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Abstract : A composite material has an excellent mechanical property and a lightweight effect. Therefore, it was recently
applied to various automobile systems such as body and chassis structures. However, it has a disadvantage in its thermal
property due to its low density and thermal capacity. Furthermore, the composite material is very difficult to apply to the
brake system because the brake size should be larger in a restricted space in the vehicle to fulfill the thermal performance. In
this paper, we proposed a new composite brake to overcome these problems. To obtain ideal final results, we used a
sequential design process that included root cause analysis, contradiction analysis, and substance-field analysis. Finally, we
found two important design factors for a composite brake. First, we tried to increase the heat conductivity by controlling the
amount of SiC for effective heat emission. To do so, we developed a new method of manufacturing the composite material.
Second, we optimized the structure of the vent shape to improve the air flow. We designed the two-step spiral vent to
overcome the disadvantage of the one-step straight vent. We improved the heat conductivity by up to 34 % and produced a
unique vent structure compared to the previous model. As a result, the cooling performance of the composite brake improved
by up to 7 %. The developed manufacturing method is expected to contribute to improved development efficiency that leads
to cost reduction. Furthermore, improved brake performance solves problems related to vehicle standardization and NVH.

Key words : Composite brake(35- 3} #] H.2]| ©] 21), Heat conductivity(<€ %1 ;= 2), Vent shape( Wl & &), SiC(EFsl14),
Ideal final result(©]”d-3}| 2 2), Root cause analysis(+-+ %11 #4), Contradiction analysis(*-= %4), Substance-field
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Table 1 Characteristic comparison of cast iron and composite

Properties Unit GG C/sic
Density g/ai 7.2 24
Life Time km 60,000 300,000
MOT C 700 1,350
Heat Storage Capacity KJ/K - di 5,040 3,840
Heat Conductivity W/m - K 55 18
CTE 10E=-6K 12 3
Thermal shock resistance W/m 6,800 46,000
Young's Modulus GPa 110 35
Bending Strength MPa 200 80
Elongation % 0.5 0.3
Friction Value - 0.45 0.55
Fading Behavior - Nomal Very Good

[Composite Brake]

[Cast Iron Brake]

{a) 19 Inch Brake (b) 20 Inch Brake

Fig. 1 Example for vehicles applying for cast iron and
composite brake
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@ STEP 1 : RCA (Root Cause Analysis)

Need to increase size when why Fade and braking performance is why Heat is more generated than cast
applying composite reduced iron
l why

Heat conductivity is smaller than why Heat capacity is smaller than why Cooling performance is smaller ‘

cast iron cast iron than cast iron

@ STEP 2 : CA (Contradiction Analysis)

Composite must have high heat why
conductivity

To radiate heat well

IFR1 (Ideal Final Result 1) .
Adopting IFR 2
FR2 (Ideal Final Result 2)

Composite must have low heat why
conductivity

To make composite easily

{Physical Contradiction> <{Engineering Contradiction>

@ STEP 3 : IFR (Ideal Final Result)

- IFR 2 Definition ! High heat conductivity of composite and easy manufacturing <

Fig. 2 Analysis on RCA, CA and IFR
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Mechanical Field

Mechanical Field

Composite C-C Disc Composite
Plate Plate

Mechanical Field

C-C Disc

Cooling Duct Composite

Plate’

Fig. 4 Substance-Field model analysis on new composite brake
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1st Flow
1st Flow
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Fig. 5 Comparison of existing composite and new composite
on vent shape
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Existing Composite

C Fiber Phenol Si

(a) Existing composite manufacturing process

New Composite
C Fiber Phenol Si

U

i
|

(b) New composite manufacturing process

Fig. 6 Comparison of existing composite and new composite
on manufacturing process
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and new composite

Transactions of the Korean Society of Automotive Engineers, Vol. 29, No. 6, 2021 537



—_—
~

do 32 N oo N g o 0 [o )

2)

3)

4)

5)

6)

7)

D

2)

538

o (o 2L riz
re
2
(e
J b
%

me @
Jo
fol

0x

AE - 0138

i
B
off
NG
Y
M
(o}
o
2
R
e
i
(ot
r o
1
A
N
o
it

4
24
off
2
ofo
2

EH
24
off
>,

o?LE@:é

& o

%
2
o

o oo =

il i

g3
o )
(¥ 2

>
o2t
z

Wi
24

e
Y
ot
o, off
-0,
o
e
fru
2
o
2,
=2
>

ok

2 2

> o2
=
o
2

;

