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Emphasis on the Application Basic Research of
Thermal Shield Composite Materials

Dang Jiali Liu Chunli  Wang Junshan
(Aerospace Research Institute of Materials & Processing Technology, Beijing, 100076)

ABSTRACT: This paper briefly presents the development trend and application
research of thermal shield composite materials. Through the investigation on the
development of thermal shield composite materials in the United State and Russia,
the paper discusses the importance of the basic theoretical research and experiment
study on the material with emphasis on the research of thermal shield mechanism,
influence of extreme condition and symbolization and evaluation of composite
material to improve our composite materials research work.

KEYWORDS: thermal shield composite materials, composite materials
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MRREHDS, RESTMBL YIREZ SR L ASHE SHMBESERNIE R
ARG, R —BREE SR ZREES TR RB MR

KB ZaMR IE #HE ERE

1 BI

Il

RIEEZ SRR ESEARELEATFNER, EXRECER T —ME™HEA 200
Z{eRon, MEABEE A ABFNT, HAAHERBBLSE, —ERFERT
*HE GPD WKEXMHEERER, RIFEXEHULHE CFA ( Composites Fabrication
Association ) TR EFMGIHER, AN BRGTEREE SR LR, fil
BB FRE T ZBARK N AR MNP s e, @ o s s JosEn —+—t
LIRF LT, MEMRTA ., B ERSEEMERFLAR EPA (ZEREZIMER )
RIMRESR, RESEGHRSARPIRA MR RS R MEE R, AREE SR
HYBRE R RAR L — T R 2 IR0,

FEEETHLMEHRIL F22 & ISF AIZRESHINERER, 2EE&HH
FRGEN T+ — IR R SRR RN R ERZRATE, HMABRER
THEMASA ., BERED AR ZMRACEARF LA I T eI EE &Rl
SEARRRERMBAR SR, BEMNEZHE. RAGER. B RERA L LmER
R, M TEMIRERBAR RN ARREANHCERBHESHHNERESR,
HLZEFHERRIFT SET IT SRR & H08 TR R HERERY,

AEAFHAR TR ML RER SR EARORAONL LR, RAOVEEEN—
CDEXRBMBX T ZEARBENRN, WfTESHE . FTZMERFEER T EHHE)
¥, SEERREZSHRHIRUENMKTY, BHEAIEIRER SRR RN
FIKFRESS B AR B i A et K P IR R

2 EEWIEEESHET L

2.1 FERFEIEK

H 1991 Lk, RS ER VARG XELFNRgE, EEMERES
MRTWE T 8 M KMEL, 1998 EXEEESMRBEXET 163.3 A, 5
1997 ALK ERIX 5.5%, B THEEXE GPD FKR, HHt 1999 £k 170 7
MR EFHRT R, B 1 AEEFESVEIE 4 ERESHEEE MR (1999
FRNBUHE ). TES, REMUMENRTLESHEBREREE, EZHoh

* AREFITH B AR 4 No.59773004 Jk No.59833110 BB B
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EEHR AR, FARARAMEREER, HXEXAGHHNERNHBEKAAE
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6.OE+DSIr""?“m- - _
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P25 . u
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B1 19961999 ZEFET W IEAHHNER
2.2 PR IR

1998 R EZAAH T IR AT BT 1. MERTR, EEEHBR T —MEEY
247 LRT0, M ABEER "+ =TT ARIFN= L. HAT A B F= BRIP4 8145 7 W
M 10 TRTHKF. B, EERUTULHAS-EEZERER, BRI S
PR 05%HEBIAEAME (UAREAHRAE) FENS SEER N%NREES
WEEHRPHEAY (R 23), Bk, St AR — BRI, 4R,
LB EE AR MES RN E SN T BA SEERGHEEN, £8 5, 457 4=
KRANPATZGHERNE 2, RPN FHLEAETEENTH T AmSNME
HLZ, 88, KEEGHBTLNUFHITENE, EIRAT NN R A SN
B, b EE 31BN E S SMCBMC REITE HE,

