Inter national Conference on Control, Engineering & Information Technology (CEIT'13)

Proceedings Engineering & Technology - Val.3, pp. 153-160, 2013
Copyright - IPCO

Tutorial for simulation of electric actuators

Dhaoui Mehdh, Shita Lassaad

Electrical Engineering Department, National Engineering School of Gabes (ENIG) Gabes, Tunisia

Street Omar |bn Elkhattab 6029, Gabes, Tunisia
‘dhaoui m@ahoo. f r
’| assaad. shita@nig.rnu.tn

Abstract— Tutorial TSIM_EA simulation (Tutorial SIMulation
for Electric Actuators) is an educational simulationtool dedicated
to the identification, modeling and control of eletric actuators,
mainly three phase induction motors. The proposed Tworial is a
set of interactive graphical interfaces allowing te user to easily
switch from one menu to another and choose the tapito be
studied. Different interfaces are related to progran Matlab and
Simulink. It has three main themes (Automatic, poweelectronics
and control of machines). It can be used with a P@ith at least a
256 MB RAM capacity and with the MATLAB / SIMULINK
environment, at least version 7.4.0.

Keywords— Tutorial, Electric Actuators, Simulation, Control,
Fuzzy Logic, Neural Networks, Genetic Algorithm.

I INTRODUCTION

Simulation is an essential
experimental phase. It is a necessary tool befoyepaactical
implementation. The study of any physical systernallg
requires modeling. This allows to simulate the @aof the
system to various stresses and to understand tbieamism and
its operation.

The simulation step thus allows the user to dravieast
revealing ideas or partial response, even if they flawed,
what is really happening in the physical systemanks to the
simulation, we can evaluate our approach and din@cpowers
based on the results we get.

Tutorial TSIM_EA proposed uses interactive graphicae
interfaces to easily switch from one menu to anodimel choose

the topic to be studied. Different interfaces aetated to
MATLAB/Simulink. It has three main themes (Autontati
power electronics and control of machines).

We are interested in this work to the menu of eieait
machines. This menu contains three themes strakctirea
pedagogical way, the identification, modeling amhtool of
induction motor. Other menus are also availableht user;
energy optimization and adaptation of the rotoistaace in an
asynchronous machine.
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. INTERFACES OF ELECTRICAL MACHINES

A. ldentification of parameters

The identification of parameters can be obtained by
conventional method, by Genetic Algorithm or by Kgu
Networks.
A.1. Conventional Method

To identify the parameters of the induction machitiee
user must:
Choose the method of identification.
e Enter the data plate of the machine.
e Choose the connection type and class of machine.

~C istiques du moteur :

Puissance nominale P : 1500 | W

Tension nominale Un |V
Fréquence f5 s0 | Hz
Hombre de péles 2p 4
Fésistance statorique Rs 4385 &

Couplage dn stator

Classe dn motenr
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Puissance & wide Po 243 w q ﬁ ﬂ
N
— Mesures de 1"essai & rotor blogueé : —— ooy | 2
Tension & rotorblo. Tee : 21 w Nb.Gen  TailPop  Lchaine
Ceourant 4 rotor blog. Tec 364 Fs ‘“?@;ﬁjﬁ“mmmﬂ_
Puissance & rotorb. Pec 327 w L -_’11"""
Is4)
Subsequently, and depending on the method chdseil i ———
enter the values of variables measured during rdiftetests | il
- . 0« [ 200
(load and locked rotor method for the first or omggnitudes
of load test for unconventional methods). B For—
. . p . . | erntifcation des parambties %@ 0
The display of the identification results is obtinby 5 Optimisaion do Rt 1 [ 4@ R =372501]
clicking on the I'dentify" button. 4 Opimisaton d  Rfst o

