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The Analysis of the temperature distribution in Carbon/Phenolic
composite by thermal decomposition parameters

Yun Chul Kim, Park Young Che*

ABSTRACT

The thermal degradation of carbon fiber reinforced phenolic composites have been studied at high
temperature by using thermogravimetry analysis (TGA). The aim is that ultimately it can be used
to predict the service temperature during solid rocket firing for any level and type of mechanical
loading and to recommend protection systems required. To simulate the high heating rate in
firing condition, the modified thermal decomposition constant (1000 K/min) was used for FEM
analysis. The temperature distribution and the thickness of thermal decomposition were estimated

well and we could predict the thickness of thermal decomposition within +1mm.

wa/dEd BRAR} Ee LN IR Pk B4E AT Astel GFFRYY(TCAV
AEHUT. EE =G TS FF2ANN 2EHE A FA7189 DEE ALY AP A
S BHL ARted GTSH0) Yok AA FLZAR FAR LE 4SS 1] Astel

sl BANSF e 1000 K/mind) A2 A58 &S FEM A43E A2z 84830 L5 BE
4% 2% g3t 2o ATE pgon 92 ol rlmm ololN H4 ATst F YA AT

fr

Key Words: TGA(ZF#E47]), Carbon/Phenolic($2:/#&#), Thermal Decomposition(EE3l),
Pyrolusis(g 2 3), Solid Rocket propulsion(Z A F317]3)

LM B A 2o 23 wg viFd @ AL

60 At FFEALY V|2 YRHE FT+F

Fohold MEEG. B3, 037 Aol PR

S — gole $F B e A AR BL
A A A}, E-mail: dendrite@hanafos.com A R AEA BEgAsY B3 717E FEE
‘gl (), BEAURR g5l ge U¥ol AWHAT. WA BEA




s9 d¥d P A @Y 3

A4 AtgsE 4 Zzoad

Ve Qus N 35 e
1_;11.

o}z a1 All

z o
Koo
_&1‘1
= lo
12 t

fr
= o

2
X
£

ol Mxﬂ tee EA}EW

a9 ohist @

oo et
(o3

| o
% oE

ﬂ'.
&
::
::;

[
o

)
vl
N
y r-{m
2
™
Hi
2
>
rr
)
flo o

offt

olr

o

£

= 4o

L

2y o,

L

i o
e

EZ rx

o

41 o

> g ~

2

3 2

o 2

n T

lo e ap
=oé'
=

4 &4 2 Az

W= /\]7‘_}01] 5L = g 4+
ot [1,2]. B}

g3}r] st g

0]147.“ 04012] /J-ﬁ": g}_g_

BA7F A4 dEs)

A7t @tk HSEE H5E

13
o
AN
mu

p
-

B >
i
o
Weoo 4y R onx J
N 2 o ogu dr o ox O 1o >

LS )

15

A3 Arrhenius 2]
s =

ol
ry ~

oo 2 Ao ¥ R 44 2 oZ Kl ¥ R ot K o
e
olo
to
rEowe
oft

p
Noofu 2 dn
N

E 1> _IZ
flo uo rlo
o

d
3
:

He= =
Gravimetry Analyzer)d] &% d84 H
3 232 ot [3]. EFFHA 3 w
He AE9 FF W3E 2= ¥ Az g4
X 7158 ot & 47E TGA #HlE °]

[

fo
%
e
e
2 e

g3to &&/H=dY ERARY Rz A7
= ¥4 g 284 BN e &= E
W3 AlA de dF5F FHozRY dEs &
4 23 ¥g 54 e FIgn 2de &
44E& BD37] st HE& FEM 314 2=
MSC-Marcg AH§3te 4% =S8 F9 YE
X BEXE dF3n A4 2= EX F4%
Hastgoh, 3 2doA dojz Ux oF

e Agsted A9 F GRa Dolo} Hlmatd
.

2. Ol2A vjA

21 ez FEs ¥he 77

@887 12, 199 dxvtid =24
4 dojus &8s 4L ERT we 7FE

3 oo £ % ¢
f
i
rr_?,ﬂ r]I.
it ¢ ox =
i b 8 e 2 o o
M ol
£ El:.‘. o olN rm = H‘.
- = J]
A
2o S o 2
,‘:l:lmg?ilgorlrrlonx=
iz
» L ji;hi
R
o2 o
rlo 01)1““19’
f o ™
= o
U1 2 2
1<
=% o Lo

rio
‘0
2
g
k)

CO, CH % AEA 2= E3i7 dojdr.
GlassAlE HZAEQ F$o& 1000K HZHE
AH SiO= ©S7tA (CO, CO)TH whgS
FHEE EolvxE F430 o whge
A stukge] 9% doldx FH Fo

- 70% 0124 AHASHAl @) 2000K o] Aol M &

R
. | = . )

e #ed o] Fo Bawrgoln gad
PARE B2 4R HFEY Fio I% e

4 Al wgo] W slnE ARBt & 29

CAvhe agstel 98 ¥4 2 AR ades
[

Q¥ BEAHNE AMEIREH DolA Uik
}4e Hedh( Fig 1),

Bowmday Layer
Free Sieam Flow
Convection Net Radiation Blowing Mass byection .

1 4 Sutice Shin Heated Suntace
fomnesoence Cniginal Swnface
Swface P o U (e
Recession
Cha Deconyposition blon

X
Pyrolysis i i
Conduction
Visgin .
Substrate : ]_

Fig. 1 Thermochemical Decompasition Phenomena
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Fig. 2 Unit celi of composite
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Table 1 Characteristic of Carbor/Phenolic
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Fig. 4 Flow chart for FEM analysis
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Fig. 5 Effect of heating rate on TGA
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Fig. 6 Nozzle model

Haat Spactc
KCO!
ey Depsitigiem) KO cabn g () Vo, Cooaerty

s i
. 0 500 1000 1500 2000
Temp(K)

Fig. 7 Thermal properties for FEM
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Fig. 8 Boundary condition in nozzle
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Fig. 10 Temperature history in C/P composite
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Fig. 11 Density profile in Carbor/Phenolic

Fig. 12 Decomposition profile after test
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