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Abstract: To improve the sub-pixel registration accuracy of quadratic surface fitting method in digital
image correlation, the method was corrected and the corrected quadratic surface fitting method was
used to research the effect of sizes and contents of WC on the thermal expansion coefficients of WC/Cu
composites. First, the measurement error sources of the quadratic surface fitting method were ana-
lyzed in a practical application. Then, WC/Cu composites were prepared by a powder metallurgy
method, and thermal expansion tests of the specimen with speckles which can resistant to high tem-
peratures were performed and thermal deformation fields of the WC/Cu Composites under different

temperatures were measured by the corrected quadratic surface fitting method. Finally, the truth val-
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ues of the thermal expansion coefficients were given by quadratic polynomials fitting. The experiment

result indicates that corrected method effectively improves sub-pixel registration accuracy, especially re-

duces the displacement f{luctuation around 0. 5 pixels, and offers more accurate measurement results.

Key words: WC/Cu composite;digital image correlation; curved surface fitting method; sub-pixel;lin-

ear expansion coefficient measurement
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Fig. 1 Schematic diagram of curve-fitting method for

3 X 3 correlation coefficient

F4 oL B R AR I A R TS — R AR R AL, —
R 3 X3 /LA 1 11 X 4% R A A1 R F
(W (" ") L T4 a5 I 56 R B AT R 2 391 K
WE. ZICRREER IR R
Cla;,y)=a,taxitay tasxi +a,xy, ‘asy, »

@))
A sag s vas AT LR A B/ o v ok iR . AE BT
L5 b T R G 2R BOR A 5 Ak s A2 U R



2698 2 K LR % 21 %
ach,y>:al+2aﬂ+a4y:o o (1,D (1,2 C(1.3)
X Cu.: C((Zyl) Cop C4(253) ’ (9)
W:agﬁ—&zsy—f—mvf:o, (3) C.(3.1) C.(3.2) C.(3.3)
o ‘ o C(.D) C(1,2) C(1.3
7 3t (2) (3 R AR AR (.62 4,3
c.—|C2. D) o  Cc2l. ao
_2(11615_612611 _2a2a3_a1a1 (4) : ~
= a§—4a3a5 A a§—4a3a5 C,(Sal) C((Syz) C((?),S)

T8 S B 0 B w32 HICHE P o R H A A G TR
B2 3 CD Pz e80T 306 AR 5 28 B R
PEAT IO B BT SO B T U L 1 5K
PR R A7 A — R 22 A AR 53T
ARG I B R RE T —ENWES.
HAWAR R AE 0.5 pixels Zed7, AHAS 2 1T
TR REAR FR O AS TR S S X BT ) AH 6 28 B0 1
SRR WA IR U Bl XA T Bt A A
MIANESE BRI A SO 1 M SR BT 5T . il
i i R A 5% A B I R A AR O ZR BT LA K
/N AR TR] REUAY O i I B R 22 . B AT SR R BUE
B Pl A S AR B0 H RS D T AR 56 A K T
FEX BE U - DA T i/ o) L A G 28 IR BIL B/
Sl 05 AR 5% 28 Bl 1T 06 5 O 9 R . BRB IR
Jrikr .

C.=E+IbC , (5
(1,1 C(1,2) C1,3
C=|C(2,1) C(2,2) C2Z,3|, (6
C@3,1) C2,2) C@G,3)

) E Xt B 3 By B A B

A SR A A 5% R R b Ak U D7 25 40 0% bR
2D B AR F RS TR g 2 B s C G R
P i T 0 {7 5 1) 5% o PR RIDASC e 5, T LA
A RO NBHE B . ARG AN 2.y 2 AT T
i 1R A 2 ZR BRI 0 R A 6 R BLR A SR
wmr .

(. —C.(2,2)+1C2D

—C(2,3)]
L ’

L ’

XD KOO HFH Ly e 8y Jim b, 5K
ARP L AR 2 A S Z R X HL L=
2.k NBIERR. B RBEILRITT LR e [4,
6 Iy A B (9 8 TR ROR - I B T 5 B
FICPE [T R BRI & AL S 6 T Jo o 45 22 1Y) BBRE
2R BN R R IE. & EIRITIEBIE
Ja B AR SE R BOE 350 €L A C

7

(8)

0 =C.(2,2) + 1€

B JE T 20O BT 7R /9 =50 Z W eR 843 il 6
C...C, HEAT LA KA Co 1 o fRAF N IE «
fitCu 19 y fRAEIBIE v fif

0.03—

0.02r

0.01

OF

-0.01r

—a—corrected curve fitting]
—y—curve fitting
-a-N-R
0 01 0203 04 05 06 0708 09 1
Subpixel displacement/pixel
Bl 2 BUBE IR RIR T8 0~1 pixels B, 3 FfiE 4R &K i
R 5 5 vk 34 fH R 22

Fig.2 Mean errors of three sub-pixel registration al-

Mean bias error/pixel

-0.02r

-0.03

gorithms when displacement range of speckle

pattern rigid is 0—1 pixels

Xt FAH O 52 56 BT 3R A5 7Y HCRE 1A 0F 17 8 40
¥ o FE AR B IE R AE 1E )5 9 il e #8595 DA & N-R
TPt AR EILE 0~1 pixel NEYFRS 5 1315 3
R 2E M2k, th 181 2 T LU A8 DR h w05 vk Y
AR 24 (B R 25 2 X0 (B AR X A0 3 1 ] S 0/
5 N-R 7 &3R4 L 3 4 A8 18 75 ik nl LA 8K
N RGN R 2. B 3B 4 4 5 A SO

1.6
1.4
152
1
- 10.8

Y/pixel

I =1 V= et W
100 200 300 400 500 600
X/pixel

B3l A RS B AR R 5
Fig. 3 Thermal deformation fields calculated by orig-

inal surface fitting method
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