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Design of Adhesive Joints for Composite Propeller Shafts
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ABSTRACT

Substituting composite structures for conventional metallic structures has many advantages because of higher specific
stiffness and specific strength of composite materials. In this work, one-piece propeller shafts composed of
carbon/epoxy and glass/epoxy composites were designed and manufactured for a rear wheel drive automobile satisfying
three design specifications, such as static torque transmission capability, torsional buckling and the fundamental natural
bending frequency. Single lap adhesively bonded joint was employed to join the composite shaft and the aluminum
yoke. For the optimal adhesive joining of the composite propeller shaft to the aluminum yoke, the torque transmission
capability of the adhesively bonded composite shaft was calculated with respect to bonding length and yoke thickness
by finite element method and compared with the experimental result. Then an optimal design method was proposed
based on the failure model which incorporated the nonlinear mechanical behavior of aluminum yoke and epoxy
adhesive. From the experiments and FEM analyses, it was found that the static torque transmission capability of
composite propeller shaft was maximum at the critical yoke thickness, and it saturated beyond the critical length. Also,
it was found that the one-piece composite propeller shaft had 40% weight saving effect compared with a two-piece steel
propeller shaft.
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Table 1 Mechanical properties of carbon/epoxy
composite and glass/epoxy composite.

Carbon/epoxy Glass/epoxy

composite composite
E, 370GPa 43.5GPa
Er 5.3GPa 5.0GPa
G,y 5.3GPa 5.0GPa
vir 0.31 0.25
P 1,710kg/m’ 1,980kg/m’
a; -L1us/C 6.3 us/C
ar 27 us/T 19.8 us/T
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E, : average modulus in the axial direction
E;, : average modulus in the hoop direction
t : overall wall thickness

I : mean radius
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E : modulus in the axial direction

1 : second moment of inertia

p : mass per unit length (kg/m)

£ : length of the composite propeller shaft
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Table 2 Design values of one-piece composite
propeller shaft with the stacking sequence of [0,,40n
I(E A5)giass)-

n T (Nm) Tc (Nm) ® (rpm)
10 2,239 4,590 8,210
15 3,377 11,100 7,370
16 3,610 12,800 7,260
17 3,846 14,700 7,170
30 7,040 53,700 6,510
31 7,380 57,900 6,480
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Fig. 3 Finite element mesh with eight-node three-
dimensional solid elements for stress analysis.
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Fig. 4 Idealized stress-strain curve for nonlinear property
of (a) epoxy adhesive (IPCO 9923) and (b) aluminum
yoke (6061-T6 aluminum).
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Fig. 5 Failure indices of the composite shaft with
respect to torsional loads.
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Fig. 6 Static torque transmission capabilities with
respect to the bonding length when the bonding thickness

and yoke thickness were 0.2mm and 4.8mm, respectively.
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Fig. 7 Static torque transmission capabilities with respect
to the yoke thickness when the bonding thickness and
bonding length were 0.2mm and 20mm, respectively.
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Fig. 8 Drawing of specimen for torsion test.
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Fig. 9 Schematic diagram of torsion tester of
13,000Nm torrque capacity.
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Fig. 10 Experimental results of the static torque
transmission capabilities of the composite propeller shaft
with calculated values of Fig. 6 with respect to the
bonding length.
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Fig. 11 Experimental results of the static torque
transmission capabilities of the composite propeller shaft
with calculated values of Fig. 7 with respect to the yoke
thickness.
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