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Chapter 1 Description of the Control System to Be Implemented

GENERAL INTRODUCTION

Due to rapid technological advancements, industrial processing systems in what is called the Fourth
Industrial Revolution are changing the way companies operate. Computerized control of production
has become central in improving precision, quality, and performance in industrial manufacturing and
processing.
Industrial automation primarily refers to the use of control systems such as computers, programmable
logic controllers (PLCs), and robotics to manage industrial processes and machinery. These systems
reduce the need for human intervention, especially in hazardous or repetitive tasks.
In this work, we attempt to develop an automated system for a fabric inspection machine using a
Siemens S7-1200 PLC. A PC with TIA Portal software is used for system configuration, programming,
and control.
Our thesis is structured as follows:

o Chapter 1: Description of the Control System to Be Implemented.

e Chapter 2: Overview of Profinet communication network and its benefits in industrial

automation.
o Chapter 3: Practical implementation using TIA Portal,including HMI interface development

and programming logic.
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Chapter 1 Description of the Control System to Be Implemented

1. Description of the Control System

The control system to be implemented consists of designing a sensorless automatic control
of a three-phase asynchronous motor used in a variable-speed electric drive. This control is carried
out using a Siemens S7-1200 Programmable Logic Controller (PLC), which acts as the central
logic processing unit. The speed variation and motor control are handled by a SINAMICS G120
Variable Frequency Drive (VFD), which modulates the frequency and voltage supplied to the
motor. The entire system is monitored and controlled through a Human-Machine Interface (HMI),

providing real-time feedback and interaction for the operator.

The communication between the PLC, VFD, and HMI is based on the PROFINET
industrial Ethernet protocol. Speed control is achieved without using a physical speed sensor
thanks to the sensorless vector control algorithm integrated into the SINAMICS G120, reducing

hardware costs while improving system reliability.

VSD-G120 PLC S7-1200

MPI, PROFIBUS
or Ethernet

PROFINET

POWER CABLE

GENERATOR

AS MOTOR

Figure I AUTOMATION SYSTEM OVERVIEW
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Chapter 1 Description of the Control System to Be Implemented

Figure 2 REAL ASSEMBLY OF COMPONENT

2. Introduction to the Human-Machine Interface (HMI)

The Human-Machine Interface (HMI) is a crucial component in industrial automation that
allows operators to interact intuitively with the automated system. It enables real-time monitoring
of process variables, adjustment of control parameters, and display of alarms or system statuses.
Integrated within the TIA Portal environment, the Siemens HMI panel, such as the KTP700,

allows for the creation of customized screens including buttons, gauges, and trend graphs.
The HMI communicates with the PLC over PROFINET, exchanging data through mapped

memory bits (%M), words (%MW), or control flags. It plays a central role in supervising motor

speed, direction selection, speed mode (low/medium/high), and fault acknowledgment.
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Tenke  Ade
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Figure 3Example of an HMI screen designed in TIA Portal

3. Introduction to the Siemens S7-1200 PLC

The Siemens S7-1200 Programmable Logic Controller (PLC) is designed for modular
automation applications, offering flexibility, integrated communication (PROFINET), and
advanced functions such as PID control, timers, and counters. It is programmed through the TIA
Portal using IEC 61131-3 compliant languages such as Ladder Diagram (LAD), Function Block
Diagram (FBD), or Structured Control Language (SCL).

In this project, the CPU 1212C AC/DC/RLY is used. It features built-in digital inputs/outputs,
relay outputs, and can be expanded with analog modules such as the SB1222 AO. The PLC sends
control words to the drive and receives status feedback, facilitating real-time closed-loop

control.[4]

1. Role of PLCs in Modern Control Systems

PLCs are deterministic digital controllers specifically designed to manage automation
processes. Compared to traditional hardwired control systems, PLCs offer:

. Modular design for expandability

15




Chapter 1 Description of the Control System to Be Implemented

. Real-time operation with predictable cycle times
. Rugged construction suitable for industrial environments
. Ease of programming with languages standardized by IEC 61131-3

Siemens' SIMATIC S7-1200 series provides a compact yet powerful solution for
automation, with built-in PROFINET communication and analog/digital 1/0O.

PLC System

Power supply

- —

1

A2

Programring device nstrumentation Tools com

Figure 4: Architecture of the S7-1200 PLC with analog extension module[4]

[Diagram 1.2: Basic PLC System Architecture]
Include CPU, power supply, I/O modules, HMI, and communication ports.
Reference: SIEMENS MANUAL, Automate programmable S7-1200[1]

3.1. Presentation of the S7 1200 range

The S7-1200 controller offers the flexibility and power needed to control a wide range of
devices to meet your automation needs. Its compact design, flexible configuration, and extensive
instruction set make it an ideal solution for controlling a variety of applications. The CPU
combines a microprocessor, integrated power supply, input and output circuits, integrated

PROFINET, high-speed motion control I/Os, and built-in analog inputs in a compact housing to

16




Chapter 1 Description of the Control System to Be Implemented

create a powerful controller. Once your program is loaded, the CPU contains the logic required to

control and manage the devices in your application. The CPU monitors inputs and updates outputs

according to the logic of your user program, which may include Boolean instructions, counting

instructions, timing instructions, complex mathematical operations, as well as commands for

communication with other intelligent devices. The CPU provides a PROFINET port for

communication over a PROFINET network. Additional modules are available for communication

via PROFIBUS, GPRS, RS485, or RS232 networks.[1]

Figure 5l'automate S7-1200

e Possibilités d'extension de la CPU La gamme S7-1200 offre divers modules et cartes

enfichables pour accroitre les capacities de la CPU avec des E/S supplémentaires ou

d'autres protocoles de communication.
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Figure 6Modules d’extension pour l'automate S7-1200

A programmable logic controller (PLC) is an industrial computer designed for automation

tasks, especially in environments requiring high reliability, real-time control, and robustness. PLCs

are used to monitor inputs, make decisions based on their programmed logic, and control outputs

to automate processes.

¢ Key Characteristics of PLCs:

. Modular architecture for easy expansion

. Real-time cyclic execution

. Ladder, function block, and structured text programming (IEC 61131-3 compliant)
. High resistance to industrial disturbances

PLCs are structured with a central processing unit (CPU), memory for program and data,

input/output modules, and communication interfaces. They are widely used in manufacturing,

robotics, and infrastructure systems.

18
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3.2. General Architecture of the Siemens S7-1200 PLC s 3d Reconstruction from images

The SIMATIC S7-1200 by Siemens is a compact, modular PLC suitable for basic to

moderately complex automation tasks. It includes:

. CPUs (1211C to 1217C)
. Signal Boards (SBs), Signal Modules (SMs), Communication Modules (CMs)
. Integrated PROFINET communication

The CPU integrates a microcontroller, RAM, memory for code/data, and digital/analog I/O.
The S7-1200 supports expansion with hot-swappable modules and structured programming using

OBs (Organization Blocks), FCs (Functions), FBs (Function Blocks), and DBs (Data Blocks) (1)

19




Chapter 1 Description of the Control System to Be Implemented

2MM' ----- ~; E
8 digital inputs | -- ' |8 digital inputs

Figure 7Modular Structure of the S7-1200 PLC System]

3.3. Analog Acquisition and Actuation

Analog inputs (e.g., IW64) read physical signals (e.g., pressure or temperature) and scale them
using FC105 (SCALE_X). Analog outputs (e.g., QW64) send processed signals using FC106
(UNSCALE X) (2) I [Diagram 1.3: Comparison of Sensor-Based vs. Sensorless Drive Systems]

Show both systems and highlight the role of estimation in sensorless control.

Reference: Bose, B. K. (2002). Modern Power Electronics and AC Drives
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SIEMENS SIMATIC
S7-1200

AC e 212-I1BE40-0XBO
PROFINCT (LAN)
OO0 S RELAY OUTPUTS

PROFINET
ILAM OO0LSOO

00-10-86-06-FD-82

Figure 8§ ETHERNET INPUT

® Une lumiére JAUNE indique le mode STOP.

® Une lumi¢re VERTE indique le mode RUN.

e Une lumiére CLIGNOTANTE indique le mode STARTUP.

21




Chapter 1 Description of the Control System to Be Implemented

Figure 9 Digital Input OF PLC

1- 24V Power Supply

2- Removable terminals for user wiring (behind plastic covers)
3- LEDs for integrated I/O and CPU operation mode

4- TCP/IP Connection (under the CPU)
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| 120-240vAC

MlEt s I _:ANA|N2'[ |
ZAVDC INPUTS ~

SB 1223 AD

Al AnlE Bllz 0+ 10VDC/0-20mA
SBS4T 63201022

ASSEMBLED IN GERWANY

RELAY OUTPUTS |
PROFINET []
LAN
MAC ADDRESS
EQ'DO 4D 43 06 DE

Figure 10 InPET and outPET of REAL PLC S7-1200
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SIEMENS SIMATIC
s S7-1200

Figure 11 REAL PLS S§7-1200

3.4. Introduction to the SINAMICS G120 Variable Frequency Drive
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SIEMENS LCD

(=] A0 SCREEN
DAGNOSTIC
14 .23
‘ esc| | nFo CONTROL
BUTTON
|®] [
LED START
gl BUTTON
INDICATORS
COMMU- 170
NICATION — TERMINALS
PORT :
COMM
UNICATION .
PORT OUTPUT

1/0 TERMINALS

Figure 12 Simplified Diagram of VSD

The SINAMICS G120 is a modular Variable Frequency Drive (VFD) from Siemens,
designed for precise control of three-phase asynchronous motors. It consists of a Control Unit
(CU240E-2 PN) and a Power Module (PM240-2). The G120 supports sensorless vector
control, secure integration over PROFINET, and is fully configurable within the TIA Portal

Startdrive environment.

