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Adaptive Speed Control of Induction Motor

for Driving Unbalanced Load

by Yang, Hyun-Suk

Department of Electrical and Electronics engineering
The Graduate School of Korea Maritime University

Busan, Republic of Korea

Abstract

Vector control of an induction motor has advantage of a quick torque
response, and has been applied in various industrial applications.

In the design of a speed control system of induction motor, PI
controller has been widely used because its structure is very simple.
However, it 1is difficult to obtain robust and stable speed control
characteristics because the gain of the controller can not be adjust
automatically when the load disturbance or parameter changed.

The motor used in a reciprocating unbalanced load experience abrupt
load change by the movement of piston. So, its speed is fluctuated.

This study proposes a new adaptive control system with conventional

vector controller for a reciprocating unbalanced load. The proposed



system consists of a load torque observer and a feed-forward
compensation using neural network to obtain robust speed control
characteristics. The observer designed based on the Gopinath’ theory.
And the neural estimator is consists of two layers, and is used to
provide a real-time adaptive estimation of motor dynamics. The
LMS(Least Mean Square) algorithm which has widely been used is
applied as the learning algorithm for this network, to minimize the
difference between the actual speed and that predicted value by the
neural estimator.

To verify the effectiveness of this algorithm, a computer simulation

test was carried out on the basis of theoretical consideration.



M

M

A2 ER AL 1947 B ol 19

F71 %

)

Artzlel 7] &

A 71

A o) 5}

R

el

|

o]

o
s

s
ﬁ].

o) g 37}

Fol ofuel 74 A4

HH
Sl

¥ g

S
=

ﬁo
w5
w

)

A

pE

o

o]

FAlol whE B v ol A

°]

B!

—
o

o
)

)A
pE

T FEA 2 AW AEAE S ol

AeAe A5S Aoz Ao

TR =y, | A-A 7T

=l

Fok,

)

T Ae Al b

—('E]:

=z

Kl

o
=

ﬁo
B

oy
I~

w

)

Jo

> 7] AA

).
=,

o)
AN

2 AaHom AojH

ol

i=]
=

24

19] Camshaftoll

< of]

ol 72 Camshaft7} {171

24
s o] of

d

%

’

oy
A 24 0 7]

e
A

—~
o

el

]
o
il
,..mo
o

s
pud

323

A

=
=

A=

_OA

4%

HA = 94

2853

)

o
jze]



7N AR 5

o] 8-+

SRR P

S

4]

0]

il

[e

o

9

i

Tl A"l Ao 2E AnbH oz PI Ao 7t EE

Jow e F w. TR T g F o o oW "W ©
T < Mo o ~ o .ﬂ N — o o T
o+ B OR T R o g mom NOT g B B 9 ol
OB T * TR = I L
< B o SCIT & N _ T oW <
PR N AR %M%wué.ﬂﬂcﬂ ® " o o~
R S T oW o o B W T o B
B OO (- do = — X 8 4 E S N
ﬂj ‘Mﬂ FLO O#O ,._m_v‘._ ~ ﬂ o . k) \—lArO ,D”
= oI hL ‘;L = - I~ M vy ) <[z ﬂ o < ) ~ BR
o op W ox W Mﬂﬂﬂﬂzaf ®oTow
w o o3 o o Ca®iEe o o S e O
o Moo o o oo 5 XS
L = o NF B W B o E T ) < ‘,ulEl T i
N &Ko ‘Mu_I EO ﬂu” e = ﬂ_OI \n‘md N \N‘._ ,DL ui = ,UI = ‘_Ir.”
T, 5F A i@ geel, =i
R 2 —_ T L A o O
0y Xy X Il B . FOLYN o - P
TR Ly T e S e G RNIG C
— R JJo w B FE B2 I | Hoon < :
o < ol gy Tl foyl T o
o g o X ~ B o m S
N WW B { ~ W "5 T b W | Iy = o ° =
DN N ) A
Tog W o S B P e SR ° o X Wy o
Hlo < X = 0 B3 - N o o X - T = do = )
ok ° v MEE R < 0o 5 5 = o
AF o0 T OE o M oW o ®omoy S T
T BT T W o~ T " of - M R o) Y
S R S o T~ W i By, TR R <
= %0 = R ) ) o N o i o~ B = D HJ
8 9 T _ﬂ T A <0 9y %o W
T TN x = N L R w
T ook B N R Mo oF R I - L
7o %0 - Ajm 3 T T W
Tar Tk M T¥ar oy e NI T
RS d & T = % ® X 8 & MO e o S, T T
oW N T R R T S % 85 o W U i s ™ol R



|

il

{|

7| %l 0f Al

LHo

&

A

0k
Ho

e
[}

il
70
0

IH

2.1 Y e A of

4 7] 2} o]

S
Tl

w57 el

Fig. 2-1, Fig. 2-2

el
B

W
il
=

i

Fig. 2-2¢] HeEbl A .

