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In, this research, the effects of adding silica and multiwall carbon nanotubes (MWCNT) nano particles
on the low velocity impact response are experimentally studied. Vacuum assisted resin transfer molding
(VARTM) method has been used to manufacture nano composite with 11 layers of plain weave carbon
fibers 200 g/m?, resin R510 and hardener H515 with 66% fiber volume fraction. Samples made of nano
silica and MWCNT particles have been dispersed with 1 wt. %. The prepared CARALL is made of two
Aluminum 2024 facing sheets. Low velocity impact tests have been conducted using by drop weight
device at the impact energy of 20, 40 and 60 j with velocity of 2.6, 3.68 and 4.5 m/s. The results of the
low velocity impact experiments indicates that the MWCNT improves performance of fiber metal
composite material and the effects of MWCNT in improving the impact properties of fiber metal
laminate composite is better than of nano silica. Better adherence and dispersion of MWCNT and strong
interfacial creation are some other effect factors of impact response sample reinforced with multiwall
carbon nanotubes in comparison to nano silica.
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Fig.9 Aluminum front face damage a) with MWCNT b) with nano
silica

iz S syl 6b L ol e (Cll ol poricagl] amin ol 9 YK

Myl; l; a‘,o.b (o o)‘%o

P L oablagli asged 5 0)lgmd wizr ()5 ladly) $l L oady o
2 Jgaz 10 odwlcansty polie bl p sl 00 03,91 2 Jga ;o Ko
slodls) 5l L oudiyg gl diged Lawgs oalioida (5551 45 590 o0 oomlive
L s N R
az slacyjsels JLals o @l el sbedl ) Sasayay
L il ot ol 85 S il S 15 S 36 —d Y
L digad ;o (SodaYay ol abge (bS58 a¥ b (gjseels Y
S yo 088 0 oadline 0,5 slodlg) 6L L ol par ool il (e, SLI
a5 aeo oo lid g S lew 9 b odicn gl diges o (SabaVay as
sloadg) gl b ol pad ool cdl (0,5 BLIIL diged ;0 0ads i (55,
S by S el 56 b oadio ol Aiged I i (Su)S
S 15, S o sle goasie Jolse 4y ool 8l (0 35elS sloaY o
Ee 5 A (gl Sl (S diged (NS Cwls g oy (Se e

Bas sadode 65, Jlaie 2 Jgus

Table 2 Absorbed energy of target

&35 ays e

- a0 555 e
Gesicis (N e)

Lol s o eeyss aigod

30.26 24.68 40 slreddsll i

o)lgs iz (S

2013 1041 4 e 56 L o5 Aiges

2 oplaibs 17 095 1396 wiums)l (e Suille Swiise

g 38.12 M s 0 (s a5 el swlumsas 4l p 5o 16.68
Jade a5 Cel ol oanmoplis odeliawdds polie ol anl 4l
diged 3l G (25 oyl 9l Lo Cugll digad pp0 il 0 Cusglie
lads) 5l L oond Cugli diged (gomie CeslSilow 6L L oond Cugls
3 S sldy) gl 5l eolaiul oS col godge cpl cdumslas S
Lo Cosl ladiges & Comsd poriagll —0n S aVaiz lacy;gals
dilie 53 o 4l 22l o wiges 3,Sles S5y mge ok 5
5 S Saely 5 i (S 5500 et S 1y S S5
Wgai b il 0 58, Jalge Koo ) 658 (sl oo Sl ol
el 96 4 S 03 iz ()8 Ayl g b sadio sl

99 bolye osles b ()8 SUT al  aiged 95 (29l law 9SS0
odslice K&y a5 jeblen ams o lis 1) Sglae suiiSCusds g4
Bz S sledyd gl L ooadcysl aige ;o (Si8je8 ade 0gb e
Iy diged yiln Coaglie a5 CunlSilws b oadiiysi diged 51 S o)lso
Sl 950 L oaliy 9af digad ;o 3985 Boc a5l 4y ax g5 by .aws oo LS
L oolica gl aiged & Comd iges 5| Jodll oS (5925 cnl by sl i
OMER K JEIRIRE

Js340 4,5 (55,51 o §L5 Ly ea iy sis aiged 55 10 S 5o
bl diges saioda (65,50 i 0 glcemsds sl sl 0l dlie
iy S50y S s o 0 488 551 oo 550 (giin )

ol odeliewssds (2)

Aot = | F(©)de @
0
Cowddy diged Jawgs oadods (65,0 Hlade (3) alal, 5l ooliiwl by (s

Vg X Atotal) (3)

Etotal = Vo X Atotal (1 -
4'Eimpact

637" Eimpact 5 4po Sy Vg cdiged ‘I‘*"SS odbde 63)’"‘ Etotal
Bges gl oadoda (65,0 ol 5l owliansay polie [12] cudl ay,s

