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Fig.1 Speckle images collected at room temperature and

1600°C for high-temperature paint
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Fig.2 Plasma spraying equipment
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Fig.4 Light response efficiency curve of the camera's
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Fig.5 Temperature-heat radiation curves of light waves
with wavelengths of 450nm, 550nm, 650nm
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Fig.6 Comparison of radiation of unsprayed and sprayed specimens at 2600°C
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Fig.7 Filter effect diagram of light-reducing filter
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Fig.9 Spectral diagram of the radiant light intensity of the
specimen passing through the filter at 2600°C
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Fig.14 Ultra-high temperature test specimen size(Unit: mm)



Zi S TR F IR I R OL I BT IRV

(G R I NG SR e 51 B T P A 2 U B oo
TP R It R S 5 4 TR A o AR, Y LA
(B, AT TR 8T B P B 45 4 AR 48, iK1 3 T i
2600°C; (4) 1l g il 7y 27 iR MLEA 3 3l B A ] b
FIECTARAR P T R R AR 5 (5) MR FRT R , SCHT R,
15 IR RBCTERARPLRAE A TSI 5

EDAnie
P
FH [T ‘

\ WEE T
—_— e ||| Kb Bk
A )F,,,,l 77777 EES

pe S
UL oen

B P S ARNIN

Ffiig
B15 HEWRAEN

Fig.15 Test system composition

TP 16 7 3 3 0030 S S g 0 PR R Je e ol
FHIREE Pt 22 e SR i P B ) H A D 981 3
HRE o I R T B4 S W BN RS Sl s A T
e AL

Bi16 SEEEXERETEE
Fig.16 Schematic diagram of high temperature image

acquisition equipment

WE 17 PR BRARAL BE Sk KB R 4R R AR R 48
PUHCE A S IR AR AR R TR R GCR SR AR R 9T , BB
TG UEE R LA IR A LR ARG ML Sk TR T RLECR:
£ MY B RARER ST BE M WEST 78 2600°CHEA B &

F A D' B L 28 Ol R e BE S A, T LAAS 5 2R A
SRR

17 Ba2RHEIS
Fig.17 Ultra-high temperature experiment site

3.1.2 g4 R S o

HHIT, #£ 2600°CHY Rl G T, B 1 A0 52 H At e il
Ty A HABI 5 5 7 T DAEA T e, i AR T i 71U
HERME RS UE , 7RIS i R R H iy Je R RSy
SR MR, S SO R T RIS B (RIS R T
[ R i 2 AR A T T SR B Y A, v, S5 i
THIRARIE Fe, = (I, — 1)/lyo

T GRS R AT H R I X
PR AR AT g, A 18 IR i HF Ah e, P fifi e B
B AN ST R T 46 B R 22 AT L3S 7
BB (DB B B s (2) S  I Br . (e S5 I
B B, AR A BREE P 27 AL 1) AR TE FEAAH 55, 65405 |
A BHGAR SCE A I 2t A 0 AR (i A — 30, 729
PEASTE B B, FEARIEB N R A T SIS | D] bt S 4

0.040 T T

BT FGAR R Dy TR ik 45
— ARG AR

0.035-

0.030}
0.025}

i

= 0.020f

0.015}
/

0.010} /

/

0.005F  RIGTF U /

VT - L - L - S 5

0 20 40 60 80 100 120 140

AT

18 FRES R BRER SRS AR

Fig.18 Comparison of the calculation result of equivalent

extensometer and the method in this paper



LIRAEE L P N

Oct. 25 2021 Vol. 32 No.10

D3R, AR LR . TR RGO S B R Al 5 DX sk
S0 AR e 0 e DX L/ , A7 8 T 0 B 80 4 DX, ALt
B G B AR SR AT 14 1 AR (BB R T 2305 [
SAAT RN AE A . MRS AN ik B 4 R R AT L, e B
BT BEPN RN T 3% 1 SF-34 13 A i 22 /N T 200pe. R, S8 3t
BT UG AH B A 5L BT ARAT A 25 52 P13 HERR Y .

