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ABSTRACT

The Mechanical Properties Evaluation of EV
Brake Disk According to the Hard Anodizing

Process

Lee, Jae-Hee
Advisor : Prof, Cha, Yong-Hun, Ph.D
Department of Mechanical Engineering,

Graduate School of Chosun University

In the automotive sector, the future of automotive exhaust gas reducing
energy sources and alternative energy technologies for electric vehicles, hybrid
vehicles, fuel cell vehicles, such as the development of electric energy-based
power technologies are gaining attention. If the production of electrical energy
in electric cars that arise in the course of pollution effects on the combustion
of a car is a fraction of the level. In addition, electrical energy, solar energy,
nuclear, and hydroelectric power generation, and the presence of various
cheongjeon, as well as environmental pollution caused by driving electric cars
because there is very little in terms of environment and energy has a very
good technical background. A material of automotive brake disc rotor disk,
since the introduction of the 1950’s mostly gray cast iron has been used.
However, cast iron brake discs improve the thermal conductivity and weight
reduction efforts are still underway.

Repeat the lack of thermal conductivity of the brake disc and cause cracks
to open when you work, and thermal diffusion capacity in order to improve
this situation for the purpose of improving the control of material composition,

improved methods of casting, and has been used benteuhol structural changes

_Vi_



However, this trend is the brake disk is limited to angry and Japan, the
United States, Germany, libc application of aluminum alloys and composite
materials, some studies are under way.Aluminum has low density, light
weight, excellent resistance to corrosion because it has such features as the
demand in the industry is growing. However, it is easy to damage the
surface hardness is low, since it includes a high friction characteristics is
limited in its use.

In this paper, in order to overcome these limitations, one of several methods
of surface treatment by using a hard anodized aluminum oxide film on the
surface increases the surface hardness of the abrasive and was looking to
increase resistance to corrosion. In addition verify the authenticity of the
brake disc to the surface, friction, wear, experiment and tissue images were
observed.In this paper, for the purpose of EV lightweight brake discs that can
be applied to the study of EV in a paper for the development of the
aluminum brake discs, light weight and corrosion experiments were performed
using the method availability. Varying the experimental conditions for
anodized aluminum Boosting the value of the mechanical properties, and to
verify the results of hardness and wear tests conducted by a real electric
vehicle can be applied to the brake disc was seeking whether Obtained the

following conclusions.

1. Currently mainly used for brake discs, light weight cast iron about the
impact factor of the target against a quality investigation was the result of
the factors that are difficult to apply to EV components and the external

environment, according to the weight of the corrosion was investigated.

2. Replaced by material improvements to the AI-6061, but in order to
improve the mechanical properties on the anodized surface treatment is
performed, varying the processing conditions to create four types of
specimens were carried out laboratory experiments, the resulting coating on

the surface, depending on processing time that the two were thickened.
3. Mechanical properties of anodized specimen hardness tests carried out to

confirm the results of the test specimen was measured hardness values

Hv296, test conditions, process conditions, with 30 minutes of the AN-4
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samples with the highest value of the mechanical properties was obtained.

4. An important factor characteristics of the brake disk parts of the frictional
wear test results conducted by the specimen surface is not likely to apply the
coefficient of friction is too high, had to give you a free, surface wear and
tear over time as the result obtained by the test specimen AN-4 two cast
iron and also that the value of the coefficient of friction to find the closest

was

In this paper, anodized surface, and then analyzed the mechanical properties
of the aluminum brake discs replaced with a lighter when the effects can be
obtained, compared to cast iron 1 / 3 the weight was reduced. However, the
mechanical properties of aluminum surface treatment did not significantly
effect on the brake disc to cast off that there was the danger in this paper
could find. EV future through the hard anodizing process applied to a light
weight is determined to play a major role, when applied to the current

low—speed electric vehicles are expected to be greater the effect.

Key Words: EV, Green Car, light weight, Anodizing, Brake disk,

coefficient value, wear test.
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Fig 2.4 The structure of films (Murphy’s model)
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Table 3.1 Mechanical properties of 6061 alloys
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Table 3.2 Chemical compositions of 6061 alloy (wt. %)

Cu Si Mg Fe Mn Al

0.15~0.40 0.4~0.8 0.8~1.2 0.70 0.15 -

AlEA AFZS Fig 3.13% #Zo] @30mm x HI0mm 97]% utEAE AJHo
Z ukE A8 A L 4mm xW 35mm x T 4mm Fo] kel AJ#HE A}

