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Effect of negative Poisson’s ratio on mechanical response and damage behavior of

carbon/epoxy composite laminates under low-velocity impact
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Keywords Abstract

AUXGtFC COmDOSite laminates In this paper, the effect of negative Poisson's ratio on the mechanical response and improving the damage
Negative Poisson’s ratio behavior of carbon/epoxy composite laminates under low-velocity impact is studied. For this purpose, a
Finite element analysis MATLAB code is developed to determine the range of sequence angles to achieve both negative Poisson's
Low-velocity impact ratio in-plane and through-thickness based on CLT. Also, the progressive damage model is written and

implemented using the user-material subroutine-VUMAT consisting of Hashin and Puck failure criteria
and the damage evolution model based on the equivalent strain method to predict the initiation and
evolution of damage for matrix and fiber. In the research process, the impact resistance performance of
auxetic laminates is evaluated in comparison with composite laminates with positive Poisson's ratio with
cross-ply and angle-ply sequences. The results showed that in some damage modes, auxetic behavior can
lead to the improvement of composite laminate damage. Based on the analysis of the results, the highest
damage amount of delamination, matrix tension, matrix compression, and fiber tension damage is observed
in angle-ply, through-thickness auxetic, cross-ply, and through-thickness auxetic laminates, respectively.
Meanwhile, cross-ply, angle-ply, and through-thickness auxetic laminates with characteristics such as high
impact force, low impact time, low maximum displacement, and less dissipated energy than in-plane
auxetic laminate are suitable for use in structures with hardwall design approach. Also, the in-plane auxetic
laminate with features such as low impact force, high impact time, high displacement, and more dissipated
energy than other composite laminates, is practical and operational for use in sacrificial structure.
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Table 1 Mechanical properties of the T700GC/M21 UD lamina [42]

Property Values
Density p = 1600 kg/m?®
Ey, =130 GPg,PEyy =E,, =17
a,
Modulus G,y =G,, =4.8 GPa, G,, =38
GPa
Composite  p;ocon’s ratio Vey =Vy, =0.33, v, =035
lamina
Xr =2080 MPa, X, = 1250 MPa,
Strength Y =60 MPa, Y, =140 MPa
Syy =Sx; = Sy, =110 MPa
Fracture ener Gy =133 N/mm, G =40 N/mm,
9 G = 0.6 N/mm, G, =2.1 N/mm
Modulus E =5 GPa
Interface Strength td =t0 =t =30 MPa

Fracture energy  G¢ =0.6 N/mm, G§ =2.1 N/mm
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Table 2 Layups and effective properties of CFRP composite laminates
with non-auxetic and auxetic behavior

8% off T B ES'T EST
21 31 (MPa) (MPa) (MPa) (MPa)
Cross-ply laminate: [0,/90,/0,/90,]
0.0366 0.3888 69.22 69.22 8.55 4.80
Angle-ply laminate: [60,/—60,/60,/—60,]
0.3050 0.2513 9.78 44.99 8.25 26.24
In-plane auxetic laminate: [15,/65,/15,/65,]

-0.3137  0.4914 40.95 24.30 8.10 5.84
Through-thickness auxetic laminate: [25,/—25,/25,/—25,]
1.4898 —0.1260 63.31 8.92 8.10 21.57

Rigid impactor
Composite

laminate

Rigid frame
(Clamped)

Fig. 2 Numerical simulations of laminated composite plate under
low-velocity impact
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In-Plane Poisson’s ratio, v,;

04 vy
0 15 30 45 60 75 90

0 in [0,/65,/0,/65,]; laminate
@-al)
04

Through-thickness Poisson’s ratio, v;;

o vy
0 15 30 45 60 75 90

0in [0,/-60,/0,/-0,], laminate
(b-o)

Fig. 1 Calculated layups to produce effective negative Poisson's ratio
for CFRP composite laminates: (a) in-plane, and (b) through-
thickness
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Experimehtal data [42]

Numerjcal simulation
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Fig. 3 Verification of numerical simulations with experimental data
[42] under low-velocity impact: (a) load-time history, and (b) load-

displacement curves
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Fig. 4 Comparison of delamination damage patterns between the
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results of the numerical simulations with the experimental data [42]
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3 Transverse stiffness
4 Dissipated energy
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1 Effective contact modulus
2 Through-thickness modulus
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Fig. 5 The impact response of the non-auxetic and auxetic CFRP composite laminates: (a) Overall force-time response, (b) impact force, (c) impact

time, (d) maximum displacement, and (e) dissipated energy
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Fig. 6 The predicted delamination damage in each interface of the non-auxetic and auxetic CFRP composite laminates
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Fig. 7 Comparison of predicted delamination damaged areas in each interface of the non-auxetic and auxetic CFRP composite laminates
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Fig. 8 The predicted matrix tensile damage in each ply of the non-auxetic and auxetic CFRP composite laminates
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Fig. 9 Comparison of predicted matrix tensile damaged areas in each ply of the non-auxetic and auxetic CFRP composite laminates
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Fig. 10 The predicted matrix compression damage in each ply of the non-auxetic and auxetic CFRP composite laminates
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Fig. 11 Comparison of predicted matrix compression damaged areas in each ply of the non-auxetic and auxetic CFRP composite laminates
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