The drive receives run/stop commands, direction control, and speed setpoints through PZD
telegrams (e.g., Standard Telegram 1, with 2 control words). It also returns its operating status
and actual speed to the PLC. The G120 is configured according to the motor's nameplate data

for accurate and safe operation..
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LCD
—— SCREEN

CONTROL

BUTTON
SINAMICS
CU240E-2 PN

TP 253019

L0:2:50 ME

S L4 5054.0493 74 V02
5

SUP 7 KMUBSO MaX, 154
24VDE 358 PL

START
BUTTON

WHEEY.
WO 6P AP 20NG-605 3
MAIDI6100
1A 27— 140V 257

HEE

AC INPUT—
MOTOR OUTUT

Figure 13 Wiring diagram of the SINAMICS G120 VFD with PLC and asynchronous motor

3.5. Industrial Automation and the Fourth Industrial Revolution

Description of the Control System to Be Implemented

Technological developments in recent decades have led to the emergence of the Fourth

Industrial Revolution, or Industry 4.0. This paradigm shift has revolutionized how industries

operate by integrating cyber-physical systems, Internet of Things (IoT), and real-time data-driven

decision-making into industrial environments. At the core of this transformation is industrial

automation, which enables the control of processes with minimal human intervention through the

use of Programmable Logic Controllers (PLCs), Human-Machine Interfaces (HMIs), sensors, and

communication protocols like PROFINET or MODBUS.

3.6. Motivation for Sensorless Variable Speed Drive Control

Sensorless control of electric drives eliminates mechanical speed or position sensors, thus:

* Reducing system cost

* Enhancing reliability in harsh environments
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* Simplifying maintenance
Variable Speed Drives (VSDs) are essential in applications requiring adaptable motor
speed. Sensorless vector control techniques infer motor speed from voltage and current

feedback using estimators or observers implemented in the PLC or inverter firmware.

4. Generalities on TIA Portal

7, Siemens

Totally Integrated Automation

Démarrer o Ouvrir un projet existant

Utilisé en dernier
Projet Chemin Demiére modification
i Projet1.ap16 c ) 2010412025 11:37:20

@ Ouvrir un projet existant

@ Créer un projet
@ Migrer un projet

.

@ Présentation de bienvenue

-
< L] >

[7] Activer le contrdle d'intégrité de base

Parcourir | [ Supprimer Ouvrir

@ \Logiciels installés

® Aide

@) Langue de l'interface

» Vue du projet

Totally Integrated Automation Portal (TIA Portal) is Siemens’ unified engineering platform
for configuring, programming, simulating, and diagnosing Siemens PLCs and HMIs.[2]

Core Components:

. STEP 7 Basic/Professional for PLC programming
. WinCC Basic/Comfort for HMI configuration
. PLCSIM for offline simulation

TIA Portal supports symbolic programming, modular coding, and online diagnostics. Projects

are built using graphical editors and are structured using:

. OBs: For cyclic execution, startup routines, interrupts

FCs/FBs: For modular program logic

. DBs: For variable storage

Key Features:
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o Integrated hardware/software configuration
e Drag-and-drop linking of PLC and HMI components
e Access to Siemens libraries for control functions and analog processing

e Project consistency checks and versioning tools

4.1. Application Example: Hydraulic Press Control

In a referenced lab task, the S7-1200 is used to control a hydraulic press in manual and
automatic modes. It involves:

e Position sensing (10.0, 10.1)

e Actuator output (Q0.0)

e Pressure monitoring via analog module IW64

e Visualization through HMI panels (KTP400)

Program blocks include:
e SR flip-flops, TON timers for control timing
e FC blocks for manual/automatic modes

e OBI1 for execution coordination

This practical implementation illustrates the core capabilities of the S7-1200 and TIA

Portal when used together in  sensorless automation  systems [

125¥TP_de prise_en main_du S7 1200.pdf] .

5. CONCLUSION

The S7-1200, coupled with TIA Portal, forms a powerful and flexible automation system. It
offers compactness and expandability through modular hardware, and supports accurate analog
signal processing—key requirements for implementing sensorless variable speed control in
electric drives. TIA Portal enhances this potential by enabling structured, modular, and symbolic
programming, along with simulation and diagnostics capabilities. These features collectively align

with the main objectives of this thesis: achieving precision control, system adaptability, and
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reduced sensor dependency in automation environments. S7-1200, coupled with TIA Portal, forms
a powerful and flexible automation system. Its modular structure, advanced analog processing
capabilities, and unified software environment make it ideal for developing reliable control

architectures in sensorless drive systems and industrial applications
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Chapter 3 CONTROL AND SUPERVISION

1. Introduction

In the industry, asynchronous motors are the most commonly used. Their main advantage is the
fact that they do not contain sliding electrical contact; which ensures a robust structure and easy to

manufactured.

Their stator is directly connected to the grid industrial, constant voltage and frequency, which runs

at a slightly different speed than the synchronous speed.

They are used to implement almost all constant speed and also allows the realization of variable

speed drives. The position that the synchronous motoroccupies in this field is constantly expanding.

This chapter is devoted to the development of a general presentation of the engine asynchronous
starting by initially describing its components, its principle of operation, its characteristics and
applications and finally the advantages and disadvantages. Thus the theoretical modelling of the

squirrel cage asynchronous machine.

2. General about asynchronous machines

Electric motors are generally classified according to the type of electrical network in which the

motor is connected: direct current (DC) motors and current motors Alternative (AC).

These motors with AC power supply are subdivided into two synchronous and asynchronous. The
fundamental difference between an induction machine and a synchronous machine is in the rotor speed
of the induction machine under load does not coincide (is asynchronous) with the speed of the

magnetic field, generated by the supply voltage.

Induction motors are divided into two main categories; single-phase and three-phase, the first type
of induction motors is not written in our work. Motors three-phase induction are classified according

to the type of rotor: cage rotor and coiled rotor. The main classification is illustrated in Figure (7)
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Electrical
Machines

DC
Machines

DC Motors

Series Motor

Shunt Motor

—
Compound | |

Motor

AC
Machines
|
I I 1

D{:‘ X AC Motors ﬁ(‘? X ransformers|

Generators Generator
[ . 1

|| Series Induction Synchronous 1-Phase

Generator Motor Motor Transformer
|| Shunt 3-Phase

Generator Transformer
|| Compound L Auto-

Generator Transformer

Figure 14 Classification of alternative electrical machines

2.1. Construction of the asynchronous machine

The asynchronous machine is composed of a fixed part called stator and a rotor Figure (8).

Unlike synchronous and current-driven machines, continuous, only the stator windings are coupled

to a supply network whose voltages (amplitude and frequency) define the magnetic state of the

gap. Windings of the rotor are connected to themselves.

The asynchronous motor does not have any excitation windings or magnets permanent. In

terms of the rotoric flux required for the formation of torque electromagnetic, it is produced from

induction. Figure (8) represents the machine asynchronous. From the mechanical point of view,

the asynchronous machine is subdivided into three parts distinct:

» Stator: stationary part is the part where the power supply is connected

* The rotor: rotating part, it allows to put in rotation the magnetic load

* The bearings: supporting elements, these last ones constitute the mechanical part

the rotation of the motor shaft.

* The gap: This part is amagnetic (vacuum between rotor and stator). [7]
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Figure 15 Asynchronous machine construction

2.3.1. The stator

It is the fixed part of the engine or a cast iron or light alloy carcass contains a thin
plate crown (about 0.5 mm thick) made of silicon steel. The plates are isolated from each
other by oxidation or by an insulating varnish. The «laminatingy of the circuit magnetic
reduces losses by hysteresis and eddy currents. The plates are equipped with of notches
in which the stator coils for producing the Rotating field (three windings in the case of

three-phase motor).

Each winding is consists of several coils. The coupling mode of these coils defines

the number pairs of motor poles, thus the rotational speed. [9]

End
Windinas

Figure 16 Diagram shows the stator winding
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The rotor:

This is the moving part of the motor which consists of a stack of thin insulated sheets
each other and forming a cylinder nailed to the motor shaft.

There are two types of rotor in the asynchronous machine:

2.3.2. The rotor:

All the conductors of the rotor are connected to each other by two rings. These
permanently short-circuited conductors (Figure2). The limitations of the motor
Asynchronous squirrel cage is located at start-up or torque and/or current are not not
reasonable. [8] This type of engine is used for small powers or for high powers not having

No need to start at full load. [8]

Welded at

A Short-Circuiting
all Joints

End Ring

Copperor

Laminations Aluminum Bars

Forming Iron Core

W

Construction of
Squirrel-cage Rotor

InstrumentationTools.com

Copper
End Ring

Figure 17 Cage rotor

1.3.1. The gap:

This non-magnetic part (it is a vacuum between the stator and the rotor) is the thickest low (in the
millimetre range), this reduced thickness makes the air gap size sensitive to variations due to
statorial notches. This creates so-called notch harmonics, for reduce, the notches are closed by

magnetic shims that hold the winding. [6]

Stator

> Rotor

S T Air gap
Figure 18 Cross-Sectional View of an Induction Motor's Stator and Rotor Assembly
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1.3.1. The mechanical components:

The carcass serves as a support, it acts as an envelope and provides protection against

the external environment.

The shaft is a transmission organ. It includes a central part that serves support to the
rotor body and is supported by one or more bearings. These support the rotor and ensure

free rotation.

The second bearing is free to ensure thermal expansion of the shaft. [6] Electrical
isolation of one of the bearings ensures the elimination of currents in the shaft due to the
dissymmetry of the magnetic circuit’s resistances. They are usually with bearings.

For small and medium power machines. In Most of the time we find also a cooling fan.