Fig 4. Identification of parameters by the Genetic Aldurit

B3 R B BT o =
I A.3. Neural Networks
A A . For Neuronal identification, we took only the idéination
R of the rotor resistance. The user may considehoosing the
- resistance variation profile of said rotor resis&@n
=i B 1dentification parjesea;,uemunam- R —— = |
Couplage d stator . i“ " Smulaten Imprimer
’ Schéma équivalent par phase ramens au stator
Classe da moteur - A
| B
m C Les paramétres identifiés sont :
w D
Rs=485 Q ¥ =493 0 1,= 001571 H
I 71:::.:::?&5%:350 » R.=337TQ %=4934 Q I = 0.01571H IFOC
N = N R'=8214 Q Xm=B127 [o] Lm: 02587 H
Puissance 3 vids Po o | W L= 02744H L = 0.2744H 6= 04112
f= 0.0005378 N.m.s J= 0.01444 Kg.m? p 20
@l w i
Fig 2. Identification of parameters by the conventionathod
Caractéristiques-
A.2. Genetic Al gorithm W Rssistance Ratoriqus
Tutorial also offers the possibility of using theetimod of o
genetic algorithms to identify the parameters efrttachine. To
do this, the user must proceed as follows: Zoom e
e Set the parameters of the algorithm, such as, tinebar Fig 5. Interface "Identification by Neural Networks"
of generations "Nb.Gen", population size "Tail.papid
the length of the chromosome string " L.Chaine” SRR —
e In the corresponding fields, enter the values ef lttad 2R —=
4 Rrashmee
measured variables (speed, stator current and ladasor
power).

1.6.Rr*

e Finally, start the identification by clicking "Starin the
simulation menu.

Identification_des_parametres_par AG

e

Simulation Tmprimer

— Paramétres de l'algorithme—
20000 100 64

LK

100 10 ] RiisTiieti
! o | fglages

AB.Gen TailPep L chaine

[ Point de fonctionnement:—— Parame lres
N (trs/min)
0 _« B | 2000 (&, Hy A
Is {4y
o I |45
364

Mesures
. (U7,,1,,N) 08 12
Algorithme l‘ Temps en secondes

Génelique (a) Rotor resistance

Pa (i)
0 " []200
I
— Résultats
B Organigramme de Falgarithme

I Identification des paramétres '

M Optimisation de : Rr et x1

o Gpiimisation de - et X En E3

Fig 3. Interface "Identification by Genetic Algorithm*"
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Erreur d"estimation

0.8 1.2
Temps en secondes

(b) Estimation error

Fig 6. Estimation of rotor resistance
B. Modeling of the machine

Tutorial allows the user to get the machine modwedeun
either static or dynamic (Static model, Dynamic Mbd

[E=EE ==

B Modelisation_de_la_machine_asynchrone
Modéle statique [Modele dynamigue)
1: Modzle Simpl

2: Modéle saturé

lifié

[ TypedeM  3:Modéle avec pertes fer

4:Modéle complé
H Mowus sroamygus + g . / ]

Ce type de modele st hasé sur les Referentzel AIOdeze
équations de la machine en régime
statigue (régime permanen).

en se basant sur le schéma équivalent
régissant les différentes grandeurs
mises en jen, on peut ahoutir aue
différentes caractéristiques de la
machine

B Modéle Dynamique :

Comme son nom lindique, ce modéle
est obenu a partir des équations de la
machine en régime dynamique

Dans ce modtle, on peut supposer
quelques hypothéses simplificatrices
de meme, on peut tenr compte des
phénomenes de la saturation et des
pertes fer dans la machine

@ Simple

@ Avec satration

@ Avec Pertes fer

@ Awvec Sat et Pertes fer

Fig 7.

B.1. Satic model

The static model is based on the analysis of thévalgnt
circuit of the machine in continuous operation. Tser must
enter the parameters of the machine. For study display
variables brought into play for a given operatimjng he must
choose the corresponding slip value.

Interface « Modeling the machine »

[E=EE—

B modele statique_de.|a_machine’ 0 - -

Fréqence Fs 0 | mz
Pasdepilacp: | 2

RusictamceRo: [ 485 | @
Factucexl : 50265 | @
Risitmca B | BOD | 0
Biacturce Sm: 510531 | @
Rusbtamce R [ 3005 | @
Rictmcex2: 50255 | @

Glissement g = 0.0533

— Tragage Cavactévistigues-

W Schéma équivalent

W Analyse du schéma

M| Caractéristique Couple-Vitesse
W Caractéristique = f(g)

Fig 8. Menu "Static modeling of the machine"
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The display of different characteristics is obtdinby
clicking on "Tracing characteristics."

