"m Check for updates

ZSYA|AEIZEE|X| H25F H|3E pp. 46-55 2021 69 ISSN 2713-8429(Print) ISSN 2713-8437(Online)
Journal of Power System Engineering https://doi.org/10,9726/kspse 2021 25.3,046
Vol, 25, No, 3, pp. 46-55, June 2021

MEAZHE 0183 Al B2 0t SNoj a7
A Study on the Wear Characteristics of Al Alloy by
Design of Experiments

OIA-I% . DIEQ** . 7|=.|3._=|X|*** . %[pél__?_**** . 6"*._*’-—.;'!******
Sung-Hoon Im*, Do-Hyeon Kim**, Hyun-Ji Kim***
Kwang-Su Kim**** and Sun-Chul Huh*****f

(Received 19 February 2021, Revision received 10 May 2021, Accepted 4 June 2021)

Abstract : The purpose of this study is to improve the wear characteristics of Al7075 alloy, which is
widely used as a material for aircraft parts. Ti, a high-hardness metal, was coated thinly on the surface of
the Al7075 alloy using DC magnetron sputtering. Thin film coating was performed by configuring an
orthogonal array according to design of experiments. Then the wear loss and the friction coefficient of the
test piece were measured through an abrasion test. A prediction model that can improve the wear
characteristics was derived, and it was shown to be valid. In addition, the characteristic of wear loss was
remarkable when the wear surface showed comparatively clear abrasion pattern and also the grain of Ti
thin film was bigger. When the wear surface showed irregular abrasion pattern and also the grain of Ti

thin film was finer, the characteristic of coefficient of friction was remarkable.
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Table 1 Process factors and its levels
Level
Sym. Process factor
1 2 3
A Surface roughness(um) | 0.45 | 0.35 | 0.25
B Deposition time(min) | 30 | 60 | 90
C Applied power(W) 100 | 200 | 300
Table 2 Orthogonal array
Level combination
No.
A B C
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2
o714, SNR2 SNH|, y,= FEE5A ] A4,
n< S8%ke] Jigolth
2.2 SHEQIXe} =i
Ti wote] mlREHe] FGL WA AU
EHALZ(A), FHALB), HHO)S 34
AAZ AAsHFom, Table 191 2zt Qx| &
3} g ST BWALIE wore] A=
U, FHALE W] 4, AAAE L FHE
2 FFE vRT0 FRAAREY Vb E) wE
dtete] vATz 3 vhREYE AHE7]
A8 A3-E g F Table 29 A Eol o2t F
Aol 5Ee WASEA FBFGOH, o)
FARJAA Alo] o] 1l Z}-8(interaction)S LT 3}A]
STk ok, FAFHol A7 2x10° Torrsh
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Ao AREE AlFPHEL Al7075-T7351 &A=
# A7 @32, T4 10 mme dFF o= A3t
Aot A3 F2 9 nRAFES 9ste] Bheto]
F2d We| £9& gFAvh 1 AFEA
EWAAZIE FEs7] fsl A #400 A,
#3800 ™Al ALE B dRu 9h9T]E o] &3t
Anpstth. AutHe] AAVE EWARY] &4
712 103] A3t HHFS Wom, #400 WA A
EZZ Avldk 49 045 um, #3002 0.35 um, &Fw
Y geHz dAnkdk A$olE 025 umolth olw
o) A™7] e 1 W+ AA7|(Ra) kot
a8a dAnp & s AAs st =&
- AFH 7] A o 22 1087 AR,

FAA
ETES
g3
3.2 DC OIaHEE AnEE

Fig. 12 DC PRIV EE ~HE® X9 M
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W, ##S MFC(Mass Flow Controller)2 Ao %F
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2t 2¥Ege] 928 3 FAAAEN Ao
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3.3 OIZAIH

Zr ANgdel 53 T wete) niREAAS 3
o+5}7] $8ted Ball on disk B} mlmAlE)
(PD-1028)E AF&3lH T Algel AFEE E(ball)
& 71279 AEZF AAoH, IJALEEE 60
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Power Supply
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Fig. 1 Schematic of DC magnetron sputtering device

Table 3 Deposition conditions for sputtering

Condition Value
Target material Ti, 99.995%
Base pressure 5.0x10° Torr
Ar flow rate 20 sccm
Distance of target to substrate 80 mm
Substrate temperature RT
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ntRE FHAEAY thik SNel= AFEWS 2W
(AB,C)Y W -0.005 dBE 7% Egton, A3
HE 7TH(ABC)Y W -5.630 dBE 7} wokoh
SNH| z}Fo]E 5.625 dBEA], o]l= 7H %go| 2
W 2ol &l ¢F 3.658) FAEH] U A=
A& ou|gitt, upzA e g SNHlE AEW
& 7HABC)Y W 13.129 dBE 7} =S
H, 2W(AB,C)Y W 9.515 dBE 7} <okt

SNH| z}o]E 3.614 dBEA 2 xgo] 7H % J
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+ At
ASNR
AQ,,, =10 )]

A Ao =W, sfEFS Ti 9E P
o= AlI7075 EA AA S vwlEFERa 045 mm,
0.35um, 0.25 ¥ = 27} 1.667 mg, 0.807 mg,
1.167 mg)Ett & A-57F AR, oA =R
Etﬂﬂr dhako] vk Aty HFjFor nlFol

