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Laser Doppler Vibrometry Method with Uniform Rate
Raster Continuous Scanning
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Abstract;: This paper presents a method of measuring area sinusoidal vibration mode shapes using uni-
form-rate raster scan with continuous scanning laser Doppler vibrometry (CSLDV). In the method,laser
point scans continuously on the tested surface at uniform rate by controlling beam-deflection mirrors in
LDV. Firstly, basic theories of uniform-rate raster scan with CSLDV are introduced and methods of de-
lay removal, filter choosing, coordinate transformation in operating deflection shape (ODS) demodula-
tion are studied. Then, the process is used on a steel rectangular plate under single frequency sinusoidal
excitation and ODS is demodulated. Finally, modal tesing is conducted using scanning LDV and the mo-
dal assurance criterion (MAC) between tested ODS and tested mode shapes are calculated. The result
shows that ODS obtained by the proposed method is very close to the mode shapes and can be used as
mode shapes with high spatial resolution. CSLDV is a time efficient method to obtain mode shapes with
high spatial resolution and has important application value.

Key words: laser Doppler vibration test; uniform rate scan; continuous raster scanning; operating de-

flection shape (ODS)

RS TE [ 5 [ AR S (51175204, 11372128) Ve B0 F K — B2 05 BeBE 4 0057 0 4 Ve B0 1 » 49 50125 A K
R B I AR B e b (S 36 %0 T 7k B 4 (kf3j2015020 D BB I H

Wi EE:2016-06-27;{&iT HEA:2017-01-18

BEEE B, #4047, 14 5, E-mail: c. zang@nuaa. edu. cn,

SRR R 2T I, 5 N 1 % S T RO 25 IR O i L) . RO A R KB 4R, 2017,49(4)
511-517. SONG Anping, ZANG Chaoping, ZHANG Zhong. Laser Doppler vibrometry method with uniform rate ras-

ter continuous scanning[J]. Journal of Nanjing University of Aeronautics & Astronautics,2017,49(4):511-517.



512 (IS SRS | A N NI S S 549 B
BUAR 25 1 3l 25 5 M 09 B DKL R A e e R - Maiol BF 5 T IR A BRI T 1 i

e AR v ) 1R BE A A R R S AR AR A A
AR LB T FE R T kg dE AT RS, H
BT 3Z 0 A A1 3l 0 42K 07 92 2 A 45 Al % TR
Jon AL A IR AR S A b A E — RO I
HEAT I, 3 I 3 07 2R T A = R O vk
W T R 51 A SRR B I BT e R [R] i, 7E
SR R I PR A5 T e T R T R 4 A L
FHVRIME . S 0 s AR 5 fi 09I 2 R B 32 1 AR T
H R T2 B S 5k T 306 235 8 0 4R H R /Y
HF 06 2 3% 8 ¥ R 45 (Scanning laser Doppler
vibrometer, SLDV) . # % £ & &) 1l #& 1Y 3 A JR
P2 PO AR A S 30 Bl 0 5 1 3 T L iR 3h 2 T
S i 7 AR 22 AR RS A T AR ORE ROEE S
NI B RN RN X AU RAE R Sl i
] B . G A SN EOC IR R TP EA
PR B B R TR AR A E
I s S B A K ) R

X 45 A AT 8 A 23 1) 3 A DL 3R A T 4 T
f 4R AL A5 S, A Bl T A BR T AR B J) T R 2 IR
SE R A . A ) s 2 TE L
AN SE AT NS R AT A K, BT B
4 L s (] o3 B R R 5 O 238 3 Bk R
5 T DL SR FH AR I 8 425 ) 1 78 245 4 2 T A L
SIS o R e WY S A K a7l s o SRl
T IR A 2 R By I ) DA R A AR

AR SR W 5 3% 22 41 i 06 22 3% 8 I 9k O 12
(Continuous scanning laser Doppler vibrometry,
CSLDV) . LA fff e 4 I 25 449 &5 4 3% 38 10 25 0] 375
o A8 (18 4 Bl D e A, 32 N D v S A
6 RUTE S5 10 2 100 3% 22 1 4 YR 3 15 5 HE AT R 4R
SrHT . B R] A4 B A PR RS B, s )4y
PR RAEI R R G AR T B
L0 5 s ] A i 20 PR IR #5 2S [R] 43 FE 3 0 LAk -
HA AR 0 808 AR T T 4 i OG22 38 1
PRASI 3 285 5 B o R o2

T 8 2 2 3 OG22 3 8 U IR B AR B A 5T
H T 20 fhal 90 AEAXH) : Srivam 45 A JE 3 Ah E i
S ST OE R AE S5 4 R TE Y e R SRS
FEM R 1[G A 5 A 3 T Y 8 43 A s H S Stan-
bridge I Sriram 5 7E 3CHR[ 1,3 ] EE5 A9 T %
LA HOL 2238 W0 IR J7 V5 R SR AS BEE L iR T E
% T 52 R A T A A S I 3 K B A L Y
P Y i 0 25 N A 5 AH DG RHBIE N B ) T e 2 /N B
2R VHETE 3% S AT A A O 0 T B I SO B
HEZ HRERSm Y &) 20 RAEMRE .,
ELEFAMBOCZ EMREACEBE TREN

