TRE 15 R A RINBI AT HEE I R EE  [EER] 37

SR OBHE

Researches on Space Structural Technology

GX 17> b LNG #EERE A B & o 7 BAFE SR D 1= D OF-RUR

Cryogenic Mechanical Performance Assessments for LNG Composite Tank Development of the GX Rocket

AT LR =7 e g, FH O FESE, SEE M
Space Systems Evaluation Engineering Group

Jianmei HE, Takayuki SHIMODA, Yuji KOHSETSU

Abstract

Adhesively-bonded structure between CFRP composites and Aluminum metal (Al) plays an important role in the
development of a light-weight Aluminum-lined CFRP cryogenic propellant tank in terms of design safety and
durability. Large thermal stresses and strains produced by the difference of thermal expansion ratios among an
adhesive material, CFRP composite and aluminum liner will lead to the potential of fracture sirength deterioration
for CFRP-Adhesive-Al bond structures at cryogenic temperatures below -150°C. In this study we experimentally
investigated some temperature-dependent mechanical performance of the adhesive film AF163-2K itself and

CFRP-AF163-2K-Al bond structures.
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2. FHEEERIZOWT
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2.1 7 4 /b LA AIAF163-2KEAR D F) 22/ R AT
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A : 125.0 mm (5 in). B : 12.7 mm (0.5in), C : ~1.0 mm (~0.04 in)

D : 75.0 mm (3 in) E : 245 mm (1 in) F : 0.5 mm (0.02 in)
G : 25.0 mm (1 in) W : 3mm (0.1 in)

Fig.1 Tensile specimen for thinner adhesive film less than 1.0mm—thick

e 87.0+L !
137.0+L - >
T1: 1.0mm (0.04in) ; T2 : 2.0 mm (0.08 in) ; L : 12.7 mm (0.5 in)

A : Test Glue lines; B : Spacer; C : Areain Test Grips; D : Shear Area
Fig.2 Double-lap specimen for shear performance testing of adhesive film (mm)
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Fig.3 Mode-I fracture strength measurement of Aluminum-AF163-2K bond joint (mm)
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Fig.4 Mode-T fracture energy measurement of CFRP-AF163-2K bond joint (mm)
2.3 BAMIE— P LI ki) 003

2.2HEFLC L SIC, CFRPEBM ET AR 74 FHIOEEME (T I-7 /L LHEEH|- CFRP) %
AV THEME AT — FTTRE ) ERRE R T 5 - Lix W20, T I EEE (T3
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Fig.5 Mode-II fracture strength measurement adhesively-bonded joints

Table 1 Specimen sizes for Aluminum—AF163-2K and CFRP-AF163-2K bond joints

ETE T U X AR ENF (13X | CFRP #2453 ENF {5

(kT (mm) {&~+iE  (mm)

L 50. 0 50.0

Lo | 140.0+0.5

A 25.0 20.0

B 16.0 20.0

il 0.2 0.2

H 19.0 3.2

Crack Gauge

Fig.6 ENF testing for Aluminum-AF163-2K and CFRP-AF163-2K bond joints
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3. FHERBRORRIZOWT
3.1 BEME 7 OBIEX o T &M EbE B 7 4 L ABEES| AF163-2K BUE DR B
3.1.1 7 4 v AEEEH| AF163-2K B (A0 8| dEH M SEAT 45 5

B 1o 5 R AR EEZ AT, B E LNG IBEE T 0. 5mn JED 7 1 /L AEEH| AF163-2K B
EO5| IR Z T L 7=, ARBRIZE VGO 0.5mm B 7 L AEHFF|OF|EMMER, K7 Vo
Ho R OV A MTPERRER . & 72 5| RAIGWTIREE (REWTIE 77 LTI E) 2R 2 127R T, Zh o DfEEN L,
TR RBE DT,
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@ INGIEETO0.5mm JE 7 4 LV AEEFI OV AWEMEREE L BEERZEORN 3IFETHD
® LNGIREETO0.5mn B 7 ¢ /L AEEEFI OB RAEWTIS BRI HIEORK R I I 70%8I2x L, 55
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Table 2 Tensile performance of 0.b5mm—thick AF163-2K adhesive film

FATE B HiR ‘ LNGIR B
HMER (GPa) 2.87+0.15 8.60+0. 17
w7Vt 0.407+0. 02 0.46+0. 01
A MRS (GPa) 1.02+0. 06 2.95+0. 08
SIIRMEWTIS 71 (MPa) 44.5+1. 3 76.0+12.6
FIARMEII (X 10%) 7.5+2.1 1.0+0.2

