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Design and Experiment of the Transportation Packaging Box for
Large-scale Precision Instruments

LI Hai-lian, LI Jian-yong, LUO Chun-yang, WANG Ming-xu, GAO Xing-hua
(School of Mechanical Engineering, Beihua University, Jilin 132021, China)

ABSTRACT: The work aims to design and optimize the structure of the large-scale precision instrument transport pack-
aging box to improve the airtightness and pressure bearing capacity of the packaging box while controlling the overall
weight of the packaging box. According to the demand of "gas protection and sealing" during the transportation of preci-
sion instruments, a packaging box structure combined with steel frame and glass fiber was designed. The finite element
simulation was used to analyze and evaluate the design scheme, and finally the pressure test and airtightness test of
packaging box were conducted. The maximum deformation of the packaging box under extreme working conditions was
4.82 mm. Based on the in-box temperature and atmospheric pressure compensation model established, the leakage rate of
the packaging box was only 520.5 Pa/48 h. In conclusion, the packaging box structure combined with steel frame and
glass fiber meets the pressure bearing and sealing requirements for the transportation of large-scale precision instruments,
and provides a reference for the design and testing of large sealed containers.
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Fig.1 Size of the packaging box structure

LR E AR 20 BT IR, AR ETUEAE
SR MR MINF LA HIEE, A ARIE T
FERBOREPRNIEE . 7 20BN SE 60 mm J5EAY SR
LBRIEIARNR, USRI RIFRIPRIESCR . WANSEECRIT T
P AR, RS R B IR AR
F, BRSNS 11 mm, SM252 R 2B T M S AR
M, BEEBSERE 3 mm. GLREAHMIARBELSF LI 2.

Sl FERITEE T
LR N ¢
fE
sMTESR
TR

B2 AR MIAS B2t
Fig.2 Lateral boxboard structure of the packaging box
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Tab.1 Mechanical properties of packaging box material

POROSRERL mmm mRsmE AR

M H/GPa  /MPa /MPa b A(grem™)
2089 200 250 520 0269  7.85
BEIEN 13.9 — 210 0.24 1.8

T - 3 P R B A e A FR i J3E 2 g i i S R

R A 2 A ) SE PR At A O, e T 05 BT i)
2 Fh T8

1) TH 1. sk T, 2R 2 3 3 kPa (1)
PR 30 KN B $5c Kz Sk B VR, AR IARES i 2 3t
WA, KA VR FH X L 3b,

2) T 2. ibkia Tol, BERHu2Eszs [0 g
(70 kN) DL} 30 kN Wi Ras i e, maesd
DIFAIRSMI 4 A7 R el 3%, PO E LA 3b.

AN B

® e @
g et/
SMTERLZER A G/ \D

a AL AR AT AR b FARBRFRAIE X

K3 fEfnESERmiEmE (30kN) 1)
PRSI 6 A X 8 A7

Fig.3 Schematic diagram of packaging box and positions
of 6 areas of inner bottom surface of the
maximum loading (30 kN)

#tk A0

22 HEHSWHER
221 TH1
1) WIEASMr. 783 kPa NES 3 t 83t



- 126 - 1 % TR

2018 49 H

YERTI TOLR B 28 M DB 9 52 B B K78 IE s BT
FLAER 2 AT B H R, UL 4, PR R
KASE wh 4.06 mm, JEIH S I KA TE &5
4.08 mm,

4 Bt

Fig.4 Deformation analysis nephogram
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Fig.5 Equivalent stress nephogram
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Fig.6 Deformation analysis nephogram
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Fig.7 Equivalent stress distribution nephogram
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Tab.2 Data for pressure test
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