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Stability Analysis and Evaluation Method for Strong Heterogeneous Stack Type
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ABSTRACT: The work aims to propose a stability calculation method regarding the problem of determining the stability
of strong heterogeneous stack type. Firstly, statics and dynamics analysis was carried out to establish the physical model,
five stability parameters were quantified, and the indicators (vertical stability and horizontal stability) for quantitatively
evaluating the stability of stack type were defined. Then, the central skeleton algorithm, the branch and bound algorithm,
Extreme Point algorithm were respectively used to establish the simulation stack type, compare the spatial layout position
and layout effect of goods, obtain the vertical stability and horizontal stability by calculation formula, and analyze the
mechanism of the stability of the stack type. Finally, the small-scale carton experiment was carried out to further verify
the rationality of the formula. The stability calculation formula proposed herein could be effectively used for the stability
evaluation and analysis of strong heterogeneous stack type. The method has certain reference value for improving the en-
gineering applicability of the palletizing algorithm, enhancing the safety of air baggage trimming, and preventing the
cargo from falling down in the ground transportation process.

KEY WORDS: stack type stability; vertical stability; horizontal stability; strong isomerism; calculation formula; pallet-
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Tab.2 Stability data table
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Fig.1 Layout renderings of 3 algorithms
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Tab.4 Carton type stability data sheet

b7 mREEF (FTEL) O BRMRK FEEEREL BmEAERE  KPREE a/(ms?)

A, B, C 0.278 0.157 0.371 0.394 0.162 3.5

2 C, B, A 0.200 0.157 0.229 0.568 0.071 1.9

A, C, B 0.280 0.100 0.300 0.250 0.084 2.1
FoE BE R 2R Y (8, R TR R ASE JEE B, P S A 2 A

\\ : /IHE’HEO
S 3K -

(1] ZEWS, 5. —4E 5T W0 R A0 () Rl A T 5 R e (] 8k

K2 Y5k
Fig.2 Scene layout

H/NTHA 1, SC ey BRI, YA 2 K Rae b
PR 1, TFEAUELE RN Sy, R ES
PR 1Y S, KRN, XF Eb P 1 Fn 3, B YA
TEZHED o 4, RO T2, 40RO 35k = 1
FEAELREAG, BT (000N, B 3 7= AT AR i N
BB /NT YA 1, S5 R 3 KPR e s T3k
BUL, PEEUESE R Se /)y, RIS H A 3
ST R/ 0 NP~ S SN 11 B U D = R/ W s Ja R iU
(B2 RS S SR 25 AT, i — 5 00E T Re A
KA HLE

4

BRI E BETH A, X T 3 Rk A TR
i B RRREE, RS E R R, R a0 a2
IEAERGE Mk BT, IF XA 2 FhARESR I LU 4 J
VL Oy SR AT R R ARENE, EP AT GE
IKAPRRE P, WO B L J2= BT Ak R SR BT A
B, WEIABHOSEEE ;s RN, A 7R R R 5T
USRI PR SRR E s e B 2R EER . EH
19 /NI BT AE SR T SRR Y

SCHP PR I BB E BE TR A3, kb T AR
SEVEE AT LA AL, AT $ Hh SR e B AR PR Y
B Ry, X R B AR E A BRI T — R A A
o N AR B AR E , (i BAT R L
XA, B IR ST is i R B MR LR
AP SR TR AR E M, SR TR AR | 1B
e miertt, RA—2ERLmEEME. 5
S i i BB SRR, A5 3 3 ELARE K

(2]

(3]

[4]

(5]

(6]

[7]

(8]

[9]

R 5 TR, 2015, 12(5): 1232—1242.
LI Peng, TANG Yong.
Three-Dimensional Cargo Packing Problem[J]. Journal

Research Progress of

of Railway Science and Engineering, 2015, 12(5):
1232—1242.

DOWSLAND H C B. Practical Considerations of the
Pallet-Loading Problem[J]. Journal of the Operational
Research Society, 1985, 36(6): 489—497.

MACK D, BORTFELDT A, GEHRING H. A Parallel
Hybrid Local Search Algorithm for the Container
Loading Problem[J]. International Transactions in Op-
erational Research, 2004, 11(5): 511—533.

