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A Study on the Mechanical Characteristics of Kevlar Plain Weft Knitted
Fabrics Reinforced Composites for Development of Intrusion Beam
of Car Side Door Application

GIL YOuNG Han AND DONG GI LEE
School of Mechanical Engineering, Chousn University, Kwang-Ju 501-759, Korea

KEY WORDS: Knitted fabric reinforced composites Y EA-F703 B3Al8, Weaving %, Braiding Bao]d, Looped fiber
architecture 112 2984 47, Knitting Y&, Stitching ~E]3], Intrusion beam QEFH H{Y

ABSTRACT: Using conventional textile techniques such as weaving, braiding, knitting and stitching it is possible to produce a wide
range two and three dimensional fiber preforms. However, so far only a limited attention has been given to knitted fabrics in composite
industry. This is mainly due to the opinion that knitted fabric reinforced composites posses low mechanical properties owing to their
looped fiber architecture. But it is possible to obtain desired mechanical properties by selecting proper knitted fabric structure. In this
paper, mechanical characteristics of kevilar plain weft knitted fabrics reinforced plastics (KFRP) are evaluated for the development of
intrusion beam of car side door . Tensile, bending, impact properties of KFRP are measured experimentally and crush demands of
American Federal Motor Vehicle Safety Standard No.214(FMVSS 214) compared with the bending load and displacement of KFRP by
quasi-static test/ method. The applicability and limitation of bending load and displacement of KFRP according to specimen size has been
discussed.
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Fig. 2 Schematic diagram of weft knitted fabrics with lay in
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Fig. 3 Test arrangement FMVSS 214
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(a) Unidirectional kevlar fiber
0 100 20

(b) Weft knitted fabric structure
Fig. 4 Configuration of unidirectional and knitted specimens of
kevlar fiber

Fig. 5 Photographs of knitted specimens of kevlar fiber

Table 1 Basic properties of kevlar - 29

) i Tensile
. Density(gm/  Filament Modulus
Material L strength .
cc) dia.(in) ) (psi)
(psi)
kevlar
2 1.44 0.00047 400,000 9x 108

QFEEA AR 2 (gipp TRl SEHASE =
3}7] 9)ete] Ft=H T(card board)E o] &3] A|Fslgen o
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(a) Photograph of kevlar knitted
fabrics with lay-in

(b) Photograph of KFRP sheet

Fig. 6 Photograph of kevlar knitted fabrics with lay-in smaple and
KFRP sheet
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(b) Photographs of tensile specimens

Fig. 7 Configuration and photographs of tensile specimen
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3.3.2 J&4ly

8 AlEH2 ASTM D790M method I (3-point bending)<)
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Fig. 8 Configuration of 3 point bending specimen

Fig. 9 Nlustration of 3-point bending test
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Fig. 13 Diagram of measuring system

Personal
computer

Fig. 10 Impact test system of drop - weight
Table 2 Characteristics of strain gage

KYOWA STRAIN GAGES

@ 30

Type KFG-2-120-C1
-1 Gage Length 2 [mm]
w
1
@ 10 Steel bar ] 4 Gage Resistance 1204 { Q]
Gage Factor 2.124° C, 50%RH)[%
Spacer / 8 ” |
i k
1 .
Strain gauge 2| 8 GEuRe A4 % ABE Fe 1le] 2289 Aolxe] Ao
o \ < Table 2¢] WElWich & AjFHQ] A|x|vbHel| ojs) wak
o“ Ao FEgg W2 BEE FYHE dExA gk B Ao
Barrier -— = Ae @150mme] 7ol ¢+ 180mm X 180mm X 10mme]
Y A7 RS 2o ALgste] A, B WEkelA AIFHE 7

A AT A2 AL Fg 129 HERIAS. AlEHA|
Agehe AT S o) HAE 2EYQ) Ao)xe &g
Fig. 11 Details of the drop-weights cary Zaadd O MPES Py sFoz At 3
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Fig. 12 Fixture for supporting specimens
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(c) Double knitted Syarns

Fig. 14 Relation between tensile load and displacement of kevlar
yarns
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4.1 YHrE 19k 40 LIEMRTEO| CIEBES-HQ| A%

