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Analyses of cross-dipole acoustic well logging transducers based
on finite element method

FU Lin® WANG Dong WANG Xiuming
(Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract Sandwich transducers are important parts of a cross-dipole acoustic logging tool. The performance of
the transducers directly affects the quality of acoustic logging data. Aimed at the first longitudinal bending
vibration mode of a sandwich transducer, the influence of structure sizes and boundary conditions of the
transducer on the performance parameters was simulated numerically using finite element method. The results
show that structure sizes and boundary conditions affect the resonance frequency and conductance differently.
According to the numerical simulation, the proper working frequencies and highly efficient radiation
performance which satisfy the cross dipole logging can be obtained by choosing adequate structure sizes and
boundary conditions. Numerical simulation results serve as a good guidance on the optimization design for the
sandwich transducers.
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Fig.1 Structure of sandwich well logging transducer
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Fig.2  Quarter finite element model of sandwich transducer
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Fig.3 The numerical admittance curve of sandwich transducer

REAS YRR E

0 490479 .980957
.245239 735718 1.2262

4 HeBed 2 AL R 4R R O H2k 1] AR DL T3

Fig.4 The numerical displacement amplitude vector

1.47144
1.71668

1.96191
2.20715

3 eGSR IERE

sEA

I B JRE ar /N T HAR B R BE B I, ey SR
[O TP AYLIRIAR T R, Z24H S vl A0, AR WA 4 %o



248

2014 45 H

PIRHSE , PRSI A O824 Sh 3L R BT h
R BE

¢, R 2 5
fr= e )
2 /1 =\ W
1 H St ok g ok
Hpie,= [ G—R=—"—,v= -5l S, 4tk
IEIp B 51151 11 12

(8 AL SR Ko AR R A B, R 2 AT [ A 2
1 H SRR SRR, LA W 435 S Al i B2 RN S T
ERE S BN TR 2 A 3 s i AR 0 & R R )
R,

A SCHFE A J7 7] 1 — B 25 it R 3, ik =0,
M =1, HARAARFIE AT 5 AL

¢,Rw
h= o JU=0 @

G ) B 7 VR i [ 2 B, 28 ik BRI AR 3 24 Ry
0.4 kHz; WA Hs v, B 88 RS 45 76 — &2 . 79 o [3] 5
B A EUR 2 R 2.5 kHe,

A FRITTHEHEATAT AR g 483 Hz, 764 J& 4 1)
ILPRATRMET, B, =& A 25 il PR 7 300 304 &
SR AR T R, IR R RN
24 B 7 W g5 RO TR 2850 ), DAL it
RFBAPE M IR ] I 52 K8 S T AR
FRRSZNR o A SCHRE f B9 45 0 RUST XoF 46 e 4% M g
R

L RE AR 10 L TR, D) BH i - DA P A
AN T RS B T AR PRk, AT DA e AR 4 R
LS B RN TR b PP AN 1 46 B 5 250
RN
3.1 ERBERKETAIGREREEN N

TEARBUE e RE A HAB S5 1 S8 B LT, 1k
8 s LB A B, AT 25 8K B S U Al X e g
arPERERISE R . A SO BT T R LB R KR
B4 B B K B 1Y 40% L 50% L 60% T0% 80% .
85% AT T I ANFPIE L. B S J2AN R P &
K R BE A% LT R AT S 2521, IR AT LA
Bl AR E R KES SR K%
T, e REAS AR PRSI R, JE IR IF AL s L (E
SR, 7% R 16 ] Th 458 2 b T
H, P 8 A BE BB I, R IR - I R AR A R T
PERSIRME S R o XG0 R TE B b & K
EEBEARKENASZANTUT, BB

