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Abstract In order to obtain more underwater information and improve the detection and identification
capability of sonar, it is very important to design a high frequency broadband transducer. Matching layer technology
is an effective way to broaden the bandwidth of the transducer. This paper theoretically analyzes the mechanism of
the matching layer to broaden the bandwidth of the transducer, and uses numerical calculation and finite element
simulation to analyze the effect of matching layer on the transducer performance. The results show that the number of
the transducer’s resonance peaks increases as the number of the matching layers increases. The coupling between
peaks can achieve the effect of broadening the bandwidth. In this paper, a dual-matched-layer broadband transducer
with a center frequency of 180 kHz is made through finite element simulation guidance. Its maximum emission
voltage response is 150.3 dB, and the bandwidth of -3 dB is 145 kHz.

Key words high frequency broadband transducer; matching layer; electromechanical equivalent circuit; finite
element simulation

0 3= ey QU M A L R YRS+ o4 N 151K
IR O TR, SXRZE SR HIAE = 43 9l

Bl ARG S BBOR PP R T, i TAREL sl B MR 28 R B o S R (S B e A
2K TEE, RIAMAERIFRBIROR , AT JREEERE ., — 5T, W] L3R TR Al 2R G

Wk B . 2021-04-12

TEZ T A WAy (1993-), Lo, Wi+, By TR, FENFBEER S5

REWH: BRERBFEES O 7000 5 A5 75 #4088 28 MR AUy HLEL S 30 UE £ R BFFT, 419061755 KR UJZRERIE & H i BE 2 R Al #35
R AFEABIZE, U1806221 ),



I Bt & & 905 W K B B Ak 2

P

i - 239 -

o

A, M 2005 BT K IR SRt s —
D7 AR A& b B B e, Wi DY e
AR PR AR MR L R R G R R

PEE R T TR A AR 2 R, o Dol 2
FARRB B 2, FEd e —FhdT 2 A3
Peo SRAVCEZHOAR , 8 fEHe R 4% e fE oo 14 i
SRS I 2AT — 5 75 BHPUE 9 TC IR R, 77 AR B0
PRk 223845 5 20 AT DL SE B B8 T8 I RUR .

AN ERS A A A BT B AT, XF L
B 24 AR T4h e R 2% S8 7 24T TSR
SATEIE T ST L 2K S e pe g, S T e
R TEA K5 .
1 EEE#EEFHIEZIT
1.1 EREHNEBIEHR

VETCZ B S B b R T 75 Y S A R
SFHEE R T P A A SE L) 32 B R METE TR
HL B RE (CHERPEFEA2Y 35 MRayls ) 57k (R FHT
2y 1.5 MRayls ) Z [ g7 BHBTCEC, MRS T 4
RERSAE K B3 R 7 O vk T F A e 1
B KA B, B FE BT 2R K, K
BB P AR S AN S, R /N AT TR I e g i
o 38 AT AE R A A AR S SR AR NS BC 2, BERE ST
PR ARG 7 BT S TAEA B (oK ) 2 a @
FHPLA LI, AR T e f % . VUle 2 me s e
KR TAER Y B ES R AL AN & 1 T .

a N
IEHIG | R R 2

Zy Zv | 4| - | 4
t O I N

Vo Vi V2 : Y

N /

1 ZEEHREERK P TIEM IR EMIRE
Fig.1 Physical structure model of multi-matching layer
transducer working in water
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Table 1 Parameters of materials for transducer
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Fig. 2 Equivalent circuit diagram of double matching
layer transducer

K2 R 2800

E
C, = wles; (2)
ly
n= W‘?z (3)
533
Z =jp0c0wl‘tan(k°%j (4)
AN p.OCOWl (5)
J - sin(kyty)
Z, = jpic;wl-tan (%) (6)
pic;wl
p = (7)
J-sin(kit;)

Ho: Co HwEmA; n MHLEAS REG Z,.
Z, AR B & SRR 5 Zais Zoi RS i )R DT
B )2 B9 SRR w. 1. o 4300 b R HE B & Y
SERE . KRBEEMRE; R4 i BULE)Z 1R
Po~ Cov ko HIEHL M &% B AP oo
civ ki WA P ZICECZMEE L H . F
JE A AR LA AR, EIR R E S A