Fig. 1429] (a), (), (O AL 47723 EFARe] Q4%
ZE &3] A% 19 49 dwiek B9t 5¢F o8 YER
Zol QAAEF-ALe UEAQ MEE EAF Ho|m, AH
ZA7E Table 321 Zoh AR 49 lyamo) A EHE
U-K-1(5), Y&k dyame] Al A-L U-K4-1 (5), HEUE 59
(double knitt Syarn)e] A|HMA-E K-1(5) 71T FAJstg oo z}

- o]%57]

7] z29) tislal SR ANPAL A Fsle] ARy,

AL dyam Dge] A BT A4S lyame] 4]
st3oR slof Ike] FFgkel AAEE B AL dg
19k, 4%k, double knitt S9ke] Q1YTHTEFW S WEge 2
Z} °210N, 2.9mm, 193N, 3.04mm, 1093N, 38.6mmon UE
HR7E lyame] Z$ Q4 a2 Table 39] K-1 ~ K-5
7HA) SheetE(Max. load) HFgkel 11021 9 110No|}om
W9 E 38.6mm= 7}t

L 19k2h 4cke] HRAR SFE-APMEE 4qkel AL
MAZL R Folehe Agos WAHAY YEdePzs
1k A YRET o 48%9) Agohe o] Pas,
WA oF 2%7F 27HHE ¢ ¢ AU olP WAL ool
Byeke Floopz AsH Y AHET YETZY 4
FAEE ABSAT, WA S ¢ & Uk

Table 3 Result of tensile load and displacement test (kevlar yarn)

Specimen Max. Displacement
No. load(N) (mm) Reference
U-K-1 2117 3.1 1Yamn
U-K-2 215.6 27
U-K-3 203.8 2.8
U-K-4 196 3.1
U-K-5 222 29
ave. 209.8 29
U-K4-1 782 2.8 4Yarns
U-K4-2 803.6 3.1
U-K4-3 793.8 3.1
U-K4-4 764.4 2.7
U-K4-5 710 35
ave. 773 3.04
Double
K-1 1097.6 35 Knitting
(10Yarns)
K-2 1225 41
K-3 952.9 50
K-4 1014.3 33
K-5 1176 34
ave. 1093.16 38.6

4.2 SEXZ oIEkE

HEM Sl #lo] QQay-ing F2E zte= A e} He7ts
A AL(wale), F2(course) ko] thE JAFAA S 3}
vk dd, Zaeke] A¥ANE uigloz el AlgA)
A PHe] do] g ARG 4= g3 AEFAH uy Zo] v
s 2T £ Ul "] Ads 2wk dAtee
shte] 23} factorrt @ 4= AUTh

Fig. 159} Table 40 3~ gdwakol] tld Q1Ae}= - wg
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o} AEAHE =ABtt 2, AL SusiFa W
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e gto) dYwEEg o 63%7F A JEgGE &

e, ol mawgez do] sy W) FeHa}
27 et Aoz grtEch wEe] s AYNge] =y

Guch o 5397k 7 UEhdE ¢ 4 ok Fig. 168 2
AYBYS Y AARE SEM AN IS A o
WY RS0 AW UFEel Fg 169 @sh 2ol ¢ sta
(ridging yam) & BAY + ARV QBRI 2P B
BolAE O 2ol $249 Aol shuel doug @ 5
sich mrebd Aol sagguG Aol S5l U
Bgom AWREst & mage FYLYA FYARA
o] Wl HE5 Sgck

~
Rt o]
7 | o K—C-
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55, |
S5
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Fig. 15 Relation between tensile load-displacement of course and
wale direction

Table 4 Result of course and wale direction for tensile load-
displacement test

Specimens " lecemenum) LS

load(kN) stress(MPa)
K-C-1 6.8 6 86.36
K-C-2 6.82 69 86.61
K-C-3 6.9 7 87.63
K-C4 6.3 6.25 80.01
K-C-5 6.7 6.5 85.09
ave. 6.704 6.53 85.14
K-W-1 24 13 29.53
K-W-2 2.35 14 2891
K-W-3 245 13.7 30.14
K-W-+4 26 165 31.99
K-W-5 25 15 30.76
ave. 2.46 14.44 30.266

