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Value traceability methods and metrological calibration devices for
digital image correlation techniques
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(1. Chongqing Academy of Metrology and Quality Inspection, Chongqing 401123, P. R. China; 2. Chongqing
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Abstract: The digital image correlation (DIC) method currently suffers from inadequate systematic calibration
methods and an underdeveloped metrological traceability system. To address these challenges, this study proposes
a novel calibration methodology based on laser interferometry, integrated with a custom-designed optical system
for local deformation measurements. Finite element simulations are employed to analyze the stress stiffening
effect in strain plates under tensile loading. A coupled thermo-mechanical model is developed via theoretical
analysis and experimental validation to quantitatively assess the influence of convective heat transfer on surface
strain measurement accuracy. Furthermore, an Abbe error compensation mechanism is implemented to effectively
mitigate nonlinear measurement errors induced by microscale bending during loading. A comprehensive
uncertainty analysis is conducted to evaluate both standard uncertainty components and the overall measurement

uncertainty. Experimental results demonstrate that the proposed calibration device reduces the uncertainty in
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standard strain field measurements to the range of 1.9% to 0.83%, offering a critical advancement toward
establishing a traceable calibration framework for DIC-based strain measurement systems.
Keywords: digital image correlation(DIC); strain measurement; metrological traceability; finite element analysis;

Abbe error; convective heat transfer
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Fig.1 Schematic diagram of axial deformation measurement based on laser interference principle
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Fig.2 Schematic diagram of DIC value traceability method

2 XTHFEGHEXENRERERIT

O A S T 2 e ) BT D B P G TR B ] 34 BT o 2R R R TR IR 22 KA Bl RS Sl R SR XS
IO 78 A A AR A 2, T A AR T T S 3 i) BT T I R B TG BRI 0 R T T R AR AR b B N AR
M Ao 75 2 LA R 10 I 7 — 7 78 o A 28 % A8 R P 0 7 8 ) A 5 P, B A /N ) L S R R S
R, WORLAE M e 40CTNiMoA & G B RE . H T AT R AR AR Gl g L2 BEALHES B9, B LA 7 DR
JEBE R T SR B G0, AT DA Ay i 1) 37 B 45 2R R A 5 TR N i R BRI HE 510 1 14 5 L 5ER | il A R
P22 B BEA R B

A -
B3 NETEREREREE B4 NETEREREXYE

Fig.3 Schematic diagram of strain calibration device Fig. 4 Physical picture of strain calibration device
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Table 1 Design dimensions of strain plates for metal materials with low creep and low hysteresis mm
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Fig. 8 Stress cloud map of the contact area between the load-bearing pin hole and the load-bearing

pin on the head of the strain plate
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Fig.11 Thermo-mechanical coupled deformation model of strain plate under environmental thermal loading
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Fig. 12 Time curve of environmental temperature change
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Fig. 13 Residual Abbe error analysis
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Bl D £ 300 5 7= A= 110 5% 4% BT DT 452 2248 TE T 51 A T S 58 8 U=0.346 um (k=2) , FAR A3 Pl D1 5% 22 F
B DL A7 00 5 A UE 5 A, A R A BT DT 43R 2248 1E BT 51 A B9 1 N B RE B SR U=0.3467 um (k=2) .
4 REEZEENNELSREEDT

PE MM BN (14) (15) B, i1 T 049 LA 7, EL Xk 38 rp 2% 52 o 5 0R i 5 280, Al 49 3000 42 A
TE PEAL HE B

_9s_1
0(5)_6(5—L’ (14)
_ds _ 1
c(L)—aL—LZO (15)
TS HE G B e 5 S RO AS 0 5 B A ORI AN 2 BT
R 00 2 A A R X, T DL O A e 0 4 R RO T AN R N
:2(;") (x,), (16)
VIRAHEE N
U=ku., (k=2),
v ) (17)

U=1.9~8.3 pue(100~1 000 pe, k=2),
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Table 2 Source of uncertainty components

