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DL OPENLAB-SSEM
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SMART SIMULATOR FOR ELECTRIC MACHINES TRAINING

The DL OPENLAB SMARTSIM is a software that has been developed
to teach main topics related to electric machines in a unique and INDUSTRIAL TOOLS = POWERFUL 3D SIMULATOR

effective way.

DL OPENLAB-55EM

With this software, students can improve their individual experience B - Mk
studying electric machines in practice. |

Students will be able to carry out several experiments dealing
with the following topics:

Mechanical assembly;

PROFESSIONAL INDUSTRIAL REALISTIC
LEARNING ENVIRONMENTS
Wiring
Tests and measurements.
This software will be able to reproduce the features and behaviours cEmenTs

INTERPOLE EFFECT

of DE LORENZO Electric Machines Laboratory — DL OPENLAB.

With this type of software developed by DE LORENZO, students
can learn in their own rhythm and teachers have more time to su-
pport the class, manage and improve the process because - un-
like any other simple simulator - it grants the following benefits:

PROFESSIONAL EXPERIENCE | REAL-LIFE SITUATIONS

www.delorenzoglobal.com
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DL OPENLAB-SSEM

Possibility to access learning topics, with theory, instructions and experiment proposals. The software includes a virtual version

DL OPENLAB-SSEM

< Experiments

Topic Content

EXPERIMENT 1

FLUX PRODUCED BY THE
POLES - MAIN POLES

EXPERIMENT 2

1. EFFECTIVE GUIDE FOR STUDENT

EXPERIMENT 1 - FLUX PRODUCED BY THE POLES — MAIN POL...

FLUX PRODUCED BY THE POLES - MAIN POLES

Determining the direction of the magnetic flux.

Overview

On this experiment you will have the opportunity to verify the generation of a magnetic flux by
means of electromagnets,

x DL OPENLAB-SSEM

< Experiments

Topic Content

EXPERIMENT 1

FLUX PRODUCED BY THE
POLES — MAIN POLES

of the DL OPENLAB system;

TOPIC 1 - Basic Concepts

Basic Concepts

In this section some fundamental concepts are reminded for the correct comprehension of the
operation of the rotating electrical machines

2.1 MAGNETIC CIRCUIT
‘The fundamental structure of a rotating electrical machine Is composed of a fixed part (stator)

and a moving part (rotor), carried out with magnetic material to support the passage of the
magnetic flux &, that can be generated by a permanent magnet or, better, by electromagnets.

Instructions EXPERIMENT 2 The flux lines flow through a closed circuit that includes both iron (stator yoke, poles and rotor)
FLUX PRODUCED BY THE

FLUX PRODUCED BY THE and alr (air gap between stator and rotor).
POLES - INTERPOLES You will work on this experiment in 4 steps: 1) assembly, 2) wiring, 3) setup and 4) POLES — INTERPOLES
measurements.

Atthe end of each step you should press the delivery button sothatthe smartsim can validateit.
Pay attention to the instructions on each step and access the Topic Content to access the theory
EXPERIMENT 3 and other technical information.
MAIN MAGNETIC FIELD -
Signin CONCURRENT SERIES

EXPERIMENT 3
MAIN MAGNETIC FIELD —

On step1(assembly) you will place the power supply and measurement modules at the rack and

assemble the electric machine. On step 2(wiring) you will connect the terminals on the CONCURRENIGERES Ntums coll
components accordingly to the instructions. On step 3 (setup) you will do the initial preparation

Clesienswaceont beforetuming on the machines. And on step 4(measurements) you will verify the generation of a

magnetic flux.

EXPERIMENT 4 EXPERIMENT 4
T T Now you can press the "START ASSEMBLY" button below to access the assembly instructions. (IS TE
MAGNETIC FIELD MAGNETIC FIELD

SEMBLY

EXPERIMENT 5 EXPERIMENT 5
INTENSITY OF THE
MAGNETIC FIELD - PT.2 ¢ I};l:;uz_\;g (;H:FPW

1/1

Student logs in, so his progress can be tracked. ...choose one of the learning topics

...accesses theory, experiments proposals and instructions.

