40 L5 8 1
2004 4 8 H

Lo L B % R
CHINESE JOURNAL OF MECHANICAL ENGINEERING

Vol.40 No.8
Aug. 2004

ERAXRRRFAEYNEIEHRSHIE

m KR

ORIEBE TR R SR A I L M s Rk

116024)

E: NSRS EBE A2 v B A, BURGEHRTT T B s A 8 7 L AN BE . A3 T

N 330 5 ARRAER AL B 0 A A, IR BRTTTE SRS T AL g v e v R TR ) A AR RS 20 A
FI 43 80 PSR AT O s P A A T A I R, PR 5 X0 A SR 2 T AR U PR A A Py e B AN Rl

PERAR, B HIREIEAT 5o XL B R AR s 5 M AR TT R BEE T 0 ZE A PR JE R

KGR SR B AL S
hE 5 %S 0738

ol

0 Hi

FRHA S A RUFRIER . shaASRrE S da e 1,
ML 2 NV T Bk, RZdlisk. 184,
ZA 81 v W1 2 25551 I ) 1 1 B =5 s A
KGR o R A S R . A R AT BT )
N, TN e L R NS D

ST HL B i 90 3 B P AE s HL R RS AL R 4L
B HLEL B BE RS S R R AL T . AHER T
KA T R A M OB IF AL R L[5 A TR R
PrE R R rr 28, M. Takeshi 2P £ 2R
L A% BAAT 28 10— P o L R B AL .
FEWE SR 75 I B HLI,  $H T e S 4k 1
PIME S, &l LA R R % A S R 2R T
TR R NP A AL, BEARTE AR5 2 I
AR TR HIT R T A—HES
FRARUOT Ay I K s 74 7 1 U8 7 g B sl L
FEIX BT, SR R R SRl 3T T 2 A
HUZEE S, DT S 1 Ak B I H L K
PR R N A W SR s N Vi 4
TN PN, 8 U) R B R AR R
Ji HLFH R 3 N B o 22 SCHR[90 U7 TE s HE A
FEARZE B 50 AE R B AC S DL EAT T F9E, JF4I20
G T AR RS, H i R TR
LR, ANREWE R S PR N H BT . SRS A
R S H A T S ) S R, N S )
S O R R O N A o B R L AN 1R AT
TR, FH Tl K%IE.

1 FiSHT

P AT S & LR S AR, T R LR 20N P

O A AR 2 R AL TR AR 4 VE Bh I H (980140106 ,
20010141006) . 20030530 WL EI¥IF, 20031018 W1 ki

PRI FE R I g AR I8 ] PRI A, i PS8 R P
JE R BRI R AL — AR e PN F A 5 RN . A Hs HLA
G N 53 B 32 5 R s HL v e AR R
73, 3 He BT A B AR AL 5 TR I R
11 HENOSH
WO G0 — AN B2 R &) 2% n) SR R
SRS, R AN S R E g A
TN, DT I S Iy 3 KR
ARFR FR [ R I8 A ] 2 S T sz B [ PR e
Jil), x AUy BIATAE B v AT R TR
A 25 ) e RS B, e FECf Ol FHLE Y
JyR U A G A R A RB) (4) B Tk
SRS T RESR (1) (Q)RTA TN 7 bR F ) RIS
I T3 PR (e, ) PR T i
LF+Lg=0 L
L3F+L2¢:—23+£(Sﬁ+sﬁj M
syl
AP 5N

o o
L=fy—a =2 —— +
4 ﬂ22 6)(4 ﬂ26 ax3ay
64
28, + Bg)—— —
( ﬂlZ ﬂ66)6x26y2

o o
[ + —_—
&@3/%@4 2
83
Ly=-p, 6_ +(Bos + Pus)

x’ ox* oy

ol ol
(1814 +:B56)W+ﬂlsay_3
ol o’ ol
L, Eﬂ44&c_2_2ﬂ45%+ﬂ558y_2
OF oF
. o Pl (3)

2B




2004 £ 8 H AR AE s HA 00 5 LA N IR T A S SeiE 151
H 7. dxdy =0 Hazydxdy =0 R A ) ST AFAE IS B v 3 P A £ s )Y,
[Jendsy=0  [[ovdsdy=0 w  THHE A AT TR AR A

