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Theoretical Analysis and Testing Research of Stress-Strain of

Coating Scratched by Infrared Laser

Yin Sumin Ye Yong Feng Aixin Cheng Chang
(School of Mechanical Engineering , Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract To research the relationship among the thermal-stress , strain and interfacial adhesion strength of
coating. Thermal-stress and strain of coating were theoretically analyzed, and theoretical model of coating’ s
thermal-stress and strain formulas were established. The infrared-laser scratch testing indicates that there is an
evident break process along the thickness of coating after it was scratched by infrared laser and the position of break
point is the critical location where the coating is broken off from substrate. The research results also show that the
separate-stress of coating becomes stronger with the coating”’s temperature increasing when the coating is scratched
by infrared laser. And the separate-stress presentes two-phase process, which further illuminates that the turning
point of two-phase process reflects the interfacial adhesion strength of coating.
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Fig.1 Failure process of coating interface
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Fig. 2 Force diagram of coating scratched by laser
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Fig. 3 Model of coating’s thermal-stress
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Table 1 Main characteristics of coating

Name Acrylic acid paint
Density /(g/cm®) 1.05
Modulus of elasticity E /GPa 1.32~1.42
Poisson ratio u 0.3~0. 34
Coefficient of thermal expansion 2.5~5.0
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Table 2 Test parameters

Laser power /W 0~50
Diameter of laser beam /nm 1.0
Scratch speed /(mm/s) 1.0
Scratch length /mm 100
Scratch time /s 100
Detection range of light collector 50 nW~50 mW
Detection wavelength /nm 632.8
Sampling point number 100
Sampling frequency /Hz 1
Sampling time /s 100
Detection range of temperature / C —25~300
Sampling precision /C 0.1
Sampling point number 62
Sampling frequency /Hz 0.625

Sampling time /s 99. 2
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St AR5 L IF HILTF R FE AL,

2) W FAE R AR O RR AL B TR R
e U RTAE0) 7 QNP AN - R a1 R R T N S S
WIRIRRETT 18] 2 J7 1)) K AR R R Al PUA O 3R 2
TE = 7 1] ) I 728 ek 728 A 15 DL 2 52 0 0k )2 45 R A2
9iR JRE A e B B R AR A A R N R L dd s
RGN K 9 T I S S O R 8 114 2 BOR RS2 TE
= J7 1) 1 AR B BRI 2 0L 0 U T2 IR Ak 1y
7 R (] 4 S R % 2= B SR AL 1 I AR

9 23 ST BRI AL 19 /4> FE 1 (FE J53K 100
ASRAE SRR 5 A TEIR 1A X N A S O i
Pt S IR R AE = J5 [ AR LR A N

— Pbefore scratching ~— Paher scratching >< 100% s (8)

Pbcforc scratching
MIEL 9 BT LLE L R AL R A STE = O 1 1 A2 T =
A A B R RPNEE 1 A SRR AT B A
35 SRR BB CRE S, 7 X 5=35) kb IR )2 AT
IR PRI LA 35 AN RAE A LS R AL IR Z
I 5 3k Bl KIF LA

1.0

08 /WO—H‘H

Distortion ratio
(=) [
t = o

[N

o
o

1 3 5 7 9 11 13 15 17 19
Sampling points

K9 RIRJG RAE SAE = J5 ] By 22 it
Fig. 9 Rate of strain of sampling points in z direction

after being scratched

3 —J5 - i (O AP — T A
ezz%(az—/xa,,)Jrat, (9

ﬂuﬁﬂj 9Tl£ Ev#va’lf: ;Fu 0 ﬁ%KﬁE‘J‘%YEF LX)
oc ¢, FHEE A OGN IR I IR 2 R B2l 2k (| 7D, Al
DA R IR SR AR = 7 ] B 72 B 52 0 181 8 fvi

P B BE 8 A2 AR 2 B Y

9 5 35 MRAE LG IRZ LTS 8k F
B RTFJLPREFA AL AT RLAG AR RIJR AL 27 35 4>k
R S B W VR R I AT A R VR R S SRR A o
JE R /INTE A8 B b g B S e AT AT A S 32 A
RV U 2 M R A 1 i AL

