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Abstract: Carbon/aramid fiber hybrid multi-layered biaxial weft knitted fabric was prepared in term of
intraply hybridization. The mechanical properties and effect of hybrid ratio on mechanical properties
were studied. Through uniaxial tension and three-point bending experiments, the tensile and bending
properties and effect of hybrid ratio on mechanical properties were obtained. The results show that the
tensile properties of composites are improved by adding aramid fibers according to a certain hybrid
ratio, which shows a positive hybrid effect. Due to the addition of aramid fibers with good elongation,
the tensile fracture elongation of the composites obviously increases, and the failure modes of the
composites appear complete brittle fracture mode (C12 material failure mode) and “broom” fiber
fracture mode (C8A4, C6A6 material failure mode). Besides, the fracture toughness of carbon fiber
reinforced composites is effectively improved by adding aramid fibers at a certain hybrid ratio. The
flexural strength and modulus of carbon/aramid hybrid MBWK fabric reinforced composites decrease
with the increasing of hybrid ratio. With aramid content changing from 42% (volume fraction, the
same below) (C6A6) to 59. 2% (C4A8), the decreasing ratio of the bending strength and bending
modulus are high. The bending deflection of 0° samples with a hybrid ratio of 59. 2% (C4A8) is the
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highest, the value is 7. 49 mm, which is much higher than that of pure aramid fiber or carbon fiber

reinforced composites. The bending deflection of all 90° samples is higher than that of pure aramid fiber or

pure carbon fiber reinforced composites, which shows the positive hybrid effects.
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Table 1 Material performance parameters
Tensile Elastic Elongation at Density/
ens
Type strength/  modulus/  break ( yL3 )
MPa GPa age/ % grom
T-300 3530 230 1.5 1.76
Kevlar-49 3260 102 2.4 1. 44
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Fig. 1

Structure of MBWK fabrics with different hybrid ratios

(a)pure carbon fibers-C12; (b)ratio of carbon fibers to aramid fibers is 4 : 8-C4A8; (c)ratio of carbon fibers to

aramid fibers is 6 * 6-C6A6; (d)ratio of carbon fibers to aramid fibers is 8 * 4-C8A4; (e) pure aramid fibers-A12
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Table 2 Fabrics parameters

T Aramid/ Hybrid ratio/ Warp inserted Weft inserted Inserted Thickness/

ybe carbon % layer layer yarns mm

. Kevlar 49 Kevlar 49 Polyester
Al2 Pure aramid 100 1.0
1580 dtex X5 1580 dtex X3 (75 DX2)

< . - T300-12K carbon fiber T300-12K carbon fiber -

C4A8 e 59.2 Kevlar 49 1580 dtex <3 Kevlar 49 1580 dtex <3 Polyester (75 DX2) 0.9
X T300-12K carbon fiber T300-12K carbon fiber )

C6A6 6:6 42.0 Kevlar 49 1580 dtex X3 Kevlar 49 1580 dtex X3 Polyester (75 DX2) 0.9
N . T300-12K carbon fiber T300-12K carbon fiber
C8A4 1e8 26.6 Kevlar 49 1580 dtex X3 Kevlar 49 1580 dtex X3 Polyester (75 DX2) 0.9
C12 Pure carbon 0 T300-12K carbon fiber T300-6K carbon fiber Polyester (75 DX2) 0.9

(a)

K2 AFEZ ) MBWK 214 #5854 4 R R

Warp direction

Weft direction

(a)C12;(b)C8A4;(c)C6A6;(d)CAAS; () Al2

Fig. 2 Specimens of MBWK fabric reinforced composites with different hybrid ratios
(a)C12;(b)C8A4;(c)C6A6;(d)CAA8;(e)Al2
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Fig. 3 Relationship between hybrid ratios and tensile properties of MBWK fabrics reinforced composite

(a)relationship between hybrid ratios and tensile strength; (b)relationship between hybrid ratios and tensile modulus
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Fig. 4 Relationship between hybrid ratios and elongation at

breakage of MBWK fabrics reinforced composites
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Fig. 5 Tensile fracture morphologies of carbon/aramid hybrid MBWK fabric reinforced composites

