3
|_

27|25 x| H28H, M1E, pp. 90~97, 2004 (ISSN 1226-9549)
Journal of the Korean Society of Marine Engineers

ARAZHE ol g8 AFAFAS AL SEA

AEZ=t . ZFAFF L QA Rk

(334 120033 102 30, AAEEY 120033 11€ 28%)

Sensorless Speed Control of Direct Current Motor by Neural Network

Jong-Su Kimx* - Sung-Ju Kang** - Sae-Gin Oh#*x*x

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(3])-(5]. This
paper presents a new sensorless strategy using neural networks(6]-(8). Neural network
structure 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 has given suitable results for the instantaneous rotor speed.
Also, learning method is very important in neural network. Supervised learning
methods(8) are typically used to train the neural network for learning 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. The experimental results were found satisfactory in both the independency on
machine parameters and the insensitivity to the load condition.

Key words : Neural Network(21733|=%), Supervised learning methods(ZE dsubd),
Back-propagation technique(gz17#)
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Fig. 4 Speed responses of dc model

’(A)_ - P —(‘)—{Pl

G G

u,(l')—r ~.
u (k) DC \

R

= MOT
A

LR D
' ]
)
- i, Y /W”)’k
= O IND L
RS - £ e
- \//

~

Fig. 5§ Block diagram for training of neural
network speed estimator

e #HEL 4
e £H0E EHG ol

netl- = X; i = 1,2,3, T

yi = fnet)

net; = Z(wijyi-i- b;)
v; = flnet)

net, = g(w,-k v; + by)

v = f( nety)

Aszge 28S Febs @

(10
(11)

(12)

2719 AME A Ao 93

E= —%g(w,—wm)? (16)

e ol 239 AFYE ALses] A @
APEE TASE ADE AAPE wo
Zol 27HE AABE WHFL BeH 7

8k=—#§k (18)
A Al o8 (17)9 ¥k 3 go] &
Ang

aE __ 3E anetk _ anetk

don ~ ety dwy % da, 19

dnet, _ 3(2]160/'/@ yit+ by)
aw]-k o Bwjk

=Y (20)

JHEE 2959 9A%E ¥R 0eH 2
o] Fate] Ak,

dwy, = ad,y; (21)

oE oE 0w ,,
O onet, ow,, OJnet (22)
(16)2.8 RE the 4L T3},
a&f =—(w,— w,,) (23)

(93)



4

93 (15)8 o183 g 42 72 F Ak

0w,y

“onet, = ' (nety)

B =5 A3 gAsteE (25
o] 2& wlR3lo x = nef, T WY
Ho}

~~

(o=

/A
1+ e % 1

f (nety) =1+ Anet))(1— K net,) (26)

El

A7z

=
o}

ow,,

Inet, (27

:(1+ a)nr)(]-_ wnr)

aHBE 5= (28)3 Zol Yerd & v

ak: (1 + a)nr)(l - wnr)( W, — a)nr)

s}oq Atk G2, 7 & Aol
e e 7o 2HAG

Aij(k+l):Aij+ afé‘kyj (29)

Aw,‘]‘(k‘*' l)=dwu+ 06]' ; (30)

-
T

AAAEE (29) 2 (30)e o) 2AHH o]
HEE 0,9 QA7 Aas

=
| .
=

4
. 16
1

F 241
F, & 2939 2495
B 2495 wolojx
B 8% nrolojx
wye YT 29T Aole] AT
wis S95% 293 Abole AARE
Fig. 62 8% Fatd 7t d47h54
g o8% #7 £E33S BAIFT Yu},
600 T
I T T i S R B e e
o
@
[a)
o
& | i b
73 ) S S O A
o5 T 15 2 25 :11 35 4 4i5 5
TIME[DIV/0 5SEC]
Fig. 6 Speed response of neural network
estimator
Fig. 7& AFA%7] N2 2] 75 A
2§le) B5roltt,

#
e
:—”v et MOTOR ,

.

(4 ~

sy w0

e Neural j
Network I
— | SR

LB DB

m‘/

Wy
bias

Fig. 7 Block diagram of speed control system by
neural network

Al
=

2
=

4.

09

ot

= 2=

FAE71Y HFuE @ AlX
Table 13 72},

gl ALgT %

A=
e

&

(94)



Table 1 Parameters of DC motor used for
experiment.
R 2[N- m] R, | 29[£]
AAAY 110 [v] R, | 360[0l]
AAES | 2000 [rpm] Ly | 120[H]
= = 2 Lu | 0.02[H]
J 0.01 (kg m*] | Lo | 2.3[H]
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Fig. 8 Experimental response for step change of
speed setting (0—100[rpm])
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Fig. 9 Experimental response for step change of
speed setting. (0—200[rpm])
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Fig. 10 Experimental response for step change of
speed setting. (0—500[rpm])
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Fig. 11 Experimental response for step change of
speed setting. (0—>1000[rpm])
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Fig. 12 Experimental response for step change of
load torque. (0—1[N - mj)
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Fig. 13 Experimental response for step change of
load torque. (0—1[N - m])
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Fig. 14 Experimental response for step change of
speed setting (200[rpm]—-200[rpm)])
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