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Pressure—assisted RTM Processing for Ablative Composites
MA Xiuping, GUO Yalin, LIU Siyang, WU Fan, HUO Bingcheng

(Xi'an Aerospace Composites Research Institute, Xi’an 710025, China)

Abstract: The ablative composites made by processing of die molding and tape wrapping have such problems as low interlaminar

strength, debonding, poor ablative resistance, and erosion. A new type pressure—assisted RTM processing was presented. Resin

filling process was simulated and the ablative composite materials were prepared. The porosity, mechanical property and ablative

performance of the composites were tested. The results showed that the pressure—assisted RTM processing was workable and had

superiority, and that the porosity, interlaminar shear strength, line ablation rate and mass ablation rate of the composites were

4.64% , 39.3 MPa, 0.017 mm/s and 0.0538 g/s, respectively. The pressure—assisted RTM processing was applicable for

moulding ablative composite materials.
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Fig. 1 The diagram of pressure—assisted RTM processing

1 SZEE A

1.1 R

RTM 1 [ 44 g« 36 5 3 X BE 52 4 44 BL A FR
i

LK PSR AT / ik 2T 2 X B A ) 1 o 4%, 1 %2
WK A MRS I A il
1.2 EEMRERET&

DL RTM Y {5 AR g Ay B4 DU sl Btk A T30
il A A SR A, AR 256 B RTM % S T2 25 il
%’Eﬁ*ﬁ*’*%*ﬁﬁijﬁﬂﬁ_‘fj@ 160 mm x160 mm x
40 mm,
1.3 HEREMK
1.3.1  WARmA R

KBRS A 7 ) ND) -7 B e i
FHEETE, M RTM AUBR RERS BEAE 75 °C T BhERE
Bl g AR T th 42
1.3.2  BiERM

X T 45 ] ARGV (035 33 22 ik SR FH A

T AT B[] Y FIAR [ T o BR ) 37 3 3
I, TSN ATHT T Bk, PR A D8 22 2 1 2%
BN A ORI EL T 11 1 ) R sl iy i o7 8,
BRI AT B I 20 (42 8 3 ] R 5 1Y
—4 Darcy EHFRIAA,

nv

K=
P./L,

(1)

L K N ZAA TR B SR K G, m*; nh
TARIRGEE | Pa - s5o S RIRTEA BT (97 29 3
B m/s; PONEIT R T, Pas Lo U BRI IR
B ,m,

S SR FH B [ 30 9 R AT 0 3K, 4 P e G A
R, — it —um i, A AL T AT 50 S
W, BT 75 CHEAEHARIE 1 h #hEAE 30 min,
SRIGHG A E 75 °C B9 RTM 2 3 B AR i 7 A T3
HIA  B23 R 7 0.093 MPa, 250 2 min 321 G
RS ENNHRAS S LR N
1.3.3 W s shseatl

K F RTM —worx B4 5% A [] 98 38 2R 1) il
TR HEAT B Bl FE AR U S AL, AT RUSE S 160
mmX160 mmXx15 mm,ﬁﬁ*ﬁﬂﬁ*ﬁg 350 mPa * s
(75 C'F 10 min WRIBE VY6 ), 1 99 K i
0.093 MPa,

1.3.4 R

FIH & - 2 Hb8 b min iR It &2 5 b1

FE R AT .

m

T (d/2)%h (2)

p
K, p HEEMEERE, o/cm’;m Al e
it gsd HIRFEE A, em;h AR, em,
1.3.5 {Lp%
BARRHLBE R R A5,

Mg e m e
_ Bl 4
qb?L_l_pEM[ y J (3)
Mg pPrps M agpP g

X, o WEEGMEHLBR, % sp ey WEE
MEHERE o/ cm® s myy AR BT, g5 myy AR
BRI, 230y AP IR EE g/cm’ s Mg N ET
YEJFiE g3y NET YRR JE ,g/cm’



