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Thermo-Elastic Analysis, 3-Dimensional Stress Analysis and Design of
Carbon/Carbon Brake Disk

Se-Hee Oh’, Jae-Seok Yoo', Chun-Gon Kim™ ¥, Chang-Sun Hong**, Kwang-Soo Kim"™ and Jong-Hyun Park’

ABSTRACT

This paper presents the thermo-elastic analysis for searching the behavior of carbon/carbon brake system
during the braking period and the 3-D stress analysis to find the shape of the brake disk which is safe to the
failure. The mechanical properties of the carbon/carbon brake disk were measured for both in-plane and out of
plane directions. The mechanical properties were used as the input of the thermo-elastic analysis and
3-dimensional stress analysis for the brake disk. The gap between rotor clip and clip retainer is an important
parameter in the loading transfer mechanism of the rotor disk. The change of gap was considered both the
mechanical deformation and thermal deformation. Because the rotor clip and clip retainers were not contacted,
they were excluded from the analysis model. Rotor disk was modeled by using the cyclic symmetry condition.
The contact problems between rotor clip and key drum as well as between rotor disk and rotor were
considered. From the results of the 3-D stress analysis, the stress concentration at the key hole of the brake
disk was confirmed. The stress distributions were studied for the variation of the rotation angle of the contact

surface and the radius of curvature at the key hole part.
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Fig. 1

Composition of rotor brake disk.
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Table 1 Comparison of mechanical properties with B-32 model

Symbol B-32 *B-52
E.=E, 59.3 (GPa) | 19.2 (GPa) | |
E, 3.5 (GPa) 6.2 (GPa) T
Stiffness Viyy - 033
Gy 17.4 (GPa) | 6.8 (GPa) | |
Gu=E, (GPa) 3.9 (GPa)
Xo= Y7 | 103.1 (MPa) | 69.1 (MPa) | |
Zr 3.0 (MPa) -
Xc=Y¢ | 90.1 (MPa) | 132.6 (MPa) | T
Strength
Z¢ 118.0 (MPa) | 126.6 (MPa) | T
S 53.7 (MPa) | 702 (MPa) | T
Se=S, | 5.71 (MPa) | 35.1 (MPa) | 1

2% & glow, Auo

» T

3. BEo]a A&

fzae 339 saNe 4
fzze 2aHe o
SERREEERET B

£ A ‘(punchmg)ﬁl-

2

4%E 43

F5a, 498

2 4%E Wol YT T

40
%/K

_R.

Table. 12 @A Al=EF o] A
2eo] ALLE AE9 NAH EA = .
ol FAE2 o)A EAd digk EA B4 731}% 2

0124 ZHE°1] Hlo}@l i
-dir

g Al

We) dud a4

S5 AAAE AE
el de AelElh sleiof B
st 4ge B bl

B2 Fats Aol wgAsih 2w 4 g% doly
E nqm oz Fehe] o}:
@ol Fa@so] k6] B

oroq AL S

>

7

>

w

>

o

&

mlm

>
oto )

Friction Surface(F.S.)
6 5 43 21
\ \

Plate Hydraulic

Pressure

1
ﬁ> Opposing E s S P
2
/'

«E : End Plate
R : Rotor Hydraulic Piston
«S : Stator

r
«P : Pressure Plate
z

Fig. 2 Schematic of the cross section of an aircraft brake
system.
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Fig. 3 Analysis model and boundary conditions for the
thermo-elastic analysis.
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Table 2 Physical properties of C/C B/D

Density(kg/m") 1780
Coefficient of expansion In-plane 1.15*10-6
(e/eK) QOut of plane 1.63*10-6
Thermal In-plane 31.8
conductivity(W/mK) Out of plane 259
Normal condition 0.2
Coefficient of fricti —
oetticient ol friction Overload condition 0.16
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Fig. 4 Hydraulic pressure history.
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Fig. 12 Analysis model and boundary conditions for the
3-dimensional stress analysis.
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Fig. 13 Mechanical load deformation shape at the key hole.
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Fig. 1S Thermal load deformation shape of the rotor clip and
clip retainer.
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Fig. 16 Von-Mises stress distribution at the normal condition.
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