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NHB Method for Analyzing Dropping Shock Response of Cushion
Packaging System with Tangent Nonlinearity
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ABSTRACT: The aim of this work is to analyze and get the approximate analytical solutions for dropping shock response
of cushion packaging system with tangent nonlinearity. The tangent system was simplified to the cubic-quintic nonlinear
system to obtain the dimensionless dynamic equation after dimensionless treatment. The Newton-harmonic balancing
method was used to obtain the first-order and the second-order analytical solutions of dropping shock response to the
non-dimensional dynamic equation, and the analytical expressions of important parameters including the maximum dis-
placement, the maximum acceleration of the system response and the dropping shock duration. The example analysis
showed that the second order approximate solutions of the NHB method were very similar to those obtained from the
Runge-Kutta method. The relative error was controlled within 2%. The newton-harmonic balancing method provides a
new effective solution method for dropping shock response analysis of nonlinear packaging system.
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Fig.1 Dimensionless displacement response
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Fig.2 Dimensionless acceleration response
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Tab.1 Comparison of dimensionless maximum
displacement
— P —Br
v R-K
NHBF RE/% NHBS RE/%
0.50 0.4896  0.4847 1.00 0.4896 0.00
0.75 0.7161  0.7015 2.04 0.7164 0.04
1.00 0.9229  0.8935 3.19 0.9243 0.15
1.25 1.1086  1.0613 4.27 1.1125 0.35
1.50 1.2740  1.2079 5.19 1.2825 0.67
1.75 1.4213  1.3370 5.93 1.4372 1.12
2.00 1.5532 14518 6.53 1.5792 1.67
2
Tab.2 Comparison of dimensionless maximum
acceleration
— K
v R-K
NHBF RE/% NHBS RE/%
0.50 0.5324 0.5155 3.17 0.5322 0.04
0.75 0.8635 0.8019 7.13 0.8619 0.19
1.00 1.2743  1.1192  12.17 1.2691 0.41
1.25 1.7861 1.4723 17.57 1.7759 0.57
1.50  2.4105 1.8627 22.73  2.3982 0.51
1.75 3.1518 2.2906 27.32  3.1470 0.15
2.00 4.0078 2.7549 31.26 4.0311 0.58
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Tab.3 Comparison of dropping shock duration

R-K

—br

B

NHBF

RE/%

NHBS

RE/%

0.50
0.75
1.00
1.25
1.50
1.75
2.00

3.0448
2.9307
2.7876
2.6316
2.4769
2.3322
2.1996

3.0465
2.9383
2.8069
2.6673
2.5298
2.4002
2.2807

0.06
0.26
0.69
1.36
2.14
2.92
3.69

3.0448
2.9306
2.7870
2.6300
2.4730
2.3241
2.1868

0.00
0.00
0.02
0.06
0.16
0.35
0.58
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