TEME+ Bfram

A Study on the Sensorless Speed Control of Direct Current Motor

by Neural Network

REHE & BB’

20044 24
wEE A E KB W R KB B
BB A = TEF
x W A



Hr

{perreeees

ADSIACT -+ v

o
7K

;i

QL] e e ————

Ho

o)
Ho

@
s

—

NI

jze]

il
o

Ho
T
e

—

NI

Tor

{
ol

15

16

e
3

rvze)

-

i
)

28

M
el

-- 36

3
al7
™

e



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

2.1
2.2
2.3
3.1
3.2
3.3
3.4
3.5
4.1
4.2
4.3
4.4
4.5
5.1
5.2
5.3
5.4
5.5
5.6
5.7

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8

Rotation principle of DC MOLOT -+ -xxrreeserreririiiiiiiiii e, beo--.
Separate excitation field DC MOLOF « e s srrrvrerresssnnninniiriieesssmm B
Dynamic model Of DC MOLOF «+««+xxx smmmmmmmrcviiiee e s
Structure of DIOIOGICAl NEUION -+ xrrrresreessnrrrrrrreassaniiiieesssmmmmmnens ) o
Structure of artificial NEUION -+« ==mmmmererrrrrrrneanereaeaneereenesmmmmmmanene:Q
Activation function USed N NEUral NETWETK:««««««««xrrereeneenmmmmmneenaenaenannaens 11
Structure of general multilayer NEUralWITEK -« ooorrvveviii, 12
Flow chart of backpropagation algOrithim m=««««««« s srrreeesmimmmrrianniiiines 14
Speed estimator by neural NEtWOrkK «==ewmees s oeeeerreiiiiiiii 47
Block diagram for training of neural netlwospeed estimator -------------- 17
Speed responses of DC MOtOr MOdel wmrmmmns s vvvenneeeineniiiiiin . 18
Speed response of neural network eStimator: -« oo, 21
Block diagram of speed control system Ieyral network «-«----ooeveeeeeens 22
Simulation response to step change of dsetting (6->100[rpm]) ----- 24
Simulation response to step change of csmetting (6>200[rpm]) ----- 24
Simulation response to step change of dsgetting (6->300[rpm]) ----- 25
Simulation response to step change of csgetting (6>500[rpm]) ----- 25

Simulation response to step change of lmaque (G>1[N-mJ]) -« 26
Simulation response to step change of lmadque (0->1[N-mJ])----------- 26
Simulation response to step change of dssedting (200[rpm}>

Overall DC MOtOr driVe SYSTEM ««««««xrsssrrrrresammmmmrrrrreasniiireeeeans 20.......
(0701011 o) I 7= £ AR T PRRT L |
POWEr CONVErSION Part «-««reerrerrmmrenaserieriiniiineneene e 30
Direct Current motor and load impPresSigtasm -« «oxovvvrreennen, 30

Experimental response to step change eédssetting(0>100[rpm]) --- 31
Experimental response to step change eédssetting(6>200[rpm]) --- 32
Experimental response to step change eédssetting(0>500[rpm]) --- 32
Experimental response to step change eédssetting(6>1000[rpm]) - 33



Fig. 6.9 Experimental response to step change ad lwrque(6>1[N-m]) --------- 33
Fig. 6.10 Experimental response to step changeoad korque(6>1[N-m])------- 34
Fig. 6.11 Experimental response to step changepeéd setting(200[rpm}

=200 [FPM]) «errrremrmeene e e 34

Table 4.1 Parameters of DC motor used for expeimen -« «-oovovevvvnnnne. 23



Sensorless Speed Control of Direct Current Motor by Neural Network

Seong-Ju Kang

Department of Marine Engineering, Graduate School,

Korea Maritime University

Abstract

DC motor requires a rotor speed sensor for accurate speed control. The speed
sensors such as resolvers and encoders are used as speed detectors, but they
increase cost and size of the motor and restrict the industrial drive applications.

So in these days, many papers have reported on the sensorless operation of DC
motor.

This paper presents a new sensorless speed control strategy using neural net-
works.

In classical control systems, knowledge on the controlled system is required in
the form of a set of algebraic and differential equation, which analytically relate
inputs and outputs. However, these models are often complex, rely on many
assumptions, may contain parameters which are difficult to measure or may change
significantly during operation and sometimes such mathematical models cannot be
determined. Furthermore, classical control theory suffers from some limitations due
to the nature of the controlled system. These problems can be overcome by using
artificial intelligence-based control techniques, and these techniques can be used
even when the analytical models are not known, and they can be less sensitive to
parameter variation than classical control systems.

The most commonly used neural networks are feedforward multilayer types.
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Multilayer has three layers which are input layer, hidden layer and output layer.
The optimal neural network structure was tracked down by trial and error, and it
was found that 4-16-1 neural network gave correct results for the instantaneous
rotor speed.
Also, learning method is very important in neural network. Supervised learning
methods are typically used to train the neural network for learn the input/output
pattern presented. The back-propagation technique adjusts the neural network
weights during training.

The rotor speed is gained by weights and four inputs to the neural network, that
1s, armature voltages and currents. The satisfactory results have been found
through the experiment in both the independency on machine parameters and the

insensitivity to the load condition.
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Fig. 2.1 Rotation principle of DC motor.
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Fig. 6.3 Power conversion part.
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