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Test Method for Operational Deflection Shape of Curved Pipeline Based on Laser Continuous Scanning
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Abstract: An efficient testing method based on laser Doppler continuous scanning was proposed for the vibration test work of an
external part of the curved pipeline of an engine. Coordinate transformation of line segment was introduced laser continuous scanning. A
laser continuous scanning path algorithm was developed for curved pipeline. The continuous scanning laser vibration test was applied to the
curve structure,and the test verification was carried out. The results show that the curve laser continuous scanning test has been carried out
on the pipeline in the external part of the engine,and the second order modes in 1000 Hz has been obtained. The correlation between the
mode shape and the commercial laser discrete point scanning mode shape is above 0.9. The feasibility and accuracy of the vibration test of
the curve continuous scanning laser Doppler are verified. Continuous scanning laser test has high efficiency and dense test points,which is
of great significance for further engineering application.

Key words: curved pipeline ;laser Doppler;operational deflection shape ;continuous scanning;aeroengine

I B R AL 8 10 i X e 38 A P w1 8 e

0 3I% Ao IE JEE A B (R B T i 2 2 i 0 X 2R PO A
foias K S HLAE s — RO TRk A AN A B TR R A7 A A St A L I A 8 A R L

SRR R TR K BILUK, T2 OSBRI R R 58 A S s 11048 F R
1 TP 3 RV DTS A SRR, R ML T A A O ELE LA A BRI, & SR AT
GRS PR SRR, IRA R RS BREIIR . UK, RSORE M R iR A
ML S8 S AR R R R N, IR e, Tk ) E (Scanning Laser Doppler Vibrometry, SLDV )& AR
HUE B Bh J1 2R o B B 25 M O AL B TR 1k o A 3o ) (58 o 25 A 45 380 R JR 4 T 2 e
R Y & B TR SR B R - SLDV IR 1 A HOS HR RO IR E A

s HER:2018-06-11 EETE : HEK A RREEE T 0S50 E TR P B G FE4: (NO.U1730129) YLHE AL K30 1 RS & S 508
=54 (NJ20160019 ) %5 B
EE T/ 55 (1995), 55 AEEAR-LAFFEAE P9 J5 1l A8l WA 31 5 I ; E-mail : 1070674758 @qq.com,

S| K2, I, KL, 55, FETFHOGE ST A 28 B B 1 AEAE TG 7 23], L s & 801, 2019,45(4) : 71-74. ZHANG Gong, ZANG
Chaoping, ZHANG Rangweli, et al. Test method for operational deflection shape of curved pipeline based on laser continuous scanning [J]. Aeroengine,2019,45
(4):71-74.



72 it =

ko Bl

5545 &

AT LA 350 03X s Ry AT ) o 50, 7 SR B2 4 i1 A 0
R IR H SRS AR,

IR SLDV AT DA — e R B b4 il A i %%
BEFRRE, AAFEAR AT E DRI A5 20 SRR Y [ R
HIER e # K, FEEERN b, BFoT e T g

O Z % B Pk s $ R (Continuous Scanning
Laser Doppler Vibrometry,CSLDV ), CSLDV {8 i E

PO R AR I R R 1 DLE 20s s )y AR AR
S5, 38 LA A s A 3 AR B )
EHTAHEZIE ( Operational Deflection Shape,ODS ).
CSLDV MAE R AN A, e SR R i, LS 1
ZROV A JB 5 R VR (B R 45 AR U1 34 S 4
o [ N RER R P AE S T A R A A 11
15 R RIS T [ 2 R RO S
Pt (R R AE TR v, SEBRES RN I 2%, R

A2 (A B HRARCRR G5 , A s R LA R L

A7 S A (075 W5, (EARO SAE I B R 52
PEAN R
AR SO A B Al A AR i O S
B, 4T T ODS Wi A4, I3 T T Rk
1 HEHLESPETETRMNR A E
BB IRAAE WO AT A 1 B IE
S BEA  AR 2 AN AR R B, £ R OB
37 B PATHLR QNP 1 BR . BE A A R
Wi A F R, 9 BAFAE— 2 R R
a=SV,,a,=SV, (1)
Ao, o, g X FY 7 )56 R 1 Dt A 35 v, A
V, X ALY 5 ALAY AL T 5 S S HU B R AR