2. AUTOMATIC VALIDATION OF STUDENTS' TASKS

The software automatically verifies if the student completed successfully each task in order to allow him/her to go ahead with the next one;

DL OPENLAB-SSEM

DL OPENLAB-SSEM - X DL OPENLAB-SSEM

< Experiments EXPERIMENT 1 - Mechanical Assembly

< Experiments EXPERIMENT 1 - Wiring

Validation Log

Topic Content

Mechanical Assembly Topic Content

Assembling the mechanical parts that will be used in the experiment.
EXPERIMENT 1

FLUX PRODUCED BY THE Depending on the resolution of your screen you may need to roll it to see all the content.
POLES — MAIN POLES

EXPERIMENT 1

FLUX PRODUCED BY THE
POLES - MAIN POLES

‘When you finish the assembly, press the “CHECK ASSEMBLY" button at the end of this content.

Electric and slectronic modules
Place the modules positioned as specified below and showed in the picture.
EXPERIMENT 2 Inferior shelf: AC/DC - PS2 (1P Source), Amperemeter 1, Voltmeter 1 EXPERIMENT 2

FLUX PRODUCED BY THE
POLES - INTERPOLES

FLUX PRODUCED BY THE
POLES — INTERPOLES

EXPERIMENT 3

MAIN MAGNETIC FIELD -
CONCURRENT SERIES

EXPERIMENT 3

MAIN MAGNETIC FIELD —
CONCURRENT SERIES

EXPERIMENT 4
INTENSITY OF THE
MAGNETIC FIELD Mechanical parts
1 DC machine stator
1 Magnetic probe

EXPERIMENT 4

INTENSITY OF THE
MAGNETIC FIELD

GROUND

e ot _
INTENSITY OF THE |

MAGNETIC FIELD - PT.2

EXPERIMENT 5

INTENSITY OF THE
MAGNETICFIELD - PT.2

Student works on the assembly of the electrical machine

...then makes the electrical connections ...and with all that correctly done, runs the experimenf.

www.delorenzoglobal.com
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3D ENVIRONMENT TO PROVIDE
REAL PRACTICAL EXPERIENCE TO STUDENTS
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IT CONNECTS PROFESSOR,
STUDENT AND SCHOOL

De Lorenzo’s cloud server receives students activities and
provides reports and analytics to professors and institutions.
Besides, a student can start working at school and continue
at home or vice-versa.

That means that the professors can monitor the students
and based on the report that De Lorenzo’s cloud provides,
the professors can give the support that a specific student
might be needing.

www.delorenzoglobal.com

WHY IS IT A SMARTSIM?

COMPATIBLE WITH THE DL SMART-DASHBOARD (SOLD SEPARATELY)

PROFESSORS CAN FOLLOW STUDENTS PROGRESS

The professor can do and access everything the student can.
Besides, he/she can also access the dashboard’s portal.

It includes interesting reports and analytics that help the
professor to monitor the group in real time, as well as to
identify students who are doing very well, as well as those
who need help, who are not working at all and who seem
to be “cheating”.

Tasks report

This is an important tool since it provides evidence of the
activities a student worked on. That means the school has
evidence of the practical activities the distance learner has
done with detailed information about it.

Curso Tarefa Timestamp IsDon

-
3/9/2020 6:33:37 PM False
11/22/2019 71400 PM  False

Scripts 1.1 - Abrindo uma tela modal

Desenvolvimento de sistemas
SUpenisonos

2.6 - Implementar Graficos

Desenvolvimento de sistemas 11/18/2019 504:15PM  True

SUpervisonos

2.5 - Montar interface principal

11/18/2019 4:28:54 PM  True

Desenvolvimento de sistemas
supervisonios

2.4 - Construindo os objetos da aplicagdo

Desenvolvimento de sistemas 11/15/2019 3:35:44 PM  True

supenvisorios

2.3 - Explorando Recursos

Desenvolvimento de sistemas 11/15/2019 5:10:00 PM  True

SUPErvisonos

2.2 - Conhecendo o Elipse E3

Desenvolvimento de sistemas 11/14/2019 12:57:42 PM  True

supenvisorios

2.1 - Comunicagdo OPC

Desenvolvimento de sistemas 1.8 - Comandos pelo supervisorio 11/14/2019 11:25:14 AM True

