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Design and Optimization of PZT Cymbal Actuators for In— pipe Micro— robots
Guo Tong Li Jiangxiong Ke Yinglin
Zhejiang University, Hangzhou,310027
Abstract: A kind of piezoelectric cymbal actuators for in— pipe micro— robots were presented,

which could move in pipe with 10mm diameters based on the inertia—driving principle. In order to re-

solve the problem of bending fatigue causing breaks in cymbal end caps and to improve properties fur-

ther, structural optimization of the piezoelectric cymbal actuators was performed. Through theoretical

analysis in collaboration with experiments, the structural optimization of slotting in the cymbal end

caps released the tangential stresses and improved moving properties. Under the same working condi-
tions, the speed of the optimized robot can be 56 % higher than that of the original one.
Key Words: in—pipe micro—robot; piezoelectric actuator; cymbal; FEA ;optimization

0 5l &

BE & AL B R 5 (MEMS) | S LR A (69 BF 5%
H & BK, A TR I &9 30/ B B L as Ak 5%
ERMELZ . Mt HA XESERCEMT
KE W T O T 2 E K37 MR E

I F B #8:2004—11—04
ES B BRI BEARAHARELEBHTMEH T B
(2001AA423130)

PIALES AL, SR, H MO E AR s PLaE A
R 5T H BT I8 4L F RIERIGE 3£ By R0, X F 98 5
T R M (PZT) R B R Jo i L TB IRIE 12
A4 (SMA) DL K M G 3 45 #1 H (GMMD 5 80
VAR E SN R rop ool s e s R A NN~ o
BORER NSRRI .S TEMEN
S A IR Bl R (B 5T I 8, T L& X & Bl R R B9
BT ARG ERIES ., BB
T HEIK Bf) 2% B A 1R 57 B9 55 R T R AR K AY

[5] Fussell B K, Jerard R B, Richards N, et al. NC
Machining Feedrate Optimization Using On — line
Model Tuning and Adaptive Control. The 2002
NSF Design, Service and Manufacturing Grantees
and Research Conference, San Juan, Puerto Rico,
2002

[6] Fruwkif. Bz T4 E M H ¥ 38 R H S5tk
BFST (W 270 30 ). P42 b Tl K %,1996

[7] Tlusty J. Handbook of High Speed Machining
Technology. New York: Chapman and Hall, 1985

[8] Kline W A, DeVor R E, Lindberg ] R. The Predic-
tion of Cutting Forces in End Milling with Applica-

tion to Cornering Cuts. International Journal of Ma-

+ 1610 -

chine Tool Design and Research, 1982, 22(1); 7~
22
[9] Altintas Y, Lee P. A General Mechanics and Dy-
namics Model for Helical End Mills. Annals of the
CIRP, 1996, 45(1): 59~64
(H#E BRZR)

EEEA . &, 55,1970 F4, AENTMRAFNRITE
EBstbERE LR E. B MR CAD/CAM/CAE. it
MEEARE. HREEIM ARLXIEF. § #.F.1963%F
. EEMEMAKRENRIER G388 L RE
G, A A, 2, 1962 F A, L FEME B E TR
RA.


https://hffyb7c293140c98248b7hb6obx655nkkb6pqofffb.res.gxlib.org.cn

£ 000 http://www.cqvip.com|

4700 T BL R A BRI JE P A KB AR R R B UL R

H1 A8 ok T8 R T B/, B A T R A YE L #E X
XA, & FE S AR KRN
=R E L BK B 2 s T A, GnXUE Ak 3 4 . RAIN-
BOW and THUNDER ZK #fj #8!"? . ring — morph
WBha R TE B 2800 4%,

A AR O R R TR vb il R
EHS AR ERE A E S, XEENS AR
MR mm B L BEAF RERBE 4
B R . A5 F T R IR AR R L T A
A 7E $10mm Ry E P AT #iE1T. A RITo
WXtk IE R B & WK s 28 AT T BB S M AL,
YT LR RIE T AR 4 E
B EIFH TAEHRE.