B modele statique_de_la_machine’ 0 ) - i =] |t
Caractéristiques du moteur  induction en (p.u)
r 35 T
TersionUs ERR (TerfTr)
Fréquence Fs ERR: n
3 <z —Cosp
Purdeplesp: | 2 N Y
Resitas Re: | 485 | @ B T T 0,
e .. s
Rasctuzexl © (50265 | & 25 .
Restace e | 80 | @ \\
Réactancs Son: §10531| @ ,
Resitancs RZ: [ 3805 | © RN
Risctmx2: 50265 | @ RN
15 N
Glissement g= | 0.05
N
1
— Tragage Caraciéristiques <
S e
W Schéma 6 Lt
W Schéma éouivalent o5 [ \
M Analyse duschéma
\
W Caractéristique Couple-Vitesse N
Bl Caractéristique = f(g) 0
0.35 03 0.25 02 0.15 01 0.05 0
Glissement g g, = 003333

Fig 9.

B.2. Dynamic Model

The study offers four dynamic model types. Tutoaldws
the user to consider whether some physical phenarsech as
saturation and iron losses. It may also involve esemmplifying
assumptions.

Display characteristics versus slip

Maodéle dynamigque
1: Modéle Simplifié
3: Modéle avec pertes fer

4: Modéle complé
[

Modele_sature

Type de saturation Simulation Imprimer

Courant statorique éfficace | (A)

I~ Paramétres du moteur-

Modéle Nominal

Resistance Rs 485 | & Modsle Saturé
Re B sa05 | @
Basistancs RS | @
Inductanze Jie ome | B
Dndnetanse Y ome | B

Inductance Lmo=lim) | 0.258 | B
Moment dinartie T | 0.031

Coaff. frottemnt £1 00008 | Nams

[~ Tracage Caractéristiques

| Flux magnétisant Phim

M Inductance magnétisante Lm
2 Vitesse de rotation N

1 Couple électromagnétique Cem
m Courant en ligne isa

4 Courants eficace Is

M Facteur de puissance

0 02 04 0.6
Temps en secondes

e | [N I

08 10

Fig 10. Comparison of nominal and saturated models (eg Risit®r

current)

The simple model does not account for the phenomena

mentioned above. It is based on the PARK transftoman a
reference system related to the rotating fieldhto stator or to
rotor.

Modele_simple

[Reéférentie ] Simulation
Champ tournant : (we=ws)
Stator ; (we=0)

Rotor: (we=w])
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B Modele simple

[

Reférentiel Simulation

Flux rotoriques 6, et @, (wb)

- Paramétres du moteur.

Resistance Bs - 485 | @
Resistancs By 3805 | &
Inductance lis oos | B
Inductnce T onis | B
Inductancs L 0268 | B
Moment dinertie T: | 0031 | Ken'2
Coeff frottement £: 00008 | N

[ Tragage Caractéristiques

2 Vitesse de rotation N

i Couple électromagnétique Cem
W Courant en ligne isa

| Tensions Ved et Veg

W Courants isd et isg

B Flux phisd et phisg

W Flux phird et phirg

M Facteur de puissance

o 0.4
Temps en secondes

zomr | RO

Fig 11.
rotating field

C. MACHINE CONTROL

Components of the rotor flux for a simple modehted to the

Tutorial offers the possibility to control the astmonous

machine with three types of control, namely:

e Scalar Control (V/f)
¢ Vector control (IFOC)
e Direct Torque Control (DTC)

B ereCormmande T

= )

Commande de l'actionneur & induction

DTC_MLI
DTC_SVM
DTC_DMIN

Contréle en tension

Contrle en courant

Fig 12. Interface « induction motor control »

C.1. Scalar control

In scalar control, the user can control the mach#én
Open Loop or in Closed Loop. It can also displdytred results

by clicking on the corresponding characteristic.

- Régulateur de vitesse
p K
g |
19640 693749,

[~ Conslgne Fréquence (Hz)

o0 ([T [ e

0| =

[~ Tragage Caractéristiques-

0 Vitnsse de mtafinn N
B Couple électromagnétioue Cern
W Courant enligne isa

1 Tensions Vs

B Loi de Cammande

zoomcs |

Quitter

Fig 13. Menu « Scalar control in closed loop »
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Choose the coefficients of
controller associated set point = B
frequency and start the

simulation.