423199tk Photo 3.1 & EAI¢ Al-6061S AHo 2 7}&3 Azle]lw Photo

FH

32 ohwriol A& AAF Aol Azlelth ® EWAAI|E ofwthol
4 AdE Awel wAAAY] gkt wzes) ohwriol o] AelEA e A

FA Tt

o

A Ee4 A B o 1umdte] 4G A
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Fig 3.1 Drawing of wear specimens

(a) No treatmenty (b) Anodizing treatment

Photo 3.1 Al-6061 specimens
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Table 3.3 7} AlFgH=Z A|FAS A sl kot 2H7+e] AdAES o] &3t
of PtEAES ANFI, SEME ol gdte] FA 4 3 WAL FEAGS
ERER

Table 3.3 Specimen types and specifications
Spcimens | Anodizing methods | Size(mmx>mm) Notes
Al-0 Al-6061 @30 x H10 No treatment
AN-1 15min @30 x H10 Surface treatment
AN-2 20min @30 x H10 Surface treatment
AN-3 25min @30 x H10 Surface treatment
AN-4 30min @30 x H10 Surface treatment
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Table 3.4 Anodizing conditions

Density Current
Temperature| Voltage times | Spcimens

(wWt2%) density

. 15min AN-1
sulfuric
acid 20T~ DC pCc | 20min | AN-2
25%

method 22T 15V | 3A/dm* | 25min | AN-3
(H2S04) 30min AN-4
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6 DC Power supply
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Fig 3.4 Schematic diagram of the electrochemical anodizing treatment
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Test conditions

Tester

Type of
movement

Temperature T

NS

Measured variables

— Frictional force Fe

~a

e
4=
e B

Load Fn
Speed \V
Time t

Object 1
Object 2
Lubricants
Atmosphere

- 27 -
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Coefficient of friction f

—— Noise  Vibration

— Temperature rise T+AT

— Wear Rate W

— Contact conditions

\

Contact conditions

Surface phenomena

Surface composition

Fig 3.5 Factors wear test
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Table 4.1 Al-0 of times wear tests

Count Coefficient of friction(n) Note
1 0.58
2 0.56
3 0.55
4 0.57
5 0.55
Average 0.55
1.0+
0.9-
c
2 038
:E £=0.55
w 0.7
7]
= -
.E .7 o
3 0‘6--1 mn ’n/ N Lo \\'""""1
£ iy T T VA P\ :/I .
g 0.5 '!I ar At S -
0 Ih'L.‘i
0.4+
0.3 T T T T T T T T 1
0 20 40 60 80 100
Time(sec)

Fig 4.1 Wear test average of Al-0
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KITECH SEl 200KV X4,000 1gm WD 15.1mm

KITECH SEI 20.0kY X2,300 10um WD 15.1mm

Photo 4.2 Section SEM image of AN-1
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Table 4.2 AN-1 of times wear tests

Count Coefficient of friction(n) Note
1 0.58
2 0.59
3 0.60
4 0.57
5 0.58
Average 0.58
10 -
osk
i I 1=0.58
c 07t /
-‘g I RN
:g 06 |- Ve 5
5 S B
_E 05k I‘"j"_i‘—m—_q,.- _ _,_‘_,_'—‘v—'d '\'ff ///
S oaf
g i
S ostl
02k
01p
GD [l 1 1 1 1 L 1 1 1 1 " ]

4] 10 20 30 40 50 60 70 80

Time(sec)

Fig 4.2 Wear test average of AN-1
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KITECH X4000  1gm WD 15.4mm

KITECH SEI 20.0kv  X2,000 10um WD 15.4mm

Photo 4.3 Section SEM image of AN-2
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Table 4.3 AN-2 of times wear tests

Count Coefficient of friction(n) Note
1 0.52
2 0.54
3 0.52
4 0.53
5 0.52
Average 0.53
10~
o 1£=0.53
08 - /
¢ orf
o L //’—\\\
B L . °
D ¥ "-._/ 'T"-L'. \ ,
L o Moo o
8 oal |
& L |
8 asf |
0z f
01k
0.0 [ 1 i [l 1 i L PSRN SERET L P | i | B 1 i L J

1] 10 20 w4 50 B0 o B 50
Time(sec)

Fig 4.3 Wear test average of AN-2
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KITECH SEI 20.0kV  X2,000 10pum WD 15.4mm

KITECH SEI 20.0kY X2,000 10um WD 15.4mm

Photo 4.4 Section SEM image of AN-3
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Table 4.4 AN-3 of times wear tests