1 EFTHBEETHHHMAZENEA
IR 5 2 Wy ik T
1.1 MERESENR

S ERERENBSHERBRLERE SR
EWPETMER. SEEREASFNENAFRES
BER R —HFERERZSBHNAS SRS
ma WE 1, FrEBEALL 4, B4, B
SRR BT T R AR T i e R N e R, TR
RAEFERMMMEATIE. XBHR6MER#ELT
BREESRERBKESET IKBE A H 656
FAW, HETEHNPRENERE G, RS
W] 25 7= A B K B b 1] AR T LA B 3K S 20K .

il (i 22
RESRHA : f

EEEBI*/iﬁh‘

it ) 2 B

Bl #SEREAFRASHEER

1.2 ®RBEENSHEAEINBFHGILT

AR BN ARG EE R ERE ST
an PP RHR R M SN R I 2 TR
W HAR R XHETNERAXETEEN
BELHAMA A SEEE M., BIOWI B[RS
PRz gh . B RS A LM — =
T TE B9 L LR I, K 3l 25 47 Sl 3R R B R R AR
ARTE » AL 0 A J2 DA S IR 38 1k S 3% T 5 8 BE B9
BESE, XA SR A X I2 8l MR K Fh
RGN 5 — BT o B, 6 15 3K 3 2% 7= A= 1R
AR ARTE TR B R SR D BE A S R
SRNE S P B Y BE R ), o S P TURH X A B
%3, AREEWIHEENIE~EAR WSS,

ot LR, R E A M A R RER SR T, K
A B T B R A B R B R

®iLE®
ek EHH

M2 RUNENBARREASSRHBELY
2 RHWBERE SR B NEHE L

B ERE G WSS FEE N B E LA A 3)
I TAEL RS, th TAER B KA i [l 8 3k 30 » 8k
BeRER TR ERLEES = ERITEHR. R
THERKBEHFHN THEFG. TRARENERE
FrLASR R LU 07 Fe 1 (BB R B9 & )R B A I B
LERMBTEERE G AR R, B TEkEE.
HEERIUAH R, ERIEREE G R AR
e Ryt , BRIE & JB BR 2 7= AL 3R 18 L T X A6f
WENAEHWE G AR, (15 W34
PUBR BE S th KA B/

T RN T R OX R 3R 1 R Ay, AT R
WHRIE R A ZINITRE B 7 E, Il 3 B,
NTRIETTREX RIE ERE & A haE s sk, it
TTESEETIRER U R LA S E 4

B3 EHMERERMEKERESR&MREHE
£1 WEAEERSAREBHHRUESHRILASH

BH PZTSA KA | &BEH
B p(kg/m*) 7700 8330
EB®EH du(m/V) 1.71X10710 —
HER N =AY 0.31 0. 35
% K& E(GPa) 61 118
E 4 H ¥ almm) 4.0 4.0
JE B t(mm) 0.2 0.1
M 42 a) (mm) — 3.0
B TR ¥4 az (mm) — 1.0
B R VBT B h(mm) — 0.1~1.0

VIHESHGHT THRBEHERITO . mEg
BB RAERICTTERZATE N & RBE A
¥R 1 B 7 B8 BE R KW/ . ARERRET U’

+ 1611 -


https://hffyb7c293140c98248b7hb6obx655nkkb6pqofffb.res.gxlib.org.cn

£ 000 http://www.cqvip.com|

EYLR TR 16 B5 18 1 2005 F 9 A F*¥A

JE B, T {15 L 7 S 00 B R A . (S B B AR AR R
BB/ /N T EA FREIUREER R K,
AT G 2 1o A T I R A 4R S T 3G K, AR
) 5 55 5 R S50 A R T AR AR, Bl 1 e A AR A
¥R 24 B BCRAE, N 4 BR . B S sE
B S KB E A im0 1Hz BHl# &
B s 5 AR B BRE R 15 5 31 R B iR 15 8%
HEAT R o R, 25 SR 5 HIR 4 BT — B

E 2.4

N

© 2.2

®

& 2.0
0

E 1.6
- 12 24 36 48 60 72
FHHBB n

() EBSHETRHXR
1.50

z1.45
~
=1, 40

1.35

L:oh ]

