H39% 5 S § =S Vol. 39 No. 5
2024 4 10 H JOURNAL OF EXPERIMENTAL MECHANICS Oct. 2024

XEHRS:1001-4888(2024)05-0647-12

BT R K LM R
NN BT ER

HXE, ek, TwE . '’

(1. KR WU TR 0T 12 & . Kt 3003545 2. RHEATHAR TRy S 9080 %, KM 300354)

WE. o/t bBERBETAFFARMMA NI DG AR . 2RI, AAHLII LR X O E
FHEE LT P TR EARANALI R EETRA TFIFREALEEE MG 2B L, A
REBT A TR RKREIERG LG ARE N B SHTEAR, PR KT 58 3R &
BGHAREEREEERRAE K THAAETALE BT L PG /\ﬁ%#ﬂhﬁé’ﬂ%%ﬁa*@ﬁ
HAEE A RA B I ERN BT E AP BELT B EREPTHATAAN,
AXBEZBEGERH T R KL AREZERE AR ZEETRT L HAHFR AR
BHGHELNE, FEhERE50A 7 kT, BiET AR BT XA ELEATLA%
R & Y R G i A

KR : s MK 5K ASRE A B RIELS A

FESZES: 0348.1 XERARIRED : A DOI: 10.7520/1001-4888-23-244

0 BlE

PARE R AR Y~ S AR R A UG G0 S AR L S TEAL SV vl 1 1 A T B4 o) . 1 E
PR T e 2 IR AL e v o LB AT L DBl 20 o B ' 20 A T X S AR 25 K AR T S 2R Y I R A
KM T ARANL ST T 50 2 S AR AR A D RE 7T B e At . DR S T o e R ep S Bk
PREEHE g 27 PERE Y S I I 5 R R 3 T2 S BB DA B0 AL 2 AE B9 L vo 804 11 2l 4 S5 6 7 9 e
S

ZLAN I L5 T I 7 BT 5 R0 A B ZL AN e e 2 S AR B v ) o i 3 o BE S SE B B W] o
PRBPRE R N 7 0 43 AN HG e R A 2 TR SR FH 21 A0 3 12k AR R 42 37 N 7 1 e BEFR T L A
TR R FNZERAER LI 4 A Sl BT OCHE . - T A A O 5 A% B0 SR R AR B AR B (ELTE R R X
SR A T o ol R S DX L £ A A7 A8 R R BRI DL o 4 AR RS Y B IR BT IR HES L SRy it A O AR g
3 590 DT A8 73 Wi B0 12 5 0 3 B B B A D7 TR T, R R T 22 i 1Ol 9 CRE I R 2041 e D 1Y 7 1R 5 4
ALY T AR R A CUREOL Y S B DR RN A SR D

28 B G 43 W Sk A AR 9 o AR AR S B R O 1T . PRASATH 26U BF 58 % B0+ 45 M 8% 1k 4 L 7S 25 A
R U5« HORF 2L A1l 5t v A0 £ 90RH {37 A 38 A S0 B2 S ARG, A RN ) T BB A AR A4S B i JEE A 2 B ff . DING
SRR A SED SR N T 2B AR LA vk, O P S TR 9% T 1 A HE HC A T vk T T 4 BT /NI AL LR
BREERL )13 . A ZEBORTTH . A 3 ORH A 30 MG 2 RO MBI R =Rz —.

x WFS B 2023-11-22; 6B BHHA: 2024-01-25
HEEWMB: HEAARRERSTH (12125203, 12021002, 12041201)
BEESE MBQ78—) 5 W+ ##Z, FEMFI . LIRS, Email: qiuwei@tju. edu. cn



648 S ) R (2024 4F) 55 39 %

Ut M AR & R T RGB OB = g st DL ROR G R RS U A R O I 25 S G B fE D
1B NS B2 ZR BB T i o 3R B8 7 AR LA T DL Sy 56 5 A ol S0 v R B S A 0 ROCR L (BT
N3 FH T30 RE 0% AR AR K EE R A 21 AP T SR FH BE AR A 1 2e L R HOR B R R LD AN it
FE MM RBCF B g RAMIT ZEH R ASHOKAN ZEH9 48T i b 1Y B K5 S5 ik
e BREEAMR R A BT i A 18 5 25 B 0 S AR L TR 20 BT S AR N ) 3 8 D1 R LR rh R B e T AR
PE . SR 1 2 T B OB T 484 N 5% B9 Ny 8 o AR I S 96 N TR B A2 ) 43 B ) i S 4 A R A TR T —
TN Y o TR AR A AR R A 22 ] b s R AL 2 A 2R ) A D M LA A2 4 1 SR L 4 ORI oK