T ST L T P L 0 L, 5 RO 222 o B

[[o.dy=0 [[(z,.x—z y)dxdy =M,
SRt 1, o —— BT x By Sl

S!‘j— ﬁ‘r&”]bﬁﬁﬁﬁ

M —

By— JHREERS, H

_ 5383
By =sy————
S33

BT ELARILEL (r) 8L, WAL T BRI T A
RIBATLN ) R Eh

¢@JO={9—££{§i+§%H5@JO 5)

i) j: 1 ’2’47576

s\ L,
i ¢ TELTE E R
A g RS F L BT R (6
9:F+ ! (ﬁ+§ﬂMt (6)
ko 4s,\ 1, 1
S T 6 B L P
k =2[[§(x, y)dxdy )

IR SFIIE SR ¢ (ep) I F(xy), #5853 5l L
A (8 R (9)K AT

o, OF  _ _OF  _ &F
9t Y ox? Y oxdy ®
_9¢ _9%

Ty T =
! ox oy

M 1
= _t£six _SAYJ —— (530, +
255\ 1, I, S33 )

S23o-y + S34Tyz + 83572 + S36Txy)

1.2 RILBIHHR

bS TR S SO VAL P AT ) G /ST P
YU T s LSO i 7 A ) A AR B S P g i 52 1
oy REMERR . TRk =Frke, Pt
Jis LG A AE TG Pk Lo 1R 20 1 it A 8 120 1 4]
AU 75w R AR I S5 RO BAT IR
125 5K F AR Rl T s FR g KR ) R A
Jis L5 R R 5

(10)

LA S TR
SO T AT 1
o, = Pln (11)
Rl n—— AT A
RO

p, =-VIP (12)
BEIE, 3 16 SR A T H 2 e St s iy o)
VxE=0 13
N (13)
CLNTBUR S U
{”[(Dl -D,)=o0, (14)
nx(E -E,)=0
B, A3 3
E=-Vop (15)

X o—— K A TP I bR A
) SEEA I A TR N
D=¢y¢e lE (16)
A5 AR (16)E, Prigsi R ARALA13)
W s g
Y2

Ve Vo) =—— 17)
&
FIAAHEHORR
33
£r=zzgijeiej (18)
1

J=1

B RASRN KX (17) 38 B, (453 320 5% ) e A
JU R EL AT AL (VA T R

v Pp(x) _ P
22550y a (19)
DU 3 S A AR 1Y,
o o
[gogij %—goe,.j a—ﬂ k=0, (20)
o ls=0, s (21)

KA i) S MR A o eh 3 B 0 m Ae A g SR ARG
SR (20). (21) FHIWRA 5 FER(19) 1)

2 SEPITHE S

I8 UE IR VR I A, RIS SR A
i 25 HON NI BRI TR A5 R .

PRI K A R e o —A S5, AR
d=13.5mm, /MZ d;=24 mm, JE/EHN 1 mm. A%



152 BB LR ¢

540 555 8

AR R Ox'y'z's W 1. TR, #
PERBEEMRSHH R AR R g€, A T
VLT (EAI0RE f A A bn AR AR e 3 3R BRS Z0BiT BITR
AR RR 2, BAK T VR R & 8 i A A Br R
O'x'y'z'ff) x" B I B lgle 270° 5 WY g J o A4
bR z I B ERE 270° , OS2 BT T T 5 AR A
R Oxyz, WK 1 Prox. fEARARAR ST, S 3
B s KR AL R SR B AR PR AR I AR A o % AT
KA B ARSI R 2

2 <__> M,

¥
Bl 1 AR R T AR RR R
X AEREYESHEER (FH)
YIELE 5 SR
S11=12.77 S33=9.60
BAVENGE 5 5L s/(pm?eN") $44=20.04  51,=—1.79
S13= -1.22 S14= —4.50
R e =452 €33=4.62
i HLW ASH R di(pCaNT) dy=231  di=-0.727

21 HENATE
T ARIG BT B B A9, i A4 G)A
TS B 1N 7 bR B

F(x,y)=0 (22)
F) =7 -+ ) |[(Bu+Bs) (23
ety
g Mi[sh s,
¢<x,y)—{9 4S33(12 - IIJ
(24)

[”12 - (x2 + yz)]} (Baa + Bss)