0 12 24 36 48 60 72
FHE

(WO SHEE N RRR

3 6 9 12 15 18 21 24

FHBE
(o) SR EHM XK F
B4 FRANENMREEERESHHENAEHER

RFERAERAZ BRI LT LTE, BHHIET
—FM 8 RTE R AR R H N TS H 2 Fraiksh
MHETPERE LB AR T 7 R AR
BHSABRNRRLE. ZERABNRRE RS
TR S R G R A M 5 R (), 7 M 7 1
$10mm HiBE P T, HEIMERH B RES
EREREEBE IR 9 0. 5N, SCER A 800 sty
B PR R BE ¥ TR W8 {B 28 £ 140V, BB 5 Y
389Hz, Sc i I o 12 491 2 T M 41 TF WK 3h 48 12 17 B
W, LRIFNEAFEELEME BT X
AW RE X TR A REH#ATEBBAT
Wik, RSB EEIS AT &R
SLEA E O R Ra TR, IniE 5 FR

Tl R X R X E LA ARS8 h T
SR FHAH [ 69 J oL B 1 4 O 3l 0 TR TR T T AL 4
—HB AT F R A MEIREE . X T
WIS B, i T B BB K B A A

« 1612 -

'
(=)

1
2

3
4

o (4L
[=] (=)

EEHME v/mm . s
S

30 80 90
BHES 0/

L MRS B TATEIE 2 MR 3 L AT
3. MR B TATHIE 4. RMRIE I b 178
BS5 EMEAXSHAARBEENSEARDR
FEEITHRLR
TER R, W R 15 5 B Y SR A IE 97 X AR {5
B, BIRA —U/2 ~U/2 ERIBIREO~UR
JEBETE SR AT LA Bk ey A0 O B o A TR L

AR RE,
Hit, —BPEEER TR EFErRIRRA N
W — -%—C(%)? + 0= %)ﬁ = %CUZ D

C = nC, (2>
A K E A B Co W BB M AR U K
0 59 H S
Bk, 3K 3h 2% R A A R TR

p. = %deUz (3

Kb £ B S,
WYL ANEEPRITARE, HAEXH S
W I FE ] FKRm K
P, = [Gsinf+ p(N + Geost) Ju 4
RFB.GHEHHBA AT 0 HEEMAE; N BRI
A5 S8 P A 1) TEJE 7 5 0 A0 B T P BE O BE 4 R B0 0 M HLERA
b AT
ik, EEVLEAREITRERRRRN
AT ARG ERSAEEAKSREAS
AHIE B A et R IR B R, s 13 R e R

g— T — Thew ) 54 (6)
Told Vold

P T new FI T 47 old 4 H e /n AR EHE
mA.

5

S R E GRS E R — R RV E B YA
ANEFhds, BAR BB R K NR GHE
B REERERN. ATH - PREREER
B AWK shGE 1, B B 40 b7, 2 R
B IFER N RIEERE S R #TE RN
b, 3458 LR EE , R SRV IERE G H AT A
ARSI B BIEAE KB KA B

(FEF 1621 T


https://hffyb7c293140c98248b7hb6obx655nkkb6pqofffb.res.gxlib.org.cn

2 F ¥ BP M4y KAEM T T2k FAE R

£ 000 http://www.cqvip.com|

BRE FEH K OB

(2) % 34 22 o0 4 B o T A BT ¥R #EAT T B 5T
RETETFHHEROHEMERERLHEE
%, & ZRYNGIARY, &Ik L IEIE SR 1
Ak S EIH — AL S AL B 7 3k DI AR AR
BARMAIRE/AN, B/ RESR/D, B IER
B, 2 B0 TOUAL B U7 v R 4 0 M 2 AR DI GR it 1]
RE NG E . TR

(3) LB FT WAL AR BUGHEAT T LR 5T, X 4
BURBITERES . W8 REITH. 4 RTH,
WA R SE R TR R AEA i ] T2 A
GRS T T2 & FAE 8 S 5%, L b
PR, AR PRI TESR A B L T T2 e
BB,

(O B2 H By 5 T X B e 2 ™ 45 5 J T
&b 38 Ty ¥ [l RE & T T 45 264 2 I 45 1) LA TR
S A BB A AL MBI,

C5) (o FHB AR Jy A& A T Hift e i Ty
YA TALR , R 28 S2 56 JRIBOAE 1 AL R A8 B B
B0 T 07 B R A B, X R RIS AR & IE , B AT #2 37
Xof 1o B B I T T2 S AR A