N8 g it B T A T AR R SO 5 RS F Sl A AL B O BT ) T R A, Horh 2R T 2
—FhEE AR, B, BUCKBERRY %0 i I 3 45 a2 I 1 00 86 Y6 S 6 R, DT Bl A8 17 3 40 4
FEMOLAE I A5 (A5 2560 28 i 5 25 5 L0t A 7 28 28 9 . NURSEY 'l F (6% IR AR €1 CCD
L T BUCKBERRY 45 JT 4/ 77 vk 9 52 96 258 L F I 1 MR A 0 L ZE 92 R . PLOUZENNEC
AR R K B S L 3B R G 2 AN DR TR Y AR 22 DR U B R AR B B IR TE TCE RS
Ut R A, CHENPY B3t 1 —Fioslis K i 00 5 2 o AR i B 1 [) — 5078 A T 9 1T B A T) R bR
AR ST AR S AL A R A BB, KIHARAPY b T8 B = K or sk il 41 ik L 38 1 =
T A 00 90 BT L8 K [ R G S B A A B 0 S50 ORS L R R . YONEYAMA %P0 4R
PEARBLAEA R B T AR/ R S8 B 1 5 40 32 S50 (&1 A AR 2 U0

DL B 22 P K5 s A ] WO s BRS04 0 P 80 S BN T 2L A0 St i 0 8 3 1 PR e H
FEFE RS, A vk B AL A Bl 4 B0 A RS SR I ) 0 2 2R B A A RE B A A5 A AR 1 5 )
W B T3 M 2T 2200 ' 5 RGO AR 3R 1 2 s 53, 2 IR T vk ) IR B D A P 5 IR 7 K- 1Y
TR BT 2], SR, 57T WOGAH 2040 GA R 2 800nm~ 1500nm YT 2L 4h X [8]) AH 5C i) )6 %% I8
PR HAB R iR |22 22 55 S B B R F8 b LA 3k B 0] D0 U B G I 8 4 B4 K SF L T 2T A AR AL Y
RBE TR0 DL AR MR L AR T AT DO B Tl A B . 3 PR 3R AN A BULL AR O AR Y T AL
P 5 W PR RSP 2 22 SR AR W) A bR s B 0 00 RBOR FEME L — B, 5T B Ml wn, BA )
ZLANG T VR AEAR AL A BRI B, R i) s 2 0 2 BRI ME LS IBURS B2 5 F Bl Ak,

AR SCTHT ) ik B2 A LS R Y A3 N PN T3 B4 BT B TR T AL AR S B A B A D T R A 3R
7% (Automatic Seeds Identification for Dual Wavelengths, ASIDW) , i i [R4% )% iR {H 3¢ T M Bl 4 80
R AR A 38 W 2 A B R S TR L 7R DR IR RS B 0 Al B S BT ZL A SR AR A A
PR 42 3 Ab B 5 5 3 S I Y 1T 4R U5 ik i AT AT M RORH 56 2k Y AT S

1 ##5LW

AR SC B8 3 T WU A LT AN G A R ) [ Bl 43 B 7 1 O TR DU A i S 50 A MR R T o2 R R
IF3E AT = A i LI IS R A AT AT R . SEES SR T M O 2 AR AN R AR B BU T 0 B o R R
fi s P AR ST (11D L JEEFE R 0. 525mm, B BHR KT 0. 02Q « em. 7 4 %57 (29 10. 16cm) J7 5 |
YIE RS R 48, 0mm X 5. 0mm X 0. 525mm A &E -, RSP A 25 0. Tmm., DU A2 il AT = 503 i 55 59
AN R B NP 1 BT AR R AME Y LI X sk, H M BE B O ER e K/ L L ol RSk
[B] 9 R B8 AT Sk 2 ) ) R S

RSO IS A T —E 0] LAY 224 D4 B 00 016 19 21 410 6 3 52 56 e B L O % 20 B RDE HL R Bie an
K2 i, B e SOR Bt AR 5 1 I Rl P AR X T2 % R o Wi m B M E 55108 o« M1 B 58—
L/4 W s = 1/4 W R il F Al o i de M o 5 v R & RE R PR — SR — N T I S
xR IE A 0. BEEY I F AT AR G o BT AR TR A BRI R L A A g R IR K
BE R, FERMRIRIEE T B AR G o AR BE VBB — 1/4 R BRSBTS 14 B R R
AL L FE CCD MMl P ImIEES T .2 4 1/4 W R BB E. HIESNa /e b iy iE
i LK CCD AHML I G 3 2 BB, 35 A9 25 4 8 Y v 6K 4359028 1064nm Fl 1156 nm , - W {45 i
¥ 10nm , We(H i 3 R K F 4026 . SO B2 AR v 45 1 35 FH 38 12 1050nm~1700nm A i 41k F 5 2