-
R

o AFUE L

vector of phase 3

phase a

vector of phase b

vector of phase a

vector of phase a

vector of phase c

Fig. 2-2 Equivalent two

phase winding

Fig. 2-1 Three phase winding

}oll A

= 7HAs

271

)

o] 13l¥o® FAH

=0

NE

o)
1o

e
b
of

L.

o

Bl

Ho

jaxe]

(2

B



—~
—
|
[N
S~
=
23
=
o=
[}
=~
+
=
273
[}
Qo
o
—_ I
+ =+ S
T we
— . — e~
S T e (S}
(]

S 3 I
ol S
S 2.3 -
S S e ,DQ

An
3

4
Cos?ﬂ--i-jsin

|

ToR

E:

nE
3
i~
Mo

.AO

ae¥ olE 3

i1, (t )+ aiy(t )+ a?i, (t)

1o t1pt e

i

I, (Coswt—l-jsinwt)

3
2

(2-2)

Fig. 2-3¢] @ Al 2|

1
o

Fig. 2-4

i

1742 277 AR A

Z
gl

AAA o v}

3]

)

-—

—_

=

i
3l
o

Ho

ToR

Fias s

17 2

e o] 4ol

al

o}
=

=4 @2e e



p-axis

a, a-axis

b
o

c-axis
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Fig. 2-12 Torgue of rotating unbalance
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Z9o 2208 FAY G AALOE Fig. 3-3& A FAH7 g

2 ot}
i1(k-1)
(k)

ia(k-1) —>O >

Ei(k-1)

ia(k-1)

LMS e(k) ar(K)
algorithm +

Fig. 3-3 The model of a plant neural estimator
aPoA HEo]l dHZ=L j(k—1) FHFL ALE3o]

i(k—1) = [iy(k—1),iy(k—1),i5(k—1)]

= [w, (k= 1),ig (k—1), T,(k—1)] (3-24)
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2] (3-25)¢F #Ztt

c(k—1)=[¢,(k—1),¢y(k—1),c4k—1)]7 (3-25)
::[dm‘h4d2]T

HAE =49 w(hHhe

~ 3 ~

w, (k)= Y i,(k—1) ¢;(k—1) (3-26)

i=1
ola, HFT FHA L (A% HAY H(pH & vzt o gt

e(k)=w,(k)— w, (k) (3-27)

[e]

T3ha, LMS ¢igSS

des zA5d o g
AH7t 00 HestE

JE

42 7ok,
LMS el Zol o @ kel

c(k)

clk—1)+ailk—1)e(k)

o] 7] A, a= ©St% & (learning rate)©] th

323 ®Moi7| metole el 2

Fig. 3-1c14 43} &9 aA42 4 (3-29)9 2t
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T, x
kydy (z— (1— kik—s)) w, (2)
— 14 _
w,(z) Z(lte - kd)at (et (T — k) (3-29)

¥, Z gadelde F e s THAE SANAN (9 AHRd

2] (3-30)% #Ztt.

a.(2)=(z—p)) z—p))= 2= (p,+ p )z + pip; (3-30)

2re uasn 4 (3-33)3% 4

EdurA A A (3-31)7 4 (3-32)9]

py+p; =2e “Peos (wy I,V 1— )= 1+c¢, =dyk, (3-31)
» pﬂlé _ 2Qw,, T, o +d1 (kl k'p) (3732)
Aol A Aol

o] oA ¢E #Anoli w, 2 MFHuFAFFo|T

71 st e k,oF k 18 al FAEANGST K, oW 2 (3-33)3 Zrh

1 -
kp (k)= ——[1+ cl(k —1)— 2k cos (kag T, )

Cok—1)

(k)= [k, — (k= 1)+ & (k— 1)k, (k—1)]

e(k—1)T.
¢, (k—1)
k,, (k)= — m (3-33)
o] 7] A,
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4. AlE8old A AJAH FH

4.1 A28 ol M

[ms], AFAAF71E 200 [uZ AATFALT 7=
o] £xAo]7]e] o] 52 g = 400, ki 12 & ARESIA L, A 3Ale]7]el
AoiM = TEE at 01, 2719 AABAE ¢ (k—1),cy(k—1),c3(k—1)=
7k7b 0.2, 0.002, -0.28 ApE-sglth Table 4-12 A Eoldo] Ag4d =

Y RokE THE GFEAEAE WA sepuly grolg,

Table 4-1 Parameters and ratings of sample induction motor
including air compressor system

