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Development of 1 550 nm all-fiber laser Doppler vibration

measurement system
DING Yujie, LIU Gege, LIU Ke
(Metrology and Testing Center, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: Research has been conducted on the issue of high price and inconvenience in use of laser vibration mea-
surement system. A low-cost prototype of all-fiber laser vibration measurement system is developed by using 1 550 nm
mature narrow linewidth light source and optical fiber components. In the optical path part, a heterodyne laser interferom-
eter is built using Mach-Zehnder interferometer struct ure, the reference light is modulated by a 40 MHz acousto-optic
modulator and interferes with the measurement light on the photodetector surface to produce the original laser Doppler
signal. In the signal demodulation part, the phase demodulation method is used to demodulate the original laser Doppler
signal to obtain the motion characteristics of the vibration target, including the displacement, velocity and acceleration in-
formation. The performance of this prototype is tested with the vibration standard device in our center, and the experimen-
tal results show that, the measurement errors of peak displacement, velocity and acceleration of this 1 550 nm all-fiber la-
ser vibration measurement system are within the range of =0.6% ~ 0.7%, in the medium to low vibration frequency range
of 10 ~ 2 000 Hz. This system has both high measurement accuracy in medium to low vibration frequency range, and rela-
tively low cost, convenient operation, which has technical reference value.
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Fig.1  Optical path structure of all-fiber laser vibration

measurement system
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Fig.2 Prototype of all-fiber laser vibration measurement system

YEUR Kt BIOE 28 62T LI A% R0 R &% I 1
USRI i B A BT O 2o A N R R T Y =
ASCEF IR A 11 15 3 11 2 O, 25647 (U
Pl f e 8 R IR O, 12 SR AR S R
& BN Ba s Y AR, 1 SO R
R R B ASIEE . I DOLEF PRI 193 1 3
W SOOI G g, AR A [
SE )40 MHz 1% 5 2%, MEDEMS B 2OtL
AR IS TRl E A E LRI A%, LR H PRI 4% 3%
AL T3, AR O 2 85 .

B ORI E A By, BRAL,, 256
MR N Ey, BRI f,, RITEIPZHM AL,
DL RN A LSS U TR

1
U E(Eél + Eéz) + E,E, cos[Zﬂ(ﬁz —fsl)t + go]

(1)
s @ AESHIRIARGL; ikl A (1) /]
PUE A5 5 68 56 L He i B0 2 B F
RET AR EZR L. X THOEZ
IR RGOk UL, AR R, B
RYSiibuR: sk a3l TN



iR

AT - 59 -

HRAECHY 225 s, O s sh ik 3k
R, PR R A, RN S5
PRt e AR R R, R £ JEHE
g L P S o3 e AR N

fe=fo—fa =L fo (2)

X (2) o, LEF, Kk HZEARE S M
B, BT LA O 2 5 R & . AR
JG 228 OV BRSO IR RS s )
PRERTII , H 228 B RS ik 55 W) 12 2382 v JRE
e, Hp

ﬁ:% (3)

A AR R . RAE (3) Rl 545 21
Wik i i2 S AR B

gi b, X E bRz sh 2 B0 IR i SCBEAE TR
't LRI 45 i S A IR AR . SR A
LR S R VAL - & SN B N R R EE VAL
WA LR R AARis sh 28, wisfife .
AR LA
2 BHREHSHEBFHREATE

IO 28 W55 B i R kA PR -
FOOHBOE RO L 22 g s BotBik
MRS BT A2, K BEAEROR RS, AR i
TR FRRG B T LGB I A BR ] , SR B 94K R 2
PG, AL R 1545 21 T OB BN . A3
SR FH R O i 11 3305 4D 3 BT o

cos(2mft)

K3 REAL R AE
Fig.3 Block diagram of phase demodulation algorithm
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Fig.4 Performance test system for prototype of all-fiber laser vi-

bration measurement system
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Fig.5 Original laser Doppler signal collected by the prototype
(Vibration frequency 10 Hz)
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Fig.7 Demodulated displacement, velocity and acceleration

curve (Vibration frequency 10 Hz)
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Tab.1  Vibration parameter measurement results of prototype

Spea/ o Uy (mm=s7") A/ (M+57)
PR B IR/ H
PR MR MEXNRZE% ARdE(E W AEXNERZE%  bRdEH WEE X ERZE%

10 25330 2530.0 -0.12 1592 159.0 -0.13 9.9999  9.988 8 -0.11
20 6335 6309 -0.41 79.58  79.28 -0.38 10.0038 9.9628 -0.41
40 157.4 157.9 0.32 39.55  39.69 0.35 99398 9.9749 0.35
80 3958 39.72 0.35 19.89  19.97 0.40 10.0004 10.036 3 0.36
100 2533 2529 -0.16 1592 15.89 -0.19 9.9999 99833 -0.17
125 16.21 16.25 0.25 1273 1276 0.24 9.9991 10.022 1 0.23
160 9.895  9.841 -0.55 9.947  9.894 -0.53 10.0004  9.946 -0.54
200 6.205  6.226 0.34 7798  7.824 0.33 97991 9.8321 0.34
500 10.1158 10.1813 0.65 3178 31.99 0.66 99.839  100.486 0.65
1 000 25294 25276 -0.07 1589  15.88 -0.06 99.857  99.785 -0.07
2000 0.9437  0.9469 0.34 11.86  11.90 0.34 149.03 14951 0.32
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