Count Coefficient of friction(n) Note
1 0.49
2 0.47
3 0.46
4 0.48
5 0.49
Average 0.48
10 -
0s |
o8} 1 =0.48
e 07k
S i
£ osr o
= L i i T
2 sk = e ;o N
E L e
E 0.4 | N ///
8 [ | T
S 03
02k
01
Py 1 [ A NP [N UGS NP (SN [N WY [ (LSS RS |
O 10 2 3 40 S0 80 70 80 S0 100
Time(sec)

Fig 44 Wear test average of AN-3
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KITECH SEI X2,000 10pum WD 15.4mm

KITECH X2,300 10um WD 15.4mm

Photo 45 Section SEM image of AN-4
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Table 45 AN-4 of times wear tests

Count Coefficient of friction(n) Note
1 0.42
2 0.44
3 0.42
4 0.43
5 0.45
Average 0.44
10 -
08l
08k 1 =0.44
c 07k /
8 |
E el EIILITJ o b '-HL' gl w {// \\)
= l M R B R ot
E 04f | \\\1_, /7 -
L | ~—-
§ 03
0z
01k
{1 [ U TN NN AN NGGTPURNS [N [N N T ) WA O) M G UL |
0 10 20 W 4 S0 80 O B0 90 100
Time(sec)

Fig 4.5 Wear test average of AN-4
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(a) Vickers hardness equipment (b) Loading by specimens

(c) Indentation Observation

(d) Analysis of indentation

Photo 4.6 Al-6061 anodizing specimens of vickers hardness
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Table 46 AN-1 of vickers hardness test

hardness loading : 50g

Count
1 2 3 4 5 6 7 Average
Hardness
Hv 156 159 154 155 157 154 154 156
I AN-1
1504
=
I
% 100
%]
e
e
3]
T
o
5]
5 501
g
04
1 2 3 4 5 6 7 8
Count

Fig 4.6 Measurement result to the Hv hardness test of AN-1
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Table 4.7 AN-2 of vickers hardness test

hardness loading : 50g

Count
1 2 3 4 5 6 7 Average
Hardness
Hv 208 206 205 203 205 206 207 206
I AN-2

200

< 150
L
a
e
2

@ 100
T
&
e
]

> 50

0

1 2 3 4 5 6 7 8
Count

Fig 4.7 Measurement result to the Hv hardness test of AN-2
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Table 4.8 AN-3 of vickers hardness test

hardness loading : 50g

Count
1 2 3 4 5 6 7 Average
Hardness
Hv 264 261 259 263 261 262 259 261
IAN-3
250
200
>
L
&
9 150
2
©
=
é’ 100
(3]
g
50
0
1 2 3 4 5 6 7 8
Count

Fig 4.8 Measurement result to the Hv hardness test of AN-3
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Table 49 AN-4 of vickers hardness test

hardness loading : 50g

Count
1 2 3 4 5 6 7 Average
Hardness
Hv 290 289 301 295 305 289 303 296
IAN-4
300 ]
250
S
I 200+
@
2
T 1504
©
T
o
L 100+
[$)
g
50
0
1 2 3 4 5 6 7 8
Count

Fig 4.9 Measurement result to the Hv hardness test of AN-4
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Al-0E EWADE A 2gonz 2ad A% APL AN
Photo 47% 239 A% 3L 3tE Adoln B goz 23S 34
Table 410 Z=A1¥ #t& HERW EolW, Table 3.1 dvkAel A =ghyt

Aldh Ao ghs AUk

(a)Rockwell hardness equipment (b) Loading by specimens

Photo 4.7 Al1-6061 specimens of Rockwell hardness

Table 4.10 Al-0 of rockwell hardness test

hardness loading : 100Kg

Count

1 2 3 4 5 6 7 Average
Hardness

HRB 58 55 56 57 56 58 56 56
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Fig 4.10 Measurement result to the HRB hardness test of Al-0
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Table 4.11 The final result test

Test Coefficient of Films Surface
hardness
Specimen friction( ) | thickness(um) roughness( «)
Al-0 0.55 0 HRB 58 1
AN-1 0.58 2.65 Hv 156 1.2
AN-2 0.53 4.01 Hv 206 1.1
AN-3 0.48 6.41 Hv 261 1.2
AN-4 0.44 8.09 Hv 296 1.2
1.0 -
[ @ Coefficient of friction(u) |
5)
S
k3
- « "
S b | . &
& o
©
=
8
O
1 1 1 1 1
0 ALO AN-1 AN-2 AN3 AN-4

Specimens

Fig 4.11 Wear test results of average
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