Parameters and ratings Values
44 4 [Hpl / = = 1/4
g4 dek vl /AR (A 220 / 2.8
]34 £ [rom] 1800
PSPPSRl Ay (9] 9.9

Weight m [kg] 6
3| M Kb A & A Q] 7.54
™A EHA  /, [mH] 270
MAALHEHA /£, [mH] 282
AsolgEHA M [mH] 250
HMEZHE J [kg-m] 0.0051

_32_



2000

10007

Hr

H“”|||||II|||| it R M |.|| R

=10

2000

10007

=10

(@) General PI controller
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(b) Proposed adaptive controller
Fig. 4-1 Simulation results when the weight is 6[kg]
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(@) General PI controller
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(b) Proposed adaptive controller
Fig. 4-2 Simulation results when the weight is 9[kg]

_34_
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ol B WA= 2ed o, (a)= 4RbHS PIAlowES S wol
W, (b= AL ASA7IE AEAS Aot HAAMRE A7)
HE, ity 1Y AAF 6,0 FF ol

Fig. 4-12 A4 e FA7F 6lkgld wf Algeeold s olvh. PIAovtE
900 =23 w7tA 415[ms]H £ Alzte] Agla A%
FH FX¢ &L 15[rpm]oltt. ol ml&| A FA 7S F-7Fste] A YS

= o 400(ms]A =2 Al A4S E S22 E2 Slrpmlelth A Qkgl

o
o)
tlo
2
s

N

BIYHL A AT PL AW ASARS AFuTh 2E RPME
FESE SRBW ohet % UF eAst Ak

Fig. 4-2% B4 #A7k 9lkgl2 W Aol ol 4 sh3g o]k, PIA ol e
FAe W YY) Eey @z 420msIgE el Aol delw 4
Be £=Ee 25ipmlelth. ol s Al 1T skl FAPL

= oF 400[ms]H == Al A4 EH S5 # =52 5rpm]o] th.

.
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4.2 AM2A”- 7 H

R4 AN FneFS A4 A2ge FARZ @ FHe

-

ol e HAY3) 2 mfo]mag 2 A, SVPWM ¢HE 181 o F

=

2 Adde Adde~eg FF0z Z2ade deRYs 9

[kl

2EAFEEPC), AT g - E9n 2 AdFNEZ FAHA gtk Aol
2afe RE 2ZEgolE $xE st =gl Aojrt olst
2 TMS320C319] o] QZe o] 2 ALg3le]l st on, &EA0]737)
2lmslol 31, A A0} F 7= 200[ psl= A A s b,

st=¢lo] ALZlS Fig. 4-5 Fig. 4-7 Fig. 4-8 YEF A}

ol
H

rr

421 & F

°411.

Fig. 4-3 Flyback Converter

Fig. 4-32 F2E7IHHe W7 ddw ¥ A9 Flyback Converter?
Z]Es| 2 olth, Wetrlo AFoYH A AES FAE CYHZ 8,
29127 on =W Wyl Asp IEE AvF S, 29 A 7F off= W

kst Y- o] AR7F W] 24 So=2 dojrti A Vo=N=*D=Vi/(1-D)
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4.2.1 HoZ

Aojsme] Higow &

o Aol7t o] RoRFE o|FAJ HEE CPUE w&e] HEAFHAL

r|rt

FoH AnA st GAAT AN 2T A

o] 7}% 3 Texas InstrumentAle] 32H]E DSP2 TMS320C31& AF&3F9
O e ng agw gy AMAE CPUR Hgst/ dxel

Aol defel FA= AHANA s FdH. e BE Vles HAHE

>y

A 2bel Alterarl 9] EPLD (Erasable Programmable Logic Device)W ol F

ANAow, AUEHL aste ARAASY AFAG AZHo g

Hol o oForREE oEgAAT, HolEHAL, Aoz =
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W
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N
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foi
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H, WY g3 DC Hadoesw FAsNeH, 2 /MEFesE YEY
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Fig. 4-6 Schematic diagram of IM motor servo system
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Fig. 4-7 Photograph of hardware

Fig. 4-8 Photograph of air-compressor
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Fig. 4-9 Flow chart of main loop
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Fig. 4-10 Waveform of Flyback Input & Output
Time Division : 5ms

Input Voltage : 2233 [vl CH2
Input Current : 179 [mA] CH4
Output Voltage 1 : 5 [V] CH1

Output Voltage 2 : 15 [V] CH3
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Fig. 4-11 Waveform of Flyback switching Pulse &
transformer primary side
Time Division : 50[us]
Flyback Gate Pulse : 77.5 [kHz] CH2(5V/div)
Primary side Voltage : 77.5 [kHz] CH4(250V/div)
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Fig. 4-12. Waveform of switching pulse
SVPWM phase A,B,C
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