11998 SFEEMSME TR

The Total Reinforced Processing Plants 3,149
Primary Processing Facilities 4,286
End-User With Captive Processing 1,171
Total Processing Operations 5,457
Volume of Composites Output 163.3X10% Ton
Processor Employees 236,000
Value of Composites Qutput US$24.7 Billion
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1996 4FEEEE I ATM

K CFA XEEHEEHH Pultrusion 17% ] Sh?%BW
M GF KT T HM,
B T 4 A 0 A% T

R, WutxXEEeH
B EHERERZE 1160
fLRT (HREFEH
5 /%), BEETUHIT

MERETZ Mg ER Spray-up

WE 3 &RE 4, HPA i

SR, BRMAEES B2 EEESHE TR TN AL
HENKEERANTHE

R, FHITZ. SMC ZABHAMREERRABERANTHRR. YR, ZRWER
AT TR, B RERERESHN TGN RBEE.

Billion US§

Billions US$

?!///?{/ *

B3 FFEEIWERIHHRREM B4 FERBTZHHRRRNM

2.4 INMRiE)E

R EX R SR R IR AL 0T A R B AR, FANE AR B RE
HZRGREE, HHESBRRRNERHAEE THITNER T RISRER, &
—ENETFETAITLTEH, mZE M- ARMEESH Bagr=miEAR kK, Filt
LR A BT E A BOR IR R M A . BEEXNESHREE LB ES
WAV EGREAENREER, EPA BEEAMB TN TENAS SR, 3*
EMERNERELARFREN. Kb 5E 4D TEA L MMEEMRE MACT 7
#E, MACT #r#EJRBN : Maximum achievable control technology ( FTiABIf0#8 414 MLk
AT IR BARHE )o FEXT RN AN T A VIHEORE ., S0 RS A AR
HEE L, REATA B RTREABI MBI K E TR MIMEZYRA, EPA 5 CFA &
Tl th& R AR Tk # MACT #5%E, BB BRI R ER N EEE A
PR BIFMRE T RARE S, 3 ER— 584 B TR OIESL, MACT ¥
HERRIE AR TEAES T/, Wit44ERTNSHN, 2001 ERGERIER, 2004
FEALHEEH. MACT FRMER R EEE S T A Sk iR, S)is Ay sl
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FREBHBEBANES PR, WAALBERS A X80, MACT fREf ST i
AR TR E B RN . EZHWMAERE T E AR AR, HR, X
Ho A 2 B S PRI R A B

REREGHRPAEE TR BRI ARG T T B0 BARS, RSk
CRRPE USRI RIFESE, FEARAL T X EEAHRHII MR AR =S A A
Ho

3 XESEHESHMBERER

RIS BRI BTE A MEE LRI & BBE, By EE e E SR
MR L — S REEANEEHRB VA ENAR. F8BESFRAN. B
EAPPRE RIS Sk P U M RIOERAM N FERBEL, HEUEE F
LATERL F22, ISF, ZRCHIAEEITH RIS IR BNRBEBER, A0k
LIS E S PPR R AR E&, MRS T BT THERIHE RN

3.1 SE#t SN E EHEHE AR A

WEE F-22 SEiftiSHOLAE BIRA = IR ISF B HIBISE THEMATIRT, bkt
PLE-GHREAR BB —565 | AvE B 8455, I55# ATP (Automated Towpreg Placement )
AR RTM TZHE ARSI AHIAN R F-22 563t HLE S bR R AT R B E
RS BRI EH BRI RS R ISF 8918 SR R ok EI=
RIEFHU ISF SEE LN E SR AR T RE A IR, BB WHLESHE R AY 30%,

