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Theoretical Analysis and Experimental Research on the
Feng Aixin

Broken Critical-Position of Coating Interface
Abstract

coating and substrate,

Ye Yong Yin Sumin Cheng Chang Cao Yupeng

(School of Mechanical Engineering , Jiangsu University , Zhenjiang, Jiangsu 212013, China)
temperature of coating being scratched by laser are analyzed. It is indicated that the change of surface temperature of
Key words

thermal field generated when the coating is scratched by infrared laser.

the coating presents a two-phase process, which corresponds with the results of theoretical analysis. The turning
strength

1

In order to find out the broken critical-position of coating interface, a theoretical analysis is made on the

point of temperature is just the critical position where the coating breaks off from substrate. The laser power is
=

The examined results of real-time
calculated to be about 31.92 W at the critical position. The result directly reflects the adhesion strength between
él I —> .
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MO R IR VR 2 4 D B AT R AR R U 2 K
FEXT O RE B 1 W05 SR 5 A 48 LB N B S 7 AR R
NI RE . TE ST AT Bl U A RERAORL T A AL RL R
T ik 7 A R R L PR A R AR D) R A A
Shy 2 TG BRI R B2 S LB ARt L 2 2 50 4% 1)
PR 5 2) A1RER 2 AR 7 22 S 805 10 TG %
3) WAL Pk T A o S RN R A 6T AR AR T T 3 AR
SR AL

2 Jir R R OB DR TR ZE R B OB R G
Jr1) A = AR TN wy ST OEHR AR P () b
B ) A5 Ak 1 B 4 515 B AR v 2 3R b AR SR
(ER R DATTE AN S TGRS I PP OIS B S W N7/ R NS
BARE N AT — SUER il A% O

1 9T (xsys2,t) _9*T | °T | *T
E at S axt 9y’ T

Ak IR N POEAE TR JZ 0 2 — R Y

oy

facula of laser
7
| / / 4
/l— L/ .L/— v_ A coating
RAW A
/7 7 | !
7/ | substrate

‘ area of scratch
z

K2 BobklE s EE
Fig. 2 Sketch map of laser scratch
IS IE) S T SRy i s B 3L BE o 250 A XA ) Rt 2 R
TR B I 0T e — 4 AR GOR g BB HL
FLAAF S WA T e B N

21 Kt .z, x . x
T(x,t) = 7[ [2Eel T K — 2 erfe j|,
k n 2 V4Kt
(2)

A K A3 8 R S ierfe Jy HAMR 22 pR KK

terfcx = Jerfcs ds, erfcx = ij‘ef"z ds,
T

Sebr b O AU 22 AR S R IR B oy TR
SR B —E WA d/2, ik 2 fiis T A REIA
Oh BE A T 52 B O I 2 ) R IR X BEEOE RS
gy e J7 1) U J2 i R il I ] 728 £k F L A B i 2

T(ra) = SPW VKL o
—jerfe XX T4 /20 + '/ . (3)

nd’k
[1erfc ik ik
75 —J7 10 WOG IR BB RE R T8 I, ARG 35 18 I 22
T 5B A o OB TN PLOBREE AR d F1R)
IR o PR R
Toc L2 (4)

de'v’

B bR T B AE B IR R

1 (3) . () AUAT LU 2 0 Dh 3O bk R
TET I 2 MR AT 5 A 3 T AR HICR BB/ 5 LU AR
ZINERE S B A Rl B ST 2 T e A PR
2.2 XMRGBERFABASCERNELSH

T3 M HOCRVR IR Z » F b R 2 s SR A
37 BN o o DUAS G5 AR AT S S0 L DL Al 4 A1 R
YERRIZRIETT . LLAMEOCE e X R 2 k. SR )5
i g BT A RE A B e T A I B B D K A AE AR,
BRI SUNE ST E Y 7 G S
XA BRSO TR S O OGS R R R R
JZ& R -HOE S A 2 BB E 3 B i LA
RPBE O T R B34 R IR 2 A B ABLBC



1748 G 5|

# ot 358

AW ASAL AR AB B0 2 IR E T 5 e e, BC
B0 2 IR Th 5 B R 9 EL B R 3 R
B

Temperature of coating surface /C

Power /W

3 B bR 2 R R - e i 2 R
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Table 1 Main characteristics of acrylic acid paint coating

Density /(g/cm?) 1.05
Modulus of elasticity E /GPa 1.32~1.42
Poisson ratio p 0.3~0. 34
Thermal expansion coefficient 2.5~5.0

