1 is at the bottom. Click the icon * o create natural order of the
numbers.
SFC Editor X

Reordering may change names of steps, transitions and
jumps, Continue?

[ ox ][ anum

o After accepting the initial diagram is obtained.

=] N IntAction
| Trans1 | Trans2 — 1| Tmans3
TRUE TRUE TRUE
Jump? JumpZ
R Stepd 7 Stepd
Stepl ]—
o1 Transd - | Trans3
TRUE TRUE
Jump2
.:I‘? intt
Step =
_ | TransE _ | Trans7 _ | TransB
TRUE TRUE TRUE
Jumpd Jumgp5
N7 step2 7 int
Steod I—
| Transd 4 TransiD
TRUE TRUE
Jumpé
bl
JumpT
ek g

11



Conditions and actions

Transition conditions

e Double-click Trans1. Write transition condition instead of default TRUE in Transition properties
window (see diagram prototype at the beginning).

2'6 Transition = O x

T
Name: Comxmltl |

Language Condition (ST language expression}:
® ST Q0L AM RND NCT A

Remark. Notice that there is no semicolon at the end of expression condition. Condition
expressions must return TRUE or FALSE.

o Likewise, write transition conditions for Trans2, Trans3, etc.

Transition T )
Name: Comment: I Name: Comment: ‘_
Language Condition (ST language expression): Language Condition (ST language expressian).
® ST 001 &M AND A AND NOT C ® ST 901 RM 25D C

Trans4: B AND AM Trans8: NOT AM

Trans5: NOT AM C Trans9: NOT B AND AM

Trans6: C AND AM Trans10: NOT AM

Trans7: NOT A AND AM

12



e The diagram assumes the following form.

| Tramst _ | _Trans2 | Trans3d
Al AND NOT A AM AND AAND NOT G AM AND C
Jumpl Jompd
7 s 7 swept
Stegz =
| Trans4 | Trans5
B AND AM NOT AM
Jump3
7
Stepl =
1 Tramst | Trans? 1 Trans8
T AND AM NOT A AND AM NOTAM
2 Jumpd 4 Jumps
7 Stap? it
ISlE;-i "
| Tmned _ | Trmanstd
NOT B AND AM NCT AM
Jumpé
5P i
JumpT
57 ina
Actions
e Click edit at /nitAction row at the lower-right | Name lang. Edt Comment
window (or double-click /nitAction) to open | ritAction 'sT |@_
InitAction properties window and write in | | =T
assignments of the output variables. . —
By InitAction o O x

ST language declaration
o0L HEAT:=FALSE; COOL:=FALSE:

e Let Action2,3,4 be the names of actions executed at Step2,3,4, respectively. Enter Action2 in
the next row of the action list and write appropriate output assignments.

TN 8

g Action? I 0 X
ST language declaration
ool HEAT :=TRUE; COOL:=FALSE; A~

13



e Complete the list of actions with two remaining | Name lang Edt Comment

steps and write output assignments. InitAction 5T o
| Action2 ‘ST edt |
8! Action3 Action3 iST edt
ST language declaration iocuiad st fea]
001 HEAT:=FALSE; COOL:=FALSE: | I

8 Action4
5T language declaration
001 HEAT :=FALSE; COCL:=TRUE:

Binding actions to steps

e Double-click the step /nit. Step/Action properties window appears with default /nitAction bound
to Init. The output assignments are in the lower-left part.

E‘e. Step/Action — 0 %
Step
Actions
Init Action Language Qualifier
5T ® N - Non-stored
U 3 () R -oveniding Reset
D &b O 5 - Set (Stored)
LL (O L-time Limited
: ) (O D -time Delayed
| Add | [Rename | | Délte | O p-puse
HEAT:=FALSE: COOL:=FALSE: () SD - Storad and time Delayed

() DS - Delayed and Stored
(O 5L - Stored and time Limited
(O P1-Pulse fising edge)
O PO - Puse faling edge)

(==

e Double-click Step2 in the diagram and click Add in Step/Action window. Select ActionZ2 in
appearing Add action window to bind Action2 to Step2. Leave default qualifier N, so Action2 is
executed only when Step2 is active. Similarly for Step3 and Step4.

& Add action - ] X
Achian i SteDEI —N Action2
Name: | InitAction w
Init Action |
k.'h:nn?s
Actiond - Cﬂul

14



e Target SFC diagram is now completed.

Init —N Action1
1 Transi -1 Trans2 1 Trans3
AMAND NOT A AM AND AANDNOTC AMANDC
Jump1 Jump2
Step3 5 Step4d
Step2 —N Action2
—1 Trans4 —1  Trans5
B AND AM NOT AM
| Jump3
Init
Stepd =M Action3
—1_ Transé —1  Trans7 1 Trans3
C AND AM NOT AAND AM NOT AM
Jump4 Jumps
7 Step2 57 it
Stepd =N Actiond
1 Trans® | Trans10
NOT B AND &AM NOT AM
|, JJump8
" Init
Jump?
Step3
. . l
e Code of the action bound to particular step Step? Ew Action2
can be seen in the diagram by left-click of the HEAT =T CORCENSE
action name. This helps to examine | Transs
. : NOT AM
complicated diagrams. "
Jump3
Init
Step3 —N Action3
1 Transé —1__ Trans7
c NOTA

Verification and ST code

o Verify the diagram again by clicking v
o After successful verification the SFC diagram is translated into ST code. If needed, the code
may be displayed by pressing F3 or by choosing corresponding option in SFC editor.

15



001 PROGRAM PRG Greenhouse
002 VAR_EX'I'ERHAL (*SAUT

END_VAR

003 VAR

oo4 (¥ ———— System variablss ——— ]
005 Init : SFC_STEP:

ooe Step2 : SFC_STEE:

007 Step3

: SEC_STEE:

a0 Stepd : SFC ST

a0s  _Inic [EESeeUe : BOOL := TRUE:
g1o _Step2 : BOOL

011l _Step3 BOOL

012 _Step4d [§ : BOOL:

013 _ACTION T : TIME:

0la Actionl : SFC_ACTICN CONTROL:
015 Action2 : SFC_RCTION CONTROL:
0le Action3 i SFC ACTION CONTROL;
017 Action4d : SFC_ACTION_CONTROL:

ole _ActionEzzor : BOOL:

018 {# ————— Us=r variables ---—-—- ‘
020 END_VAR

021

022 Inie (IN:= Init)>
023 Step2 (IN:=_Step2) :
024 Step3(IN:= Step3);:
025 Step4 (IN:= Stepd):
o2€

627 Actionl (N:=Init.X);

028 IF Actionl.A THEN

028 (* /——— Actionl (B=gin) -—-—
030 HEAT :=FALSE: COOL:=FALSE;
03l (¢ \—== dActionpl (shd)] —==/ %)
03z IF

033 ActionError := ActionEzror OR Actionl.ERR;
03¢ ActionZ (H:=Step2.X|;
035 IF ActionZ.A THEN

03¢ (¢ /--— Action? (bsgin) ---—- *)
037 HEAT:=TRUE; COOL:=FALSE:

038 (¢ \——- Acticonl (=nd) —_——
0as Ir

040 ActionError := ActionError OR Action2 .ERR;

04l Action3 (N:=5tep3.X];
04z IF Action3.A THEN

043 e f==== Action3 (b y) ===\ A}
044 HEAT :=FALSE; COOL:=FALSE:
048 (4 \=—== Artiond f(end) ===/ %)

04€ ERD_I!’
047 ActionError
048 Actiond (N:=Step4.X!:

045 IF Action4.A THEN

0Ba [ -—=— Astiond (begin) ———\ *)
051 HEAT:=FALSE; CCOL:=TRUE:

052 (4 \-—== ‘Actiond (end) ===y 8]
053 END IF

054 ActionError := _ActionExror CR Actiond.ERR;
0ss

0s€ IF Init.X THEN

057 IF AM AND NCT A THEN

ose _Init := FALSE;

08% _Step2 := TRUE

0€0 ELSIF AM AND A AND NOT C THEN
o€l _Init := FALSE:

062 _5tep3 := TRUE;