Screw

Terminal box lid

i S :- Gasket Fan Clamp
FanCover
Twrminal box base ! .
y & 1 Cable Gland ¥
Bi4 Flange Terminal Board
Gasket & Frame

Front Endshield Circlip -

Spring washar ﬁ

g

g0

Fan
Qil seal

Rear Endshield
Wave Washer

’ Bearing
A MNameplate

0il seal Bearing Rotor Stator Feet

Figure 19 Diagram of the components of an asynchronous machine

1.2. Principle of operation of an asynchronous machine

The operating principle of the asynchronous machine is based entirely on the law

induction; the asynchronous machine is considered a field transformer rotating magnet whose
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stator is comparable to the primary winding and rotor has the secondary winding in short
circuit.

This operation is based on the principle of the electromagnetic interaction of the rotating
field, created by the three-phase currents supplied to the stator winding by the lattice, and

currents induced in the rotor winding when its conductors are cut off by the rotating field. [9]

When the rotor is rotating at a speed Ns different from synchronism, the application of
the FARADAY’s law to one of the rotorian ruts shows that it becomes the seat of a
electromotive force; which being short-circuited on the windings; which gives rise to a current

whose intensity is limited by the impedance of the latter. [9]

The interaction between this current and the glide field gives rise to forces acting on the
strands of the rotor whose moment with respect to the axis of rotation will constitute the

machine torque when the field is sinusoidal rotation speed is:
ni= L
P

f: the feed frequency.
P: number of pole pairs.

The electromagnetic interaction of both parts of the machine is only possible when the
speed of the rotating field (n1) differs from that of the rotor (n), that is when n # nl, because
otherwise (n=nl), the field would be immobile relative to the rotor and no current would be

induced in the rotor winding. [9]

The report:
_ni-n Asynchronous machine slide. [9]
niy

R Axis of phase B

-—-—>
Axis of phase R

l! Axis of phase Y

Figure 20 Schematic diagram of the operating principle of an asynchronous motor
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1.3. Rating plate:

SINAMICS G120 Commissioning Assistant

The rating plate is usually positioned on top of the electric motor. It is a metal plate

containing a table that includes the characteristics motor techniques.

ST

SIEMENS

D-50441 Nurnberg

Made in Czech Rep. C

IEC/EN 60034

€

Figure 21 Three-phase asynchronous motor rating plate

1.4. The choice of an asynchronous motor

1.3.1. The mechanical components:

The choice of a MAS and its startup mode depends on:

* The installed power of the supply network.

* The motor supply voltage must be compatible with that of the network.

3-Mot. 1AVI072A 1LE10020CA222AA4  Th.CI. ‘55(31 1235

" F no UD 2002/78501110 001 FS71M IMB3 9

v IHz| kW | A | PF |RPM |EFF-CL ETI;-/. IE1
1 |s3

230 A |50 | 037 | 184 |079.]|27155| IE ®
w00y |50 | 037 | 106 |079 [2755| IEY | &3S
w0y |60 |043 |oss |079 |3355] 1E1 | 700

—-——-zd

* The start-up voltage drop should be <= +- 5% of the mains voltage.

» The MAS must be selected to operate at rated power (both

power factor are the best).

* The torque of the engine must be higher at all times than the resistance torque of the

machine has trained Torque resistance, power and network are the main factors for

choosing a

three-phase asynchronous motor and its starting mode. [8]
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Figure 22 The various couples resistant[§]

3. Asynchronous generator:

An asynchronous generator, also known as an induction generator, is a type of AC

electrical generator that operates based on the
principles of electromagnetic induction, much like an
induction motor. Unlike synchronous generators,
asynchronous generators do not require an external
DC power supply for excitation, making them simpler
and more rugged in construction. They are widely
used in wind turbines, small hydro power systems, and
other decentralized renewable energy systems. The

construction of this Generator is similar to an

Figure 23 generator
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induction motor. But the machine works as a generator or motor mainly depends on the
condition of whether the slip is positive (or) negative. These generators are provided always
with squirrel cage rotors. The induction generator includes different parts like a rotor, stator,

shaft, end plate, bearing, and electrical terminals. The construction of the induction generator

is shown below [5]

3.1. Working Principle:

The asynchronous generator works on the principle of Faraday’s Law of
Electromagnetic Induction, which states that a voltage is induced in a conductor when it

experiences a change in magnetic flux.

In an asynchronous generator:

e The rotor is mechanically driven at a speed higher than the synchronous speed.
o This speed difference (called slip) causes the rotor to "cut" the stator's rotating magnetic

field, inducing a current.

o When the generator is connected to a grid or an external source of reactive power (capacitors

or grid itself), it can generate electrical power.

3 Phase Im = magnetising Ns
End Rings AC Grid . current lg
. —— i IL lc I

\ N>Ns
PM

c ,/\, c indcution machine

Lo —- \
- l'\:rxn:f.:\';llrlr_;' Bars I'u'r|||||:__| MAS
T e
A-phase St bt AT

c

Figure 24 Components of a Three-Phase Induction generator (Stator and Squirrel Cage Rotor)

3.2. Main Components

1. Stator — Houses three-phase windings where the voltage is induced.
Rotor — Usually a squirrel cage type; rotated mechanically.

Bearings & Housing — Provide support and reduce friction.

Sl

Cooling System — Dissipates heat generated during operation.
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Induction Generator or Asynchronous Generator

Electric
Terminals

Air Vent Grill

Stator
Winding

Bearing Rotor

Bearing
End Plate
—

(Body) Shaft

Stator

Foundation

3.3. Types of Asynchronous Generators

3.3.1. Grid-Connected Induction Generator

e Requires connection to a power grid to supply the necessary reactive power.
e Common in wind turbines connected to utility networks.

3.2.2. Self-Excited Induction Generator (SEIG)

o Uses capacitors to provide the reactive power.
e Operates in isolated or off-grid systems, like micro-hydro or remote wind systems.
e Requires residual magnetism in the rotor to initiate voltage build-up.[5]

3.4. Characteristics :

e Speed: Operates above synchronous speed.
o Reactive Power Requirement: Needs external reactive power source.
o Slip: Positive slip is required for generator action.

o Frequency Stability: Frequency depends on the grid or load conditions, not constant in
isolated mode.

o Efficiency: Generally lower than synchronous generators but acceptable in many
applications.

o Ruggedness: Simple construction, minimal maintenance.

2.1. 4 Industrial variable speed drive:
2.2. 4.1 Introduction:

A number of applications require an adjustment of torque and speed.

the acceleration or other quantities for a satisfactory conduct of the process:
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Gradual start of the process, controlled acceleration and deceleration.
Precise control of torque, speed in static and/or dynamic conditions.

On-demand workflow adjustment/control.

The investment for an electronic variable speed solution will only be made if

brings gains by:

Quality of finished products (sheet metal for the food industry, paper...)
Production savings (variable flow pumping/propulsion...)
Flexibility of operation (adaptation of production flows to demand...)

Reduced maintenance (direct drive replacing components mechanics...)

To choose a variable speed drive system it is absolutely necessary to know the

constraints imposed by the load on the network/converter/machine assembly.

* Characteristic torque speed of the driven machine
* Inertia of the driven machine
» Expected static and dynamic performance

» Regime and service in all operating cases

Speed means all the electrical and mechanical quantities characterizing the operation
of a machine at a given time Service is defined as the different regimes to which the
machine is subject with their their respective durations and their order of succession.
The choice of a converter/machine assembly for a specific application results from the
most perfect match between specifications, technical solutions available to at a given

moment, the human resources and the financial profitability of the investment.

2.3. 4.1. Principle of operation of speed variators

Variable speed drives are used to vary the speed of motors asynchronous with a constant

speed design. The speed variation is obtained by varying the frequency of the motor supply

voltage the power module constitutions
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Figure 25ELECTRICAL DIAGRAM OF VSD

4.2 The SIEMENS SINAMICS G120 range:

In our work we will handle on a SIEMENS variable speed drive (SINAMICS G120),
Each SINAMICS G120 inverter always consists of a Control Unit and a Power Module.

e The Control Unit controls and monitors the Power Module as well as the connected
motor by offering several selectable control types. The dimmer is controlled by the

Control Unit locally or centrally.

e Power Modules are available for motors in a range of power from 0.37 kW to 250 kW.