(a)0” sample; (b)90° sample
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Fig. 6 Bending load-deflection curves of MBWK reinforced composites (a)0° sample; (b)90° sample
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Fig. 7 Relationship between bending strength(a) and bending modulus(b) of MBWK fabrics reinforced

composite and hybrid ratios

2.6 BZEEXt MBWK A iE2E S M T HiRE
B % i

Kl 8 AN [FITR % Ho i) MBWK 24 1 5 52 5 41 K}
PR R R S MR S/ R IR R LR,
M 8 WT LA I A TS @ 27 4 1 R A 41 B il e
W X0 i T Sl B 2T 4 3 5k 09 52 G MR Bk 2T ZE R0 D5 R 4T
AEIR % S5 R ) AR AR RN . X T 0%l 2R
ZE Sk 59. 2% (CAA8) B, 25 il B8 JF & K. ik F
7.49 mm, IR A MR Dl B R T Al Y 40 27 4
H Al 2T 4 3G 53 1 52 5 MR 2 B0 B B TR 2 RN
X 90 AR BT A TR 4% 52 & o RHIY 25 il B8 B2 X | T
4l 7 40 21 A TSk 2F At 3 58 1 S G A RE i R B
e TR 24 3 0L, MR 2% b A 26. 6 %0 (C8A4) i} 34 5] fi%
KB 7.96 mm., T I5L L 4E A0 R B s T
e 4 ] LB IR 2% 5 B 4 MBI R 800 75 1 1 3
o T AR AT AEsG s 0 52 G MRk, DRI R A AR ik 2F
Y2 A RE I 95 48 T 4 O Ui B 2T 4E ) BT 2 )
P 32 1P R A 1 E JRE L A R 1 2R Ak R e T
G o AN A2 i 1 2 %8

= 0° sample

8t == 90° sample
E 7L
£
Shei
i
5 4f
23
22
(03
@ 4

0

C12 CB8A4 C6A6 C4A8 A12
Composite type
B8 Rtk MBWK 2144 iR 2 & Ak th 55 B

BN
Fig. 8 Relationship between bending deflection of MBWK

fabrics reinforced composite and hybrid ratios

2.7 BZEEXF MBWK A #1838 8 & #1431 % ih 7 2
TR %2

e/ 75 iR A% MBWK 210 3% 5 52 & 4 RLAE 25 il
o TR R L G A b By ) S, H
mh, He 48 2R KRR A 2R 80 B DL — B R A B L
P W7 R0 2F ARl 45 55 59 U 58 30— it B v a] 2 B
I RAEMEZE 52 Z R4 Z 8 . SR B Tk £F
YL FN 5 20 £F 2 55 3 E R R 1 S E 25 A AN ) LR AR
TR WAERKE S, B9 4 H T L4 5 4 4F
AL 5245 M RHE S Ml 2t T B SR T 20, AT LUE Y B 241
3G R R o MO R A T A 4EWT R W AR RS, RIS
ANH 5 T 05 20 2T AE 3 9 00 00 W 2T 4E Ak N 2 9] L OF
PEREIT R A 2 B4 . B T Wk 2F 48 2k S B /N, O
S AR LIS G 1R R Ma Pk W L 7E 2 3
Bl 2 A B I T B BT . A
ARG 1 BT A SR A Jre 1 i ot 2 A G
FEAR BSR4 2 7 AR RS, IR BB W R
v A T8 B 0 40 2T 4k 1) W R AP R, D5 A 2T 4E 2 BH R
FALL) RS e o DT HE 28 A1 R Y 2R 50, A A LA
R R AL

3 it

(Dk/I5 LRI A % T MBWK ZUH 3 5 &2
GMRHRLMPERE . MY A4 &y 42208, 0%t
FERERE L2 5 682. 8 MPa, $ir fifi i & f A, i BA
T AR BT AR . 2 A [R] L 9] /Y 07 48 £ 4E )
9O RAE A Ak Y 7 1 568 J3E 14 gy 40 ik 2T 2 A1 4 05 28 21
2 B P A 5IR B2 R B R B TR 2 RN

COTERLARSL I B /07 48 TR 28 MBWK 21473 5
S I B P A 5 B ) O 5 4 g 1 i SR 5K
(C12 BRI TE 20 A1 31 7 JE 2F 4 iy A 2K (073



Fas ol TR LE Xtk /55 46 2T k1R % 26 9 WUl 1) 22 2 468 20 SV 1 588 52 5 BB D 22 VR RE 1R 32 ) 77

pul-out

9 Bk/FFAIR A MBWK 211058 52 A b RS il B 389 41
Ca) B 47 4k 5 (b) 75 48 £ 4k
Fig. 9 Bending failure morphologies of carbon/aramid hybrid MBWK fabric reinforced composites
(a)carbon fiber; (b)aramid fiber