0€3 ELSIF AM AND C THEN

0e4 _Init := FALSE:

0es _Step4 := TRUE

0&€ END_IF

0e7 END _IF

0€és IF Step2.X THEN

0€s IF B AND AM THEN

070 _Step2 := PALSE:

071 _Step3 i= TRUE:

072 ELSIF NOT AM THEN

078 _Step2 := PALSE;

074 _Init := TRUE;

o7& END_IF

07¢ END_IF

077 IF Step3.X THEN

o078 IF C AND AM THEN

079 _Step3 := PALSE:

oBo _Step4 i= TRUE:

t= RActionError CR Action3.ERR:

081
082
oes
oe4
a8s
a8€
ae7
088
083
0sa
0s1
092
083
054
085
0s9€
087
088

ELSIF NOT A AND AM THEN
_Step3 := FALSE:
_Step2 := TRUE;
ELSIF NOT AM THEN
_Step3 := PALSE:
_Init := TRUE:
END_IF
END_IF
IF Step4.X THEN
IF NOT B AND AM THEN
_Step4 := FALSE:
_5tep3 = TRUE:
ELSIF NOT AM THEN
_Stepd 1= FALSE:
_Init := TRUE:
END_IF
END_IF
END_PROGRAM

e Local variables with (*$HIDDENONLINE*) directives created automatically do not appear on

variable value list in online mode.

Task and compilation

Task

e Task can be added to the project in two ways:
— from project tree by Tasks > Add task or by Greenhouse_SFC (project name) > Add item

- Task

— from CPDev main menu by Project > ltem - Add > Task (in Adding new element

window).

e Enter Task name, here TASK_SFC, choose Cycle interval and Executed programs from

Available ones.

Task properties

Task name: |TASK_SFC

@ Cyclic () As soon as possible

Time unit: |ma v

Available programs:

PRG Greenhouse
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Compilation — Build

e By clicking Build icon in the toolbar or selecting Project 2 Build in the . hg e
menu the whole project is first translated into ST language and then
compiled into VMASM code for virtual machine. If errors occur, compilation =
is stopped. Warnings are reported, however the program can still be =
compiled. The project may be eventually saved before compilation
(Environment options = Editing).

¢ Verification runs automatically before compilation provided that editor window is open.

@) Buiding the ftem "Greenhouse_SFC”. Started at 09.02:32
3) Compiliation of “Greenhouse_SFC" completed at 08:02:32
(3 Linking “Greenhouse_SFC" completed at 09.02:32.

(3) Statistics: Emors: 0, Wamings: 0, Hints: 25

Remark. Program may be compiled even without task definition, however a warning
will appear.

Online mode

Tracing execution of a project is provided by CPDev online mode. The project may consist of a
number of programs written in the same or different languages. Tracing is particularly convenient
for graphic languages, such as LD.

Go online
Before going into online mode, the project must be built (rebuilt after changes).

e Click Go online icon in the toolbar (becomes framed) or select & :.!5
Project = Go online in the menu.

e The icon indicates that Data sources are set to Simulation. — :
e Go online (Simulation) F

SFC diagram online

e CPDev window in online mode involves “live” SFC diagram and list of variable values on the
left. Active steps and actions are shown in blue (default).
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3 CPDev

File Edit View SFCeditor Project Tools Window Help
NEdH a6 B'ae B ez

PRG_Greenhouse

Greenhouse_SFC_PRG_Green e S AT = R = 3

house (R a@BT WG b x[0% o vEY

Variable Value A Eln it N Actiont A
A TRUE

B TAUE | Transy Trans2 Trans3

c FALSE AM AND NOT & AM AND A AND NOT C AM AND C
HEAT FALSE Jump1 Jump2
e H Step3 Stepd
CooL FALSE

AM TRUE Stepl ’» N Action2

INIT SFC_blo...

N FALSE 1 Trans4 Transs

¥ FALSE B AND AM NOT AM

: Jump3
stepr s e
N FALSE
N _

x FALSE

STEP3 SFC_blo...

= TRUE b 1 Transg Trans7 Trans8

L C AND AM MOT A AND &AM MOT AM
% TRUE Jump4 Jump5
STEP4 SFC_bio... ‘Step2 Init

el FALSE Stepd N Actiond

x FALSE

Kk S | Trans Trans10

N ~ FALSE NOT B AND AM NOT AM

A FALSE Jumpg

&R FALSE el

ACTION2 SFC_blo... Jump?

v Fal sk | Y Stepd ¥
POU Resources Types Onine I LS -

o [f a few diagrams are open, the one on the top is “live”. It is indicated by [online] after name of

the program.

Value list

List with values involves variables associated with “live” diagram,
so global and local variables, and function blocks with
inputs/outputs. If no program is open, global variables are shown
only.

e Change value: Vansble Vae A
o click current value (becomes A | TRUE|!
blue) '
o enter new value, accept.
e Icons above the list provide: b @ [oo]ex]
o start simulation again (if stopped before)
o stop simulation temporarily (still in online mode)
o show/hide global variables
Stop freezes current values and SFC diagram. Start resumes
online operation. Blk is inactive in SFC.
e The open list is associated with Ipou Fesasces | Tyoes | Onls

appearing Online tab at the bottom.
Clicking POU tab on the left opens project tree, for instance to
choose another program for tracing. Then click Online again.
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Greenhouse SFC_Green_SFC

Variable Value A
A - TRUE|
8 FALSE |
C m
HEAT FALSE |
CooL FALSE

AM TRUE |
INIT SFC_bo... |
w FALSE |
X FALSE
STEP2 SFC_bio... |
N FALSE |
X FALSE |
STEP3 SFC_bo._. |
w | - TRUE|
x TRUE |
STEP4 SFC_blo... |
N FALSE |
x FALSE |



Data sources

e Clicking Data sources icon shows data sources for online mode, by |22
beginning with Simulation. Other sources, if shown, represent
specific controllers for which online mode means commissioning.
They may involve WinController, an advanced CPDev runtime for
Windows.

Data sources % P Vs Simulator properties % :
Select cument data source: Resources | Statistics | Options  About
Sencldion 7 ooy E mm:ﬂd::;lmbuk 16
‘ Code: [2685 | Data:
CPDev. WnCortroler E‘ e &
|
Ii

e Some data of simulated project are shown in Simulator properties window.

CPSim simulator
e CPSim is run by clicking Run simulator icon in the toolbar or by @r. T g 2

selecting Project = Run simulator (also Tools = Simulator).

Global variables

e CPSim window appears initially with the list of global variables. Execution begins by clicking
Start trace icon or by choosing Trace - Start.

b CPsim : Simulation - Greenhouse_SFC.dcp — O p 8
File Trace View Datasource Tools Window Help
B8 & o=k Wwa e @ ZESmnuaton

i ik
g1 Task TASK_SFC

Remark. Tree of Task TASK_SFC, originally folded, is unfolded here. Values of boolean
variables are displayed as 0 (FALSE) and 1 (TRUE).
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Values of those global variables which are inputs to the program can be changed. More on
CPSim can be found in Help = Programming instruction.

Control panel

More convenient way of testing is provided by selecting Group panelicon or by relevant option
in View.

Panel properties - 3

Name: |Greenhouse SFC] |
Panel type
@) Control elements () Variable list

After creating the panel drag and drop on it
varnables from the varable tree

Type name in Panel properties window, accept and drag required variables from simulation
tree on the left into the rectangle panel (which grows accordingly).

lIl‘I--

i

Test the program by pressing input buttons (BOOL) or by typing values in input cells (other
types).

Activity of particular steps during execution E'"’E_ET'“,,,,TPHG'GRE
may be monitored by creating panels with 1 ' i':
STEP.X variables from STEP function L0 T

blocks (see Step monitoring earlier). =1 -

| @It STEP3
@1 sTePs

w-{1 INTACTION

- {7 ACTIONZ

Comprehensive view involving panel with global variables and collection of all STEP.X panels
allows to check step-by-step how the SFC diagram is executed.
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Individual view

e Single variable can be traced by dragging it from the tree into
view area. Individual views are used for important local
variables and inputs/outputs of function blocks (STEP2.T

here).

