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Abstract:

Research on the Torsional Vibration Measurement Based on Laser
Liu Bin'
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A novel measurement method for the torsional vibration of high-speed rotary machine is proposed, based
on laser Doppler technique and the principle of optical heterodyne. The article analyzes its principle, worked out the
mathematical model of the optical configuration, and tests the feasibility and accuracy respectively. The laser beams

launch at two points of the same section of the rotating shaft. The reflected beams are shifted at frequency domain

according to Doppler effect. The frequency shift is proportional to the rotating velocity. With the proper optical

acceleration
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configuration, the beams of two successive times are heterodyned on the photo-detector, and the frequency of the
photoelectric current is proportional to difference of velocity at the two times. By making the interval of the two
successive times small enough so that the angular acceleration is measured directly.
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Compared with other

measurement methods based on laser Doppler technique, the angular acceleration is measured directly, therefore the
optical measurement; torsional vibration measurement method; laser Doppler technique; angular

measurement of torsional vibration is more real-time and dynamic range is extended greatly. It is essential to the
monitoring running state and failure diagnosis of large-scale gyration machine with high-rotational velocity.
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Fig.1 Schematic diagram of measurement

Hi A T oL ¥R (He-Ne LS K W BOL S
W5 REE BS, 7y AW, 2 Bl B 5t 78 e b 7] —
ERAMKB B, EBAORE R E, I RES
L EIRR , ARG 8 BS, 20 i K AE 5 B oy R BR
BS, L, 38y Wi, o A m R 1 A 282
LAMMBLRER) . R 1A 2 43 HI B BE 73 W BS,
BE B AN [R) i 7 TS 4 Ma WM, [ AT 2R R A 2
BRI AS B e L. RIEL LML, A BEA
RAIER I Z T I foa (DM fou (D53 51A

Jfmu)—%%WAD+VUH—D@U—AU@+VU—AU03-K,
(1)
[ Sos() = %{[VB(t) +V@D]1—[VeG— A/ +Ve—Al/O]} « K,

A K S AGEIR T e b S B (AN E A S 6RO AT , 3F HAE B3k 40 SR BS, Z R LR LR
M) VA@ V@ 3510 A B ST HEERE,VQ@ HEMAE 2B IR EE R R, c WEES
S B ;A OB K 632.8 nm, ALHYEIR 1 1 2 ORRRZE , BRI BT My M, 3 BS, BEES 21 2 £%.
EHENBSNEE A EAYBEHEEIAAERESHE (O N

o) = foal®) — fe(t) = %{[VA(t) —Ve@®)]1—[Valt—AL/c) —Vs(t— Al/O)]} « Ki, (2)

Z R FE R £ 5 ) L R AL R &L
Valt) = 2rw(D[Ry (1) X Z], Vai(t—AL/c) = 2nw(t — AL/ [RA(t— AL/c) X Z],
V() = 2nw()[Rp(t) X Z], Vg(t— Al/¢) = 2xw(t— AL/c)[Rs(t — Al/c) X Z],
w(t) AR ¢ B 25 S A BB L, R (© F1 Re () 2K ¢ BF ZI % A BW SR K&, B ) AnH
Vi) = Ve(®) = 2rw(D[RA (1) —Rg(D ] X Z = 27w (t) (BA X Z),
Valt—Al/c) =V (t— Al/c) —= 2nw(t — Al/)[Ra(t — Al/c) —Rs(t — Al/c) I X Z = €]
2nw(t— Al/c)(BA X 2D,
B (DO 2) 7%
4

%[w(t) —w(t—Al/)] +d + cos 7, (5)



3 B ORE:. ETROLZLHHAMKRINENR 391

A d HWFAT R BB 7 8 e il il £ 5 A0
S BTTE T A R B I e A . BE BB Mk 5 A B
SEPTTESF TR R M, B 7 = (/2) — B A
5) X %37

fo = %[wu) —w(t—Al/]ed«sing,  (6)

SR Bl il 2R R B O T A T TR L, B (6) KA

fo = “Aid[w(t) —w—Al/OT, D
M AL c fB/ET B

fo = 4nd . dw(2) . Al _ 4ndAl .
P A dt c Ac

e gkl I BE

i3 (8) 5, Al LA Hh 22 A5 5 L 5 e il i) 7
SRR, BRI RISFER; S
HRIB AR TR, J7 (B N T & B AR W 5l |
HEBSHRE fo N5 ASEHEF kL T5 m—
BB gl o B SR, T 5 5% il 3l A0 M Al D 1) i 5%
IR, BE T REFRIL.

