Data Science and Automation

Lesson 22 — Laboratory
B&R Automation Studio
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Tool-chain

As we said before during this morning introduction, this
afternoon we are going to see how the software B&R
Automation Studio 4.1 works.

0)
o
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Automation Studio

You can download Automation Studio 4.1 (trial version) from
the following link:

https://www.br-

automation.com/index.php?elD=dumpFile&t=f&f=2%3A%2FB
RP44400000000000000515253&token=084d860a13ed034f66
04600d2c4d81d8alflcael

ooooooooo
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Automation Studio

Edit View Open Project Source Control Online Tools Window Help

cese o i gl b= 000

L Al Toolbox v o X

TTC TN RO AR SN aRE AR A A AR e T =RE R X 0K T Amieg=ke)

°ShrtPage X

Recent Prgles e
—f Getting Started

New Project
G:Mng"Startsy = =— =™
= B&R Sample Projects...
+§8 55 Coffee Machine B
i Application Basis Project
New Project
Create a new project...
F - - - - -
l * An empty project |
— o o o o
© BER
-~
owor 4 Tropery winaow
No stored online configurations found. Adding default connections.
The active vie selected items in the active view have no properties to display
Output I‘Debugger Console | Q Find in Files | £Callstack | @Debugger Watch | Breakpoints | Cross Reference | Reference List
COM1/RT=1000 OFFLINE Ln:0, Col:0

For Help, press F1
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Automation Studio

File Edit View Open Project Source Control Online Tools Window Help
b L L 5

Toolbox

There are no items in the toolbox that
can be inserted in the active view.

Automation Studio - New PI‘Oj ect Wizard
In this screen please enter the base parameters for the new project.

Name of the project:
Test ]

Path of the project
C:\Users\Alberto Cologni\Desktop\

Note: A subfolder with the same name as the project will be created automatically.

[ Use Automation Runtime Simulation

Description of the project:

Output
No stored online configurations found. Adding default connections.

tems in the active view have no properties to display

Output IiDebugger Console | ) Find in Files | 3§ Callstack | 3 Debugger Watch | points | G Cross e | &l e List
For Help, press F1 COM1/RT=1000 OFFLINE
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Automation Studio

View Open Project Source Control Online Tools Window Help
B0 LELLe o L Py oo ErTH X

Toolbox

There are no items in the toolbox that
can be inserted in the active view.

Automation Studio - New Project Wizard
In this screen please enter the p of the new confi i

[ ev e i e it )

Nan;ftheemﬁgl.raﬁm:
" I\CorﬁgwazioneTw N
- e o o . o o o o o e e e e e .

Hardware Configuration

‘ © Define a new hard figurati lly

q () Identify hardware configuration online
ﬁ © Reference an existing hard figuration (~hw ).

Description of the configuration:

Output
No stored online configurations found. Adding default connections.

tems in the active view have no properties to display

Output I'Debugger Console | Q Find in Files |’Callsta(k |@Dthugger Watch | poi |§Cmss e | e List
For Help, press F1 COM1/RT=1000 OFFLINE

University of Bergamo, Data Science and Automation, a.a. 2019-2020 6



Automation Studio

File Edit

View Open Project Source Control
RO Le e X

Online Tools Window Help

NP ENES]

Automation Studio - New Project Wizard
In this screen select the CPU or system unit you want to use.

&

Output
No stored online configurations found. Adding default connections.

(B2 - | @ % Search.

Product Group
—-—

(opg 10 )
IComole')hdustﬂdPC
a——

C m

-
Operator

Interface

e

System X20

Mode! Number
4PP065.0351-P74
4PP065.0351-X74
4PP065.0571-P74
4PP065.0571-P74F
4PP065.0571-X74

4PPNRK NK71-X74F

PP065 TFT ( 3.50n T, FT, EPL, ETH, USB
PP065 TFT C QVGA 3.5in T, FT, X2X, ETH, USB
PP065 TFT CQVGA 5.7 T, EPL, ETH, USB
PP065 TFTCQVGA 5.7 T, FT, EPL. ETH, USB
PP065 TFTCQVGA 5.7 T, X2X, ETH, USB
PPNRR TFTCQVGAR 7T FT X2X FTH LISR X

[] Activate Simulation

»

Automation Runtime type: [AREnbedded 7|

[ <Back |[ Fnsh ][ Concel |[ hHep |

Output IiDebugger Console | &) Find in Files | 3§ Callstack | g3 Debugger Watch |

| & cross =

e List

tems in the active view have no properties to display

Ibox

There are no items in the toolbox that

can be inserted in the active view.