L ES Y &

[1] Tarng Y S. Detemination of Optimal Cutting Pa-
rameters in Wire Electrical Discharge Machining.
Int. J. Mach. Tools Manufact, 1995, 35(12); 1693
~1701

[2] Anand S, Baton R. Multi— objective Optimization
of Electro — discharge Machining Process. Micro-
tech, 1990, 6(2): 33~36

[3] Spedding T A, Wang Z Q. Parametric Optimization
and Surface Characterization of Wire Electrical Dis-
charge Machining Process. Precision Engineering,
1997, 20(1). 5~15

[4] LinJ L, Wang K S, Yan B H, et al. Optimization
of the Electrical Discharge Machining Process Based
on the Taguchi Method with Fuzzy Logics. Journal
of Materials Processing Technology, 2000, 102
(1): 48~55

(5] #&M,. 0B .EHa. MNENERMEE TR kI
MITZAER. P EYRTRE,2001,12(4): 408~
410

(RE DHD

EEBA - VEF, 55,1975 4., FEHTE Y B OB HLE G
BLZRM 603 ETHEI. FEBRA Ay EHEMEEA &
KEMIABRBER T ESHEN. RREX 6/, 22%,
F,1961 4, R E T Y BT B VLA B 3 T F BT 505 8l B
KBRA. &8 #.5,1971 %4, FEITEYHEITREILR
ETZHINH 603 TEME BRI AT,

(EBE 1612 TD
IKEh S e TAES R, B MUEENISE ABITH
REPE56%.

BEK -

[1] Wakimto S, Nakajima J, Takata M, et al. A Micro
Snake—like Robot for Small Pipe Inspection. Inter-
national Symposium on Micromechatronics and Hu-
man Science, Nagoya, Japan, 2003

[2] Mangan E, Kingsley D, Quinn R, et al. Develop-
ment of a Peristaltic Endoscope. The International
Conference on Robotics & Automation, Washington
DC, 2002

[3] LeeY, Kim B, Lee M, et al. Locomotive Mecha-
nism Design and Fabrication of Biomimetic Micro
Robot Using Shape Memory Alloy. The Interna-
tional Conference on Robotics & Automation, Bar-
celona, Spain, 2004

(4] Idogaki T, Kanayama H, Ohya N, et al. Charac-
teristics of Piezoelectric Locomotive Mechanism for
an In—pipe Micro Inspection Machine. The 6th In-
ternational Symposium on Micro Machine and Hu-
man Science, Nagoya, Japan, 1995

(5] BrRE.BER. —FHUERHIEANTIR.
L% AN ,1999,21(1): 444~449

(6] FhERIG.PhTR. |HEE. 5. 40N EIRITHMALE
A R T R,1998,6(5) ; 249~255

[7] Wise S. Displacement Properties of RAINBOW and
THUNDER Piezoelectric Actuators. Sensors and
Actuators A, 1998, 69(1): 33~38

[8] Dong S, Du X, Bouchilloux P, et al. Piezoelectric
Ring — morph Actuators for Valve Application.
Journal of Electroceramics, 2002, 8(4):155~161

[9] Dogan A, Uchino K, Newnham R. Composite Pie-
zoelectric Transducer with Truncated Conical End-
caps “Cymbal”. IEEE Transactions on Ultrasonics,
Ferroelectrics, and Frequency Control, 1997, 44
(3): 597~605

[10] Ke Y, Guo T, Li J. A New — style, Slotted —
cymbal Transducer with Large Displacement and
High Energy Transmission. IEEE Transaction on
Ultrasonics, Ferroelectrics, and Frequency Con-

trol, 2004, 51(9); 1171~1177
(RE IRZHB)

EE®T % M, B, 1973 4, BT KFHA S T BHR
FEIHRE.IBEM, R MUEENS AR, £
WX 7, $8, 8,196 4, ST AKEARHMETETR
PR, ek, B,1963 4., WL KA HETIBHR
R,

« 1621 -


https://hffyb7c293140c98248b7hb6obx655nkkb6pqofffb.res.gxlib.org.cn