Diagram corrections

e Connections are described below using a
portion of PRG_Grenhouse diagram
involving two steps with sequence
selection in between.

Selecting elements

e Step, transition, jump

Step2 =N Action2
| Trans2 1 Trans?
B AND AM NCT AM
Jump4
it
Step3 —N Action3

Click the element. Frame indicates selection. Only one element can be selected, earlier one (if

any) is deactivated.

e Branch of sequence selection or simultaneous sequence
Click horizontal line above the branch or a little above the line. Frame surrounds the branch

(selected).
| 1
1 Trans2 | Trans7
B AND Al NOT AM
Jump4
 Init

e Sequence selection or simultaneous sequence (whole)
Select the first or last branch (as above). Click empty
area inside the frame and move cursor right or left to
cover all branches, keeping left-mouse button pressed
(do not move the cursor too far). Release the button.

NOT AM
Jump4
5 Init
— 1 Trans2
B AND AM

| Trans2
B AND AM

Trans7
NOT AM

Jump4
Init

Deleting single elements

e Deleting single element is possible only when delete icon * is enabled (red).

e Jump

Deleting a jump in sequence selection branch connects preceding transition to step which

follows main branch.
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1 Trans2 —1  Trans7
B AND AM NOT AM
Jump4
~ Init
e —
.
1 Trans2 -1 Trans7
B AND AM NOT AM
=

Remark. Single step or transition cannot be deleted.

Branch of sequence selection or simultaneous sequence
Select a branch and click delete icon. The diagram is automatically corrected. The result of
deleting the second branch in the diagram portion is shown below. Deleting the first branch is
forbidden because at least one branch (of the simultaneous sequence) without the final jump

must be left.
Slepz. =N Action2
— 1 Trans2
B AND AM
Step3 N Action3
Selecting pairs
e Step, transition or jump as initial in the Step2 =N | Action2
pair.
Select the initial element. Click empty 1 Trans2 1 Trans7
area inside the frame and move cursor BANEAM NOTAM
down or up to cover the second element, e ;’r:‘n"‘”‘
keeping left-mouse button pressed. S| —
Release the button. Frame surrounding
the pair appears.
Slsu:lzl — N Action2
| Trans2 | Trans?7
B AND AM NOT AM
Jump4
it

Remark. More elements can be selected in this way, however pairs are needed most

often (see below).

e The same result is obtained if the whole sequence selection is selected (as below) and the

cursor moved up.

Step2 —N Action2

| Trans2
B AND AM

| Trans7
NOT AM

Jump4
Imit
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Deleting pairs

Step + transition or transition + step

Such pairs, not single elements, can be deleted only. The icon delete becomes enabled when

the pair is selected (or multiplicity of pair).

Sequence selection + step or step + sequence selection

Such pairs can be deleted since sequence selection may be treated as a complex transition.

Simultaneous sequence + transition or transition + simultaneous sequence

Likewise, such pair can be deleted since simultaneous sequence may be treated as a complex

step.

Pairs involving sequence selection or simultaneous sequence can also be deleted as follows:

— Select sequence selection or simultaneous sequence. Note that delete icon becomes
enabled.

Step2 — N Action2
1 Trans2 1 Trans7
B AND AM NOT AM
Jump4
Init
Stap3 — N Action3

— Click delete icon and choose which step, above or below, belongs to the pair.

5l Deleting sequence o] 0 ]

If you want to delete the whole sequence. you have to select a 'step'l

[ wihthestspabove? | [ Wihthestepbelow? | | Cancsl. J

e

— When step above is chosen (Step2), the pair is deleted. Initial part of PRG_Greenhouse
diagram becomes as below.

Imiit I— N Initaction
| Trans1 —1 Trans5 —1 Trans6
AM AND NOT A AM AND A AND NOT C AMAND C
Jump2 Jump3
~ Step3 7 Step4
Step3 —N Action3
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Reverse switching

Control problem

e [f INis on then OUT1 is on and OUT2 is IN J
off, or conversely. OUT1 is on for 3

seconds, OUT?2 for 2 seconds. If IN is off,
OUT1 and OUT2 are also off. OuUTH | | |——

T1 iT2
Remark. The example shows how to ouT?2 | |_

I
implement transitions with time
conditions. @ @ @ @ @@@ @ @

-

Q

Preliminary diagrams
e State diagram e SFC diagram prototype
OUT1=0 nit | QUT1=0
ouT2=0 ouT2=0
—1— IN
ouT1=1
Step2 | 5yuT2=0
—— (T,>3s)IN — N
v
Step3 88%;? Init
T,22s)IN -
oUT2=0 (Ty=25) OUT2=1 (T.225)IN N
v v
Step2 Init

e T, and T3 denote execution times of corresponding states or steps. Recall from Step
monitoring that execution times are represented by Step2.T and Step3.T variables in SFC
editor (time elapsed since activation)

Initial SFC diagram

e Project, variables, program
Define Reverse_switching_SFC project, declare global variables IN, OUT1, OUT2 and add
program Rev_switch to be written in SFC language.
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& cPDev
File Edit View SFCeditor Project Tools Window Help
NEd a3 6] [ ®ae® ke
| Rev_switch
Reverse switching SFC Rt chatchint e ek 5
& i POU & Reverse_swif wite 2
{ = Rev_swich B B R h o« b ox [ 100%
Elu Global vanables [ InitAction
- N
| OUTT |
| e OUT2 4 1 Trans1
|y Tasks : TRUE
=7 Ubraries ¥
i [l Basic_blocks < Jumet
-l IEC_61131 i
(il SFC_blocks
Main branch init —N InitAction
Select Trans1 and click step + transition icon . i
. . . 1 Trans
twice (or choose editor option). TRUE
Step2 ==
1 Trans2
TRUE
Step3 —
1 Trans3
TRUE
Jump1
Init
Sequence selection branches it —N InitAction
Select Trans2 and click sequence selection icon
. —J1__ Trans1
@8 Branch with Trans4 appears. Repeat the TRUE
same for Trans3 to get second branch with Step2 —
Transb.
—1__ Trans2 — 1 Trans4
TRUE TRUE
Step? =
1 Trans3 —__Trans5
TRUE TRUE
Jump1
57 it

25



Jumps

Select Trans4 and click jump icon +. Jump2
with undefined Step? appears. Double-click
JumpZ2 and in appearing Jump properties window
replace Step? by Init (see preliminary diagram).
Repeat the same for Transb5.

Verify resulting diagram by clicking ¥ .

1
Renumber the elements by clicking £
It —N Initaction
—1  Trans1
TRUE
Step2 =
| Trans2 1 Trans3
TRUE TRUE
Jumpi
Init
Step3 —
1 Trans4 1 Trans5
TRUE TRUE
Jump2
v Init
Jump3
7 init

Conditions and actions

Transition conditions

Init —N InitAction
1 Trans1
TRUE
Step2 ==
— 1 Trans2
TRUE
Stepd =
—1  Trans2
TRUE
Jump1
it

7

Trans4
TRUE

Jump2
Init

Transs
TRUE

Jump3
Init

Double-click Trans1 and write IN as condition in Transition properties window. Repeat the
same for Trans2 using Step2.T as execution time in the condition expression (see preliminary

diagram). Write conditions for the other transitions.
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Transition

Init —N InitAction
Name: Comment: :
1 Trans1
Language Condition (ST language exprassion): N
@ ST 001 IN Step? —N Action2
—1__ Trans2 —1__ Trans3
(Step2.T >=T#3s) AND IN NOT IN
Jumpt
57 init
® ST a0l (StepZ.I>=T } AND IN P Brv Adtion3
Trans3: NOT IN | Trans4 | Transs
Trans4: (Step3.T>=T#2s) AND IN Sk Rrnp
Trans5: NOT IN < I‘,’T‘:tm"z
Jump3
Step2
Actions
e Select InitAction, click edit and write output ' [ — lang. Edit Comment
assignment§ in lnitActior‘I properties window. ‘mm |sT |@i
Enter Action2 and Action3. Repeat output T =
. . . | Action2 {ST  [ieck |
assignments for Action2 and Action3. = 1 —
| Ation3 5T [eat
| |
5! InitAction &' Action3
ST language declaration 5Tlanguage declaration
0oL CUT1:=FALSE; OUT2:=FALSE: 001 OUT1:=FALSE; OUTZ:=TRUE;
uy Action2
ST language declaration
ool OUT1:=TRUE: OUT2:=FALSE:
e Binding actions to steps % Add sstion = - X
Double-click Step2 in the diagram to open
Step/Action window. Press Add button and in Action
appearing Add action window choose Action2. Name: | IntAction o
Similarly bind Action3 to Step3. 2T |
Actiond
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SFC diagram

Binding actions to steps completes development of the diagram. Declare TASK_SFC with

Rev_switch as executed program (see greenhouse project).