PROFESSOR CAN SEE WHICH STUDENTS ARE ON
SCHEDULE

With this interface, the professor may choose which groups
he/she wants to monitor, to verify who is on schedule, who
is pending and so on. It is possible to define the expected
progress percentage in relation to the tasks available in the
course.

‘‘‘‘‘‘‘‘‘‘‘‘‘‘

RHYTHM

This other dashboard shows the number of activities the stu-
dents did daily and weekly. The professor may decide to
verify it regarding a whole group/class or a specific student.

TRIALS PER TASK

This chart helps the teacher to understand which task may be
the most difficult and which one may be the easiest in order
to adjust the deadlines.

Tentativas por Tarefa

VSE_
" VS‘:_
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< Experiments

pic Content

EXPERIMENT 1

FLUX PRODUCED BY THE
POLES - MAIN POLES

EXPERIMENT 2

FLUX PRODUCED BY THE
POLES - INTERPOLES

IT'S A

THEY CAN LEARN BY THEMSELVES

TOPIC 1 - Basic Concepts

Basic Concepts

In this section some fundamental concepts are reminded for the correct comprehension of the
operation of the rotating electrical machines

2.1 MAGNETIC CIRCUIT

The fundamental structure of a rotating electrical machine is composed of a fixed part (stator)
and a moving part (rotor), carried out with magnetic material to support the passage of the
magnetic flux @, that can be generated by a permanent magnet or, better, by electromagnets.
The flux lines flow through a closed circuit that includes both iron (stator yoke, poles and rotor)
and air (air gap between stator and rotor).

SUMMARY OF FEATURES

pic Content

EXPERIMENT 1

FLUX PRODUCED BY THE
POLES - MAIN POLES

EXPERIMENT 2

FLUX PRODUCED BY THE
POLES — INTERPOLES

EXPERIMENT 3

MAIN MAGNETIC FIELD —
CONCURRENT SERIES

EXPERIMENT 4

INTENSITY OF THE
MAGNETIC FIELD

EXPERIMENT 5

INTENSITY OF THE
MAGNETIC FIELD - PT.2

IT AUTOMATICALLY CHECKS STUDENT ACTIVITIES TO LET THEY

IT HAS

FLUX PRODUCED BY THE POLES - MAIN POLES

Determining the direction of the magnetic flux.

Overview

On this experiment you will have the opportunity to verify the generation of a magnetic flux by
means of electromagnets.

Instructions

You will work on this experiment In 4 steps: 1) assembly, 2) wiring, 3) setup and 4)
measurements.

At the end of each step you should press the delivery button so that the smartsim can validate it.
Pay attention to the Instructions on each step and access the Topic Content to access the theory
and other technical information

On step 1(assembly) you will place the pawer supply and measurement modules at the rack and
assemble the electric machine. On step 2(wiring) you will connect the terminals on the
components accordingly to the instructions. On step 3 (setup) you will do the Initial preparation
before tuming on the machines. And on step 4(measurements) you will verify the generation of a
magnetic flux.

Now you can press the "START ASSEMBLY" button below to access the assembly instructions.

MOVE ON,

Validation Log

< Experiments

Topic Content

EXPERIMENT 1

FLUX PRODUCED BY THE
POLES - MAIN POLES

EXPERIMENT 2

FLUX PRODUCED BY THE
POLES — INTERPOLES

EXPERIMENT 3

MAIN MAGNETIC FIELD -
CONCURRENT SERIES

EXPERIMENT 4

INTENSITY OF THE
MAGNETIC FIELD

EXPERIMENT 5
INTENSITY OF THE

THE PROJECTS INCLUDE

EXPERIMENT 1 - Mechanical Assembly

Mechanical Assembly

‘Assembling the mechanical parts that will be used In the experiment.