Sl
2
o
fllo
:oé
it
ol
ol
N
i 4o
ol
ol
2
o
re
(o,
rO
i
2

1
Y
rlo
Y

=
ol
N

-

= M

I

H1 o

o>’ hinly

o S

32

ol o
otk i
i
0%

>

ok

3

lo

A

12 ox

N

o e e
oZ

~
2 12
v oX

a ofr

Jo oot o
2o

ol
HJIO j&: oot —r —Y‘l
ok
A gy o

N JI‘E
o
2

0,

¢

Jr o= Ho
oo of

Y

|\
Y0, &gl >

f
2
2
=
1L
[U%]
~
X
lo
oS
o
ol
_\ﬂd
il
ne
filo

olf
o
o

o
>,
)
)
4
ol
o
2
i
)
2
e:3
ful
o ofl

=
oo o off TLorfopoh N gy My B R
o Xoox

M
oo oo

\S]

(.

s
oo

oft

=,

(m

-

N

il

=

e

QL

;O

oo

ox
ey

rlr
=
b R
Yo
off
B —_
Ha E?{}f kY
:>é N
:
ox
% ogh 12
o
]IE 091.4
Jo o Z
S
12
ok N
32
p
o -
I N

N
=
i3
N
(N
N
2
[o
i
y [0
o,

QL

N o 39
O~ 2
oz L
Jo
off
-
PN
=
=
o
2
=

o X Kl
iz of

off 1
o
2

ol
2 8/
2 ok

{2}
>
_0|L
¥2
lo
A
M
=4 N, o
¥o TN

ox

ofr
mw oof 32
RS

N

—

o
~J
X
lo
N
=
ol
oo
o
i)
el
P
£ e

ot
O,
ol
i
)
]
ol
O
9
41t K

ox
W

_&rﬁ
N

i il
zd
2T
S
=)
El
oft
N
[o
)
e

offt ¢
offl
rot
=
-
o,
off
filo
ok
2
ol
32
= 1

N
» 2
o ob g =
T 1 Q
[o
il

o
AV
)
=
(=)
X
o,

o
ok

N

=
o,

Ir
N

]_

or (2t md Ob

,4

‘0,

N
RN
[
lu
1
offt k1
e
%
Jm 4
o

kol W b fo 3o

Moo O

mU N

|

2o

30,
Nore o

o

ooy

oX

|

o

fT

of

ol

2

ui

o

Ko
il
N
i
A -
R
2
offt .
>

[
uii)
&
1

N
s
w
xe
rlr
il
=
il
a
i
ol
b4t
[o
=
o

1

my S Yk o [ O

2 2 Noox o AN Jp o X = N a2 ¥ om
2
i
=
ox
ofy
o
12
2
et
I
x0,
rr

yo, 1o no
m\l

N
o

filo o|\

)

References

J. H Shim, G. B. Jeon, S. H. Shim, Y. C. Kim, D. W.
Im, E. J. Hyun, K. K. Jung, K. J. Kim and H. K. Kim,
“A Study on Coupling Structure of Carbon Ceramic
Composite Using Substance-Field Model Analysis
and Friction + Wear Characteristics Control,” KSAE
Spring Conference Proceedings, pp.380-388, 2016.

J. H. Shim, G. B. Jeon, J. H. Lee, B. J. Park, D. W.
Im, E. J. Hyun, K. K. Jung, K. J. Kim and H. K.
Kim, “A Study on Braking Characteristics Control

AIASABAS £2Y A9 A6, 2021

< MES - A2 YN - FHH - ASH - 0| HH - B2

3)

4)

5)

6)

7

8)

9)

10)

11)

- 437

of Carbon Ceramic Composite for Brake Reliability
Improvement of Luxury Car and Future Technology
Evolution Trend Prediction,” Transactions of KSAE,
Vol.24, No.6, pp.684-693, 2016.

