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Fracture Phenomenon Under the Dynamic Bending
of the 3-Dimensional Braided Composite

Beom-Joon Kim* and Tae-Jin Kang

ABSTRACT

Under the dynamic flexural loading conditions, the fracture of 3-D braided composite
was progressed by 4 steps, i.e., matrix failure, debonding of reinforcing fiber and matrix,
fiber failure and composite fracture. The sequence of the crack propagation is similar to
that of laminate composites, however, the crack propagation was resisted by the every
interlacing point of braids. Thus the 3-D braided composite eliminates the unlimited crack
propagation along matrix, and the cracks were defused at the fiber interlacing point. The
difference in the stress level of the two phases(fiber and matrix) resulted in shear stresses
along the interface and it causes the debonding of reinforcing fiber and matrix during the
deformation. The 3-D braided composite showed longer fatigue life than laminate

composite.
o)
.

32 BelolE A Bl SXEY APt A vhaEE QA4 A5 AR el as ok ot
T 52 HSETA B 4 BAE AX deldrh &, 71H4

2], 2R mhe aela S Ee] s R ol 33 Haeole S
AR A o2 sl eiga-E v o o W EE aabE 7] aifel o]# ¥t

77
b ol A g ol A gskA =l 0131?& {rfc’é 2] "’é%@ o] Bl ¥ 840t ASETA Bl wlsi A

1o,
FJ
2
m
2
x
!
mﬁ,
A
}h
b
.‘i
_rg
3
e
AL
Y o

#* A4, Aggn 453



54 ARE - 7eA HERG AR

3} 3aH4 Baelol=o) A-¢ AR 349H
7t EgAEe) A ZA s T2% 9F gt
1. A = (1,2 3]
#A FRP off 4851 gle 3478 7224
Lol S0 B R A EHRE TAE By = 22 A A, 3EAA, 3akdAE, HephlE el
Aert de SEE glen AETAY wet A ke ,
&, JE, A%, A4, AAEs, 4AEE, o Ak el A SEEE JEe] A SRe 3
A4, W44 55 FAAZ 5 2ok A B2 Zlskan glek, 53] 3348 mejolge) A-$k oy
A Boll AREEl= A8 2 kevlar glass fiber, ChE R Rk Bk Be] B4l S5t Aol o)
graphite fiber §o] H A A 2 o] &5 o, ol o] E& ¥AslE A&, HWA% varn carrier
carbon, metal, ceramic, epoxy -5-2] 7} %] &% o] o vl at Bato® EAlE sele] e Z= B
AR olEdl AR E EEAE FoMR ARk el A& 5 goh(Fig 1 #=)
FRP(Fiber Reinforced Plastics)s 4=FaF 7w -beam, T-beam, L-beam, triangle, hollow
E FASEA FAL] FEe o] 4 s Ao square, hollow cylinder etc, ),
B Al axzgFols gzl P Fig, 1% 3abd Hafo) =& o] -8slod whE <= 9
£ 8}A } F 5L glr), = o7k el ghel-g gk e)uk[4]. Ko
=g S Ee 2R AR 25 e 2} Scardino[5] == Popper £} McConnell[6]-2 o]
44, iﬂ"‘"“ﬂ‘ B 7y ehEr Tl A e 2 e el o] 334 Bejo] me) Ao gl o s A
(curing condition) o] whe} 1 B4gdo] Peldch = 4270 %F Wl 9 e,

e = -
<:>’ - o= ==

Fig. 1 Complex structural shapes formed by 3-D braiding (4).




B2, HEE 1989, 6 3X41 mEol=ol 93 Bgxjse Dynamic Bending 3ol 4] slargabel] B8k A7 55

AR, &9 AHE  E¢AEs(laminate
composite)= A o] B3] vidHE Za =L (pre-

preg> % HAFA4E 240l e 42U U w4 E

v 32 Belel =0 7= yarn carrier & &
&l 23t kA FAHo o8] ZelE-g ghel A
ZFsli= 334 (whole mtegrated}ﬂwi A ubike
RE Ao aarh o] FoiFcl & HE HA Bl
AE F el ulAT FEEE xl?ﬂ F7HE-e] 7t dof
Lht 32 B o) mofl A E7ke) - A )k (crack
propagation) 7} WA sl gtoen 2 H g s S

= el Aol = o) 2 15“:} g Bl e &

VAN AT FBe] @Yl A, A
sheto] dold w7k $FE AY F 2 HHol
ek W25 4T 5 e AR gl AT

2 v} 5-N curve, Basquin’s relation, Coeffin
I} Manson’s relation 5o} gl =d] o]% Basquin’
s relation o] H-34 2.2] o] B - A 8}rjo] 7}
F HAstvhn 2 s o7].
Han[§] 52 =84 (fatigue modulus) gH= 4
2 /H‘é—* wo)sho M EHEAAE *—é”iﬂﬂi

=%t Hwang 3

st
or H
o
>,
il
o]
o2
rfr
Ofﬂ
2
)

9 ofaju) = g%i HE HE z;;xué.o]

