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Finite Element Analysis and Experimental Study on the Performance of
Resistance to Impact of Wooden Flat Pallets
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ABSTRACT: The work aims to analyze the main factors affecting the performance of resistance to impact of wooden flat
pallet by finite element simulation and test with wooden flat pallet as the object. The Solidworks software was used
to build the 3D model of a wooden flat pallet. Then the ABAQUS finite element software was used to simulate the corner
drop testing process of the flat pallet according to national standard GB/T 4996-2014. The stress and strain occurring on
the wooden components and the pallet nails of the flat pallet were obtained. For comparison, corner drop tests of the
wooden flat pallet product were also carried out in the laboratory. During the test, the length of diagonal was measured
and the damage was checked. It was observed that the measured results obtained in the finite element simulation and in
the experimental tests were identical. The correctness and validity of the finite element simulation analysis was thus veri-
fied. The finite element simulation analysis showed that the wooden components and pallet nail at the nail hole produced
stress concentration and gradually plastic deformation, and the stress and deformation values increased with the increase
of drop times. Both simulation and test showed that the longitudinal beam on the falling side sagged inward and the de-
formation was the most obvious, and the change amount of the flat pallet diagonal was gradually increased with drop

times. The impact resistance of wooden flat pallets decreases with drop times. Properties of wooden components, pallet
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nails and the joint strength between wooden components and pallet nails are the important factors determining the per-

formance of resistance to impact of wooden flat pallets.

KEY WORDS: wooden flat pallet; resistance to impact; finite element simulation; test analysis
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Fig.1 Single-degree-of-freedom mechanical model
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Tab.1 Wooden component parameters of pallet

LN e KEmm  %GE/mm EE/mm
Tisf AR 7 600 100 22
PR 3 800 78 22

Y3 3 600 100 45
TR HAR 3 800 78 22

|
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K2 FE8™
Fig.2 Pallet product
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Tab.2 Stress and plastic strain of douglas fir

ME£s s 1a) el
R J1/MPa BAEN A /mm [ J)/MPa B3R AR /mm
32 0 3.24 0
33 0.000 3 3.50 0.000 3
34 0.000 7 3.55 0.000 5
35 0.000 8 3.60 0.000 8
36 0.001 8 3.69 0.001 7
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Fig.3 3D model of the pallet
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Fig.4 Stress-strain characteristic curve of douglas fir
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Fig.5 Stress-strain characteristic curve of structural steel
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Tab.3 Stress and plastic strain of structural steel

M. F1/MPa I AR /mm
235 0
300 0.038
350 0.072
400 0.146
500 0.172
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Fig.6 Schematic diagram of corner drop test
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Fig.7 Meshing of finite element model of corner drop test

322 F1RALKEIBRERITOW

PR 1 WA BRI I AR b R B £ 1 ) i R
ZIN SRR =K, ULE 8. MIE 8a RN, Aty
PRk TE e Ak s BRI ) £ v, B R 38 102.2 MPa,,
e KN 7 BT H BT o R 2 T T B T THUR AR 5
RAFERETALE AR b, JRHHCRE ILE 8b, %
JC Fe KN T 15 AR RGNS T i) R 280 T 1) 1) 4
J39°M 81.8 MPa 1 61.3 MPa, KT AEHEAN A ML
Jet B ISE Sy AR SRR IR T, I AR RS IE B
HETFLAE A 2 Ak, mAE R X Z 3R E, L
= AL 8 B /N B ER LA 6 Bt ) 2 4 B AR TP B
REGERAL . & 8c AT A k& i B b Ry iy L Ak
INBY SRR 2 T N R X, F BT 8d AT
A, KRB R AETE A & AR B SR
AR — M ) B P% L b, 4 Abaqus & )5, AR5
PRI\ T 80y ) ERYREAL, SR AL
0.07 mm,

PRI 1 U R R R R R AT I ) A K 2
FINL A B B, WL 9 (B ETIEEA ) 22 T T

RN 1/ MPa

102.193
677

—
N
—

O—=ONOWNON—
=W DB ANOO—N B
LWINOUN—JWOWn

S0 NI A UANICOND
SUNNINBN—IO0RNN D

Max: 102.193
a MAnA

SF3LN J1/MPa

102.193
93.677
.161

3

SN AN
S NINRI—IO000N
SO
SSSESRB2GR
DAY

Max: 102.193
b 1 T3 B Je R

LA/ mm

DO === NN

coocoooooooo
=

SRS R R
NSHhONOUh ==

Min: 0.015
i : SN

SR /mm

0.316

(=l=]
DI
N
O\

COLOOOLOOOC
Y A S N Y
= ERD—BNO—RAND
ASHhSUSUh———

Min: 0.015
d ¥z B AY SR AR R 12
B8 #5 1 Uk R AR AR 1R 10 g
RIS Z ) ) 550088 = 8]
Fig.8 Stress nephogram and displacement nephogram

at the moment of maximum stress occurring of wooden
components during the first corner drop test
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Fig.9 Stress nephogram and displacement nephogram at the moment of maximum stress occurring
of pallet nails during the first corner drop test
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Fig.10 Change of pallet diagonal displacement during
the first corner drop test
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Fig.11 Stress nephogram and displacement nephogram at the moment of maximum stress occurring of
wooden components during the second corner drop test
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Fig.12 Stress nephogram and displacement nephogram at the moment of maximum stress occurring of
pallet nails during the second corner drop test
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Fig.14 Stress nephogram and displacement nephogram at the moment of maximum stress occurring of
wooden components during the third corner drop test
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Fig.15 Stress nephogram and displacement nephogram at the moment of maximum stress occurring of
pallet nails during the third corner drop test
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