J. H. Shim, J. H. Lee, U. H. Shin, G. B. Jeon, B. C.
Kim, B. S. Kim, Y. C. Kim, D. W. Im, E. J. Hyun,
K. K. Jung, K. J. Kim and H. K. Kim, “A Study on
Development of Brake System and Performance
Improvement Using Carbon Ceramic Composite,”
KSAE Spring Conference Proceedings, pp.318-325,
2018.

J. H. Shim, U. H. Shin, J. H. Lee, G. B. Jeon, B. C.
Kim, B. S. Kim, D. W. Lim, E. J. Hyun, W. J. Choi,
J. M. Lee and H. K. Kim, “A Study on Improvement
of Fade Characteristic of Composite Brake through
Optimization of Flow Performance,” KASA Autumn
Conference Proceedings, pp.143-148, 2018.

J. H. Shim, J. H. Lee, U. H. Shin, G. B. Jeon, D. W.
Im, N. C. Lee, E. J. Hyun, J. M. Lee and H. K. Kim,
“A Study on Verification of Actual Car Effectiveness
for Composite Brake,” Transactions of KSAE,
Vol.27, No.4, pp.259-266, 2019.

J. H. Shim, U. H. Shin, J. H. Lee, G. B. Jeon, B. C.
Kim, J. H. Kwack, D. W. Lim, E. J. Hyun, T. H.
Jeon and J. M. Lee, “A Study on Improvement of
through Vent
Optimization of Carbon Ceramic Composite Disc,”
Journal of Auto-Vehicle Safety Association, Vol.11,
No.1, pp.23-29, 2019.

J. H. Shim, U. H. Shin, J. H. Lee, S. R. Hwang, W.
S. Yim, B. C. Kim, Y. E. Ko, D. W. Lim, E. J. Hyun,
J. M. Lee and H. K. Kim, “A Study on Analysis of
Differentiation Technology and Development for
Brake System of Luxury Cars,” KASA Autumn
Conference Proceedings, pp.32-37, 2019.

J. H. Shim, J. H. Lee, U. H. Shin, S. R. Hwang, W.
S. Yim, Y. G. Ko, B. C. Kim, D. W. Im, E. J. Hyun
and J. M. Lee, “A Study on Development of Ideal
Final Result to NVH Deterioration
Characteristics of Composite Brake System,” KSAE
Fall Conference Proceedings, pp.348-353, 2019.

M. Krupka and A. Kienzle, “Fiber Reinforced Ceramic
Composite for Brake Discs,” SAE 2000-01-2761,
2000.

R. Gadow and M. Speicher, “Advanced Manufacturing
of Ceramic Matrix Composites for Disk Brake
Rotors,” SAE 2003-01-1178, 2003.

P. Ioannidis, D. C. Barton and P. C. Brooks, “Noise
and Vibration Characterisation of Cast Iron and
Siliconised Carbon Composite Brake Rotors,” SAE
2005-01-2313, 2005.

Cooling Performance Structure

Reduce



Y BESIE 9 SEA ASAMLAYY d24Ys S0 s 37

12) G. P. Ostermeyer, K, Bode, G. Stiihler, A. Stenkamp Pads,” SAE 2012-01-1833, 2012.
and A. Elvenkemper, “Tribological Aspects of Carbon 14) J. H. Shim, J. H. Lee, U. H. Shin, S. R. Hwang, W.
Ceramic and Cast-Iron Brake Rotors with Organic S. Yim, B. C. Kim, Y. G. Ko, D. W. Im, E. J. Hyun
Pad Materials in Simulation and Measurement,” and J. M. Lee, “A Study on Heat Conductivity
SAE 2009-01-3010, 2009. Increase and Flow Structure Optimization for
13) A. Swarbrick and H. Wu, “Surface Conditioning of Temperature Reduction of Composite Disc,” KSAE
Carbon-Fiber Ceramic Rotors against Organic Fall Conference Proceedings, pp.251-256, 2020.

Transactions of the Korean Society of Automotive Engineers, Vol. 29, No. 6, 2021 539



	차량 표준화를 위한 복합재 제동시스템의 냉각성능 향상에 관한 연구
	Abstract
	1. 서론
	2. 열전도도 증대
	3. 유동구조 최적화
	4. 복합재 제조공정 개발
	5. 냉각성능 평가
	6. 결론
	References