- -
19640 69.3740
— Consigne Fréq {Hz)
SR v o0
50 FHr
Commande Sealmre e - - me seee - bl S

Type de commande Simulation Imprimer

ﬂ

693749

— Régulateur de vitesse.

| 5

1600

1400

1200
19640

1000
[ Consigne Fréquence (Hz)

oo [T [ o

0| =

[ Tragage Caractéristiques-

1 Vitesse de rotation N
B Couple électromagnétique Cem
W Courart en ligne isa

I Tensions Vs

B Loi de Commande

Vitesse de rotation - Nitrs/mn)

04 0.8 12

Temps en secondes

16 20

Fig 14.
C.2. Vector control

Speed response in the case of a scalar ClosedCaatpol

For vector control, the tutorial offers the oppaity to
study the two main families of this technique, nhntiee Direct
Vector Control (DFOC) and Indirect (IFOC) with rotflux
orientation (FRO) or stator flux-oriented (SFO hid type of
control is based on a dynamic model of the machsiag the
PARK or Clarke transformation.

B Commande Vectorielle

(=

[~ COMMANDE VECTORIELLE-
la commande vectorielle est basée sur le modsle
dynamique de la machine. Son principe consiste &
orienter le flux statorigue, rotorigue ou magnétisant
sur l'axe direct du référentiel tournant (dg). Il existe
deux familles de cette commande:

B DFOC (Direct Field Oriented Control)

tation du Flux

Commande Direote par o

Ce type de commande nécessite une bonne
connaissance du module et de la phase du flux
Pour cela dewx procédés sont utilisés

4 Paide de capteur
23 Lestimation du flux 4 Paide des ohsewateurs

Ml IFOC (ldirect Field Oriented Control)
Communds Idireote par orientation du Flux
Le principe de cette méthade consiste & ne pas

53 position. Le descriptif « méthode indirecte »

elle exige la présence o un capteur e position du
oter.

Commande Vectorielle Optimisation énergétique Adaptation de s résistance rotarique

13 La mesure du flux dans P entrefer de la machine

utiliser Pamplitude du flux rotorique mais seulement

signie quon peut eliminer estimateur du flux mais

Axe d
Axe q .

e

~=*" Axe (rotor)

Axe (stator)

Principe de lorientation du flux retorique

Fig 15.
To choose one of these techniques,

Menu of Vector Control

click on the

corresponding icon in the toolbar.

n Commande_Vectorielle

Commande '\-’e-:torielle‘l

AFlux rotorique orienté »

IFOC

A Flux statorique orienté » DFOC
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Commande_vectorielle RFOC

oo )

B Commande DTC

. e

Commande Vectotielle] Simulation Imprimer

v TFFOC
HEQE Coupls slectromagnstique C, et de charge C, (N.m)

—Régulatour de viiesse devi 12
£p £
= & =

‘ L 10

I |
57| % x =
19640 693749 19640 693749

pe de commande Simulation Affichage Imprassion

— Consigne Fréquence (Hz) — Consigne Fréquence (Hz)
w00 AT [T e | ISR — R
T %
[ I
— Tragage Caractéristiques- — Tragage Caractéristiques-
1] Witesss de rotation n 1 Vitesse de rotation n
ml Couple électromagnétique Cem =l Couple électromagnétique Cem
W Courant en ligne isa m Courant en ligne isa
_| Courantsi_sdeti_sq _| Courants isd st isg
M Flux phir_d et phir_g B Flux phisd et phisg
M phisb=f phisa)
04 08 12 16 20
Temps en secondes
Bl ool T EEE zoomc) | |ESERON
Fig 16. Indirect Vector Control menu in Rotor flux oriented Fig 18. Torque response for DTC control with "sinus-triaigllodulation
—Ré de vite: Commande DTC 5 — — =]
Edlt the Controller parametel & Type mmande Simulation Affichage Impression
the frequency reference and run the = o ststorqes 0,5 =0, 1)
. . de vil
simulation. »
qd
19640 603740 ;‘ ‘]
& &l
19640 693749
— Consigne Fréquence {Hz)
— Consigne Fréquence (Hz)
-loe 4 L i ji 7j S 5‘;&
30 He 0 | E
Commande_vectorielle_RFOC. - S| i) [~ Tragage Caraciéristiques
Commande Vectorielle Simulation Imprimer 1 Vitesse de ratation n
ml Couple électromagnétique Cem
Vitesse de rotation - N(trs/mn) W Courant e.n ligne isa
1600 _| Courants isd et isq
i W Flux phisd et phisq
N m W phish=f phisa)
1400 08 04 0 04 08
w::‘
1200 Zome | RGN
1.9640 693749

ot Fréauon 1o Fig 19. Components®,s andd,) of the rotor flux for DTC control
o — ) D. Energy optimization