P TR B R fo, 830 W A8 e 7T LA
793 55 0] 5% Bl 5% 2l 9 I A 2 BE L AE LI B R AR S
U)o T 1k B A b ok B e i e 7 46 R 3 0
THOL, % U () BEAT I 7047 » 58T LA 5 % il 9 4%
BriRshim R R R AR ITRE . BHEELZ
T FR) 33 S A O 1 B T A B T R G R R R AL
TE B PR, A3k 2T B i, % H AT A 280 4t
I, B KRR KA
2.2 HEFLCEMBE

BRI R 2N f oma (A U B, 35 30 285 915 B 2R
FE) 5 B (8) 2T I B3 K A ek BE Ry

Emax = ACS pmax/ (dndALD) , €))
HTRIES) XK, B P B R onadl/c <
0.1 wmax FHLIR A U B H S50 K A B2, U 4k 3l B
RIRER Ry

€ (8)

fmex = 0. 2:c/AL, (10)
T (O F Q0K ] LAR B0 5 oK A 2 B
HRMEERES 1/AL BIE L, MR 2ZE AL BT
Tog5 /)N o BRI RO A i S B R 4R A R ) )
FELRBCAE ERRA . T H., 2 02 BV B i s, ik
B DL O A AL SE B IR B S R T B R
LL3E I A 18 v 2% 1) 3 259 H , /N T R S TE X T
BEUEMES, BAIEY SRS R &N,
ARG A He-Ne Bt , B Kk 632, 8 nm, {45
THEFER N 1.6 +0.8 MHz, i &R KA H

100 dB, A [ Y G AR 22 XoF 7 F) A i B S ) 0 e K
HRBEMRE 1 P,
F 1 Al e S R  F

Table 1 Corresponding relationship between emqx s

fmex and Al
Al /m Angular acceleration range /(rad/s?) fum./kHz
5 24~2.387X10° 1000
50 2.4~2,387X10° 100
500 0.24~2, 387 X10* 10
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Fig. 3 Test result curve
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Table 2 Measurement data of the amplitude

of torsional vibration

Rotating speed /(r/min) 800 1200 2000 2800
Reference value /(%) 0.426 1.046 2.304 0.826
Measured value /(°) 0.4263 1.0452 2.3102 0.8268
Rotating speed /(r/min) 3600 4200 5000 5600
Reference value /(%) 0.937 3.362 0.782 0.668

Measured value /(%)
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4 % g

Kot —Fh e F OB 2 8 B R Foa Ah 22 R B
TTHIRM & K H 7 AT T o, S OB
TR BB R, T T LR R . RALRIE
TR R 2 A A, T B A T
ot 22 3 0 3 45 R I R P JE B A & A AR
BT REME BB RTINS, B BE
SE A R AT B VE B E RS . BB
D 5 o R R g T [ 5 LA A 2R M 0 A K R 12 T I

RS, RAEZENEX.
s F X W

1S. J. Rothberg, A. Hocknell,
laser Doppler accelerometry (LDAc) and comparison with laser
Doppler velocimetry [ J]. Optics and Lasers in Engineering. ,
2000, 32(6): 549~564

2 Luo Deyuan, Ren Yaping, Chen Wenyi & al.. Research of torsional
vibration measurement of high-speed rotating mechanical devices[ J].
Chin. J. Lasers, 1997, A24(9) . 809~813 (in Chinese)
RPN, AR, BRI . O R LR I 5 R s T & BT o
[J]. PE#A, 1997, A24(9): 809~813

3 He Shunzhong, Liu Yanyu, Jiang Chengzhi et al. .
between the signal intensity and parameters of optical structure of
displacement measurement system of scattering-surface laser
Doppler effect[J]. Acta Metrologica Sinica, 2002, 23(4): 256~
262 (in Chinese)

PSR, NEF. KRS % Bt uBNEhB8aEEsT
DESRESRAEGHMSEMAXRNASNHALIL 228,
2002, 23(4): 256~262

4 Hong Xin, He Shunzhong, Jiang Chengzhi e al..
displacement measurement of solid scattering surface utilizing laser
Doppler effect[J]. Acta Optica Sinica, 2001, 21(1): 118 ~121
(in Chinese)

B0, B . ABOL ST B RN m B R I & E
B RERMRBO]. R 4£4m, 2001, 21(D): 118~121

5 He Shunzhong, Yao Xin, Jiang Chengzhi e al.. Optimization of
optical system capable of off-surface displacement measurement
[J]. Acta Optica Sinica, 2003, 23(11): 1375~1378 (in Chinese)
RIE, Bk R HEE & TR E SN &ML
A I]. &% %4k, 2003, 23(11): 1375~1378

6 Sang Bo, Zhao Hong, Tan Yunshan. Research on torsional
vibration measurement with laser Doppler technology[J]. Chin.
J. Lasers, 2003, 30(8): 743~746 (in Chinese)
£ -8 K -EDW. BLSLHMBRMRBEARMHERLI]. +
B ¥k, 2003, 30(8): 743~746

7 Dong Quanlin, Liu Bin, Yang Haima. Research on the principle of
measure large rotation shaft torque using the laser Doppler
technology[J]. Chin. J. Lasers, 2003, 30(11): 1019~1022 (in
Chinese)

B, .55, BobZ L BRE T REE M E N 2
BEEETHELI]. +B#%L, 2003, 30(11) : 1019~1022

8 He Shunzhong, Liu Jinfeng, Jiang Chengzhi e al..
Doppler signal of outline measurement of revolving object surface
[]] Chin. J. Lasers, 2004, 31(2): 215~218 (in Chinese)

B, XK FWE 5 REARERENRWELESLH
EEHIELI]. FABk, 2004, 31(2); 215~218

9 Liu Changwen, Han Jingna, Liu Jie & al..
correction methods and its application in digital spectrum LDA
processor[ J]. Chin. J. Lasers, 2003, 30(7) : 642~646 (in Chinese)
XIE B, X A % PO T EE P SR EEHE
ML, P Bk, 2003, 30(7); 642~646

J. Coupland. Developments in

On the relation

Remote

Study on

Investigation on frequency



