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Abstract Aimed at the optimal technological condition of filament winding process for high modulus carbon fi-

ber reinforced composite thin—wall cylindrical tube, the orthogonal experiments for winding process factors were de-

signed and performed to confirm the order of these studied factors. According to the results of the further optimization

tests, the metallographic test and tensile and compressive property tests, the synthetical performance of cylindrical

tube reaches the optimization, when squeeze equipment gap is 0. 1 to 0.2 mm, glue temperature is (40+2)°C, Wind-

ing tension is (10£2) N, the pressurized tape tension is 40 N.
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Tab.1 Orthogonal experimental factors of

thin—wall cylindrical tube

KFE IR/ C B4 E A B/ mm gLk /N
1 35 0.08 8
2 40 0.12 10
3 45 0.16 12
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Fig. 1 Sketch of the tensile and compressive tests samples of
thin-wall cylindrical tube
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Tab.2 Results of orthogonal experiment
1 g BRI JLEsK R
e E/C [E] B/ mm /N /mm
1 35 0.08 8 0.63
2 40 0.08 10 0.59
3 45 0.08 12 0.51
4 35 0.12 10 0.68
5 40 0.12 12 0.65
6 45 0.12 8 0.59
7 35 0.16 12 0.75
8 40 0.16 8 0.71
9 45 0.16 10 0.64
K, 0.687 0.577 0.643
K, 0. 650 0. 640 0. 637
K; 0. 580 0. 700 0. 637
R 0.107 0.123 0.006
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Fig.2  Rheological curves of BS-2 resin
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Tab.3 Tube thickness and BS-2 resin viscosity

in different glue temperature

JES it B /°C. PNRFEEE/ Pa-s EPFEEE /mm
35 1.08 0.69
38 0.76 0. 64
40 0.58 0.61
42 0.46 0.57
45 0.38 0.54
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Fig.3 Load-displace curve of pressurized tape in tensile test
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Fig.4 Metallograph of cylindrical tube in different pressurized tape tension values
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Tab.4 Tensile properties in different pressurized tape tension values

. A 5K ) 20N InEAFEK 7] 30N JNRAFGK ) 40N InEAEK J] SON
e o /MPa  E/GPa g /MPa  E/GPa o /MPa  E/GPa o /MPa  E/GPa
1 1395 164 1338 166 1317 168 1267 167
2 1153 169 1176 170 1128 166 1518 169
3 1273 175 1378 163 1316 163 1496 165
4 1113 174 1124 159 1174 165 1364 160
5 1092 165 1262 167 1234 160 1152 165
A 1205 169 1256 165 1234 164 1359 165
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Tab.5 Compressive properties in different pressurized tape tension values

" I K I 20N JAF K 1 30N IR 5K 7 40N Tz K J1 50N
i o /MPa  E,/GPa o, /MPa  E_/GPa o /MPa  E,/GPa o /MPa  E._/GPa

1 535 163 650 154 718 157 644 155

2 592 169 799 157 824 160 663 156

3 485 174 598 153 851 155 793 153

4 801 161 676 152 797 158 812 153

5 538 169 577 161 680 154 751 157

R 590 158 660 155 774 157 733 155

HIZE 4 ALHD BEE INRAT 5K T34 R R B2 AR, 35 774 MPa, M0 50 N 45 56 52 s AT e
Wit LA AR R K, M eIk T SO N RSB AR LA W, ZE A R ORI R 45 T BE Y
I, PSR KGR 3 1 359 MPa, HIER S AlAL I A4, i sk S0 40 N HARRER AL
Feafi sk S B4R R4 58 FE B W R 78 40 NI R4 55 (NHE 76 11)

FHiAE T http: / www. yhelgy. com 2017 4 52 A — 39 —



Araldite® 2015 BIVE R GEAS AR 41 3k BB 9 H
(Y, AESE PR T 0, 2B 9% 63 M2 AN RHE AN RE RS 4
DY BRIEA PR I RIS B BEAR RN H Y

Sk

(1] AR S0, KR, RERMEYCIHE S MR A
XTSRS [ J]. A RRAA,2008(1) 1 1-10.

[2] fLFA =455 fhl. EEMRURIRE R T 2
RICHM R[], s il AR ,2013(22) :114-117.

[3] PR, A 20, s B 6 MRS ey
L] sl EoR,2015(20) :96-100.

