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Fig.1 Dimensionless displacement response
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Fig. 2 Dimensionless acceleration response
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Table 1 Comparison of the dimensionless

maximum displacement

” TR HIXTERZE /%
R-K NHBF NHBS NHBT NHBF NHBS NHBT
02 02007 02010 02007 02007 0.15 0 0

04 04053 04081 04054 04053 0.69 0.02 0
0.6 0.6179 0.6274 0.6181 0.6179 1.54  0.03 0
0.8 08412 08626 0.8421 08413 254 0.11 0.01
1.0 1.0740 1.1050 1.0770 1.0741 289  0.28 0.01
1.2 13054 13267 13124 13055 1.63 0.54 0.01
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F2 FEHNnEE WA R X E LR
Table 2 Comparison of dimensionless

maximum acceleration

” Jeit g HXTERZE /%
R-K NHBF NHBS NHBT NHBF NHBS NHBT
02 0.1980 0.1990 0.1980 0.1980 0.51 0 0

0.4 03846 03921 03845 03846 195 0.03 0
0.6 0.5513 0.5738 0.5505 05513 4.08 0.15 0
0.8 0.6990 0.7419 0.6954 0.6991 6.14 0.2 0.01
1.0 08516 09050 0.8408 08521 627 127 0.06
1.2 1.0693 1.0854 1.0456 1.0696 151 222 0.03
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Table 3 Comparison of dropping shock duration

” JCi kT w S 1A IR ERZE 1%
R-K NHBF NHBS NHBT NHBF NHBS NHBT
0.2 3.1573 3.1574 3.1573 3.1573 0 0 0
0.4 32045 32052 32045 32045 002 O 0
0.6 32817 32852 32818 32817 011 O 0
0.8 33794 33874 33799 33794 024 0.0l 0
1.0 34654 34715 34668 3.4654 0.18 0.04 0
1.2 34783 34733 34771 34784 0.14 0.03 0
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Abstract: For a typical hyperbolic tangential buffering packaging system, the approximate analytical solution
of the system was discussed under the condition of drop impact. The hyperbolic tangent system was simplified to the
cubic-quintic nonlinear system, and the dimensionless dynamic equation was obtained by introducing dimensionless
parameters. The first-order, second-order and third-order approximate analytical solutions of the system response were
obtained by the Newton-harmonic balancing method. Compared with the fourth-order Runge-Kutta numerical solution,
the example analysis showed that the third-order approximate solution of the Newton-harmonic balancing method
was the closest to the Runge-Kutta numerical solution, and the relative errors of the maximum displacement response,
maximum acceleration response and dropping shock duration were controlled within 1%. A new approximate analysis
method was provided for the drop impact response analysis of hyperbolic tangential nonlinear packaging system.

Keywords: hyperbolic tangent nonlinear system; newton-harmonic balancing; approximate analytical

solution; maximum displacement; maximum acceleration; dropping shock duration
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