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Speed Control of AC Servo Motor with Loads
Using Neuro—-Fuzzy Controller

ZHE - &8
(Young-Ho Kang - Lark-Kyo Kim)

Abstract -~ A neuro-fuzzy controller has some problems that he difficulty of tuning up the membership function and
fuzzy rules, long time of inferencing and defuzzifying compare to PID. Also, the fuzzy controller's own defect as a PD
controller has. In this study, it is proposed two methods to sove these problems. The first method is that inner fuzzy
rules are tuned up automatically by the back propagation learning according to érror patterns. And the second method is
a new type defuzzification method that shorten the calculation time of an inferencing and a defuzzifying. In this study, it
is designed the new type neuro-fuzzy controller that improves the fast response and the stability of a system by using
the proposed methods. And, the designed controller is named EPLNFC(Error pattern Learning Neuro-Fuzzy Controller).
To evaluate the fast response and the stability of EPLNFC designed in this study, EPLNFC is applied to a speed
control of a DC motor and AC motor.
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Fig. 1 Speed control of a motor using EPLNFC.
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Fig. 2 Architecture of proposed EPLNFC.
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Fig. 3 Nonlinear triangle membership function.
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Table 1 Nonlinear discrete section

Level T+ z PB [PM|PS | ZE | NS INM|NB

7 | 100 <x 1.00
6 75 {x< 100 |1.00]0.50

5 50 (x<£ 75 |0.50(0.75]|0.36
4 30 &x= 50 1.00]0.71
3 156 x=< 30 0.6010.860.40
2

1

0

5 &= 15 0.20{1.00/0.80
1= 5 0.10/0.75/0.90{0.25

-l=xg 1 0.50]1.0010.50
-1 5=x { -1 0.25]0.90]0.75]0.10
-2 | -16=x < -5 0.80(1.00/0.20
-3 | -30=x { -15 0.40|0.86/0.60
-4 | 50=x (30 0.71|1.00
-5 | -75=x { -50 0.36{0.75|0.50
-6 |-100=<x ( -75 0.50{1.00
-7 x {-100 1.00
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Table 2 Fuzzy Rules.
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Fig. 4 Defuzzification method proposed in this study.
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Table 3 Specification of the AC motor.

AAZE Pr 400 W

AAEA Tr 13.0 Kgf - cm

4A AT Nr 3,000 rpm

BAAF Ir 28 A

AR Er 3420V

A7 A #A Jm | 016X10-3 Kgf - cm - sec2
AAHAHlE | Pw 101.6 Kw/sec
ARG Y = La 1.02 mH
5] &3 44 | Nmax 5,000 rpm
A HAYEA Tp 39.0 Kgf - cm

SF2-HX| Hoi7|E 0|23 55 2= uF ME Ms7|el SZHO
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Fig. 5 Configuration of control system (AC motor).
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Fig. 6 The response of constant speed control without
load (2,000{rpm]).

E: 3 4 R85 L2 AEZ D (2,000rpm])
Table 4 The results of constant speed control without load
(2,000[rpm]).
sy | M | FC s e
A AT [sec] 0.006 | 0.021 | 0.015 0.013
&5 3t [secl 0.016 | 0.031 | 0.031 0.021
AW 274 F [rpm] 105 - 40 20
) NEE 234F (%] 525 | 0.00 125 1.00
BHAZT [sec] 0.037 | 0.061 | 0.037 0.035
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Fig. 7 The response of constant speed control without
load (3,000[rpm]).
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Table 5 The results of constant speed control without
load (3,000[rpm]).

