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OBJECTIVE

The objective is for students to become familiar with industrial equipment used for PLC-based
programmed control. To achieve this, the guided exercise involves implementing a programmed
control for reversing the rotation of a three-phase squirrel-cage motor.

This project has been funded with support from the European Commission. This publication
reflects the views only of the author, and the Commission cannot be held responsible for any use
which may be made of the information contained therein.
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1. PREVIOUS KNOWLEDGE.

For this exercise, the student should be able to:

e Demonstrate basic proficiency in TIAPORTAL STEP7 software.

Understand the communication process between the PLC and TIAPORTAL STEP7.

e Read and interpret the panel’s electrical diagram.

e |dentify components and their functions on the panel.

e Recognize the PLC’s input and output signals.

e Analyze the electrical characteristics of the motor, PLC, and control elements.

e Be familiar with Ladder (KOP) programming language and the operation of TIA
PORTAL.

2. THEORETICAL RESOURCES.

e Didactic guide
e Workshop manual.

e Annexes.

3. DESCRIPTION OF THE PRACTICE.

1. The task is to program a PLC system to:
e When pressing one of the start pushbuttons, the motor (belt) will rotate to the
right until it reaches the right cycle end sensor.
e When pressing one of the start pushbuttons, the motor (belt) will rotate to the left
until it reaches the left cycle end sensor.
e Include a stop pushbutton and an emergency stop mushroom button.
2. The system will include the following control elements:
e Motor protection switch for the motor.
e Emergency stop mushroom button with NC contact.

e Stop pushbutton (NC).
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e Start pushbuttons (NO) for left or right rotation.
e Two PNP inductive sensors with normally open contacts as cycle end detectors: B1
for left and B2 for right.
3. The motor must be powered from the 400V AC three-phase supply (star connection).
The KE contactor must be activated.

4. Ensure that KIZQ and KDCHA are not activated simultaneously.

In our case it is a PLC of the SIEMENS brand that is programmed with TIAPORTAL. This
software allows determining the data of the PLC that we want to program and will be the

starting point from which we can continue with the following proposed practices.
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4. SAFE USE OF THE EQUIPMENT IN THE LABORATORIOS.

The activities proposed in this workshop do not require physical or online monitoring by a

teacher.

5. STEP BY STEP Example

Once the remote desktop connection to the panel is established, you will have access to the
computer. You must log in using:

e Username:Alumnos
e Password: Xabec2025

After logging into Windows, you will have access, on the same desktop, to the following
resources:

TIAPORTAL V17 programming software for PLC programming.

VLC video software for remote monitoring of the panel’s operation.

HTML access to the virtual pushbutton panel.

Before starting with TIAPORTAL programming

1. Launch the virtual pushbutton panel by double-clicking the icon on the desktop.

The browser should open, displaying the following image of the virtual pushbutton
panel.
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2. Start the panel visualization using VLC software In the middle menu, open the stored
network location.

& Reproductor multimedia VLG

Medic Reproduccion  Sudes ¥ideo  Subbiftule Herrsr
*]  Abrir archivg... Ctrl=0
FAbnr miltples archivos. . Ctrl=5hift=0
0 Abnr carpeta.., Chrl-F
Abrir discg.. Ctrl-Dr
% Absir ubicacién de red... Cirls N
1  Abar dispositvo de capiura.., Crl=C
Lbnr desde portapapeles Chrl=W
Al medios recientes ¥
Guardar lista de reproduccidn..., Chrl=%
Conwertir.. Ctrl-R
= Ermitir.. Crl+5
Salir al final de la lista de reproduccidn
& Salir Ctrle

A Abdir medio = =

| anchive S os 5 Red [T mispositivo de captura
Protoodo de red
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And we will then have access to the panel monitoring.

& rtsp/10240.35.12 in/av_stream -
Medio Reproduccion Audio  Video Subtitulo  Herrami Ayuda

We continue with SIEMENS PLC Programming

1. Launch TIAPORTAL

2. Create a new project and give it a name

Create new project

Project name: fFroject]
Path: | CWsers\alumnos Docurments Butonma tion =
version: | V17 -

Authar: | Alurnnos
Comment: -

B Comment

3. The project creation process is started:
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Creating project...

g Creating project...

The project
Chllzerslalumnos|Documents ButomationlP2_S0OLIF2_SOLap17 i being _..

