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Fig. 1 TIllustration of the coating structures with different adhesive layer thicknesses
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Table 1 Coating structures used in the study
gy 24 PMMA JEJF (mm) R 2 2 R (mm)
1-1" PMMA/Steel(Strong adhesion) — —
1-2 PMMA/Steel (Weak adhesion) 0.2, 0.3, 0.5, 0.7 0
2-1 PMMA/Adhesive/Steel (Strong adhesion) 0.2, 0.3, 0.5, 0.7 0.02
2-2 PMMA/Adhesive/Steel(Weak adhesion) 0.2, 0.3, 0.5, 0.7 0.02

* o X AR A3 A SOk A HEAT IR

1.2 FEEXW

FRAE ASTM/ISO Fil 48 I 3 b5 -, 2R F P
A A R 27 o3 B A R RE TR B EWE R
E M AL #8 (STS Mark [l #F 47 I 82 52 36 . &4
SR E AN 1 mm W ERIE 8 Sk, B2 8 5 R
60 mm, F|4EH JF K 100 mm/s. ¥ F4544 1-2 F1 2-2
Y 0.2 mm JEIRZE B E A 1-60 N 2t
Hn AT . AR S5 R B B AR AT S 1-150 N 2t
M AT A T SR A R R T A T
FFREDZAREL LR, AT IE 0 k245
2-1 B IR AR 2, A B JBe 5 ( Citrus Base Adhesive
Remover, 3V X} il # 5 i A (1 4 2 3617330 5. 56
2= H L (LIDE 110, CANON) L) 3200 dpi [ 4y
b I S R NS TS S S U G I s R R 7
(MP20, MSHOT) Xif #tt 71 B 45 g A58 =it 7 WL 4%

1.3 FEBRTED

3 ik A BR JC 3K ABAQUS/Explicit X}
PMMA i J2 45 k) () ) 488 6 A7 B4 o 49 29 11 5 i
[F] s N7 T AN & 2 BT 7 04 2 6 B B R IR RS oy
20 X4 X1 mm? , ¥ J2 FIORG $2 2 11 RS B 5 ) 488 5 56 1K
EAHIF. 2 ] E L N EE R T PMMA 3R )2 &3k
Bl R AT WAL R VR 2 FOORG )2 4 i = 4
J\T B4 BT (C3DSR) HEAT W% & 23 4 w3t
SRR T2 I A ) L 1 D9 A6 4 4t A 0. 04X 0. 04
X 0. 04 mm®. X F 31 TS AT, U 2 45 A8 % FR - 18 it
I FR A A5 JE R MR Z J7 il 9 L%
58 A2 T o) 1 T A i 1T 24 SR X Il B S .
SR 1-75 N 2 1 i) 27 48 H Dl 100
mm/s, SR & 4 15 mm. &% fl PMMA 2 (8]
JEE 45 2R K 0. 28. K FH WK 9 5 7 BRI SR AE S Tfg

Bl 2 PMMA 32 REA BROTE RN BB

Fig. 2 Schematic finite element model of PMMA coating scratch



%13 BB 4F -

12 2 08 5 B DY 05 TR P TR % )2 B R 1 5 e e LR o A * 91 -

FRORSFEAT Dy 5 5 ORS00 B I B 5 LI I B — By
0.37 N/mm, 55 Kl #5238 i /NME 2 X 10°°
N/mm.

RAE PMMA 3R 2 1280 5 R AT 2 A 3
K JHZ5 R 3T U i A 55 16 4 W7 288 5 4 AL A ) A A AL
R Gl 5k VUMAT 7R 7 E 47 5008 5230 A g 455
U015 T W Jiang 25 0 TAEDY . X F 89 V) i iz ad
AL T B B ARS8 AR AR R TR R
ZR PR I8 M e T S A AU 2, RAEDY
DIt R ) A 2 243K B il A OB MR A i R
A PER IR, XF T M Pk W L AR L 2% Gearing
Anand TTAEYS 43 56 SR G0H A L 9 e Rl 24 = A

B Be b AT 3« I 4R SO A E W 1E Dy 25 8 7R R
S e

o1 =01, =1 Jr;l+cgln( ID[)>0 ands,>0

(D
Horcrve, Moy BB ZE 00 R iR TR T
o1 BT R I B o, KK ST, [ D] SR 7E
TE KA D e RSO L 2 35 B I
€ IF o BHRRHE 2 A M At D 2. 56 S FIDRG 522 119 78
A7 9 24 17 1 oA 28 M AL TR0 48 5. PMIMIA OBl 352 22
S BB RE 2 8 AT B B SCERN ) 3RS, R 2
JiF .

