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Detection of weak ultrasonic signal using optical heterodyne interferometry

LI Xing-fei, WANG Chi, XIANG Hong-biao, ZHANG Guo-xiong

(State Key Laboratory of Precision Measuring Technology and Instruments,
Tianjin University , Tianjin 300072, China)

Abstract: In order to detect weak ultrasonic signal, a high-sensitivity optical heterodyne interferome-
ter was developed. A linearly polarized laser with good coherence was used as light source to improve
interference intensity, and a diaphragm was employed to eliminate the optic noises and the influences
of feedback lights on the light path. Then, the system was easily adjusted by using the 1 st order light
as reference light. Experimental results indicate that the measured vibration signal frequency and am-
plitude are 62. 38 kHz and 76. 4 mV respectively, when a square wave is adopted to excite the ultra-
sonic probe with 62. 42 kHz central frequency and 74 V amplitude, which shows proposed system can
satisfy the detection requirement of weak ultrasonic signal.
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Fig. 1 Scheme of polarized
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Fig. 3 Scheme of ultrasonic signal processing

PGS «OBHMRIFE S S HFE T wo
TE R UK 7 i b A 5P - 2 B w755

1<z>=U<z>W<z)=AA1cos<2nfBz+4—“u O+

cos(erflergps)— AA (cos 4rthZ+ —u () +

gD()+SDg)+ AA[COS( - u (t)+$0() . (3)

PR A LAE o ‘5 es 22 907, I3 13 MK 38
Wean I bR B RS — 1, A/ 0w () 1R /N AL
Bir ?O%UT

I(t)= AAlsm( L) (t))N—AAlu (t)=Ku (1).

(4)

DR O By R R E B T (LR e R B K =
QCr/MDAAD) R R 30, P8 I a] & I S
=]

4 SRR XGEZRNRRT E

Ot 6 & G R Y 2ok B rp AT X s (R oE
PE TN ROE RE B 43 G A9 R L DA S B AL GT 1 25 40
5%
4.1 ZEAEENAER

eSS & Bl 2% & HER— A
ARFRARIY bR . S TR RE OR AR  HUR H r ok
AT TR & . BRI — A b E 2 B R



BT

ZEWE R AF A S 2 T G DN il s A R Sl 1161

HTHERR BB BEH . (R S A B ES H A L
o Bl ot mitR 200 T AR AR AR A ] — 45

S B UE L SEE 1 GOt BT EE NS
% PR 0 O . RE T T (8 3 5 B RO TE ] —F
MANEA. HR LGOS ik Lk 5t &
SF N S OB ALRE T 1) . T 0 2O 5 i P 4>
JeHR BE 4 ST B 5 AR 2 6 B A R
YRR 1 PO - PR R R IR 2 e BT
080t 1 90tHESA.

LG EE 2 Yl i S S 5 1 0 o A M B
Gl T 3 WA, Bl AR B Hoh — AR 4 i
B B AR R AE A 45 016 6 R 1Y A R IR e . RN
filt 2 AN BB BE 5 AR 457, B Jm i M
W ROEHTE S & E RSB LT AT
4.2 FRAEHEEBSEAR

PAROG ST B A/2 PR AR SO S
T WG R AT BRI . i TR A
B L0 OB 1 FOBIRZAL T HAR IR B AR,
Qi 7 2 0 A B AR AE T HOE Y 6 P 2
(56 73 it 9 R AT BEH AT . AT A B 9 TR AICR
FLRIM RS o 35 A e rh —HO RS 1R B L

WS 855 4 i i B 75 Ol 58— 2

5 MR

Zead RGN IR L 7E 7R A AT DL R
FIHE A ERES, WK 4 PR, B 05 RZE
39.56 MHz, 5 H#UA8 () 40 MHz M H iR 22 R A&
0. 1% WE{H N 54.4 mV. 23 60 mV., K 5 fixR
& BT O W B A5 5 L B0k 62. 42 kHz,
74 V.,

Kl 4 40 MHz 2255
Fig.4 40 MHz beat frequency signal

Lk

K5 A B E 5

Fig. 5 Excited signal for ultrasonic probe

Bl 5 JE R RS WU 5 5 . [ 6 2 B A Y
W E o R BOE . WA RS BOE kA& A5 1Y
PRsh T4 B Yy 62. 38 kHz G L% T 34 il 15
T BB DA MLy 122, 5 kHz B B0 3%
JE RN 2 LG R 2 62, 4 kHz (975 WAF 5 3
il P AR Sk I 2 DA A A g 0 A 3 ik B
G BRI S FE X AR A 58 1 4R SR S (]
B IR e g R AR IR B R . fERE L

