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Finite Element Analysis and Optimum Design of Aluminum Alloy Pallet

LI Zhi-giang, LI Jun, LIU Fang-kai
(Shaanxi University of Science & Technology, Xi'an 710021, China)

ABSTRACT: The work aims to select a lightweight aluminum alloy pallet structure satisfying the requirements of pallet
load-carrying performance based on the analysis of different pallet structures. 3D modeling of different types of pallets
was carried out with SolidWorks software, the static analysis was carried out with Ansys Workbench, and the stress, de-
formation and safety factor of different types of pallets were compared. Then, the optimal aluminum alloy pallet was se-
lected and its size was optimized. In scheme C, the pallet quality, and the stress, deformation and safety factor of the
stringer were 19.68 kg, 247.39 MPa, 3.41 mm and 1.13, respectively, better than other types of pallets. After the thickness
of top deck and the relevant sizes of the stringer were optimized, its mass was reduced by 22% and the safety factor of the
stringer was increased by 20.4%. The aluminum alloy pallet in scheme C in which the thicknesses of the top deck and
cushion are | mm and 1.5 mm, and other relevant sizes are 5, 5 and 30 mm respectively is the optimal structure when the
load remains constant.
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Fig.1 Pallet construction
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Fig.2 Finite element grid model of the pallet
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Fig.3 Stress contour
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Tab.1 Static analysis results of different pallet types
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Fig.5 Contour of scheme C
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Tab.3 Sensitivity of output parameters to input parameters

28 P, Pg Py Py Py
P, -0.23 / 0.48 / /
P, -0.3 —0.18 / 0.42 /
P; -0.13 0.38 / / 0.7
P, -0.2 / / / /
Ps -0.12 / / / /
Py 0.12 —-0.1 / / /

2) REUZIIHT . X SECE HR A T2 7 B R
BT, BEAARRRECN -

P, X %) 2)

APy xy, xox, HEGHESR, BRI BT
"=, 1N TRA (2) RS H, WX (3),
Hoh @0 L, OFR AR AR BRI IR T A
.

O O .0

G_Lozaf(xl 2 Xy Xy ) 3)

ox, Ox,

X (3) BN B AR R EAERI IR B R0 T 0 —
BT i R BRI, ARG T A B A8 e B e i
A LA HE . AR 43 TR () A AN SR 1 H A pR AL
Fika, FrRLRAARZE 2, HEAR B AR R
A MM Sh A, A2 AR B e 80 &
g AR BB T DA S R R U8 e X S A PR RE 1Y
A IR =R N5 e 2 T i A A A L G A
M A LA, R A, WS R AN 5 SN (R
AR IE BB R 1 B e 5 A i R R T IR A SR B B
M, SE i R R AT DO S EOR R AR IR,
RN EIRIZE P, FENIRE Py BRGERE Ps

TE: RM &R TG

3 ) M L A BT A SO A S B R
L% 3, A7 XTI N DT K S5 M S
BOT i A S B0 N WK 7—8. HE 7—8 I, 1E
1 mm<P;<2 mm, | mm<P,<2 mm 3G BN, 24 @&
FE Py LVENRIEEE Py (EEU/ING, LT AL 4 R
s 7F 1 mm<P,<2 mm, 1.5 mm<P;<5 mm j& [ N,
M Py<2 mm B P3>2.5 mm B, _FiEMRJERE P, (EA/
B, YRR L R .

.