Y s l— 5L = XHTrEL

o~ RILEHL

I

1 BER#RRE

A SO R A =8O W R AR S
Polytec—PSV-400-3D, H L7 R 5 S=4°/V., %A
Tl A FEDEE T BOCHAR RO E, I H—— X0,

LA 2 R

R ORI %

AT AR TS R iR 2 B AR AR e de .
RS2 BEP S AR AR 73 31 h A (20,0 1 B (20,0, e fB

L JE R AR B A (x,y' DA B (x'y') .2 B

R RN, AR B OCR
FEAGLIR B M bR 5 e 0T AR AR W] RS S R 4
x'=a+ax ,y'=b+bx (2)
K a by F by HEARFREL
iy e 2 B i AR B AU(2) , 1531

x'1=a+ax,

| (3)
X =a+a,
y'|:b1+b2x1
{y'2=b1+bzx2 (®)
IR R B AN
x'l 1 X1 ay
:[ (5)
xy ] 11w llae
}f'l _ 1 X1 bl
L"z}_[] X2 bz] (6)
RSRAGHEAR R AR
a 1 x B X'
:{ (7)
(47 1 X2 x’z
b, 1 x - "
P B
b2 1 X2 ylz

SRAEEA B, BT T 2 A AR Z IR S 2%
R WSS E e S A 3 BrEAM 2 Br
i1 = R T S R B o vy ol A S B 1L

T RO I Z B R BT 2, 7E

HHESE RE NI RL AEN N v sl

L AR AS L B, 2
L ABRAE B2 IR X sl
ARSI R B 2 “

2 BEUGHEAR
HiRER

B UG BT R PEHIAR

AEMOBZF U T B SR — R Ak b
o B el 1,11, SERR I BRI 86 01 K
o B B0 880, 30 L, AR5 B By
IR 1, AR 02
BRIt bih 5 gl

Eﬂd#ﬂzﬁéﬁ* ,1‘/]?%'15‘ 020 s /f%()):x 0.5 1.0
FBOEF W 3 T @ jg—fpais Fire s

k)



B4l

ik DA RO GRS S A I ARSI 73

i, DRUHCOE 5 2 T 8 s S E XA AR Ak

10 MhRE A IS4 200 9 AN X Ja], i i AR FRAE
0T I Ui s AE B R AR AR, 3 A 9 AN DX [T P g I —
P AR R R AR R SR AR B , A5 VA 6 A
LRI R 4 R JE T

WEGR TSI

80

TAER R "
T, Rk — ol el

10
0 50 100 150 200 250 300 350

TAEASIE Sy S AR Afmm
P T AT R N S b At B4 SRS

bR TAEARTE .
2 H&EEMNXIXEIEIE
2.1 SLDVilliz

S T B il e RO S I v i R
VEFE 1 AN I HEF O SLDV Fl CSLDV Mk, F4%
SLDV M4 AUV R PFA CSLDV IR L

DABE A SRR o3 2 Hh o B A E S0 42, 25
ARSI I S AT BN 5 FR .

SR T B il , A5 AR e g B i, 5
MR 0.57 m, BHLE AR, JE 19 N0
S BRI A 3 YOIFBCE A, 43T 2000
Hz, MCET (] R 182.4 s, MASEE 1.2 [ 1514 451 %43 )
H 234.4.660.5 Hz, FHR RS IRBVANE 6 Frn. &
H SRR AT | W 2R MRS IR

REE

EANy

///%2\\§§:%¢j2ﬁ);é

B5 ZEMN=RHE Bl 6 ZTEH 2 MESRE

2.2 CSLDV iz

B B R B0 SRR R 28 1879.3
mm , WS [E] R 2 s, RAERN 8192 Hz, i i M4k
PHAESEBRAE AR B RE 10 MRE i, AR AR
BRSSO A DA IE P R
TESSFYF AL IR Z 30, R, R AR EAHR
SR o RIS AR By % A A I St Sl 1
BB 4 S R A 1 2 i A B R Sh {5 5 2
T AR 0 T AEARTE R0 4850 58 ] B4 4% 2 i 1y £
S 7 PR X A S R T R A B AT
il 8 Frs .

