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Study on the Deformation of the Unidirectional Prepreg Overlay on an Undevelopable Surface

TR SR RS

[FEE ] AT @ TR AL R T B @ 400
SRV AEHERE—FREL T AWM AILE,
KR ER A EFAEETF T TN Z LN AL RE
Tk AT EHAEL MG X E, ZXLT ZH
AL S TR, B R BRI R T R A
AL R, R T R &, A e TR
PRATAR NS e AL 0 ST AR AT R T Rk

X§EiE . EAaMH BEHETER WWTR T
MRE

[ABSTRACT]
mation will bring on defects, When the unidirectional

The excessive overlaying defor-

prepreg overlay on an undevelopable surface, character-
ize the deformation using the deformation angle, design
experiment method for measuring the deformation angle,
study the relationship between the deformation angle and
defects, define the warn value of deformation angle and
the limit value of deformation angle , and find influencing
factors for analyzing the producibility of the unidirectional
prepreg overlaying on a complex surface.
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Fig.1 Deformation mode of the unidirectional prepreg
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Fig.2 Experiment of measuring the deformation angle using fixture
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Fig.3 Diagrammatic sketch of measuring the deformation
angle
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Fig.4 Experiment for measuring the deformation angle
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Fig.5 Defects of various deformation angles

2014 4E5E 15 W) - BB EEAR 69



? @ SPECIAL TOPIC

FH B0 A005, AT A5 A0 A 55, X FE28 T B
1B SRR IR I & ARG G G TE A005 1
W U e, AT 1 R 5 A O X 555 U B0 i) 7 15
ZRPE AR & L RS AB R
OC HXt5F. T A0 22 h WA U g, %5 [ T i
BEAO DB RE ;s FIXURIRHTE BC 20 Wiz k& 2 178
WM o ORRFTR B 5132 J1, R 2202 4% 3h 9 A,
i BC 115 B'C' FA A0 R v LS H ) o TR R
ST A BE
23 KWAHR
231 T A EEEERRFELE L

T [ AR 5 TG L D = 22 SR,
DIXT B ) fy R0 AR T A 8 ELAARE B AT 2 AR,
P TR R IR . 9125 10 )y T AR

®1 BEE—KER

1 300 50 30.1
2 600 100 35.1
3 900 150 40.3

K2 L(BY)EXR

O 00 1 N W W=
L LW LW NN = = =

LN = W~ W —
DD = W= W W =

®3 E5LHAEESESREEN R

T A0 B HIVE L

W7 % 2 & N 35.1% 1Y B a) Ay 0= R
(T700/QY8911 ), AB M EH 300mm, B K 100mm),
6 35k 20 4° 6° .8° 10° .12° 14° #EATikER ., M
SERATLIE N, XS 0 08 20 40 6° I, AR IE ot A v B iy
BT A B 24 0 h 8° i, AR i i rh &7k
NS, i 5 Ca) Bron; 4 0 2 10° B, AR i
AR, LS (b) s 4 6 S 120 B, A8 JB
SRR PR AR R RS () PR 4 0
140 i, AR b B rp 2 e AR PR R AR A B R A AT X
e 5(d) iR,

XTHG FIRANTR] 6 ff 0 S ) g SR R R TR 45 5 AT
VIEBERE 0 (BRI, B ) TR BB 25 5) 7 A 4
G ARG, 2 0 =8° I, Bl TR BRI i R rh 2s
PRSI IN I SRR, 35 AR/ IS 198 I 57 A S o 2 A A s 1
PP AT, A5 & TRE R AR BRI, 4 35 o 15 450
XTI 6 FARRAIZER )y R R TE A B 5l
6 =12° I, 5 ) TR R AR I 2 A v 2 7= A 7 1 Gl
B , 3K BE B X R T 2 R RE e A R K R ), 2 S P
Ut 3 A R AN T A2 R R R LR s ol 5 0 T %o I 17
0 FHFRAIZ I ) TR AR T A B2 FRAIMEL
232 ERMAZELESRAMEGNE AL YR E

B ] oy TR R AR T A R (5 BRI ME T Be 5
KB PERE LR R SR ) TR R B R
BGFAE AR AEA R S50 B B e i e o gk
FEMIFRN PRI, N T e AR T 15 5 B LY
SEM R 2R, DL )l BRI BE (LT ABCO W AB 1)
KB ) GEBE([TJABCO 1 AB 5 CO (I ES ) & e h
3ANHE, ARSI 3 A K, AT IE IR, &
5K 1 Fis.