3.1.1 SEi# ATP HAR KR

Foi#t ATP (B XFR ATL, Automated Tape-Laying ) BARBXBBATFIEEHA,
KRR EREMAN T L AsL, TRERBIERA., 1 F22 B-VIHLE R R R
FBHARTZR TR F FTEEMNBRETE, TR E R IMUR T 2% 6.0mXS.7m, A -
SEMEL, AN ARARE) 3.8mm LA RN 14.2mm, B IHLESE FHOERAY 13
BFro XS ATP A T HE 76.2mm F 152.4mm (9% FIREE 4E/BMI mMBWH (FE
#9% 0.2mm)o B FRAT St MR AHRPSA RS, ATP MBS AME EN &
BRI R R AEOR, FTAB] 30m/min MEBEEER + 1.27mm MESBESHT KA
THEETRIATIENE, AP MEMBIRAA . XA ATP HLEREEIIMHE Y USS300 5 o

et ATP HAKAE ISF 83 HL B 8 858 — 193 A B8, 41 Lockheed Martin Ml
Boeing HEBURITR ISF MR SHLFRGESHEMA ATP HA, SN, V22, .17
BRERERSHERTEE SRR P RR AL ATP AR, SR, 5F1%
BEARML, RAGH ATP SR AT A P S R A 30%-50%,

3.1.2 %k RTM AN KB

RTM TZHEARMBIIN Bl R F22 FHLANE AR —TaEE
WAL . B 5 9 RTM T¥7E F-22 4541 _E B B B A (B BN
i F BRI AR RIM T M M-SR ), W, RTM TZHEATEH
THlEVLE AR &2 TR SR (40 sineweave beam ) Fl FHEEM (frames ), LR F-22
AR LEE 360 NMEARE RTM T, HUEEk 254 DT, HEERE22 Kt
MARREE AP EREN 45%, R, F-22 -4, RTM TEEEMHEMERD THRE R

-8~



| HEREKF, KEREERIEHRHER

HERTHERIE £0.127m, FHH

REWBIKT 5%, NTRIB/A 2 200 hr
o A3 meata], RTM T2 E 4824

N SEGmBE s RS R R4
T b, HERAUER 10%, HEFAKE
B TRE4HEEE, RTM TZE44#
BEABETIL 0% L, TR, R
A RTM TZHEAREBEFHRBEEHYE,
WO TR EMEETE, K
N : AISCHL A BEAG, [RBT X ATA DIk
B 5 RTM T¥7E F22 Scibicl ol Epommfem BIERER, Xi#E—SR#EESHEE
S LM R AEEEE Y., A
B, RTM TZ WA — FEMRE TE AR ISF Bl KB,

3.1.3 HMBENHRE R

F-22 et LA S MBHERTT B A AR AR . WBRAEHAZ Fih RTM T 24
BHAR, Ko mEssiazR L IM7/977-3 FFEAR N IM7/5250BMI A%k E, RTM T
Z.LL IM7/PR500 SRR FI IM7/5250-4RTM (BMI REfiE) K, F-22 BIeAH &I TIER
EMEE RS . HPBRAERERPEPEYN M7, BAREEEE / MiskmEE
E-e4, TRAXARAROBIERELSE (0 T-800), WFE 2, RHRIgEE T HX 8
HUEH 9773, 5250 J PRS00 SRR, THA R AFMAHRIEMNFERISHE,
M B HIRERBIR TAERE, ISF BHULAHEHA R B ARS8 Kiasik. o, Bt ISF
ATRE SR A4 LTM M RMEAR AT EAMN TEMBAMFE, HF—SPEsERA,

R 2 ERATHEEE / ELL

PAN-Based Carbon Fibers Tensile Modulus (GPa) Cost (US$/Kg)
Standard Modulus(12K) 231-245 3640
Intermediate Modulus(12K) 280-350 62-66
High Modulus(12K) 350-490 120-130
Ultra-High Modulus(3K, 6K, 12K) 490-980 240-1800