PUH 4 R 8. P s R 0 o B 8, R 3
TE T W

AR 9.6 mm =) PZT-4 1 Hi B 2 i i
1-3 B A MBMENIRE T, Foas b SE I ik 0%
WEN 162 kHz, SEMMEMHL, W 1-3 8
B MR AR 7R ) 9 2 S BE , A5 5L B R S T fn
alig, AR T HEERSEYL, NTEAESS
JKAHVERCE . FFHBL R SRR B A T B 53, 40 )
THETCVE AL Z | FRDTHCZ FIXLC L2 4 RE 2% B iR ik
hAE T LS, BT A DG L2 Y SRR 3 359 Ry DE e 22 44
B 1/4 Pk .

i 3-5 AT LAE ), A8 50 i B A T3 i O ik
T, VTR ZE 0 R G bR R 0
161 kHz, 55 MBS S0 25 R AR LR 25 5 K
0.6%, —HMEArmE . AR VLR 2 02808,
Hepe s BT 2B IR, X% KR Y R H A RDRG
PEVCILZ S, A S T pess A B3 T2 583
ORI, B URRE N T AR T, e fE A 0 SRR
SRR . BT UCELZ AR R B BTN T B BE T 1
RFPE BT, T S OB R R S5 AT, XA
P AT LN SR B T 58 3 i PR, AT 46
J& T AR .

1.2

— BT
| — HBRILi I
0.8 161 kl—/" 169 kHZ
i |
B |
ﬁ—go,é i
m |
|
0.4 li
|
0.2 { |
|
e

160 180 200 220 240
AR /kHz

3 ERPRLEEHREERZFHERBITEN
BRTIHERS
Fig. 3 Conductance diagram of equivalent circuit
calculation and finite element simulation for the
non-matching layer transducer in air
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Fig. 4 Conductance diagram of equivalent circuit
calculation and finite element simulation for the single
matching layer transducer in air
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Fig. 5 Conductance diagram of equivalent circuit
calculation and finite element simulation for the double
matching layer transducer in air
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Fig. 6 Finite element model of a periodic element for
non-matching layer model, single matching layer model
and double matching layer model (The blue part is
piezoelectric ceramic.)
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Fig. 7 Vibration mode of double matching layer high
frequency broadband transducer (displacement /mm)

HilE 7 Ca) ATRIEW, A 1 A s esEin
5 1 RIER)ZE S RIS SAL , SrENNAS 1 i
RAEAE B JE I BE A% SO0 Mo, ELARGIARSZ , A
HRESF BRSNS, I IRITR N 100 kHz, M



- 242 - HFHEHRKT ALY

%4k

Bl 7 (b) AILUE Y, Haedsimim Ll J 5 1 20t
BL)= 55 2 JRVLEL 2 s A A R IR s i #% o
o, RKIRSI SRR 1 ZICEZ 55 2 J2IT
BL)Z R 22 Fab , HAT s e R oo 556 1 2L
AR RS, Iz IR ARSI, R
WK 163 kHz, MIE 7 (¢) WLIEH, Hepbas
JOAT 2 AR, KN E AR SIS, IR R
k1 223 kHz.

XF LB TR R BR T B 45 R, —F R
VL2 A2 VLR R 45 T o 22 5%, (H— 8
A MBI ICEL)E N 2 B, TE PRk
St o AHLE TSR B BUE T, A BRIor BAE T
YRS N B 3 TR UG T S i A, iX ] fig
S T A R o0 (5 BCEE LS M S i T SE PR A RS
BRI A AEAE L
1.4 [EEE S HBE S0 §

Ry S PR BE AR A0 T P RE , AFFTIRT XU DU
JZRK RS . A SCRI A FROCO B, Al fe
ATERA AR, VR fL IR AR A 2 JRILEL 2
B EZH0 9 M 2.5 mm 1 4 mm, T BZiEE
U, JEPRIEZ [AIA ERRG , B SEAY . Bt 14>
OB 3 R 187.5 kHz . f K & 3% HL R i) L Ky
150.3 dB. -3 dB #iiiy {5 [l 4 115~260 kHz , 4 & Ve
JESh 145 kHz BKFEHRRERs, SO0 T A 98 R
77 3% ST ROR . Hidr, SR dR R TR E R
FEEE A BE 4> R 16.2 mm., 22.4 mm Fl 42 mm,
HALEaE 8 FiR o

B8 WEEZEikAERIME

Fig. 8 Picture of double matching layer transducer
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Fig. 9 Finite element simulation and measured

conductance diagram of the double matching layer
transducer in water
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Fig. 10 The finite element simulation and measured
emission voltage response diagram of the double matching
layer transducer in water
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