For Help, press F1

COM1/RT=1000 OFFLINE
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Automation Studio

File Edit View

Open Project Source Control
RLPLe s XY

Output

Online Tools Window Help

Automation Studio - New Project Wizard
In this screen select the CPU or system unit you want to use.

&

Product Group
-
Controller

Ie m

§§ 'HE] G Q Search...

gy

System X20

Mode! Number
X20CP1485
X20CP1485-1
X20CP1436

1588,

X20CP1584

Descrot
X20 CPU Celeron 400, POWERLINK, Tx IF
X20 CPU Celeron 400, POWERLINK, Tx IF
X20 CPU Celeron 650, POWERLINK, Tx IF

U AIO0M.D,3GEZ, PQUERLIK. Lolf
X20 CPU ATOM, 0.6GHz, POWERLINK, 1x IF

<

Activate Simulation

No stored online configurations found. Adding default connections.

SmyoMEP I D) FRPOURS (CEP POPRINK TR T mm m— = -
T

mn »

Automation Runtime type: [AREnbedded 7|

[ <Back |[ Fnsh ][ Concel |[ hHep |

e List

Output I“Debugger Console | Q Find in Files |“Callshtk |@Debugger Watch | Breakpoint: |§Cross

e | &l

Toolbox

tems in the active view have no properties to display

There are no items in the toolbox that

can be inserted in the active view.

For Help, press F1

COM1/RT=1000 OFFLINE

University of Bergamo, Data Science and Automation, a.a. 2019-2020



Automation Studio

£ Ci\Users\Alberto Cologni\Desktop\Test\Test.apj/ConfigurazioneTest - A ion Studio V 4.0.17.85 SP #1:8 496866 =0 | o X
File Edit View Insert Open Project Source Control Online Tools Window Help
@aand b IPIP T = - X TOX T 1o &8 8 @9,
] iz ] V]
| A hwl [System Designer] X v
WA mMB G &% @SN 20D @0 adyle SLT s T30l &8 @z e &
Object Name Description - Product Group =
E] Test | ] 3 B
i 93 Globaltyp Global data tye D\Illlllg (]
- & Global.var Global variable ) Controller /0
G- [ Libraries Global libraries i
o) oM
Industrial PC Operator
Interface
=8 - &
Mode! Number (15
0ACB08.9 ¢
. . . . _ 4C1300.02-510 1
In this window we can set the hardware configuration of | wwsomen ¢
4PP065.0351-X74 F
H 4PP065.0571-P74 F
the PLC, by a simple drag and drop of each module. piteerd R
4PP065.0571-X74 F
4PP065.0571-X74F F
4PP065.IF10-1 ]
4PP065.IF23-1 ]
4PP065.IF24-1 ]
4PP065.IF33-1 ]
4PP320.0571-01 F
4PP320.0571-35 F
) 4PP320.1043-31 F
<l 0 ’ |~ |  4PP320.150531 Fo
(B Logical Vi... ‘Canflgur.,. &rhysical v... || « M » a "';f """"" il
'lsarsing files for SmartEdit Support....
Parsing finished
EOutput *DebuggerConsole @]Find in Files ﬂCaIIsta:k éDebugger\*."atch ﬂBreakpoints 30055 Reference ﬂReference List
COM1/RT=1000 OFFLINE Ln:0, Col:0
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Automation Studio

% C:\Users\Alberto Cologni\Desktop\Test\Test.apj/ConfigurazioneTest - A ion Studio V 4.0.17.85 SP # 1:8 496866 = ===

File Edit View Inset Open Project Source Control Online Tools Window Help

QA HE | e D PN ML Moo R W ROK. WCE K- &) Qa4
‘ vt ) S S’ ~ \ Hit hwl [System Designer] X v

