ISSN 2433-2224(0nline)
JAXA-RM-18-003

FHEMZMARFEEERARTEEN

JAXA Research and Development Memorandum

ERIRIR(CH I Dbttt TR o EilsaERO
B IZREE (ZD1)

Fundamental mechanical properties of carbon fiber reinforced epoxy laminates
at cryogenic temperature: 1% report

feE &, Bk L, Bl EIE, NI HSE
Hisashi KUMAZAWA, Tomohiro SAITO, Eri FUJIMARU and Takeshi OGAWA

2018%F11H

FHMZMARRFERR

Japan Aerospace Exploration Agency

This document is provided by JAXA.



1. [FC&IC 2
2. BERRIEEEIE 2
2.1 4:@1&{55%1%*@:/7\ A N R R PR S 3
2.9 T%% e R R 5
2.3 {E}E?)ﬁﬁﬁ?%?‘b ....................................................................................... 6
2.4 U'ﬁ‘ﬁ{,ﬁ”ﬁiﬂjﬁ{f .......................................................................................... 7
25 X 7‘%7%5[:77&{% .................................................................................................... 11
3. R 14

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

%E@ﬁﬂ?ﬁﬁﬁﬁ .......................................................................................... 14

4. HBbYIC

&f%y_y ‘/7@%%& .............................................................................. 16
%ﬁ%ﬁ}#%ﬂzﬁfgﬁ{ﬁ};ﬁ ....................................................................................... 16
{Efﬁﬁjﬁ’éﬁ%% ............................................................................................. 17
3@[‘%&@:&@‘?‘(&}?@%2% ........................................................................... 20
?E{%%Ei:&éf#?ﬁfﬁ@%ﬁ% ........................................................................ 29
,ﬁﬁéﬁﬁ%%T?ﬁ{%%’%i&:&ﬁﬁ‘{ﬁfﬁ@%%ﬂ ...................................................... 26
Eﬁ[ﬁﬁgﬁg&l&ﬁ‘?‘{ﬁg@%ﬁ% ........................................................................ 27

27

28

25

This document is provided by JAXA.



MARIRER BE (2 33 1 D Ik SRAlE R b = 7R & e AR e Ak D
MR FRE (2D 1)

RRIE A, Ak LT, ERHLOBEELS, /I R

Fundamental mechanical properties of carbon fiber reinforced epoxy laminates
at cryogenic temperature: 1% report

Hisashi KUMAZAWA"', Tomohiro SAITO™?, Eri FUIIMARU ™, Takeshi OGAWA™

ABSTRACT
Incorporation of composite materials in cryogenic propellant tanks can potentially aid in developing
high performance rockets. This study thus evaluates various aspects of carbon fiber reinforced epoxy
laminates, such as elastic constants, failure strength, and development of internal damages, at
cryogenic temperatures by employing a cryogenic testing system comprising a cryostat and a
refrigerator. Test results obtained at cryogenic temperatures were compared with those at the room
temperature for studying the effect of liquefied propellant’s cryogenic temperature on the
fundamental mechanical properties of composite materials. The obtained results indicate that
compared to the room temperature, the damage initiation stress and failure strength of the
composite laminates at cryogenic temperatures can decrease significantly, whereas the stiffness of
the composite laminates at cryogenic temperatures can increase marginally. Furthermore, this study
report also describes a method for temperature control through a heater system, and a method for
stress measurement at cryogenic temperatures using the cryogenic testing system with the help of a

refrigerator.
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