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In the present paper the compressive behavior of composite lattice truncated cone reinforced with and without
carbon nanotube (CNT) is investigated using experimental and numerical simulation methods. Composite lattice
truncated cone samples, made of glass/epoxy without CNT and reinforced with 2% wt. CNT are fabricated using
filament winding process and tested under compressive axial force. Moreover, modeling of the structure is
performed and numerical simulation is achieved using commercial finite element ABAQUS software and the
results of compressive force vs. axial displacement are verified by the experimental data and good agreement is
observed. Halpin-Tsai micromechanics model is also utilized in order to calculate the nanocomposite material
properties and assigned in the numerical simulation. The effects of CNT weight percentage and coefficients of
CNT dispersion within the epoxy resin matrix are investigated using numerical simulation method. The results
showed that addition of CNT by 2% wt. to the epoxy resin of the composite lattice conical structure, enhanced the
maximum carried compressive force by 44%. While addition of CNT more than 2% wt. causes the compressive
strength to be decreased due to less dispersion quality and agglomeration and non-uniform dispersion of the CNTs
within the epoxy resin.
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Fig. 1 Geometrical model for composite lattice truncated cone
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Fig. 4 Axial compression test on the composite lattice truncated cone
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Table 1 Geometrical parameters for composite lattice truncated cone

Slade 2 bl
280 mm ‘5-L955 ol ‘5?)_;, ).las D1
340 mm Sl Ceand > 5 ki D2
43 mm G'YL . 5 5&7,‘ H1
47 mm gs’l"" c b &Uﬂ)' H2
49 mm 6....:'; - 5 ﬁLm)l H3
166 mm Js 8“3)' H
6 mm o S, Loye b1
6 mm b2

@:?«)L" slca, 2y

oolitul ais BUI 5 wSal ipj) 5l siulej] sladiges el 1y

S i (h9) 4 ($RjseelS St (a8l g Pe diged Sl i35
L cigas Lo sl 5 390 (i) 53 ol Ll 55 248 ol
wSlo g (Ahb oz B 5 &S Wiz Syge 4 dacy, Gl 4 g
I laaiges cile sy o solel B (g Sinile alo e 2 K5 b
4.&).? )‘)3 dl.:.” e Ko S9y ¥ 5«"3 e dl>)A PRI I u,uaLaJ
slo,les 31 )0 oy a0 anae] aies S .as 3 5kl ladiges cilu g
cilo gy il adlsl dgas il B i ym b g 4,5 5 LB
Qo 2 ke 4 S slealgdal laml (S sledgdgl sljls diges
s )y o 9 08D 0aSTy (S (hey & on) S 58 S
25,5 15 ookl 350 S 03l bl (gl eain)S sl b o

A3 o oles | oals sl sladiges 3 JSo

~ -

Fig. 2 Metallic mandrel for cmposite lattice truncated cone
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Fig. 3 Composite lattice truncated cones a) without CNT and b) with
2% wt. CNT.
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Fig. 6 Force-displacement diagram obtained from experimental and
finite element methods for composite lattice cone without CNT
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Table 3 Comparison between the results obtained from experimental
and finite element methods
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Fig. 8 Local failure mode for composite lattice cone specimen without
CNT close to a critical node after axial compressive test
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Fig. 9 Force-displacement diagram for composite lattice cone specimen
with 2% wt. CNT obtained from experiments and finite element method

Sgame elizrl Sl g oyz Gtalesl 5l edel s 4y bl —g,0 Jloges 9 IS
S Welsil (55912 L oad il jerelS St by e aised sy

S, S11

Multiple section points

(Avg: 75%)

- +1.530e+03
+1.325e+03

9 1267e+02

Fig. 10 Stress distribution in the fibers direction at the last deformation
step (deformation scale ratio=1:1)
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Fig. 7 Deformation of the structure at the last load step (deformation
scale ratio=1:1)
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Fig. 12 Hashin failure criteria in the matrix tensile mode for the
submodel of the critical node
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Fig. 13 Force-displacement diagram for the composite lattice cones

reinforced with different % wt. of CNT (for dispersion coefficients

a=-150 and b=-2.5)
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Fig. 14 The effect of CNT dispersion coefficients on the compressive
force-axial displacement behavior of the composite lattice cones
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