55 W b SCPRAE ST RO LML A A3 N AR L ) A B4 B 649

Bl 1/4 9 R 693K 43508 1064nm A1 1156 nm ., HAH A GE R A B34 R A/300CA B L Frf
2EIC A 8 X Rl 2R 48 b DR TE G % A R M . I Ao 131 48T A9 /& Navitar Zoom 6000 1] )
FE SR AR AEBE R Tl AHHLEE FH % 2 Baumer 23 & (43T ZE 40858 CCD AHAL, B o TXG14NIR , H# i R
SR 2/3 BESF (2 1. 69em) L A BEE R 1392pixel X 1040pixel,

(a) (b)

.1‘ F 7 F2 L F
g i
3 )

2 F2 r -2 " F2

Bl1 e Em i () MATE LR (b =T il 5
Fig. 1 Schematic diagram of loading apparatus: (a) four-point bending experiment;

(b) three-point bending experiment
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Fig. 2 Infrared photoelasticity experimental device with the ability to switch monochromatic lights
of multiple wavelengths: (a) optical path diagram; (b) assembly diagram
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Fig.3 Flow chart of phase unwrapping by using the path algorithm
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Fig. 6 Isochromatic phase distributions of the four-point bending experiments
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Fig. 7 Isochromatic phase varying along height of the four-point bending experiment
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Fig. 8 Infrared photoelastic images obtained by ten-step phase-shift method at 1064nm wavelength
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Fig. 9 Infrared photoelastic images obtained by ten-step phase-shift method at 1156nm wavelength
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Fig. 10 (a)image of wrapped isoclinic phase and (b) image of wrapped isochromatic

(a)

o

d

phase achieved by three-point bending experiments

HRAE (5D A Sl 7 4237 4% 2560 2 55 (O R A BT 60 3% 19 IE R0 N IR AR B 0 1 2285 R Al 12(o)
deg

B .
(a) (b) deg

: 90
60
30
0 :
=30
-60
-90

90
60
0
-30
-60
-90
P11 G Bl 5 2 0 (b) RO AT T 0 B Bl iy 845 21 ) 2540 32 25 i 4]
Fig. 11 Images of unwrapped isoclinic phase by (a) the single-wavelength method and (b) the ASIDW method
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Fig. 12 Principal stress difference: (a) numerical simulation; (b) the single-wavelength method;

(c) the dual-wavelength coincidence method; (d) the ASIDW method
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Fig. 13 Seeds of (a) isoclinic phase unwrapping and (b) isochromatic phase

unwrapping identified by ASIDW method
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Fig. 14 Results of three-wavelength method: (a) the coincidence method;

(b) the automatic seeds-identification method
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Automatic full-field internal stress analysis technique
based on dual-wavelength infrared photoelasticity

DU Yitao', HE Quanyan', WANG Miaojing', QIU Wei' *
(1. Department of Mechanics, School of Mechanical Engineering, Tianjin University, Tianjin 300354, China;

2. Tianjin Key Laboratory of Modern Engineering Mechanics, Tianjin 300354, China)

Abstract: Infrared photoelasticity method can achieve non-destructive and full-field characterization of
internal stress in semiconductor materials. Most of the existing unwrapping method developed for
infrared photoelasticity require some manual interventions. Lack of automated means without manual
intervention is a key factor restricting the application of infrared photoelasticity to the on-line stress
detection. This paper proposed an automatic full-field internal stress analysis technique based on dual-
wavelength infrared photoelasticity, namely automatic seeds identification for dual wavelengths.
According to the phase trend of each point in the sample at different wavelengths, the initial seeds
required for phase unwrapping can be automatically identified by the symbol and absolute value of the
real phase, and thus avoiding manual intervention in the whole process of photoelastic analysis. In this
work, a dual-wavelength infrared photoelasticity device was developed based on the proposed
technique. The results of application experiments were compared with those of other existing
methods, which verified the reliability of the proposed method, and its device as well, for the
automatic analysis of complex internal stress distribution.

Keywords: infrared photoelasticity; dual-wavelength; semiconductor; internal stress; automatic

photoelastic analysis



