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Study on composing foam packing box used for frozen food

XIA Zi-You', WANG Zhang-Ping, LI Xue

(Information and Engineering Department, Changsha Normal University, Changsha 410100, China)

ABSTRACT: Objective To design a composing foam packaging box that can improve strength of structure.
Methods Putting the protective frame composed of the edge guard and the guard plate on the outside of the foam
packing box, a composite foam packing box was formed. Through static compression experiment and drop
experiment, the compressive strength and damage resistance performance of ordinary foam packaging boxes and
composite foam packaging boxes were compared and tested. Results The compressive strength of a composing
foam packing box was 1959.29 N, and the non-sheath foam packing box was 1557.22 N. Under the condition of
staggered stacking, the compressive strength was increased from 1039.18 N of ordinary foam packing box to 1978.56
N of composite foam packing box. After adopting the protection frame, the falling damage height of the carrier
surface of the box body is increased from 800 mm to 1400 mm, the falling damage height of the edge is increased
from 600 mm to 1200 mm, and the falling damage height of the Angle is increased from 400 mm to 1000 mm.
Conclusion The composite foam packaging box with protective frame improves the structural strength and damage
resistance of the box body, solves the problem of pressure loss of multi-layer stacking boxes, reduces the damage rate
of the box body, and increases the reuse rate of the box.
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Fig.l Structure of composing foam packaging box
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Fig.2 Installation of composing foam packaging box
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Fig.3 Experimental scheme of static compression
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Table 1 Compressive strength and deformation of single box

S 1 I 2 S 3 I 4 S S I 1E Frifi2E
Te B TR A R ERB /N 1546.36 1557.34 1568.37 1551.58 1562.44 1557.22 7.76
B3] A5 JE i /mm 34.99 3521 34.69 33.74 34.59 34.64 0.50
AR R EB /N 1959.24 1962.34 1957.78 1956.88 1960.23 1959.29 1.91
B3] A JE Hr/mm 20.50 21.46 20.23 20.79 21.53 20.90 0.52
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Table 2 Compressive strength and deformation of staggered stacking boxes
S 1 ) SCH 3 SLH 4 SCH S XA bR 2:
TP IR R JI/N 1032.75 1046.87 1056.33 1024.19 1035.76 1039.18 11.23
B I B /mm 42.68 44.53 43.26 43.74 42.50 43.34 0.74
ZaREERa R JI/N 1983.52 1979.30 1968.71 1989.55 1971.73 1978.56 7.61
B I B /mm 38.29 37.84 39.53 39.15 37.43 38.45 0.79
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Fig.4 Mechanical analysis on compression process for staggered
stacking condition
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Table 3 Result of surface contact drop test

S 1 SLE 2 S 3 S 4 S S
k7% = & 400 mm A v A A A
DAl Bl E ] BRI& % 600 mm x x A x A
W% = % 800 mm x x x x x
Bk =518 400 mm v v v v v
PRI 600 mm y y \ J J
WKV R 800 mm y A y J J
AR AR Bk7% 5 1000 mm A y \ J A
BR7% 5 1200 mm x A A J A
WY& 1400 mm A A x A A
Bk S 1600 mm x A x x A
TE: VAR SEHT AR < o
R4 FAMEERIRETENI 016 MR
Table 4 Result of edge contact drop test
L 1 SL 2 SLE 3 S 4 S5
NI V% = 400 mm x A A x x
TP RUK B WY& 600 mm x x x x x
PRV 400 mm v v v v N
k7% 75 B 600 mm A \ J V 3
e e e % w800 mm A v v v A
S BR7% 5 1000 mm x J A V A
PRTE S HE 1200 mm A x A A A
PRIE I 1400 mm A A x x x
T NFASEET, AR ZS; <7 %L
5 FAMEER AR 1 KR
Table 5 Result of corner contact drop test
S 1 D) FI 3 L 4 S S
Pt ak URE RS % 400 mm x x x A x
5 W% % 600 mm x x x x x
Bk % 400 mm y y \ J J
) . k& 7 £ 600 mm v v v A v
KRR o
W k% %5 800 mm A A y A x
BRY% R 1000 mm x A x J A
k% = E 1200 mm x x A x x

T VAR SEAT ARG < -

HAT, L Bl B g 2 0 T au, feli s
RG0S, ARG % . S A IR IR BB i
LT AP AR IR B A S, DRk sk . RIS R
RS 5 o T L, SR AT RTINS, A2 RS AR AR
Beil, BT R SR