FEf C8A4 F1 C6A6 L) K 90° KAL) C6A6 F1 CAA8 [y
WIRTE =

(3 i/ 75 e £F 4 1R 2% MBWK 21 W3 5 &2 5 1
F1% 2 gt 5 8 RS g A o B VR % LU A R 2 P R
EHE MB35 4 & a N 42% (C6A6) F] 59.2%
(CAAS) 1 78 Ak o A2 v, 25 ily 5 3 R0 25 il A% 58 N %

(O T PRI B 19 52 G o BHE 7K 52 A1 38 25 il 2
ap I F AR AR T 0 et 20 A TR] L A6 A 07 IR 11 25 i
5 5 RS AR YR T 90 IR AEE L A IR T 12. 5%,
16.2%,27.4% ,13. 3% 1 25. 9%,

GO RAEAEIR 22 Ll 59. 2% (CAAS) I, 25 iy 42
FER K EE] 7. 49 mm, IR 22 5 G MRS i e B
T ali )5 0 £ A s sl AT 4E 3G R 1) 2 G M RE, R
W TR 24 80N . T AT 90 IR 4% 5 A AR A 1Y 25 il B¢
JE 35 v T Ol 40 A A s Sl B A R RE AR 00 B S MOk B
FEHL U I TR 24 00 IR A% H ol 26. 696 (C8A4)
A ik Bl B KB 7. 96 mm,

5% Lk

[1] VERMA D. FORTUNATI E. JAIN S, et al. Biomass. biopoly-
mer-based materials, and bioenergy [ M]. Cambridge; Woodhead
Publishing.2019.

(2] SRFHPR,ILBET . E &L . A BRI R &8 LA Z A AR
HEJELT]. MR LR, 2019,47(1); 1-10.

ZHANG D D, SHEN H L, CAO X, et al. Research progress in
grapheme reinforced aeronautical metal matrix composites[ ] ].
Journal of Materials Engineering, 2019, 47(1) . 1-10.

(3] FEM, ML, R 2T, 55, BOW I 0 15 R AE K2 & M RHZE & BRAR
AT i AT O LI ). BRI, 201832 (32) : 573-576.
XU G D, LID H, WU H Y,et al. Characterization of low energy
impact damage behavior for composite laminates by fuzzy evalua-
tion[ J]. Materials Reports,2018,32 (32);: 573-576.

[4] X5k, B/NRE SR R, RIEOHL SR 2F 4t /30 S B I8 &2 & b1 R fig

(6]

(7]

[8]

[9]

[10]

[11]

FHAEH R E R AP L] & MREM . 2011,
28(5); 83-88.
LIU Q, MA X K, ZONG Z ]J. Properties of twill-weave carbon
fabric/epoxy composites and its application on light-weight design
for electric vehicles[J]. Acta Materiae Compositae Sinica, 2011,
28(5): 83-88.
FARL TP AL T 5. RS A LA F4B R 4y BN K e S
SR RE RS [T ] &4 ROk i 2018, 35(6). 1582-
1589.
WANG C H, ZHI Z X, REN Z L, et al. Effect of rice husk fiber
particle size and content on the properties of cement composite
[J]. Acta Materiae Compositae Sinica, 2018, 35(6); 1582-1589.
SUBAGIA I, KIM Y. Tensile behavior of hybrid epoxy composite
laminate containing carbon and basalt fibers[]]. Science &. Engi-
neering of Composite Materials,2014,21(2) :211-217.
DEHKORDI M T, NOSRATY H. SHOKRIEH M M, et al.
Low velocity impact properties of intraply hybrid composites
based on basalt and nylon woven fabrics[ ] ]. Materials & Design.,
2010, 31(8): 3835-3844.
A5G, B30 B ST, AR PR 4R A R B A e IR AR A
AR TR RELT ] AR, 2019,47(2) : 153-159.
NIN N, XIA L., ZHANG W Y, et al. Mechanical properties of
ramie fiber cloth and glass fiber cloth hybrid laminated composite
[J]. Journal of Materials Engineering, 2019, 47(2): 153-159.
PAIVA J M F D, SANTOS A DN D, REZENDE M C. Mechan-
ical and morphological characterizations of carbon fiber fabric rein-
forced epoxy composites used in aeronautical field[J]. Materials
Research, 2009, 12(3): 367-374.
SUBAGIAIDG A, KIM Y. TIJING L D, et al. Effect of stac-
king sequence on the flexural properties of hybrid composites re-
inforced with carbon and basalt fibers[J]. Composites: Part B,
2014, 58(3): 251-258.
T Jits  BURUR L OGIRTT , G5 . TR A L X BT k-3 2 DR S 2 A b
BHOTHEAE A MR LT ). B AR #2017, 34(4):
758-765.
MA T, JIAZ Y, GUAN X F, et al. Effects of hybrid ratio on
the axial compressed and f{lexural properties of unidirectional in-

