LIS

At

Ll

ELECTRONIC MEASUREMENT TECHNOLOGY

B o R Fa8 & H 1L

2025 4 6 H

DOI:10. 19651/j. cnki. emt. 2518722

B T 85 5ot B R Y b i R

EN £3
(b E AT REFRAE &% 710089)

W OE: GO A e S5 S R AR 5 5L T TC R S A I A R R .y s iR 2 Bk
B AR SCRIFGEIE 52 B0 T — B B T 4507 OB G B R g Al 42 ik | 42 7 1 A8 O o 05 vk . SR XU H ST R AL 9 R 4 % 2R TR
T BB R 48 B9 S50 B R L 7E — 20 N~+20 N R far R 4E MG . 38 o 507 RIS 5300k 1 803 1 3 1 A0 2 %
Yy, BT AR A 48 22 DX 3800 S 2l 1) R AR o T B PRGN e 2 R RS W A [ — 3 A R X3 A A B R A R
RO (CEFELED () & 25 1 KIS T S R AR AT T R G X b i . S5 9B - FE £ 176 pe 30 I B0 BB R
W5 2 55 1Y 2400 B i 25 A L 5 8 A8 R I R G REAIR T 5. 3% 5 b Ah o 3 ak Xo ) B B S AT R R LA 40T L BE OB
PG e 78 6 SRB0RE N2 A R M T T R IR A — I A, L A R AR AT AR A A i R TR M R B R
B BTG 5 A I g 5 AR s AR s L H ST AR B

FES S TNIS. 41 XEHRIRAG: A ERRAEZRSEKE: 590.5020

Strain measurement technique based on digital speckle images

Li Panwen

(Chinese Flight Test Establishment.Xi'an 710089, China)

Abstract: Traditional contact strain gauges present limitations in applications such as aerospace structure testing,
including susceptibility to introducing interference and lacking full-field measurement capability. To overcome these
challenges, this paper studies and implements a non-contact, full-field strain measurement method based on digital
speckle image technology. A stereo vision system was used to collect images of an equal-strength beam specimen with
a random speckle pattern prepared on its surface, under loads ranging from —20 N to +20 N. By employing a digital
image correlation algorithm to calculate the displacement field of the specimen surface, the average axial strain in a
specified area was subsequently obtained. The digital speckle image measurement results were systematically compared
and analyzed with the measurement results from a resistance strain gauge system (full-bridge configuration) attached to
the same area of the same specimen, as well as theoretical calculated values. Results show that within the range of &
176 pe. the average measurement error of the digital speckle image measurement system was reduced by 5.3%
compared to the strain gauge measurement system. Furthermore. through linear fitting analysis of the measurement
data, the digital speckle image measurement system exhibited certain advantages in terms of sensitivity and zero
stability; its strain-vs-load curve was closer to an ideal linear relationship and showed no zero offset.

Keywords: digital speckle images;strain measurement;strain gauge;non-contact measurement;stereo vision
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Fig. 1 Schematic diagram of the subregions in the reference

image and deformed (matched) image

, Iu Iu
=, tulx,,y,)+—Ax+—A,
o > (D

N
dy .

HA,ulx,, y)solas y)BFEBNBESE,Ou/ox,
Qu/dydu/dx ,dv/dy NH—MMANE., (2, y,) FTm
GO E, Ax 5 Ay 3 (xs vy 5 (xys vy
x,y Jr IR,

FE UMK P 5% 25 7 7 R 25 sR A

€= Z[f(x,y)*g'(a‘Jru,y +v) —dug, —dvg, )’

’ (7‘0
[y ; :y,Jrv(x,»,y,»)wLﬁAer

(2)
P H R R MBI R
gt Dz, Fq* D (=g, .
g.g, g | v 2 (=g,

T S 5 AR TSR AR A B AR RABIE £
2 e s 28— 2 g, s g,
N DI 208l = (Xg.g)
- D —g, s 28t =2 —gg. - 8.8,
N Qi 208l = (Xlg.g)

ou

v

4)

BRI T 0 =wps s Vet = Viron s H B IEL
CYPLRE B &R /N W/ ou //+ //0v //<<10"° pixeD) , Fx %
i 3 5 B 3 B AT 31 R AR
1.2 EFHFHHEGHETNKRS

B HOBE PG 2 e A S S R B R L 3
T A0 11 HE A 00 0 % 1 A A [ 2R A I R R I =
B0 I ) B0 R VT A B 1 30 B 3 T RS AOE A 14 07 B 3 T
- RUE TN E S TR

AT R G B T L 38 R T A I ) 2 e A T



FAE A TRF B AGN R T XA AR

1

AR LIJE BT R L BE AL 23 A HR S 3 Y B A
o X R B PSR MO T B B R T DX R 1Y
R JEE A FEAL L BCRE 1) O B4 R DN BERS R W O 7
R R W S W — )2 50 00 R FF TR Bl
HLIE U PR BRE A 8 f HBRE R RN IS v B A 50, [ 2
JEIR T ARSI T A A5 58 B A (B 5 ZK— 1. &% 2 51l
BB A BRA D R O BRI A TR S .
JH 4556 B2 2 14 A S A 8B 0 A8 L G R T A S X I RE
i 77 A AT AN 20 728 A 1 Bl g 07 A28 o T B A S o 5
AR AR TR AT LU

() 2R T W8 4% U P 8 S 5 S B

(a) Equal-strength beam specimens with surface sprayed scatter pattern
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Fig. 2 Preparation of digital scattering image of the

measured object surface
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Fig. 3 Hardware composition of digital scattering image test system
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Fig. 4 Hardware composition of strain gauge test system
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Fig. 5 Flow of digital scattering image testing
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Digital scattering image test results
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Table 1 Digital scattering test results under different loads
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Table 2 Strain gauge test results under different loads
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(a) Theoretical variation curves of strain value with load
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(b) Variation curves of strain value with load for strain gauge test system
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Fig. 7 Strain value versus load curves for different test systems
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