/NI O P AR B . AR SO S5 7R TR
PR A R BN R T e, L A P 88 R I B A %
EFE R A IGO0 A3 26, 2 X2 % SCEk[ 16 ]
LR 5EH

WER, SRR RERSRERKE
1) 80% I , IR BB A KSR

s FiL P 8 8 A9 394 D 5 | 1 308 I R T e i
P, — 7T, T A P e 1 B 3 /N T 2
SRR IETT I B H IR R E, SR L
25 IR S A AR E /), DA AB e ik 5 b Rl A
PRI, 73— J7 10, e v B 88 1 1 B A 1 R
BT =F IR T AN R I IR R T K
JRE 3 R Al R AR T R O, R SRR R

0.9

40%
08 | __ squr
07k |- 60%
70%
0.6 | —80%

—o—85%

v

£ 05r
i
D04t
03}

0.2+

0.1+

O 1 1 1 1 1 1 1 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Wi /kHz

5 AT e H P T R B 2 T e
FL S I R AR5
Fig.5 The numerical conductance of transducer

with different length of ceramic plate

3.2 MREERREET L TiRAESS AR MM
PREFIRERS 1) IEAR G54 RS 78 AN i AR 4 i
HAhZEA SO B0 | 1) I i 28 s v B 8 1 4 i
FER YRR B A T X AR AN PERE M . A Sy
ST T HeRE AR v R S R A KM 20% |
40% 50% 60% 80% 414 i HAME L. Kl 6 &
AT B8 BE o BE A 10 R Y R AR B A AR TR
Won AR E S B AR KRENZE,
e BB AR BTSR[] IR AL 5 F S S A 2 B
KGR, AR, BB T T e ik
AT A R IE A KR 80% o L L, 3K R AT 48
KR FIRCR . (0 B BR B 2% 58 B 32 2% &R
HAAR ) RST s, B8 B ROE 285 6 LR R AR

Ghk T TER B B IR



33 H3 M

Aotk 45 . RS AR S P s e A FRIT o B 249

0.7

— 20%
o6f e 40%
--50%
0.5F 60%
— 80%

0.4F

15 /mS

03

0.2F

0.1}

01 02 03 04 05 06 07 08 09 1
S /kHz

6 AN[F] LI e RE A AL T R AR5
Fig.6  The numerical conductance of transducer

with different width

MILPRIA R IR (2) B, IR T 98 A
M FE AT VRS B A 4, B 3153 rh A 4 11 A2 A0 AT B 2
T AEATAL RO RAF —E B 6L T, 98 B A2k 5 3K
FIALAECR A28 A, AR HU5E B — A T R A8 4k,
AR T AR SR RS AR A S
T3 10 A RO A2 A, 3R 1T S ORI
3.3 HhEERREE T LXTHRBERR ERERI R I

I IR B2 % 462 BE 4 Pk BE (9 52w AT 3 Sy =7
AT < AR B 2 JEE B AR AL X 46 e A MR BR A 52 ), 4
iR A R A Ak X 46 e A P BB 1Y 52 ), e H B S
v A4 JE B 5 [ I S Ak I X 8 B P BB 1Y
S

T 56, TE S i 4 B i At 45 H S B0 1 0
T AU o R R R, AT X R e g
RERYSZ M, A SCor it 5 T R R & R B 2
1.5mm,2.5 mm,3.5 mm,4.5 mm,5.5 mm {4 F
AR OL . 17 SR AN ) v, g 88 P52 B ) 46 e
A i BT A R . ATRIE N BEE R
Wi 5 ) B B8 ) 14 K, 46 B 85 1) T IR M AR B AR
AN s HL B S 2 R (H Y R R T 2.5 mm
JE HEARPRFEAAE

FEUR TR A W72 45 BE 45 7 2 B0 1 10
T AR G i e R YRR, BT X RE A M R

USOMR  ASCOP IR T AR A R 2.2 mm,

3.2 mm,3.5 mm,4.2 mm,5.2 mm 54 F B TR
Blo Pl 8 JEAN[H] 4x s Ak v J5E J3E 46 B 4 1Y F 3 T 46
B AR, B8 Al LIE ), B & @ ik
JEEFE R O, 48 RE 45 1 8 IR A0 38 1 5 W S e 1
KIGUE/N, >4 42 i Hk v F0 s v B 5 R JBE A 4 I
LIS ER oM IV NV ES TN