4.2.1 Identifying the converter :

Power Module u

1
SIEMENS.

Y|

OATH AT

b—
=
==
_—
—_—
—_—
—_—
_—
P
—
=
—_—
T
—_—
e
T
=T
=
-_

//f/

il

sinamics | i
i

Figure 26 Siemens SINAMICS G120 Power Module and Figure 27 Siemens SINAMICS G120 Control Unit 240E-2PN with
Control Unit PROFIBUS DP Interface
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4.2.2 Main components of the inverter

The following data is provided on the Power Module type plate ((1)):
e Designation: e.g. Power Module 240
e Technical data: Voltage and current
e Order number: e.g. 6SL3224-0BE13-7UA0
e Version: e.g. A02

The following data can be found on the Control Unit type plate ((2)):
e Designation: e.g. Control Unit CU240E-2 DP-F
e Order number: e.g. 6SL3244-0BB13-1PA0O
e Version: e.g. A02 (hardware) [3]

4.2.3 Power Modules frame sizes :

(D) + (2) As a minimum, the inverter comprises a Power Module and an inserted Control
Unit: Overall depth of the inverter = depth of the Power Module + 60 mm (Control Unit)
(D + (@ + (3) Inverter with inserted operator panel:
e Overall depth of the inverter = depth of the Power Module + 73 mm (Control Unit
+ Basic Operator Panel BOP-2)
e Overall depth of the inverter = depth of the Power Module + 82 mm (Control Unit
+ Intelligent Operator Panel IOP)
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(D) + @) + 3) + (@) Power Module (degree of protection IP20) on a base component:

The overall inverter depth increases by the depth of the base component.|[3]

@ Power Module

@ Control Unit

@ Intelligent Operator Panel IOP ey .l B\
(@ Base components: Filters, [T : - \_

reactors or braking resistors Siemens SINAMICS G120 Power Module and Basic Operator Panel (BOP-2)

4.2.4 Connecting the inverter :

L1
|2 Line filter Output reactor
3
PE
— L1 e L1 U2 1u1 1U2
— = A
— L2}~ E;Lz' fv2 11 i} 1Vv2
o L3 ¥ |L3' W2 1W1 ” w2
PE l PE' @ PE1] "= |PE2

Figure 28 Connecting the PM230 IP20 and push-through Power Module[3]

4.3 Interfaces at the front of the Control Unit:

To access the interfaces at the front of the Control Unit, you must lift the Operator Panel (if one is

being used) and open the front doors.
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@ Memory card slot

®@ Selecting the fieldbus address: Bit 6 64
e CU230P-2 DP Bit 5 (32)

e CU230P-2 CAN Bit4 (16)M

e CU230P-2 HVAC Bit3(8) M

« CU230P-2 BT Bit2 (4) M
Bit1(2) W

Bit0 (1) W

On Off

® Terminal strips
@ Fieldbus interfaces at the lower side

® Terminal strips for the digital outputs
® Status LED I RDY

BF
LNK1 gPROFINET)

LNK2 (PROFINET)
@ USB interface for connection to a PC
Switch for AlO and Al1 (U/1) WE
e | 0/4mA..20mA Alo LR
e« U-10/0V..10V
® Switch for AI2 —I;l

(current/temperature)

Temp |

Connection to the operator panel

4.3.1 Terminal strips of the CU :
The following applies to systems complying with UL: A maximum of 3 A 30 VDC or2 A 250 V
AC may be connected via terminals 18 / 20 (DO 0 NC) and 23 / 25 (DO 2 NC).
(1) The analog input is supplied from an external 10 V voltage.
(2) The analog input is supplied from the internal 10 V voltage.
(3) Wiring when using the internal power supplies. Connecting a contact switching to P.
(4) Wiring when using external power supplies. Connecting a contact switching to P.
(5) Wiring when using the internal power supplies. Connecting a contact switching to M.

(6) Wiring when using external power supplies. Connecting a contact switching to M.[3]
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31[+24V IN 20.4V ... 28.8 V optional power supply

32|GND IN Reference for terminal 31
35/+10V out 10 V output, max. 10 mA
36/GND Reference for terminals 1, 9, 12, 26, 35, 50 and 52
@50 AI2+/NI1000| Temperature sensor Pt1000/LG-Ni1000 or analog input
51|GND Reference for terminals 1, 9, 12, 26, 35, 50 and 52
ESZ AI3+/NI1000| Temperature sensor Pt1000/LG-Ni1000
53|GND Reference for terminals 1, 9, 12, 26, 35, 50 and 52
(F0V
% 10/Al 1+ ® Analog input (<10 V ... 10 V, 0/4 mA ... 20 mA)
ov+—11/Al 1- Reference for terminal 10
Fzs AO 1+ Analog output (O V ... 10 V,0 mA ... 20 mA)
27|GND Reference for terminals 1, 9, 12, 26, 35, 50 and 52
SETKO
1_[+10V out 10 V output, max. 10 mA
2 |GND Reference for terminals 1, 9, 12, 26, 35, 50 and 52
3 _|AI 0+ ® Analog input (<10 V ... 10V, 0/4 mA ... 20 mA)
4 |AlO- Reference for terminal 3
|—£sz00+ Analog output (0 V... 10V, 0 mA ... 20 mA)
j3 GND Reference for terminals 1, 9, 12, 26, 35, 50 and 52
—®-21]D0 1NO "7 Digital output, max. 0.5 A, 30 V DC L
T 22|00 1 COM =
_@ 12 % nggs ] Temperature sensor (PTC, KTY84, bimetallic) _q:}g
9 |+24V out 24 V output, max. 100 mA 9
28|GND  (3)| Reference for terminals 1, 9, 12, 26, 35, 50 and 52
ggg gOM K Reference for digital inputs 69
e .
16 oit K [
{7 |DI2 ;E Digital inputs, P or M switching .
://—%% 2 R low <5V, high> 11V, max. 30 V j
1170015 K 17
T® 18 38( #8 | Digital output ®
2000 0 COM max.5A 30VDC/2A 250VACH*) 0
“®‘§3 gg 2 :8 ] Digital output ) "®‘§
5500 2 COM max.5A 30VDC/2A 250VACH*) %5
ov
2av ®

4.4 Communication via PROFINET :

PROFINET (Process Field Network) is a communication standard based Industrial Ethernet offering
a wide range of applications. The fieldbus uses TCP/IP and standards of information technology,
allows real-time processing and integration field bus systems. PROFINET was developed by
Siemens and the enterprises members of the PROFIBUS user organization (PNO) and is used in

association with Siemens control systems. Thanks to [EC 61158 and IEC 61784, PROFINET has
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been standardized and covers, as a communication technology universal, all the requirements of
automation technology.

The international compatibility of a PROFINET device is guaranteed by certification of the PNO
user organization.

You can either communicate via Ethernet using the inverter, or integrate the inverter in a

PROFINET network.[10]

® The inverter as an Ethernet station

Ethernet-
Teilnehmer

HEthernet

SINAMICS

SINAMICS
| G120 /G120C

¢ PROFINET IO operation

PC
']‘”‘l SIMATIC S7-300 ,
: (Controller) (Supervisor)
BPROFINET
SINAMICS

SINAMICS
L= G120 /G120C

Figure 29 Network Integration of Siemens SINAMICS Inverters via Ethernet and PROFINET 10[3]

4.5 PROFlIdrive profile for PROFINET:
4.5.1 Cyclic communication
The send and receive telegrams of the inverter for the cyclic communication are

structured as follows:
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| PKW | PzDO1 | PZD02 | PzD03 | PzD04 | PzD05 | PzD06 | PzD07 | PZDO08 |

Telegram 1, speed control
STW1 |NSOLL_A

ZSW1 NIST_A

Telegram 20, speed control, VIK/NAMUR
STW1 |NSOLL_A

ZSWA1 NIST_A_ | IAIST_ MIST_ PIST_
GLATT | GLATT | GLATT | GLATT

MELD_
NAMUR

STW1 |NSOLL_A| M_LIM STW3

NIST A_| IAIST_
zsw1 | "GAT | aLaTT | Zsws

Telegram 352, speed control for PCS7

Telegram 350, Closed-loop speed Control with limitation ot the torque

STW1 |NSOLL_A|Process data for PCS7

GLATT | GLATT | GLATT | CODE

ZSW1 NIST_A_| IAIST_ MIST_ | WARN_ | FAULT_

CODE

Telegram 353, speed control
with PKW area to read and write parameters

| STW1 |NSOLL_A

|| | zswi | NSTA-

Telegram 354, speed control for PCS7
with PKW area to read and write parameters

| | STW1 [NSOLL_A|Process data for PCS7

GLATT | GLATT | GLATT | CODE

|I ZSW1 NIST_A_ | IAIST_ MIST_ | WARN_ | FAULT_

CODE

Telegram 999, free interconnection

I 1 I I I
STW1 Telegraml length canlbe conﬁgull'ed for the rleoeive data}

I I I I I
ZSW1 TelegramI length canlbe oonﬁgu:ed for the tlransmit datla

Telegrams for cyclic communication

Table 5- 3 Explanation of the abbreviations

Abbreviation Explanation Abbreviation Explanation

STW Control word MIST_GLATT Actual smoothed torque

ZSW Status word PIST_GLATT Actual smoothed active power
NSOLL_A Speed setpoint M_LIM Torque limit value

NIST_A Speed actual value FAULT_CODE Fault number

NIST_A_GLATT Smoothed actual speed value WARN_CODE Alarm number

IAIST_GLATT Smoothed current actual MELD_NAMUR  Control word according to the

value

VIK-NAMUR definition

48




Chapter 2 SINAMICS G120 Commissioning Assistant

4.5.2 Interconnection of the process data :

r2053|0r’
No » PZD send word 1
r2053(1 t’
P No: > PZD send word 2
r2053(2}Y
P No > _EU: PZD send word 3
) r2053(3]"
P No? \ . PZD send word 4
r2063(3]° /
P No. . \

12063(15p /
P No. .
\r2053[16]"
" Send word parameter P No: v PZD send word 17

number, doubleword

-

r2063[0)”
P No. .
r2063[1)”
No

r2063[2)”
No

o

% Send word parameter
2 Send word value, number, word

doubleword 4 Send word

value, word

Interconnection of the send words

12“090.0
PZD receive word 1 - { [2050007>
>—@@1‘>
PZD receive word 2 +[Z0501> 12091157
>—@EE>
PZD receive word 3 { {r205002"> 12.092 15%
>—m> 72093.0
PZD receive word 4 ‘ s> 12093.157
. . .
. . .
PZD receive word 12 : [r2050[11">
" Value receive word, 2 Value receive word, ¥ Value receive word,
double word word bit by bit

Interconnection of the receive words




Chapter 2 SINAMICS G120 Commissioning Assistant

The telegrams use - with the exception of telegram 999 (free interconnection) - the word-by word

transfer of send and receive data (r2050/p2051).[11]

4.6 Control and status word :

4.6.1 Control word 1 (STW1)

The PROFIdrive profile, used within PROFINET networks, standardizes
communication between controllers (e.g., PLCs) and drives (e.g., motors,
servos). Control Word 1 (CW1) and Status Word 1 (SW1) are critical 16-
bit data structures for real-time command and status exchange. Below is a
detailed explanation:

e Telegram 20 (VIK/NAMUR):
— Bit0 ... 11 corresponds to PROFIdrive profile,
— Bit 12... 15 manufacturer-specific

e Other telegrams:

— Bit0... 10 corresponds to PROFIdrive profile,
— Bit 11... 15 manufacturer-specific50/p2051).

