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Damage Tolerant Properties of Multiaxial Warp Knitted Fabric

Reinforced Composites under Impact Loading

\ A2 EA-F e

LA &

At HF HAf A BYAES B
Holl 57 wgo g Agste FA shFo o
stod w9 HoFg @ L AL Slv ol %
Az Bds i) HY A7 F
7bA) wipe g Adsol gov, 1 F dhute
AEE HEFE AEE ALste AoH, =
o stite 7€ ML e ARE o
&ote] FAe FYE F2E JIAEE THES]
Aok, & =EoAH A7 tEHHA
FAYFo 2 v " loop yang ©}-&3h
A e Bio] o|FAAEE EC]
AJr2A, 271 €L F9 HAES &4
A Ais7] sk AEEded, A ¢
9 B BRE I layerd RAATNZ] A"
SE¢Le FYRAoY, 73 HFoR B
E ARE IAE AR AT A4, HaE
o sAE HFe &4 glolx 73 WwFe=
o) B7to] 7b53Et7] wEel, 40 A48 &4
o AL MEstA HAH, FF 2o AA7
bEstzl e A7vt APHD A= A8
ot

2 dFedAE ol dHEFHLES BT
Az o4& 47 A3 AR SHNF
< Thsted, &R A &4 A7 A,
HE FFd 9% BEAr &% A% =
4, FA A 249 B4 Tl #epq &
TR, AE HF 2@AEde vuE

fe rr

My & Mo N

o], AL ES] WFA Y st @
T st

A BRAZE AL 298 Agsiged,
B AXNAZe et WE o Z2Ad
YD-128% A&ty Eie AMHE®E F 7HA
e tdEAdRiAdEe 2ZAAE el
ok =% ol &FAle] A$, DDMS Ha A2 AL
g3tg o, 60:400) FAWZ e TP
o 1204 1A]7F 308 F9F SMPao] ¢+
o2 JlgEtdA Aysad. 371R AlHe A
S A FAE 2mm AFZ FAgen,

JEAUAE 229 EHELEL 056
058 olgler HE HE: XPARY ASE

0.619] ¥ &g Vel

4% sidst7l $3 292 instrumented
o] &% single
sphereE ©]| &3 impact fatigue test® A3 E
o0, single impact teste] 7 -foll= EZx}e]
oo wE F34 sted ATl e dest
BF9] 7] &) 7H5EiH, o] & olgstd FA
of ejgted MR FEE AUAE ANE
o A%t Impact fatigue test®] 23§03 o]
# stEa dee A Brteaded, A
g AA 3 227 Agd g 33

impact testerZ impact, steel



F& 7|&3o B4 g2 AMEEAT
w5 4 A AHL. deply methodE o] £-3
o & =992 Brksidd. #4& v
Alfe 2+ Zult) BAg B HEE IF
S Aelstd 33 BEelg9 oA
7t 4EE dFgem, T3 F FA FEA =
42 A Immeg YITE =gdste AH4AE
FAPozy FH3+ EEst 24T FE9 ¥
77t hsEtE S etk 2¥ 12
7}et7]  #1§  instrumented
tester®] 7 =T 2} impact fatigneE 7}517] 9%
AEe sempd Heln ul.

27 B

o 1L T

single

impactE impact

3.4% 9 B9

2% 29 single impact® 7}§ 7§92 237
Aol wgg Holm Yot EFARS #F
o] #AstA ¥E AEY AdUAE HEa
o, A& FHAE A @e SF5sH WA
¥g& Reolm gt

ag 3d oy &34 aF< e EFA
o 2AsE &7 B¢ F+d FF4Y
ol BAE Boln e aYelth3L £
7} WA= threshold ol Y =A]2 #2137l 3}
of B FFe qURAE statq F& EE
Z7] @4gele oiA-53F 28 BAE B
ol Ao A, g ATASY Hud A%
gol £ vt AFEHI HilAe 448 7
olide] oAz} EFaHejor F w7t
AR AL g2 7 £ Atk WA F
7hgel et F3 Ee 490 FoMEE Ae
g+ ooy, A5 HE EAARY B4
EAUALAE B3 EFAREY T £9
Fdgo] "A3 Frtee A& HUAE 5 Ak
Eg GEFUAEE BFAR LS AL,
olg] gk &1 2o "ed HA o7 F
€ 33 EFPAsET dAs w2 A& &
F glom, ZEHog B o, 4ESHUALE
B EgAsEs HE JF EHAsRd &
T EEe AFel AdHE Aoz 47 &