4. Access the Open Project Preview

\m’“ Write PLC program

. Configure
LLNT Y technnlng'y' l:ll:liEft"."i

NN Parameterize drive

I | Configure an HM screen

O pen the project view
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5. Search for accessible devices.

K
|| Devices |

I~ jr2soLwv2
¥ Add new device
gh Devices & networks

» n Ungrouped devices
&9 Security settings
29 Crozzdevice functions
i Common data

» 5]) Documentation settings

b O Language: & resources

» & Version control interface
¥ 3 Online access

¥ Displayhide interfaces

» ) COM[RS232/PPI multimaster cabl %
| » B COM<3 [RS232UPP multrmaster... B§
| = "0 mel(R) Ethernet Connection (17) 1. 19
' £2 Update acceszible devices

& Dizplay more informavon
P Q) Iintel(R) VAFi 6E AX211 1600MHz B8
» _J PCinternal [Local) 5
oY)
3]

W\ (P

» T guseisusse]
» LB TeleService [Automatic protocol d
» 4 Card ReadenUSB memory

6. The following device should appear with its IP address, which must be verified for
correctness by comparing it with the one shown in the image.

» JP2.50L

=| * 3 Online access

F Y ODizplayhide interfaces
» ) COM[RS232/PPI multimaster cable M§
» L) COM<3>[RS232)PP multimaster.. N
v _} Intel(R) Ethernet Connection (1. 18,
A2 Update accessible devices

» " ple_1[10240352)
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7. Expand the menu and click on Online & Diagnostics to verify that the PLC firmware
version matches the one shown in the image.

v Diagnostics
Gt
oenen
Diegnostic status Module
Diagnostics buffer
Cycle time Short designaton: [ CPU 1214C AGDCRY
Memory Acticle number [ 6ES7 214-1BG40-0XBO
P PROFINETinterface [X1]
Hardware: [12
» Function:
Firmware [V4,4_1
Version of the TIA Portal peoject. [vi7

8. Load the PLC configuration as the new station.

SUsersWiumnosiocuments\Automation

Siemens

Project Edit View Inzet  Orline |Options Took Window Help

5f TY E seveproear | G -” '

. ~
Project tree g -
- o

| Devices l
-t

| [7] Use onlylegacy PGIPC communication

B simulation

B A4 new device = T
oy Devicez & networks e R
b 5 Ungrouped devices. 0o 45 Ameces Gt
&9 Security settings St e A
2 Crozzdevice functic "
a8 Ccommon data "
» 5]} Documentation sett =
» [ Languages & resou I pload ¢
» 'd version control inte Upload device a3 new staton (hardware and software)
¥ g Online access
¥ Displayhide interfa¢ BY

»
»
»

CENTRO DE FORMACION PROFESIONAL

» 4 COM [RS232/PP1 mul Hardware detection »
b _B COM <3 [RS232/PPY HM Device meaintenance >
¥ 8 IntekR) Ethemet Co A} Acceszible devices... CrlsU

£2 Update accessit )

B Display more infy 93 -

v [ plc_1 [10.250.35
% Online & disc %
v "l Program bloc
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The following window will appear:

Upload device to PG/PC

Tpe ofme oG reimeroce LT N
PGrCinmertace: MO0 Exhemes Comeaction T 21940 | - ©1G]

Devce :MW Interface type Address  MAC address
.Ll_

Flath iED

it seanch-)
[7] Display only emror messages

9. Click on "Start Search"; the device should appear, then select it and load it.
Upload device Lo PGP

Type ofthe PGIPCinterface: [ Fruie [+
PalPCinterfece:  [MBintel(R) Ethemet Connection (17)1219- | - | #9[]

Accestible nodes of the selected interdace:

Device |Dnli|:= type Interface type Address luléC address
plc_1 CPU 1214C ACID... PMIE 10.240.352 BC-F3-19-02-AA-24

| Swertzeanch |

Online stetus information:

D Display only error messages p smmse
€) sconcompleted 1 devices found, ||
Secanand infermation retrieval campleted. .
3¢ Retrieving device information... |:|

TECHNIEK
X e COLLEGE
CINTRO DE FORMACION PROFESIONAL Romlbm




o

VETWERCc

NETWORK OF REMOTE CONTROL
WORKSHOPS IN VET EDUCATION

2023-1-ES01-KA220-VET-000159278

The device characteristics will start loading:

