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Fig.1 Motor structure
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Fig.2 Motor stator equivalent circuit
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Fig.3 Schematic diagram of stator admittance circle
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Fig.4 Geometric model of the stator structure

®1 EFHREM

Tab.1 Stator material properties

B 7 J H B
J& M
(Qsn6.5) (PZT-8)
%/
- 8 800 7 500
(kgem *)
1206 53.5 515 0 0 0
53.5 1206 515 0 O 0
PR/ 10 51.5 5151045 0 0O 0
GPa 0 0 0 313 0 0
0 0 0 0 313 0
0 0 0 0 0 346
EE/N=4 0.3 —
0 0 —41
0 0 —41
JE LB/ 0 0 14.0
Com? 0 0 0
0 103 0
103 0 0
- 6.04 0 0
5 EEM]W — 0 6.04 0 ]x 1077
(Fem™) 0 0 6.04
x2 TETFEHMSH
Tab.2 Stator structure parameters mm
S ¥l R B 28 ]
D, 70 70
D, 48 48
H, 2.7 [1.5,4.5]
H, 0.8 [0.5,2.5]
H, 0.5 [0.5,1.5]
L, 7.5 (4, 8]
L, 0.8 [0.5,1.5]
L, 7.5 (4, 8]
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(a) Vibration mode simulation of stator
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(b) Piezoelectric impedance characteristic simulation curve of stator
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Fig.5 Vibration mode simulation and piezoelectric imped-

ance characteristic simulation curve of stator
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Tab.3 Stator B,, modal analysis

s R BEER/ | RS dREh AR/
e A Hz 55 G S Hz

1 By, 23623 23 By 43 532

2 By, 23 632 24 By 43 546

5) By 29 706 35 By, 51114

6 By 29 708 36 By, 51120

14 By 36 378 45 By, 59 042

15 By 36 389 46 By, 59 045

6 i HL R R A AL o3 IX

Fig.6 Polarisation partitioning of piezoelectric ceramics
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(a) The piezoelectric impedance under different working modes
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(b) The effective electromechanical coupling coefficient
under different working modes
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Fig.7 The piezoelectric impedance and effective electrome-

chanical coupling coefficient under different working

modes
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Fig.9 The influence of piezoelectric ceramic thickness and

width on effective electromechanical coupling coefficient
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Tab.4 Design of vibration modes and structural

parameters of four stators mm
%%’ﬂ% H1 Hz Hx Ll Lz I‘ii *E/jwt
A 2.7 0.8 0.5 7.5 0.8 By

27 08 05 75 08 B
15 15 05 40 1.0 75 By
15 15 10 40 1.0 B

o o w

BTG AR oo M SZ I £y, 48 T RO ROHLEFES £
B EC S SR L R 5 TR . BT A BROGih A
% L8R AR BRAE , SR LB BAR b, L SEII(E
b W K AHE AR IR 22X/ NT 1020, Hb 2+ AW
iR RZER/N, N4.692% ;% T B HiRZE R K,
$}99.533% . BT A,B,C,D B EAG koo FISZIAE Ao
PRI S &5 2 5 05 A R LRI &

4.2 FEHLHH M RE LI IIE

#AB,C.DXANEFHHF (BG4, TCL)
e e B AN PR 1 &5 ) Hp s RO S L AL, JR RS A T AR
ke E AL REIE & WK 12, INMFE9 kE
# (AFG3022B) 1 2 A~ f= 41 Tl % i K #% (HFVP-
S3A)ZH I FL AL A IR B FL IR, L B AR R R I, 5
e % 4 15 % (BS80T 20-5C-5000BM ) . H 4 14 J& 2%
(WDH-2TX3) J it 3 171 48 [5) fl e #2 . I ) 22 4108
BEHL G S B 555 04 FE 45, DT R e AL AR 3 1 A4S mT A
TR BEEE R, AL E R N
500 N, 9K 3t K ol 440 V78 538 3R A9 S5 B 20T 40 1)
DUAS F BIL A WL AR R 1 il 2 an 1 13 i o 3 B Rl 60
HLOHL A FE 51.2 kHz B9 B30 5 4k 3K 15 % 5 % ol N
65 r/min, 2 3 % 46 K 1.2 Nem; L #L B 7F 37.2 kHz
{4 481 3R Kb AR A5 d5 =5 3 3 Sk 70 r/min, 2K B R N
1.2 Nem; HLHL C 7 25.4 kHz A9 45 Z 4b 4545 o5 1 7 3
A 74 r/min, K 5 JHE A 1.5 Nem; B HL D 7
22.8 kHz [ 55 5 i 3R A5 iz 5 %% 3 R 70 r/min, 2K #
56 1.4 Nem
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Fig.11 Comparison of simulation and actual measurement of impedance characteristics of four stators
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Tab.5 Comparison of simulation and actual measure-

ment of effective electromechanical coupling co-

efficients of four stators %
A 5 FLAH ke, LA b D ELERZE
A 17.202 16.431 4.692
B 20.509 18.724 9.533
C 23.131 21.160 9.315
D 28.452 26.780 6.243
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Fig.12 Motor performance test platform
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Fig.16  Comparison of maximum efficiency and effective elec-

tromechanical coupling coefficient of four motors
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