SN W
N oo~wrUOANXOD

B 7 P %t Py, Py BT
Fig.7 Response of P; to Py, P,



130 - % TR

2018 4F 3 H

1.30
1.25
1.20
1.15
1.10
1.05
1.00

0.95

0.90
0.85
0.80

0.75
0.70
0.65

2 T 2’s

K8  PyXt Py, Py BRI
Fig.8 Response of Pgto P,, Ps

223 {hfksR i

FERAAL TR MOGA (£ HbrisfEE ),
R 3 “Pareto fe LA X R A ARSBEI T HER , AR
PEHEP R SRR, DO R T8 55 AR g 1%
FF—MER, Sk —E REEA, Mk B
S50, EMEEEE N 100, RAGERRECH 20,
T Pareto I fLfFEE AR IR 75 BL 1L B AN ] A R EBEAS
W AT 5217, oK 56 v BE L 55 v A0 o i A /Mik
S0 N Higher, HiAth 2 A~ HARREUL w ik &
9 Lower . e &AL 3 HES BB %, % 4,

R4 BRASHAEGHE

Tab.4 Optimal parameter combination scheme
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3 1.0014 1.0018 3.27 4.86 4.03 16.02 2.32 1.30 0.748 0.711 2.817
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Fig.9 Stress contour of optimized stringer
D RV AR OR R B R e A o T S D )
15.37 kg, TN ST ZBIERIZE 4 R 0015 0 108.2
MPa, 4.49 mm F1 2.59, HHREN Sy | AL 4 R AL
53918 205.46 MPa, 3.31 mm 1 1.36. Z54% 1 n[f3,
BEX COr SRAALHTRY 7 28 AL R AR 5 s/ s 22%,
PR A FHHRE T 20.4%, MR AETICEIEIE K, 9L

BASTEW)N, AHTESC R B AR EVF T B 2 N o
4 Z5iE

XEATR Ty e BFERLIEAT T AT el Ak, mT 4530
o

1) B =R S A R iiss &, W%
THRAESIERBE I WHICHEN TR, 78 T K&
() FE AL T[] 5 50 56 AR

2) XMANFERA SFCELSWIET T o0, 1 b
FEFL A U M 25 P R R AR BB THRIR R E T Y a 28
FCE A s H , LTIV AR S R0 1 R R 53% . B TE &
TR 32%, [AIRTR %4 R B 112%. e KHPRE
R REBIEREIE T o, d 28, 5 ¢ 2L, AR
B SIREAG 5%, M HELRZBEER 5%, AR TR
11.4%, KIHZEH] b, e HASAEH (RIJ5 R C 468
PEAT RS AL

3) X% CHLEIEAT T RSHEfE, 31080
TR BN 1.36, Fite iy 15.37 kg (UFERLLE M, H
G ZBOH LT OALET BT 20.4%, Jlia T FE 22%,
AT ER

RS

(1] 3E3CUE. BT L@ M AR IBIE S BT SE[D]. K
U PR ML R RAE, 2014,
DANG Wen-feng. The Research on the Application of
Wood-plastic Pallets Based on Green Logistic[D].
Changsha: Central South University of Forestry and
Technology, 2014.

[2] RATNAM M M. Study of Three-dimensional Defor-



F39FE Fs5Y

2R A

MG S EA BROT T KA it - 131 -

(6]

[10]

mation of a Pallet Using Phase-shift Shadow Moiré and
Finite-element Analysis[J]. Experimental Mechanics,
2005, 45(1): 9—17.

I, PR RTINS He et XL A [D).
Vo2 BRPGRHE A, 2013.

PENG Biao, CHEN Man-ru. Parameterized Design and
Application of Wooden Pallet[D]. Xi'an: Shaanxi Uni-
versity of Science and Technology, 2013.

BTN, LR A BRT R B R B AR 5 B
PREBFFE[D]. HUM: WL T K2, 2013.

LIAO Ying-jie. The Research of Liner-viscoelastic
Plastic Pallet Big Deflection Distortion Character and
Coordination[D]. Hangzhou: Zhejiang University of
Technology, 2013.

AL RIBFCRE BRI AR HE R SL[D]. Kb o
RO R R 2, 2015.

LAN Cong. Performance Testing & Standard Establish-
ment of Wood-Plastic Pallets|[D]. Changsha: Central
South University of Forestry and Technology, 2015.
IS, RANAE, s, S5m0 TN T
A B SR ]. P EPT SR, 2015(11): 74—
75.