Upload from device

Now the characteristics of our PLC are loaded into our project:

| Devices |

8 Loading configuration from device
This will take some time.

=2

B Add new device
ﬂh Devices & networks
+ [ PLC_1 [CPU 1214C ACIDCIRI
I Device configuration
S Online & diagnostics
* gl Program blocks
‘:‘ Add new black
3 Main [O81]
b [ Technology abjects
b External source files
- [ PLCBgs
ﬁ Showall tags
I'l' Add new tag table
K Default tag table [39]
¥ _iE PLC data types

10. Verify that the following address table has been loaded

Project tree

| Devices |

el

v ]P2.50L\2
I Add new device
oy Devices & networks
v (@ PLC_1 [CPU 1214C ACDC/RY
m Device configuration
%! Online & diagnostics
v g Program blocks
B Add new block
& Main [0B1]
» [# Technology objects
b ap External zource files
> 4. PLCtag:
Q Showall tags
B’ A4d new tag table
3£ Default tag table [39]

o,
e
°
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& 2% TN
Default tag table
Name Dats type Address
< Pulzador marcha DCHA Bool w1
a Pulsedor marche 12Q Bool %13
aQ Guardamotor Bool W15
L0 ] Seta emergencia Bool %10
Q Pulcador de paro Bool %12
<« B2_sensor DCHA Bool wWos
< B1_senzor 2Q Bool %0.2
aQ GIRO KIZQ 8ool %Q0.1
< GIRO KDCHA Bool “Q0.0
@ K ESTRELLA Bool i3] %Q02
X e
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11. Using the tools, we proceed to create the reverse rotation investment program.
IMPORTANT!!! In the first segment, activate output Q0.2 (K_STAR) to configure the motor
connection in star.

You can copy this code or create it according to your own criteria, as long as it meets the
specifications of the instructions.

P2_SOL_V2 » PLC_1[CPU 1214C ACDC/RIy] » Program blocks ¢+ Main [OB1]

Devices
(=2 | e e, =0 H: G B @B 2l G d S =]
Main
T JFrioLv - Mame Data Ty pe Default value Comment
I Add new device 5 <0 ~ Input E
gy Devices & networks 2 @e  Initsl_cal Bool —
- :. PLC_1 [CPU 1 214C ACDCRI 3 oG Remanence Bool |v
m Device canfiguration - ETTw
4/ Online & diagnastics | T Tl R
« gl Program blocks
B Add new black *  MNetwork1: . (-]
& Main [081] ! R .
» L Technology objects
b a3 External source files Y02
- g Plog: “k_ESTRELLA®

2 Showall tags

&’ Add new tag table

X Default tag table [39] 3
b _H| PLC data types —
» [ watch and force tablec i Im
+ [ online backups mme
b g Traces

:

] }';\ OFC UA communication o 2 Wia 0 4
" -a‘ Device provydate WS “Seta “Pulsador de “Pulzador W00 1 “B2_senzor w00
B Program info “Guardamoter emergencis” para” marcha izg" “GIRD KDCHA" DCHA" *GIRO KIZG®
=] PLC alammn et lists | 11 i 11 A 4 {}
b i Local madules e
m o %000
-
Details viaw “GIRD KIZG"
11
1F
=
Heme Address 100% = ——

*  Network 3:

1.0 w2 W3
WS “Sem “Pulsador de “Pulsador WD O .2 B iR
*Guardamotor” emergencia” pang” marcha Dcha® “GIRO KIZG" *B1_sensar 20" “GIRO KOCHA"

— | ) b I} % 7 ()

W0
"GIRD KDCHA
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12. Once the program has been created, we proceed to load it into the PLC.

&, Siemens

CAllsers\Alum nos\DocumentsWutomation\P2_SOL_V2\P2_S0L_V2

Project  Edit  View
ZF % [ save project

Inser

& X iEE X Dre

Online  Options  Tools

Devices |

=)

F2_SOL V2 » PLC

[=lje4
Main

B & Goonline

|
Downlead to device

ACDOH

il e, EE m(o|8.
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The compilation process will begin, checking for any errors in the program. If everything is
correct, a confirmation window will appear, and we click “Load” to proceed.