[4] @80, /A St & M RHZ AME BLECR i OF
FEHEIRLT]. iz HlE R ,2011(20) :97-99.

[5] GUNNION A J, HERSZBERG 1. Parametric study of
scarf joints in composite structures [ J]. Composite Structures,
2006, 75(1 - 4):364-376.

(6] XU, BRie, WK ST, 45, 2 A M RHE TRARIZ AME 2
JRRHPEREDFE [ AL RPN TR 2 R 2
JARABRERORYy 2. 4 = BT RALAEHE 58S R SR 4
WA SO [ CT. T EHUM TR %4 W EAE 2 ) R

BREAHAR 22,2011 :4.

[7] X%, AR, . IR B R B2 HME
BURHLAPPERELT]. A MOREEHR,2013(1) :223-229.

[8] 5k24ik, B0 B MR, B/ 38 A 2 G b RHELBA & #h
T AT [T]. WURHIESAR ,2005(6) :18-21.

[9] PINTO AM G, CAMPILHO R D S G, MOURA M F S
F D, et al. Numerical evaluation of three —dimensional scarf re-
pairs in carbon—epoxy structures[ J |. International Journal of Ad-
hesion & Adhesives, 2010, 30(5) :329-337.

[10] CAMPILHO R DS G, MOURAM FSF D, PINTO A
M G, et al. Modelling the tensile fracture behaviour of CFRP
scarf repairs[ J]. Aviation Week & Space Technology, 2009, 40
(2):149-157.

[11] LI, JIANFENG, ET AL. Experimental study of adhe-
sively bonded CFRP joints subjected to tensile loads[ J ]. Interna-
tional Journal of Adhesion & Adhesives,2015,57:95-104.

[12] FPEE, CEA, X5, 5. 2 ARSI 2 4 ME B Y i
TRPEREWITE e ZHUr M (1], S8R, 2012(1) 176 -
182.

I3IIFIIIIIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

( 5 59 51)
3 &g

(1) i AT 7 1 R W) B 4 7 BE L 1Y
PRI R/ NI | 5% 52 e 5 ) i Xof e JE2 52 i e K, LU
SEBOREE | PRI T ARS8 5K T

(2) il ad e — A A 5 T i A R 4T 4
AR REE M SE SR, BB B A B8 0.1 ~
0.12 mm, IRIRIRE R (40+2)°C, F4e i 55k Sl
(10£2) N,

(3) B hnEAT g SETK 10 40N I AR AL B AL
N, HERE TP RE iR S

S 3k

[1] JANG TS, et al. Development of multi—functional com-
posite structures with embedded electronics for space application
[J]. Acta Astronautica, 2011 ,68: 240-252.

[2] EMMANUEL A, et al. Influence of structure on radia-

tion shielding effectivenessof graphite fiber reinforced polyethylene

composite[ J]. Advances in Space Research,2015(56): 1288 -

1296.
[3] TR, 5F MREGIRHORIBIELT]. RRHELT 4

5 ,2015,40(3) .22-28

[4] RPGIRL, 55, DRSS RI T A ELT]. A
Kk ] 538 %, 2002,23(3) :52-56

[5] BALUCH A H, et al. Hypervelocity impact on carbon/
epoxy composites in low Earth orbit environment[ J]. Composite
Structure, 2013 ,96; 554-560.

(6] Midk s, 55, 52 G A Y ik P A A AR 0 0k
RGE[1]. HAMEE,2007,24(2) :23-27.

[7] ROBINSON M J, et al. Vacuum assisted resin transfer
molding simulation for thick laminate structures[ C]. 49™ ATAA/
ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and
Materials Conference ,Schaumburg, Illnois: The American institu-
te of Aeronautics and Astronautics, Inc. , 2008 2008-2033.

[8] 7, %. RFI T2 i ak NCF/ IR 5228A H 44
BHIFSEL D). BN/ 25 REE, 2008 (1) :21-24.

[9] Witeds, 55 [ e e AT 49 58 Y S50 i 5
BLI] LR R A4 ( HARRRR) ,2014,31(1) :63-67

[10] somm, 45, S5 bR 958 R T Z S80I 5 L
il S AARL T ). S A bR, 2015,32(3) :831-839.

FHME T Z http // www. yhelgy. com 2017 4 252 1