9000

8000

= == = CFRP-SILICA
7000 r

6000 CFRP-MWCNT

5000

Force(N)

4000

3000

2000

1000

0
0.398 0.4 0.402 0.404 0.406

Time(S)
Fig.8 Comparison of two samples with 2-1 lay-up under 20j impact
J9520 45,8 ot 2-1 iz Y L diges 90 anslie 8 S

62



P93 R 9 IS ges LS)

513 93b b odubumagds JHI S jgaols )3 (pualy g jun &9 300 GEawly

(<l
a)

(<

b)

Fig.11 Alumintm‘ﬂ“bac.k‘_fécage a) with MWCNT b) with nano
silica

o)l Wiz )5 slodlg) ol b ol pon (Al iy fw,JT Ao cuwl 11 S

Kk 56 L ol yo (o

Bas sadode (65l ke 3 Jux

Table 3 Absorbed energy of target

onbodr 655 aps e 4S5yl
s
o (Ns) V) >
38.85 18.07 40 (Sl 5L b oty i3 S
29.13 10.41 40 Sl 56 b oatszgsis JIIS
8000
7000 - WOVEN SILICA
'd
/ ‘\
6000 1 — — =CFRPSILICA
Z 5000
8
& 4000 |
3000 -
2000
1000
0 ,
0514 0515 0516 0517 0518 0519

Time(S)

Fig.12 Comparison of two samples with 2-1 lay-up under
40j impact

J9540 a8 co 2-1 iz 4V L diged 90 anslie 12 JSCh

63

4o by e 958 o0 oalin (05 slaalg) 9l b oadiy sl diges 4 by
DU B9l Wiged ) &S Jl> 50 Sl diged hans Sl AL S2S 9 0095
sl 00,5y | digad 5l Al Lo B 50 i Sk 5L L

Dy oa oanlive 11 S aiges 90 10 pouinegl] iy astho ol
g 3 Sy o 0 it o) 5 oABsE g o
Aged 5 el 00l Czge 1) Sy dotio paaieg)] sl als Leas g ous
e 00t g JolS 5oty diges Kokias 5 b odiiZagis

olti 12 IS o [11] s 536 L onizy 55 ool il ats LI

ks 53 b st s osls <l (o, Sl Al s wiged 59 duylie

el 00 00l

Bl U L ooads Cusli IS 5 JUIS 450 a4 b (goeie U3,
03 A.le Al «Jul 433&;3 4.1)..4 ).3|).3 ) C}wslﬂa )L\.E.c L;a el UL-«SJ
$b ol e b el i easaml oS SU wges 4 G
L el 455 4 Cangliie e gl ol LY 51 e, SLII s Lo
JCESRCN K N AT WAL SE O I N NPUPICIC G IS SO DERN KV
A A G 6FSES 2l 65 e el e LB e
Dy s

Looud Cugil polS slaaised sln oudindar 6550 olied Jgaz o
e 00T ety Slons 93U b 00y JLIS diged g Kulows 5ib

5 edelcunsd bt wluly Kl §6 L sodcosss S aiges
S 936 b ot s JI)5 digad 4y s (6 5531 Olee 3 Jsor
| oo; u.\>

oS Sl aisal 55 (sl priel] sl amio )o o] g5 lis
13 S5 50 Wukew oib b oniilusit ondail aies GLII 5 sasamly
9 i 5 obul carge i (led (5950 e 090 osalive
BLI o e diged 40 4 Ceoglie SlalS a5 oud CojemlS j0 ogue
TS TEIR 3N TN WV Ry W TO RN J LW VORI Fi PPN ILNPY VI S

@ Cweglie 13 S5 @ az i b eogd gae lard eSS i 5
12000 r

10000 + = = = CFRP-SILICA

8000 CFRP-MWCNT

6000

Force(N)

4000

2000

0.512 0.514 0.516 0.518 0.52
Time(S)

Fig.10 Comparison of two samples with 2-1 lay-up under 40j impact
J5540 44,6 ot 2-1 iz 4V b aiges 90 annlie 10 JSCb

2 o)laids 17 095 1396 s )l (urde Suille wiie



P93 R 9 IS ges LS)

13 9L b odubumagds JHI S jgaols )3 (pualy g jwn &3 300 Gwly

oS ol ol koo U b onsicusd 5 5 JIIS diges g9 duslic
solie LIS a8 Jo s waiien SLaSs 40 4 gul 3, olls Loy
LI i 8, 0l 5V e g plSoinl s 4y 5505 Slej omled
S5 Ol ol 1S & o S22l 65 0 plralr o
ol s I 4 G 35 S onli i

PO -6
5 6ok sl 15 QliS3gs sl 5 liiw plosle &30 slacele>

&lp-l

[1] S. Song, Y. Byun, T. Ku, W. Song, J. Kim, B. Kang, Experimental
and numerical investigation on impact performance of carbon
reinforced aluminum laminates, Materials Science & Technology,
Vol. 26, No. 4, pp. 327-332, 2010.