View Project Tools Window Help
| B ba P | e

L T T = R T R [ T A
Init —N InitAction
1 Trans1
IN
Step2 —N Action2
1 Trans2 —1__Trans3
(Step2.T == T#3s) AND IN NOTIN
Jump1
N it
Step3 —N Action3
1 Transd —1__ Trans5
(Step3.T == T#2s ) AND IN NOT IN
Jump2
it
Jump3
7 step2

Project Tools Window Help

- | B g e T [

Ty H 4 X |

[ ]
F CPDev
File  Edit
NEH S 6
B
£l Libares
(4 [EC_61131
i)l Basic_blocks
& (il SFC_blocks
Simulation
e The diagram in the online mode for IN set to TRUE
3 CPDev
File Edit View SFC editor
NEdH S8 89
Rev_switch
‘poa |
Reverse_switching_SFC Rev_
switch
Vaﬂab!a Value ) L
IN TRUE
ouTt
ouT2 FALSE
HY | SFC_blo...
W FALSE
x FALSE
STEP2 SFC_bio...
N TRUE
x TRUE
T 21&9.
STEP3 SFC_blo...
N FALSE
xX FALSE
2 202
INITACTION SFC_blo...
N FALSE
T 0
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—1__ Trans2 —1__ Trans3
(Step2.T >= T#3s) AND IN NOT IN
Jump

5 it

Step3 —N Action3

1 Transd4 —1__Trans5
(Step3.T »= T#2s ) AND IN NOTIN
Jump2

S nit

Jump3
N~ Step2



e (CPSim window shown below involves:
— basic panel with global variables IN, OUT1, OUT2
— three panels for monitoring SFC diagram execution with STEP.X and STEP.T variables for
corresponding steps (T in milliseconds).

! B BE .'H?Ld:‘_::'r\'l'.-.:'}'l:l'lg_Z:‘--‘_":

| I" ouT
| OUT2
B Task TASK_SFC
= P Program REV_SWITC

a- {7 INT
& {7 STEP2
- PN
_ﬂ', X
_ﬂ:,' T
=0 i ¥ :ﬂmz
— N
g X
—ﬂ' T
Tanks
Liquid
V1
Control problem <
Condensed liquid filling upper Tank1 is mixed with water in 2B Tank1
lower Tank2. When Tank2 is full, after mixing for a while, the L1+ Water
mixture is emptied into containers on the conveyor. Control V2 X M V3
of the two tanks proceeds as follows: | —><
e Sequence begins after pressing self-releasing button L4
START. Tank2
e After filling Tank1 by valve V1 at least to low level L1, the L3 0+
emptying valve V2 and water valve V3 are open to fill $V4
Tank2.
e Filling Tank2 by V2, V3 and Tank1 by V1 up to high level M
L2 proceeds simultaneously. Tanki needs filling a few —
times.

e When level in Tank2 reaches L4, valves V2, V3 are closed and mixer M is switched on for 10
seconds. If Tank1 is not full yet, filling continues up to the level L2.

o After the mixing, valve V4 begins emptying Tank2 in open-for-3-seconds and closed-for-2-
seconds cycles filling the containers below. Emptying ends when level drops to L3.

e New sequence begins by pressing START again.

Remark. State diagram and prototype SFC diagram are not presented here. Contrary to
the previous examples, final project with target diagram is shown first, followed by similar
step-by-step explanation how it is created. Particular attention is given to simultaneous
sequence which handles concurrent control of the tanks. Second program written in ST
language calculates volumes of liquids in the tanks, for simulation of controller-plus-tanks
operation in real-time.
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Tanks_SFC project

e The project involves:
— Control_PLC program in SFC language which solves control problem
— Tank_sim program in ST for calculation of volumes in the tanks
— global variables L1,L.2 up to START (boolean)
— task TASK_SFC with Control_PLC and Tanks_sim executed programs.

3 CPDev
File Edit View SFCeditor Project Tools Window Help
‘NS d a3 8] - Bihgte ks &
Contrel PLC
B Tarks_SFC ontrol_PLC : program (SFC)
iy POU G F g x| T0% |« [Fa 5
++p Control_PLC : :
| Lo P Tanks_sim |"3 I"‘ e CONSTANT
£ Global variables =8 RETAIN
| LT st VAR
i EJ-:- L2 men N Tarki_t8 Nama
[ L4 1 ream2 |
i I_Tj“ v1 L
| [ V2 ) N Tare2 Sent ~ Tanct_t
| = T
i E“-" v4 T Transs Trass
| M : = 1 1z Staps X
| e START i |"‘ o s
'tlu T_f*’ | Trama s
| LB TASK_SFC SEmaT - THIGE e N Tawt_wa
=1+ Libranes it N Tamz wan
(+-{ill IEC_61131 P
E‘ g/ Baslc_'biocks == MIX NOTLO < >
-l SFC_blocks p—
Si=gh L |
Ee e
Tank1_fil
__TT‘::‘ Tark?_wa'i
Tees j—_s TankZ_sm_. Tank2_empty
1 Tami TarkZTﬂH
S=aT> TS =
STl N Takz_wat it
Tank2_wat
Trams11 Tram12
1 wnori L3 AND SapioT > T
umad
s
ST
¥
< >|| ¢ >
| x=26, }’=553
POU  Resources Types _I.l

e Target SFC diagram of Control_PLC program consists of three sections:
— waiting for START and then filling Tank1 up to low level L1: Init, Step2
— simultaneous sequence with two concurrent branches involving:
o filling Tank2 up to L4, mixing for 10 seconds and waiting (coordination): Step3,4,5
o filling Tank1 a few times and waiting till mixing is completed: Stepé6,7,8
— emptying Tank2 in 3+2 seconds cycles: Step9, 10.
e Conditions Step5.X in transitions Trans6,7 from steps of Tank1 (right branch) verify whether
mixing in Tank2 is completed.
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e Simultaneous sequence section is left when “wait-for-the-other” steps Step5 and Step8 at the
ends of the two branches are both active.

e Simultaneous sequence must be followed by transition with TRUE condition (Trans9 in the
diagram).

Initial diagram

Development steps

¢ |Initial diagram is built in the following order:

first section with two steps

simultaneous sequence section with two vertical branches, each involving three steps

two horizontal sequence selections coming out of the right branch of simultaneous
sequence

third section with two steps and sequence selection between them

renumbering steps, transitions and jumps.

Remark. Global variables should be created at the beginning.

