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Abstract : Analyses of dynamic models which were one and two degrees of freedom, and had the nonlinear springs
and dampings with certain polynomial functions were performed from SIMULINK in MATLAB. Those consisted of 12
programs and were built on the basis of the preceding programs for the linear dynamic simulations. However the
programs for the nonlinear simulations were quite different from those for the linear ones, and showed the results of the
analyses in real time with animating. It was found that the programs would help us to solve any kind of nonlinear
dynamic simulation with one and two degrees of freedom. Especially, the simulations for 1 DOF system with cubic
nonlinear spring force showed the results for Duffing's equation, of which phenomena were jump-up and jump-down. It
will be applied to the dynamic simulation of the car seat vibration with a passenger, of which model has the equivalent
nonlinear springs and is two degrees of freedom.
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Method for simulation Runge-Kutta Fig. 3 Results of simulation for m = 5, k= 2000x+250x*, ¢ =
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Table 3 Conditions for the analysis I

Table 4 Conditions for the analysis I

Items

Items

Excitation force 4 Si“(0-15’ : +f) (N), F =100
Mass 5(kg)
Elastic force by spring 2000x +250x° (N/m)
Damping force by damper 6i+ci® (Ns/m), ¢ =7.5

Excitation force F Sin(O.lSt2 + t) (N), F =100

Mass 5 (kg)
Elastic forces by spring 2000x +kx’, k=5 (N/m)
Damping coefficient 6 (Ns/m)
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Fig. 5 Results of simulation for m =5, k = 2000x +250x°, ¢ =
6i+7.5% ,x(0) =0 and Fpe = 100
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A 7 e9e) 27 WA PAE SHen, Yx
d FH5E 24 Ak 22 AR 5
NESEE AT Aol FRANAE HEr} das
Arh 14 Mol At ~x ol o g Bge) u)a
BYol 2855 1 g9 371 A B8
R, 4EY Frst 2as st

3. 22X SH6A

3.1 =z 20| yjjdl

B AT 2AFE AP A LRE T S
AY3 5 e MARAZY 223 5 e A8
= 808 24 o Fol At

3.1.1 AHENRIN A0l 95 U mzjEio] T
BL

A3 e] Aol o ek B e T 7k o pay
A8 4 (5)o 2L MY FrAUE 2evin
P38, 58 AL 2 (6)3) 2o, el 33
Hoz vpeniy] ga Mg e 4L 4 (olrh
Fo=kx,, Fo=kx, Fy=c¢X. F,=c% )



Nonlinear Dynamic Simulation using SIMULINK
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Fig. 7 Schematic of relationships of programs for 2 DOFs
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Table 5 Conditions for the analysis I

Items

Fsin{0.15¢ +¢ = =
Excitation force sm( * ) (N), F1=100 and F=0

Mass m=5,m, =1 (kg)
Elastic forces by | F,, =4500x+kx’ £ =50 and 250 (N/m)
spring F,, =100x+k,x* k, = 50 and 250 (N/m)
Dampings
6 =6,¢,=2 (Ns/m)
2) s 11

ok
fd
N
N
fo
2L
Ho

%712 Table 63} 2.0, ¢; = 63} ¢ =201 th3l &4
A3+ Fig, 119) VeI

Table 6 Conditions for the analysis IT

Items

Excitation force Fsinf0.15% +1) (N), F1=100 and F,=0

Mass m=5m=1(kg)
Elastic forces by Fy =4500x+k2" k= 50 (N/m)
spring F,,=100x+kx" | |y = 50 (N/m)

Damping

. ¢=1.2,3,6, 12,30 (Ns/m)
coefficients

¢2=0.4,1,2,4, 10 (Ns/m)
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Fig. 8 SIMULING program for the 2 DOFs nonlinear system
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