Depending on the resolution of your screen you may need to roll it to see all the content.

When you finish the assembly, press the "CHECK ASSEMBLY" button at the end of this content.

Electric and electronic modules
Place the modules positioned as specified below and showed in the picture.
Inferior shelf: AC/DC - PS2 (1P Source), Amperemeter 1, Voltmeter 1

Mechanical parts
1 DC machine stator
1 Magnetic probe

PROFESSORS CAN

SMARTSIM USER PROGRESS

=1Fsp

& SMARTSIM @ Grou

SMARTSIMs
e

VBC - Virtusl Brocess Contral

OuenLab- Electric Machines

Rl lectric Instaliations

DLE- Industril Elect

Students (IFSF)

ALANA BYATRIZ LOBES SAN MARTIN
ALANA BYATRIZLOPES SAN MARTIN
CLODOALDO BF SOUZA FARIA IIHIOR

CLODOALDO DE SOUZAFARIA JINIOR

Smartsims Froaress (IFSP]

March 31,2021, 618 M
Mareh 31,2021, 6:18 PM
March 31,7071, 608 Pht

March 34, 2021, 607 PM

Contralwith PLC
‘contral with PLC
ContralwithPLC

Cantralwith PLC

AND VERIFY WHICH
POINT THEY NEED HELP(Option available with the Dashboard)

- Doscrlption
SEALIN CONTACT
SEALIN CONTACT
SEALIN CONTACT

SEALIN CONTACT

Stops -+ Deserlption
iring
Miechanical Assembly
iring

Mechanical Assembly

Jsor Profiles - usarF
Brot Leonardo (Contralel
Prot. Leonardo (Gontrolel
Frot Leonardo (Contrale)

Brat Leanardo (Cantrals)

OLG- Industris Elct DANIEL PEREIRA DE SALES March 25, 2071, 1:00PM  Control With PLC- Codesys  SEALIN CONTACT A Prot Leamsrdo Controlsh
I —— s warcha 2o a3 Howcona PROPORTIONALINTEGRAL DERIATIYE CONTROLOF THEFLOW  Mesurements erat L onardo cantrole
March 25,2021, 150D AM  Flom Contrel PROPORTIONALINTEGRALDERNATIVE CONTROLOF THEFLOW  Wiring ProtLsonardo Controle
EXPERIMENT 3 Rows 160196 ¢ F March 23, 2021, 1109 AM  Flow Controd PROFORTIONAL INTEGRAL DERIVATIVE CONTROLOF THEFLOW  Mochanical Ascambly  Praf Leanardo Cantrole)
) ) March 25,2021 1017 At FlowConerd PROPORTIONAL INTEGRALDERNATIVE CONTROLOF THEFLOW Wiring erot Lonarc Controie
MAIN MAGNETIG FIELD - Groups (F5F) Frofessors
March 25,2024, A017AM  Flom Contrd PROPORTIONALINTEGRALDERNATIVE CONTROL OF THEFLOW  MecharicalAsseibly  Prot.Leurardo Conlrole
CONCURRENT SERIES N turns coil Groun Deseription AcreasCrum
Mirch 25,2021, 1017 At FlowContrl PROPORTIONAL DERNATIVE CONTRO OF THE FLOW ments prot 1 onardo cantrole
1758+ Comandon Hlrcos a
March 25,2021, 10404 A4 FlowContrl PROBORTIONAL DERNATIVE EONTROL OF THE FLEW Srot Lsonardo Controle
1Fsp- Controle '
March 25,2021, 10014 4. Flom Contad PROPORTIONAL DERNATIVE CONTROL OF THE FLOW Mechanical Assembly  Prot Leonsrdo (Controleh
P Comerssa (Msq et '
March 13,2021, 1043 A0 FlowContrel PROPORTIONAL INTEGRAL CONTROLOF THE FLOW. ments Prot onardo Controle
EXPERIMENT 4 17SP- Miquines Betricss Prok Leanardo Controk) s
March 25,2024, 4008 A Flom Contrel PROPORTIONAL INTEGRAL CONTROLOF THEFLOW wirng Brot Leonards Cantrole
PSP PROFESSORES Prot L eonardo Controk) s
INTENSITY OF THE March 25,2021, 10:08 AM  Flow Contiol PROPORTIONAL INTEGRAL CONTROL OF THE FLOW Mechanical Assembly  Prot Leanardo (Controle)
MAGNETIC FIELD 1756 Redese Supersisrios
Rows 14017 b Rows 1186135 ¢ b