First section
e Given default SFC diagram with /nit, Trans1 and f&ﬁh_ﬂ&md pCs (sF0)
Jump1, select Trans1 and click step + transition icon & & & 4,;_ T
& (or choose editor option) it LN InitAction
1 Trans1
TRUE
Step2 —
1 Trans2
TRUE
Jump1
7 init
Simultaneous sequence
o Select Trans2, click the icon ® again to get Step3 Init N inAion
which will be the first step in simultaneous sequence.
Select Step3. I’:S?
Step2 —
1 Trans2
TRUE
Step3 —
e With Step3 selected, click simuftaneous sequence e
0 _Trans
icon B8 what creates simultaneous sequence with TRUE
two concurrent steps, Step3 and Step4. Jumpd
Init
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1 Trans2
TRUE
Step3 — Step4 =
1 Trans3
TRUE
. Jump
it
e To fill the left branch select Step3 again —1_Trans2
TRUE
and click transition + step icon B twice to !
( = tepd =
add Step5 and Stepé. R S
| Trans4
TRUE
Step5 —
—1__Trans5
TRUE
Steph —
o Repeat the same for Step4 in the right | Trans3
branch adding Step7 and Step8. e
Jump1
~ Init
1 Trans2
TRUE
Step3 — Stepd —
1 Trans4 1 Transé
TRUE TRUE
Step5 — Step7 —
ot Trans5 1 Trans7
TRUE TRUE
Step6 — Stepd —
—1 Trans3
TRUE
Jump1

Init

Sequence selection branches

e Select Trans6 in the right vertical branch and click sequence selection icon i to add
horizontal branch with Trans8 on the left. Repeat the same for Trans7 adding second branch
with Trans9.
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1 Trans2
TRUE
Step3 — Stepd —
—1__ Trans4 T
TRUE 1 Transé —1__ Trans8
TRUE TRUE
Steps —
Step? —
—1 __Trans5
TRUE
Stept - 1 Trans7 | Transg
e TRUE TRUE
Step8 —
1 Trans3
TRUE
Jump1
L4 Init

Select Trans8, click jump icon + 10 get Jump2 with Step?. Repeat the same for Trans9.

1 Trans2
TRUE
Step3 = Stepd =
1 Trans4
TRUE 1 Transé L Trans8
TRUE TRUE
Steps —
Jump2
Step?
1 Trans5
TRUE Step? -
Steph =
1 Trans7 1 Trans9
TRUE TRUE
Jump3
Step?
Steps =
1 Trans3
TRUE
Jump1

Init

To avoid editor reminder after some time (see greenhouse project), undefined Step? Should
be replaced by meaningful name, so by Step8 for Jump2 and Step4 for Jump3. This is done in
Jump properties window opened by double-clicking Jump2 or Jump3.

1 Trans8 — 1 Trans9
TRUE TRUE
Jump2 Jump3

N steps N stepd

Remark. All undefined jumps may be eventually changed later, while renumbering
transitions.
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Third section

e Select Trans3 after the simultaneous sequence and | Trans3

click step + transition icon 2 twice. Step9 and e

Step10 are created. Step r

e To insert horizontal branch in the middle:
— select Transi11
— click sequence selection icon a3 1o get branch with Trans12 on the left

— select Trans12 and click jump icon + to get Jump4 with Step?
— double-click Jump4 and change Step?to Step9in Jump properties window.

Trans3
TRUE
S1epd ™
_ | Teanst0 Vi
TRU T~
= : TRUE
Stap e
Jumpéd
StepS
— _Tns1l | Tensz
TRUE TRUE
Jumpd
=7 Stepd
Jumpt
Init
Renumbering

o Click the icon it . Initial SFC diagram is thus obtained. Verify the diagram.
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= e g s i
| Teans
TRUE
Stepl =
_| Trans2
TRUE
Etapd =2 Etapd =2
_ | Tmans3 & &
TRUS _| TransS ransk
TRUE TRUE
Sispd o 4 :
wmp
N S8
__| _ Trans4
TRUE E‘[E_:.* —
Sxepd =
| TeansT TransE
TRUE TRUE
Jump2
= Siepd
Stend =
| TransS
TRUE
Stepd ==
| Tmnsid
TRUE
Stepil =
1 Transi? | Temmsi2
TRUE TRUE
Jumpl
Step3
Jumpd
S int

Completing the project

Conditions and actions

e Transition conditions
The conditions are shown in the target diagram. To implement the first one, double-click
Trans1 and write START in Transition properties window. Similarly for the other transitions.

Transi
Name: Comment: | Comment: |
Language Condition {ST language expression}: Language Condition (ST language expression):
@ ST a0l START @ ST 001 L1

Trans3: L4 Trans8: NOT L1
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Trans4: Step4.T>T#10s Trans9. TRUE

Trans5: L2 Trans10: Step9.T>T#3s
Transé6: Step5.X Trans11: NOT L3
Trans7: Step5.X Trans12: L3 AND Step10.T>T#2s
e Actions
Change name InitAction to Reset in the action list, ] Name Lang. _Edf Commef
N . - 1
enter names of the other actions as in the target “'—'ﬂ ST edt |
diagram. Tank1_fil ST |edt |
Tank1_wait ST |edt]
Tank2_empty ST |edt |
Tank2_fil ST |edt |
Tank2_mix ST |edt |
, , , Tank2_wait ST [edt |
e OQOutput assignments shown below are written in = |,
Action properties windows opened by pressing editin -
the action list.
8, Reset i O x
ST language declaration
001 V1:=FALSE; V2:=FALSE; V3:=FALSE: V4:=FALSE:
sy Tank1_fill 8 Tankl wait
ST language declaration 5T language declaration
0oL V1i:=TRUE; START:=FALSE; 0oL V1:=FALSE:
uy Tank2 empty B Tank2 wait
ST language declaration ST language declaration
001 V1:=FALSE: V4:=TRUE: M:=FALSE: 001 V4:=FALSE; M:=FALSE:
s Tank2 fill = 0 X
ST language declaration

0ol V2:=TRUE: V3:=TRUE; V4:=FALSE: M:=FALSE:

8 Tank2 mix b O ¥

ST language declaration
001 V2:=FALSE; V3:=FALSE: V4:=FALSE: M:=TRUE:

e Binding actions to steps
Double-click corresponding step in the diagram to open Step/Action properties window, press
Rename (for Init) or Add (other steps) and choose appropriate action in appearing Rename
window.

e This completes development of the SFC diagram. It is shown below for convenience.
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Jump1
N g
__Tmersl
S?I'D‘T > Teds Step” —N Tank 1_wan
Sizpd —N Tankl wat
| TransT | Trans8
Siep5. X NOT LY
Jump2
Y S
Stepd —N Tank1_wai
| Transd
TRUE
Stepd ~N Tank2_=m
| Tansi0
Si2p8 T > T=3s
Sieptl =N Tarkd wat
1 Teamst1 | Transt2
NOT L3 L3 AND Siept0.7>Te2s
Jump3
':,7 51!159
Jumpd
V |m

Volumes in tanks

Tree of Tank_SFC project involves also Tank_sim program for calculation of volumes of
liquids in the two tanks. The program is written in ST language and simulates filling and
emptying in the simplest way, for visualization only.

It is assumed that maximum volumes of the tanks are 1.0 and 10.0, respectively. Level
sensors L1, L2 are at 0.1, 0.9, and L3, L4 at 1.0, 9.0. Opening the valves V1 to V4 increases
or decreases the volumes by constant quantities (0.03, 0.01, 0.075).
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Tanks_SFC ,. n .
e ;0"(':““ i | ool [PROGRAM TANKS STM ~}
L} eserom o0z var_exterNaL [EEESESE] =N0_VAR |
£y Global variables - !
- L1 004 VAR
E—..LZ 005 Voll, Vol2 : RBAL:
G- L3 oo€ END VAR
o L4 007
61 V1 008 IF V1 THEN Voll := Voll + : END_IF
- V2 005 IF V2 AND Voll > .. THEN Voll := Voll — /.  ; Vol2 := VolZ + : END_IF
) V3 010 IF V3 THEN Vol2 := Vol2 + : END_IF
Eé-—_- :‘ 011 IF V4 AND Vol2 > (/.. THEN VolZ := Vol2 - .. 5; END IF
) o1z
¥ wrm START o13 IF Voll > THEN Voll i= .. : END_IF
EF Tasks 014 IF Vol2 > . . THEN Voll := . ; END_IF
| Tj TASK_SFC BT =
B""‘g_ L'hTECHBHm 0l€ IF Voll >= . THEN L1 := TRUE: ELSE L1 := FALSE; END IF
i Bk blocks 017 IF Voll »>= THEN L2 := TRUE: ELSE L2 := FALSE; END IF
il SFC_blocks 018 IF Vol2 »= THEN L3 := TRUE; ELSE L3 := FALSE; END IF
015 IF Vol2 >= THEN L& := TRUE; ELSE L4 := FALSE; END IF
020
021 END_PROGRAM L
< ol >
= -
Simulation

e The project consists of two programs. In the online mode the variable list shown below
corresponds to the SFC diagram currently on the top.