B2 R8RS ' *?‘l PGy aB adle ST utsk s il s @] z-1€ % g
bject Name Description Q - Product Group :
I Global typ IGlobaI data Iy! ‘:‘
I & global.var Global variabl1 o
e (9 Librares Global fraries 52 [ Connect X20A12322 to connector IF6 of X20CP1582.
| | © o .
| [ safety
I I Accessory X
I I £|| Model Number [+
SimDevice <
| | . . . X20AI1744 1
| : We can insert a module with two analog inputs of 0-20 mA. e 5
| Il With the right button of the mouse, it is possible to configure the e :
1 I X20A12437
| : each module. allge :
l Il N.B.: These settings compose the «configuration» of the system. N2 :
' ' i :
| | @ X20A14622 4
Kl i Y Al ~ X20A14632 4
&@kaﬁm£C0n_ﬂgur;0_thsg'v{ < i ’ A i
'szz::g gﬁzggrdSmaﬁEdvt Support... X20A12322
Description:

2 Inputs 0 to 20 mA

il

jOutput ‘Debugger(onsole @Fmdln Files aCaHsta(k éDebuggerWat(h ﬂBreakpomts 30055 Reference ﬂReferenceLlst

COM1/RT=1000 OFFLINE Ln:0, Col:0
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Automation Studio

File Edit View Insert

Tl T T IR el s S ESe s X ASOME 0363

Open Project Source Control Online Tools Window Help

Je & & gzl g L e

logtvew 8 [ Ter—r——r———

B mnB R % BE| 2 00H%e ad agdhle ST udtslbs&lleE

Object Name Description I -
Open L Network Type
Open with Explorer
e ol o
| EmiRddObect= ) POWERL XX
Cut =
Oes (P> E
Copy Cin &
Paste CAN Ethemet <
Delete Model Number 12
4XP0000.00-K20 [lﬂ
Rename 4XPO000.00-K21 t
Move Up 4XP0000.00-K40 [
eI 4XP0000.00-K41 [
4XP0000.00-K76 r
Celmms ’ 5PP5I0 GMAC-00 f
Expand/Collapse » 5PP5I0.GNAC-00 F
i 7Xv108.50-11 €
A XV108.50-12 ¢
7Xv108.50-51 £
7XV108.50-62 £
7XV116.50-01 1
7XV116.50-11 1
7XV116.50-12 1
) 7XV116.50-51 1
< I | ' \ 7XV116.50-62 1.
aLogical Vi...“Configur... \'Physizal V... || ¢ m D < r‘-"-'-».l-. P ',
'F’arsing files for SmartEdit Support...
Parsing finished
‘ =] output [‘Debuggel Console [ (g] Find in Files ‘ ﬂCallstack | @Debugger Watch ‘ [¥ Breakpoints | @Cross Reference |E Reference List
COM1/RT=1000 OFFLINE Ln:0, Col:0
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Automation Studio

* C:\Users\Alberto Cologni\Desktop\Test\Test.apj/ConfigurazioneTest - Automation Studio V 4.0.17.85 SP #1:8 496866

File Edit View Inset Open Project Source Control Online Tools Window Help

AQaHA b D

(=& ]=]

Logical View v o X

EJEMBQ‘@ > % & &
Object Name Description

= ) Test
%3 Global typ Global data typ

2 Global.var Global variable
f- (3] Libraries Global libraries

< | 1 ] »

SO AS R E SRRSO 0303 XTI AR SAL AT XY
la@‘ hwl [System Desi ] X‘

0N B ad agdle SIT o &l le s

4 Add Object =

Categories: Templates:

ﬁ Existing Program

[ Program

‘a Logical Vi...[‘(onfigur... \'Physital V..

N

)

N

O ok

POWERL... X2X

etwork Type

Ocin O

CAN Ethemet

-

Model Number

<

4XP0000.00-K20
4XP0000.00-K21
4XP0000.00-K40
4XP0000.00-K41
4XP0000.00-K76
5PP5I0.GMAC-00
5PP5I0.GNAC-00
7Xv108.50-11
7Xv108.50-12
7Xv108.50-51
7Xv108.50-62
7Xv116.50-01
7XV116.50-11
7XV116.50-12
7XV116.50-51
7XV116.50-62

'F’arsing files for SmartEdit Support...
Parsing finished

‘ EOutput [ﬁDebugger Console ‘ 6.3] Find in Files ‘ xCallsta(k | @Debugger Watch ‘ E Breakpoints | @Cross Reference ]E Reference List