AN E BE 1) 2k IR PR AN o 7 BE 53 4k (h=2)
. 30 s ik 3 SR I B 1 /% 0.017
o AR A A X TP A [ /% 0.006
LS AR T8 AL RS 152 2% /% 0.06
N AE AR O 75 A AR A R M R 24 ) M % 0.04
7 3 WA AR R I 78 AR 1 25 i R /% 0.01
PG5S0 B R 25 /um 0.160 0
LA B S K AR 5 hir iz B 5l AR A /um 0.007 0
B A% BT DR 2% /um 0.173 7
- G W 5 20 ] A B 20 2k 1R 22 /um 25
FE A EEAUEF S E A 15 2% /um 173
B TR 0 3h N A5 A % T X 3 e A M A /% 0.025
(100 pe) /% 0.8
AFHE G- R RnW
(1000 pe)/% 0.4

5 ETNTERERENNTERERR

08 b AL AT AP X 87 2 At o i 28, M P 22 1 A 0 e M N A 4 B A T O P B R
AT | 25 R B DL 22 HEAT A A5 B0 3 P s (0 5 2R o R R FH SO AR PRI 632.8 nm, B0
DRASITURT BE o 5107, £ B 5 kN 7 28T 1 2 A5 D 15 i iy e, 2 7 o AR B JE OB B 0 0 255 mm .
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Table 3 Experimental data and strain measurement results

W /N LG /mm BT/ B ER B RE/mm BRGNS /mm AR e

0 0.000 0 0.0 0.000 0 0.000 0 0.0
5000 0.039 3 0.8 0.001 6 0.037 7 94.2
10 000 0.078 3 1.3 0.002 6 0.0757 188.8
15000 0.117 1 1.7 0.003 4 0.113 7 2834
20 000 0.156 0 4.8 0.004 2 0.1518 378.4
25000 0.194 4 2.3 0.004 6 0.189 8 473.1
30 000 0.2322 2.2 0.004 4 0.227 8 567.9
35000 0.269 8 2.0 0.004 0 0.265 8 662.6
40 000 0.306 8 1.6 0.003 2 0.303 6 756.8
45 000 0.343 1 0.9 0.001 8 0.3413 850.6
50 000 0.379 2 -0.1 -0.000 1 0.379 3 945.5
6 & it

b X BBk il R 2 W s o 1 8 37 A ) S R 5 A TR] AR T AE 5, 5 SRR T 1) A SR Rl A i 7 7 A
P 8 O A8 7 AT T S P 5 Tt — S ) A0 s v A0 DA IR A, EL AR AR L AR R SE BT I % 18 I AR AR
2 T A0 AR 6 6 A 45 PR B A 2 0 5 2) B T I At 57 1) PR 05 a4 28 1 FH T A 7 728 Al B4 - R 5 A8 PR A
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L BT D035 2 RMEEATL 1) 1T A 25400 ) oz 28 A b /0 25 A8 I 5 B0 Al 2 M s 22

FE T WO V5 I BRI A BT G AR DI AR HE R B S T U=1.9~8.3 pe (I 5t i [l : 100~1 000 pe, k=2)
A B AN S B, LA R P A AR BT 1) SR ST R =X, B T A% 5 vk DR R R SR A e ) 1R
4 WA R R AR RO A R 25 Y R T 5 2) 3 Ao S 7 RS 0 A ASCHEBR TR A 0 AR LA K 2 Mo 100 B R 7 A E K g
AR SR TP . ARTEAE T ORI S AR 0 2 R A B L % O IR TR BEAE WG T 2 ) B R K
P I X 07 AR A A0 RS B B sl A% i A [ b B B 0 Al TS Y AT AR X S O B IS R &
3 3~5 YRk AR O B R

Be G FH T ST 1 KN AR B 5N 1 2 T RGO DGR 1 N AR B T e R G AR A B  E ST
RGN ERAR RIS 5 SLHE 0K S A O R R AR R O 1T DL R OB % TR i
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