< Ti9l w27t FE %

7‘E1T3} npEA s 2A AA e vpEA
A& 7](Ra) 0.45 um, 0.35 um, 025 ymd wj Z+z}
0.343, 0.340, 0.338)E 0} Atz o2 A Z=HF
ATt
Table 4 Wear loss and SN ratio

No. ZVear loss(mg) _ SNR Rank

at 2x10” Torr|at 3x10° Torr| (dB)

1 2.000 0.967 -3.923 6

2 0.967 1.033 -0.005 1

3 0.933 1.767 -3.002 4

4 1.200 1.933 -4.130 7

5 0.733 1.800 -2.762 3

6 1.033 1.267 -1.259 | 2

7 1.367 2.333 -5.630 | 9

8 1.733 2.067 -5.608 | 8

9 1.233 1.800 -3.766 | 5

e =t

Table 5 Friction coefficient and SN ratio

No. Fr;ctlon coefﬁc1ezt SNR Rank
at 2x10” Torr|at 3x10° Torr| (dB)

1 0.345 0.275 10.118| 7
2 0.263 0.393 9.515 9
3 0.294 0.304 10485 | 4
4 0.306 0.297 10.413 5
5 0.273 0.342 10.189| 6
6 0.313 0.235 11.158| 3
7 0.204 0.236 13.129 1
8 0.286 0.259 11.282| 2
9 0.345 0.300 9.808 8

0.4
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Friction coefficient
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||IJII |I|| II
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[y
uvN

Wear loss (mg)
=

Fig. 2 Graph of wear loss and friction coefficient

according to experiment No.
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(c) 90min (c) 300 W
Fig. 3 SEM image according to deposition time Fig. 4 SEM image according to applied power
2x10° Torr, Ra 0.45 um, 200 W(x20,000) 2x107 Torr, Ra 0.45 um, 30 min(x20,000)
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(a) AiB,Ca, 0.002 Torr  (b) A;B,Ca, 0.003 Torr

(¢) AsBiCs, 0.002 Torr (d) AsBiCs, 0.003 Torr

Fig. 5 SEM image of Ti thin film(%x20,000)
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Fig. 62] ()¢ (= AFHZ 29, (o) (D=
AFHS 7HY rfREZ Aot (a), (b)S] W
REH Zo 7b7t oF 118 mm, ¢F 1.13 mmE =
AENoH, (a)F "IEREZ o] FHo| HmF
L3 vrRE o] 7R3 vlEgd-S BRI, (b)

é

[CC A A =< A

N rlr foi 2

(@) A BzCz, 0.002 Torr

SEI_ 20KV _WD21mmSS50 30 500um

(c) AsBG;, 0.002 Torr (d) A3B;Cs, 0.003 Torr

SEI 200V WD21mmSS50 x30

Fig. 6 SEM image of wear track(x30)
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Table 7 Average SN ratio on friction coefficient

Process parameter
Level A B C
1 10.039 11.220 10.853
2 10.587 10.329 9.912
3 11.406 10.484 11.268
Deviation 1.367 0.891 1.355
Rank 1 3 2
Total average S/N ratio 10.678 dB
g A B C
51
8
fug \\/4 .~/
210 1 -/ \/
£,
12 3 102 3 12 3

A8 BAAA F29) SN, pE BAAAe
° _ sRAA FEel p 381l Fig. 8 Main effect plot on friction coefficient
M, pe AA B SNHth vpR o] gk o
=g = =
=2 ABCo F4 SNHI= 0934 dBRIH), A Table 8 Results of prediction model
T 2MEGE Aa, e A¥EG w2 §E
welg Measurement
U . value SNR |SNR,
Predict del I pre
rediction mode 2; 103 3; 10° | (@B) | (dB)
orr orr
Table 6 Average SN ratio on wear loss Wear 1 )
e(alg é’scs(gng 1.300 | 0267 | 0.552 | -0.934
Level Process parameter et 123 tz“f -
eve riction coefficien
A B C (AsB1Cs) 0.204 | 0.236 |13.12912.539
1 22310 -4.561 -3.597 Average wear loss of Al7075 : 1.214 mg
Average friction coefficient of Al7075 : 0.340
2 -2.717 -2.792 -2.634
3 -5.001 -2.676 -3.798
Deviation |  2.692 1.885 1.164 - . 035
Rank ! 2 3 Exl L e
Total average S/N ratio -3.343 dB 06 §0°1'§
g 04 g 0.1,
02 I < 0.05
0 0
A B C _é\ol_g&gp& Y .é\c’o&&&& &
2 7 &b\ SIS L)QKQ’/\Q’\C’ (Q/b\ FOFN BQKQ’/\QW("
/_,/. /.\ ] @Qp V\ ] ®z® ?3

Mean of S/N ratios (dB)
u ~
. \

Fig. 7 Main effect plot on wear loss
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Fig. 10 SEM image of Ti thin film of prediction
model (x20,000)
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Fig. 11 SEM image of wear track of prediction
model (x30)
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Fig. 12 Thickness of Ti thin film
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