HONG Fang-hua, ZHU Li-jun, GU Yi-feng, et al. De-
sign and Application of Adjustable Dual-purpose Steel
Pallet[J]. China Logistics & Purchasing, 2015(11):
74—75.

Zhy, 2. BT SolidWorks HIFEHELSEHI A FRIT A
W B AT [T]. A3 TR, 2011, 32(19): 1—4.

LI Yang, LI Guang. Structural Finite Element Analysis
and Optimum Design of Pallet Via SolidWorks[J].
Packaging Engineering, 2011, 32(19): 1—4.

BLEN, FEgiLE, A82%4s, % AEREEASIT RS
PACBET[I]. e Tk, 2015(22): 25—26.

LI Xiao-gang, XUE Wan-wan, ZOU Sheng-yang, et al.
Structural Optimization Design of Non Fixed Box Pal-
let[J]. China Packaging Industry, 2015(22): 25—26.
GB 10486—1989, k& 571 Wil F-+E £ [ S].

GB 10486—1989, Steel Flat Pallets for Railway Goods
Traffic[S].

TR, A, MR, 35T ANSYS Workbench [9%%
GRS R AL RE AT [I]. B S & ALK, 2012,
30(2): 67—69.

DING Yi, SU Jie, CHEN Li-min. Analysis of Load
Bearing Properties for The Lightweight Pallet Based
on ANSYS Workbench[J]. Packaging and Food Ma-

[11]

[12]

[13]

[14]

[15]

[17]

chinery, 2012, 30(2): 67—69.

GB/T 4995—1996, Htizil 0 PEREZKR[S].
GB/T 4995—1996, General-purpose Flat Pallets for
Through Transit of Goods-Performance Requirements
[S].

A, A, Ik, SF. TR O ED A
BARTE S B PAC BT A N (], HLAR TR 2 4l
2008, 44(8): 123—131.

DU Xiu-ju, JIA Chang-zhi, DONG Zhao-wei, et al.
Application of Collabor Ative Simulation Based on
Interfaces Used in Dynamic Optimization Design[J].
Journal of Mechanical Engineering, 2008, 44(8): 123—
131.

BERIE. ANSYS 55 CAD BAF A4 1 R 5E (1], AL
W i, 2007(7): 75—76.

HAO Zhong-xiong. ANSYS and CAD adapter Problems
[J]. Machinery Design& Manufacture, 2007(7): 75—
76.

iL, ERE, MiFA, & mm g r AR 4
B AR A Beit (0], BLARERE, 2015, 37(1): 88—
93.

ZHANG Bing, WANG Zong-yan, LU Chun-yue, et al.
Lightweight-Oriented Optimization Design on Leaf
Spring Clamp of Heavy-truck[J]. Journal of Mechani-
cal Strength, 2015, 37(1): 88—93.

JkEE, T TPok. T ANSYS Workbench 17 J3 U
T2 st st 0] MUK TR 5 A Sk, 2014(1):
69—70.

ZHANG Guo-feng, WANG Wei-rong. Multi-objective
Optimization Design of Hanging Seat's Dimensions by
ANSYS Workbench[J]. Mechanical Engineering &
Automation, 2014(1): 69—70.

XIARAE, 5. BT REUE ARG AR EA
R[] MULBRE 5 HOR, 2011, 30(10): 1724—1727.
LIU Lin-hua, XIN Yong. A Study on The Light
Weighting of Vehicle Frame Based on Sensitivity Anal-
ysis[J]. Mechanical Science and Technology for Aero-
space Engineering, 2011, 30(10): 1724—1727.

6, TOCHE, IMETE, 5. BT Ansys Workbench
PR 2 H AR AL BT[], 3 TR, 2016, 37
(23): 29—33.

LI Guang, WANG Wen-ya, SUN Bin-qing, et al. Multi-
objective Optimization Design of Plywood Box Based
on Ansys Workbench[J]. Packaging Engineering, 2016,
37(23): 29—33.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


