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Finite Element Analysis and Experimental Research on Installation Methods of
RFID Tags on Wooden Pallets

TANG Ying' , MAO Xunhui, SUN Ru

(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

ABSTRACT: The work aims to study the installation method of RFID tags on wooden flat pallets and its influence on the
performance of the tags by the means of simulation and experimental methods. By Ansys FEM simulation, stresses on the
RFID tags which were installed on the wooden flat pallets by screw fastening and by adhesive bonding were analyzed
while the pallets were subject to the loading and impacting tests. As a comparison, surface stresses on RFID tags and their
Read/Write functions were measured and tested by experiments in lab. Seen from the stress analysis results about RFID
tag's components and the fastening screw/ adhesive binder, the RFID tags under both installation methods had not fallen
off or physically damaged. And the RFID tags kept their Read/Write functions. Stress analysis results obtained by FEM
simulation and by experimental tests were consistent with each other. Thus, the correctness of these results was verified. It
is illustrated that both screw fastening and adhesive bonding can meet the need of installing RFID tags on pallets. Screw
fastening shows better durability. The result provides theoretical support for the selection of the installation method of
RFID tags in wooden flat pallets.
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Fig.1 Test diagrams of pallets under load conditions
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Fig.2 Test diagrams of pallets under impact conditions
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Tab.1 Parameters of wooden pallet components

AN i KE/mm  FEB/mm R /mm

Tisf AR 11 1 000 90 20
PR 3 1200 90 23
B () 3 120 90 90
B (M) 6 160 90 90
JIE A AR 3 1200 90 23
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Fig.3 3D model of pallet
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Fig.4 Cross-sectional structure of RFID tag
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Fig.6 Installation modeling of RFID tag
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Fig.7 FEM simulation model of shelf storage
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Fig.8 Equivalent stress diagram of RFID tag when it is mounted with screws during shelf storage
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Fig.9 Equivalent stress diagram of RFID tag stuck with adhesive during shelf storage
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Fig.11 Equivalent stress diagram of RFID tag when it is installed with screws under angular drop
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Fig.12 Equivalent stress diagram of RFID tag when it is stuck with adhesive under angular drop
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Tab.2 Simulation results of the maximum equivalent stress on each part of RFID tag MPa
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HRE 17.25 0.74 0.97 0.21 6.54 5.24 9.43 0.74
HERS 23.04 0.48 0.25 0.03 4.63 3.35 9.14 0.30
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£ k7% 53.61 12.12 21.22 1.34 5.30 61.35 59.08 6.76
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Fig.13 Diagram of shear stress of adhesive during shelf storage and under angular drop
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Tab.3 Simulation results of maximum shear
stress on adhesive
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Fig.14 Test site and key equipment
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Tab.4 Maximum surface stress of RFID tag obtained in simulation and test
n BRET % % /MPa FHEE RN 425/ MPa
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Fig.16 Read/write test of RFID tag

A SCHFSE RFID B34 7 A 4B % b 3 FH 2 46
J5 X H X FPERE R 20, SR ] Ansys A FRICH &
Wik g i FBL, T TARRFE B e A 145 R 2
TR AN v G G 4L e Y RFID AR 45 W 1F 5
PR L% AR 32 1B DL . 1 M g SR 3%
B WRET S [ RN Bh 45 SR W X 2 Fh 42 3 7 U Y RFID
PRSI S B IE A BR PR IR . RFID AR5
IREIR IS R, 455 5 RFID AR5 S I RE IEH .
H LA IS 4518, EARHIFHE 4L b RFID AR%k A
WK [ R 28 245 R D 1 4 2y X T B T ol 2
Ko % BRI AL Ak TE vk 2 BORG G 42 %€ 1) RFID bR
SR BT IVE ARG, X, BRET 4
(AT FH PR BEAT . ASSCI 1245y BT 45 5 RFID bR
AR VFE 2 1 22 e 7 R BR AR AL T BB AR B .