COM1/RT=1000 OFFLINE

University of Bergamo, Data Science and Automation, a.a. 2019-2020

Ln:0, Col:0

12



o

Automation Stud

* C:\Users\Alberto Cologni\Desktop\Test\Test.apj/ConfigurazioneTest - Automation Studio V 4.0.17.85 SP #1:8 496866
File Edit View Inset Open Project Source Control Online Tools Window Help

MBS Pola i e i R A D@L re&EE B Ll il b= 00

o
v o X P hwl [System Desig| ]X‘
GJ;JM%QV > ;'\4"‘/ -))u‘wlz// /@'Q‘hl;‘ :Ij;‘\fﬁif"‘f‘%uéﬂ"w

“a

Object Name Description
= ) Test
>

? Global data typ
¢ Globalvar Global variable
(2] Libraries Global libraries

(% New Program @

Program

Program name: 'TestPnognam
—— )
Description: Program
What kind of files do you want to generate?
Data type declaration: TestProgram typ

Variable declaration: TestProgram.var

<| [0 | )

Network Type

off o

POWERL... X2X

Ocip D« °
CAN Ethemet <
£/| Model Number
4XP0000.00-K20 =
4XP0000.00-K21 C
4XP0000.00-K40 C
4XP0000.00-K41 [
4XP0000.00-K76 [
5PP5I0.GMAC-00 £
5PP5I0.GNAC-00 F
7XV108.50-11 €
7XV108.50-12 £
£
£
1
1
1
1
1

7Xv108.50-51
7XV108.50-62
7Xv116.50-01
7XV116.50-11
7XV116.50-12
(= ) 7XV116.50-51

TN - 7XV116.50-62

N

‘ (B Logical VL..[‘ Configur... | @ Physical V...

s < [am ] »

BT (T
1k

|

[Parsing files for SmartEdit Support...
Parsing finished

‘ j Output [‘Debugger Console ‘ @] Find in Files ‘ﬁCallstack @Debugger Watch ‘ E Breakpoints ECross Reference \ﬂ Reference List

COM1/RT=1000 OFFLINE
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Automation Studio

t C:\Users\Alberto Cologni\Desktop\Test\Test.apj/ConfigurazioneTest - Automation Studio V 4.0.17.85 SP #1:8 496866
File Edit View Insert Open Project Source Control Online Tools Window Help

Q) QB L IR C 0K T Haley- $&6 8 L gl e @00
logaven - b x [PTer—r——— .
o mnRBBES % DR 20N e @B gl SLT sk ERDAS 6 g
Object Name Description - -
%2 Global typ Global data typ Network Type
¢ Global.var Global variable
() Libraries Global libraries ] I" [19
POWERL... X2X
(% New Program == O cin O ‘p’ E
Program CAN Ethemet <
=] Model Number (2
Program name: TestProgram ‘;‘
4XP0000.00-K20 =
Description: Program AXP0000.00-K21 1
What kind of files do you want to generate? :ism%z? E
Init program: TestPrograminit Id 4XP0000.00-K76 r
Language: - 5PP5I0.GMAC-00 2
o] 5PP5I0.GNAC-00 F
Cyclic program ANSI C++ 7XV108.50-11 13
N B&R Automation Basic | 7XV108.50-12 3
anguage: Continuous Function Chart
Function Block Diagram %13’50’51 i
Exit . Instruction List 50-62
CIEat program Ladder Diagram TXV11650-01 1
Language: Structured Text 7XV116.50-11 1
_ e 7XV116.50-12 1
B (= ) 7XV116.50-51 1
< T ] » N - 7XV116.50-62 )=
‘L’;LogicalVi...‘.Configur... &rnysicalv... || « | Next > Cancel Help s < ‘-.”,’M.‘-- - ~
| :
Parsing files for SmartEdit Support...
Parsing finished
‘ j Output [‘Debugger Console \ @ Find in Files \dCallstack \@Debugger Watch \ S Breakpoints \ 30055 Reference \E Reference List
COM1/RT=1000 OFFLINE Ln:0, Col:0
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Automation Studio

* C:\Users\Alberto Cologni\Desktop\Test\Test.apj/ConfigurazioneTest - Automation Studio V 4.0.17.85 SP #1:8 496866