2.5
~ 2.0 = 93
£ 15 £0.30
g 1.0 £0.25
=~ 05 -
s 0 3020
x-0.5 2 0.15
&o1.0 .10
E-15 E 05

-2.0] :

-2,

00.20.40.60.81.01.21.41.61.82.0 0 400 800 1200 1800 2000
tls B R/ Hz
P2y w» 3 . Y b2 cy v
B7 TEZEEZA#IL B8 TEELZPAHE

FHEE S plliEe i

5 pH 3 S A I A A LA B A A
Rt FRIRON LR 2 (1 (R R T 1) — R 81
TR, AR R HuC R AR AT e R
8 M A5 2] 1) A5 AT 2 B4 sl 0 24 R LT 1 g 340 Y
TEE—25 43 5 AN 9,10 Fis .

035 0.14
B e 5012
< d
£0.25 £ 010
020 <008
Lo.15 % 0.06
i b
010 i 0
0.05 =0.02
-0
200210 220 230 240 250 260 270 620 640 660 680 700
591 /Hz IR

B9 ZTE&E&FMEMK
%1 Mg

{7 FH SCHIRT1 3] 48 R 14 6 10 3 R 1 T g R
IR Z IR BOHIA B I I — AR BR T PR,
e AR T AR BRAR bR T S5 R PRT
2.3 LR3I

B ES A TAE T 4 Hr 2 AE I — 1k As bR N
TR, ZH B 4 A — AR bR, B E[-1, 115
G347 50 NS AT RRIR AT WA 1.2 R
FEH— LA BRI TAEASTE I 11 FiR .

CSLDV 55 SLDV 25 i1 45 i WXt (1] Kl i 43 9
R 1. R P IL, 5 SLDV i AH H

B 10 TEZEZEAMMK
5 2 frihEik

CSLDV MKt o] Ak vy, EL A H iy, ml i
TESE IR A VRS 5 P A o e A3 B
N - ks %1 CSLDV 5 SLDV
A 18] R Ry R Rt b
w7 CSLDV  SLDV
S Wikt s 2 1824

11 TEF1.2ME—&
TIEZSH

ML 4 BT UL 8 ol AR AR AR ks 0 — Ak TAEAS T 4%

W SLPRAR R R, IF 5 SLDV I3l HE Y A4 % kb an 1

M54y 3ER 00114 0.03




74 fii %

ko Bl

5545 &

12 iR, BB YIS i
BRY, W4 h SLDV 15
PRI, 2126 A CSLDV 15
PR
CSLDV i35 SLDC @& 12 CSLDV fa SLDV

WA AESE A B WL 2. A MR AR 3 LE

Ferpa] O, 2 PP AR — 2, PRBAE S
B B UE T R S R vk A AR

&2 TECSLDV XS SLDV MIiktAX 347

eI
ik CSLDV SLDV B2 1% MAC
1 234.2 234.4 ~0.07 0.97
2 660.6 660.5 0.01 091

3 HWiE

ASCWEFE T2 A % AR IR O Se 1 1 il
Rk, N2 R BORIT 4, BIFSE 1 #2214 i
PR A BRI HTT 1 , 4 oh Rl L T 25 A i £k
BELEAHII, AR TR 2 B AR,
55 SLDV MR B ATAR i 9 — B, ik 1oL ih
LB LEAA T R A R . AT BA I
B R AR R R L, RO G S I
AN R

S 3k

(1) ME T, A R , AL AR RR S5, i s A ShBLAE I R GE AR Sh WL ) B e e
BRIFRZRR]. HUKSHIE, 2013,41(1):163-164.