S E k-

[1] HU H. Exploration of Fruits and Vegetable Distribution in
Chongqing Based on the Intelligent Logistics Model[J].
Academic Journal of Business & Management, 2023,
5(14): 9-14.

[2] MICHEL R. Voice Efficiency Meets Smart Pallet Builds[J].
Modern Materials Handling, 2022, 77(2): 54-55.

[31 WU CH, TSANG Y P, LEE CK, et al. A Blockchain-IoT
Platform for the Smart Pallet Pooling Management[J].
Sensors (Basel), 2021, 21(18): 6310.

(4] 3R8L, W12 HFHECA RFID 55 Mk
HARFTRWRD]. WRBEARS KA, 2021, 26(10):
182-186.

(3]

(6]

(7]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

GUO K, HU A Q. Research on Technical Scheme to Im-
prove the Reading and Writing Success Rate of RFID Chip
in Cigarette Tray[J]. Logistics & Material Handling, 2021,
26(10): 182-186.

VEBH, H#fh, tRHORK. LT RFID £ R REM) IR AEELTT
KR WSR2 T, 2021(13): 156-157.

XU M, DONG J, XU Y Q. Development and Application
of Intelligent Logistics Pallet Based on RFID Technolo-
gy[J]. Inner Mongolia Coal Economy, 2021(13): 156-157.
ZHONG L G, FENG H Y, LIU M. Development of RFID
Cigarette Pallet Warehouse System[J]. Advanced Materials
Research, 2013, 2450: 712-715.

SPECTER P S. Monitor Products with Active RFID Pal-
let[J]. Modern Materials Handling, 2019, 74(4): 14.

FEYE, M, R, L OKBCHESUh R rEREA FROT
AT RARIRAFSE )], A28 TRE, 2022, 43(13): 124-134.
TANG Y, LI Y, LING J, et al. Finite Element Analysis and
Experimental Study on the Performance of Resistance to
Impact of Wooden Flat Pallets[J]. Packaging Engineering,
2022, 43(13): 124-134.

WER, WY, bz, % ARFEEARTTHT A sk,
£ T FE, 2020, 41(5): 158-164.

GE X, SHEN D D, HE X Y, et al. Finite Element Analysis
Automation of Wooden Pallets[J]. Packaging Engineering,
2020, 41(5): 158-164.

PEKGOR M, ARABLOUEI R, NIKZAD M, et al. Dis-
placement Estimation Using 3D-Printed RFID Arrays for
Structural Health Monitoring[J]. Sensors, 2022, 22(22): 8811.
QIN D, XIAO Y, LIANG K. Characterization of A Novel
FR4/AIN Printed Circuit Board of High Thermal Conduc-
tivity[J]. Advances in Materials, 2018, 7(2): 26-33.

M, e, FI0, 5. Sio, YK Cu KiF/AE R
NS BB A O PR U A N 7], B T
F2, 2020(5): 85-91.

TIAN Q, WEI X H, WANG Y, et al. Heat Dissipation
Composites Prepared by SiO, Coated Cu Nanoparticles[J].
Modern Manufacturing Engineering, 2020(5): 85-91.

F AR, FEAE )RR 0 B AR BE PR REMT ST (D). MR
T MRIE LKA, 2014,

WANG S D. Research ON THE Friction Performance of
Friction Torque Load Simulator[D]. Harbin: Harbin Insti-
tute of Technology, 2014.

IR, & JRH/ABS BB A IR i i 45 S Pk RE
fF5E[D]. bifg: AR TR, 2017.

PAN X L. Preparation and Characteristic of Hot Melt Ad-
hesives for Metal-to-ABS Plastic Bonding[D]. Shanghai:
East China Insititute of Techn, 2017.

Bt e, ASOR, Phik, A& SERTRIRXT EVA BRI
BEMBZIT]. A bR S R A, 2021, 50(3): 21-24.
JIN HF LI WF SUN D, et al. Effect of Different Tack-
ifying Resins on Properties of EVA Hot Melt Adhesive[J].
Synthetic Materials Aging and Application, 2021, 50(3):
21-24.



