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ABSTRACT

This thesis presents-the study of a four phase Switched Reluctance Machine
which its stator and rotor-have 12 and 8 salient-poles respectively. This type of
electrical rotating machine has a very simple structure, hich operating speed and
producing high electromechanical torque. In this study, flux tube analysis and finite
element analysis 'using Finite Element Method Magnetic program are used to
calculate some of machine variables, such as magnetic flux density and flux linkage.
These variables from the two following methods are used to analyze. Artificial Neural
Network (ANN) is implemented to find the angles or rotor positions at difference of
current and flux for estimation the position of rotor.

There are several algorithms helping to analyze the results; One of them is
the artificial neural networks. The artificial neural network has precisely computation.
The artificial neural network is used to find the appropriate bias weight function for
the given data. By recording data from the FEMM program, it helps to estimate the
position of the rotor angle instead of the conventional position encoder. The angle

of the rotor (Encoder), which will help to save the cost of the position encoder.
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AT 2.2 ANUFURUSTEININY WwadUssamiueadUssamiiey 2]

a9 waaUszam waaUsaniy

1 Mg (Cell Body) gila (Unit)
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3 WSnwau (Axon) MILUTIDYING (Output)
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NIAINLAZNNTINT LEU NsiundeYe (Data Classification) NsviautemanIsal
(Forecasting) ﬂ’liﬁuﬁﬂﬁmﬂﬁ {Data Compression) N3NSBIAEIRL Noise (Noise Filtering) g
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o 2/ =l =l o 3 v ‘:‘
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1 & v | v 1% & e v el
Layer) luusiagdu Ysgnaumemniag (Node) lutuusisenaumembedivimiifidesiu
k74 1 H‘j Q‘.’J 1 :ﬁ 5 8/ 1 ﬁll o A
Teyalugrunanina uaglu duusdaziuianma wazlutulansmalsznousemefivhnig
1 a &/ 1 gj 1 :j =l d 1 & 1 4 1 =l
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U leJ o/ - (] as -3 2 nl 1 4 i
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L3 Lt v 2/ T = Vs =
\wanauaaywd lasainuasszyy lassassedssamiisiuanslanagui 2,13

Hdvvoye el fuuanswa
(Input Layer) (Hidden Layers) (Output Layer)
\ — -’/‘ /’ AN \ N
—e -L\L SN ;i/ '. .'-:’ / ‘)\ _'\.—'Y », o
Mo\ ;‘ A ;C 2 N /
3( A}/j_ * \ o
\ /

] o

JU# 2.13 fulassaialassisloyssanniion [2]



17

N15%191U%ee Neural networks Aowiladl input 1912183 network o1 input g
U weight vesusiazy wafiléann input NN 9 1VB neuron ALDWNTINAYU WAINBINN
o ) a o [ a1 i v < |
WguiU threshold 1 Avualy dwasmfiAiuinndn threshold wda neuron fiay ds
4:? ] s = o o r 17 [
output panly output uﬁ%gﬂadlﬂﬁm input U84 neuron au € Maouuly network &1 A1
1 1 < 1 a - Vs ﬁ’l‘
Wawni1 threshold Aagldlin output Weusenunlamail
if (sum(input * weight) > threshold) then output
(2.11)
o o A v i , o v a o % - v a ¢
JFEIPYADLIINDINTIUAT weight Uag threshold dmTUaINLTI0INT WelvReuRImDS
I Fuludfliuduou urannsofwualireufiinasusuanmatiuld Tnonsaeuliiy
a & Yo Vo = ' . " =
N pattern Y4 ammﬁmm'ﬂwuug'«m b38n31 "back propagation” @4 Junsyuaunis

s

g Cofle dalle TP

faunduveniszin lunisiln feed-forward neural networks azinsly Sanasiuuuu
back-propagation Lwal'z'j‘lumsﬂ%’wqaﬂ;mﬁﬂ AZLULYBIATDTTE (network weight)
wé’fw1n'LaiiULLUU‘E’amﬁm%’U’E’Jn’tﬁufil,ﬂ'%afchU’Luuﬁavﬂ%tté’a Aileisu (output) N
inseteargmitliTsuiiguiunaiinnm iy udwhnTsemanAeL Aawane dae
mmmmwmﬂumvmmnauLmam'samaLwalmﬁlwmuwuﬂﬂvuuumalﬂ