W cPDev
File Edit View SFCeditor Project Tools Window Help
NE-H d 89 - [ by e B eI
b ow[G[m] ;
Tanks_SFC Cortrol_PLC |
e e = A vAR 'consTANT RETAN |
‘ t TRUE | ll e i
2 FALSE
13 TRUE | —
| FALSE
[ FALSE|
2 TRUE || Tanki_fi Vol2 i= Vol2 4 ; END_IF
3 TRUE | R END_IF
i FALSE | it x
M FALSE Lamet
S LA j===5]
W g
" FALSE o
NOTLY
x. WSE Jume2
STEPZ SFC_blo... Staps
" FALSE Er N i ===
X FALSE
STEP3 SFC_blo...
i~ TRUE [kl .
¥ TRUE
STEP4 SFC_blo... —
" FALSE
e FALSE Transi2
T il L3IAND Stepi0 7> TH2s
Jumed
w FALSE [
- .J;“‘ v
x FALSE « E— "

Remark. Online mode shows active steps and actions, independently of each other.
Therefore the same Tank1_wait action is shown active both in Step7 and Step8, despite
that Step8 is inactive.

e Placing the ST program on the top changes the variable list. Note volumes VOL1, VOL2 in the
tanks (CPDev compiler changes lower-case characters into upper-case).
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‘3 cPDev
File Edit View Inset Project Tools Window Help
DDd a6’ - Bt ® [a]x
* Control PLC [ TANKS_SIM
Tanks_SFC TANKS_SIM
Variable Value
TRUE
L2 FALSE
13 TRUE 00§ Voll, Vol2 ¢ REAL:
L4 FALSE | 00€ END_VAR
Vi FALSE i
2 008 IF V1 THEN Voll t= Voll + ,0%; END IF
2 Gk 008 IF V2 AND Voll > . THEN Voll := Voll — : Volz 1= Vol2z + .. END IF
vi FALSE 010 IF V3 THEN Vol2 ¢= Vol2 + .. '; END_IF
v FALSE 011 IF V4 AND Vol2 > |. /. THEN Vol2 := Vol2 - . : END_IF
T 012
hicoc i o013 IF Voll > THEN Voll i= .. ; END_IF
voLz 2705051 014 IF Vol2 > .7.0 THEN Voll := .0 .; END_IF
015
016 IF Voll >= THEN L1 := TRUE; ELSE L1 := FALSE, END IF
017 IF Voll >= . - THEN Lz := TRUE; ELSE L2 := FALSE; END_IF
018 TF Volz >= ~ . THEN L3 := TRUE; ELSE 13 := PALSE, END_IF
ois TF Vol2z >= . THEN L4 := TRUE: ELSE 14 := FALSE: END IF
020
021 END_PROGRAM o
L < N eI

e In addition to the global variables, panels Tank1, Tank2 in CPSim window show volumes
VOL1, VOL2 in the tanks. Step panels are arranged in three sections as in the SFC diagram.

"m CPSim : Simulation - Tanks SFC.dcp = m] *®
File Trace View Datasource Tools Window Help
) S ala Sk b a n o |2 Sinulation |

w7 TANKI_WAIT
&-T7F TANKZ_EMPTY
&-I7F TANK2_FILL
-7 TANK2_MIX
- TANK2_WAIT
' _ACTIONERROR

Remark. Note that simultaneous sequence is active in this window, with Tank2 being filled
and Tank1 waiting. Since volumes in the tanks change every cycle by constant quantities,
time from START to finish depends on task cycle. For 200 ms cycle the time is about 45
seconds.
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SFC editor summary

Elements and evolution rules

e Program or function block in SFC language may contain steps, fransitions, jumps, sequence
selections and simultaneous sequences.

e Step represents actions executed while the step is active.

o First step called /nitis active upon initialization.

e State of a step can be monitored by two system variables, step _name.X and step_name.T.
The first one is TRUE while the step is active, the second indicates time elapsed since
activation of the step.

e Transition is determined by condition enabling passing to next step.

e Steps are separated by transitions, transitions are separated by steps.

e Jumps change execution order of step/transition sequences.

e Sequence selection chooses certain variant from a few sequences. It may be treated as a
complex transition. Therefore it must be followed by a step.

e Simultaneous sequence runs a few concurrent sequences, and may be treated as a complex
step. Therefore it must be followed by a transition.

e Passing from simultaneous sequence to next step requires evaluation of transition condition
following the sequence to TRUE value. Besides, all steps preceding the transition must be
active.

e Jumps outside a branch of simultaneous sequence should not be used because may lead to
“unsafe” or “unreachable” SFC diagrams.

SFC basics

e SFC_basics project shown below demonstrates additional capabilities of the editor. Physical
meaning is not explained however. Focus is given on interpretation of qualifiers, local
variables with instances of function blocks, and action blocks.

Fd cPDev
File Edit View SFCeditor Project Tools Window Help
NEa & e - g e W ke B
PRG_SFC
T - T S———— SR
R 5% 3 | [ F:
T p PRG_SFC BT (B g D ox[%% v | v [FE 8
{1 Fa_sT N Initialize bl ST
A ™ ] =
£+ Global vanables | N ;.S
% wm START Trans1 | Hmanx | BooL.
o :REOAE;TME START Level INT
3 e S Monitor | P |
55 e COUNT i et B L]
-mm R_TYPE TON1 TON
5 o TIMEOUT Trans2
B4 Tasks TRUE
T§ TASK
B o N Fill D T#5s Heat
IEC_61131
Basic_blocks Trans3 Trans4
SFC_blocks Step4 X AND Temperature >50.0

Hmax OR Step3.T> T#10s

=-{7F SFC_ACTION_CONTROL N Mix P1 Ingredients

N
R < >
s
g L _| Transs Transé TransT ||
D R_TYPE<3 R_TYPE<5 TRUE
L E g‘ Step? L T#5s Recipe1 Steps LT#10s Recipet Jump2
Lo D T#3s Recipe2 D T#5s Recipe2 Stepg
¥ sp 1 Transg PO Recipe3
¥ 0s Step7.T>T#10s —t_ Transg
Lol sL Steps.T > T#15s
ST
g Q Stepd R Monitor
% A P1 Counter
ERR
Trans10
S TEP o S
=3 :Ecl;f' E START
85 x Jump1
O 7 nit
< 2| < >
POl [Fsamtes | e %=133, y=550

r@ﬂm!m Enmors: 0, Wamings: 0, Hints: 0

Open
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e The project consists of:

— three POUs: PRG_SFC program, FB_ST and FB_SFC function blocks

— global variables: START, PROC_TIME, ..., TIMEOUT

— task TASK_SFC

— local variables: Hmax, Level, Temperature, TON1

— actions: Counter, Fill, ...,

Recipe3.

Inputs and outputs of SFC_ACTION_CONTROL and SFC_STEP blocks are listed in the

project tree.
e Qualifiers
R S -

steps, and finally reset (R) in Step9

L —
D —
PO -
P1 -

Counterin Step9.

Monitor action executed in Step2, then stored (S) with execution continued in other

Recipe1 executed by limited (L) time (T) in Step7 and Step8

Heat executed with delay (D) time (T) in Step5; similarly Recipe2in Step7 and Step8
Recipe3 executed once (Pulse) at the end (falling edge) of Step8

Ingredients executed once (Pulse) at the beginning (raising edge) of Step6; similarly

See Action control blocks (below) or IEC 61131-3 standard for details on action qualifiers.

Local variables

e Upper-right part of SFC
variables (if any) used
conditions.
e Tabs depend on POU type:
— Program
o VAR -
o VAR_CONSTANT
o VAR_RETAIN

— Function block

VAR -

VAR_INPUT -

VAR_OUTPUT

VAR_IN_OUT -

VAR_CONSTANT

o VAR_RETAIN -

O O O O O

Editor window lists local
in actions and transition

local variable
constant value
retentive variable

local variable

input variable
output variable
input/output variable
constant value
retentive variable

e New variable is entered by writing Name and selecting
Type from appearing list. The list involves basic types,
function blocks from Libraries and blocks defined in the
project (FB_ST, FB_SFC here).

e Toremove a variable, click the row header (to the left from Name) and press Delete key.

