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In this study the behavior of a novel 3D integrated weft knitted sandwich composite (3DIWKSCs) were
investigated. The weft knitted spacer fabrics produced by E-glass fibers on a flat knitted machine with tow
cross-sectional shapes (rectangular and triangular). The 3DIWKSCs manufactured by use of the vacuum
assisted resin transfer molding (VARTM). The results of the 3DIWKSCs with tow cross-sectional shapes
under drop-weight impact tests in three energy levels showed that the triangular-shape of 3DIWKSC has the
higher strength in all energy levels of impact than the rectangular-shape of 3DIWKSC. Furthermore the
contact force of 3DIWKSCs was increased by increasing of the energy level of impacts. The main damage
modes of 3DIWKSCs under impacts were the transverse cracks on the upper face-sheets and the cracks on
the connecting layers of the core. Also, by increasing the energy level, cracks occurred in the lower face-
sheets as the curved area and the local indentation were created underneath the impactor. There is no any
de-bonding between the core-face of the 3DIWKSCs under drop-weight impact tests.
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Fig. 1 The manufacture stages of 3D weft knitted spacer fabric [28]
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Fig. 5 Reinforcing the face-sheets by hand-layup method [28]
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Fig. 2 The produced weft knitted spacer fabrics [28]
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Fig. 12 The damaged 3DIWKSCs (U shape) in 27.44 ]

cb)owéﬁnc@bdwgoﬁa)ljwiﬁyAIZ J.i&
27.44 g3

3000
2500 ~
£\
2000 3
1
\
\
\
1500 !
= \ —Rectangular cross-section
T \
\
]

1000 -==-Triangular cross-section

500

5000 10000 15000 20000 25000 30000 35000
500 Tus)

Fig. 7 The graph of contact force in 13.72 J

J9513.72 55l gl ) (8 4155 abed (558 a0yl T Y

5000

4000

3000
é 2000 —Rectangular cross-section
--=-Triangular cross-section
1000
0 . . ;
10000 20000 30000 40000
-1000 Tlus)

Fig. 8 The graph of contact force in 27.44 ]
J95 2744 550 oy (i 4,0 oled 558 a0 o503 8JSC

7000
6000
I"\'r"g
5000 b
b
000 f 1
N ]
_ I !
§ 3000 5 —Rectangular cross-section
!
U

--=-Triangular cross-section
2000

1000

5000 10000 15000 20000 25000 30000 35000
-1000 T(us}

Fig. 9 The graph of contact force in 41.16 J
J55 4116 (555 b 53 (8 2250 bl (5500 ) Jloged 9 U

J 92018 59U 9 ool &y s

('Y

www.SI D.76


www.sid.ir

J 94018 5)9Ud 9 polc &y s

(' ¥

277

Oblad 9 LT Sexo

e Sl (6393 (598N (G A ST Gl jerolS

&S a4
S jseels Wiged (53,2 555 At goha o LB 4,0 Ggel b
Ljbsle allouinl a5 amo oo plis s09 seil> gom 4w Zmgaile
g b (sl glalo gl b USlo b aolie jo (2o ghaie o
ol s Jlaie Gl cel (B a8 655l mham RIP rizen
Sl M e ploign laloges Cunl ould adiges plos sl wpo
Sl @pe 59 590 &5 G oo LA (mgaile CujeelS sladiges
hie ghe b dgad Gln g 9,8 Sy S Jols (e ghaie whaws L aiged
3l el 2ljyl o 3l sl plad ) 558 Sy 90 Juls s
Ol M e cot gam dw (gl slacyjnelS aiged 4y oad
P9 2 sS S Jels (0, w4 0ad o)ly cul &S Bad s
iy (&5 g il sl Jlal cbay 5 Sy Ojga atas
Sl GB35 a4z g 09din ) gy 0 S5 Sl e
GsSmed iR Spdise yilar (i) Mgy ) o Sl ol S
Ssil> gom dw (masile GlacyealS )0 diug g ales (o il

ol ) o

&lw -5

[1] Peters, S.T., “Handbook of composites”, Second Edition, Chapman
& Hall, Chap.12, pp.254-290, 1998.