DR ECA  FHT [ P A 22 50 Uk 1 5 25 1 A 0
Rz 7k N B T BT HLT R A AR 3 I
Weekes S 8F 78 T 1R & 5055 3840 AT & 00 3 X
B Y TR RSG50 T ES MO
750 D R A I AR AU I R L S B Al A
TIOERSAE. HATE N C T RS H RO Z
IR AR A TF R T — 2 I SE - X T A A % 3%
FHG O 22 I R Oy B R AT 1 BT O
TS HICHE 17 P S B 4 A A R RS E R L R
SRAESCHL T IE 5L R R ) — 4 1 2 0E S Ot
22 B4R J7 25 O DA SRR R D 7 Bk AT T 5
TE, B T B i & SR, 25 I S R T PR R0k
N A5 S B T O e e i S R R 4
Xt (B S VLR (B A 45 4 R AT T BEAS IR . AR SO
FH O 220 3 R B il b AT 2R
T 4714 7 X 19 % 2 49 1 0O 22385 80 4R O s
S W S RO Iy )T B R A5 A Y
DU s I 18 A I 3 PR 78 Ao 3 7 vk SR N AL I A
AR R B A S 6 2 R AT IR E . 1
LT A 1 B AR IR B A I8 5 A O % I B AE S Y B
A0, PRI AR AN 3 25 25 A8 9F A7 0 4, 3O 7R B
TS AR ) XA E Tz N . A
A« [ PN X i 2 Al O 22 00 B R I e ) A
FEAIAR D A Sy — Tl 784 1 4 4 25 8] 3 e 20 A B
AR HAMBEAWNIERAE T EENE LS TR
NI
1 [EFEREZEAWESE Rt LS

MR F7 7% B R A 12
1.1 ITHEETR

— 2 H W E RS WK T R A DL OR
H

Mz} +Cla()) +K{x (o)) ={f()} (1)
Xp{aeOI N ZAHERGES BHENME M,
C.K 73 5 2 48 1) Jot 1t B JE RIS 46 B 5 {f (o) )
HZ H BB RGRIR I

MEZ AW E RS2 BEE R {F )1 5% 07 8
Jily Bsf 5 B

{f()) ={Fje~ 2
YU 28 4 7 A 52 0 g B
{(a() )= (X} e 3

XD AL B R A . B2, DA (D)
s A A 2R e By H
X} =(K—o*M—+iwC) "{F} =

S (Bl F) ), W

Aol —w Fi2tww

e
H




%4l

R A o S T O 2 3 AR vk 513

Arpag B r MBS TR (X RGN
%38 K, R T AE 28 JE (Operating deflection
shapes,ODS), AIDLFE W RS W TAEZIE &K F
RSSO 2 5 s B, e B 0O T 24
Tl A 5 55 35 g T[] A 0 3 432 30 N 5 2R 5 1) W)
S0 3T B0 A 2 [ AR Y PR A
1.2 [EERELZEAE

S ELHT T CSLDV Ak i 7R 2 & an
LR, HE 1A LUE L 250 2 BIR R o 1
IESZ I B s AR R (s y) b o= T 1) b 1 B )
LR R A

v (xsyst)=2(xsy,0) =Vi(x,y)coswt+

Vi(x,y)sinwt (5)

b Vi F10Vy G300 Sy 92 58 A0 TR B 20 . S
ANESRAE R . AWOCRAE x.y J7 W 155 3
H AR E B 23 BIE A 0,5 o, WG S7E 43 4l B
RS AR HLE S, W a=vr.y=oy,
D0 % 2y 3 B2 Ay A5 Ik T AH 56 84 R B8 OGN IR ALY
I R R i N R RO S RSk S 1] & el ]
PRAY . A SHORE SO I R AR i A S 20 ) 3 LA
Jil AT 5 A R B GE A A S A

v.coswt =V (t)cos’wt+ V(1) sinwicoswt =

VR(t)JFVR(t)COSZthFVI(I)SinZwt (6)
2 2 2
v, sinwt = Vg () coswtsinwt+ V() sinwt=
Vlz(t>+VR2(t)sin2w1+V]2(t>C052wt 7

A 3 AR SR R AN, Vi (O FTV (0
HB R AR A543 WK (6, 7)) iR K 20 BI1E S K
A3 A] A3 a0 AGE 8 AR D R L AR AS S R

TR A i

FhRas

LDV

|

B | i
7 | RE

K1 Sl ELAAT CSLDV P il i s 2 18
Fig. 1  Schematic of CSLLDV test using uniform-rate

raster scan
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