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Impact Resistance Analysis of PET Foam
Sandwich Panels for Composite Roof of Tram
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YANG Guangwu, YANG Bing, ZHU Tao

Abstract Ball drop impact performance physical test is car-
ried out on a foam sandwich panel, and the size of the dent on
panel made by the ball drop impact is measured. Finite element
model is established. The impact resistance of sandwich panels
with upper panel of different thickness is comparatively ana-
lyzed from the four aspects of the energy absorption ratio of
each part of the sandwich panel, the contact force, the upper
panel maximum effective stress and the deformation character-
istics. It is found that when the upper panel thickness is 0. 8
mm, the lower one thickness is 0. 6 mm, the PET sandwich
panel is the optimal choice for tram composite roof, and pos-
sesses both optimized impact resistance and economic feasibili-
ty. Finite element model of a tram composite roof is estab-
lished, and the structural strength and deformation characteris-
tics of the composite roof under 7 typical impact conditions are-

calculated, verifying the reliability and safety of PET sandwich
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panel roof structure.

Key words tram roof; PET sandwich panel; impact resist-

ance performance
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Tab.1 Specifications of steel ball and sandwich panel
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Fig.1 Sandwich panel size
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Fig.2 Scenes of test equipment and results
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Fig.3 Deformation depth value of the upper panel of

sandwich panel sample
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Fig.4 Finite element model of falling ball impact process
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Tab.2 Steel ball contact time and velocity

WH Hufl
TR ]/ 0.002 49

v/ (mm/s) 3962
PERE L O R IE/ s 0.003 34
At/s 8.5x107*

F3 _EFERMITREMER ST
Tab.3 Comparison of dent deformation depth and contact

force of upper panel

iH M3 B/ mm F/N

EMENE e S 1.504 1604.2
T AR TR 1.535 1508
R T P A 2 SRR TS 1.621 1 465

H1% 3 AT 5 S AR 25 SR AR L, TR T 42 2y
WAEAE TR, BT B 0 T R O S (R R 2R
2.19% ,F IR 204 6. 0% , UL 7 20 345
SRS S 25 R W) 5 B 5 /N RE B b ), i
PG T = 24 TR B U ] 249 TR B8 2 RS A 3 5 L4
FSZM AW o AR T %A BROTEE Ly FH
Tk A R RS
2.3 RERIEE

ARSCHET e oy S L e R A | b
AR B R IV ) R A8 FE AR A 25 T T A B TR T 358
SR KA T e R AR A T B AR
2.3.1 #FTRKLE

4 E =20 J ik, AN[R] e JZ= M a5 B A7 I Wi i) fE
SRS RE Y LU o IR 4 PR .

4 REMFEBLL @
Tab.4 « of different parts of the sandwich panel
o/ %

HRAL

hy=0.4mm h =0.6 mm h; =0.8 mm A, =1.0 mm
AR 26.05 22.51 18. 11 10.37
R 1.39 1.41 1.08 1.00
oy ) 72.30 75.82 80.55 88.38
T2 0.26 0.26 0.26 0.25

H1 4 ATLAFE Y« b iARCRIES B O 2 2 1 I g
i SRV O N S TE R = e L S N VA A
LR R N WUON N O N Y 2 7
RN BT AASBE— BRI K Ay
2.3.2 HEhEA

ARICAEEBIE S AT by AR A F R (A



g, XI5 by =0.4 mm B F, A HCAY 224K HE 51
B, W s i, FErhiid B rp, Fo, 8Ok, B e
EAR T e R RE M Lr . NSRS FTLAE e hy
R, Z Tl ERERLS s hy =0.8 mm I, JeJZ AR
PushditEfe i, (B4R 4 X3RS KE b >0.8
mm I, 34000 Ay xSk 2 B s BT bl v RE R X
AR
®5 METESF, R,

Tab.5 Maximum value of F and 8, during impact

h,/mm Fou/N B/ %
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Tab.6 o, and B, of the upper panel during impact
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Fig.5 Deformation of the center of the upper panel under dif-

ferent impact energies
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Tab.7 d and B, of the upper panel after impact

hy/mm d/mm B3/ %
0.4 40.31
0.6 45.57 13.00%
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1.0 54.89 36.17%
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Tab.8 Composite roof structure and material
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Tab.9 Details of 7 impact load working condition
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Tab.10 Maximum deformation of the composite roof and

the maximum stress of each component
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