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Vibration Analysis of a Rotating Composite Shaft
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Abstract

Laboratory tests are conducted to validate the mechanical model of a filament-wound composite shaft.
Also, design charts are produced by validated analytical calculations based on the Timoshenko beam model of
a layered steel/composite structure. The major resuits found are that steel/composite hybrid shafts can lead to
better dynamic and static performances over steel or pure composite shafts of the same volume, and the most
effective composite structures contain some steel in the form of a tubular core. These results can be used in
the design process of composite boring bars and automotive drive shafts.
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Fig. 1 Single lamina of a rotating, tapered, filament-
wound composite shaft.

Fig. 2. Carbon fiber (Mitsubishi’s K13A10) reinforced
composite shaft.
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Fig. 3 Cross-section of a steel/composite hybrid shaft.
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Fig. 4 @, and K}, versus BD/OD (L/OD =4.16).
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Fig. 5 Timoshenko beam versus Rayleigh beam .
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Fig. 6 w; and K}, versus BD/OD (L/OD =10.6).
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Fig. 7 @, and K, versus BD/OD (L/OD =4.16).

43 3METe gyt

Fig.8 & OD=31.75mm, L/OD=4.16, 1ID=0.30D%1
E#AE $FF) N Campbell diagram O 2 A,
JAEHE7} F71ge) wel 33 a/dE5SFt F
N #oz ZAeAE AL BoF (&9 3
A& AfAEFE JA484 ¥ 4%9 2
TREF) o3 24935 Holdh. 71E Sy
JA 5.9 Campbell diagram T ¥)|u3) B o =
T EYe EE59X gt

asu Fol Agte] wil, AP o9& w
Arka dFdael $¥o) WAty o) 3
£x9 AF vlastd AN gAHR2 us
ol e A9 A ZEo] watA, YA
g3 A7 FYE Aox Fse Fo] WY A%
dol e Fomz 14 FAE AL old v
o A m - FE R,

u}

ik

3
®

1.002

1.000 <

0.998

4
°
&

o

02 04 0.8 08 1.0 1.2

Non-dimensionalized bending frequency

Non-dimensionalized rotating speed

Fig. 8 Campbell diagram.

o A8l we v

2 g 7bg asEe 329
= £
o

.

Koo ool o
Sy T 32 ox Ao

il
rer

rne

(1) Kim, W., Argento, A., and Scott, R. A., 1999,
“Free Vibration of a Rotating Tapered Composite
Timoshenko Shaft," Journal of Sound and Vibration,
Vol. 226, pp.125-147.

(2) Leipholz, H., 1987, Swabiliy Theory: An
Introduction to the Stability of Dynamic Systems and
Rigid Bodies, pp.120-135, New York: John Wiley &
Sons, second edition.

(3) Nagano, S., Koizumi, T., Fujii, T., and Tsujiuchi, N.,
1995, “Development of a CFRP Boring Bar,” 27
International SAMPE Technical Conference, Vol. 27,
pp-397-408.

(4) Kim, W., Argento, A., and Scott, R. A., 2001,
"Rotating Tapered Composite Shafts: Forced Torsional
and Extensional Motions and Static Strength,” ASME
Journal of Vibration and Acoustics, Vol.123, pp.24-29.

-365-