EXPERIMENT 5

INTENSITY OF THE Once known the value of the flux ® (Wb) that is necessary for the machine operation, it is

www.delorenzoglobal.com



[“DE LORENZO @

HOW DOES IT HELP THE PROFESSOR?

With this software, the teacher spends less time explaining
topics, verifying students’ activities and helping students to
identify mistakes that do not allow the successful completion
of the experiment.

That means that the professor has more time to manage the
class, make improvements and help students who need more
attention. The two following points grant such benefits:

1) The software automatically verifies the experiments
carried out by the students and it gives relevant feedbacks:

Like in a game that has different phases with challenges and
missions, the DL OPENLAB-SSEM software includes practical
experiments that need to be successfully completed to let the
student access the next one.

The teacher does not need to verify continuously if the stu-
dent carried out the experiment. Moreover, many questions
students would make about “what could be wrong” are auto-
matically “answered” by the software when the student does
not per%:)rm the experiment successfully. The image below
summarizes this process.

CHALLENGE

Student
develops
a solution

Experiment
instructions

Next
experiment

Feedback hints

www.delorenzoglobal.com

COMPLETE CONTENTS

2) The software tracks the students’ progress and it
allow exporting reports:

At any time, the professor may verify how many and, specifically,
which experiments the student has completed. That report can
be used fo frack students activities and it can be considered as
an evaluation tool. This report can be generated and displayed
directly in the system or it can be exported to a spreadsheet (see
image below).

Timestamp Student Topic Experiment

20-04-2020 Da Vinci Basic Ideas 1. Flux produced by the poles
10:15

20-04-2020 Da Vinci Basic Ideas 1.2 Main poles

10:28

20-04-2020 Da Vinci Basic Ideas 1.3 Interpoles

10:38

DIDACTIC EXPERIENCE AND APPLICATION

The software guarantees a complete experience in the field
of electrical machines. Students can approach this topic
starting from the basic concepts, such as the analysis of
magnetic fields and fluxes, up to advanced experiments
based on characterization of machines and efficiency
analysis.

Through this system, it is possible to assemble a relevant
number of electric machines to carry out the following di-
dactic experiences:

* Study of the magnetic field;
* Principles of the electromagnetic induction;
* Separately shunt, series and compound excited DC motors;

 Separately shunt, series and compound excited DC generators;
Induction motors: three-phase slip ring and squirrel cage,
single-phase repulsion and with capacitor;

¢ Dahlander connection;

*  Synchronous three-phase motor, induction regulator and pha-
se shifter, alternator, universal motor.

SET OF ASSEMBLED MACHINES

The system is based on a set of components that allow the
assembly of the rotating machines. The set consists of the
following components:

Base plate

Supports with bearing
Coupling joints

Flexible couplin

Electronic speed transducer
Assembling screws
Wrenches

DC stator

AC stator

. Rotor with commutator

. Brush holder with 2 brushes
. Squirrel cage rotor

. Slip-Ring rotor

. Brush holder with 6 brushes

AWN—ONV®O®NOTOLAWN-—

The Sﬁ/s’rem also includes adjustable DC and AC power
supplies, instruments, loads, starting devices, etc., in order
to perform all the experiments of the electric machines.

LEARNING TOPICS

This software covers 6 topics and proposes 43 experiments
for the students. The experiments are listed below, grouped
by learning topics.

