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Hypervelocity impact damage characteristics and residual
ultimate strength of composite sandwich panels
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(a. Hubei Defense Science and Technology Key Laboratory of Ship Explosion Damage and Protection; b. School of Naval
Architecture, Ocean and Energy Power Engineering, Wuhan University of Technology, Wuhan 430063, China)

Abstract: To address the issues of hypervelocity impact on composite sandwich panels and the evaluation of
their post-impact residual strength, this study established a numerical calculation method for the hypervelocity
impact behavior of composite sandwich panels and their post-impact residual strength, which incorporates
multiple failure modes. A single-point impact case was designed, and hypervelocity impact tests were
conducted using 7.5 mm cubic 45# steel fragments with an impact velocity of 1200 m/s £ 5%. Subsequent
axial compression tests were performed on the impacted panels to determine their residual strength. The
proposed numerical calculation method was implemented in the finite element software ABAQUS for
simulation. The results indicate that the errors between the experimental and simulated values of residual
velocity and maximum compressive load are both within 10%, thus verifying the effectiveness of the
developed numerical calculation method. Based on this validated numerical method, the influence of the

number of fragments on the post-impact residual strength of the sandwich panels was further investigated.
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Comparative analysis across different test cases reveals two key findings: first, the position of a single

impact-induced breach has no significant effect on the residual strength of the composite sandwich panels;

second, as the number of breaches increases from 1 to 3, the residual strength ratio decreases progressively,

with the rate of decrease accelerating.

Key words: composite sandwich structure; hypervelocity impact; residual strength; numerical calculation
method
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Fig.6 Finite element model of composite sandwich panel and boundary conditions for calculating residual compressive strength
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Tab.2 Comparison of simulation results with different grid sizes

M#5 R F /mm 10x10 5%5 3x3 2x2 1.5x1.5 0.5%0.5
FlAHEE v,/ (mes) 920.4 830.6 790 680.2 670.7 671.5
AEXF IR 2% 36.9 23.5 17.5 1.1 0.3 0.2

N R AR I T R R R R, 1.5 mm PSR 25 5 0.5 mm WA THRSE SR Z MR 22 (UR 0.1%, 7]
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FEIN, PRI AR S o e v DX B A RS 36 86 1.5 mme 7 5 REE A iKY 7.5 mm, £ 51 M)
K& HEAT R 43, WIAR ROSE 2 0.75 mme B A ORI EAR 59 JLAT R ST 8 400 mm*240 mmx36 mm,
PVC it JZ MR A 30 mm, SR TR RIS )2 A BVEEBE R 3 mm, JEtobR S R) 73R FH 43 X SR . ZEM
Jr i s DX, R 20 mm>20 mm 59 DX T S AR Ak, 4 RS 1.5 mmx 1.5 mm 4 RIS R 7R
gy, IEJT BB L s SR R m s e o S Em A . HAR XK 6 mmx6 mm (9 AR #EA TR 4o JEEE
Jrinl b, AR VA R IR ESEATRI 53, PVC GO 2R RE 7 10 A 6 mm B RGTI5) %) 03 A% . i 56
Ak s A 2z T el P T — T R A, 5 5 [ 2 Ay s 2 ik, 17 ) R4 R 0K 0.3 ARSI |, 2R A
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Tab.3 Johnson-Cook constitutive model parameters of 45# steel

s p/ (kgrm”) E/GPa P A/MPa B/MPa C n m
45440 7800 200 0.3 506 320 0.064 0.28 1.06

4 BASHASE

Tab.4 Parameters of carbon fiber and glass fiber

R E,/GPa E,/GPa E;/GPa Y12 Y13 V23
CFRP 60 60 9 0.09 0.25 0.25
GFRP 18 18 9 0.12 0.3 0.3
e G1,/GPa G13/GPa G,;/GPa X/MPa X./MPa Y/MPa
CFRP 10 53 53 1031 450 1031
GFRP 9 7 7 573 407 573
R Y,/MPa Z/MPa Z./MPa S,/MPa S135/MPa S,3/MPa
CFRP 450 51 130 55 55 50
GFRP 407 40 100 45 45 45

x5 NRNAEETHHSH

Tab.5 Material parameters of cohesive interface elements

%I Fumgkmpia Fmblmsie AmbinstE 1R RCR Ik R R
p/ (kgm™) E,/GPa E/GPa E/GPa G/ (Jm?) Gue! (Im™?)
400 3 1.5 1.5 520 970

% 6 PVCIASHIRE
Tab.6 Parameter settings of PVC foam

ol ( t-mm ) E/MPa 2 olog

1x107" 109.48 0.4 0.75
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Fig.9 Damage conditions of each component
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Tab.7 Residual velocity of fragments under various working conditions

T HAm a5 v/ (ms) T4 H pm v/ (ms)
1 B 670.7 A 677.5
2 A 672.6 6 B 732.5
3 A 673.5 C 781.6
B 674.8 7 A 672.5
A 676.8 B 675.4
4 B 678.2 A 674.6
C 679.8 8 B 834.6
5 A 671.4 C 936.9
B 673.2
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Tab.8 Calculation results of residual compressive strength under various working conditions

T I KR4 A% /mm I KR4 A /KN RIAR R4 58 5 /MPa RIAR L /%
1 3.19 193.70 2242 61.98
2 3.16 192.05 22.13 61.45
3 2.82 177.07 20.49 56.66
4 2.60 145.76 16.87 46.64
5 2.83 178.16 20.74 57.01
6 2.65 147.49 17.07 47.19
7 2.88 179.6 20.79 57.47
8 2.71 150.27 17.39 48.08
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