VAR  CONSTANT @RETAIN
| Name =~ Type Initial
Level INT ]

| Tomperatiee  [REAL '

| TONT | TON

| VAR_IN_OUT | CONSTANT | RETAIN|
VAR | VARINPUT | VAR_OUTPUT |

[Mame Type |rmitial
X1 BOOL |
¥1 BOOL |

Remark. Function blocks defined in the project appear on the Type list provided that they
are first saved after creating, followed by closing and opening the project in CPDev again.
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Actions

e Lower-right part of SFC Editor window lists actions Name lang Edt CoiA|
that may be bound to steps and executed during . ST:|—
runtime. Fal L HT. |'-

e Actions are defined in textual ST language as sets of ek P
instructions with global and/or local variables. |

e FEach action can be invoked many times during single e chl “"
task cycle. Intialize ST |edt|

e New action is entered by writing Name, pressing edit Mo ST |ledi |
and programming it in properties window. Monitor ST |edt|

e To edit previously created action, click edit or double- Recipe ST ledt|
click any place in appropriate row. Recipe2 st [am]

e To remove an action, click the row header and press Recipe3 ST |om |
Delete key. - i

Action control bocks

e Action activities are controlled by instances of SFC_ACTION_CONTROL function block.
Names of the instances are the same as names of the actions.

e Qualifiers N, R up to SL and parameter T of time qualifiers are inputs to action blocks (see
below).

e Action control blocks have three outputs: = [r—
Q - execution of the action indicated (TRUE) _
A = as Q but prolonged by one task cycle STmmﬂomqu‘ remgnern ©
(see IEC 61131-3 for details) 502 TIMEOUT := TONL.Q;

ERR — inconsistency of qualifiers assigned to o

the same action in different steps.

e OQOutputs of the action blocks can be used in programs of the actions and in transition
conditions.
e FBD structure of SFC_ACTION_CONTROL block and time plots of the action qualifiers.

................... SFC_ACTION.CONTROL __________________ N[ | |
i ! : : : :
1 " . '
N - R : '
1 [ v v [
| S_FF H H H H
7 & s eSS
S s af : ; ' '
! : : : !
| EL [ L e |
L 2 L . : :
1 1 I ' '
i L_TVR : i
i TON j_l D T#... . : i
| I a D_TMR ; : :
V| —iPT TON P | I : :
D N Q : : : !
1
| Pr sD .| Dam——
i P_TRIG ' ' ; :
! : : : !
| o Ds [ T#. I
P {CLK_Qf : : ; :
i SD_FF SD_TMR
| = Ton sL .
SD— s at N Q ' : ' '
LRI pp—_ P1 | | : :
| DS_TMR DS_FF : : '
! 1
! TON RS PO : !
DS N Q S Qf PO_| 1
1
PT R1 - . ) .
| | - qualifier activity [ - action activity (.A)
| SL_FF
i RS SL_TMR —d
SL— s at TON
e e kil HIN Q
T PT
| R_TRIG |
P CLK Q F_TRIG
PO — CLK Q
1
1
1
]
1
1




Editing SFC diagram

New diagram for a program or function block consists of:

— initial step Init with one empty /nitAction

— transition Trans1 with condition TRUE

— jump Jump1 to Init.

Variable list is empty. Action list includes /nitAction only.

To insert other elements into the diagram select appropriate step or transition and choose one
of enabled icons in the toolbar or option of SFC editor.

Step + Transition may be inserted:

— before selected step or simultaneous sequence

— after selected transition or sequence selection.

Transition + Step may be inserted:

— before selected transition or sequence selection

— after selected step or simultaneous sequence.

Branch of Sequence selection may be inserted on the right side of:
— single transition

— group of elements which begins and ends with a transition

— another branch of sequence selection.

Branch of Simultaneous sequence may be inserted on the right side of:
— single step

— group of elements which begins and ends with a step

— another branch of simultaneous sequence.

Jump may be inserted:

— after the last transition of sequence selection branch.

Exchange and move

Exchange elements vertically

Three neighboring elements are involved, with upper and lower being exchanged around the
middle one. The two elements must be of the same type, so step, transition, sequence
selection or simultaneous sequence. Two groups with the same first and last elements can
also be exchanged. To exchange:

— select the middle element

— click exchange vertically icon "4 or choose such option of the editor.
Exchange of steps separated by transition is shown below (from SFC_basics project).

_ —
Step5 — D T#5s Heat Stept —P1 Ingredients
1 Trans4 1 Trans4
Step4 X AND Temperature = 500 Stepd X AND Temperature > 50.0
Stepé —P1 Ingredients Steps |- D T#5s Heat
——T —

Move to the left or right
Branch of sequence selection or simultaneous sequence can be moved to the left or right. To
move:

— select required branch by clicking horizontal line above or below the branch
— click one of the icons *# , $* or choose editor option.
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———) —
1 Trans5 1 Transé 1 Trans7
R_TYPE=3 R_TYPE<5 TRUE
Step? - L T#5s Recipet Steps L T#10s Recipe1 Jump2
D T#3s Recipe2 D T#5s Recipe2 ~ Stepg
Trans8 FO Recipe3
] Step7.T > T#10s Trans9
T StepaT>T#15s
o o il =S
e— | ]
—1 Trans5 1 Trans? 1 Trans6
R_TYPE=3 TRUE R_TYPE <5
Step? — L T#5s Recipe1 Jump2 Steps — L T#10s Recipe1
DT#3s  Recipe2 N steps D T#5s Recipe2
Transé FO Recipe3
Step7 T>T#10s Trans9
i StepB.T = T#15s
T—— | T

Remark. Sequence selection branches are evaluated from left to right, so moving

elements affects execution.

Move up or down

Pairs step + transition and similar ones indicated in Delete pairs (see Diagram corrections) can
be moved up or down. A few such pairs can be moved as well. Moving proceeds similarly as

above by means of the icons #t, ##,

Global variable search

Enter name of global variable in Global Search cell (top-

right corner of CPDev window).
List of references to the variable appears at the bottom message window.

Double-click the row in the list opens the reference window.

Global Search QE

=+ Reference "START" in object "START" at line 2 with offset 2
= Reference "START" in object "PRG_SFC" at line 141 with offset 8
=+ Reference "START" in object "PRG_SFC" at line 189 with offset 8

85 Global variable properties

[ Initial value:
[EC §1131-3 declaration

[] Retain

001 VAR_GLOBAL
002 START
003 END_VAR

: BOOL;

Trarsit
e Conmert: [
Language Condition (ST language expression):
@® sT 001 START
Trarahi

MName: Comment: [:
Language Condition (ST language expression):
@® ST 001 START
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Unreachable and unsafe SFC

e Diagram in which at least one step can never be activated is called unreachable. It typically
occurs in case of incomplete branches or jumps outside of simultaneous sequences. SFC
editor partially prevents this by allowing to add complete branches only, but jumps are not
forbidden.

e Diagram in which a step can be activated while it is still active is called unsafe, since it may
lead to unpredictable behavior of the control system. Unsafe diagrams may be created by the
editor, so the user should take care to avoid them. The diagram shown below in online mode
is unsafe, since Jump1 activates Step2 while leaving Step3 active (not deactivated, still
running after enter into simultaneous sequence).

mn —N InftAction
I
1

| Trans1
TRUE

N

| Trans2
Step2T>=T#2s

-N [ JEETEE Actiond

ot Trans3 1 Transd
NOT TRUE TRUE
L Jumpt
V' Step2
Steps —N Action5

| __Trans5
TRUE

Properties windows
Step/Actions

e Step/Action properties window allows to bind action to step, change action qualifier and add a
comment. Double-click relevant step in the diagram to open the window.
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s step/Action

Step
Nane
Actions
(Recipe1 | Language
| Delete

Comment: i

Qualfier
(O N - Non-stored

() R-oveniding Reset
O 5-Set (Stored)

@ L-time Limted  [T#10s |
) D -time Delayed

O P-Puse

() SD - Stored and time Delayed
(O DS - Delayed and Stored
(O 5L - Stored and time Limited
©) P1 - Pulse fising edge)
() PO -Pulse faling edge)

]

| Cancel

window (lower-right corner).

editing the action.

e PButtons:

Click Add to add new action to Actions binding list in the window. Small window opens (Add
action) in which action name may be selected from action list previously defined in the main

Language of selected action cannot be changed (read-only). It is set automatically as ST while
Qualifier states how long the action is active during runtime. For instance: N — all time while

the step is active, S — until another step with R qualifier invokes the same action, SL — in
limited time no matter how long the step is active. See IEC 61131-3 standard for details.