Parameter Description

p0922 PROFldrive telegram selection
999: | Free telegram (message frame) configuration
p2079 PROFldrive PZD telegram selection extended

1: Standard telegram 1, PZD-2/2

20: | Standard telegram 20, PZD-2/6

350: | SIEMENS telegram 350, PZD-4/4

352: | SIEMENS telegram 352, PZD-6/6

353: | SIEMENS telegram 353, PZD-2/2, PKW-4/4

354: | SIEMENS telegram 354, PZD-6/6, PKW-4/4

r2050[0...11) | PROFIdrive PZD receive word

Connector output to interconnect the PZD (setpoints) in the word format received
from the PROFIdrive controller.

p2051(0...16) | PROFIdrive PZD send word

Selection of the PZD (actual values) in the word format to be sent to the PROFIdrive
controller.

Table 1 PROFINET Telegram Configuration Parameters for PROFIdrive Communication
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Bit | Significance Explanation Signal
Telegram 20 All other mttehroon\r::::bon
telegrams in the inverter
0 0 = OFF1 The motor brakes with the ramp-down time p1121 of the p0840[0] =
ramp-function generator. The inverter switches off the motor | r2090.0
at standstill.
0-1=0ON The inverter goes into the "ready” state. If, in addition
bit 3 = 1, then the inverter switches on the motor.
1 0 = OFF2 Switch off the motor immediately, the motor then coasts p0844[0] =
down to a standstill. r2090.1
1 =No OFF2 The motor can be switched on (ON command).
2 0 = Quick stop (OFF3) Quick stop: The motor brakes with the OFF3 ramp-down p0848[0] =
time p1135 down to standstill. r2090.2
1 = No quick stop (OFF3) The motor can be switched on (ON command).
3 0 = Inhibit operation Immediately switch-off motor (cancel pulses). p0852(0] =
1 = Enable operation Switch-on motor (pulses can be enabled). r2090.3
4 0 = Disable RFG The inverter immediately sets its ramp-function generator p1140(0] =
output to 0. r2090.4
1 = Do not disable RFG The ramp-function generator can be enabled.
5 0 = Stop RFG The output of the ramp-function generator stops at the actual | p1141[0] =
value. r2090.5
1 = Enable RFG The output of the ramp-function generator follows the
setpoint.
6 0 = Inhibit setpoint The inverter brakes the motor with the ramp-down time p1142(0] =
p1121 of the ramp-function generator. r2090.6
1 = Enable setpoint Motor accelerates with the ramp-up time p1120 to the
setpoint.
7 0 — 1 = Acknowledge faults Acknowledge fault. If the ON command is still active, the p2103([0] =
inverter switches to"closing lockout" state. r2090.7
8,9 |Reserved
10 0 = No control via PLC Inverter ignores the process data from the fieldbus. p0854(0] =
1 = Control via PLC Control via fieldbus, inverter accepts the process data from r2090.10
the fieldbus.
11 0 = Direction reversal Invert setpoint in the inverter. p1113[0] =
r2090.11
12 Not used
13 -1 1=MOP up Increase the setpoint saved in the motorized potentiometer. | p1035[0] =
r2090.13
14 -1 1 =MOP down [ Reduce the setpoint saved in the motorized potentiometer. p1036(0] =
r2090.14
15 CDS bit 0 Reserved Changes over between settings for different operation p0810 =
interfaces (command data sets). r2090.15

Table 2 Significance of Control Bits for Inverter Operation and PROFIdrive TelegramsStatus word 1 (ZSW1)

The status word 1 is pre-assigned as follows.

— Bit0 ... 10 corresponds to PROFIdrive profile

— Bit 11... 15 manufacturer-specific
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Bit | Significance Comments Signal
Telegram 20 All other telegrams interconnection
°9 in the inverter
0 |1 = Ready to start Power supply switched on; electronics initialized; pulses p2080[0] =
locked. r0899.0
1 |1 =Ready Motor is switched on (ON/OFF1 = 1), no fault is active. p2080[1] =
With the command "Enable operation" (STW1.3), the r0899.1
inverter switches on the motor.
2 |1 = Operation enabled Motor follows setpoint. See control word 1, bit 3. p2080[2) =
r0899.2
3 |1 = Fault active The inverter has a fault. Acknowledge fault using STW1.7. | p2080(3] =
r2139.3
4 |1 = OFF2inactive Coast down to standstill is not active. p2080[4] =
r0899.4
5 |1 = OFF3 inactive Quick stop is not active. p2080[5]) =
r0899.5
6 |1 = Closing lockout active It is only possible to switch on the motor after an OFF1 p2080[6]) =
followed by ON. r0899.6
7 | 1= Alarm active Motor remains switched on; no acknowledgement is p2080[7] =
necessary. r2139.7
8 | 1 = Speed deviation within the Setpoint / actual value deviation within the tolerance p2080[8) =
tolerance range range. r2197.7
9 | 1 = Master control requested The automation system is requested to accept the inverter | p2080[9] =
control. r0899.9
10 | 1 = Comparison speed reached or Speed is greater than or equal to the corresponding p2080[10] =
exceeded maximum speed. r2199.1
11 | 1 = current or 1 = torque limit Comparison value for current or torque has been reached | p2080[11] =
torque limit reached or exceeded. r0056.13 /
reached r1407.7
12 | -1 1 = Holding brake Signal to open and close a motor holding brake. p2080[12] =
open r0899.12
13 | 0 = Alarm, motor overtemperature -- p2080[13] =
r2135.14
14 | 1 = Motor rotates clockwise Internal inverter actual value > 0 p2080[14] =
0 = Motor rotates counterclockwise Internal inverter actual value <0 r2197.3
15 | 1 = CDS display | 0 = Alarm, inverter p2080[15] =
thermal overload r0836.0 /
r2135.15

Table 3 Status Bit Definitions for Inverter Operation and Diagnostics

4.6.2 Data structure of the parameter channel:

A.

Structure of the parameter channel :

The parameter channel consists of four words. 1. and 2nd word transfer the

parameter number and index as well as the type of job (read or write) The 3rd and 4th
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word contains the parameter contents. The parameter contents can be 16-bit values
(such as baud rate) or 32-bit values (e.g. CO parameters).

Bit 11 in the 1st word is reserved and is always assigned 0.

Parameter channel

PKE (1st word) | IND (2nd word) | PWE (3rd and 4th words)
151210 10..0 i 15..8 i 7.0 i 15..0 I 15..0
1 AK ng PNU ' Subindex : Pageindex : PWE 1 ' PWE 2
M

Table 4 Structure of a PROFIdrive Parameter Channel Data Frame

B. Telegram examples Read request: Read out serial number of the Power
Module (p7841[2]) To obtain the value of the indexed parameter p7841, you
must fill the telegram of the parameter channel with the following data:

— PKE, bit 12 ... 15 (AK): = 6 (request parameter value (field))

— PKE, bit 0 ... 10 (PNU): = 1841 (Parameter number without offset) Parameter number
=PNU + offset (page index) (7841 = 1841 + 6000)

— IND, bit 8 ... 15 (subindex): = 2 (Index of the parameter)

— IND, bit 0 ... 7 (page index): = 90 hex (offset 6000 £ 90 hex)

— Because you want to read the parameter value, words 3 and 4 in the parameter channel
for requesting the parameter value are irrelevant. They should be assigned a value of 0,

for example.

Parameter channel
PKE, 1st word IND, 2nd word PWET - high, 3rd word PWE?2 - low, 4th word
15.... 12]it 10...0 15..8 7..0 15...0 15...10 9..0
AK Parameter number Subindex Page index Parameter value Drive object Index
0[1/1]oJo[1]1]1]o]o[1]1]o]o[o]1|o]o]0|o]0[0]1]0]1]0]o]1]0]0|0]0[0]0[0]0]0[0]0]0]0]0]0]0]0]0]0]0J0]0]0]0]0]0]0]0]0]0]0]0]0]0]0]0

Table 5 PROFIdrive Parameter Channel Structure with Example Bit Values
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5 Commissioning:
5.1 Commissioning guidelines:
This flowchart outlines the step-by-step commissioning procedure for a Siemens G120
inverter (VSD). It starts by defining application requirements and emphasizes resetting to

factory settings as a baseline. Key steps include:

. The inverter has
1. Define the rgqu!rements been installed
of your application

placed on the drive. Preparingfor )
commissioning |

2. Reset the inverter when
required to the factory
setting.

Set-
ting of the
inverter...

is unknown

Restoring the factory

actory setting
setting T

3. Check whether the
factory setting of the
inverter is appropriate for
your application.

The

y should be adapted
factory setting...

If not, start with the basic
commissioning. is sufficient

Basic commissioning

4. Check whether you need
to adapt the functions of
the terminal strip that you
specify in the basic
commissioning.

should be adapted

Adapt inputs and
outputs
|

Con-
nection to a
fieldbus...

5. If necessary, adapt the
communications interface
in the inverter.

is available

Configuring the
fieldbus
6. If necessary, set further ]
functions in the inverter. iR ()
tional are required
7. Save your settings. functions...
Setting functions

Not used

|

y
Backing up data P

Commissioning has
been completed

Figure 30 Flowchart for Inverter Commissioning and Configuration[12]
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5.2 Preparing for commissioning:

5.2.1 Preparing for commissioning Motor

Which motor is connected to the inverter?

