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Ku = Umax/ 6
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ke =3,ke=15,k, = 0.04 E
EC U (NB) (NM)
(NS (2 (PS) (PM) (PB)

, E= EC= U ={PB,PM,
PS,ZO ,NS,NM ,NB}

E:PB=(0.1/ +3) +(0.4/ +4) + (0.8/ +5)
+(1.0/ +6)

PM=(0.2/ +2) +(0.7/ +3) +(1.0/ +4) +
(0.7/ +5) +(0.2/ +6)

PS= (0.8/ +1) + (1.0/ +2) +(0.7/ +3) +
(0.2/4)

Z0=(0.5/ -1) +(1.0/0) +(0.5/ +1)

NS=(0.2/ - 4) +(0.7/ - 3) +(1.0/ - 2) +
(0.8/ - 1)

NM=(0.2/ - 6) +(0.7/ -5) +(1.0/ - 4)
+(0.7/ -3) +(0.2/ - 2)

NB=(1.0/ - 6) +(0.8/ - 5) +(0.4/ - 4) +
(0.1/ - 3)

EC:PB=(0.1/ +3) + (0.4/ +4) + (0.8/ +
5) +(1.0/ +6)

PM=(0.2/ +2) + (0.7/ +3) +(1.0/ +4) +
(0.7/ +5) +(0.2/ +6)

PS= (0.9/ +1) +(1.0/ +2) +(0.7/ +3) +
(0.2/ +4)

Z0=(0.5/-1) +(1.0/0) + (0.5/ +1)

NS=(0.2/ - 4) +(0.7/ - 3) +(1.0/ - 2) +
(0.9/ - 1)

NM=(0.2/ -6) +(0.7/ - 5) + (1.0/ - 4)
+(0.7/ -3) +(0.2/ - 2

NB=(1.0/ - 6) +(0.8/ - 5) +(0.4/ - 4) +
(0.1 - 3)

U:PB=(0.1/ +3) +(0.4/ +4) +(0.8/ +5)
+(1.0/ +6)

PM=(0.2/ +2) +(0.7/ +3) +(1.0/ +4) +
(0.7/ +5) +(0.2/ +6)

PS=(0.2/ +0) +(0.8/ +1) +(1.0/ +2) +
(0.8/ +3) +(0.2/ +4)

Z0=(0.5/ - 1) +(1.0/0) + (0.5/ +1)

NS=(0.2/ - 4) +(0.8/ - 3) +(1.0/ - 2) +
(0.8/ - 1) +(0.2/0)

NM=(0.2/ - 6) +(0.7/ - 5) + (1.0/ - 4)
+(0.7/ -3) +(0.2/ - 2

NB=(1.0/ - 6) +(0.8/ -5) +(0.4/ - 4) +
(0.1 - 3)

PM

1
Table 1 Fuzzy control rules

U \EG
R
NB B PB FB P PM PS Z0
NM BB PB PM PM PS ZO 70
NS P PM PM PS ZO NS NS
Z0O PM PM PS ZO NS NS NM
PS PS PS ZO NS NM NM NB
PM ZO ZO NS NM NM NB NB
/B ZO NS NM _NM NB NB NB

NB NM NS ZO0 PS PM PB

A(i=1,2, |7 E
,Bj(j=1,2, ,7) EC , Cij
u ,

R = A X Bj X G

(i=1,2, ,7;7j=1,2, 7, (2

A B

R

C=(AxXxB)oR. (3)

o Sup - min ,

(3) (1)

€ €Cj
Ujj E EC
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Sudy of the fuzzy contral technique for the amplitude of the power ultrasonic instrument
CAO Qun, ZHOU Zhao-ying, LUO Xiao-ning, ZHAN G Yuwli , ZHAN G Dong xu, XU Hai-dong
( Department of Precision Instruments and Mechanology, Tsinghua U niversity, Beijing 100084, China)
Abstract : The efect of operation is directly determined by the vibration amplitude of the ultrasonic scalper ,
which is a key control parameter on the treatment for the patient by usng the power ultrasonic medica in-

strument . Because the vibration amplitude of the scalper changes with multiple factors such as environmental
temperature, time variance nonlinear load and static state press, a vibration amplitude control technique is



