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Abstract: In this study, surface form of damaged soft TPU skin were analyzed to expect the mechanism and the test
method which reproduce the form was researched. First, samples were characterized into several groups depending on
its surface form and analyzed. Then, the principle of perception in surface change was studied. Specimens were tested
by major scratch and wear resistance test methods to develop test method, which replicates surface form of damaged sam-
ple. The effects of environmental aging — thermal and UV light aging — was also studied by testing chemical change of
specimens and perception of scratch depending on the aging time.

Keywords: automobile interior parts, thermopolyurethane, surface form of mar, scratch test.
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Figure 1. Images of scratches applied vertically and horizontally.
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Figure 2. Observation angle of digital microscope: (a) 90°% (b) 60°.
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Table 1. Roughness Parameters

Roughness

parameters Description

Rp Maximum profile peak height
Rv Maximum profile valley depth
Rz Maximum height of roughness profile

Re Maximum height of the roughness profile elements
Rt Total height of roughness profile

Ra Arithmetical mean deviation of the roughness profile
Rq Root mean square deviation of the roughness profile

Rsk Skewness of the roughness profile
Rku Kurtosis of the roughness profile
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Figure 3. Jig for confocal microscope.
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Figure 4. Surface roughness analysis process.

Figure 5. Specimen for testing (TPU PSM, leather grain).

23R &4 WY "Wt = 20 AEA Lo
FH % FE7E 2 ofd BrkezlelA dAskEA] E9l
&17] 918te] ofefl Table 29t 7Fo] 2ZE 271 o FHS
He)eks tEAA Alfﬂ WHE st B7kE ARy §
2ASALS B B4 3 712 A8 2ART /1S
7 ok 3 B 55 skl I P stk

AR 4 AFE 9T F7PEH A, B, €9 A%
Erichsen K& )2 430P-115 AR5t 0m, g AlEgH=
O A B G |E ARkl 2] e
7hlked] 2 &85 Atk & ATelAE steel A H,
poly methyl methacrylate(PMMA) TS ARE-a1e] =2
A GFE Ao sk, S 5 AER0E st

{E*J’%EHE ":T]‘}ﬁ B]—H—O]’M

H7HH D AlE A1 = TaberAH(P]=F)2] Taber Rotary
Abraser 51552 A28} 0, v E(CS-10)S A28}
Table 2 =710 whe} WS S0l o3k Al 5] vl 4L
7} 73t

g4 st X2| & 232X & BIL AEE WE 2
g 20lA =371 £ test B 38R &4 A 9
7+e AdYsto] =8} 2ol ogh ks wAlsIih WY
71el 7% 120°C 279 thHF B4 168, 500, 1000,

){1

o

O



r
|
m
Iy
o
=]
|
T
%
4

Table 2. Scratch Damage Reproduction Conditions

Test
methods A B ¢ D
Image
Round disc  Round disc
Pointed tip PMMA PMMA
Scratch Steel dia.: 16 mm dia.: 16 mm Calibrase
ti dia.: 1 mm t: 1 mm t: 1 mm CS-10
p ball radius: test direction: test direction:  (Taber)
0.5R+0.01 wvertical to the horizontal to
disc tip the disc tip
Force 3,10, 15, 3,10,15, 3,10, 15, 500
(N, g) 30, 40 30, 40 30, 40 &
Speed
(mms, rpm) 16.7 16.7 40 60 rpm
Number of 80 1 250, 1000
scratch
Interval 5 05 ) )
(mm) ’

1500, 20001)7F EoF =3} xj2)E Hasigh. w3k g 3
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H ZEE 4" 66 Wim® FAF 25=0] g An Qo] A
HE AXEI 42, 84, 128, 256 MIm?e] 23S ARSI
sl o3k A|5o] EAHSHE gkl -rlo}oq %, At
% zro] HilE 243t Ax =49 7% Durometer