EFY WY hEE A% A Rs SR80 JAA 540 B9 47 95

%1%  1xw ¥02%

inw. Hfl

s

Fig. 16 Bridging yams feature of SEM photographs of after
tensile fracture
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Fig. 17 Relation between experimental and FMVSS of bending
load and displacement




96 T4

4.3 B2l MR2s SEE ZEAE

¥ 52 N9 s FMVSS 21404 g Fatedss HyE
QEFH vigy F APIAO50mm X S00mm)E 7PE S W
Z o]z AA T AlFER Alo]ze] WAY|Z A4t A 2.DHE
Axtslal 2R E Ayt BHE F Alolz o9 A
W Alo|=o] ZolHlZ A A 227 Al4lete] 889
g Ak Fig 17 (@), 0 A €3], B BT} Table 5=
T4 Aol A AlF 271AYEL, T A (peak) Hatart
9] Bl wZF o]t

Table 5 Result of 3-point bending test

. Max Displace-ment(mm Bending
Specimens load(N) ) stress(MPa)
K-A-1 125 30.04 52.67
K-A-2 119 255 50.12
K-A-3 123 27.05 51.82
K-A-4 135 25.6 56.9
K-A-5 115 30.8 48.45
ave. 123.4 27.8 52
K-B-1 780.8 42.3 117.12
K-B-2 755.5 395 116.33
K-B-3 695.3 44.8 104.3
K-B-4 730.5 425 109.58
K-B-5 750.5 385 112.58
ave. 742.52 41.52 111.98

A type AlBHe] 7% FMVSS 21404 233l 7], $7,
5z 3y 3%, WA Zzh oF 33.32N, 51.86N, 129.65N,
10mm, 20mm, 30.5mmo|n] B type ztz} 2F 1999N, 311.7N,
7779N, 152mm, 20.3mm, 45.7mm°)t} A type, B type Al
B 25 F crush A g7EA o} S A= FMVSS 214004
878E #E 2& & UNTh 22U peak@tE AfRE WA U
e Z#g Jehidch otebi KFRPE FMVSS 214904

278 awh 3¢ AY #F, WAE VHYL A,

1.4 SENE SANH

422 olfsle] KFRPEA A@Ho] 34% 2 o Agd
e, Broux) SN A7) Astel KFRP 27 A%
Ao waslel UTMO) S2isn 34 F949e o
stz eldolEl 2R E Hue o AX Y sk HAME
24tk Fig. 188 27487 F7 FeelFo] 223kNS)
o] B =3 gl Awolh

A FYHES 223KNT o0, B AGAelE W9l 10mm
ol W9 20mm7A Edgel SHFE Gt AlEd

oY My o rE o
£ o

: °]F71

de & ¥de gz W9 225mmoME £4-%0] A ¥
AstEA atge] W) AA velgten], odf slgo] A
A RgkelEA 25 S HAG oY Y AAsFE g
3tod Gl %olE 22m2 4F3Ach
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Fig. 18 Relation between static bending load and displacement
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Fig. 19 Result of Drop-Weight impact test (Impact energy : 2.35J)
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Table 6 Result of drop-weight impact test

ks

tjo

ABEE 3 EEE)F? 34(2113% e :l A
Kevlarl 1.604 334 235
Kevlar2 1.858 3.36 2.11
Kevlar3 1.695 334 1.98
Kevlar4 1.840 317 2.13
Kevlars 1.773 313 2.12

ave, 1.75 327 2.14

Fig 20 7% 7kebrl @ A98@se 37 Fo) ARUG)
< AR AnE 37 AlFHg =R,

£tate] 72

te Folm AlgHel A - FRde na
Aty eN BEAE AFAEe] A7

CFRPS] 7 %& 4% e Agdol =
EAY & &4 BEEo] A
KFRP= A4 EZ Hrisln ok 5,

= %‘23 o] FAIHEE BAY B AAo
QIEZA R(instrusion beam) A B2 A}

Ao o)l GFRP
15101 TZMM w
2 slen,
1998) rﬂraw KFRP
223 P89

AL

A fds BEAE] 71AH S B3 A7

(a)

Damage region

®)

Fig. 20 Relation between damage of before and after impact
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