- In the menu there are two

techniques:

“Energy optimization”,

[~ Tragage Caractéristiques

21 Vitesse de rotation n
W Couple électromagnétique Cem
W Courant en ligne isa
I Courants i_sd et i_sq
B Flux phir_d et phir_g

* Rotor flux optimization (minimization of total loss)

e stator current optimization (copper loss or totasl
minimization)

[Optimisation énergétique]

04 08 12 20
Temps en secondes

Zoom () Zoom ()

Fig 17. Speed response controlled by the IFOC technical Par action sur le flux rotorique

Par action sur les courants isd etisg minimisation des Pj

C.3. Direct Torque Control

The direct torque control (DTC) is an alternativie tihe
vector control. One of the principles of this conmalais to 1 p
select at any time of the voltage vector imposedhgypower
converter to control the torque and flux. This cleas based on
the outputs of the hysteresis controllers.

minimisation des Pt

gorithmfor rotor flux optimization

This algorithm aims to minimize the total lossetiator by
optimizing the rotor flux. The optimal value of thex, depend
on the torque and speed values corresponding talékzed
operating point. Both instructions are selectedheyuser.

Commande DTC - — Point de fonctionnement:
Choose the type of modulation || 5 e Ter M)
control the associated inverter to thg orcsm L] —
motor, edit the controller parameters | =" = [ 10|
. . P Ki
and run the simulation. i & o (rads
| | radis)
‘ 0 4 v| 400
= = 297 4
19640 6937?3}9
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= = < -
B Optimisation flux rotorique L3 Gain énergétique, GAR

T =
B Simulation eSS

File Edit View Insert Tools Desktop Window Help ~

—Point de fonc tiomnement:

Simulation en cours
Tem (N.m) L[ .
20 < 3]
250
Minimisation des peries
 (rads) 4o machine )
P ——— 200
297.4 @ Meécanisme
— .
d'optimisation | 0.
[~ Trapage Carsctéristiques Lo ] e 150
o = f{(Teny @)
2 Flux rotorique optimal g
1 Pertes totales naminales o
B Partos totales optinales Principe d'optimizarion d flux rotorique @ 100 -7
Gain énergétioue T
L] gt .- 3 §-§
B Pertes = f{flug) SR
1 Pertes = f(Tem) 80-).--77 : SRS
H H SRR
M Evolution des courants H e SRS
H S5
0

00

Fig 20. Menu « rotor flux optimization »

Flux de référence optimal (Dmm]

Fig 23. Energy gain for optimal rotor flux

D.2. Sator current optimization

opt

14
" The objective of this algorithm is to minimize thepper
' losses in the choice of the control currents omtnimize the
! total losses in the actuator by the action of auraed speed.
08 The user should, as appropriate, set the paramefeise
= 06 algorithm corresponding to the desired operatingtpo
0.4 ety )
U — Point de fonctionnement:.
300 isd (4)
0 _« [ (] 426
4.2
isg (4)
BT —
Mécana:
d’optim
S des courants
Fig 21. Evolution of the rotor flux vs the torque and speed | 0 s ol oS
M Pertes Joule optimales
Evolution des pertes, AP=f(g } W Gain énevgéuqie
; | Flux rotorique optimal
_— APJ. ‘ M Evolution des pertes
Apjcuny ‘ W Evolution des courants

= E

Fig 24. Menu « Copper losses minimization »
!M\n'\m\;ahnn,de;,pertesjn;b; <7 = e

Simulation Imprimer -

Gain énergétique, GAP|
—Point de fonctionnemen:

isd (4)
0« ] 426

42

isq (4
IR e e ]

[~ Tragage Carastéristigues
21 Pertes Joule norminales

1l Pertes Joule optimales

0 Bl Gain énergétique
0.7 0.8 0.9 1 1.1 12 13 14 1 Flux rotorigue optimal
o (Wb} M| Evolution des pertes

M Evolution des courants

Fig 22. Evolution of the various losses vs the rotor flux

Fig 25. Energy gain for copper losses minimization

For the total losses minimization; the user musteed in the
same way as before.
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E. Rotor resistance adaptation

To adapt and update the value of the rotor resistémthe
vector control bloc, our tutorial facilitates théudy of the
sensitivity of the rotor time constant Tr, the as&é of the
effects due to variations of the rotor resistamu adaptation of
this value by the fuzzy logic or neural networks.