4 FHR5L

Xt FESWER, &AM TR AR A BT S
FH 338 Y AR LB 4R 19 1557.22 N2 THE)] 1959.29 N, XT38

FEMERD, HUIRSRE R 1039.18 N 2T+ 21 A2 ka4
f) 1978.56 N, %} F Rt 410 mmx270 mmx=190 mm 3
ROLBEAH, BERAI, Fimiks] 6 kg, BUE 11 2HEDZ
i, B AR LR e i BRI A 2 R EE
PERE, TR IZ AR K b IR o 1176 NUA1L, B
HERIRAS | SRR SRR IR L TR A1 RS,
MBI R AR AR SRR, (HSgbrizid®e, TR
WRENER, S HBESHEIT, FHNPRERAN, K
TS, SRS BT RREE 1039.18 N /M TR



8418

B b % 2 R R 2

8%

BRI R RS 1176 N, A5 IR, P1ah 32, i
A AR R PURRE RS 1978.56 N, Wl afh 4
Rt )

XEFN%E 3 kg W0k TR A A R T5 5258, R AT
5, THERTE WA B rh 800 mm 4 1 1400 mm, FE{AHT
M E P RE P T BB E S 600 mm 42
1200 mm, £ EVE R R BE i 400 mm $25 %] 1000 mm, 2
Hiat R, FRBUKCOE s RE IR T, IR R bR A RE
(CETIESp I CUSiAN

R, AR5 8 T 10 52 200 VR A B8 A AN Bl I 3 U
BRI AT AL TR BE, 18 THIIAMZWRE, /%
JEHERS, RS EOR, FTHTFRR A SAh, A
TIF ST R VR i 0 KR PR 2 5 B It T BB AR . TR AR
MIREE K] 20 mm B, FEA b O 200 i R 5 2] %)
TRRGFHIRFER, Sy 7 52 e A6 A5 B8 1 i Akobd 2B, )
ARG, FEHCREL, 26 K5 T LRSS
R VA T AR RS B 1% T B A DR DR AR 110 45 R 5 32 ] i, S5 3
TRl I RAR A B35 5 .

MR, AR R IR E— SR, (DB T
FEUR AT, AR T A 264 g, PP
it 595 g, HIT 6 kg MIVRANLEERT, BETE 9.5%, X
VAL %, BT P aemy e | PrEd e, #&
BHFE T o A% A IR B A ] AT LT R AL, XA
FIF KA . BRI I, A SRR ARTREE, (FF25E0 .
iz o [l B, Ao T DUTER [ SCAR R, A DRl vk A B A 1) 2
T 1) 7]

ARG S A 2O TR AL A BT I B w2 g
X FAP SRR A JELE | 50 B 5 A B R/ NI DG R A T T,
IMEAFRARFIT

SE

(1] Hil #VRisf g tis st Koz k). STk & BRfE E
1k, 2019, (2): 40-42.
Xiao D. Design of express packaging for frozen transportation [J]. Mod
Ind Econ Inf, 2019, (2): 4042.

[2] VEIR. W URE BB RIE O M R AP 2 0], MR, 2014,
24(1): 29-31.
Fan J. Frozen food packaging problems & solution [J]. Plast Packag, 2014,
24(1): 29-31.

3] sk&&dE, RBrF, BRail, 5. BRI & IR BT B Be 5 ).
f S E LI, 2016, 34(4): 32-35.
Zhang XX, Lu XY, Chen JZ, et al. Design and experimental study of cold
chain foldable insulation box [J]. Packag Food Mach, 2016, 34(4): 32-35.

[4] R, BRRM, BHUK, 5. WHTEK ISR AR 2 i
I, R TR, 2015, 36(15): 30-34.
Zhu YX, Chen CW, Luo MC, et al. Structure design of foldable insulation

packaging container for aquatic products [J]. Packag Eng, 2015, 36(15):

[10]

[11]

[13]

[14]

[15]

[16]

