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An overview on low-density ablators

CHENG Haiming, Hong Changqing, ZHANG Xinghong

(State Key Laboratory of Science and Technology on Advanced Composites in Special Environments
(Harbin Institute of Technology) , Harbin 150080, China)

Abstract: With the development of deep-space exploration, low-density ablators have received increased attention
due to their distinguished features such as good ablation performance and low structure weight to fulfill the
requirement of lightweight, low ablation rate, low thermal conductivity and long re-entry time of thermal protection
for heatshield and backshell of planetary entry probes and re-entry capsules. The historical prospects on
development of low-density ablative thermal protection systems and materials were introduced with emphasis on low-
density honeycomb reinforced silicon rubber, phenolic and organic silicone resin ablators, as well as the typical
representative of light weight ceramic ablators (LCAs) such as silicone impregnated reusable ceramic ablator
(SIRCA) and phenolic impregnated carbon ablator (PICA). According to the task requirements of China’s new-
generation manned spacecraft, including low earth orbit flight mission, as well as manned flights to the Moon, the
asteroid and the Mars, the progress of basic and applied research on lightweight thermal protection system for the
spacecraft was presented. And then, it analyzes the technology gap between domestic and foreign, and provides
several suggestions concerning the prospects of China’ s low-density ablators.
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N1 p2 I (ER sries PO R = e (A L BT
REZEPE 22 DL B Be i R AR AR R Ak, A
BRI [ AEANA T R o AR DU A5 2R 5 4, 36 T e T i
55 VDR T P B AT HILRE R B B T b R AT
2.1.2 BTG OR EyEE

2 B AT NS AT a2, N BRI
5 T EE R (8] Y BT B R AR SRR B T
FREREE T ™ I (B A B R T 120 km , $A00 %5 B |
KB BYY) I e (R LA TR 3-5 £ ) B



55

PG, 4, IS LB E R 3

KB R A B S BT BT VIR I M 2 AL
FRIBE T LEE , B2 T 5 B A IAVSH ZE R ) B
sE IR R AR B DC325/HC B Al I L FEuk, R
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W& 5 1 SRAM=20(0.320 g/em®) BESEIE A i 5 2 HL
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PR L ) 5 S M BE. SRAM =20 7E 140 ~ 255 W/cm?
T X I AAER BT oA W i P b b B P B, 1A
IR E] 300 W/ em® 54 B4 B AROR |, IF H g
HRAZ 400 W/ em?® (A I [ FAPREE . SRAM-20 R
BRSBTS A AR AL 2 7E NASA X-38 KATHYE
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90 ARG, R T AR BRI R rh it — 2D
B B 44 R M RE R AR AR BT B R G R,
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SRR PR 4 5 P s B Tl b B LCAS"™ . LCAs J2 4%
ZAL I FE S HLRER IR 12 15T — ZE 27 e Tl 1A AR A5 1)
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o 20 AU AR D) AR T o A1 % R W B AR R
FRCT N5 = 2 FIEE IO 281 K K ALHLIE 2% K 1E AR

B R G 28 AR P R B A EL, i 80% 11 —
SEATELT 4k 20% 1Y Nextel B % 55 2T 4k F1 /b & SiC
LT AR SHBEEHIZE K. SIRCA 7RI 25 B 200 W/
em’ LU IR 55 HLOA B A 1 28 A P BE. SIRCA £
NASA X-34 (LI F 2 b 420k 4 i
Vit MER (144 7 <ok o 28 40 1 15 11 422 10 1T A LA B
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02 fofi FH 32 280 10 S A R At g R o7 1 .
2.2.2  FEpRER BB R
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P AR 25 B (0.224 ~0.321 g/ em’ ) B/ T 52 il At
B NASA Ames BF 78 50 B9 FABE 57 2R 48 5 41 R
BN T & AR ik s ot e AR T LA 28 il 1 I A g 7
PICA " (1) 12 15t & FI R UF 93 1 A% g 351 50 40 A, i
FiberForm M|H Fiber Materials Inc. R 25 B I #0 &
SRR/ B S A R, 388 2 ARk 14 B R A T L 5
BT 24 233 (8] 3 A T 25 3R AT 5 ) SRR B 5 [l A i e ot
FpE A BE.
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PICA #1228 SR Wi By #4 K I, 2006

