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Research Progress of Composites for Cryotank

GUO Fangliang' LIU Debo’ WU Tao' WU Huiqiang FU Shaoyun'

(1 College of Aerospace Engineering, Chongqing University , Chongqing 400044 )
(2 Beijing Institute of Astronautical Systems Engineering, Beijing 100076)
Abstract Research background, progress and current research status of composites for cryotanks are reviewed
systematically. The molding process of composite cryotanks, the safety between composites and cryogenic propellants
and the low—temperature mechanical properties of composites are highlighted. Studies have shown that the automatic
fiber placement promotes the development of non-lined composite cryotanks. A large number of microcracks are
formed in weak areas such as interfaces under cryo—thermal cycling, and the leakage path of low—temperature
propellant can be formed under mechanical load. Epoxy resin system with excellent liquid oxygen compatibility,
mechanical properties and suitable processing performance is the key to develop composites for liquid oxygen storage
tanks. Revealing the effects of cryo—thermal cycling and modification methods on mechanical properties of
composites is of great significance to the application of reusable spacecraft composite cryotanks.
Key words Cryotank, Composites, Automatic fiber placement, Permeability, Liquid oxygen compatibility,

Mechanical properties
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Fig. 2 Manufacturing process of Boeing 2. 4 m diameter composite tank
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®1 ERRBE-177 CEIRE IM7/5250-4 E &MY
Y wE
Tab.1 Crack densities in IM7/5250—4 cycled — 196 to 177 °C
vs. lay-up

IM7/5250-4, LN2 to =177°C (cracks/cm)

cycle times

[0/45/-45/90],  [0/90],, [0/90/45-45],
Plies 1, 8 12.08 19.68 18.51
Plies 2,7 6.92 2.14 2.56
750 cycles
Plies 3, 6 0.63 0.11 0.00
Plies 4, 5 1.13 0.12 0.00
Plies 1, 8 12.21 20.44 19.64
1000  Plies2,7 10.45 34 8.49
cycles  Plies 3,6 4.08 0.57 0.00
Plies 4,5 6.66 0.27 0.00
Plies 1,8 13.41 20.71 19.78
1250 Plies2,7 13.76 4.7 14.81
cycles  Plies 3,6 6.89 0.97 0.00
Plies 4, 5 6.52 0.44 0.00
16
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Fig. 4 Logarithm of the permeability for composite specimens

with increase of cycles and SEM images of composite materials with

different structures before and after cycling
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Tab. 2 Test results of carbon fibers and glass fibers at
different temperatures

b SR o S 312 A AV B2 NI S O S A3

Fiber k Beanm #ESCRE MUGPa B¥C JE/GPa RGP
296 20 67 150 613 267 235
Carbon 296 40 100 152 593 248 235
77 20 124 169 617 298 237
296 20 131 085 835 1.9 72
Class 296 40 74 080 7.54 117 71
77 20 126 113 813 172 74
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BAE— 2 W5E T K IR AL BT Kevlar £1-4E J12# P e M
FIMAERIFZI T, G55 0N, Kevlar SR 4E 21874 FIVE
AN LA AR o e T 8. 1% F124. 9%,
SR THDRHRE B2 23 538 0 T 329% F173% .
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Tab.3 Tensile properties of organic fibers at room
temperature and low temperature

‘ W
R E/C
W25 /N WA /9%
23 8.5 24.7
-50 13.4 19.9
Nomex
-100 17.5 16.8
-150 14.5 11.3
23 35.3 2.6
=50 37.5 2.6
Kevlar
-100 39.3 2.0
-150 37.8 1.8
23 66.2 32
=50 77.5 34
PBO
-100 84.1 3.5
-150 80.3 32
23 13.8 8.7
=50 30.4 5.4
Rastex
-100 28.9 4.2
-150 253 3.2
23 11.9 7.3
=50 27.8 3.8
Profilen
-100 23.6 32
-150 27.7 2.6
23 11.6 23.7
=50 19.7 22.5
Phenilon
-100 19.5 14.2
-150 14.8 6.5
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Fig. 8 SEM images of TDE85/DDM epoxy fracture surfaces at
RT and 90 K
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Fig. 9 Schematic illustration of pure epoxy networks and H30—

modified epoxy networks
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