3.1.2 7 4 NV AHEER AFI63-2K BIKD X 7T » 78 AW B iR

B 2 1RTETNT y PHEEREE AT, 0. 20m B 7 ¢ LV AHEEA] AF163-2K D8 A MRk TR B & 7
Lz, BB OREL £ L O TRIITTY, F 7Ty FHREEEROBERO (Fv
IOMPBEDTND) &, EEE VY —2BWTHEE LT ¢ VABEEAITE T O O R
HRLTWD, ZHHDFEENDS, LNG IEE T 0. 2mm 7 o /v ABEEFI O BRI E 1L IR O
REVENIEMULIZZ L L, FABBMHOOFTITIELA LR EHHA L,

Table 3 Shear performance of AF163-2K adhesive film in 0. 2mm bond thickness

FHEE B IR NG
WAWTRETRE  (MPa) 25.70+1. 84 27.50=+0. 31
AR AR H O (o) 8.73+0. 12 1.19+0. 11
BE D THEHEO (am) 0.32+0. 01 ~0. 10

3.2 BlIEE— R I AREE )0

3.2.1 TAREEBEDOFET— N I ESMEE

0.2mm BT 4 WV AEEFRIZHAWE T I EEEEDSET— N I IESIMEELFFMT 5720, K3
\Z7R4 DCB BB MR Z W T, BIE L LNG IEE TENTH 5 ADOFEAFRER & 555 L7z, ASTM B
FIZESEEH LT A I EE5BEOMENMELZE 4 10R”T, TNHDOMBENS, ING HETT
I EEBEOFET— F I ESMEEIIEIRE CORBREOR LD o 2 EDV A L,

Table 4 Tensile Mode—I fracture strength of Aluminum—AF163-2K bond joint

FHmE B Cigl=h LNGIE B
T EEEEED
1139.9+99. 1 614.1+50.6
ARSI Gre (J/m?)
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3.2.2 CFRP 8 EDE|IET— F I HE- R LF —

TREEEEOBA LRUL 0.2m E 7 ¢V AEEERE VT, CFRP 8 BE DL RE— F T
B RV —2FUET 5720, R4 IR TIERHEOAMRERE FIE 4 KL INGIRE S KTENT
FUERE LT, ASTM HBRICESWTE LN CFRP 25 E 05 IR — R I M XL F—2 R 5 I
TF, TALH DR D, NG B T CFRP A EE O EMERRIZ L 23188 E— N I E R /LF—
IXEETORRED 1/5 LT THDT ERHH L,

Table 5 Tensile Mode—I rupture energy of CFRP-AF163-2K bond joint

FEALTE B R LNGIR
CFRPEEFZBIED
. N 10.98+0. 88 2.14=+0. 16
FlIRE— I R X — (Nm)

IBEIRTFICAE D CFRP OEVERITIZT E A ERWIND, 7 4 VAEERIE OBERENTVI/T7 4V
PMEEFIEOBRERIEL D KXW, FHO - OBEBEICB W TEET— F I OIS »N R
AT LI onWEEEZ NS,

4. £&®

ING #EERTATHEIE T 2 Ve 7 FOT VI T A T CFRPEGH # v 7 BIZSIT W T EBRITHEH
ENDT 4NV LBEER ERNBICHERY v 7 OFERRERFE T ¢ /L LHEA| AF163-2K BED )
ZHEPE R OV L X /CFRP FIHE TS ORI FERHE DR EIRFE LG L7, B ok
R,

AR £ TOREHE TY (L AEEERIO SRR (FEVERE & aklriREE) IR& £ D

TRIGIE F CORESFE T 7 4 L AEER O AVBBESRE L A EBIL L0, E AWK

BENRKEENMTS

LNG IR TV I EEE OB ET— N [ ESMEEIIFESE RO EDETITETTS

LNG JR.FE T CFRP B EDBIRT— F I lE XA F— I EEFERON 1/6 ETIWE TS
IHLOFMRBEEABEEE L TEAM Y V7 2RO E~ORKBRTE, FREEE
NHET DHAEORKNARICHBRIZNEDEEZD.
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(D ASTM FEVEHRA S ERE (ASTM D882—01) Standard Test Method for Tensile Properties of Thin
Plastic Sheeting

2 ASTM tEUEHI K ERYE (ASTM D3528-96) Standard Test Method for Strength Properties of
Double—Lap Shear Adhesive Joints By Tension Loading

@ ASTM AEMEHIFERBRYE (ASTM D3433-99) Standard Test Method for Fracture Strength in Cleavage
of Adhesives in Bonded Metal Joints

@ ASTM EEVEHIMEEERTE (ASTM D5041-98) Standard Test Method for Fracture Strength in Cleavage
of Adhesives in Bonded Joints
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