A A AI7F [sec] 0.01010.017| 0.014 0.012
A5 A7 [secl 0.01810.044} 0.044 0.028

HAd 273 [rpm] 80 | 15 A 5
Ho| &g 23% [%]] 267 | 050 0.00 0.17
AZAIZ [sec] 0.02510.051| 0.050 0.035

2 dFdAe vudE Aor)2 HAALE EPLNFC7}
22t ol A zgle] blEME rEHS AE FAG F
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Fig. 8 Ramp speed response of PID controller
without load.
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Fig. 9 Ramp speed response of fuzzy controller
without load.
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Fig. 10 Ramp speed response of EPLNFC without
load (before learning).
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Fig. 11 Ramp speed response of EPLNFC without
load (after learning).

a2, EEeAte] YAF S Ads
of etfRlch o] W, & 69 RE 9x
Ao

ted 2 Z29E % 6
e Hogiez AN



w2-mx o7& o83 £

ks 6 P55t AAE ZTHO ¥z
Table 6 Numerical results of ramp speed control
(without load).

EPLNFC{EPLNFC
(st 4) | (&%)

25203 BE [rpm] 40.90 | 38871 36.70 30.48

A o] 7] PID | FLC

3500

Speed [rpm}

0.00 0.05 c.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
Time [sec}

a3 12 Fst @& 28 AEZa & (2,000rpm])
Fig. 12 The response of constant speed control with
load (2,000[rpm)).

H® 7 S35 &2 AgZA D (2,000rpm])
Table 7 The results of constant speed control with load
(2,000{rpm]).
A o] 7 EPLNFC|EPLNF
$95y M Gl v ey
A AA 2 [secl 0.053|0.110] 0.067 0.079
F5 Az [secl 0.065|0.191} 0.125 0.089

#Ad 23F [rpm] 105 | 15 105 60
o #MEg 234 [%]]525(075] 525 3.00
g &A1 ZF [secl 0.162]0.243| 0.159 0.133

PID

Speed [rpm]

EPLNFC(&& %)

EPLNFC(&t & &)

FLC

0.2 0.25 0.30 0.3 0.40 0.45 0.50
Time [sec]

O3 13 75t ¥4 2 AgZn 8¢ (3,000rpm))
Fig. 13 The response of constant speed control with
load (3,000[rpml).
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Table 8 The results of constant speed control with load
(3,000{rpm]).

Ao} 7] EPLNFC|EPLNFC
PID | FLC s ) | (shee %)

A A [sec] 0.056|0.156| 0.113 -| 0.099
&5 A3 [sec] 0.032|0.145{ 0.100 0.059

o =3 [rpm] 195 | 90 155 150
Hd & 234 [%])650|3.00| 517 5.00
3l

AN [secl % 10477 ©© 00

S &Egkol 2,000rpm]ld ®, ZtzF PID Aej7], HA A
7h, 2#li B =&elA A<rd EPLNFC7L sh&s7 A
shrol 5008 ABE Fo Alag $EE st a9 12
o Jehigld. zexn, o ZRE E 74 Aestddh

wg, Hagol 3000rpmlE W A9 &
et Ak 28, 2 AHE 3
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& 14 PID HMof7|e 2351 AALSE
Fig. 14 Ramp speed response of PiD controller with
load
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Fig. 15 Ramp speed response of fuzzy controlier
with load
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Fig. 16 Ramp speed output of EPLNFC with load
(before leamning).
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Fig. 17 Ramp speed response of EPLNFC with load
(after learning).
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Table 9 Numerical results of ramp speed control
(with load).
EPLNFC|EPLNFC
A 7 P . N N
|7 D | FLC Vg zm) | (s s)
4ty

50.60 | 104.87 | 56.32 50.69

£x223 JF [rpm]

Exgho]l Aol wet Hm £% 30000rpm]7tA] = e
(ramp type)E W3E & 3t zZ}Z PID Aloi7], B A Ao}
7], 83 EPLNFC7} &+57) A stgol 5003 A3l
Fol dg Rl A Alxd" 98 474 a2¥ 1458H 19
179 detiideh 283, $5 919 HFe Aidsty o
AFE X 99 el

HEZ2F}E £33 AHEL 7IEeR aFsdgRY o

&% 2o
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