E.1. Sensitivity of the rotor time constant

To investigate the sensitivity to changes in rotone
constant, the user must determine the range ofatiari
represented by the coefficienta and (3 characterizing
respectively the variation of the time constant #mel control
currents.

—Reaglage
« = (TrTr)
o 4 v 25
B = fisg isd™)
05 [ [T v 25
Sensibilite_aux variations_de Tr - =)
Silulation Impression >
rRaglage
e Bl T 4 1,
o _Jmm. »|25 a=—"% f=% ch
iy e {Tem
B = (isq*isd®) Fo (l—alg
05 vl 25 | O
on) 1+@s?
I Tracage Caractéristiques—

11 Sensibilté du eouple Tem (20)
M Senshilité duflux : @pg (20)

W Sensibité duflux @y (20)

__| Sensikilité du couple Tem (30)

| Sensitilité dufux: @rg (30)

| Sensibilité du flux @,y (30) Orientation incorrecte

Orientation correcte

=y

Fig 26. Menu « sensitivity analysis »

Sensibilité :(qufo:): flee B)
e

(a) ©rq Sensitivity

159

Sensibilité Z(Ume:}: ficw.B)

N

(b) @4 sensitivity

Fig 27. Study of the rotor flux sensitivity

E.2. Effects of variation Rr

In this context, the user can easily review andyaeathe
effects of variations in rotor constant on all tferacteristics
of the machine. He must choose the profile vanmatmf
resistance, whether an increase or decrease this.Ja has
some profiles most likely.

e

Simulation Imprimer

Influence de Rr sur les Flux rotoriques

Caractéristigues

B Effets de la variation de Ry
W RenanE Raee

W Flux rotoriques

| Enreurs du flux rotarique
= Pulsation de Glissement
L Vitesse de rotation

i Couple électromagnétique

Fig 28. Evolution of the rotor flux due to an increasetie totor resistance

E.3. Fuzzy logic adaptation

The variation of the rotor resistance affects thetl| and
therefore degrades the efficiency of the actuatoradjust the
control, several methods can be used. In this sgntaur
tutorial offers the possibility to adapt the rotasistance by
both intelligent techniques, using Fuzzy Logic oeurxal
Networks.
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Adaptation_floue_de |a_Resistance_Rotorique.

B Adaptation_Neuronale de Ia_Resistance Rotorique | =

Simulation Imprimer

Meécanisme
Flou
(FIS)

Caraciéristiques
B Resistance Rotorique
e Flux rotoriques

1 Erteurs du flux rotorique
= Pulsation de Glissement
L Witesse de rotation

| Couple électromagnstique

o |

Fig 29. Menu « Fuzzy logic

Erreur des Flux rotoriques : A@m et

] 0.4 0.8 12
Temps en secondes

(a) Flux errors

Pulsation de glissement

o 04 0.8 12
Temps en secondes
(b) slip pulse

Fig 30. Flux errors and rotor slip pulse adaptation indase of an increase

of Rr
E.4. Neural Networks adaptation

The problem of adaptation can be also solved usimgral
Networks. On the interface "Neuronal Adaptationtteé rotor
resistance”, the user must follow the same approddhzzy

logic adaptation.

adaptation »

a8,

S

20

Simulation Imprimer

Caractéristigues.

| Reésistance Rotorigue
I Erreur destimation
L U de i
M| Vitesse de rotation ceiind-cliiideivid

21 Couple électromagnétique

snty |

Fig 31. Menu « Neural Networks adaptation »

[ll.  CONCLUSION

In this paper, the performances of the proposedrialt
TSIM_EA are tested. Interactive graphical interfaaauch
easier task for a user wishing to study inductiatuator.
Indeed, the proposed tutorial, we can both identifipdeling
and controlling the actuator using intelligent teiclues and
then compare the results to those experimental.
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