55 36 45 2 W

S, BB AR R S RTM T2 .57

1.3.6  Ji%PkRE

K92 E INSTRON 2 ] A 77 i) INSTRON -
4505 J7 feprRHA I HLI X 5 A b4 LY )2 (] 55 1)
S R A8 S i R N2k R 2 mm/
min , I 3 A5 #E 43 51 2 B GB/T 1450. 1—2005 |
GB/T 1448—2005 .GB/T 3356—2014 47,
1.3.7  HEphPERE

KV R E MBS T A fil 1 A -2
VoS UL P W =R % ) G0 oo S | ES e L
1.3.8  HOWIES

FHTH A 2 | £ 77 1 JSM-6460LV 1
5 HL - S R B X S AR T S ) SO B 1
1758
1.3.9 MR RE

SRS E NETZCH 306 5 #8030 i &2
AR BE B, R NETZCH KA 3 2%
Mk R 8 3 g i B oy &= 0 & 250 C

2 HERpHER

2.1 WRERIR T MERE

RTM B EER IS AE 75 °C N B3 - 6L 2%
WA 2 Fios, MEHE RTM T 2078 5 25K (80 ~ 800
mPa -s) , W& 2 FRa] LA 76 LR R AR Y
SR 2 hy

900
800 |

(mPa-s)
D
(=)
(=)

Y9

300
200

0 20 40 60 80 100 120 140
B 4] /min

2 RIM RIS 75 C AR B A
Fig. 2 Viscosity—time curves of RTM phenolic resin at 75 °C
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Table 1 Permeability test result

Y-SR/ %  FIRABME/s BER/m
21 1 200 4.01x107"
28 1 440 1.99x107"°
36 1 860 9.28x107"
50 — 2.36x107"
60 — 8.90x107"

2.2.2 MR FEBLR SR

FoREES(E] L2 2, EaE XS R 2 Nk 1 BdE
AR TELT4E & il 21% i R0 FE AR ] /)
TSR FEABLA A] S PR S A R L SRR E
L YEBERRGE PR TR, 245 5w KT,
AU FRABE 8] T S BR FeABE A [ Jit PR 78 S B
FURLET ] P, W8 R - o 58 4 15 i 0 ) 44, Ho i
SRVEXEBUIE 3 AN 8= RS I R TN S A Y
AR, PRRA 485 b, B aE RN, 5
LT ] D) R, 21 4 5 i e 50% 38 0 2] 60%
Bf, SRS [ T —f5 2, 54 RIM T.22%
FHRCATR AL — R 5 B A pl 2, A ot
NG TR S A RS E A MR, R
JE 1B RTM T 20 i BUR, m] S /e AR &F 4 AR A
T PR I PR A R 4 R R R
AR50 T IR HON TR B s S R T, W LA
B[R L AR FR AT B B2 G A R), JE A o 27 4
RS EE A

Fz2 FEEIRPIER

Table 2 Simulation result of filling time

G R/ % BAU ST 1]/
21 1 060
36 1610
50 3 440
60 8 430
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Table 3 Density of composite plate g/cm’

i1 fiE2  fMNE3 fE4 fES

1.365 1.374 1.372 1.368 1.372
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Table 4  Porosity of composite plate %
fED  fE2 MNE3 fifE4  fNES
5.00 4.37 4.51 4.79 4.51
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Table 5 Mechanical properties of composite ~ MPa

HRESH ME1 fME2 B3 (iE4 (NES

JZ I 5Y
b 81 398 394 396 3938
B
gompe 203225 193 154 205

R E 270 271 308 284 277
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Table 6 Ablative properties of composite

gy UK e
A AR )

1 0.056 5 0.014

2 0.051 7 0.017
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4 0.052 2 0.021
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Fig. 3 Ablative morphology SEM of composite
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Table 7 Thermophysical properties of composite

S LA/ A HR B SR Ik R
e (J-kg' - K™ (x10°m* - s7") (W-m" - K") (x10° ¢
=i 1023 0.387 0.522 —
100 1256 0.348 0.567 3.12
150 1372 0.332 0.591 1.38
200 1512 0.319 0.621 1.46
250 1 643 0.301 0.650 1.82
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