PARRENO F, ALVAREZ-VALDES R, OLIVEIRA J F,
et al. A Hybrid GRASP/VND Algorithm for Two- and
Three-Dimensional Bin Packing[J]. Annals of
Oper-ations Research, 2010, 179(1): 203—220.

LIU J, YUE Y, DONG Z, et al. A Novel Hybrid Tabu
Search Approach to Container Loading[J]. Computers
and Operations Research, 2011, 38(4): 797—=807.
XUTH, ESLH, WSCR. RIS YR 80T A
WITIE]. AR ES AR K24, 2013, 39(6): 751
—755.

LIU Ning-jun, WANG Li-xin, PAN Wen-jun. Method
for Generating Cargo Loading Plan for Transport
Group[J]. Journal of Beijing University of Aeronautics
and Astronautics, 2013, 39(6): 751—755.

RAMOS A G, OLIVEIRA J F, LOPES M P. A Physical
Packing Sequence Algorithm for the Container Load-
ing Problem with Static Mechanical Equilibrium Con-
ditions[J]. International Transactions in Operational
Research, 2014, 23(1/2): 215—238.

KA, X, RS, BRI A WY =R AR
[F) RE PR SR i D7 vk (D). iz RS TS EE,
2014, 14(2): 192—198.

ZHANG Ying, LIU Er-chao, QI Ming-yao. A Fast So-
lution Method for Three-Dimensional Packing Problem
Considering Support Surface Constraint[J]. Journal of
Transportation Systems Engineering and Information
Technology, 2014, 14(2): 192—198.

MOSTAGHIMI H, AMOUR B S, ABDUL-KADER W.



5540 B 15 )

£ SRR B2 (AR g /B2 SITE S Ve i S G S RS <169 -

[11]

[12]

Three-Dimensional Container Loading: A Simulated An-
nealing Approach[J]. International Journal of Applied En-
gineering Research, 2017, 12(7): 1290—1304.

MEHE, E5E, . LT ERAH M = 4556
A SR T]. Tolk TR S HE, 2017, 22(4): 10
—16.

NA Ri-sa, CUI Xue-lian, HAN Qi-wei. Optimization
Algorithm of Three-Dimensional Packing Problem
Based on Actual Constraints[J]. Industrial Engineering
and Management, 2017, 22(4): 10—16.

FEEL, BRsCHA:, T, G SR O S Xt B AR
P M BE 10 52 W B 5 [J]. EEARAR 45 A E R, 2018,
20(5): 59—67.

TANG Gan, CHEN Wen-sheng, YIN Ling-feng, et al.
Study on the Influence of Cargo Center of Gravity and
Eccentricity on the Seismic Performance of Shelves[J].
Progress in Construction Steel Structure, 2018, 20(5):
59—67.

FEaW, BRZEE, 2l BT RN IR YR
BHME TR ] Rilsi AL TRESFEE, 2018,
18(S1): 115—119.

WANG Jin-shan, CHEN Jun-hua, YUAN Xia. A Simu-

[13]

[14]

[15]

[16]

lation of Bulk Cargo Container Loading and Rein-
forcement Scheme[J]. Transportation Systems Engi-
neering and Information, 2018, 18(S1): 115—119.
BREUpE, 25, sROSHE, 55 /NIURR r4RZ A S
PR BT (I]. HERHL, 2018, 51(12): 106—112.
YAN Lie-hu, YAO Xue-wei, ZHANG Xing-wang, et al.
Design of Automatic Palletizing Algorithm for Small
Size Sorting Lines[J]. Tobacco Science and Technolo-
gy, 2018, 51(12): 106—112.

WOETR, B, KDL, F 2N RYREAR
PLALBER 55k (], BRIE#4, 2011, 33(9): 1—9.
LEI Ding-you, TANG Bo, ZHANG Ying-gui, et al.
Optimization Model and Algorithm for Loading and
Layout of Multiple Cars in One Car[J]. Journal of the
China Railway Society, 2011, 33(9): 1—9.
MARTELLO S, PISINGER D, VIGO D. The
Three-Dimensional Bin Packing Problem[J].
tions Research, 2000, 48(2): 256—267.
CRAINIC T G, PERBOLI G, TAGEI R. Extreme
Point-Based Heuristics for Three-Dimensional Bin
Packing[J]. INFORMS Journal on Computing, 2008,
20(3): 368—384.

Opera-



