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Dynamic response of laminated aluminum plate under falling hammer impact
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Abstract:  As a new type of anti-impact structure laminated metal plates receive more and more attentions at home
and abroad. Here firstly through falling hammer impact tests deformation of laminated aluminum plate and its effects on
acceleration of impact object were studied and similarities and differences between laminated aluminum plate and single—
layer aluminum plate with the same area density were compared. Then the dynamic nonlinear finite element method was
used to simulate falling hammer impact tests of laminated aluminum plate and the simulation results agreed well with
actual test ones. The results showed that under the same impact load compared with singledayer plate multidayer
laminated plate can greatly reduce peak acceleration have better cushioning effect on hammer head and better protect it;
the maximum displacement of laminated plate at impact point is larger than that of singledayer plate with the same area
density and the difference gradually increases with increase in total thickness or number of laminations; interlayer friction
coefficient of laminated plate significantly affects its back convex displacement; when friction coefficient is very small or
very large its back convex displacement decreases.
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Tab.1 List of samples and test conditions ABAQUS
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Tab.2 Material parameters of AL6063
p/(kg+m™) E/MPa
AL6063 2 700.00 70.00 0.33
3 AL6063
Tab.3 Dynamic constitutive parameters of AL6063
J-C A/MPa B/MPa n C m (a)
176.45 63.99 0.07 0.003 6 0
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Fig. 8 Convex deformation mode of target plate upon drop-hammer impact loading
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Fig.9 Deformation of the target profile

(b)
10

Fig. 10 Hammer head displacement and reaction force plotted as functions of time
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Tab.4 Comparison of drop-hammer test results R
H/mm 1_;[/ w,/ w,/ F,/ 11
(mes™) mm mm kN
S2 2 3.89 12.08 9.4 7.76 ’
S3 3 4.88 11.36 8.3 12.24
4 4 5.51 10.26 7.1 15.45 °
S8 8 7.68 7.92 4.2 28.55 5
12 2 3.89 13.49 9.2 7.91 Tab.5 Comparison of experimental and theoretical results for
L3 3 4.88 13.75 9.5 11.93 mid-point displacement on back face of monolithic
14 4 5.51 13.75 7.9 14.99 plate
L8 8 7.68 14.53 7.2 27.05 p— - %
S2 9.4 5.72 39.15
(<15) S3 8.3 5.18 37.59
1 sS4 7.1 4.42 37.75
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Tab.6 Comparison between experimental and simulation
results for peak displacement of drop-hammer head
/mm /mm /%
S2 12.08 12.07 0.08
(c) S8 S3 11.36 11.46 -0.88
4 10.26 10. 40 -1.36
S8 7.92 7.13 9.97
12 13.49 13.03 3.14
(4 18 L3 13.75 13.44 2.25
14 13.75 13.28 3.42
12 L8 14.53 13.48 7.16

Fig. 12 Comparison of experimentally measured and numerically

7

simulated deformation modes
Tab.7 Comparison between experimental and simulation

results for final deflection of back convex

/mm /mm /%
S2 9.3 8.86 4.73
S3 8.3 8. 14 1.93
4 7.1 6.86 3.38
S8 4.2 3.84 8.57
(a) 4 12 9.4 10.01 -6.49
L3 9.5 10. 14 -6.74
14 7.9 7.12 9.87
L8 7.2 6.62 8.06
4.3.3
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Fig. 13 Numerically simulated displacement nephogram (b) S2 L2
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Fig. 14  Comparison between experimental and simulation results

for drop-hammer reaction force during impact
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Fig. 15 Comparison between monolithic and laminated plates
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Fig. 16  Stiffness of monolithic and laminated plates
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