File Edit View Inset Open Project Source Control Online Tools Window Help

NN Pola i e i R A D@L re&EE B Ll il b= 00

o
v & X A hwi [System Designer] X |

GJ;JM%QV > ;'\4"‘/ -))u‘wlz// /@'Q‘hléél‘_ﬂi_ﬂ“fﬁf"f?ﬁuéﬂ"w
Object Name Description
= ) Test

>

Network Type

off o

POWERL... X2X

? Global data typ
¢ Globalvar Global variable
(2] Libraries Global libraries

{ New Program == B Gn B " E

CAN Ethemet

“a

Do you want to assign the new object to a CPU now? =|| Model Number |

4XP0000.00-K21

@) Yes, to active CPU 4XP0000.00-K40
4XP0000.00-K41

4XP0000.00-K76

5PP5I0.GMAC-00

5PP5I0.GNAC-00

7XV108.50-11

L

L

r

© Yes, to all CPUs :
F

€

7XV108.50-12 €
€

£

1

1

1

1

1

() No. do nothing

7XV108.50-51
7XV108.50-62
7XV116.50-01
7XV116.50-11
7XV116.50-12
(= ) 7XV116.50-51
<| n ] » . TN - 7XV116.50-62

N

‘ (B Logical VL..[‘ Configur... | @ Physical V...

4XP0000.00-K20 =

[ (| B N ) — o™ ;
i B

|

[Parsing files for SmartEdit Support...
Parsing finished

‘ j Output [‘Debugger Console ‘ @] Find in Files ‘ﬁCallstack @Debugger Watch ‘ E Breakpoints ECross Reference \ﬂ Reference List

COM1/RT=1000 OFFLINE Ln:0, Col:0
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Automation Studio

File Edit View Insert Open Project Source Control Online JTools Window Help
T—— . - . N
X Pu g &Jﬁi- oﬁi:%fs(')'i: (g 5] (2

& E &

&

A

A

WA

4

g 1

+

= Q9

| €& hwi [System Designer] X |

Dbject Name Descri

B Q) Test

&~ %3 Globaltyp Global dJ'
2 Global.var Global v:

Global libr|

rw_naﬂﬁét&é%@‘b] 20 W%y el iadilz ST g s EEDASE
ipti
|

4 .. Cyclic coc|
l4+] TestPrograminitid Initializati
- 8 TestProgram typ Local d: |
B @ TestProgramvar  Local vaf

!
I|
I|
I|
I|
Ii
I'
|
Vi

Network Type

off o

POWERL... X2X

Ocin O

CAN Ethemet

>

N

\h@ical Vi:‘!Con_ﬁgur;\'llysi(j\/.’..

Model Number

4XP0000.00-K20
4XP0000.00-K21
4XP0000.00-K40
4XP0000.00-K41
4XP0000.00-K76
5PP5I0.GMAC-00
5PP5I0.GNAC-00
7Xv108.50-11
7Xv108.50-12
7Xv108.50-51
7XV108.50-62
7Xv116.50-01
7Xv116.50-11
7XV116.50-12
7XV116.50-51
7XV116.50-62

i

'F’arsing files for SmartEdit Support...
Parsing finished
C:\Users\Alberto Cologni‘\Desktop'\Test\Physical\Configurazione Test\X20CP 1584\Cpu sw (SL1) : Waming : Object name "TestProgram" was renamed in software co

< m ] »

‘EOutput [‘Debugger Console | &) Find in Files | 3 Callstack | E} Debugger Watch | (@ Breakpoints | &} Cross Reference | jgJ Reference List

COM1/RT=1000 OFFLINE
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Automation Studio