EEN9 R T 8w Al A v (iR AR T 1
Bl B 19(a) SR ST HE TR, B AR A AR T
b FFAPEARTE B B, IR AR B B N 25 B AR TR A
¥157. B 19(b) SR S HREE B N (4 1 AR A (E 42 0.16% BT
IR F R AT B B, iR 2 A SR T FREFE BE N 451
PR AR TEAN T34 5], 0 AR B 3 34 o B, BT 19
(c) 7R T il e (], >S5 e 24T, b 3 e 1, 3k
PRI 2080 T B RGN EsR BRI, BB 19(c) AT L,
T KW AETE R AEAE WL b P30 B i, e AR T AL B 1
5 3.81%:

(@) (b) ©
19 SBAPERNES
Fig.19 High temperature tensile deformation strain field

PR ) — O 1 = AR A T R AR
SO AT RS, HOACAR SO I 12 g ek o ARG
w20 Frs .

H 1 20 AT DL, BN 20 S = AN B B, B B Bl
PRIEAT T HR K B 5 DA ORI [y Bt if y BEME T T
I, 2GR ER 2T AE W RS AR BL G B, X AT AT &R 2341
e R TT UG 2l TR, BRI S 2. thT
FEA AR e I A I B A A ) Rl i i T 22,
TERBT B, U B R 2 oAy i 22001 o fdE AR SOk
JIri ek ) AR [RIHE N T AL T 25 S i R A A RO 5
W B B A — 3, V- 340 22 /N T 100pe , 158 B AR SO 1k B A6 DN
HRORTRE AT LA 2 IR 7

0.07

oosl BI|  maitmmE  |kEmE 4 |
I
Lty & .
B

0.04} B¢

0.05

~ 0.08

0.02

0.01 M
0 W'MM‘

-0.01

0 20 20 60 80 100
/s
E20 F—H{RINTH=RIXHNSRAGRER
Fig.20 High temperature tensile deformation results of 3
specimens processed in the same batch
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Fig.21 High-temperature creep test specimen at 110°C
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Research on High Temperature Optical Deformation Measurement Method
Based on Digital Image
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Abstract: With the rapid development of aerospace vehicles, accurate measurement of deformation of high-
temperature structure becomes more and more important, while traditional optical measurement methods face the
problems of image texture blur and gray concentration at ultra-high temperatures, the stabilization of speckle and
stable image acquisition can effectively improve the accuracy of strain measurement. In this study, the tungsten
powder is used with plasma spraying methods to realize the stabilization of speckle at 2600°C. Then the black body
radiation intensity of metal tungsten and carbon fiber material in the visible light range is compared, which showns that
the obvious difference in radiation at 450nm can produce clear scattering texture. Bandpass filters, linear polarizers,
and light-reducing films are used to suppress strong radiation sources and irrelevant light pollution, indicating that it
can be applied to image acquisition under ultra-high temperatures. An improved gray-level homogenization method is
used to solve the problem that the gray information is not obvious at high temperature. The comparison of the
measurement results from the high temperature 2600°C tensile experiment shows that the deformation and strain
information measured by the method proposed in this paper is basically consistent with the equivalent extensometer.
In the elastic stage, the average strain deviation by the two methods is less than 200ue. And through repeated
measurement of multiple specimens processed in the same batch, it can be seen that the average deviation of
multiple measurements of the method proposed in this paper is less than 100ue. Finally, a creep experiment was
carried out at 110°C. The creep behavior of 3D printing polymer materials at high temperatures was measured using
high-temperature spray paint and linear filters. The accuracy and effectiveness of the proposed method in terms of
high temperature creep are verified.

Key Words: high temperature mechanical properties; digital image; high temperature deformation;
high temperature creep; high temperature speckle image enhancement
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