A=k 4
A%, U4F A i 7 Zweben[9]o) @
sta Al el = 2 & st ‘%f%* Afolofl = *d?%‘i&?ﬂﬂ
A skt Al wldE el AT Ak el
WA Ele} wha] b -kd a4 BB AEE )
A "k o] F o] &kl FHAH e 5T S
Qs obEbnl 2 Afel vy TAE FYAFPA

BIRES
o FATH 54 FUHel e T AL
shel, 3% S8 EEe] Fopl e|EH e AL

Weibull[10]el 2} == 5]
£ Aol A= Kevlar 499} of &4] 5] & H-gha

25 49stn 538 SYAY & 53k D]Hl&"éﬂ

EqA ge] kel ojvdd o

A, IX1 el Tk 3] el L] 7 S 01!11'3& Zio] =

o) 2 ZﬁOUM wia Eskela B Bl

Lo
_dﬂ‘l

>~

e wd el Aee] whel Al e g s}
ek
2. 4 %

2—1. 4%bA Tl o7t 329 naol=
HEe) At 9 4w

Fig, 2% 4% 230l o8] 334 Mejo] =8 gl
7] el B AT AAT FHe) Ao
A, 1X1 A= 3x 1 Rl FolHo) glo] A 2T
+ =5 a9k,

%, 2% AggRe] P BHe)

i j A
{38 F’
5 rn‘;??g%"' ¥

()4 ,ﬁ"‘;,//

‘Mﬂ'}:"ﬁfcﬁ”ﬁm

Fig. 2 Schematic diagram of the 3-D brai-
ding machine.



56 b . 7

ik BEEAMREER

Fefst RAARE AR Aol AweFg

)4 714 3 (machine bed) &

o
<

.
A
o

yarn carrier o} A& ZHolFEr} o]

f=3
-
T

o w
e oo oo 30

(&)
@ Aol A oy melFA Fol 2

P

m

N,

B

4=

rlo

i

o

f

)

r\u

=

t

rr

w

_\'%1_1 14
o N
ir oo o

N

i

T

32

arn carrie

}7
motion)-& & = UA IetE o},

o
2
R
=N
Ay
3
H
o
lo
)
e
&
o
In
il
ot
ok

o
-

CREECR NI

ook
—
1% oX

dp wo oy wo rlo
X

U5 AR sk £
HpolE Y2 sho] Frt,

o] 8]t 4%kAl 5 F18slo] Fnd Alo] A B AALE]
= Belo] 2R e HEE S felA 8
£ -9} 2% (beat-up motion) & sk, o8l g &
&8 ahE-atH dWehe Fele) 3 HEol=g o
£ 4 odrk fe ke SE5F QU e &
&5 1704 sted 91X 1 s, 3704 slol 9
IXIME-E 5 7 A "ok

Fig, 32 Fig 29¢] 7140l yarn carrier & wj<d
g A3 deie) 6x3 9ol il ekl
e 1x1see -9 yarn carrier 7} x = y
o0& 1704 §F o)) witel 4k 6X3 £9-8 #
23171 fsll A B8 F9 ol yarn carrier &

ok .

el @ s ol of g Hel Aol:, = 3x1 )

carrier 7} & ojl=m 2 IR ] F59 yarn
carrier & 3704 ach & e g shodof &k
Qo Al ol B vbA] Eokel viE A AH4Y
o) 7g-%oll disial Lol EE HEUL
4x3 =9, 5x3 =%, 6X3 5 IX1 AL
3x 1 o2 AFsrdnt, 247 2
o], 1338 HelilE, Fdo At
o}, ol®@A whE ZelE-S 438l fls 7AEHE
e 9y o] EA 5% (IPCO 2434)8 A8t 7
3tA = IPCO 24378 ~}g-skoich, A a71-2 A
B3AE 100 7. 52 FAREE A
A, Z1E7F e A" drkx whR g F oL
Fg 4A T AR A A F el B Aol zbx] 2] 2B 2
S FREot =5A sdch el AwAlREA o
495

50l AAE =ZelE-g 9 669 Zishrl

A

T

ok
A~ o
b
fr

(Hot Press)oll @o] 300 psie] gF# o2 44137+ 4
#akgla HeAdw 5E8darioa] 121CE 24]
7k Azstgdch 1 wAel A= a-237) 2 (High
Temperature Oven)oll 4] 205C 34 7H5-qF vh=] 8t

o d&-g s
2—2. A3 T L4 ¥ (Dynamic Flexural
Fig, 49} 22 SCHENCK 4} PWS/PWY &}4]

o Bk P RS W8 S 2AYAE S

o] 33 Mol B el U FWSHE

L.

(a) 1x1 pattern

QDD

(b) 3x1 pattern

Fig. 3 Machine sets for 6x3 siab.



B2, B19E 1980, 6 33 Moz 2§ B¢l Dynamic Bending el 4] 2] m}ch

el B A+ 57

Fig. 4 Schematic diagram of dynamuc flex-
ural test.
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