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Vibration Analysis of a Hollow Crankshaft

Supported by Fluid—film Bearing

Youn Kook Cho, Jung Soo Kim

ABSTRACT

A hollow crankshaft is considered as part of an effort to reduce the weight of the
automobile powertrain. Since the resulting mass reduction alters both the inertia and
stiffness properties of the crankshaft, the vibration characteristics of the hollow crankshaft
needs to be investigated in comparison with the original solid crankshaft. The crankshafts
are modeled by 38 lumped mass and stiffness elements, in which the dynamic parameters
for each lumped element are obtained by the finite element calculation. The fluid—film
bearings supporting the crankshaft give rise to linear spring and damping elements that
can be derived from the hydrodynamic bearing model. The transfer matrix method is
applied to yield the natural frequencies and mode shapes of the crankshaft vibration. The
natural frequencies of the hollow crankshaft are founded to be greater than that of the
solid crankshaft, and the incorporation of the bearing stiffness tends to accentuate the

difference.
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<Figure 1> Engine Crankshaft

<Figure 2> Discretized Model of Crankshaft
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<Figure 3> Linearized Lumped Element Model
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<Figure 4> Free Body Diagram of Spring Element
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<Figure 5> Cross-section of Oil-film Bearing
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<Figure 6> Linearized Bearing Stiffness
and Damping Coefficients
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<Figure 7> Bearing Eccentricity vs. Sommerfeld No.
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<Figure 8> stiffness Coefficients vs. Radial Bearing Load
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<Figure 9> Stiffness Coefficients vs. Engine RPM

-335 -



4. 333F WIA IF Y

41 wWojgo Zg3e ¥z
BRAT FE

ol M PARAN o] Fopwlojg e ZEA
FE 43% oz AHAE Aol o} journal
9 A& x 9} sFo wel WEE Hol: Fojuh
ety AadaZe AFA5E #HMEH] JAME
EA4 AL FFAdlY Woly AdAT
g WA Faok gl agase A £E=
AT gdets YA x4 uel journaldl
Ze3e dFo] WE ol ZPAaFo AT
7 AAHE A4 B Ao oy aWa Z
To wt 4709 ddgaA FAel g ¥
ol Az7] thzy] wo|ct uwpetA zpzhe] ZAA
% A& Ztxd wel journaldl #-83HE 3
ZFES Az A H 2 FFES ARSI 59
ol ZALae BAAFRE AESH Jopso
AEE AAASF g A fupdoige 9
# AAg 2WaH AFAF ANE FHIA
=3

<a2¥Y 10>€ engine®]l idling 3)AEEQ 800
RPME #A% o =gz =7t 1059 A5
3 ag3aEy F43Pd3F9 54 dojgdq
48 3AFE vEd Aot A aPaHL 2
A3 zZte7l 10%, 190%, 370%, 5508 o gas &
W 434 pistonfEe FAAHA o8 G E I
2 9A "o

<ag 1>3 <ad 12> 4573 $3F9
APa7bo] Zz} 1052 B 59 BAAASF grolth

15000

10000

5000

&
PR e o
¥ 05 2 WOl I0E W MOlY 105 dN Wl 105 5w w o)W

38 IN)

WB800 RPM T¢l
8800 RPM ZR

<Figure 10> Bearing Load for 10" Crankshaft Angle

H4 W3R WIS 1052 IS T WOl YIS
1.40E+10

1.20E+10

1.006+10 21

- B.00£409

2 6.00£409

4.00E+08

I"f" -_; -w>

ol W Ol 3P Mol Apiugold  SE wloiy

2.00E+08

0.00E+00

<Figure 11> stiffness Coefficient Values for Solid Crankshaft
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<Figure 12> Stiffness Coefficient Values for Hollow Crankshaft
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<Table 1> Natural Frequencies for Free-Free Support
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<Figure 13> Y-Axis Bending Mode Shape

<Figure 14> X-Axis Torsional Mode Shape
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<Figure 15> FRF for Freely Supported Hollow Crankshaft
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<Figure 16> FRF for Freely Supported Solid Crankshaft
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<Figure 17> FRF for Bearing Supported Holiw Crankshaft
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<Figure 18> FRF for Bearing Supported Solid Crankshaft
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<Table 2> Natural Frequencies for Bearing Support Condition
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