FERRR 1 1 3 &R 3K FBIT Ly (3) IESCIR S,

R 2, I LIS IE A B 50 5 BB

REE R i R R IE A HES TR R
BRI N 0 =6° 1E Mt 4, L) 10 Al
FE I, B A BASIE A RE5E  PR

1 300 50 30.1 12/16 (H.

2 300 100 35.1 9/13 "

3 300 150 403 10/14 24 HR5WE

4 600 50 35.1 10/14 R G A5 H A A B A TR R Y

5 600 100 403 10/14 e L o

6 600 150 30.1 211 ARTE A 5 BRI, I H AT 4%

u 00 =L G s R5ATY B 5H 5 BRI 4 P [R) 3%

8 900 100 30.1 9/13 "

9 900 150 35.1 913 7, W% 3 iz

b Nyt ¢ ya V4 .

s | ] 31/43 33/45 28/40 | RIS A MRS BL 22 o0 BT T LI 21
iﬁ g | I 27/39 28/40 2840 | HEEMSBE . [0 PR REAY 9 B XA T A
N mm 29/41 26/38 31/43 B>ASC B i L1 7. i

70 RiAEHEEA - 2014 4E55 15 1]

(F#% 73 1)



Manufacturing Technology of Composite Structure E%ﬁﬂm#ﬁiﬁﬁ*

TR IR L, %77 5h (Arovex  FUBR AN KA 18 3 Bk £
AEFE L )TERE FE AR EE 43514 30% 3] 50% A4
=ilT, Zyvex NFEINHERT Epovex 1 Nanosolve2 F 7= 5 o
Epovex j&— g KA HE R AR Z5 7], 1 Nanosolve I
— i SR, T LA B T K k9K A (CNTs ) 5
IKEEBIRFN R BV RG LGN,

LRV-17 J&7EJo A KL AE Piranha 2010 4F-5EAH
J HE P S — I A KRR S ) N A, 2R A
W 2 HAREN DL, IR Z W Y8 4 BAEBAE N DGR 5 R
P2 (b) FiR. PR TAKREARAT Zyvex
Technologies 1Y Arovex  HUBRAIAKAS ( CNTs ) BisRARLT
HEFRRL, BRI G AR 5 (13T T 30 A
I8 1500 i3 L et [F) SRR AES T B ] 3 47

Fulerum 23 ) & A7 575 E TR 28 6] SR TF 4wk
JERR AR A Y 9 S S AR . 230 H R EF 4Rk
PR, BB BN KA I e 3 4k = 48U |
WNBRET AELUAG o X T 5 2L T4 A 2 0 Ho At
T AT AT ) 52 A R RHER

5 R BT 22 B B2 B W 9 — T P ik 20
KAE BT MU MR o IZHARR )7 4%
TRAVKE RIBT S G A A2 Ao BIFERF S I At v il
RN KA Sl 2T 4E )23 ELHES SR JE RTRRET 448 )22 22 [H] 1Y)
R R AT I WAL IS SRS W1 2K B A oK B T
Wk 2 B BT B AEE MIE . B A EAR
HA L nm S MREFHE HARHY T-00 22—  AEIARE 21 B
J2 2Z 1] 9 3R A5 RS I WAL, JT DAAS S BB e 2 4, Tt
T YEZ M) 23 B, ARG TR A T
7 BRI o B S AAMELRE 1%, A
B EA D B E 322 L ARS8 BE RIS R AR I HIR
PN L