~ N B W N =

Flux produced by the poles
Main magnetic field

Intensity of the magnetic field
Induced voltage

Inter pole effect

No-load magnetic neutral axis
Rotating magnetic field

10

11

12

13

14

15
16
17

18
19
20

21

3-phase squirrel cage motor, 2 poles, 24
VA

3-phase squirrel cage motor, 2 poles, 42
VY

3-phase squirrel cage motor, 2 poles, 24
VAA

3-phase squirrel cage motor, 2 poles, 42
VYY

3-phase squirrel cage motor, 4 poles, 24
VA

3-phase squirrel cage motor, 4 poles, 42
VY

3-phase Dahlander motor, 4/2 poles, 42

VA/YY
Split phase motor

Capacitor start and run motor

3-phase motor with wound rotor, 2 poles,
42 VYY

Phase shifter

Induction regulator

3-phase synchronous induction motor, 2
poles, 24 VA

3-phase synchronous induction motor, 2
poles, 24 VAA
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22 DC motor with separate excitation

23 DC motor with shunt excitation

24 DC motor with series excitation

25 DC motor with compound excitation, long
shunt

26 DC motor with compound excitation, short
shunt

27 Single phase series motor
28 Repulsion motor

29 Synchronous motor winding resistance
30 Synchronous motor no-load test

31 Synchronous motor short-circuit
characteristics

32 Synchronous motor short-circuit test
33 Synchronous motor load test

34 Parallel connection of the alternator with
the mains
35 Alternator as synchronous motor

36 DC generator winding resistance

37 DC generator test of the no-load motor
(Swinburne)
38 DC generator no-load e.m.f.

39 DC generator excitation characteristics
40 Separate excitation dynamo

41 Shunt excitation dynamo

42 Series excitation dynamo

43 Compound excitation dynamo

www.delorenzoglobal.com

DESCRIPTION OF PERFORMABLE EXPERIMENTS

A short descrip’rion of some of the performab|e experiments:

Three-phase squirrel cage motor, 2 poles, 24 VA

This experiment studies the behavior of the three-phase
squirrel cage motor in load condition with the stator win-
dings connected in delta.

n, I, cosp

Three-phase squirrel cage motor, 2 poles, 42 VY

The main objective of this experiment is to study the charac-
teristic curve of a three-phase squirrel cage motor with the
stator winding connected in starOLy performing a direct test
using an electromagnetic brake.

0 Px

Three-phase squirrel cage motor, 2 poles, 24 VAA

Applying the same concepts studied up to this point, the
student can plot the load characteristics of the three-phase
squirrel cage motor connected in double delta.

1 n, L cosp

0 | Px
Three-phase squirrel cage motor, 2 poles, 42 VYY

Following the same procedure with the stator winding con-
nected in double star, the student will trace the curves for
the absorbed current |, the power factor cosj, the speed n
and the efficiency h as a function of the output power P.

U i wm .
m- " n:.' I R _._'L_

\ 4 « < — ]

L\ wywewm /M [ 1
r'n." ‘[: w “-J 3‘\! : Fheon
o’ w =’ H

M m w

© 0 o -

Three-phase squirrel cage motor, 4 poles, 24 VA
In addition to recording the operation characteristics of the

motor, the student will learn how to start the motor using a
star-delta starter.

1 n, 1, cosg

Three-phase squirrel cage motor, 4 poles, 42 VY

In this experiment, the student will learn the load operation
of a three-phase motor with 4 poles.

P e
¢ B
o e © u2< R W5
w v U 74 \
U v 2w Us / &2
O O o C L
( =
vs / Nwt
P— A~
Vi vz | vs V6

Three-phase squirrel cage motor, 4/2 poles, 42V D/YY

In previous experiments, it has been demonstrated that by
changing the number of poles it is possible to vary the speed
of a squirrel cage motor. The student will learn oﬁout two-s-
peed Dahlander motor configuration and its operation.

n[%] ¢ [N"m]

|
]

Split phase motor

The split phase motor, also known as a resistance start motor,
has a single cage rotor and its stator has two windings known
as main winding and starting winding. The main objective of
this experiment is to study the characteristics of the motor with
the main winding only, and to draw the curves of current |,
efficiency n, torque C, output power P and power factor.