%L C\Users\Alberto Cologni\Desktop\Test\Test.apj/Confi Test - A Studio V4.0.17.85 SP # 1:8 496866 =0 =R =T
File Edit View Insert Open Project Source Control Online Tools Window Help
GAQQHA R P i XL ABD ML : - & b S0 t= @9
l ‘ Jé?.,Hardware.hwl [System Designer] ‘ 2 Cpu.sw [Software] X ‘ [
&30 = IR R IR EIEEEE'G‘* s
Configuration Batch Object Name Version  Transfer To Size (bytes) Source Source File  Description ssi Others o
= @ ConfigurazioneTest [A...
% E:s:::::, o @ Cyclic #1-[10ms] Network Type
b it o || @ ORI ol ok
E?é [Cpu.sw | J ri‘ LY RDY e  —— ———— — o e e e e e e e e e e e POWERL X2X
Eﬁ'cmef_ _—— B @ Cyclic #4-[100ms]
[ @ loMap iom ‘ a TestProgra 1.000 UserROM 0 TestProgram Conrfigurazi... Program I =
& @ PvMapyvm e RS MER T T M mm mm mm mm mm mm mm e e mm mm mm mm mm mm e e e o e = = e e I:Jcin I:J,_’ =
e (@ Cyclic #6 - [500 ms] CAN Ethemet <
-~ (@ Cyclic #7-[1000 ms] Model Namber ; A
o (@ Cyclic #8-[10ms] h H H d h h d I f h (=]
B Dua Otiets In this window we can see the scheduler of the 4XC0000001C0 =
Nc Data Objects . :i:m%z; :
-~ Vastion PLC. We can observe that the new Task p is pekeoge :
- ol Binary Objects 4XP000D.00-K76 t
- &9 Library Objects . : . 5PP5I0 GMAC-00 f
B Souoe Ot assigned to a 100ms cyclic. We can modify the Ereao oo F
‘ Configuration Objects 7XV108.50-11 3
1+ 1 1 7XV108.50-12 €
position or the frequency of the task by clicking idegt ;
. . 7XV108.50-62 £
with the right button of the mouse over the TG 1
. 7XV116.50-12 1
CyCI IC. 7XV116.50-51 1
< m | N » 7XV116.50-62 1.
flLogncaan.ﬁCﬂfiﬁgi. pPhysual V... || « B B i
|
Parsing files for SmartEdit Support...
Parsing finished
C:\Users\Alberto Cologni\Desktop\Test\Physical\Configurazione Test\X20CP 1584\Cpu.sw (SL1) : Waming : Object name "TestProgram" was renamed in software col
<[ m ] »
‘ :I Output ‘*Oebugger Console \ &'] Find in Files \NCallstack éoebugger Watch \ S Breakpoints ECross Reference ﬂ Reference List
COM1/RT=1000 OFFLINE Ln:2, Col:2
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Ladder exercises
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Exercise 1

Develop a Ladder software that allows the control of an
industrial oven with the following operating mode.

When the operator press the start button (START=1), the PLC
starts the warming cycle of the material (OP=1) for 30
seconds. After that interval, the OP command must be reset
by the PLC (OP=0). The completion of the process have to be
signaled by the powering on of a green light (GREEN=1) for 10
seconds.

After this interval, the green light must be powered off
(GREEN=0).
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Exercise 1

The only input of the system is:
e START: Button that starts the oven
The outputs are:

* OP: Oven enabling
 GREEN: Led that indicates the end of the oven functioning.
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Exercise 2

Develop a Ladder software that allows the control of an hydraulic car-
lifter for the tyres change with the following operating mode:

The car arrives in proximity of the lifter and it is detected by a
photocell.

The piston starts the lifting of the car in slow forward mode
(suppose that the piston starts from the FIP point) until the
reaching of the RMP point.

The piston lift the car until the reaching of the FAP point, in rapid
forward mode.

The piston stays in its position until the tyres change has finished
(for our simulation purposes, we can suppose that FC=0 instantly
when the piston reach the FAP point)

The piston put down the car until the reaching of the FIP point
with the VI command.

University of Bergamo, Data Science and Automation, a.a. 2019-2020 21



Exercise 2

FC
FAP  “FA
VAP -
RMP
VAV | |
Vi I GE

OUTPUTS:

* VAP: Command to send the piston forward in slow mode(0 — deactivated — 1 activated)
* VAV: Command to send the piston forward in rapid mode(0 — deactivated — 1 activated)
* VI: Command to send the piston backwards (0 — deactivated — 1 activated)
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Exercise 2

FC
FAP  “FA
VAP -
RMP
VAV | |
Vi I GE

INPUTS:

FC: End of the tyres change (0 change occurring— 1 change not occurring)
FAP: Forward limit of the piston (0 not active — 1 active)
FA: Car photocell (O car not present — 1 car present)

RMP: Reaching of the half turn of the piston (0 piston extended for less than half turn —1
piston extended for more than half turn)
FIP: Backward limit of the piston (O not active — 1 active)
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Exercise 2

Notes:

FA=0 only after the complete moving of the car away from
the lifter, that can happen also many cycles after the
lowering of the piston to the FIP point.