T AT LAAR 2 BOC IR AT 2 AE = J7 18]
HIFR AR S) o DRAFAS AL I I8 A 25 P A 52 $4 0
URIZIL 1= A YRR UK 2 55 R A 8] B8 340 B 0 TT o
5 BRMERR G50 NEL T8 W] LA IR 2 B3
BN TT o 2% Bl O R R I 3R A A R R [
P B BEAS A RIOEE AT — A B Be OB 1 ARk i 2
55 34 ASRAERD SRIBS LTI o0 BEI IR AL U 2 I RE R
S TH T RO TE IR — A B BE OWER 35 SRk
MEVES 62 ASSRAERD SRI BN ) o0 BEYRJE A L
ARG AL D TR R T o 2 Uy
I 1) #5455 (9) ST LA H = J5 1] 19 0 g 8K 2%
JEAE = Ji R NS e BOR

T3 MBI B R 2 BN 7 T A IR R
I H T AN [R] A 86T £ 0 SO R TR BT 5 1k
AL LERT— B B WO iR BEAE IR 2 R R 2
Bkl I BRI Bl 48 P L TR R el A T 4
SR B R X O Y MR A AR B B AT DT e
J2E U BE PE T s e — B Bt RO R R E &
IR T i AR e ) e B AR 2 T i R b et
T B AN L B R B O TR R AR AR
AN BB JZ R BT LA 7 5 — B BORDR TR J2 AR B iR
JETT A A SR AR P . T AT LAAS H P A B B i 5 3
AR IR U T2 5 R AR A ) B TR i AL T
SH P 6T 07 ) 3R 8 R T o B IR )2 5 B A G 4 0
PNUNIN-EESa

5 45

1) S T W R FE R I NS T i B IS B 15
08 2 B3 B 3 15 O R A 1 AR ) A 2
YR AR Z 7

2) A B R 28 2 (7D R B I 3 B8
IR JZAE = 7 160 (9 1 99 5 3728 1 23 2 (9) 43 B B
T O R R 34 U2 1 2 B 5 B A0 A B B
AR, 3 EL R I L 1 4 A R IR 2
75 ) 56 ZR 0TI 5 Hh WA O 2 B 40 W R
B RS BRIRE S SR %R,

3) Al A 5 0 A TR 2 S R B U P
B T O 95 A 0 2 B A AL L B



1428 i

i

ot 35 &

IV 77 B I RE A A Al B B P B Be i A2 fk L F B
A 8 A B B 1 2 A i A o L ) SR A IV % TR
JZ 5 BRGSO/ Y B S

Z £ x #

Feng Aixin, Xie Huakun., Zhang Yongkang et al.. Study on
stress-strain diagnosis technology of bonding state of film-
substrate interface [J]. Tool Technique, 2003, 37(12) :44~46
T 20 AR AR SRR B AL - SR S 25 5 R B0 N -0 AR 2 A
AT, T A K, 2003, 37(12) :44~46

Huakun e al..

Feng Aixin, Zhang Yongkang, Xie

Characterization of interfacial adhesion and bond strength
between thin film coating and substrate by scratch testing [J].
Journal of Jiangsu University (Natural Science Edition) .
2003, 24(2):15~19

T T KK R L AR AR AF. I a0 vk 2 AE R R 2 R T 4
AEEL] AR FFRCEAMAFI . 2003, 24(2):15~19
Su Xiuliang, Zhang Xinyu. Interfacial bonding strength
between surface coating and substrate and its measurement [ J].
Electroplating &. Pollution Control , 2004, 24(2):6~11
PINCE I 9 (¥ =R NN R TR 9L 8 R e
[J]. #4855 4%, 2004, 24(2):6~11

Kurt. H. Stem. Metallurgical and Ceramic Protective Coating
[M]. London: Chaopman & Hall, 1996. 306~333