Auxiliary
windings

L O 4@
‘ ® !

(O Main

windings

N O o—

Capacitor start and run motor

The objective is fo study the characteristics of the motor with
permanently connec’recf, capacitor. The student will learn how
to properly select and connect a capacitor to the auxiliary win-
dings so that the current through the main winding lags behind
the current of the auxiliary windings by an angle of 90°.
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Three-phase motor with wound rotor, 2 poles, 42 VYY

The student will record the load characteristics of the motor
with a wound rotor and the stator connected in double star.
With the knowledge acquired up to this point, it will be
easy to draw the d?agram of the mechanical characteristic
M = f(n) and to observe the behavior of an induction motor
with a different type of rotor.

Phase shifter

The obijective is to study how the phase between the stator
and rotor voltages varies as a function of the rotating angle
and to identify the null phase shift condition using Lissajous’
ellipse by setting the oscilloscope to XY mode.

U (V)
L1 ©

I
L2 I

R
|
) x |
) I R | |
3o I,
I
I
| L a®
KLLlM of 180 360

Induction regulator

The objective is to study the operation of a three-phase voltage
regulator. By using a locking and rotating module with a grqcﬁr
ated disc, the rotor can be turned by means of the hand-wheel
until the load current results null with minimum indication of the
voltmeter. The student will measure the absorbed current at
constant load and draw the current and voltage curves as
a function of the angular phase shift.

www.delorenzoglobal.com
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Three-phase synchronous induction motor, 2 poles, 42V D

This experiment studies how to start and synchronize the
induction motor using the starting rheostat and studies the
load characteristics of the motor at synchronous speed.

% 1. L cosp 1

-ﬂ&-

£

Wi € (Nm)
- B

D,

7

L
Vi

E

Three-phase synchronous induction motor, 2 poles, 24V DD

Following the same procedure as in previous experiment,
the diagram of the absorbed current |, the power factor cos;
and the efficiency h as a function of the output torque C wil
be traced with the stator wired in delta-delta configuration.

Ry Re

P s

M st e

DC motor with separate excitation

Now, it is time to work with DC motors. The first application
refers to a separately excited DC motor, where the field
winding is powered by an external independent source.
The DC motor operation characteristics wilrbe studied as a
function of the excitation voltage.

la Ra
oO——J
n1'|.l.|:~|1:‘sv|'.t + P
P = Al
e R 11 F5 | . By
n F
M
1(A). F2 F6 A2
o . B B2
D -

DC motor with shunt excitation
By performing this experiment, the student will learn how

to connect the armature and field windings in parallel and
compare the behavior with the previous experiment.

&*

M, I, cosg
P
n
1(A)
. 0!

DC motor with series excitation

Unlike in the DC shunt motor, the DC series motor has very
poor speed regulation. The main objective of the experi-
ment is to draw the characteristics of the output power P, the
speed n, and the efficiency h as a function of the absorbed
current |.

Y o lA1
n, 1, cosp P F1 —LF5 M
2 ) ), L)
_-| } -
n ' ) p1 [ 2
o, . P2 JFB 0 l
> O : |

DC motor with compound excitation, long shunt

By combining the operational characteristic of both the
shunt and series excited DC motor, we obtain the DC com-
pound excitation motor. The operation of the motor is stu-
died with cumulative and differential excitation.

E 3
M. L. cosp

= 3 P, M
TP 2 (M)
F2 | e TA2
1(A)
Om " of

DC motor with compound excitation, short shunt

This experiment shows why the compound motor responds
better to heavy load changes than a shunt motor.

D3 D4
L+
Field
windings
A
L-
O

Single-phase series motor
The single phase series motor, also known as a universal

motor, is a rotating machine similar to a DC motor, but de-
signed to operate either from DC or single-phase AC.

