44 [VFAFATHIAE=EZH A5 A 635 ppdd~52, 1997,

(= &) SAE NO. 97370112

A PP FH8 & o &
F2 29359 A A% W4
Forced Vibration Analysis of a Hollow Crankshaft by using
Transfer Matrix Method and Finite Element Method

ABSTRACT

As part of the effort to reduce the weight of powertrain, a hollow crankshaft has been designed.
The mass reduction of the crankshaft changes the dynamic properties of the crankshaft such as
moment of inertia, and torsional, bending stiffness. The purpose of this paper is to compare the dy-
namic hehavior of the hollow crankshaft with that of the original, solid crankshaft. Global dynamic
behavior of the crankshaft is analyzed by the transfer matrix method(TMM). The ¢rankshaft has
been modeled by 38 lumped mass and stiffness elements. The dynamic parameters of each lumped
element are provided by Finite Element Method(FEM). The responses of the crankshaft from TMM
are fed back as loading conditions to the Finite Element model to obtain dynamic stresses for criti-
cal areas of the crankshaft.
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Fig.d Force and Moment Exerted on Ith Body
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Experimental Modal Anaysis

Table 1 Natural Freguencies of Solid and Hollow Crankshaft

(Unit : Hz)
Solid crankshaft Hollow crankshaft Relative comparison
of hollow crankshaft |
Mode . . . . results to solid
Experiment | Calculation | Caleulation [ Experiment crankshaft by
calaulation[ % ]
1st Longitudinal 178 189 +6.18
Torsional +
2nd . 332 322 331 +2.79
Y-Bending 339
Torsional+
3rd . 455 348 370 +6.32
Z-Bending 467
4th | 2nd Longitudinal 599 627 +4.67
5th | 2nd Torsional 844 748 790 o +5.61
6th - 930 1215 i +3.06
Tth - 958 1233 +2.87
8th - 1378 1492 +8.27
9th - 1718 2115 +2.31
10th - 1768 2269 +2.83
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Item Specification s
Cylinder type In-line, 4cylinder, 4 stroke
Bore X Stroke ¢76.5mm X 87mm X
Piston assembly mass 3379
Connecting rod assembly mass 608.1g Fig.8
Flywheel mass and moment of inertia| 7.964kg, .09212kg- '

Meximurm Force Crank Angle
Gas Y, 25E T 719 Force X Total Force
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Fig.9 Excitation Force of the Hdlow Crankshaft at 1000rpm
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Fig.10 Forced Response of the Solid Crankshaft at 1000rpm

Table 3 Forced Response Results of Pin Filet Area at 1000rpm Case

Solid crankshaft Hollow crankshaft Relative variation] % ]
1000rpm Displacement Force Displacement Force .
Displacement | Force
[mm] [kN] [mm] [kN]
Rx direction 0.02014 0.054 0.02033 0.054 +0.9434 0
Dy direction 7.238 29.92 7.877 29.95 +8.8284 +1.013
Dz direction 1.682 7.002 1.834 7.007 +9.0369 +0.0714
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Table 4 Cormparison of Maximum Stresses in

Pin Fillet Area
(Unit : MN/m?)
. . Relative
Rotating Solid Hollow variation
speed | crankshaft | crankshaft (%]
1000rpm 82.9 89.0 +7.3583
4000rpm 89.6 90.7 +1.2277
6000rpm 63.9 66.2 +3.5994
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