Deng Shuifeng, Yang Jiantao, Zheng Xuejun. Residual stress in
Pb(Zro. 55 Tig.4s) Oz ferroelectric thin films prepared by pulsed
laser deposition [J . Chinese J. Lasers, 2005, 32(12):1693~
1698

AR B A A ik b OB DUBLER A 1 PZT 8k A i
g5 AR J1 0], o Bk, 2005, 32(12):1693~1698
Kong Dejun, Zhang Yongkang, Chen Zhigang et al. . Effects of
laser heat treatment on properties of Ni-P alloy {ilm by chemical
deposition [J]. Chinese J. Lasers, 2007, 34(6):871~875
FLAEZE SRR RE, BR AN 55, WOG I b BT AL 22 U Ni-P & 4
W rERE M )], F B ok, 2007, 34(6):871~875

A. X. Feng, Y. K. Xie, L. Caiet al.. A study on the new
method of laser scratch testing technique to characterize
interfacial adhesion and bond strength between thin film and
substrate [ J]. Key Engineering Material, 2004, 259-260
(Suppl. ) :615~619

Song Feng., Zou Wanfang, Tian Bin e al.. Model of one-
dimensional thermal applied removal by

Q- switched short pulse laser [J]. Chinese J. Lasers, 2007, 34

stress in paint

10

11

12

13

14

16

(11):1577~1581

AKOWEVARTT DY M AR — AN g B AL AE R Q e ik v ik
JekRuE PR AL F B ok, 2007, 34(11):1577~1581
Zhang Yongkang, Kong Dejun, Feng Aixin et al.. Study on the
determination of interfacial binding strength of coatings ( [ ):
Theoretical analysis of stress in thin film binding interface [J].
Acta Physica Sinica, 2006, 55(6):2897~2900

TR FLIE R S BB 5. WE R A GO AR R (1)
YRIZES G FUHINL ) B BOE 2 AT (). 40 2 S 4k 2006, 55(6) .
2897~2900

Li Weite, Huang Baohai, Bi Zhongbo. Theoretical Analysis and
Application of Thermal-Stress [ M]. Beijing: China Elctricity
Press, 2004. 59~62,69~82

AR ORI R P k. ARON S B8 4 AT N M. b h
[ HL g A . 2004, 59~62,69~82

Xian Guan, Shen Zhicong, Wang Tang. Coefficient of thermal
expansion and adhesion strength of coating [J]. Coatingings
and Finishing Consultation, 2007/8/10

WOEGRERLE . REMREIKRBCSHE L] AR
A, 2007/8/10

Feng Aixin, Zhang Yongkang, Zhou Ming et al.. The method
and equipment of infrared laser scratch testing technique to
characterize interfacial bond strength of film-substrate [P ].
China Patent: 02138511. 4,2003-03-26

TR KK R R WY SR BT A A R R I v S O R R
W7 vk SR P P E %) 02138511, 4,2003-03-26

He Ning, Liao Xin, Ao Faliang. Application of laser in the
measurement of object surface coating uniformity [J]. Chinese
J. Lasers, 2008, 35(Suppl. ) :189~192

faf LB RGHBUR R BOETE Y AR R R 2 8 S R
ROTICI]. o E# ok, 2008, 35CE ) :189~192

Chen Qinghua. Selection of absorption films and its application
in infrared laser treatments of metallic materials [J]. Chinese J.
Lasers, 2002, A29(11):1023~1026

WG, R ISOISE (1 35 43 R FLAE 21 40 3okt 4 T 2 1 Ak 3 o 9 B
[J]. P Es k. 2002, A29(11):1023~1026

Zhang Yongkang, Zhou Jianzhong, Ye Yunxia. Machining
Technique of Laser [ M]. Beijing: Chemical Industry Press,
2004. 152~158

aRAEE A BB OB TERIM. dba Ak Tk
Ak, 2004, 152~158

Cui Chunyang, Wu Wei, Yu Gang et al.. On laser absorptivity
of ductile iron [J]. Chinese J. Lasers, 2006, 33(7):977~980
EHM.R R W% BREBHEA R RO R kT ].
P E MOk, 2006, 33(7):977~980