#2 LRBH

Table 2 Test parameters

Group Laser . Facula Scratch Scratch $cra1ch Sampling point
power /W diameter /mm speed /(mm/s) length /mm time /s number
First group 0~50 1. 00 0.75 100 133.3 83
Second group 0~50 1. 00 1. 00 100 100. 0 62
Third group 0~50 1. 00 1.50 100 66. 7 41

Thermo-graph Detection range of temperature / C

—25~300

Sampling precision / C

Sampling frequency /Hz
0.1 0.625

3.2 XH/BH

TESSI NS, 2 1 B U W [l , SR A AN [6] 30O Rl
IR L B 23 2 O RIR S I S 8N 3% 2 iR .
3.3 XWKRERAZE

B4 iR REOERDE R B8R BN, meE
HEOLE R W5 REERE CEB TIES AR

BAUH TARHL AL . FOERS RS — PR T L)
FE 0~200 Wis Bl 9 e I )k AR O 28 i s
WA 976 nmh % S22 AN O . Gl B AR R Hot Bt
HAEKRLA AL 0 mm ., H AR AL RE 85 52 0 I 30 5%
WOERRBRZ IR E S S B EG S8 LR E
REEAA 0. 625 Hz, RS RE T 3K0. 1 C A i



1139 T A U JE S SRR S R BRSO3 B 5 SR AT 5 1749

BESE S —25~300 C, LML HIF# TIEG
TN O & 4% IR EER AT AR

reflector

infrared laser

thermograph

computer

worktable

4 seoee BRI
Fig. 4 Sketch map of testing equipment

AT =418 . EROERUR I B 0K R )Z
FERCE A58 TAE & b AR 5 TR L il O 48 #
TAEG IR 2 Fron i RIR S50 2 0047 T, R
NPT 5 — AL S B L 1k T AL 6 TAE &4 sh ik
JELRELLO. 75 mm/s {3 JE 11 2] 3 H 2k iz 3 R &Y
133.3 s, [AlI 2 REEBIR T HELIMEOLE R E
PR S TR R R L WOL ) R AE133. 3 s
B8] AT N0 WL PR3 R B 50 W X AE AL 23 76 TR 2 Uk
L —E100 mm KA IRIIR . 5 B[R 2050 $ g
CLLO. 625 Hz it 45 A 52 i A6 0 JF: 12 % WOt 1R 42
o R R R TR I AR DL

4 SEEEE R 55
4.1 AEAHAXXNREETHIRER

K5 Ca) ~ Co) & 24 806 ) 3 B2 43 5
0.75 mm/s,1.00 mm/s, 1. 50 mm/s i}, ¥ JE 1§ 2
25 RAE RUAE LB ) AR AR L

M H ] DL O S B g 2 2 v R AR Ak
1) 3 222 00 B e 2 R PR B B AR k. AR T — A
FrBE(A1B1 Bt . A2B2 BRI A3B3 Bo I 2 IR ¥ TH i
BIAR R s 7E 5 — A B BE (B1C1 Bt B2C2 Bt fil B3C3
BO R JZ W T = 0 AH X A g2 % L 9F B OB, B2
B3 43 2 X B A5 B A B B il R R AT . X
PR o A TR ) 45 SR AH — 3. DA U B IR A
A B1,B2 R B3 SRR JE SR L R R I AL
Y HAR S B

K 6Ca)~ (c) X M Bl 5Ca) ~ () Fr R/ 3 18
100 mm K /) RIE % 2 b 4R 2065 Ry IR 5% 3 oS
B1.B2 H1 B3 [ff {4 07 & 1 52 Fr S I8 R85 8
Ho MR R AT DLE U 2R A
MRS I S R AR 2 B 458 e IR B BVE T Ok
7(a) ~ () X 5 Ca) ~ (o) JiL BE#E 47 45 B,
B2 I B3 Ah 3 6 5 IR B 21 40 34 B A5 A S B A 0 32 £

140 Cl
58 120 T BIM
© 100" —

Z 8 7

Z 60

2, 7

g 40 ng

= 23 — S @]
1 9 17 25 33 41 49 57 65 73 81

160
o 140 G2
3 1207, — B2
g 100 o
£ 80 -

& 60—
E 40 e
& 20 A2 ——(b)
0
1 7 13 19 25 31 37 43 49 55 61

120 o—
© 100 [T, B3
2 80 el
2 el
I
g /

g 40[~
E g[S ©
= 0 S,
1 5 9 13 17 21 25 29 33 37 41
Sampling points

5 O6 LA [7) 3 R 9 i 2 I R 9 DX 3 )
R AL AL L
Fig. 5 Temperature of scratching area of coating
scratched by laser with different speeds
(a) 0.75 mm/s; (b) 1.00 mm/s; (¢) 1.50 mm/s