A RE R AR DL A 22 SR 19 12.9 km/s 113 B I
120 s/ 0.6 km/s” [ i1 32 5 20U F A, PICA WII4E
ZEEIFEE 12 MW/ m® AL 3 320 MJ/m’ Y
BN IARNEE R A T 15 5, I BB A RAIE
LA A RN A7 B AURE A PR 2R 3R A it REAS R 1
FLERY 70 €. PICA ST H A% 4.5m 475k
BRFAE I S R AR B A KIS 2B B 2012 4R LA
5.6 km/s AOTEEE R E A KR | 20 37 W (I 2%
1.97 MW/m? S #uiE 40 MJ/m? J7 BB JE] 100 s i2F
AKBERSZE . 2535 Space—X A A A VEAL
2 TR RE B A3 9 B AR BUAS Btk /) PICA-X,
T KRB BT HREE , A 2012 4ETT IR 22 U LB Mk
HbIE ([ PR (a1 ) By [, PICA Bl #4514 /&
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2.2.3  PRIE B IR B A R
TR, NASA HEIHE A & e i H I % Aok
TRAS TR 4% 2 5T & 40 RN B3 8 Bl 5 22, NASA
Ames TF5E 0 HF R T 2R F Bl A% Jig 1/ 5 Pl 5 1) ]
AZHE (Flexible ) FI{RIE ( Conformable ) £F 2 i FE 1A
BRI 5T, SR K T AR T8 1) £F 4 5 3 5 A
B ARAIE 2 BE B b b4 kL. #H L FiberForm , £F 2 i
P18 S 88007 AR B RS HL W] AR T A A5 X AN [R] RS R AR
FA A R PR 07 i o B e, B B S B R R S
AR ST e TR ) B 16T A 7 R0bE ) 5 7K 0 25 4 =2 ) i
FIE A GO, I8 w5 B AR M B — BORTAR
PE. B R A AR HR BT PICA (9 Z AL BB
JEH & T C-PICA iK% Bt A8} £ EDLP
F1 CA250 S5 TR L HF T, C-PICA S5 {4 IE b i b4
BHE Ry ik — 25t Ak & e 11 S 1 Bl A6 A5 LRI 5
HEAT T R A #UL 5. 2009 ~ 2012 4, NASA
Ames W5 HOAE THF LR XU 2855 00 25 i 58S
SR, 7E 6 FAIB Fe bt kL X e % C-
PICA Fl C-SRICA Rk itk — 20 A bt L. 7 2
filh | NASA J33h T CA250 1Rk £ JE B it 44
TEAT R IE AN S M BRI R (B ) By 4K A8
M FE A g £, M HE X B ORI R OR, BB T
SPRITE i35 %% R 5t , B B SRl T AR f it i vp
A JIRR G R BT, S i dek %) A i) S0 1 B % 35F
ZRARE . Bl =5 SPRITE {56 %
BRGNS, 56 BT AR 2, XF T C-PICA
PICA &R R $APE BE I RS T AR % B 454 1
RN 2013 4R SERE KRS (98 2 m K 30 m | J&
100 mm) 4 N i 21 4 B R i B (kb )5 5 8 1
75 mm) 4277, 343 IAE 2014 4EF1 2015 4E5E L 1 mx
1 m A2 mx2 m (R REREL AL