If you are using one of the STARTER commissioning tools or Startdrive and a

SIEMENS motor, then you only need the order number of the motor. Otherwise, note

down the data on the motor rating plate.

(')rder number

3~Mot EN 60034

1LA7130-4AA10

No UD 0013509-0090-0031

Voltage (IEC)

TICIF 1325 IP55 IMB3

Power (IEC)

——— Voltage (NEMA)

Current (IEC)

Speed (IEC)

[ 50Hz | | 2301400 V AIY|| | 60Hz | | 460 V
~ 5.5 kW |19.7/1.1.4 AI | 6.5 kW | 1094 |
| Cos90.81| 1455 Umin| | [ Cos@o0.82| [ 1755 1/min |
. k
AJY 220-240/380-420 V Y 440-480 V 95.75 %
| | I | | |
] 19.7-20.6/11.4-11.9 A | |11.1-11.3A| [ 45 kg |

Power (NEMA)
— Current (NEMA)
— Speed (NEMA)

— In which region of the world will the motor be used?

Europe IEC: 50 Hz [kW] - North America NEMA: 60 Hz [hp] or 60 Hz [kW]

— How is the motor connected?

Pay attention to the connection of the motor (star connection [Y] or delta

connection [A]). Note the appropriate motor data for connecting.

— What is the ambient temperature of the motor?

For commissioning, you will need the ambient temperature of the motor if it

differs by more than 10 °C from the factory setting (20°C).[12]

5.3 Selecting the control mode :

Criteria for selecting either V/f control or vector control Multiple Control Modes:

— V/f Control (Voltage/Frequency): Simple, robust control suitable for most standard

applications (pumps, fans, conveyors). Includes linear, quadratic, and programmable

V/f characteristics.

— Sensorless Vector Control (SLVC): Provides higher dynamic performance and better

torque control at low speeds without needing an encoder. Ideal for applications

requiring better starting torque or speed stability.
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Vector Control with Encoder (VC): Delivers the highest precision in speed and torque control across
the entire speed range by using feedback from an encoder (resolver or sin/cos). Essential for
demanding applications (hoists, extruders, centrifuges).

Positioning (Basic): Provides simple positioning functions without needing an external motion

controller for certain applications.

UFf control or FCC (flux current control) Vector control without an encoder
Application e Pumps, fans, and compressors with flow e Pumps and compressors with displacement
examples characteristic machines
* Wet or dry blasting technology ¢ Rotary furnaces

« Mills, mixers, kneaders, crushers, agitators | e Extruder

« Horizontal conveyor technology (conveyor
belts, roller conveyors, chain conveyors)

* Basic spindles

Centrifuge

Motors that can be The rated current of the motor must lie in the range of 13 % ... 100 % of the rated current of the

operated inverter.
Properties of e U/f and FCC are insensitive to inaccurate « Vector control uses the Power Module, the
closed-loop motor motor data settings, e.g. the motor motor and the mechanical system with a high
control temperature degree of efficiency (95 % line voltage at the
e U/f and FCC can be commissioned with just PM240 or PM240-2).
a few settings. * The vector control responds to speed changes

 Uffand FCC respond to speed changes with with a typical settling time of < 100 ms.
a typical settling time of 100 ms ... 200ms | e The vector control responds to load surges with

« U/f and FCC respond to load surges with a a typical settling time of 20 ms.
typical settling time of 500 ms Load
Load
Speed A | '
Speed A | t B
Il I t
: ! Motor A ||
Motor : : t torque : |
torque | | >
- 20ms !
't
500 ms * We recommend vector control for motor power
 U/f and FCC are suitable for the following ratings > 45 kW
cases: « The vector control is required in the following
- For motor power ratings < 45 kW cases:
- For accelerating times 0 - rated speed > - For accelerating times 0 — rated speed <
2s 2s
- For applications with increasing load - For applications with fast and high load
torque without load surges surges

- For heavy duty starting using < 90 % of the
stall torque of the motor
« Vector control typically achieves a torque
accuracy of + 5 % for 10 % ... 100 % of the
rated speed

Max. output 240 Hz 200 Hz

frequency

Closed-loop torque Closed-loop torque control not possible Closed-loop torque control without higher-level
control closed-loop speed control is possible
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Starting/Stopping Control: Smooth ramp-up (acceleration) and ramp-down (deceleration) profiles to

reduce mechanical stress and inrush current. Includes various ramp types (linear, S-curve).

6 Setting functions:

6.1 Overview of the inverter functions:

Setpoints Setpoint /;f{)cessmg
LSs E]‘ Motor control
i )
’_[ A Technology controller
> ——o A
©)
— Commands |
i Inverter control Control Unit
L
éC St—a\é?s o @
éc \ 4
Protection and monitoring Application-specific
o
©)

Figure 31 Overview of inverter functions[13]

6.1.1 Functions relevant to all applications:

The functions that you require in each application are shown in a dark color in the function overview
above.

In the quick commissioning, the parameters of these functions are assigned an appropriate basic
setting, so that in many cases the motor can be operated without having to assign any other

parameters

Inverter control is responsible for all of the other inverter functions. Among other things,

@ it defines how the inverter responds to commands from the higher-level control system.
The commands from the higher-level control are sent to the inverter via digital inputs or

the fieldbus. The inverter returns its status signals to the outputs of the Control Unit or to

the fieldbus.
_\él_ Adapting the terminal strip

Configuring the fieldbus

You must define a setpoint, which defines the motor speed, for example.

Setpoint

57




Chapter 2 SINAMICS G120 Commissioning Assistant

The setpoint processing uses a ramp-function generator to prevent speed steps occurring

/ __\| and to limit the speed to a permissible maximum value.

Setpoint calculation

The motor closed-loop control ensures that the motor follows the speed setpoint. You can
@ select either vector control or U/f control.

Motor control

6.1.2 Functions required in special applications only:
The functions whose parameters you only need to adapt when actually required are shown in white

in the function overview above.

The protection functions prevent damage to the motor, inverter and driven load, e.g.

i using temperature monitoring or torque monitoring.

Protection and monitoring functions

unctions suitable for the application permit, for example, a higher-level closed-loop

N {op  pressure or temperature control using the technology controller.
——— Further, the inverter provides solution options specifically for applications in the area of
pumps, fans and climate control systems

Application-specific functions

7 Conclusion:

In this chapter, we have presented a comprehensive study of the asynchronous motor and its
integration with a variable speed drive (VSD), laying the foundation for understanding modern motor
control systems in industrial environments. We began with an overview of asynchronous motors,
highlighting their robust construction, lack of sliding electrical contacts, and ease of manufacture.
The chapter detailed their construction, including stator and rotor components, as well as the
mechanical and electrical aspects that influence their performance.

We then explored the fundamental principle of operation based on electromagnetic induction,
emphasizing the concept of slip and how torque is generated through rotor-stator interaction.
Attention was given to the types of asynchronous motors—especially squirrel cage designs—and
their advantages in various applications.

Subsequently, the chapter shifted focus toward variable speed drives, specifically the Siemens

SINAMICS G120 series. The role of VSDs in adjusting motor speed and torque in accordance with

58




Chapter 2 SINAMICS G120 Commissioning Assistant

process demands was illustrated, along with an explanation of the converter’s architecture, including
the Control Unit and Power Module. The operational principle of VSDs was clarified, where speed
variation is achieved by modulating the frequency and voltage of the motor's supply.

We concluded by introducing the significance of PROFINET communication and PROFIdrive
telegrams in enabling seamless real-time control and monitoring between PLCs and drives. The
control word, status word, and parameter channel structures were presented as essential components

of drive automation.
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Chapter 3 CONTROL AND SUPERVISION

1. Introduction

The In this chapter, we present a comprehensive approach for the control and monitoring of a three-
phase induction motor using Siemens automation technologies. The system comprises a SINAMICS
G120 variable speed drive (VSD), an S7-1200 PLC, and a SIMATIC HMI screen. All components are
connected and configured through PROFINET in the TIA Portal V16 environment. The aim is to
achieve efficient, real-time motor control and diagnostics through a central control and visualization

platform.

2. System Architecture Overview

2.1. Hardware Configuration & Network Setup :

Component Specifications:

Device Model Example Key Interfaces

PLC S7-1215C DC/DC/DC PROFINET Port (X1), 24V DC I/O

G120 CU CU250S-2 PN (6SL3246-...) | PROFINET (X1 P1/P2), Digital I/O (X21)
Power Module | PM240-2 (e.g., 3kW) 3AC 400V Input, U/V/W Motor Output
HMI WinCC KTP700 Basic PROFINET, Touchscreen

Overview of Industrial Automation Devices and Their Key Interfaces

PLC_1 Station PC WinCC Entrainement_1
CPU 1212C SIMATIC PC Stat... RT Adv G120 CU240E-2...

PN/IE_1: 192.168.1.1

PN/IE_1 ]— PN/IE_1: 192.168.1.2

PNAIE_1: 192.168.1.3

Network Configuration Diagram of a SIMATIC S7-1200 CPU, PC Station, and SINAMICS G120

Drive.
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3. Wiring & Topology :

e PROFINET: Daisy-chain topology:
PLC (X1) —» G120 (X1 P1) — G120 (X1 P2) — HMI
o Use shielded RJ45 cables (CATS5e+).

e Motor Connection :

o G120 U1/V1/W1 — Motor terminals (PE grounded).

e STO Safety Circuit (Optional):

o Wire emergency stop to G120 terminals (X21.3/4 for STO A/B).

4. TIA Portal Project Setup:

4.1.1. Device Integration

Add Devices:

o PLC: Select exact CPU model (e.g., 6ES7215-1AG40-0XB0).

o G120: Add SINAMICS G120 CU250S-2 PN under "Drives."
o HMI: Add KTP700 Basic PN (Resolution: 800x480).