— Up/Down change invocation order of actions.

— Rename renames selected action (like Add, but without adding to the list).

— Delete removes selected action from the binding list.

Remark. If the same action with time-dependent qualifier, such as L, D, SD, DS or SL, is
activated at the same moment at two different steps (or twice at the same step), it
appears in red while in the online mode (qualifier conflict). The ERR output of the action

becomes TRUE.

Transition

e Transition properties window allows to rename the transition, add a comment and edit

transition condition. Double-click the transition to open the window.

E-g. Transition
Transition

Name: |IEEGTE

Language
@ sT

Comment: [

Condition (ST language expression):
001 Hmax OR Step3.T > T

|
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Jump

e Jump properties window allows to rename the jump and indicate name of next step. Double-
click the jump to open the window.

B ump — O x I

e . —

o] (o=

Global SFC properties

e Selecting Tools > Modules > SFC configuration opens Global SFC properties window with five
tabs, Step, Action, Transition/Jump, Printing setup and General. The properties are global, so
they apply to all SFC diagrams of the project.

e Step and Action tabs specify layout settings of the element, such as size, colors, prefix, etc.
Transition/Jump defines prefixes and selects what to show in the diagram.

#5 Global SEC properties = O x & Global SFC properties = 0 X
Step | Action Transtion/Jump Printing setup General Step  Action Transtion/Jump Printing setup  General
Step Action
Width: El Normal color: QGualfier wickh: Nomal color: :]
Hegnt retve ccor [ Name with feve coor: [
Defauk prefx: Erorccor [ Mgt [ | Eorcoor [N
[ Show comment Action defauits
Language: &7 Qualfier; |N -Non-stored v
o
0K - Cance oK | | Cancel
3‘5 Global SFC properties — O 33 Globai SFC properties = | ps
Step  Adlion Transtion/Jump  Printing setup General Step  Action Transtion/Jump Printing setup  General
Transition layout Jump layout Printed components Text page orientation
[ Show transition name & Show jump name [ SFC diagram @ Portrat
- - O] o vl i) | O Lanics
[ Show transition comment [[] Actions (as text page) (O The same as SFC diagram
[] ST code {as text page}
Fort ftext page only)
oK Cancel oK || Cace
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S‘a Global SFC properties = O X

Step  Action Transtion/ump Printing setup General

Default drawing scale: |[100% «
[ Ovenwrite local settings
F Show print Area

Restore factory settings

ok | [ Canest

Printing setup specifies printed components, so the diagram, local variables, actions and ST
code. Orientation of text pages can be also selected (diagram orientation is selected in
Printing).

General tab determines drawing scale by displaying print line on the diagram and restores
factory settings. After changing the settings reload of SFC window is required. Local settings
are the ones previously saved in a file with the diagram.

Other issues

Changing SFC program name

Program name given initially needs to be changed sometimes in the final version.

To change program name:

— open the diagram (if closed)

— select the program in the project tree
— choose Project > ltems > Rename
— enter new name in the tree

— accept (Enter)

— build and save the project.

Library warnings

When library is linked to a project, CPDev automatically stores library version, timestamp and
number of compiler version which created the library (LCP file). When the project is open again
and built, those markers are compared with markers of actual library and compiler.
Inconsistencies trigger warnings.

The following warning indicates outdated library:
)\ Declared library timestamp ~ date  is not equal to timestamp found in library name  from file “C:' Jocation

If library content and compiler version have not been changed, ignore the warning and

proceed with the project. Warning will not appear on next opening.

Otherwise:

— remove the library from the project tree by selecting the library and choosing Remove from
context menu

— import actual library into the project by Project > Import - Library from appropriate file.

New version of CPDev compiler includes recompiled system libraries, i.e. IEC_61131.Ilcp and
Basic _blocks.lcp. So only user library, if any, needs recompilation, export as LCP file into
given location (Project - Export > Library) and import into the project as above.
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Automatic save

Every 10 minutes (default) CPDev creates a file in temporary directory (see operating
system settings) called CPDev_ProjectNameQOrFileName_EightHexNumbers.xml with source
code of the project. This is a back-up in case of CPDev crash.

If SFC diagram has been changed within that period, it is automatically verified (if open).
Automatic save period may be changed in Environment options = Editing.

Printing

Size adjustment

Grey lines partition total work area of the editor into printed pages. Final size of the diagram
may be decided before printing to fill in the pages conveniently.

Page setup
Choose Tools = Environment options - Configuration > Page setup.

Configuration b

Projects FEditing Colors Miscellansous Compiler Help  Fage setup

Border margins Paper/Orientation Printing scale

Leftem): (05 5] Rghtlem: 05 [5] Papersze: A4 v Userscale -
Topfemy 05 Bl  Botomemy: 05 5| @ Potsr User scale (%): 100 F&
Draw bordsr Padding em): (03  [&] O Landscape

2] Draw title block

Title block fields

[ Subject 4 Company

[ Proiect name ] Project version POU name Author

Filename Date [~] Page number

M Updste settings upon printing session

[ox ] | Concd

Upper part of the options involves Border margins, Paper size, Orientation and Printing scale
(independent of the editor scale).

Number of pages being printed is determined automatically according to the size of the
diagram and printing scale (user selected). Small diagrams need one page, large ones a few.
Lower part specifies what fields appear in the title block (table) printed at the end of each
page. Table changes somewhat if some fields are not selected.

Subject: Program keeps temperature in a greenhouse within a range |c:ompany: Rzeszow University of Technology
Project: Greenhouse_SFC |\«‘er5|un‘ Al |POJ‘ PRG_Greenhouse Autnor: Jan Nowak
File: C:\Users\Leszek Trybus\Documents\CPDev - programy, instrukcje\Projekty... [Date: 26.04.2018 11:31 |Page: 1/1

Data for Subject, Company, Project, Version, Author and File are copied from Project
properties window. Active window determines POU name.

Remark. Options of Page setup are kept in CPDev database (Environment options), so
they apply to each printing until changed.

49



Print

e Choose File = Printin the main menu or press Ctrl+P keys or icon in the toolbar (direct print).

e Select printer and preferences in printer selection window. Change of preferences and printout
adjusts grey lines and Page setup options accordingly.

e Press Print.

Remark. Printing to virtual printer such as Microsoft Print to PDF or PDF Creator is
convenient way to verify expected printout. Vertical orientation (portrait) suits LD, SFC and
horizontal (landscape) FBD.

Init N Actioni
_ | Transi _ | Trans2 _ | Trans3d
AK AND NOT & AM AND A AND NOT C AW AND C
Jumpi Jump2
7 Stepd =7 Btepd
Stepl M Action2
_ | Trans4 _ | Transh
B AND AM NOT AM
Jumpd
Init
Etepd ’— N Action3
| Transd _ | TTransT _ | Transg
C AND AM NOT A AND AM NOT AM
Jumps Jumps
=7 Siep2 Init
Steps =M Actiond
_ | Transg _ | Transid
NOT B AND AM NOT AM
_, - Jumgd
it
Jump?
Stepd

Eumiect Program ke2ps temperaturs in a3 graennouse within 3 range

Company, RZeszow Universsty of Technoiogy

Aushor Jan Mowak
Caie 26042016 11.31 |=BF= 11

Froject Greenhouse_SFC [Fo- PRE_cresnouse
Fre: CiUsarsileszak Trybus'DocumentsicPDey - programy, Instnukcatmno|ekty..

|-e"'-‘-'" wi

Remark. If question Do you want to print actions code? is accepted, the ST code is
printed.
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