2.3 EHagMmRXRREERma R

T B 5 48 R = 2 T 2 Y A 8 5 A e ot
MEORFEERN - BESMIEAT T Kt i FL 25 T8 A 2%
JE e R R 5 0, 22 AR D REAR A
BE AT AT A A5 4
2.3.1 f/REIEME

e/ B 22 S5 P 2 O e A L - 5 T m AR
(1) 22 J2 A0 85 B o T Rk, 3 THIJZ SR FH Y 2 %6 2
1.8 g /cm® B3GR AR/ A BE ACC AR R TR , 11T P35
)23 E FMI 1Y FiberForm 8% -2 9% [E Calcarb 2 H)
AL CBCF, ¥ 3E 2 0.18 o/ cm’ B FE(R T
R(~0.1 W/ (mK) ) B/ E A BRE a2
FEA8 A2 I BH XU - DA 53 K FH 22 R £k iy Y5548
FEIR AR B AR LR T 6 em SRR/ k2 )2
FEE, 2004 4 RFER FIAELLZ) 11.02 km/s A HRE |
-8.25° [ A Ff1 SR FH LA 20 B A s R RS2, Hod
KA 32 g, R (IR E] 7 MW/ m’.
FEFREHIZ) 33 km S EERT, T EHARZ) 2.03 m AYHE
T A SR AE B %3] 6.7 km & R, 10.5 mx
3.1 mi) Al T O B R A R I R A
RIFTH, FEOR MU T R 8B R, 15 LK R 4
AR MIAE L 88.9 m/s [ FE A P& 78 T AL M VD T
FEOR MR Y. R4 AR B KK TR
SIS R AR A T i HLYS ST RR B ek 4
2.3.2  DIREMS RN BB AT KL

FERF AT AL 2 AR A IR R AR 8036 K
EY I G ERG KR M AR, AR T
KA DI REREFE A L. X BE T BEA IR 25 2 1 L
i SR HH 365 B A JEE B8 )y ) A B AR A et v 2 FE 3R T
JEAE BN FRG A B R A B 22 Bk i a2 [ 3
FE BB TR B BUR AL 2 2 S P8y D)
FIERETRE ), IFBH - R be ik 2 i % |, Bl 1 i 2 3%
TR RELRE 125 00 I A4 e, P35 B85 )22 D) B % 5 b
B R % BT 4 PR A MEBE. 10 Ames BFSE 0 1Y
FMHG5R PICA, ¥ 2\ A B BPAFG (B K 2 H
0.31 g/cm’, 1 0.46 g/cm’ i BPA-HD £10.16 g/cm’
) BPA-LD 41 %) 35 E W H P32 B9 Phencarb28/15
(BEPR E R 0.38 g/cm’, HH 0.50 g/cm’ ) P28 Al
0.26 g/cm’ (¥ P15 4%) LA K we i il + S5 T 28\ IR
Graded MonA (3 {K55FF H 0.28 g/cm3 JH1 0.31 g/cm3
Y MonA - HD 1 0.25 g/cm’ ) MonA — LD 41 h{)
£ 505U SEHPE Ames B8 900 THF DL AE Langley
5T .0 HYMETS KU A6 b & B, i 26 D) HEH
FEMPRHE AN 1 25 2 w5 2 U % FE T 82 T, I el
2 TR EERHIC T s A AT SR BT DI g g, 9
AL AN T A 3 A ) B R AR R R PN B T
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2.3.3  ZEMERER IR IR T AT EH A0 A P e kb Ak
FNZE A By B I B e e T b )

FEXT WP ARG 285 B AR 5 19 [RI S, Ames FF 5%
SN} T PEAR S B2 e b b ) 0 2854 5 M BB R D BB
TRPERETT R TAFSE. HATA FFHGE 9 22 PICA-
flex ¢ SRICA—flex FEPEAR S B2 be iAokl B4 4%
RS 5 NI PICA A1 SRICA A [R], 275 ZE
AR g AR 5 B e TR T8, EEXGIAET
SR FH 22 P Tl B B8 G Ath 22 M 2F 4 85 A PICA 1Y
Fiberform 1 SRICA F4 £F 2k Ak B 8 FE AR A Sy = 2k 1%
SRILIR. SRR N = 4R aRAH , (15 AH 4B %%
THPRL Z T AN TG 0 FH 4% Bt S 0 5], 3 T 26 77 KR
SRR 2 A A Y R B R R Y A B0 AR AT
VARG G5 1E R ) 8500 b ST 22 A8 T B 44 T Ak
RV T R 3G V25 04 R il ) 22 (8] i i A 22
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