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Abstract : The front 2 pieces of the 3-piece steel propeller shaft installed on a 8.5-ton truck were redesigned with a
1-piece composite propeller shaft with steel yokes and spline parts to get the reduction of weight and the improvement
of NVH characteristics. Based on the analysis of bending vibration, strength and cure-induced residual stresses of the
composite propeller shaft, proper composite materials and stacking sequences were selected. The composite propeller
shaft requires a reliable joining method between the shaft and steel end parts through a steel connector. From 3-D
contact stress ané]yses of the laminated composite shaft with bolted joints, the 3-row mechanical joint which satisfies
the torque transmission capability has been designed. Several full-scale composite shafts were fabricated and tested to
verify the design analyses. The design requirements are shown to be satisfied. With the newly designed composite shaft,
the weight reduction more than 50% and improvements in NVH characteristics have been achieved.
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Fig. 1 An existing steel propelier shaft
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Table 1 Design parameters of the propeller shaft

Design parameter Values

Length (mm) 2,080

Max. design torque (kgf - m) 1,430

Max. angular velocity (rpm) 2910
Max. outer diameter (mm) 145

23 H|E8 Z= iy
Hg PxsY T2 ABAQUSYE AHg-8t
A Fo) Fas 2y 2L FH FEHA
ST Fig 29} 2o] & dud oz
&hi1, 4l(shell) 2 4(S4R)S ©)-&-31o] F79)
VFos gatgo 2 HEE Sl e
Fsith. 1,430kgf - me} &4 3}5& 718}7]
Fig. 29} 20] 34 mdo] @%o) =
sk vl ekl g Ao
> A8 NAY AR 24 55 32070, & ARE
2,0160]ck. si41o] AFS-H A & 443 Table 25
zor, BEAE sfIg oz A2 ALY W

g,
L o ol

(o
ol

[e)

g
==

Aot my do ool oo &

=am=

Llﬂ

2| Zo| i

B} A f-9) B-998)(9,~045)F 18 g ghott.”

Aol AME-R B3k S5-F o] Aol 1,942mm
o] a1, W74 104.1mm, 57+ 6.5mmeo]|t}. Tsai-Wu
&7 EY8 ALgato] |43 A3} Figs. 3~49}
Zt}. o] grol 1 o)de|d &dnt. B EY b5
v B3] S8 vpgE FolA 9E2 S ghol H
ke Jehlis, o3 Qa7 A" 59 AeE
g7} Wt AAAGAA 2 3t ¥kt Ast
Al Ve

Fig. 3-= CASE 19| i v &2 7% )2 d ol
t}. E-glass/Epoxy$} Graphite/Epoxy ] 73 Al o) A
&R F7F A E e, AAH o2 177k
e 7Rz A4 EaE 4EFAIZh Fig 43
CASE IIol| gt si{d ol g7kA] A ERte R
HZH Aol =g 2 A FExge] Az

P eareceses wptscn eoeinrs

S5 e

4 -

Fig. 2 Modeling concept of the composite shaft

Table 2 Reduced mechanical properites with 0y =0.45

Mechanical properties Ggg:lxz’e/ E];ilzz/
E) (MPa) 107,700 38,540
E», (MPa) 6,830 13,670
Giz2 (MPa) 5,440 5,330
G (MPa) 2,310 4,720
Viz 0.295 0.294
v 0.481 0.449
Density, o (kg/m’) 1,456 1,805
Longitudinal tensile
1
strength, X, (MPa) ,800 1,025
Longitudinal compressive
strength, X, (MPa) -0 -683
Tranverse tensile
strength, Y (MPa) 54.8 56.7
Tranverse compressive
strength, Y, (MPa) -117 -192
Transverse shear
strength, S (MPa) 67.3 96.3
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Fig. 4 Results of a failure analysis for CASE II
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Fig. 5 Bending natural frequencies of shaft cases



Fig. 6 A mode shape of a composite shaft with the yoke and
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Fig. 8 A specially designed mandrel used
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Fig. 9 Radial residual stresses through the thickness
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