D4 ; Al
D3

Al [
A .

Ll

C [~m|

Repulsion motor

The repulsion motor combines a stator of a single-phase
motor with a rotor similar to that of a DC motor. The main
benefit of the repulsion motor is that the armature is sepa-
rated from the line. The main objective of this experiment is
to record its operation characteristics.
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Measure the windings resistance of the alternator

Lu Vi Lwi

This experiment calculates the voltage drops across the
rotor winding resistance of an induction motor using the
Ohm'’s law. The winding resistance value of the alternator
is useful to calculate the conventional efficiency.

No-load test of the alternator

The main objective of this experiment is to determine the
mechanical and iron losses of the alternator and to record
its magnetization characteristic using a DC motor as prime
mover.
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Short-circuit characteristic of the alternator

The short-circuit test of the synchronous generator provides
information about its current capabilities. It is performed b
driving the generator at its rated speed while the ’rerminaﬁs/
of the armature winding are shorted.

This characteristic diagram is essential for the application
of the indirect testing method of the alternator.
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Load test of the alternator
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This test compares the behavior of a synchronous genera-
tor connected to a variable external load with its no-load

operation.
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Parallel connection of the alternator with the mains

This experiment studies an operation which is frequently
performed in a power station. The synchronization of a
generator consists of electrically coupling the generator ou-
tout to another source of electric energy and operating the
generator such that its output adds to the other source.
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“V" curve of the synchronous motor

The V-curve of a synchronous machine shows its perfor-
mance in terms of variation of the armature current with
the field current when the load and the input vo|’roge of the
machine are maintained constant.

The student will trace different V curves for particular resis-
tant torque applied to the motor axis.
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Measure the windings resistance of the DC generator

This experiment demonstrates how measuring the internal
resistance of a DC machine can be used to establish the
integrity of the machine windings and internal connections.

Test of the no-load motor (Swinburne)

In order to design rotating DC machines with higher effi-
ciency, it is important to study the losses occurring in them.
Swingurne's method consists of operating a dynamo as a
DC motor with no load to determine its mecKonicol and
iron losses. This is done by increasing the armature voltage
U while measuring the armature current la and the excita-
tion current le.

Magnetization characteristic of a DC Generator
This experiment studies the magnetization characteristic of

a separately excited DC generator using a three-phase syn-
chronous motor as prime mover.
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Separate excitation dynamo

The main obijective of this experiment is to record the external
and regulation characteristics of a separate excitation genera-
tor to fetermine its conventional efficiency.

This is done by measuring the output voltage U as a function of
the load current, with constant excitation current le.
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Shunt excitation dynamo

The previous experiment is replicated with a different con-
figuration of the DC generator. Using the results from the
previous eerrimen’rs, the student will plot the external and
regulation characteristic of the generator connected in shunt.
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Series excitation dynamo
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Determining the external characteristic of a DC generator
connected in series is to observe how the voltage slightly
drops as the load increases.

The student will use these results to calculate the conventional
efficiency of the dynamo.

Compound excitation dynamo

This experiment follows the same procedure as the previous
ones with the generator in compound excitation connection.
After performing this last experiment, the student will be able
to make comparative analyses between all the different DC
generator configurations.
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SYSTEM REQUIREMENTS

MINIMUM REQUIREMENTS

OPERATIONAL SYSTEM
64-BIT WINDOWNS 10

DIRECTX VERSION

DIRECTX 11

PROCESSOR

INTEL i5 9400F OR AMD RYZEN 5 3600
MEMORY
8GB

GHRAPHIC CARD

STORAGE
HDD (1GB)

RECOMMENDED REQUIREMENTS

OPERATIONAL SYSTEM
64-BIT WINDOWNS 10 PRO
DIRECTX VERSION
DIRECTX 12
PROCESSOR

INTEL i7 9700 OR AMD RYZEN 7 3700X
MEMORY

16 GB
GHRAPHIC CARD
NVIDIA GTX 1050 Tl 4GB OR RX 550 4GB

STORAGE
HDD (1GB)