ter-layer carbon-glass hybrid composites [ ] ]. Acta Materiae



78

BRI 72

20204 2 A

[12]

[13]

[14]

[15]

[16]

(171

(18]

Compositae Sinica, 2017, 34(4) . 758-765.

DONG C, RANAWEERA-JAYAWARDENA H A, DAVIES I
J. Flexural properties of hybrid composites reinforced by S-2
glass and T700S carbon fibres[ J]. Composites: Part B, 2012,
43(2): 573-581.

PANDYA K S,VEERRAJU C, NAIK N K. Hybrid composites
made of carbon and glass woven fabrics under quasi-static loading
[J]. Materials & Design, 2011, 32 (7). 4094-4099.
Pk, Bk 0, JRI R B R £F - £F R IR Ze WY 3 PCBT &4 4
HHZ A AR A Do AR b i HERELT . A MR R, 2015, 32
(2): 435-443.

YANG B, ZHANG J F, ZHOU L M. Preparation and low-ve-
locity impact properties of glass fiber-carbon fiber hybrid rein-
forced PCBT composite laminate[ J]. Acta Materiae Compositae
Sinica, 2015, 32(2). 435-443.

HU J L, JIANG Y M, KO F. Modeling uniaxial tensile proper-
ties of multiaxial warp knitted fabrics[J]. Textile Research Jour-
nal, 1998, 68(11) . 828-834.

JIANG Y M, HU J L, KO F. Characterizing and modeling ben-
ding properties of multiaxial warp knitted fabrics[J]. Textile
Research Journal, 1999, 69(9). 691-697.

kL. 2 2 AU 1) 2 R A 20 S 1 58 52 G B ORHIED 9 0 A 1 e
FE[DJ. KHe: KA Tk K% . 2008,

ZHANG Z. The analysis of in-plane mechanical properties of
multilayered biaxial weft-knitted fabric reinforced composite[ D].
Tianjin: Tianjin Polytechnic University, 2003.

QI'Y X, LIJ L, LIU L S. Tensile properties of multilayer-con-

[19]

[20]

[21]

[22]

nected biaxial weft knitted fabric reinforced composites for car-
bon fibers[J]. Materials & Design, 2014, 54(2);: 678-685.

QI Y X, LIJ L, LIU L S. Bending properties of the multilayer-
connected biaxial weft knitted fabrics-reinforced composites made
with carbon fibers[J]. Polymer Composites, 2015, 36 (12):
2291-2302.

PEI X Y, SHANG B,CHEN L, et al. Compression properties
of multilayer-connected biaxial weft knitted carbon fiber fabric
reinforced composites[ J]. Composites; Part B, 2016, 91(4):
296-305.

DAT S, CUNNINGHAM P R, MARSHALL S, et al. Influence
of fibre architecture on the tensile, compressive and flexural be-
haviour of 3D woven composites[ ] ]. Composites: Part A, 2015,
69(2): 195-207.

ULLAH H, HARLAND A R, SILBESCHMIT V V. Experi-
mental and numerical analysis of damage in woven GFRP com-
posites under large-deflection bending[]J]. Applied Composite
Materials, 2012, 19(5). 769-783.

EEWA KW A SRR R4 H (18JCQNJC73300,18]CZDJC10020)
s B H#:2019-06-27; f&1iT H #§ : 2019-10-11
BIRAEE S MEC1985—) , B P, 1, BF 55 O 0] 9 & A M RH 5 A

Wit

2

HAME 2 R AL R AT P XK P IE 399 5 KT

iR 5 TR B (300387) , E-mail ; qiyexiong@ tjpu. edu. cn

(KLt %« R A )