We have to create a program that assure the lowering of
the piston in any time if FA=0 (independently on the
condition in which the piston is).
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Exercise 3

Develop a Ladder software that allows the control of an industrial drill
with the following operating mode.

When the operator press the START button (START=1), the PLC must
turn on the drill's motor (MOTOR=1), but only if the security
protection is activated (PROTECTION=1).

Otherwise, the PLC have to signal to the operator with an alarm
(ALARM=1) that the protection has to be activated.

When the operator activate the protection, the PLC must turn off the
alarm (ALARM=0) and the operator can press again the START button
(START=1) to make the motor turn on (MOTOR=1).

To stop the drill, the operator can press the STOP button (STOP=1). If
the operator doesn’t press the stop button, the drill stops itself
automatically after 10 seconds.
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Exercise 3

The inputs of the system are:

e START: Button that starts the drill’s motor (0 button not
pressed — 1 button pressed)

e STOP: Button that stops the drill’s motor (O button not pressed
— 1 button pressed)

e PROTECTION: Sensor on the security protection (0 deactivated
— 1 activated)

The outputs are:

e MOTOR: Command that enable the drill’'s motor (O deactivated
— 1 activated)

« ALARM: Alarm that signal the need of activation of the security
protection (O deactivated — 1 activated)
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SFC exercises
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Exercise 1

Develop a SFC software that allows the control of an industrial
oven with the following operating mode.

When the operator press the start button (START=1), the PLC
starts the warming cycle of the material (OP=1) for 30
seconds. After that interval, the OP command must be reset
by the PLC (OP=0). The completion of the process have to be
signaled by the powering on of a green light (GREEN=1) for 10
seconds.

After this interval, the green light must be powered off
(GREEN=0).
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Exercise 1

The only input of the system is:
e START: Button that starts the oven
The outputs are:

* OP: Oven enabling
 GREEN: Led that indicates the end of the oven functioning.
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Exercise 2

Develop a SFC software that allows the control of an hydraulic car-lifter
for the tyres change with the following operating mode:

The car arrives in proximity of the lifter and it is detected by a
photocell.

The piston starts the lifting of the car in slow forward mode
(suppose that the piston starts from the FIP point) until the
reaching of the RMP point.

The piston lift the car until the reaching of the FAP point, in rapid
forward mode.

The piston stays in its position until the tyres change has finished
(for our simulation purposes, we can suppose that FC=0 instantly
when the piston reach the FAP point)

The piston put down the car until the reaching of the FIP point
with the VI command.
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Exercise 2

FC
FAP  “FA
VAP -
RMP
VAV | |
Vi I GE

OUTPUTS:

* VAP: Command to send the piston forward in slow mode(0 — deactivated — 1 activated)
* VAV: Command to send the piston forward in rapid mode(0 — deactivated — 1 activated)
* VI: Command to send the piston backwards (0 — deactivated — 1 activated)
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Exercise 2

FC
FAP  “FA
VAP -
RMP
VAV | |
Vi I GE

INPUTS:

FC: End of the tyres change (0 change occurring— 1 change not occurring)
FAP: Forward limit of the piston (0 not active — 1 active)
FA: Car photocell (O car not present — 1 car present)

RMP: Reaching of the half turn of the piston (0 piston extended for less than half turn —1
piston extended for more than half turn)
FIP: Backward limit of the piston (O not active — 1 active)
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Exercise 2

Notes:

FA=0 only after the complete moving of the car away from
the lifter, that can happen also many cycles after the
lowering of the piston to the FIP point.

We have to create a program that assure the lowering of
the piston in any time if FA=0 (independently on the
condition in which the piston is).
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Exercise 3

Develop a SFC software that allows the control of an industrial drill with
the following operating mode.

When the operator press the START button (START=1), the PLC must
turn on the drill's motor (MOTOR=1), but only if the security
protection is activated (PROTECTION=1).

Otherwise, the PLC have to signal to the operator with an alarm
(ALARM=1) that the protection has to be activated.

When the operator activate the protection, the PLC must turn off the
alarm (ALARM=0) and the operator can press again the START button
(START=1) to make the motor turn on (MOTOR=1).