0.9
08 — 15
----- 2.5
0.7 ---- 35
.......... 4.5
. 0.6 N
£ 05
i
2 04
0.3
0.2
0.1

0.1 02 03 04 05 06 07 08 09 1
Fi% /kHz

BT AR s P Pl 8 J5E EE i i i ) P St 2 DL 3
Fig.7 The numerical conductance of transducer with

different thickness of ceramic plate

0.2

o8t o
0.16 35
0.14 oo 42

E 0.12 >2

E 0.1
0.08
0.06
0.04
0.02

01 02 03 04 05 06 07 08 09 1
$ii%/kHz

K8 ANl ik R J5E R4 RE 14 vl 5 AL I R
Fig.8 The numerical conductance of transducer with

different thickness of metal plate

B = TE AN R 46 e A A 45 S B0 1
T, [l e AR v e e N s e R I SR, 5
T X RE AR RE YR MR o A SO BTHAE T LR
BRI 4 R R R Y 5 2 () NS Ak A A DL s )
2 mm, JE/N 1 mm, 300 1 mm, 30 2 mm B PUFRIE
o O ZXIR i Sl it A R, LI,
Wit F P R 5 R 6 T 2 ) VB ) [ e 3, 46
RE AR I TR AR, i (A B R 281k

=Yl B e % e A R B S IR DN
JETRGE | i H P 8 v JEE B2 0 15 O SR L T 1A 5%
M, 71T 455 J iy JE 2 114 3 JFOKE -3 B0H6 R 4 A AT 4%
R, SIS T AT A
3.4 EFLMKX/NRERFEITREERR AT

R A W [ FLABR O, S5 24 T/ i Bk R i
B, A MRS R AR S T s TE R R R A K
RKTFEBEE A KM 80% i, B FLIE K, & 54



250 2014 45 H
o il SBIEF EFTALAE [ U e 23T, MY T
0.18 T e W T 4 R B B A R T 3R 4 R
0.16 B! mm| |

—— 912 mm iEl j(o
0.14 |
wnn 0.12
= o 5 HeE%ie
2 008
" AR SO AT BTG 7 0 BT SERL T PHF 1F 22 14
0.02 B AN B L =B T B R S A TR B

0.1 02 03 04 05 06 07 08 09 1
% /kHz

PO AN [m] JEE P40 Rl i 14 L 5 AU
Fig.9 The numerical conductance of transducer

with different thickness

FIR, PEIA R R BETEAR /NG FI N 22 4k, it
SR EE 7 SR AR A WAR /)N, BT DO 8 BE s 1Y
TR A TN A AR S e ARAR /1N, R 7 e A £
b BN AR TR TN A BE A% 32 B AE AR
A, PR M A SO IS8 A8] £ 2 A2 A2 A 5 | 7S 1Y) 46 BE 4%
PERERY 251
4 HEesRinREHTUITREER RN
TEAUUE S RE A% HA LS S B TE L T, s
HEA (1 2 (O, ) B B R AR X e AR P RE Y 52
Wi, HARCEST, 15 5 4T LR CoBE L] rfocs BE 25 430 oy
93 mm,91 mm,89 mm,87 mm,85 mm, [& 10 &iX Ff}
TOL TN YL A AR . N ] LR
B T TFLALE R Re g LA RO REE TR
K T S EAR AN S, (H S TALIBLC B T Laf
CEEBY/NTAET 87 mm I, RS IR L A

0.35

0.3

1 5/mS

0.1 02 03 04 05 06 07 08 09 1
Hi% /kHz

10 R FAAE T Behe s i h S ih Sl iT5
Fig. 10 The numerical conductance of transducer with

different boundary conditions

P R T BE SR 4 ST A B 2 A T
VEPERERIRZMR . BFFER M, S BE AR 19— B 25 ih R 3
RS 2 G R AL A R M 2 AR 2
FLRZ MR E AR o A Tl AL IE 52 H MR 7 0 20K
ORISR T, n] T I 4 DR i 2 R b N 4 s
i T JEE A B RE AR T PR AT A AR, A T L P e A 1 5
RRTF 48 R K Y 80% i, v/ 4 J@ 3 A I
JIE, B fo 5 o B V5 R T R A T R R A R 1
RILRERS A AR

IR, BT BE A A1 IR AR I R BE A Y
HL SRR AT L DG HR 1Y , 7 0 RE A 52 PR T I, 2245
PR TR R, SR AU 4%

Z £ x #

[1]  WHITE J E. Computed response of an acoustic tool[ J]. Geo-
physics, 1968, 33(2) : 302-310.

