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V¥: Gas Permeability in Damaged 7}4*'4

Composites Laminates:
Background (1) [with Yokozeki, Aoki]

® Composite Cryogenic Propellant Tank
» Key technology for high-performance future space launch vehicle
» Challenge for light weight tank structure (application of CFRP)

/ RLV/ELV

Courtesy of NASA,
JAXA Website




w V¥ :Background (2) ij

® Failure of X-33 composite tank
» Fuel leak problem
(microscopic damage, cryo-pumping, etc.)
» Return to basic researches
(thermo-mechanical properties, durability, etc.)

® Microcracking in CFRP laminates

> Induce fuel leak paths Courtesy of NASA Website

Matrix crack

severe thermo-mechanical loads Crack intersection

under cryogenic conditions |
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® Experimental program (liner-less CFRP cryogenic tank)
» Coupon specimen, Tubular specimen, Cruciform Specimen
» Development of model tank (structural element)

Tubular Type Specmen __E__
— Strain Measurement, @

Helium Flow: Detection Hethod \ /

Coupon Type Specinen
— AE, Strain Measure ment, '
e

Optical Microscopic Analysis

U

A

Model Tank

— AE, Strain Measurement,
Helium Flowr Detection
Method

P

I

Biaxial Type Specimen
L — Strain Measurement, Helium

Flov: Detection Method
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Gas leak measurement at RT and LN, T
—> Effect of temperature on crack-induced leakage
- Use of specimens with identical damage state at both temperatures

® Materials and specimens

» IM600/#133 (Toho tenax, CF/toughened epoxy)
> layup: [45/-45/90]s, [45/-45/90,]s, [90,/-45/45]s, [90,/0/90,]s
» Inner radius 30mm, length 200mm

Load cell

Helium gas Helium leak detector
| ! (Vacuum condition)

r ] Leak
LN, | |CFRP tubular o ]_/
—1~ specimen o
, I_L_ d
oa
o ' .
J y '
O 1 R
Time

1) Apply tensile loads until severe gas flow is detected
2) Remove the tension loads in a stepwise manner
(measure leak flow as a function of applied loads)




EH7) v Experimental
Results (1)

® Test apparatus under
cryogenic condition
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® Leak rate during tension test
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V: Experimental Results(2) A

® | ecak rate as a function of applied strain
» Comparison between RT and LN, T

[}dlj'f’] L L LA L B [}ill:l-j] 5 T T | T T
= - [450-490] § - —
e 1.5 N ——RT 7 P 4 L *
E -4--1H - g
- m -
Il'; 1 E N B3 ol .
El . B
"E ,%' 2 -
= 0.5 -
E 01,20
) E 1 [g—-c::—RT 2
e C ] = --#--LH
a PR S S N Y Y [ I A P B S B
0 0.1 0.2 03 04 05 DA 0 01 027 03 04 05 06
applied m echanical strain [%] applied mecharical strain [%]

Cryogenic condition

“x Molecular mobility Crack-induced gas leak is comparable

" Damage scale (crack opening) to that at RT
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