Load preview X
0 Check before loading
Status || Tang=t bdeszage Action
H @ P Ready for loading. Load 'PLC_1'
[+] b Software Download software to device Consitent download
a Text hibranes Dovwnload all alarm texts and text list texts o device Conzistent download
[£] n [[2]
Refres h
I! Load :I Cancel |
L I
And then Loading will start
u Clpass
Download to device
Te L
Z Loading configuration
This will take some time.
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13. We check that the PLC is in RUN mode; if it isn’t, we set it to RUN.

Totally Integrated Automation
PORTAL

Options =
= -2
—_—
' =
v CPU operator panel q
Fo =]
] R lal-Tall e
—1  PLC_1 [CPU 12148 ACIDCIRly] =
L=} ' TOR ,
[ FUNISTO RLUMN A
v ERROR stop | |2
—_— —
PAAINT BRES -
e,
=
| &
|H' N | 1

14. We switch to observation mode to analyze its operation.

ions  Tools  Window  Help

¢ ©ees MG EGR Y cooniee Foooiine A WE X || o |

P2_SOL_V2 » PLC_1[CPU 1214C AC/DCRIy] + Program blocks + Main [OB1]

b ncOBC/BrEr St = Caa - g o “El““

Kain
# Nare Dana Type Default value Comment manitaring anfaf
i l = Input
2 e Inital_Call Bool
3 @ne Remanence Bl
[ a | e

o Ty T i B
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And now we have an image of the status of the signals in our program.

T
1} 1
MM ctwork 2 I
o oz Wi 0 4
W15 "Cmta "Pulsador de "Pulsadaor %00 "B2_sensar W00
‘Guardamotor® ememencia” pang” marcha lzg" *GIRD KDCHA® DCHA" "GIRD KIZG®
|} I} |} T S { b
[
1
1
W00 1
"GIROKIZG™ 1
1

1
i
|
H
L

15. If we press the emergency stop button on the virtual control panel, we will see that the
associated contact is deactivated.
To deactivate the emergency stop, it must be pressed again.

i S e, ERE(yH: Gl EF 2@ 212" B
Main g
Marme Diata ype Defaultvalue Cormment g'
1 < " Input e
2 e Inrtsal_Call Ewoal
< 1l

HF Ak =~ 7} — X

%002
"K_ESTRELLA"
1 A
¥  Network 2: (]
mment [
S
F
=
i L] W2 Wi s
WS “heta “Pulsadar de “Pulsador %001
*Guarda motor” emergencia” paro” marcha izq" *GIRD KDCHA®
e e T et e e
i i i
1 1 £l
| 0.0 ! “
1 TeROKIOT
[ I T
B Herramid

16. Now, we only need to verify that our system rotates left or right depending on the
direction selected with the start buttons, stopping at sensors B1 (LEFT) or B2 (RIGHT), in
addition to checking the functionality of the stop button and the emergency stop.
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6.

ACTIVITIES

Activity 1: Configuration of the training panel and addressing table
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1. Complete the addressing table required to achieve the proposed objective.

Element

Memory  Address

Identification (1,Q, M)

Description

Activity 2: KPO Programming

Create in TIA PORTAL or attach the KOP program you propose as a solution to the exercise.

Activity 3 Online Mode Verification

Attach an image showing the motor variable activated while rotating to the left.

Activity 4 : Program Download and Verification

1. Download the program to the PLC and observe its operation via the IP camera

connection.

2. Record a video showing a complete cycle: right and left.

Activity 5: Power and Control Diagrams

Create the necessary power and control diagrams using the identifiers provided in the

documentation.
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7. Learning Outcomes.

a. Establishes remote desktop communication via VPN.

b. Interprets electrical diagrams with programmed control, determining the
addressing of elements connected to the PLC.

c. Uses PLC programming software to implement control programs for basic
maneuvers on three-phase motors.

d. Uses PLC programming software to establish communication between the
computer and the PLC, and downloads the program to the PLC.

e. Verifies the operation of the maneuvers programmed on the PLC.

8. Evaluation Criteria

a. The properties of the VPN connection are recognized.

b. The characteristics of the IP connection are understood, establishing
communication between the software and the PLC.

c. The PLC physical addresses have been identified to perform the appropriate
maneuvers.

d. The control program has been implemented on the PLC, meeting the given

specifications.

9. Evaluation tools.

a. Time connected to the remote workshop
b. Verification of the programming diagram

c. Video capture of the maneuver in operation
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