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Abstract

This paper discussed about Application Technique of Numerical Methods for large
structure, The dynamic behaviours of a vehicle were investigated through finite element
modelling. After dividing a vehicle body into three substructures, Basic Mass System was
composed of 60 flexual modes which was obtained from the dynamic characteristics of each
substructure using Modal Synthesis Method. Engine, transmission and rear axle, etc. were
added to Basic Mass Model, consequently Full Mass System was constructed by 72 degree of
freedoms. Full Mass System was analyzed over the frequency range 0,5-50.0 Hz under the
loading conditions which were Stationary Gaussian Random Process,

Results and discussions provided the guidelines to eliminate resonances among the parts
and to improve the Ride Quality. The Absorbed Power was used as a standard to determine
the Ride Quality. The RMS value of driver’s vertical acceleration was obtained 0.423g from

the basic model and 0.415¢ from the modified model.

.

7 & Mg KFr equivalent spring constant of front
tire

[M] : System mass matrix Kr equivalent spring constant of rear
[e] : System damping matrix tire
[k] : System stiffness matrix P Laplacian Operator
[¢] : normal mode RMS : root mean square
[#] : auxiliary normal mode * conjugate
{fu} : displacement vector (coordinate) T transformation
{u} velocity vector 150 international standard organization
{u} acceleration vector represents the free coordinate
{¢} : modal coordinate b represents the constrained coordinate
{5} auxiliary modal coordinate c represents the connecting coordinate
{F}

force vector

represents the ith mode,
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Table. 1. Specification of Finite Element Model.

The number of node point 1178
The number of beam element 256
The number of plane rectangular element 836
The number of plane triangular element 534
Bandwidth of total model 81

Fig. 1. Perspective View of geometric model
(half model),



2, AlAY mgg|

(a) #Ael T g4 T
2 Tl e ok 4 84 (thin shell ele~
ment) 2k beam $4 ¥ 234 (spot welding) R olv
FAS el wae ¥ AROT Meste
TAstd e kAl ApEke FAaEE (1)l
Al 8 ZlEEe] dvk
(b) 2-f-21 34
e e A ke s slg A
Az W)l Fared,
© a few roots of a large-order matrix
O all the roots of a large-order matrix

O a few roots of a complex matrix

L ATl H FEate] FaAlE Fig2sk e

Substructure 1.

Substructure 2.

BMETREEE/Vol.5 No.3,1983/47

Al RFoz Babdle Zabe s s4E |
shgdel, z BEL ‘s few roots of a large -
order matrix’ ©| = 2 matrix® 8.450] =y
o "ol ol A2 matrixell A A2 2]
S-2g T o =H4F vkl Inverse power
methodE 4}-&3} 3ok,

7+ substructure®] migF SLHE] W4 goke
Table. 20l H.odZlch,

Al qel Tl 2 3273 23t subsiructure

ro

32 = xAe] g7l llFEo rigid body motions
ey,

.Fe} %3 grid points2]

0
geometry® ©|&shod 7| E A A% ZE grid

A ]
fuic]
afn
K
p-3
M

points £] -+ rigid body trans-

Substructure 3,

Fig. 2. Substructures

Table. 2. Summary of eigenvalue analysis in Substructures.

Method ; inverse power method substructure substructure SlleFI‘UCtuI‘E
| one two three
Frequency range 0.0~10.0Hz 0.0~10.0Hz 0.0~10.0Hz
Number of free body modes 0 0 3
Number of elgenvalues extracted. 12 - 40 4
Number of triangular decompositions | 12 46 44
Total number of vector iterations [ 87 365 an
Lage‘st off-diagonal modal mass term [70.28X10‘“ 0.12x10~ 0.55x 10"
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Fig. 4. Schematic Gross Behavior Model for Car
Ride Vibrations.

Table 3. Parameters of Vehicle System Model.

=2
RS

parameter value (assumed)

wheel base 2.340m
overall length 13.970m
overall width 1.558m
overall -lﬁeight 1.360m
interior length 1.695m
_interior width 1.336m
interior height 1.090m,
front track 1.278m
rear track 1.248m
engine, transmission mass 141kg

3.23 X 10 kg, mm?
_3‘76 X 10*kg. mm?
3.65 X 10°kg. om”
rear axle mass (tire +unsprung mass) 107 .4kg

3.275 %.10* kg, mm?
19. 65kg

driver mass 55 kg
183.63kg/mm
255.71 kg/mm
1801, 9kg/mm

seat mass 10kg

436 .kg f /mm

12. 01 kgf. sec/mm
12, 01kgf. see /mm
6. 174kef. sec/mm
1801. 9kgf /mm

12. 01kgf . sec/mm

engine, transmission inertia (1)
engine, transmission inertia (Iy)

engine, transmission inertia (Iz)

rear axle roll moment

front (unsprung+tire ) mass

front suspension stiffness
rear suspension stiffness

tire stiffness

seat stiffness

front suspension damping

rear suspension damping

seat damping

engine mounting rubber stiffness

engine mounting rubber damping
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