CU230P-2 PN

—

X150 X150
P1 P2

Pi
1
2
3
4
5
6
7
8

5

RX+, receive data +
RX-, receive data -
TX+. Transmit data +

TX-, transmit data -

| CU230P-2 DP

oam. | W

X127
Buchse

1 Shield, ground connection

3 RxD/TxD-P, receive and
transmit (B/B’)

CNTR-P, control signal
DGND, reference potential
for data (C/C')

VP, supply voltage

RxD/TxD-N, receive and
transmit (A/A)

9 —

Figure 32 Interfaces at the lower side of the CU230P-2 Control Unit

5. PROFINET Configuration :

CU230P-2 CAN

LLLLLEEL ] ] )
le I-‘
= i = =

X126
Stecker

OFF ON

Busabschluss

Pin
2 CAN_L, CAN signal

(dominant low)
3 CAN_GND, CAN ground

5 (CAN _SHLD), optional
shield

6 (GND), optional ground

7 CAN_H, CAN signal

(dominant high)

Q s

CU230P-2 HVAC

X128

Y

OFF ON
Busabschluss

0V, reference potential
RS485P, receive and
transmit (+)

RS485N, receive and
transmit (-)

Cable shield
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-Configure Real-Time (RT) class: Cycle time =4 ms.

-Assign IPs: PLC (192.168.0.1), G120 (192.168.0.2), HMI (192.168.0.3)
-Set Device Name for G120 (e.g., drive_g120).

scada » PLC_1[CPU 1212C AUDCURIy] -0 EX

[? Vue topologique

H;&, Vue du réseau [[ﬁf Vue des appareils l_

d¢ [PLc_1[cPu1212q]

103
Chéssis_0

Or

= _[ Vue d'ensemble des ap

="

Module

L}

v PLC_1
DI8IDQ 6...
AI2_1

[

HSC_1
HSC_2
HSC_3
HSC_4
HSC_5
HSC_6
Pulse_1
4 Pulse_2

- Pulse_3

co oo oo ooooo 1l <

Pulea 4

"G, Propriétés I‘_i_ilnfo yl&j Diagnostic

_J Général “ Variable 10 Il Constantes systéme

H Textes [

Informations catalogue

Totaux de contrdle

w Interface PROFINET [X1]
Général
Adresses Ethernet
Synchronisation de I'h...
Mede de fonctionnement

» Options avancées
(<] [

]

B

~

T

Identification & Mainten... —

.
I

WE‘

Protocole IP

[

(®) Définir I'adresse IP dans le projet

Adresse IP: { 192 .

168 . 1 .1

[ utiliser un routeur IP

que de
sous-réseau: | 255 . 255 . 255 . 0

B

[

(]

Figure 33 Portal Hardware Configuration for a SIMATIC S7-1200 PLC with PROFINETInterface Settings

63




Chapter 3 CONTROL AND SUPERVISION

scada » Entrainement_1 [G120 CU240E-2 PN]

E Vue topologique Hﬁh Vue du réseau II[H Vue des appareils L
g¢ [Entrainement_1[G120 cu24{~] g !é| & |£| [CF 2 = J Vue d'ensemble des ap
~
& ¥/ Module
_| E ¥ Entrainement_1
» Interface PRO...
PM240-2 IP20
4
»
. , 0.
<[ w ] [>] [100% [~ g— & (<]m] >
9 Propriétés I‘_i; Info yl %) Diagnostic I
_] Général H Variable 10 ][ Constantes systéme H Textes ]
» Général =] Entrainement Partenaire [~
4 ¥ Interface PROFINET... Nom [Emrainemelt:[ ] e m_c:! J ||
Général [=
Réle areil Contréle —
Adresses Ethernet IApp = ] [ = ‘
~ Configuration télé... =[] AdresselP [ 192 .168 .1 .2 | 192.168 .1 .1
v Entrainement_1 r Télégramme |Té|e'gramme standard 1 [~]
n
fEmission | ‘ d Emplacement |2 |
Réception...
st 5= Adresse de début [PZD 1 [~ [1256 |
» Options avancées — =
D matériel o~ Longueur [2 mots | [2 mot:\
TIFAMMAH’]I—AMA_‘ B Extension [0 mots [o mots | (o

Figure 34 Siemens TIA Portal Hardware Configuration for a SINAMICS G120 CU240E-2 PLC with PROFINETInterface

Settings

6 G120 Commissioning :

PARAMETER PATH IN TIA PORTAL VALUE DESCRIPTION
MOTOR RATED | Drive > Configuration > A : 0.37KW From motor nameplate
POWER Motor v : 0.37KW

v : 0.43KW
MOTOR RATED | Drive > Configuration > A 1.84A From motor nameplate
CURRENT Motor v: 1.84A

v :0.98A
MOTOR RATED Drive > Configuration > A 230V From motor nameplate
VOLTAGE Motor y: 400V

vy : 460V
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MOTOR SPEED Drive > Configuration > A : 2755 tr /min From motor nameplate
Motor vy : 2755 tr /min
v : 3355 tr /min
CONTROL Drive > Configuration > SLVC (Sensorless For torque-sensitive
MODE Setpoints VO) apps
PROFINET Drive > Communication > Telegram 1 (PZD- 4-byte 1/O (2 words
TELEGRAM Telegram 2/2) in/out)
ACCELERATION | Drive > Function Modules P1120=10.0s 0—50 Hz in 10 sec
RAMP > Setpoints
STO ENABLE Drive > Safety Integrated P9601 =1 Safe Torque Off via
terminals

Key Parameters for SINAMICS G120 Commissioning

8 PLC Programming (S7-1200) :

7.1 /O Mapping for G120:
PLC Address Data Type Scaling

G120 Data

Control Word (STW)

Speed Setpoint
Status Word (ZSW)
Actual Speed

QB256 WORD
PQW258 INT
1B256 WORD
PIW260 INT

Bitwise control (see table below)

0-16384 = 0-50 Hz

Bitwise status

0-16384 = 0-50 Hz
I/O Mapping for SINAMICS G120 Drive Control and Status

65




Chapter 3 CONTROL AND SUPERVISION

Assistant de mise en service X

Classe d'application

Classe d'application .
PP Classe d'application:

[1] Standard Drive Control (SDC) v

J

Application typique:

-Pompes, ventilateurs et compresseurs avec carac. de flux
-Systémes de sablage

- Broyeurs, mélangeurs, malaxeurs, concasseurs, agitateurs
-Systémes de convoyage horizontaux

-Broches simples

Caractéristiques typiques:

-Rég. vectorielle robuste pour une manipulation simple
-Puissance de moteur jusqu'a 45 kW

-Temps de démarrage supérieurs 85-10s
-Déplacement continu a charge constante

-Limitation de couple statique
- Précision de vitesse stationnaire

@
e
®
®
@
@®
®
®
®
@

/A Aide en ligne

Suivant>> | ‘ | Annuler

Figure 35 SINAMICS G120 Commissioning Assistant: Application Class Selection (Standard Drive Control————7)
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Assistant de mise en service Py

Spécification de consigne
Sélection si oui ou non I'entrainement est connecté a un AP ainsi que de I'endroit ol est
générée la consigne.

<]

Sélection de la connexion a la commande et spécification de consigne :

@ Spécification de consi... AP Entrainement

—Pp
Echange

O Fonction rampe 3
de données

dans I'AP

Entrainement

et
Echange

. Fonction rampe
de données

dans l'entrainement

Entrainement

Fonction rampe
dans I'entrainement

|

! <<Précédent i! Suivant >> Annuler

Figure 36 SINAMICS G120 Commissioning Assistant: Setpoint Specification and Ramp Function Location
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Assistant de mise en service

@ & o

® valeurs par défaut des...

e
@®
®
®
®
®
®

Valeurs par défaut des sources de consigne / de commande

Sélection d'une connexion prédéfinie des entréesisorties et, le cas échéant, du télégramme de
bus de terrain. Modifiable ultérieurement par l'utilisateur.

Sélectionnez la configuration E/S par défaut :

[7] Bus de terrain avec commutation entre jeux de paramétres v
DI O: p1055[1] BI: JOG Bit O A
DI 1: p1056[1] BI: JOG Bit 1
DI 2: p2103[1] BI: 1er acquittement des défauts

p2104[0] BI: 2e acquittement des défauts
DI 3: p810 BI: Sélection du jeu de parameétres de commande CDS Bit 0

DO 0: r52.3 CO/BO: Mot d'état 1: Défaut actif
DO 1: r52.7 CO/BO: Mot d'état 1: Alarme active

DO 2: r52.2 CO/BO: Mot d'état 1: Fonctionnement débloqué
AO 0: r21 CO: Mesure de vitesse de rotation lissée
AD 1: r27 CO: Mesure de courant Valeur absolue lissé

<]

Configuration des télégrammes:
[1] Télégramme standard 1, PZD-2/2 v
O Consigne de vitesse 16 bits
/A Aide enligne
| <<Précédent “ { \ ’ Annuler

Figure 37 SINAMICS G120 Commissioning Assistant: Default /0 and Telegram Configuration for Drive Control
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’

e 60 6 60 0

Moteur

@
e
®
®
®

CONTROL AND SUPERVISION

Moteur

Définition du type de moteur et des paramétres du moteur.