Heavy Tow (48K-320K) 231-245 16-22

3.1.4 CAItRISEFIGHIM T EEISTRER

et E-EPORITERE JSF IRHHL_ L BN AT BE Atk — SR FEA M E R 30%, EE
PRI E S et — B R, I, ZES TR ISF B0 R LUH4T CAT
(Composite Affordable Initiative) 3R, ZiHRILASEEZ%E . Lockheed Martin F1 Boeing
FEBREQHBNAAMNE, HOHEZRRENERLRESN, HR—ERBHTR
BAME, 72 10-15 SEAET R Yk Seit iU E B SR i v AR B — P B
KB, HEBRBARRBEER: #—SRIETSPRESHEEEYE . F2RA1EELM
BREERURRHAE 4 BH DFM (Design for Manufacture ) I DFA ( Design for
Affordability ) IR, HIEZBESHREUCARIE, WK E-SHB 85 AR,
LHRERAE RN ERRH BiF. TRSERY, EXX—RABH, LR
THAOREK P REENE 3 WER WK, Hilt, JSF EPENE MR TETERE D
RSB - HE—ABR . SRESHRATHEEEY | SERATMNSER,. T2
FEEHSHELRMBEARETE. N 1995 FRFMAE ISFMCAT (Joint Strike Fighter
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Manufacturing Capability Assessment Toolset ) ¥ifE% T8 A 71 ITb47X A EIIBT T 1E.
B, JSF &2 E SRR T S G AR SR IT 1L,

F3 SEHRANESHE DFM 1 DFA B#R

Today Composite Application Technology DFA and DFM Composite Application Technology of
Of Advanced Fighter Advanced Fighter
11,000 Metal Parts 450 Metal Parts
500 Composites Parts 200 Composites Parts
135,000 Joint Parts 6,000 Joint Parts

3.2 FEEHESHMEHEA

“Migration to Space” HREMAEETEMEE LRI A, Fit5 AR M BB
S LB RETEMRMRERNNSZ—, EE&MHHREALREREES AR
SULARAR RS EEWE, R #dEH 418 (Thermal management materials ) FIBF
FATT 5 M F ot RS R AL R B M ) Ao B e . LA 475 W A0
HIBK — BRI B A R 2 A R AR R AR e RS R, MRt AR
TRERNESRERMEL MR AR M ERSE SRR R, Wb, e
KEF RN A EREE SRR E A,

3.3 FAERET ZRRAE

FAIEMERE T 7, (Out-of-Autoclave ) T] A KPRk T 2% | IR A BIA R A RERE R R A
RE/SMRMEBA N — & FERRZ, FRERT T =K%, € RIM. RE #
SCRIMP ZEA#) LCM TZ AR UV/E-beam [Efb T 2 HA LI RAGIE Bk & B B LTM
PRHAR R AR

RTM TZHREAE F-22 EIREBEHEIAN A, FIF2E Navy, Army #1 NASA t7E
HRERGH) LCM T ZHARBFFTTAE, i Navy #%1%F] SCRIMP ,UV-Curing/RTM #1 LTM
HALISEL USS10/A T~ US $30/A T RIE BB B, AWM KBS FEI1E Rinss
M ERNA, RESEMHNFRLRERAELN P4A (FBF KM EFREKER) &
R, BIFEAESERE MR R FORBIEEEA, LASSIR MERERR AT 4 BUR BV SR A B4k
il o Army F13 4 ) Delaware K249 CCM ( Center of Composite Materials ) 3% 3% F] RTM
HHEHHEA (Co-Injection) — IR ST AT MEER LIGRBER SRS IR fE
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The USA Composites Industry and Advanced Composites
Technology at the Beginning of the New Century

Zhiyong Liang Duan Yuexin Zhang Zuoguang and Song Huancheng
(Beijing University of Aero. & Astro., 100083, Beijing )

ABSTRACT The recent developments of USA composites industry and the
leading-edge of advanced composites technology are reviewed in this paper. The data
and analysises of the paper are mainly based on the conferences and activities of
CFA and SAMPE. The comments and suggestions for the developments of
composites industry and composites R&D of China are also presented in the report.
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