30-34.
kA, FORRARAR B EPS JERAT WA G i A R SE (D). B
EAWIHE T RAE, 2019.
Zhang WY. Study on the holding time of corrugated box and EPS foam
box packaging combination [D]. Kunming: Kunming University of
Science and Technology, 2019.
Fo#E. Pt EIK-EPS K- AR AR ZE v RGTHA FROCIHI]. s
TR, 2017, 38(17): 139-142.
Ge L. Finite element design of cushioning system for mass-EPS
foam-corrugated board [J]. Packag Eng, 2017, 38(17): 139-142.
Wz, $85, SRIBO5. EPS WK C 1% LA 4R H3 I RGT A& W 0HT
SR 43 TR, 2013, 34(7): 10-12, 64.
Yang LY, Guo Y, Wu SF. Cushioning analysis and application of EPS and
C-flute corrugated paperboard series packaging system [J]. Packag Eng,
2013, 34(7): 10-12, 64.
U3, TR, BUNAE. RN EIRE S 0F T BORS ARA YU SR 1 S B B
T[], A3 TR, 2012, (17): 68-69.
He 1, Ding Y, Jia LP. Study of corrugated box compression strength under
different humidity [J]. Packag Eng, 2012, (17): 68-69.

SAIE, WO, JKEK EPS IIKMAAHA BRIT/AT SR 1
e T #2016, 37(23): 100-104.
Qin ZY, Huang HS, Zhang H. Finite element analysis and optimal design
of EPS foam packing case [J]. Packag Eng, 2016, 37(23): 100-104.
ElE, $Rl. FET ANSYS (RIMREERICBIR A [T]. (U2 TR,
2011, 32(5): 43-48.
Guo XIJ, Qian J. Spherical shell models for insulating packages based on
ANSYS [J]. Packag Eng, 2011, 32(5): 43-48.
fEGIE. RIRZIFILIR (EPS) J)2EAT I SE RS [D]. i R
2%,2007.
Xiong ZY. Experimental study on mechanical behaviors of expanded
polystyrene(EPS) [D]. Xiangtan: Xiangtan University, 2007.
AL, KR, FERAT, 55 A3FERENLIR SN T BT LIE ARG
G A EmE, 2015, 41(8): 27-30.
Jiang CD, Wu YW, Du TH, et al. Damage mechanism of the package
under random vibration and the detection of relevant quantities [J]. Chin
Measur Test Technol, 2015, 41(8): 27-30.
GB 4857.4-2008 f%¢ s FEAGRE: 4 4 #0> RAE A%
HLEA T (4 FERIHERD 156 123 [S].
GB 4857.4-2008 Packaging-Basic tests for transport packages-Part 4:
compression and stacking test methods using pressure testing machines [S].
Fab A, AR, TR ALHERD 5 ) IR T D], HUACT AR
274, 2017, 53(3): 90-99.
Wang ZW, Qi DB. Experimental study of dynamic response of two layers
stacked packaging units of computers [J]. J Mach Eng, 2017, 53(3):
90-99.
P, FaEA. NIRRT AR R R R G Bl )
2EMR R[], W 125244, 2019, 36(6): 1286-1293.
Fang SG, Wang ZW. Dynamic responses of nonlinear stacked packaging
system under different spectral acceleration excitations [J]. Chin J Appl
Mech, 2019, 36(6): 1286—-1293.
TG, AT, BEYLIRSNT 7 S G (4 30 2 i L A SEBRATT 5 A AT B



5522

HAM, 5 BHEME AR 8419

[17]

[18]

[19]

JEAMTI]. PR3 iy, 2017, 13: 223-229.

Wang ZW, Lin SW. Experimental investigation and finite element analysis
of dynamic response of packaged product in random vibration [J]. J Vibrat
Shock, 2017, 13: 223-229.

FALT, WE, HE, F R RALS XSRSy
Mr[J]. A3 TR, 2018, 39(11): 96-101.

Zhang JP, Zhang J, Cui J, et al. Design and drop analysis of spliced plastic
corrugated turnover box [J]. Packag Eng, 2018, 39(11): 96-101.

TEF, BIG. QRO IT SEMARAL D). @3 5 MUK,
2014, 32(4): 44-48.

Ding YP, Qian Y. Drop simulation analysis and structure optimization of
the overall package [J]. Packag Food Mach, 2014, 32(4): 44-48.

Frakde, B K. ST ANSYSY/LS-DYNA iz i 25 #5874 4 M (1.
{02 5 E A HLAK, 2016, 34(6): 35-38.

Chen ZH, Nie YF. Dropping analysis of shipping container based on

-

ANSYS /LS-DYNA [J]. Packag Food Mach, 2016, 34(6): 35-38.

[20] GB/T 4857.5-92 (U3¢ Bt B isn ik[s].

GB/T 4857.5-92 Packaging Transport packages Vertical impact test
method by dropping [S].

(U135 $haeir)

fEZ &

BB/, it, TERARAFEABRE
. o gt B .
E-mail: 31922916@qq.com