Configuration moteur

Saisir les paramétres moteur ”

Sélectionner le type de moteur
[1] Moteur asynchrone v

Sélectionnez le type de raccordement de votre moteur et le mode de service 87 Hz:

Etoile -

Saisissez les parameétres moteur suivants:

Paramétre Texte du paramétre Valeur Unité
p305[0] Courant assigné du moteur 1,06 Aeff
p307[0] Puissance assignée du moteur 037 kw
p311[0] Vitesse assignée du moteur 2755,0 trimin

Les paramétres moteur suivants ont des valeurs par défaut et sont modifiables si nécessaire:

Parameétre Texte du parameétre Valeur Unité
p304[0] Tension assignée du moteur 400 Veff
p310[0] Fréquence assignée du moteur 50,00 Hz
p335[0] Mode de refroidissement du moteur [0] Refroidiss...

Sonde thermométrique:
[0] Pas de sonde -

<< Précédent ‘ | Suivant>> | \ . Annuler

Figure 38 SINAMICS G120 Commissioning Assistant. Motor Parameter Configuration (Asynchronous Motor)
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Bit | Function Description
0 ON/OFF1 1=Start, 0=Coast stop
1 OFF2 0=Emergency stop
2 OFF3 0=Fast stop
3 Enable Operation Always 1
7 Fault Reset Rising edge resets faults
o0 Reserved Currently not used in Telegram 20; reserved for future or specialized use.
0 = No control via PLC:
Inverter ignores fieldbus commands.
1 = Control via PLC:
10 | Control via PLC
Inverter accepts commands from the PLC via PROFINET/fieldbus.
Signal Mapping: p0854[0] = 12090.10
1 =Reverse:
Inverts the motor direction based on setpoint sign.
11 Direction Reversal ) )
Signal Mapping: p1131[0] =12090.11
12 Not used This bit has no defined function in Telegram 20.
1 =MOP up:
Motorized
Increases the setpoint stored in the motorized potentiometer.
13 Potentiometer (MOP ) )
Signal Mapping: p1035[0] =12090.13
Up)
e 1=MOP down:
Motorized
Decreases the setpoint stored in the motorized potentiometer.
14 Potentiometer (MOP
e Signal Mapping: p1036[0] =12090.14
Down)
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Bit | Function Description

e Reserved:
CDS (Command Data Used to switch between different command datasets (presets) if configured.
Set) Selection e  Signal Mapping: p0810 =1r2090.15

15

9 Control Word (STW) Bit Assignment:

Bit Bit Bit Bit Bit i it Bit Bit Bit Bit Bit i Bit Bit
0 2 i 10 11 12 14 15

STOP 0
Forward 1
run

Fault
acknowled

gment
Control
Local/Remote

STOP

Forward
Reverse

Fault
acknowled

gment

Control 8/0
Local/Remote

Table 6 PROFIdrive Control Word Bit Assignments and Hexadecimal Representation for Drive Commands
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9 PLC Programming blocks « OB » :

e -

v  Réseaul:

NORM_X SCALE_X
Int to Real Real to Real
EN EN
0= MN WID100 0.0 MN %WD20
— ouT — "Tag_5" %'Mm()(? OUT — "VITESSE REELLE"
"VITESSE Tag_5" — VALUE
VARIATEUR" — VALUE 500.0 — MAX
16384 — MAX
v Réseau2:
YM0.2 W™M1.0
“MARCHE ARRIERE" “EN SERVICE"
] | | \
1| \ ]
%M0.0
*MARCHE AVANT
] |
11
Figure 39 Siemens TIA Portal LAD Program for Speed Scaling and Motor Control
¥ Réseau3:
%M0.0
"MARCHE AVANT MOVE
] | EN —
168047F IN °/¢QVV256
3 oum *COMMANDE"
¥ Réseaud:
MO0 2
“*MARCHE ARRIERE" MOVE
{ | EN —
16#0C7F — IN UQW256

3 OUT1 — "COMMANDE"
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Réseau 6 :

WMW1 2

"CONSIGNE
SCADA"

MOVE
EN —
IN
3 oum

EN —

IN 3¢ Oum

9.WinCC HMI Development :

9.1 Screen Design

YQW256
*COMMANDE"

Figure 40 Siemens TIA Portal LAD Program for Motor Forward/Reverse Control using MOVE Instructions

UQW258
*CONSIGNE
VARIATEUR"

Figure 41 Siemens TIA Portal LAD Program for Motor Stop and SCADA Setpoint Control

CONTROL AND SUPERVISION

73




Chapter 3 CONTROL AND SUPERVISION

proje | oje A R RT A - Accessoire |

Appareils | Options
] ER| TE[TIBIUSAtE: Arpsds Se—s BedsSellems $14 SYEL T2
: (]| Objets de base !
v ] projes A
I Ajouter un appareil 100 — / A ‘ @ ’
s Appareils & Réseaux 700800 = [} -
» (1§ PLC_2 [CPU 1212C ACIDCRRY] msoo ”;'m 80 —= s . A ! [
v g PcSptem 2[SMATCRCsL. it = s
¢ I\ configuration des appareils = 0 —=
¢ Y Enligne & Diagnostic _, e
& v [ HMI_RT_2 [WinCC RTAdv..
: Y Configuration des appar.. 1 A% VJ Eléments -
{ Paramétres Runtime : ] ~
al o FE @ 4
v [ Vues o ) :_‘ﬂ \5 ;
[ Ajouter une vue A - = :
e R
» |§) Gestion des vues ]
» g Variables IHM @ =
%4 Connexions 0000000000000 000000000000 »
4 Alarmes IHM v %
gkcems < " 3| 100% o b vl(‘nmrblos
Archives - ot § -
» [ scis e_1 [Vue ' propriétés  |"ijInfo )| 9 Diagnostic = EJA z‘ i@ 3
] Planifcateur de tiches Propriétés | Animations | Evénements | Textes | - —
q ch'e:l 0 L ¥ Lise des propriées Plans ﬁ ﬁ
é M [l =] 1
v |Vue détaillée = ] = " Paramétres {’ Y= &

Figure 42 Siemens WinCC RT Advanced HMI for VSD G120 Control with SIMATIC S7-1200 PLC
e Main Screen:
o
o Buttons:
= Start (Green): Sets Start Button = 1.
= Stop (Red): Sets Start Button = 0.
o Data Visualization:
= I/O Field: Linked to Speed_Setpoint (min=0.0, max=50.0).
= Bar Graph: Shows Actual Speed (0-1500 RPM).
= Alarm Indicator: Flashing when Drive Fault = 1.
o Diagnostics Screen:

o Trend view for Actual Speed and motor current (using WinCC historization).

10. PROFINET Communication Validation
10.1 Diagnostic Tools
e TIA Portal Online Diagnostics:
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o Monitor PROFINET cycle time (< 4 ms).
o Check device status (green = OK, red = fault).
e (G120 Diagnostics:
o Parameter r0947: Last fault code (e.g., F07900 = PROFINET comm loss).
o Trace actual speed (r0021) vs. setpoint (r0062).
11. Conclusion:
This chapter demonstrated how the TIA Portal V16 environment facilitates the integration of a three-
phase motor control system using Siemens automation hardware. The project covered configuration
of the S7-1200 PLC, SINAMICS G120 VSD, and an HMI interface, all networked through
PROFINET. This practical application showcases how industrial automation systems can be
designed and implemented with modern tools to ensure efficient, safe, and user-friendly control of

electrical machines.
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General Conclusion
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This graduation thesis has presented the complete development and implementation of a sensorless
control system for a three-phase asynchronous motor using Siemens automation technologies,
including the S7-1200 PLC, SINAMICS G120 variable speed drive (VSD), and a WinCC HMI
panel, all integrated through the TIA Portal environment and communicating via PROFINET.

The study began with a detailed theoretical overview of asynchronous motor operation, sensorless
control techniques, and variable speed drive principles. This foundation enabled the design of a
robust and cost-effective motor control system that eliminates the need for mechanical sensors while
maintaining precise control over motor speed and direction.

The integration of the Siemens S7-1200 PLC and SINAMICS G120 VSD, configured through
PROFINET, allowed for flexible and reliable communication between control devices. The use of
standard telegrams and control words enabled accurate command execution and status monitoring in
real-time. Additionally, the development of a user-friendly HMI interface provided intuitive
supervision and parameter adjustment, enhancing operational safety and usability.

The practical implementation demonstrated in this work validates the performance, scalability, and
industrial relevance of the proposed architecture. The system achieved the intended goals of:

e Cost reduction through sensorless control,

o Enhanced system reliability and flexibility,

e Real-time monitoring and diagnostics via HMI,

e Smooth motor operation and dynamic speed control through precise parameter tuning.
This project not only showcases the capabilities of modern industrial automation tools but also
reflects the ongoing transition toward smart, interconnected control systems aligned with Industry
4.0 objectives.

In conclusion, this work contributes to the advancement of efficient and intelligent motor control
systems, and opens pathways for future enhancements such as remote diagnostics, energy
optimization, and integration with loT platforms.

77




Chapter 3 CONTROL AND SUPERVISION

Summary:

This project aims to design and implement a sensorless automatic control system for a three-phase
motor using an S7-1200 programmable logic controller (PLC), a SINAMICS G120 variable speed
drive (VSD), and an HMI interface, all programmed through TIA Portal and communicating via the
PROFINET protocol. The system enables precise control of motor speed and direction without the
need for a mechanical sensor, reducing costs and increasing reliability. The system was successfully
tested in practice and has potential for future development.

Keywords:

VSD (Variable Speed Drive):

A device that controls the speed and torque of an electric motor by adjusting the frequency and voltage.
SINAMICS G120:

A Siemens variable speed drive used to control three-phase motors with modular design and PROFINET
support.

PLC S7-1200:

A compact Siemens controller used to automate machines and processes in industrial systems.

HMI (Human-Machine Interface):

A screen that allows operators to monitor and control machines through a graphical interface.

TIA Portal:

Siemens software that integrates programming of PLCs, HMIs, and drives in one engineering environment
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