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ABSTRACT: The work aims to analyze and obtain the approximate analytical solutions for dropping shock response of
nonlinear packaging system. A new nonlinear analytical technique was introduced. Cubic nonlinear and corrugated board
hybrid nonlinear dropping shock models were selected as examples and the approximations were obtained by analysis.
The original governing equation needed no simplification. The approximation accuracy was increased with the improved

approximate orders. The method was still valid to strong nonlinear problems. This research provides a new analysis tech-
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nique to the dropping shock response of nonlinear packaging system.
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Tab.1 Comparison of frequency and discrete squared residual corresponding to various parameters of system
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Tab.2 Comparison of frequency and discrete squared residual corresponding to various parameters for hybrid nonlinear

AT ALh S LES Fe/INE RO 5 ik 2%
W FPRL O K2 K3 KR4 KAES 1 Zx&A12 A3 F 4 RIS
2 33188 35012 33251  9.3485 11.0484 3.233x10° 538.805 8.555x10°  1.745 60.145
5 33188  3.8616  3.3257  9.4409 11.4117 2.206x 107 31.335 2.399x10" 6.519x 107  0.183
10 33188  3.9838  3.3257  9.4409 11.4309 1.971x 10" 2217 2.225x107 6.136x 10" 2.37x 10
15 33188  4.0130  3.3257  9.4409 11.4311 2.075x 10" 0244 2.430x10™ 3.908x 10 3.494x 10

2RI 1N a= ar= a=1, az= as=5,
V=0.1; %k 2 K ai= a,= as=1, az=as=5, V=1; %
3 K ar=as=as=1, ay=as;=5, V=1; 5 4K a;=
as=as=1, a= a;=10, V=1; 514 5 N a1= ar= as=1,
as= as=10, V=1,

2 B R G ) kv vp el R, AR R A
b Rp et E], SR ARTE & DL S s B RO B
o fmmrzgzl, W= T/4RE,

w
kR K, M, =c —c,, i K
Wi =0’ (c,—c,), Hl, o, ¢ & e HhitE
A LIS R, 2, 53 T I = A PR EER IR ) R
& ks ) BT DL o

3 4k

SR AR T — AR A AR LA AT Bk B
X HA S AR LR IR Al LRk v el TR, 75 3

TR R A AU BT g L OF LR LIRS TR 5K
P i) T B4 2 B A AR AT B B0 o R ) L de R
AR R OR b b s JE o 3207 Wk AR B s, T LA
fifp PR AR LA I, g A T AR A kv o ol T 42
T —BA T TB

EE B

[1] NAYFEH A H. Perturbation Methods[M]. New York:
John Wiley & Sons, 2008.

2]  WEAHDG, EIRMR. 28 ke Bt iy RO 43 A ().
£ T2, 1999, 20(3): 14—16.
YING Zu-guang, WANG Zhen-lin. Sensitivity Analysis
of Packaged Cushioning Design[J]. Packaging Engi-
neering, 1999, 20(3): 14—16.

[3] &, WEY, sKIEAR. ST B sk i X 2
R sh R [3]. S1sEmR, 2014, 47(1): 147—
153.
LI Qi, QIU Zhi-ping, ZHANG Xu-dong. Second-order
Parameter Perturbation Method for Dynamic Structures
with Interval Parameters[J]. Chinese Journal of Theo-



e 22

%

T #&

2016 4F 11 A

retical and Applied Mechanics, 2014, 47(1): 147—153.
HU H, TANG J H. Solution of a Duffing-harmonic
Oscillator by the Method of Harmonic Balance[J].
Journal of Sound and Vibration, 2006(3): 637—639.
AL-SHYYAB A, KAHRAMAN A. Non-linear Dy-
namic Analysis of a Multi-mesh Gear Train Using
Multi-term Harmonic Balance Method: Sub-harmonic
Motions[J]. Journal of Sound and Vibration, 2005(1):
417—451.

PIRMORADIAN M, KESHMIRI M, KARIMPOUR H.
Instability and Resonance Analysis of a Beam Sub-
jected to Moving Mass Loading via Incremental Har-
monic Balance Method[J]. Journal of Vibroengineering,
2014, 16(6): 2779—2789.

HE J H, WU X H. Variational Iteration Method: New
Development and Applications[J]. Computers and Ma-
thematics with Applications, 2007, 54(7): 881—894.
HE J H. Variational Iteration Method: Some Recent
Results and New Interpretations[J]. Journal of Com-
putation and Applied Mathematics, 2007(1): 3—17.
FERL, BREZE. BRI OO0 R SOR ZR G823 B B
A4y ARIE[T]. % TR, 2012, 33(13): 71—74.
YAN Min, CHEN An-jun. Variational Iteration Method
for Response Analysis of Inclined Support Packaging
System under Dropping Condition[J]. Packaging En-
gineering, 2012, 33(13): 71—74.

[10]

[11]

[12]

[13]

[14]

[15]

B AR . R o3 A 5 1 SRR i AR 2 vk 1) B —
FORFE[T]. BH2EWER, 2009(5): 48—49.

LIAO Shi-jun. Homotopy Analysis Method: A New
Way of Solving the Strong Nonlinear Problem[J].
Science Focus, 2009(5): 48—49.

LIAO S J. Notes on the Homotopy Analysis Method:
Some Definitions and Theorems[J]. Communications
in Nonlinear Science and Numerical Simulation, 2009,
14(4): 983—997.

LIAO S J. Proposed Homotopy Analysis Techniques
for the Solution of Nonlinear Problems[D]. Shanghai:
Shanghai Jiao Tong University, 1992.

HONG X, WANG J, LU L X. Application of Homotopy
Perturbation Method with an Auxiliary Term for Non-
linear Dropping Equations Arisen in Polymer Packag-
ing System[J]. Mathematical Problems in Engineering,
2013(3): 133—174.

WANG J, WANG Z W, DUAN F, et al. Dropping
Shock Response of Corrugated Paperboard Cushioning
Packaging System[J]. Journal of Vibration and Control,
2012, 19(3): 336—340.

HE J H. Variational Iteration Method, a Kind of
Non-Linear Analytical Technique: Some Examples[J].
International Journal of Non-Linear Mechanics, 1999,
34(4): 699—708.