H TR 1 2 E @Y, W BRSNS
0, WIFEN LS N e ALk, WA S BT R AN
A, N

k= ¢(X, y) |x=r2 cosa,y=r, sina =

M (s, s
l: s, [12 + 7 ]:lx (25)
(7 =) (Bua + Pss)

A=nr (26)

T2 E WA M, = 2H¢dxdy +2kA, 15
9{ (Buu + Bes)

2 2.2 2,2 2
n(h =) +2un (5 1)

) s 27
;[S_ﬁ_ﬂ M,
dsy; \ 1, I,
BN Q24 N 153
Py = DO g

Tt(rl2 — rzz)2 +2n rf(rl2 —r22)

1= (B)MI(9) AT LATHSE %% WY ) 43
22 REBEHEEITE

A7 (8) (9)s (11). (12)F1(28) AT K75 A 4 Hi,
i 25 FEAH

SR HL A 5 55 A

Oper =d130, + dmryz +ds7, =0 (29)

O-by+ =ay0, + d24Tyz + dZSsz =
0.000 024 803yM, (30)

Oppy =d330, +dy 7, +dy7,, =
0.000 157 619xM, (31)

A+ ——AAbRB IE T )
IRARAR LA %5
oP
P, =—VLP=— oF, + oF, =

ox oy Oz (32)

—0.000 024 803M,
MR T A5 AF 21 1) o 48 1 P Ay 5 A v ey 2 BE Oy
i, K H Mathworks A 7] Matlab # A C0 B i i 53 77
T2 T BARX H A FBIA1E Oxy #8110 3 AT AT E0
SKAFE o B 2 0 1E AT FE AR (N-mm) = A2 1) Oxy #0H
ARG B 3 A lgnmEReE, ik
()RS IEEE T35 oy, HoT7 n) Sy 3 5 K 7 1w
MBI G H AR — . R BRI AL
WG KAl T Hizni 5 A AT @RI, 12
PR FAr 0 FR 3 A R LSR5 L

2350
U 0217500
0.007 022 8
0.001 285 5
—0.004 451 8
-0.004 451 8
0,012 780 0 —X -0.027 401
0.018 437 0

0.0242350

2 Oxy BRI HLHAAFE LA



2004 F= 8 H

FACHAR: R HLA G T RO RO ST i 153

S

i W\
AN
AN
AN
S

N\
I
s

1\\\

ESSS S N
e

o ——

Vo=

\:\\\\\\>- -
===
X\
NN

O

771

3 Oxy B I8 8 R ]

3 WKL

N T AR G P HELE 280N RE I ] 3 SIZ B A S
Hh A i IR I L ARORE L Ay M AR
T RFBE T G 1 R A 2 A A F AR F) A7 280k
W 0 S e R S A T S 4 R R IE R

4T B AT B A AT AN & (L
SO, Wb 207 RS THT SR 28 FELAT A i 3R I R 73 A5 7
H SR F Ay 2 5 U R R BB A 4 R AT, A
di 5 x B AR A AT O %, Sy Bl
e FLAR Y BN, ANE TS, eSS 2 #h
e LRI A L0 AT ML 4 R TN » mm).
MIE 4 AT LR AR A LT ) A2 AR AT, dl
Pha=0 40 Rk, A6 x>0 I, WS y SliAARS
TR, x BRI RR, HONIE; M7E x<0 I,
HUT S y BARARTESG, 5 x BRI C R, H
N BT LA RS HL A A 2BAE & AT B
SRR AR TI R, — AR AT, A
Rl g, RER A 20 SR AGEEA T I &, Wit
T AT E L 4. 5,

o, 757 %5 BE
6/(nC *» m~2)

—
K4 Oxy IR A g 5 B 230 B

R E REEWE 6. 5P H AT
E g, KF FDH-2 Yy UK 28 A0 SY2-111 %
FRATIE .

