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pa pw pL ’ pa +
Pw+pPr =1 [6] :
e =P.-PL, e >0, ;
e=0, ;e <0, ,
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ec(t) = e(t) - e(t- 1),
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ﬁ\
3 e  pu

Fg.3 Approximate function of eandp, .
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Transducer

Fig.4 Diagram of the control system.

, e ,EC e
e [-emx,emx]:[-
1.0,1.0], e(k) e(k-
1), ec(k) = e(k) - e(k
-1, [ - max,Cmax] = [ -
2.0, 2.0] n
[1.0, 7.0]

13 E EC N

[ -6,6] ,E=EC=N={-6,-5,-4,

-3,-2,-1,0,1,2,3,4,5,6}
e ec,
Le= < k>, L= < kL > ; ke = 6/ €max =
6 ke=06/ eCmax =3 n
n=kyl,+4, kn=3/6=0.5
E EC N
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E C=(AxB)oR, (2)
o Sup - min ,
P T 0 12 5456 :
€ €Cj
nij , E EC
(nij)7><7 )
5 EEC N '
Fg.5 Membership function of E, EC and N.
1 4
Table 1 Fuzzy control rules
Ni G NB NM NS ZO0 PS PM PB ; ,
E 48V , 5 9)

NB B B B PB PM PS Z0 )

NM m B PM PM PS Z0 Z0 2

NS B PM PM PS ZO0 NS NS
Z0 PM PM PS ZO NS NS NM
PS PS PS Z0 NS NM NM NB
PM Z0 Z0 NS NM NM NB NB
PB Z0 NS NM NM NB NB_ NB

2
Table 2 The dectric powers under different control means

No fuzzy controller Fuzzy controller
Load Air  Water Tissue Air Water Tissue

Ratio 1:3 1:4 1:4.5 15
Ai(i=12, .7 E Power(W) 52 44 39 70 72 73
,Bi(j=1,2, .7 EC , Gij
N ,
R = A x B xC(i=1,2, ,7;j=12, 7,
(1) '
A B '
. | ,
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L oad detection and fuzzy control in the power ultrasonic system

CAO Qun, ZHOU Zhao-ying, LUO Xiao-ning, ZHANG Yuwli
( Department of Precision Instruments and Mechanology , Tsinghua U niversity, Beijing 100084, China)

Abstract : To acquire approved ultrasonic emulsfication effects while usng the power ultrasonic medica
treatment instrument to cure patients, an ultranic vibration system is always needed to operate at a high
vibration amplitude under different load conditions and to work in the electormechanical matching state un-
der dl load conditions. Firstly , the paper focuseson the equivaent electromechanical mode to the power ul-
trasonic vibration syssem made up of a longitudina composite bar high-power transducer , a horn and a
salpe. Secondly , depending on the modd , it analyzes the fundamenta principles of dynamic i mpendence
matching in the power ultrasonic vibration syssem. At the same time, according to the operating character-
igicsof the system, an approach to dynamic impedance on-line detecting has been devised and the parame-
ters reflecting load state and change trend are obtained. Based on the identified dynamic load , the input and
output parametersof thefuzzy controller can be determined. Findly , it presents an applied f uzzy control d-
gorithm, which can be used as a dynamic impedance matching approach for the power ultrasonic vibration
system. The experiment results show that when the power ultrasonic vibration system operates at the state
of dynamic impedance matching by usng thefuzzy control technique, the system can always have high elec-
tric power and good &fectsof the ultraonic emulsfication under the changing load.

Key words: fuzzy control ; detection; electric power ; impedance matching
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