To stop the drill, the operator can press the STOP button (STOP=1). If
the operator doesn’t press the stop button, the drill stops itself
automatically after 10 seconds.
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Exercise 3

The inputs of the system are:

e START: Button that starts the drill’s motor (0 button not
pressed — 1 button pressed)

e STOP: Button that stops the drill’s motor (O button not pressed
— 1 button pressed)

e PROTECTION: Sensor on the security protection (0 deactivated
— 1 activated)

The outputs are:

e MOTOR: Command that enable the drill’'s motor (O deactivated
— 1 activated)

« ALARM: Alarm that signal the need of activation of the security
protection (O deactivated — 1 activated)
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Structured Text exercises
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Exercise 1

Develop a Structured Text software that allows the control of
an industrial oven with the following operating mode.

When the operator press the start button (START=1), the PLC

starts the warming cycle of the material (OP=1) for 30
seconds. After that interval, the OP command must be reset

by the PLC (OP=0). The completion of the process have to be
signaled by the powering on of a green light (GREEN=1) for 10
seconds.

After this interval, the green light must be powered off
(GREEN=0).
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Exercise 1

The only input of the system is:
e START: Button that starts the oven
The outputs are:

* OP: Oven enabling
 GREEN: Led that indicates the end of the oven functioning.
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Exercise 2

Develop a Structured Text software that allows the control of an
hydraulic car-lifter for the tyres change with the following operating
mode:

The car arrives in proximity of the lifter and it is detected by a
photocell.

The piston starts the lifting of the car in slow forward mode
(suppose that the piston starts from the FIP point) until the
reaching of the RMP point.

The piston lift the car until the reaching of the FAP point, in rapid
forward mode.

The piston stays in its position until the tyres change has finished
(for our simulation purposes, we can suppose that FC=0 instantly
when the piston reach the FAP point)

The piston put down the car until the reaching of the FIP point
with the VI command.
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Exercise 2

FC
FAP  “FA
VAP -
RMP
VAV | |
Vi I GE

OUTPUTS:

* VAP: Command to send the piston forward in slow mode(0 — deactivated — 1 activated)
* VAV: Command to send the piston forward in rapid mode(0 — deactivated — 1 activated)
* VI: Command to send the piston backwards (0 — deactivated — 1 activated)
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Exercise 2

FC
FAP  “FA
VAP -
RMP
VAV | |
Vi I GE

INPUTS:

FC: End of the tyres change (0 change occurring— 1 change not occurring)
FAP: Forward limit of the piston (0 not active — 1 active)
FA: Car photocell (O car not present — 1 car present)

RMP: Reaching of the half turn of the piston (0 piston extended for less than half turn —1
piston extended for more than half turn)
FIP: Backward limit of the piston (O not active — 1 active)
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Exercise 2

Notes:

FA=0 only after the complete moving of the car away from
the lifter, that can happen also many cycles after the
lowering of the piston to the FIP point.

We have to create a program that assure the lowering of
the piston in any time if FA=0 (independently on the
condition in which the piston is).
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Exercise 3

Develop a Structured Text software that allows the control of an
industrial drill with the following operating mode.

When the operator press the START button (START=1), the PLC must
turn on the drill's motor (MOTOR=1), but only if the security
protection is activated (PROTECTION=1).

Otherwise, the PLC have to signal to the operator with an alarm
(ALARM=1) that the protection has to be activated.

When the operator activate the protection, the PLC must turn off the
alarm (ALARM=0) and the operator can press again the START button
(START=1) to make the motor turn on (MOTOR=1).

To stop the drill, the operator can press the STOP button (STOP=1). If
the operator doesn’t press the stop button, the drill stops itself
automatically after 10 seconds.
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Exercise 3

The inputs of the system are:

e START: Button that starts the drill’s motor (0 button not
pressed — 1 button pressed)

e STOP: Button that stops the drill’s motor (O button not pressed
— 1 button pressed)

e PROTECTION: Sensor on the security protection (0 deactivated
— 1 activated)

The outputs are:

e MOTOR: Command that enable the drill’'s motor (O deactivated
— 1 activated)

« ALARM: Alarm that signal the need of activation of the security
protection (O deactivated — 1 activated)
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