%1
CEs RS
Fn »
e
s
00O (EEEENEE]
OOO SYZ-I11
BT I K AR BFHER

Ko ke En ik

I 53 1) P AR DN A5 2 5 A A H e R O
Z, WK 7. B 79, BeE g SR A G )@t
USRI BB W aT BURILTE 18 42 B8 ih 28
ISR 25 T3 3R MR AR I DN S 1 A e S
FERCER TG AR, BEAG R I v Ay 2 B AN BTG K
PR 50 45 s K ZE /DT 10%. T8I 9 i
IR 22 R AR U SR A X i A 2 T A7 5
7, B AR ) RSE R BE RO A e S AT S B
AR I T E— P AN B 5 e e 2

o .« HBRL
G200 o M2
< o Bt
v Hig AAﬁﬁ
[N vy, = “‘.-

O,
O,
0858 ,}@
dof
L i 0 daa A& 1 L |
—600 —400 —zoo!!,uﬂ' 200 400 600

2 Yo BEEM./(N + mm)
-!azg %ﬁo o
Egﬂ"‘ﬁ —100r '338%
= vy
—200L

K7 AT R SR ROC R

4 &g

X B T H A S it S RO R AT T B
Rrtot, PLEH IR A RESR VAR, o
ASe b eGP RN, AR TR BT LR I
AR A AT S AR FL s AR A 0 S SO AR
IO IE, Sy S SRR A
HURR PR AT ORI 325, SR 20 PR A5 (1 A A
R o ) R R M DG AR o IR S IFST A B B s PR e



154

LB T O R

540 555 8

FEAR 55 DN A A 3 i ZEAK B LAt

10

11

2 % X W

SR, W REG, FHIE. LR SRR TN .
MY, 1997, 16(2): 7~13
Takeshi M, Ryuichi Y, Yasuhiro O, et al. A smooth impact
rotation motor using a multi-layered torsional piezoelectric
actuator. IEEE Transations on Ultrasonics, Ferroelectrics
and Frequency Control, 1999, 46(6): 1439~1 445
INE RS, REAES. FOB L S i g as ). N
2, 1996, 15(2): 20~23
PRAS T 03U F R P A PR By 4 B A RO BT, TR
5y, 1994, 16(1): 24~28
Chulho K, David L, Wu C C, et al. High authority piezo-
electric torsional actuators. In: Proceeding of the 11th IEEE
International Symposium on Applications of Ferroelectrics,
1998, Montreux,1998: 277~280
Lin S Y. Transducers of longitudianl-torsional compound
vibrational modes. IEEE Transactions on Ultrasonic, Fer-
roelectrics and Frequency Control, 1997, 44(6): 1189~1 197
Ohnishi O, Myohga O, Uchkawa T, et al. Piezoelectric
ultrasonic motor using longitudianl-torsional composite vi-
bration of a cylindriacal resonator. In: IEEE Proceedings
Ultrasoncis symposium, 1989, 2: 739~742
Tomlkawa Y, Adachi K, Aoyagi M. Some constructions and
characteristics of rod-type piezoelectric ultrasonic motors
using longitudinal and torsional vibrations. Ultrasonics,
Ferroelectrics and Frequency Control, IEEE Transactions,
1992, 39(5): 600~608
R, PhETc. AR SO, RIE R TR
4%, 2001, 41(2): 188~191
Lekhnitskii S G. Theory of Elasticity of an Anisotropic
Body. Moscow: Mir Publisher, 1981
o, TR m A, dbat: Bt iR R
JEAL, 1992

12 75, BBHE, BRZE. & m bk mrh e 2
filt. B K2R (AR EEIR), 1996, 17(3): 308~311
13 Roger W W. The constants of alpha quartz. In: 14th Pie-
zoelectric Devices Conference and Exhibition, Kansas,

1992,2: 61~72

THEORETICAL RESEARCH
ON THE TORSIONAL EFFECT OF
PIEZOELECTRIC QUART WAFER AND
EXPERIMENTAL VALIDATION

Gao Changyin  Sun Baoyuan
(Key Laboratory for Precision & Non-
traditional Machining of Ministry of Education,
Dalian University of Technology, Dalian 116024)

Abstract: The torsional effect of piezoelectric quartz wafer is
first investigated. The torsional theory of circular quartz is de-
duced by using the anisotropic elasticity and Maxwell electro-
magnetic theory, then the stress field and electrostatic field is
founded. The distribution of the electric field in the piezoelec-
tric body is obtained by the finite element method. Based on
theoretical analysis of the bound charge distribution, the meas-
uring electrodes are effectively disposed on the surfaces of the
piezoelectric body. As the result, the polar charge is linear with
the torque. A satisfactory agreement is obtained between the
computed results and experimental results. The analysis pro-
vides the basis for the torque measuring technique on the single
circular piezoelectric quartz.
Key words: Piezoelectricity Torsional effect
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