(a) — KW

(a) First harmonic frequency wave

ChlfE{E
5 6 8§ mV

(b) ZYKi

(b) Second harmonic {requency wave

|6 R B

Fig. 6 Ultrasonic vibration signals



1162 P o

K% T

516 &

TOLT B 2= R B AR o 2 DL pE R £ Bt
{37 o H1 T 7 A 10 3 B A B I L BT 7 A R
{ELAERLLE N BT W] fE 23 2 B B UG I E . NS
T LA S8 WU R T+ 3 A W1 3 R 7 45—
UV I P I AT BE 3. IR R & X i
B L REIRE] 80 mV,

SR AT DL, AR G B I A 00 8 A AR gl
A R A M R (E A BE 5 BT 3 20 B L IR Sl 0 (R 0
Bk By Xk A PR AR Sk B9 9 R T R A B A 1R
Jit o XS PR« AT IR BRI ol 7 Rk 1Y
IR P 35 R 5 PR 4R 20 13 e DAy i 2 DAY IR £
BROR S E I A 1) 9% Sl 47 6 b i 2 B I (E Py Bk 3
6 %

‘o

PO P R AT LA T S S R Y — T 1 T

S k-

BRI LA AT e fi 588 S50 2008 . A3
VOB A 22 100 R 40 . i 6 I R g i vt
W7 IR T REAI R T, ST
R R B A T R T L AR R 0 OB A 1 ok
Il 58 4 ARl U 00 RF A SR T — R AR UE 4S TR
T 0 B TR . 4 SR AR T S50 T A5 A
ZAE TR 39. 56 MHz, 5 A 40 MHz A
FeiR2e HA 0. 100 @3 60 mV ;24 J E 45
62.42 kHz W& {E N 74 V J5 P B 15 5 1, I 45
IR EILTFREA % 80 mV. 1 H . R G IH X
A A 38 5 0 1055 I SO R S 5 S AT A
B 5

(1] &3 8. WO S BIMEOR XM AT, E#it FalK.2003,30(1) :4-7.
QIAN M L. Laser ultrasound technique and its application [ J]. Shanghai Measurement and Evaluation, 2003, 30

(1): 4-7. (in Chinese)

(2] skaBosC BWOLHA SR EHEM [T, 28 & 5,1992,11(4) : 1-6.
ZHANG SH Y. Laser ultrasound and materials nondestructive evaluation[ J]. Applied Acoustics, 1992, 11(4): 1-

6. (in Chinese)

[3] LIXF, WANG CH, XIANG H B, et al.. Finite element simulation of ultrasonic guided waves generated by a
pulsed laser in human skin [J]. Instrument of Science & Technology 2006, 34 (6): 711-725.
[4] QILH, NIQL, CHEN B. Experimental investigation of laser-produced-plasma EUV source based on liquid target

[J]. Opt. Precision Eng. , 2005, 13(5);: 604-607.

[5] MAP, HUJ P, CHEN S L, et al.. High laser damage threshold coatings and damage testing technology [J].

Opt. Precision Eng. , 2005, 13(4): 500-504.

[6] MONCHALIN J P. Heterodyne interferometric laser probe to measure continuous ultrasonic displacement []].

Rev. Sci. Instrum. , 1985, 56 (4).543-546.

(7] 2% R ok, R g, SN2 W0 R0 [ (R 2 i oL A BT 5 1], F Bk . 1997,24(9) :819-822.
GONG Y L, ZHANG Y ZH, LIANG H Y. Research of detection of solid surface laser ultrasonic pulses using a la-
ser heterodyne interferometric method [J]. Chinese Journal of Lasers, 1997, 24(9):819-822. (in Chinese)

[8] MAO W, ZHANG SH L, TAN Y D. Experimental research on dual polarized laser optical feedback microscope

[J]. Opt. Precision Eng. , 2005, 13(5); 613-619.

(9] ZFR.Far,a#X. BB GBI Jr B Mscs[J]. & % %4 ,1996,21(3) :259-264.
GONG Y L, LI H W, BAI SH W. Principle. method and experiment of ultrasonic displacement measurement by
laser heterodyne interferometer [J]. Acta acustica s1996,21(3) :259-264. (in Chinese)

EEE N M KA966—) . 5 B2 RS H N S MIKER A BTFE . E-mail: lixf@tju. edu. cn
EOSC1982—) I L WS A L B IERE I 4E 5 KSR PSS . E-mail: wangehi@tu. edu. en
R EMEC1936—) . 55 B4z . BTN SERE 3 42 5 K AR BT ST . E-mail: gxzhang@tju. edu. cn