LIN Junzhe,ZHOU Entao,DU Linsen. Literature review on vibration
mechanism and fault diagnosis of the pipe system of aero—enginelJ].
Machine tool & Hydraulics,2013,41(1):163-164.(in Chinese)

[2] Stanbridge A B, Ewins D J. Modal testing using a scanning laser
Doppler vibrometer [J]. Mechanical Systems & Signal Processing,
1999,13(2):255-270.

[3] Stanbridge A B,Ewins D J,Khan A Z. Modal testing using impact ex—
citation and a scanning LDV [J]. Shock and Vibration,2000,7 (2):
91-100.

[4] Stanbridge A B,Martarelli M,Ewins D J. The scanning laser Doppler
vibrometer applied to impact modal testing [C]/ In 17th International
Modal Analysis Conference — IMAC XVII. vol. 1 Kissimmee, FL, USA:
SEM, Bethel, CT, USA, 1999:986-991.

[5] Martarelli M,Revel G M, Santolini C. On the use of laser Doppler vi—
brometry for modal analysis[J]. Proceedings of SPIE — The International

Society for Optical Engineering, 1998,2(2):1750-1757.

[6] Castellini P,Revel G M,Tomasini E P. Laser Doppler vibrometry: a
review of advances and applications [J]. Shock & Vibration Digest,
1998,30(6) :443-456.

[7] Maio D D,Ewins D J. Continuous scan,a method for performing modal
testing using meaningful measurement parameters, Part I[J]. Mechanical
Systems and Signal Processing,2011,25(8):3027-3042.

[8] Martarelli M. Exploiting the laser scanning facility for vibration mea—
surements[D]. London: University of London,2001.

[9] Maio D D,Ewins D J. Applications of continuous tracking SLDV mea—
surement methods to axially symmetric rotating structures using differ—
ent excitation methods [J]. Mechanical Systems & Signal Processing,
2010,24(8):3013-3036.

[10] Schwingshackl C W,Zang C,Massei L,et al. The simulation of a
full-field vibration measurement of cylindrical structures using a
continuous scanning LDV technique [C]//Proceedings of SPIE on the
8th International Conference on Vibration Measurements by Laser

Techniques: Advances and Applications. Bellingham, Washington:

Society of  Photo—Optical Instrumentation Engineers, 2008
7098-7103.
[11] Schwingshackl C W,Massei L,Zang C,et al. A constant scanning

LDV technique for cylindrical structures: simulation and measure—
ment [J]. Mechanical Systems & Signal Processing,2010,24 (2):
394-405.

[12] AR, AT, 5l 8. FE B AR R S T T O G 238 B 43 Ty i
[J)-FE AL ZS MUK K224, 2017,49(4) :511-517.
SONG Anping,ZANG Chaoping,ZHANG Zhong.Laser Doppler vi-—
brometry method with uniform rate raster continuous scanning|J].Jour—
nal of Nanjing University of Aeronautics & Astronautics,2017,49
(4):511-517. (in Chinese)

[13] BRsi, ISP T 1 20 TE 52 BE A U sURBO 25 Sl ik 4
RN 5286 7375, 2015, 30(5):613-620.
CHEN Qiang,ZANG Chaoping. On the laser Doppler vibrometry
technique based on continuous scanning LDV with sinusoidal rate[J].
Journal of Experimental Mechanics,2015,30(5): 613-620. (in Chi-
nese)

[14] B, B WO I 247 1 A T B 1 SISy B AT 5T
DI Kb WIRFHRE, 2013,
QIN Bin. Research on experimental modal testing method for
thin—walled parts using single point laser continuous scanning vibra—
tion measurement [D]. Changsha:Hunan University of Science and
Technology,2013. (in Chinese)

[15] 24205, M, VP, 55 BETIOIERE F 4 10 249 S A T E [0 AL e A
AR BHr 0. SRS S i, 2014,33(16):155-159.
LI Hui,SUN Wei,XU Zhuo,et al. A experimental method of laser ro—
tating canning to measure mode shape of constrained thin cylindrical
shell[J]. Journal of Vibration and Shock, 2014,33(16):155-159. (in
Chinese )

(kX1 52)