AEA] AskerrHEE)E ARSI CH, #lT H]= 0-100
7K1 9] 2ATFo] AL =4 indenter?] FE= =] 2.54
mm, A& 508mm4 TEolth 82 dAe] A7 1kg
< Agst] 152 ] AA =T s o] AE e g
o1&l EAl=k 1—/‘4/] 73%- A EE dimethylformamide
(DMF) &-mjjol] 834171 & gel permeation chromatography
(GPC) 5-4](EcoSEC HLC-8420 GPC, Tosoh Ltd., &)<
Bl SRHEEAF(M)S AHESIATE L re] mA 3
& 5919 gy on)R] EA8 98l ZEISSARS] Ak
74 (Crossbeam 550L, Carl Zeiss Ltd., 5 )2 A&l 0,
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Figure 6. Groups of defected surface forms: (a) group A; (b) group
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Figure 7. Images of digital microscope: (a) group A observed at
90° (b) group A observed at 60° (c) group B observed at 90° (d)
group B observed at 60°.

Figure 8. SEM images by VEGA3 SB: (a) group A; (b) group B.
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Figure 9. Change of surface roughness (Rz) after scratch damage in
group A.
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Figure 10. Change of Rz after scratch damage in group B.
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Table 3. Images of Digital Microscope Depending on Test Methods
Test A Test B Test C Test D

3N ISN 10 N

250 times
10 N 30 N
FRIFALE sex7 30 N 7KK & 1w A F24d] A

-3
, 40 N9 sl Foq3sk A oAM= dAl A3 (shear
H

40 N 1000 times

=0
stress)ol]l T2 FH YF7F HojR= &43o] HAEHI T o]
= test A B7PPHI FARE ASS UeRliet A es
EH 15 A FsE HAE e, ko] AR St
gholl me} 2 3He] 1 9 Hojx= o] HTH =R
BRI BT Test Co 739 test A, BY H7[ZAH= &
B Ase] Mt #FEJ ol R 10 VA=
I A9 &4 3] AFAE O, AF R w2 de
Z71 40 NelX = 23 B9 AR 7dWs vehue A
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A tH(Figure 11).
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Figure 11. Image of Taber abrasive wheel CS-10.
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Figure 12. SEM images by VEGA3 SB: (a) test A, 3 N; (b) test B,
15 N; (c) test C, 40 N; (d) test D, 250 times.
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Table 4. Design of Experiments (Test Conditions)

Contents
Speed (mm/s) 16.7, 40
Force (N) 3,15
Tip PMMA, Steel
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Table 5. Color Value (L) of the Specimen Applied with 15 N
Test Force After Heat Treatment

Heat treatment

time (h) L AL
0 2435 6.51
168 2350 0.17
500 2316 -1.47
1000 2377 -1.01
1500 23.89 0.06
2000 TEAR TEAR

—~5C| Lightness —i—5CE Lightness —s— 501 Reflectance —#—5CE Reflectance
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otF [N]
Figure 15. Changes in lightness and reflectance according to test
force.
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Figure 16. Change of surface L-value according to heat treatment
(120 °C) time.
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Table 6. Changes in Hardness and Molecular Weight According

to Heat Treatment Time

e

. o])qz]

Exposure Hardness Molecular weight
Time (h) (durometer C) (M)
0 92 109000
168 90 98800
500 90 77600
1000 89 71300
1500 87 44600
2000 84 32800

= Zo = o) 13k 20004 7F 141"3%%“4 Al BATH(M,)
o]

2718 F 70% a7t olHxl 7

st Bl w

o] Wbl wek 2 o] Slef BA Selee T

o] WA (Figure 17)5& A& 2

oAy -

Table 7. Changes in Hardness According to Energy (MJ) of

Photoaging
Exposure energy Hardness

M) (durometer C)
0 92

45 91

84 92

128 92

256 91
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Figure 17. SEM image (by Crossbeam 550L) applied with 15 N test
force after 2000 hours of heat treatment.

Figure 18. SEM images (by Crossbeam 550L) applied with 15 N
test force after photoaging: (a) 42 MJ; (b) 84 MJ; (c) 128 MJ; (d)
256 MJ.

Z2H, Al46d A2%, 202214

Figure 19. SEM images by Crossbeam 550L: (a) untreated speci-
men; (b) specimen after photoaging of 256 MJ treatment.
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Figure 20. Change of Rz after photoaging of 256 MJ treatment.
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