[2] Azarafza, R., Davar, A., Mahmoodi, A., “Three-point bending test
of metal and composite sandwich panels with grid stiffened core”
In Persian, Journal of Science and Technology of Composites,
Vol.3, No. 4, pp. 377-388, 2017.

[3] Herup, E.J., Palazotto A.N., “Low-Velocity Impact Damage
initiation in GRAPHITE/EPOXY/NOMEX HONEYCOMB-
sandwich plates” Composites Science and Technology, Vol. 57,
No. 1, pp.1581-1598, 1997.

[4] He, W., Liu, J., Tao, B., Xie, D., Liu, J., Zhang M., “Experimental
and numerical research on the low velocity impact behavior of
hybrid corrugated core sandwich structures” Composite Structures,
Vol.158, No. 1, pp. 30-43, 2016.

[5] Vaidya, U. K., Pillay, S., Bartus, S., Ulven, C:'/A., Grow, D. T,
Mathew B., “Impact and post-impact vibration. response of
protective metal foam composite sandwich plates” Materials
Science and Engineering A, Vol. 428,No. 2, pp. 59-66, 2006.

[6] Malekzadeh Fard, K., Khalili, S.M.R, Forooghy, S.H., Hosseini, M.,
“Low velocity transverse impact response of a composite
sandwich plate subjected to a rigid blunted cylindrical impactor”
Composites: Part B, Vol. 63, No. 1, pp. 111-122, 2014.

[7] Ma, P., Zhang, F., Gao, Z.; Jiang, G., Zhu, Y., “Transverse impact
behaviors of glass warp-knitted fabric/foam sandwich composites
through carbon nanotubes incorporation” Composites: Part B, Vol.
56, No. 1, pp. 847-856, 2014.

[8] Park, J.H., Ha, S.K., Kang, K.W., Kim, C.W., Kim, H.S., “Impact
damage resistance of sandwich structure subjected to low velocity
impact” Journal of Materials Processing Technology, Vol. 2 0 1,
No. 1, pp.425-430, 2008.

[9] Imielin’ska, K., Guillaumat, L., Wojtyra, R., Castaings, M., “Effects
of manufacturing and face/core bonding on impact damage in
glass/polyester-PVC foam core sandwich panels” Composites:
Part B, Vol. 39, No. 1, pp.1034-1041, 2008.

[10] He, Y., Tian, G.Y., Pan, M., Chen, D., “Non-destructive testing of
low-energy impact in CFRP laminates and interior defects in
honeycomb sandwich using scanning pulsed eddy current”
Composites: Part B, Vol. 59, No. 1, pp.196-203, 2014.

[11] Tong, L., Mouritz, A.P. and Bannister, M.K., “3D Fiber
Reinforced Polymer Composites” Elsevier, 2002.

[12] Palazotto, A.N., Gummadi, L.N.B., Vaidya, U.K., Herup, E.J.,
“Low velocity impact damage characteristics of Z-fiber reinforced
sandwich panels - an experimental study” Composite Structures,
Vol. 43, No. 1, pp.275-288, 1999.

[13] Fan, X., Xiao-Qing, W., “Study on impact properties of through-
thickness stitched foam sandwich composites” Composite
Structures, Vol.92, No. 1, pp.412-421, 2010.

Fig. 13 The damaged 3DIWKSCs (V shape) in 27.44 ]
S5 el 5o e adafie prlans b diged 4 00l 8,15 o] yguas 13 JSCi

27.44

Fig. 14 The damaged 3DIWKSCs (U shape) in 41.16 J
gl ) (hebtas ahaiie gl b digad 4 0ud o)ly ] g 14JSCS
41.16 3,

&3
1B

Fig. 15 The damaged 3DIWKSCs (V shape) in 41.16 J
&5 o o (e alakie gl b digad 4 00l 9 )ly ool g 15 S
41.16



www.sid.ir

Oblad 9 LT Sexo

vee S Sl (6393 (53 (S A LTI W Gl jgrolS

[14] Baral, N., Cartié, D.D.R., Partridge, I.K., Baley, C., Davies, P.,
“Improved impact performance of marine sandwich panels using
through-thickness  reinforcement: ~ Experimental  results”
Composites: Part B, DOI: 10.1016/j.compositesb.2009.12.002.