3 &%RiF

LG AR P S SRR G, BRI AN
VSRR LT 3o S A MR R AR RE . H B AT
BT — Tl o 32 IR 7 T 0 T A 0 0 KA RV S AR 2T 4 344
SRR SRR SRR ANOK A R S A AR
P14 T R R K BT 4 R s ek =
5 ¥ Pty S A (U A 090 0, JEC 03l B e 96 S 2
it R AT B R L o . 22 T Rk 25 T e

5 % x W
[1] TLijim A S. Helical microtubels of graphitic carbon .Nature, 1991(
354) : 56-58.
[2] B4 BRETLE ) REWE A EGURSEEIML 5 17 R4
HAMREAARSBEESC, At 2012:1029-1038.
[3] A, TRATIE R B . BRGK A 5 3% S 2T A H R

BALE A AR A B H 2 EREFSE TR MR 2001,16 (1)
1180-1184.

[4] BRI, R 2R AF PRI R XS T1000 fi2F
ST S FPRHERERSEM . S AR RHE RN S A6 ,8:736-741.

[5] FEEAE, BUASE | BeaR G TS SRR / Bk S
R ZATEREDIST . 2R Tl 2007, 35(11): 53-56.66.

[6] Thostenson E T, Li W Z, Ren Z F, et al. Carbon nanotube/ carbon
fiber hybrid multiscale composites.Journal of Applied Physics,2002, 91:
6034- 6037.

[7] Vinodp V, Cao A Y, Li X S, et al. Multifunctional composites
using reinforced lamina with carbon—nanotube forests,Nature,2006, 5: 457—
462.

[8] Alan M C, Geoff C M, Hou T N, et al. Carbon nanotube networks
by chemical vapor deposition.Applied Physical Letters, 2003.82( 5) :817-
819.

[9] Garcia E J, Wardle B L, Hart A J. Joining prepreg composite
interfaces with aligned carbon nanotubes. Composites: Part A ,2008,
39(6):1065-1070.

[10]  XUR, ==, skIUT, 45 . BiedoRAS B2 R A PR e - 4 / 2R
SRR SRR . 2> T44 2013(10 ) :1334-1340.

[11] BEWIE , Mkaks , ZRW0, 55 L BkeF 4t 1 REWE SRR
Sl . 517 S A A SRR AR SR ,2012:1029-1038.

it 2—)

(8% 70 M)
W) AR, 5 B X LR 52 ) L3870 o

3 &g

B[] TOUE AR AS T J gl i b S e 2 AR AR TR
ARSI B R A AR T A B A I 2 A SR A 7 g
2 W S0 N G R B 5 > 728 TE A 8 4 78 T A1 13 B o)
(B 25 77 AR S B A 7 AN AT 42 32 11 7 J B 5 PR ) 5 T3
TR T 3 28 I A 5 4 g IR A %) 52 W e
YRR AR X L 52 ] A, B s % L Py s i) R
AN R 30%~40% A B R 300mm~900mm | M FE
4 50mm~150mm [ 5] AL T700/Q Y8911 ) AR TE f
JEEEE M 7° ~12°, FRAGIERMED 11° ~16°,

& £ X

(1] -, Mo, T30 . B SRR A n] Je il 1h L ro
TR . 25 15 TR 2 G AR08 S A 1525-555.

[2] Kisilak D. A new method of evaluating spherical fabric
deformation . Textile Research Journal,1999,69(12):908-913.

[3] Baillargeon Y,Vu—Khanh T. Prediction of fiber orientation
and microstructure of woven fabric composites after forming. Composite
Structures,2001,52 :475-481.

[4] Bickerton S,Simacek P. Investigation of draping and its effects
on the mold filling process during manufacturing of a compound curved
composite part. Composites: Part A,1997.28A :801-861.

[5] Bernardon Ed. Fiber SIM,CAD Integrated Software Tools for
Composite Manufacturing and Design. SAMPE Journal,1998,34(4):34-39.

[6] Timothy G. Advanced composites manufacturing. John Wiley &

Sons, Inc.1997. ( :)l%gfﬂi 1z 5? )

2014 4E5E 15 W) - B BlEEER 73