[2]  WINBOW G A, A theoretical study of acoustic S-wave and P-
wave velocity logging with conventional and dipole sources in soft
formations[ J]. Geophysics, 1988, 53(10) . 1334-1342.

(3] JEmEM, LN ERMIERE2E M. dtat: Al Tl R
#t, 2004.

(4] BRI, miA, SEBEIE, 5. MBI LS B M].
U5 A Tl i pid:, 2007.

(5]  ZROTE, WREE, Bk, S5 M Dy IR 22 S B b
EHZEN PRI L] A, 2009, 23(5) : 62-64.
XU Zhongging, CHEN Caotang, LUO Xuedong et al. The prin-
ciple of cross dipole wave and the application in formation evalu-
ation[ J]. Petroleum instruments, 2009, 23(5) : 62-64.

(6]  VhafE. PRI SEOR M. Jbat: £l Tk
#, 2009.

(7] MBE. BEEKRGES0FEE LRI IM]. et Bl
., 2004.

(8] f#hzZa. BMA%IM] 2 ) dbat: ANREH W
1, 1982.

[9]  #BE. JEAFEHIEHARIR T RS RS T]. By
BB AR (A SRBEE R , 1997, 25(1) « 3943,

LIN Shuyu. On the bend vibration of thin rectangular piezoelec-



33 H3 M

Aotk 45 . RS AR S P s e A FRIT o B 251

[10]

[11]

[12]

tric ceramic plate [ J ].
25(1): 3943.
PRI, #SCHI. iR IR SBS I IR AHT 5 LB oY
[J]. DA, 2009, 33(5) : 421-424.

CHEN Xuelian, BAO Wengang. On the modes of bending vibra-

J Shanxi Normal University, 1997,

tors with theoretical simulation and experiments[ J]. Well Log-
ging Technology, 2009, 33(5) . 421-424.

o33, Bk, SRAE. AR AR i R T PR 3
Bosmm 1], hEE:, 2008, 38, #ET)1: 174-179.
QIAO Wenxiao, CHE Xiaohua, ZHANG Fei. The effect of
boundary condition to the mode of vibration of well logging bend-
er vibrator[ J|. Science in China, 2008, 38, I. 174-179.
MR, MAE%E, ER. =8 R BB BN RE A i A BR
JeBeHH ], WIFER, 2009, 33(2) : 106-109.

ZHENG Lin, LIN Weijun, WANG Dong. The design of sand-

wich dipole transducer based on finite element method[ J]. Well

[13]

[14]

[15]

[16]

Logging Technology, 2009, 33(2) . 106-109.

BT ANSYS BRIl o 75 2 e R g P I LT ).
PR, 2007, 26(6) : 1279-1290.

MO Xiping. Simulation and analyses of acoustic transducers

using the ANSYS software [ J]. Technical Acoustics, 2007,

26(6) : 1279-1290.

IREEAC, kBB, BN EHHARS SHResM]. b
o JERUIAA T A, 2005.

KRR, =% T O - e g A BT [ D] o
FEIREE B A # T ST B 2% 6738 3¢, 2008.

R, FICFE, F/NME. RN AR A RO BT
[J]. BiHH724, 2012, 31(2) : 86-92.

WU Jinping, QIAO Wenxiao, CHE Xiaohua. The finite element
analysis of a piezoelectric bender used in acoustic logging[ J]. J.

Appl. Acoust. , 2012, 31(2) : 86-92.



