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Validation of thermal stress reduction design of CFRP cryogenic propellant tank
by LN, immersion test”

Akinori YOSHIMURA "', Toshio OGASAWARA"! and Hiroshi SUEMASU "

Abstract

Drastic structural weight reduction is needed in order to make possible the practical reusable space transportation
system. Utilization of carbon fiber reinforced plastic (CFRP) to the structural material of cryogenic propellant tank
can significantly reduce the structural weight. However, at the cryogenic temperature, significant thermal stress
occurs between the metallic mouthpiece (boss) and the CFRP tank wall because of the large difference of the
coefficients of the thermal expansion (CTE). The thermal stress causes the debonding between the boss and the wall,
and it may lead to the catastrophic failure of the whole tank structure. Recently, the design method which can relax
the thermal stress was proposed by Suemasu and his colleagues. However, the method was not demonstrated
experimentally yet. Therefore in the present study, four types of cryogenic composite tank specimen were
manufactured. Two specimens were designed by the proposed method. The specimens were cooled down to
cryogenic temperature (-190C°) by immersing them into the liquid nitrogen pool. The test results demonstrated the
validity of the method. The results showed that we could design the practical CFRP cryogenic tank by the proposed
method.
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EEATEYD, "= AOEFBIZL > TEERZRINT 5 Z & &2 H>TWA[34]. IR DIZBWT, =
HEDMITDIDIIFIN=T L ET VI =T AEEOEEEP N TODIZKETHDLLERDHD. 20
72, N A AOESE29mm & L.

18 mm \18mm '\

(a) FiZ4RA (b) R24KB

TILENZHL
3/16in t=0.001in

+U+3 mm 18 mm i:

7.5 mm

(c) Fz4kC (d) #4KD
Fig. 2 AHFZ2 CHE L7= 4 RO N & TR

WE, WKREAMZ 737 4 T A NIA T 4 V7B LV EUES DS, ARIFF CIEEEE I
o=, TV TVTTF—T 5B R L > TR A ER Lz, 97, WEIZ 50mm 1§D 7Y 7 L7
TR T T v 7 A IMS60/#133) % iR FHE OHMET AT > TEE DT (Fig. 3), AA— 7 L—7ICk
DI SR, KIS, BEE O CFRP ¥ 4 —/ L& D&% HIEH 7 4 Vv A ARl AF163-2K(3M &2 L - T
Bi#5 L7z, 728, DCBRBRIC & » THUS L7, 251 0-196°C (2B 1S 5 T — R TRIESIEE Gie 1349 2.1kJ/m?
GriFTFI12KI/m> TH H[7]. £7-, CFRP U — /L OHEEIFR E D& OEEERREZ S50, #
FIREA10°CIT BT 2 OEDOHIREAREZRMFHTIC LY FHIL, T EEBRED CFRP 74 —/LOFIR
BDEET 5 X HIZ, CFRP 74— /L OEETEITHMBIN T 25 L7-. EEICEYES - IE D 5 E % Fig. 4
IZRT.

A

Fig.3 T—7 7 U 7L 7 D& O Fig. 4 BES = KIR ¥ v 7 HEERGEIR A)

7 g m TES

This document is provided by JAXA



4 FHIAT 22 AT FEBR SR AT FE B JE . JAXA-RM-12-012

FEBRIZHESL D, Fig 2 IR LIcENENOBROBYUSTIIEMONRE RS 5720, TNENOBKRER
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REFHAE L. FHREICHWZHMAEZ Table 1 205 3 1R, WS 7 U —IREE(110°C; BEEIRED) &l R
(-190°C) & DIRFEFE AT T2B, DD DOEHEIN 8§mm O & &, Bk A TIEET— R T =3 Lk
G728 218 KIm* & 720, HEEAIOWEPMEEABZ TWA Z ENbh5. —F, RLEAEAEDOH, ok
WTOZFVFMAEFEIL, R B 23 1.62kI/m?, IR C 78 0.95ki/m?, JEIK D 23 0.04 kI/m*> Tdh o7z, §%
TORRIZIB N TEIR T OEMB TR S, FRIHR D OBUS TEEGIR B KR E N R TlEN 5.

Table 1 fRHTIZ V7= CFRP(— J5 [E144) D Wyt fE Table 2 fEHTIZFW=T L I =7 A SO WM
=i (23°C) MEGIR (-196°C) =R (23°C) MR (-196°C)
HiHE ST 7 Young % E, (GPa) 159.6 161.3 Young # E (GPa) 70.9 77.1
HEAHEE A2 J7 1) Young 3 E, (GPa) 8.73 12.67 Poisson kv 0.33 0.35
1447516 Young 3 E; (GPa) 8.73 12.67 BZIEFR o (/°C) 2.10%10° 1.68X10°
RN AR G, (GPa) 4.51 7.18
AR AMTHIMET Gy (GPa) 3.01 437 Table 3 fEHTICHVVZT L 2 =0 A Ol
S AMTYER G; (GPa) 4.51 7.18 =i (23°C) HRIEIR (-196°C)
[N 751 Poisson kb viy 0.328 0.351 N J71i Young R Ey, E, (GPa) 0.10 0.11
{44751 Poisson Lb vay 0.45 0.45 471 Young 3 E; (GPa) 0.58 0.63
{4+ J7 1) Poisson . vis 0.328 0.351 ifi P 771 Poisson H v 0.667 0.667
HEHE T I BIZIRSR o, (°C) -6.62% 107 -3.19% 10 fii#+ 77 11 Poisson Lt vi3 vas 0.057 0.058
HAHE 22 7 0B ARE o, (/°C) 3.70x 107 3.10%10° IR AWTHRYESE G, (GPa) 0.0079 0.0085
THIAN 7 MBI IRSR a5 (/°C) 3.70x10° 3.10X10°° AN ABIHEPESE Gs, Gz (GPa) 0.10 0.11
FZIER o (/°C) 2.10x10° 1.68X10°
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T X MREEIC & A IEME M & 9206 L 7= Figs. 12, 13 \C A TTHEE 4 & AMEHESE IS O X BB 2R
HotBEEEIIE R BER R LN, SEEESIZIEE 5-10mm BEOILBEREAEL TN
ZEMHB LTz <RI N E <, T, BSSEM L7 VCCT AT IZ LAV ERR O 1% < Bl B IC
e RN EAVHIBI LT elod, IR C OREREZ BB MARRBRICHE U7, iR E RO RsMill~
DEADPKRT L, HERUAOPNRI~ERZEHEZEA LB/ S 2 S AN C 3 L2, BB ET
B A 7R AT A U o 72, BVEEST No. 1 O FfEBI7R 3t 413191 COlZ#E L TR Y, IRRERIEE THIF
R C ORI M RIEE A E - SR L 2RT I ENTE .
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DOFEZIHI LI BNEE L. IR C OAEBTO EZRZIMHENZ OV TS ZORETH 5.
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DOHEDFEMBIERICHOWTIIS B OBETH 5.
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