C—

* oo . @

K6 RIJEMZE (B, (b)B2, (¢)B3 A X 5 i1 1 B A
Fig. 6 Optical micrographs of (a) Bl, (b) B2, (¢) B3

areas of scratched coating
W2 . e R P IR B B T, =
118 C, T, =127 CHI T, =106 C,n] LLFG H i



1750 G 5|

% ¥ 35 %

B 7 % )E R T A5 () B, (D) B2, () B3 4 i1 3
Fig. 7 Temperature distributions at turning points

(a) Bl, (b) B2, (¢) B3 of coating’s temperature
=R g 73 i
4.2 EIF AT R BB T =R

Bl 5 Ca) BT Sy il BE 5% 4T 0 BL BT X L 1) 21 41 3R
BALIT R R 295 50 AFESLBE S, =50, 1 T#
FRAZ AR FE I 05 22 470, 625 Hz, 324 BB AZ AL R FE
FNHE 50 A 50 IF FH A 5 ] >

f, = 50 X (1/0.625) = 80 s,
MARHEER 2, BRI B 0. 75 mm/sBf B E
HIJEAEL33. 3 sHY R B 8] 9 SO T e N0 WL
HmEI50 W Jr LA /T LA Y R FE R S = 50
BF XoF 1 A 9 T 23 Oy

P, = (50/133.3) X 1, , (6)
#1 =80 s FRA (6L, BIfF P, =(50/133.3) X80
2230, 0 W LA Ut » I B e I s Ak BY I Xof 1o 14 38
HeTh R KL H30.0 W,

B 5 (o) It 7 iy il JBE e 4T s B2 e Xof 1 14 2141 4
BALFT R R 2055 43 DFESLED S, =43, [A] 3, 7]
PLTHE 2 BB AR AR AR B 5 43 A 08 ir i i
] #768. 8 s,

[FIAE AR R 2, ] DIIH S Y R A AL S, =43
BF S X 7 A SOG Th % R 34, 4 Wt 35k 2 100, L B i 4T
JUAL B2 XS R O R R34 4 W

5 Ce) it 7 iy il JBE e T 50 B3 B % g 19 21 41 A
BALT R R 2055 26 DFESLED S, =26, [F]HE, AT
PLTHS 2 BOR AR ASCR AR 25 26 A B r i
[ H41.6 s,

AR AR % 2 TR S50, 1T DIE 5 2 R A
S; =26 B, XF R OB T R 2 31,2 W, Lk 2
Ui o T E B 4 5 kb B3 B R (O Th R K4 o
3.2 W,

G E A M gsie SR IRZ R a5
BRI B U 2 5 B AR 0 3 B 8 ) R 2 R T S
LR bR R A BT YT ) T O o IR 2 I B AR
b SUJR 5 | R 30 B8 0 g BT YR ) KNI R R
DRI 0% J2 A B AR A A — B b AR 8 S iR 2
SHETES NI

T3 —J5 T AR (4) 3L AT LAAS AL AN O T R
RN T ERJZ R EZR FLHE R, Wi, ik
J2 B 4545 IR 0 Fe AT LA F IO T R RN M B e

22 206 U A B H A N Ok R 25 DR B A T A
Jb S I (B BOE Th 2R P, A30.0 W, P, &~34.4 WHI
Py ~31.2 Wl LU H . B8R 306 R R )2 B i 1
BEA—HE AR B RO T R A T iR . XU
G RIE S NN NN ST S AEE . SN RSl RN
5 U 2 30 AR AR L T AL R R IR R TT IR
TR 52 42 0 9% T ok 11 I S5 7 5 1 EL AR ST e

R TR AR AT I IS RN DL T IR )2 I S
W AE X N O T R ¥ P ~30.0 W, P, &~
34.4 WHI P, ~31.2 W47 34 7 i3, |

(P? +P: +PD)
R:Jz +N+— _

3(30.0" +34.4* +31.2%)
3

31.92 W BRI M S Bt T TR 2 AL AR I 57 5 42 it
VR TR P 2 e/ N I R AN S ARG SR
NV

~31.92 W,

5 45 i

3 3oF % 2T S MO R R U 22 I 72 2 1 3 7t
Ve A HT FNLE S AR AS X S Rl 0 2 B 1 3 9 B
B AT I BAIE T 2 R 5 A O 2 1R
T2 52 0 A I B 0 235 Ak I — 2 4 0T 3 2
B 7 2 B2 0 2 N I Ok B s o L
3T 54D SR O % Py ~31, 92 W I T %14
J2£ 5 ) 5 9 E F A O