[2] G.Rajkumar, M. Krishna, H. N. Murthy, S. Sharma, K. V. Mahesh,
Investigation of repeated low velocity impact behaviour of
GFRP/Aluminium and CFRP/Aluminium laminates,  Soft
Computing and Engineering, Vol. 1, No. 6, pp. 50-58, 2012.

[3] J. Fan, W. Cantwell, Z. Guan, The low-velocity impact response of
fiber-metal laminates, Reinforced Plastics and Composites, Vol.
30, No. 1, pp. 26-35, 2011.

[4] G.-C. Yu, L.-Z. Wu, L. Ma, J. Xiong, Low velocity impact of
carbon fiber aluminum laminates, Composite Structures, Vol. 119,
pp. 757-766, 2015.

[5] N. Tsartsaris, M. Meo, F. Dolce, U. Polimeno, M. Guida, F.
Marulo, Low-velocity impact behavior of fiber metal laminates,
Composite Materials, Vol. 45, No. 7, pp. 803-814, 2011.

[6] J. Fan, Z. Guan, W. Cantwell, Numerical modelling of perforation

failure in fibre metal laminates subjected to low velocity impact

loading, Composite structures, Vol. 93, No. 9, pp. 2430-2436,

2011.

M. Sadighi, T. Parnanen, R. Alderliesten, M. Sayeaftabi, R.

Benedictus, Experimental and numerical investigation of metal

type and thickness effects on the impact resistance of fiber metal

laminates, Applied Composite Materials, Vol. 19, No. 3-4, pp. 545-

559, 2012.

[8] H. Ning, Y. Li, N. Hu, M. Arai, N. Takizawa, Y. Liu, L. Wu, J. Li,
F. Mo, Experimental and numerical study on the improvement of
interlaminar mechanical properties of AI/CFRP laminates,
Materials Processing Technology, Vol. 216, pp. 79-88, 2015.

[9] M. M. Zamani, A. Fereidoon, A. Sabet, Multi-walled carbon
nanotube-filled polypropylene nanocomposites: high velocity
impact response and mechanical properties, Iranian Polymer, Vol.
21, No. 12, pp. 887-894, 2012.

[10]E. M. Soliman, M. P. Sheyka, M. R. Taha, Low-velocity impact of
thin woven carbon fabric composites incorporating multi-walled
carbon nanotubes, Impact Engineering, Vol. 47, pp. 39-47, 2012.

[11]R. Amooyi Dizaji, M. Yazdani, An experimental investigation of
the effect of 3D fabric in the amount of energy absorbed in the
GLARE composite, Modares Mechanical Engineering, Vol. 16,
No. 4, pp. 49-54, 2016.( in Persian ..,13)

[12]B. Alcock, N. Cabrera, N.-M. Barkoula, T. Peijs, Low velocity
impact performance of recyclable all-polypropylene composites,
Composites Science and Technology, Vol. 66, No. 11, pp. 1724-
1737, 2006.

[7

—

2 oplaibs 17 095 1396 wiums)l (e Suille Swiise

(o

b)

Fig.13 Aluminum front face damage a) CARALL b) GLARE
25 (G LS () gl pariagd] amin ol 13 S

oolw ;,'51.' Al du‘ P Aiged FURG| ).’wl.ua % Q‘ da)..a
e Wges b avalio )0 (6 470 4 Cuglie Bk 53U b onticg s
el o3l s 395 51 Sk 53l b o0 g5 oabatily o8 LI

S5 4x -5
b psereasll 0n adaiz slacujnlS Cusk b oS ol o
Ol Gy 50 Cow Gew g 0)lgn0 wiz )5 sladlg) oL 5l eolanl
ol 0dd Ay Cod el sldaas ol Cepw a8 Al
Olime & oylgs iz oS ledgd ¢l L ool Cosli diged (yuizes
Js5 40 (g5, cou e 44.11% 5 Jo5 20 (g5, cou e 21.53%
Sl ooy lid 0g5 3l (6o 430l 30 Caaglie

i 3 s ek 5 & S o sy a5z )5 (sladlylyl
Sl o JLI5 sladigas 4o (55,

e sl o Jlal slml g (o5 sladd ol e (S
o)ls2d 2z (2,5 Alg) i L oubilushs diged iy Grly 53 53l Jalge

64