#x2 PMMARELHHBEERENMRISE

Table 2 Material parameters for coating structure
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Fig.3 Typical scratch damage morphology of PMMA coating of 0. 7 mm thickness in structure 1-2: (a) surface

scratch morphology, (b) mar, (c) periodic crack, (d) material removal, (e) the relationship between scratch

parameters and normal loads
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Fig. 4 Mean stress, maximum principal stress and craze strain distribution of PMMA coating of 0. 7 mm thickness in struc-

ture 1-2 at different scratch loads: (a) (b)(¢) 53 N,(d)(e) 54 N,(f)(g) 55.5 N
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Fig. 5 Typical scratch damage morphology of PMMA coating of 0. 2 mm thickness in structure 1-2: (a) surface scratch mor-

phology. (b) mar, (c) longitudinal crack, (d) micro-radial crack, (e) angular crack, ({) micro-angular crack, (g) the

relationship between scratch parameters and normal loads
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Fig. 6 Scratch deformation illustration of PMMA coating structures under weak adhesion strength of zero-thickness adhe-

sive layer
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Fig. 7 Maximum principal stress and craze strain distribution of PMMA coating of 0. 2 mm thickness in structure 1-2 at

different scratch loads: (a)(b): 28.5 N, (c)(d): 29 N, (e)(f): 29.5 N
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Fig. 8 Maximum principal stress and craze strain distribution of PMMA coating of 0. 2 mm

thickness in structure 1-2 at different scratch loads: (a)(b); 30.5 N, (c)(d): 31 N
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Fig. 9 Critical normal loads of scratch damage for PMMA coatings in structure 1-2
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Fig. 10 Typical scratch damage morphology of PMMA coating of 0. 2 mm thickness in structure 2-1. (a) surface scratch

morphology, (b) mar, (¢) internal crack, (d) periodic crack, (e) material removal and (f) puncture, (g) the rela-

tionship between scratch parameters and normal loads
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Fig. 11 Scratch deformation illustration of PMMA coating structures under strong adhesion with different adhesive

layer thicknesses
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Fig. 12 Maximum principal stress and craze strain distribution of PMMA coating of 0. 2 mm thickness in structure 2-
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« 100 -

W] 4 Jy 22 4

2024 4E4 45 %

G mex (MPa)

Ecraze

0.00500

F=I18N

Scratch direction

G\ max (MPa)

Ecraze

0.00500

F=19N

Scratch direction

(¢)

(d)

B 13 Z5f 2-1 7 0. 2 mm JE A PMMA 72 £ A [F) Tl 58 3804 T 19 e R 0 3 AR SUR A2 0 i (@) ()2 18 N (o) () 19 N
Fig. 13 Maximum principal stress and craze strain distribution of PMMA coating of 0. 2 mm thickness in structure 2-1 at dif-
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Fig. 15 Typical scratch damage morphology of PMMA coating of 0. 2 mm thickness in structure 2-2: (a) surface

scratch morphology, (b) mar, (¢) internal crack, (d) longitudinal crack, (e) micro-radial crack, (f) angular
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Fig. 17 Critical normal loads of scratch damage for PMMA coatings in structure 2-2
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Fig. sl Typical scratch damage morphology of PMMA coating of 0. 7 mm thickness in structure 1-2 in the repetition

experiments: (a) (e) surface scratch morphology, (b) (f) mar, (¢) (g) periodic crack and (d) (h) material re-

moval



%13 BEUBMEAE OB 0k 3R PP T R TR Ok A B i B BB G A « 105 -

Micro-radial crack Micro-angular crack

Bottom Bottom

(d) 100 pm
Mar Longitudinal crack

(a)

! Startload Scratch direction Spallation Enéd()ll(\)lad :
1

: IN

(g)

Top

Mar Longitudinal crack Angular crack

Bottom

G) 100 pm
Micro-radial crack Micro-angular crack

Bl s2 4589 1-2 v 0. 2 mm JEEIY PMMA ¥ J2 81 #4555 52 52 56 174 1) S B B 2 3 R TE 50 « () (@) R HI #EIE 4 . (b) (h) mar
4. () (DY REL, (D DRUMNESHIRBLE, (o) (o) M 280, (D (DU i e

Fig. s2 Typical scratch damage morphology of PMMA coating of 0. 2 mm thickness in structure 1-2 in the repetition ex-
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Mechanism Analysis of the Influence of Adhesive Layer on

Scratch Damage of Polymethylmethacrylate Coating

Hongbin Cai Tianyuan Liu Zhuoran Yang Qian Cheng Han Jiang
(Applied Mechanics and Structure Sa fety Key Laboratory of Sichuan Province ,

School of Mechanics and Aerospace Engineering , Southwest Jiaotong University, Chengdu, 610031)

Abstract To investigate the influence of adhesive layer thickness and adhesion strength on the scratch
damage of polymethylmethacrylate (PMMA) coating, scratch experiments were systematically conducted
on PMMA coatings with different adhesive layer thicknesses and adhesion strengths. A constitutive model
considering the competition between shear yielding and brittle fracture was employed to describe the me-
chanical behavior of PMMA coating. The scratch behavior of PMMA coating was simulated using the finite
element method. The physical mechanisms behind the complex scratch damage modes were revealed. The
results show that, different from the coating structures with a zero-thickness adhesive layer, the deforma-
tion of the finite-thickness adhesive layer leads to local bending of the PMMA coating, resulting in the for-
mation of internal cracks in the bottom region of the coating beneath the scratch tip. An adhesive layer
with strong adhesion strength restricts the deformation of the coating during scratching, preventing severe
buckling of the coating in front of the scratch tip and avoiding the formation of longitudinal cracks that
penetrate through the coating along the thickness direction. Increasing the coating thickness can enhance
the resistance of the coating to bending and buckling during scratching, thereby delaying the formation of
the internal and longitudinal cracks. These findings contribute to the understanding of the scratch mecha-
nism and further improvement of the scratch resistance and functional integrity of PMMA coatings.

Key words scratch, polymer, coating, adhesive layer, damage mechanism