2.3.2 Back propagation Algorithm Back-propagation
Lﬂuaaﬂaswuﬁlﬂummﬂuifuaam'samaflws a3t wilafineuldly multilayer
perceptron maﬂsummwun’lmauwaumawmwiwurn’lw wzay tagnnsusumias
ity ANAUANS BRI WA ISR e foanTs Aersnguseluil
Usenau
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Bl BlockParameters 2-D Lookup Table o Ex
. Lookup Table (n-D) B

Perform n-dimensional interpolated table lookup including index searches. The table is a sampled i
representation of 2 function in N variables. Breakpoint sets relate the input values to positions in the table. The ;

first dimension corresponds to the top (or left) input port.

| Table and Breakpoints. | Algorithm | Data Types | L T ]

Number of table dimensions: ; 7 - v|

| Table data: |[456;161920;101823] - ]

Breakpoints specification: [E_xpllcitiviaﬁeisi

Breakpoints 1: ([1:3] - S
| Breakpuints 2: ‘[l‘]] - N -
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Lookup Table (n-D)

Perform n-dimensional interpolated table lookup including index searches. The table jsa sampled
representation of a function in N variables. Breakpoint sets relate the input values to positions in the table, The

first dimension corresponds to the top (or left) input port.
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3.2.3 %’auaﬁlﬁmﬂmif]auﬁuwwﬁ’aamL%’ﬂlﬂﬁudwﬁﬁlu Table data
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File Edit Plot Help
o (SEL A IMe
Models: ~ J Viewing "n-D Lookup Table" block data [T()]:
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. (2) 30 0.000279) 0.000232]  0.000172| 0.000108468| 4.22¢-05
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(15) 420 | 000313929 0.00286594 85| 0. 00
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Number of Phase : 4 Rated Power : 3 Hp

Rated Voltage 48V Phase Resistance : 15 mQ
Base Speed : 6,000 rpm La 340 pH
Pole Configuration: 8/6 Lu . 6
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1.Data training

% Solve an Input-Output Fitting problem with a Neural Network
% This script assumes these variables are defined:

% inputl - input data.

% targetl - target data.

inputs = inputl;
targets = targetl;

% Create a Fitting Network
net=newff(inputs,targets,10);

% Train the Network

net=trainlm(net,inputs,targets);

% Test the Network
outputs = net(inputs);
errors = gsubtract(targets,outputs);

performance = perform(net,targets,outputs);

% View the Network

view(net)

2.Flux Current data
% currentl - current data.
% voltl - voltage data.

% timel - time data.

i = curentl;
v = voltl;

t = timel;
r={.015;

ir = i*r;

Vir = v-ir;

48
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% integrated (v-ir)dt.
Flux = cumtrapz(t,vir);
plot(t,flux)

plot(i,flux)

3mAuraslsinesaniassisUssa o
% simulate ANN

rotor = sim(net,[i ; flux]);
plot(t,rotor)
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AT 2.7 Inverter (UY) Way Rectifier (@14)
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Abstract

This thesis presents the study of a four phases
Switched Reluctance Machine which its stator and rotor have 12
salient-poles and 8 salient-poles. This type of electrical rotating
machines has a very simple structure, high operated speed and
can produce high electromechanical torque. In the cast of study,
flux tube analysis and finite element analysis by Finite Element
Method Magnetic program are used to calculate some of machine
variables, such as electromechanical torque, magnetic  flux
density, flux linkage etc. These variables from the two following
methods are used to analyze and used variables in Artificial
Neural Network (ANN) to find angle or position at difference of

current and flux for estimation the position of rotor.

Keywords Switched Reluctance Machine,Artificial Neural

Network
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