e}

F UG-

aY 4 B8 4L 71 A9, 23 E4
7b R3] AYE WA 33 A& 7l
= F39x 9] wgle] wat Jebd Tgo)
o FA A7} YolAL T 70 RS &
Asl FAYH7|7A By FAHY b F
7hetn gled, ol BE FRHY AHAA F
dstA #AIAFHGY £ dEAUALAE 27
EgAge] AL, 54 T8 MR F
L 2Ert AYH A o 2 233550
ga% 2e g 5 doH, AF EAgs}
Hold HEH4E €U =+ AU

a9 SelA= olH T FAIFY F7H o
& 4E57TY H3E Heolu v JIHLE,
¢}& A|g-L panel compression testZ o] &5}
. A8 EBFgNE F9, A2 FH9 =7]
A MRE A&£H BAHY Z4rh yEhE
AL & ¢ gloy, GEFHALAES AR
ol &% AL, 7] s 49 A Y
e} g Ag #A¥ = v o|F A
B2, single impact testo]l A 2] delamination
threshold ol x| &} oo} & ZHFozw HZt
& & glon, dEZAAE B3 ETA=SY
AE, 20 EBEsh AFREZ g4 o B2
4 vz F7l 8T e A4,
olo] @t A9 347t FUHE Felok &3
27t ARHE Aoz 44T 4+ Aok

a9 62 3 E£EUt dold FHE deply
techniqued ol &3te EIE Ao & d2A,
single impactE 7}g A%, F3t &7t 49
FolA TA Aoz g AL HAY
F oy, A2 4L gt 4S8, B A9
A T T FEHeR 24, Hid
AL & F vk ole I FAA, JlstdE
Uz #=Fo] 7] HEd, =& & £
o] AAyucie oln wAG 7k Eele A
o 9&d st FFAUY WEL A2
2 AREoldg. dE5R3EALE B EgA=
o A%, 27 28 990 AE E¥YANERG

BQ we F£EE wolt AE T 4 gleod,

—259—



NE SFAae A, FH wixg dH9
g o 3 Evh AYd RE #Y
g F dNeH, 5PV 4ELS A E9A
2o wlete] EFgel 4de A2 AL &
T Slsith

|

42 &

Aged FEFUAE
qE 2g¢ARE o g3
23, g% g2 ZE :

dE274UNEL BAAZ ol4g Ay, 27
w29 AlFo] AdEE RAe FAY & UAA
oo, 24 % F7 £ 9499 Frix
AgEe AL & 5 AAed, =& A2 &
Ao] Fbetedd A4, A &3 Eelo Az
7t 2" AR FAHAIATIE FUEE RAE
& F AAed, FH g 4F F=9 ¢
425 AT 2¥AsET YA wee o
= A

5. %y 4

1.C.Kim, T.J.Kang, S.Lee and J.Yook, Study
in the mechanical properties of Kevlar
multiaxial warp knit composites, J. of the
Korean Soc. for Com. Mat., Vol 9 , 4,
pp37-48, 1996

2.J.8kelton, Comp. Mat. Series (Ed.R.Pipes),
Vol 6, pp141-142, Elsevier, NY, 1989

3. B.Cox and G.Flanagan, Handbook of
analytical methods for textile composites,
NASA CR-4750, March 1997

4.B8.Cox, Delamination and buckling in 3D
composites, J. of Comp. Mat, Vol 28,
ppil114-1126, 1994

5. B.Cox, Fundamental concepts on the
suppression of delamination by stitching, 9th
conf. of Fibrous Composites in Structural
Design, Nevada, 11. 1991

6. R.M.Adsit, K.Carnahan and J.Green,
Composite  Materials:Testing and  Design
(Ed.H.Corten), ASTM STP 497, ppl107-120,
PA, 1972

—260—

1. Configuration of reinforcing fabric

Fabric Code BTC QTC
Knitting Type | Tricot / Chain | Tricot / Chain
Insertion Yamn Kevlar 29 Kevlar 29
Knitting Yamn Kevlar 29 Kevlar 29
Bias Angle

(degree) 0/90 0/45/90/-45
Fiber Volume 20.2/19.7/
Fraction (%) 36.8/36.8 26.9/19.7
Knitting Yarn
Fraction (%) 264 13.5
Areal Density

(g/cm?) 0.044 0.077
Thread Count

( (cpi) 6.35/12.7 6.35/18/12.7/18
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Figure 1. Instrumented impact tester and
impact fatigue test setup
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Figure 2, Impact behavior under single Figure 5. Compressive strength after impact
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Figure 3. Absorbed energy-delamination area
relations

Figure 6 Delaminated patterns of woven
lamiante
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Figure 4, Number of impact to failure at
different applied impact energy
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