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Fuzzy Sliding Mode Controllers for High Performance Control of AC Servo Motors
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Abstracts Variable Structure Controller(VSC) is usually known to have robustness to bounded exogenous disturbances.

The robustness is attributed to the discontinuous term in the control input.

However, this discontinuous term also

causes an undesirable effect called chattering. To alleviate chattering, a hybrid controller consisting of VSC and Fuzzy
Logic Controller(FLC) is proposed, which belongs to the category of Fuzzy Sliding Mode Controller(FSMC). The role of
FLC in FSMC is to replace a fixed gain of a discontinuous term with a time-varying one based on a specified rule

base. The characteristics of proposed controller are shown to be similar to those of VSC with a saturation function

instead of sign function. The only remarkable difference is the nonlinearity whose form can be adjusted by free

parameters, normalize gain,

denormalize gain, and membership functions.

Applied to AC servo motor, the proposed

controller is compared with VSC in a regulation problem as well as a speed tracking problem. The simulation results

show a substantial chatter reduction.

Keywords Fuzzy Sliding Mode Control, Variable Structure Control, AC servo motor

1- }\1 ) o
7h G2 Ao 7)W(Variable Structure Control :
Allbounded)?) ¢}kell wha] HAstch UdeiA Y v
710t} ojgl gk 744 A (robustness)E VSCH 7H%
Aa Fas Aol xyk ojst A VSCi+ ZHHﬁd"“(nhattenng)
T oEEE A vk VSCY AAdAd e BdE <
sggol vpEe e 29FozRE dojx: AW, 4§
AEYNZeR <zt Aol vetdA "o AHAY
B Ae mdysa &2 Alswe] uFg 53 B54E
AANAY, A2ge) Lo $£32 g2 JgE v 5 U7
3], A VSCe &8 73 & AYEC] Holurh
T oolfE HA S48 98 AHALE £ol7 AT oY A
7y AP} gt 7 (8] g oialel T, E
ol gty, FnTR[2 5] AT Z ol &t AedY
S Zo)7) 9@ = e Wye l"ﬂ(fu?n logic)& o} &
3= Aot} o) AL R &to) 2 W (Fuzzy Sliding
Mode Control : FSMC)elg & 9 5‘ &7 8o
FSMCE 2ZA 5 7IA9 Hawygez AT A HA 3
2 ¥ A=) Ao} 7} (Fuzzy Logic Control @ FLC) ¢ VSC
sbo] FAMg o RRE g AoltH7l F WS #WHE 1H
o] o VSCo Heiv|eie) ARE lﬂﬂka}l ol &3t Al

o]}l

-{z:

)

&
pie
R
Loy

o
=1

l

I

=]

=

18]
. -

7‘(3}.\_ \:‘?‘
578
SR
L

2

=
W=

u T

FH o

3
po
-
H}

© H o~

(time-varying) 22 3+ Zejtil, 6, 10). e M o] F
Walel HT wy g weo g AorE *‘74]3}; oA HAE
M2 Frrgch

2. 7bF Ao 9 HA =

2.1. ZFHFEA

e 2e o) vHY Nawg Adn
Wh=Ax, H+u (1)
ANM wH=(x, 075 SFHAE, ¥ Aolydoelrt e

732

Rx, el gk A BzdAde fAsEA0n 7188 d. & v
% TS

Ax, 0=Rx, O+ dAx, D, | dRx, | <F (2)
#ebol B A (sliding surface)S th& el Ao Fc)

s(x,t)z(%+/l)e= et+ie=0 (3)
g7 e FEAo|th Eeto|dHU L o] &3l tigw
#2 #eb¥ = T(Lyapunov) T+ E “3945\}3}

I W

V= 7S (4)
leoje] 27] 2AAA £eteld HEd Y] 4% FREY,
Z (D9 A R g FEZAL g @b

—%—(S)S —7lsl, 0 (5)
B)ERE =g 27 (reaching condition)-& ¥ +th

s sgn(s) < —7p (6)
6)9] A& grEahd, Ay Alxg (e FEAHe] dd &
ZFolgdHHo =g F HEtold HWE o oJEAEAM e=02
7 gz Boj7ty £ElolwW T i(sliding mode) & *»:01 7HA
ok AR Z A 0] 9 A01 e g Bt

usw(j:_)}+ xd—/\e~km . Sgn(s) (7)
QNN k, & F+78 FEgkolrt
22 ¥R x=elAo]

H2| Aol Al Awe] 71} & BAL Aade FH BEAo], §
Aol ofd ¢lold FHom @ HH(rule)d) FFl 93 A
Mok Holth 1y 1& YA #Hx A Axwle] rRolt)

SR ol S ] T(memberc.hlp function)2b+= A& E3
HAgog WM 4“"* # 2} H(fuzzify)gb3n &haL, ¥ 7]
A% FO A% 5, pry D7F A azgie] Heojdelet &y,

pe - D — [0, 119} 7o) *}*c} (mapping) 2.2 Aot}

X, v, z¥ <ol# ¥ F(linguistic variable)olil, Ai, Bi, Ci



2 1 YrEel HA A AR g E
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S ow SM | MD | BG | VB
7R 7R 7R
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BG SM | MD | MD | BG | VB
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(a) position error (b) speed tracking
(c) control input (d) switching function
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