114

TR A VR R ST R ORI I A0 B i B A A 5 SR U

2 % x #t

Zeng Danyong, Zhou Ming, Yu Zilan et al.. Quantitative
measurement of adhesive strength by the laser spallation
technique [J]. Applied Laser, 2001, 21(4) :240~246

BMARE LR WL AR S RO AR E SRR R/ R
2GR BEL)]. B ROk, 2001, 21(4):240~246

Yang Banquan, Chen Guangnan, Zhang Kun et al.. A review
on measurement methods for interfacial bonding strength
between coating and substrate [ J]. Adwances in Mechanics ,
2007, 37(1).67~79

PR BRGE . ik B AR URJZ/SE AR R B I 2 A 5 R G
FEMBR S RELT]. A gk, 2007, 37(1):67~79

R. Ikeda, H. Cho, A. Sawabe. Laser spallation method to
measure strength against mode-I decohesion of CVD diamond
films [J]. Diamond &. Related Materials, 2005, 4;631~636
K. L. Mittal. Adhesion measurement of films and coatings
[C]. The First International Symposium on Adhesion
Measurement of Films and Coatings, Netherlands USA: VSP,
1995. 1~435

K. L. Mittal. Adhesion measurement of films & coatings [ C].
The Second International Symposium on Adhesion Measurement
of Films and Coatings, Boston USA: VSP, 2001. 1~351
Feng Aixin, Xie Huakun, Zhang Yongkang et al.. Study on
laser scratching technique for testing of interfacial strength of
film-substrate system [J]. Tool Technique, 2003, 37(9):10~
13

T TR U AR TR KRR AEL T3 BTN A M RR O R R A
TFEF AR H)]. = BEFH K, 2003, 37(9):10~13

A. X. Feng, Y. K. Xie, L.

method of laser scratch testing technique to characterize

Cai et al.. A study on the new

interfacial adhesion and bond strength between thin film and
substrate [ J]. Key Engineering Material , 2004, 259-260;615
~619

Kong Dejun, Zhang Yongkang, Chen Zhigang et al.. Effects of
laser heat treatment on properties of Ni-P alloy film by chemical
deposition [J]. Chinese J. Lasers, 2007, 34(6):871~875
LA, KK e BRAEN 5. BOE AL FEXT L DU NP & &
WEBEMERE L[], F Bk, 2007, 34(6):871~875

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

10

11

12

13

14

16

2004, 83~84,111~115

FROKRE L A R MO TEARIMIL deat b= Tl il
fk . 2004, 83~84,111~115

Lin Xiuchuan, Shao Tianmin. Lumped method for the
measurement of laser absorptance of materials [ J]. Acta
Physica Sinica . 2001, 50(5) :856~859

wAE N AR B AR AR R S B I A R X Ot Y g i
[J). ##53k, 2001, 50(5):856~859

Cui Chunyang, Wu Wei, Yu Gang et al.. On laser absorptivity
of ductile iron [J]. Chinese J. Lasers, 2006, 33(7):977~980
BRSBTS R T
W E Bk, 2006, 33(7):977~980

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

MR DR A, R G R 1) 38 % B LA 41 A0 4 J 2 v Ak 11 vp i i
[J]. + @k, 2002, A29(11):1023~1026

Huang Yanlu, Yang Fuhua, Liang Gongying e al.. Using in-
situ technique to determine laser absorptivity of Al-alloys [J].
Chinese J. Lasers, 2003, 30(5):449~453
BIEAR R AL R AF. TR EE U E R A A Ot i iR
e R J]. Bk, 2003, 30(5):449~453

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

WOELGRER.E Y REMRBKRECSHE DT AR
HEFRA , 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 KoK e R B AR BTN G 5 R Y o AN OG RIR
Mk J5 i R EP] dE %L F:02138511. 4,2003-03-26
Zhang Yongkang, Kong Dejun, Feng Aixinet 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 FLAEZE BB . BRSSO R AR (1)
WG G A mR M BE T[] & SR, 2006, 55(6) .
2897~2900