[15] Seltzer, R., Gonzélez, C., Mufioz, R., Lorca, J., Blanco-Varela, T.,
“X-ray  microtomography  analysis of the damage
micromechanisms in 3D woven composites under low-velocity
impact” Composites: Part A, Vol.45, No. 1, pp.49-60, 2013.

[16] Hosur, M.V., Karim, M.R., Jeelani, S., “Experimental
investigations on the response of stitched/unstitched woven S2-
glass/SC15 epoxy composites under single and repeated low
velocity impact loading” Composite Structures, Vol.61, No. 1,
pp.89-102, 2003.

[17] Hu, H., Sun, B., Sun, H., Gu, B., “A Comparative Study of the
Impact Response of 3D Textile Composites and Aluminum Plates”
Journal of Composite Materials, VVol.44, No. 1, pp.593, 2010.

[18] Hosur, M.V., Abraham, A., Jeelani, S. and Vaidya, U.K., “Studies
on the Influence of Through-the-Thickness Reinforcement on
Low-Velocity and High Strain Rate Response of Woven S2-
Glass/Vinyl Ester Composites” Journal of Composite Materials,
Vol.35, No. 1, pp.1111, 2001

[19] Zhang, D., Sun, Y., Chen; L., Pan N., “A comparative study on
low-velocity impact response of fabric composite laminates”
Materials and Design, VVol.50, No. 1, pp.750-756, 2013.

[20] Hosur, M.V., Abdullah, M., Jeelani, S., “Manufacturing and low-
velocity impact - characterization of hollow integrated core
sandwich composites  with hybrid face sheets” Composite
Structures, Vol.65; No. 1, pp.103-115, 2004.

[21] Vaidya, U.K., Hosur, M.V., Earl, D., Jeelani, S., “Impact response
of integrated hollow core sandwich composite panels”
Composites: Part A, Vol.31, No. 1, pp.761-772, 2000.

[22] Karahan, M., H. Ivens, G.J. and Karahan, N., “Low velocity
impact characteristics of 3D integrated core sandwich composites”
Textile Research Journal, Vol.82, No. 1, pp.945, 2012.

[23] Herb, V., Martin, E., Couégnat, G., “Damage analysis of thin 3D-
woven SiC/SiC composite under low velocity impact loading”
Composites: Part A, Vol.43, No. 1, pp.247-253, 2012.

[24] Abounaim, M., Hoffmann, G., Diestel, O., Cherif, C.,
“Thermoplastic composite from innovative at knitted 3D multi-
layer spacer fabric using hybrid yarn and the study of 2D
mechanical properties” Composites Science and Technology,
Vol.70, No.2, pp.363-370, 2010.

[25] Abounaim, M., Hoffmann, G., Diestel, O., Cherif, C.,
“Development of Flat Knitted Spacer Fabrics for Composites
using Hybrid Yarns and Investigation of Two-dimensional
Mechanical Properties” Textile Research Journal, Vol.79, No.7,
pp.596, 2009.

[26] Abounaim, M., Diestel, O., Hoffmann, G., Cherif, C,
“Thermoplastic composites from curvilinear 3D multi-layer
spacer fabrics” Journal of Reinforced Plastics and Composites,
Vol.0731, pp.6844, 2010.

[27] Hamedi, S., Hasani, H. and Dibajian, S. H., “Numerical simulating
the flexural properties of 3D weft-knitted spacer fabric reinforced
composites” J Compos Mater, Vol.13, No. 1, pp.1887-1899, 2017.

[28] Azadian, M., Hasani, H. and Shokrieh, M.M., “Flexural behavior
of composites reinforced with innovative 3D integrated weft-
knitted spacer fabrics” DOIL: 10.1177/1528083717721923., 2017.

9US 9 pgle &y s

Jerols s,

('Y

278


www.sid.ir

