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A study on the design of the press fit joint for automotive aluminum/composite
hybrid propeller shaft

Hak Sung Kim, Dai Gil Lee

Key Words :  Automotive propeller shaft (528 5= A Y5, Press fit joint (3 A &), small

Tsteel, tensile - %ﬁ&ﬁg ?l;g— -Tj’]'jq rE EA
Tvteel, compress‘ive: 701-75_—9— ;:(T__]_ ‘q ?:}—Z:ll Eﬂr:ﬂ’] rE &4

teeth (W] Al 8.3)
Abstract

Press fitting method for joining of a hybrid tube and steel ring with small teeth for automotive
aluminum/composite hybrid propeller shaft was devised to improve reliability and to reduce manufacturing
cost, compared to other joining methods such as an adhesively bonded joint, bolted joint or welded joint. To
obtain high strength of the press fit joint, an optimal design method for the teeth was devised with respect to
number and shape of the steel teeth. Torsional static, fatigue tests and finite element analysis of the press fit
joint were performed with respect to experimental variables. The developed optimal design method predicted
well the static torque capability and failure mode of the press fit joint. Also, it provided design guide line of
press fit joint for improving torsional static and fatigue characteristics.
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Fig. 4 Configuration of the steel ring specimen which
has the rectangular shape teeth in the axial
direction on the inner surface (unit: mm).
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Fig. 5 Failure mode maps when the height of the steel
teeth is 0.5 mm with respect to the steel tooth
width: (a) 2.0 mm; (b) 1.0 mm; (c) 0.5 mm; (d)
0.2 mm.

Table 1 Mechanical property of the materials

Tensile Compressive
strength (X')  |strength (Xc)
Aluminum 270 MPa 300 MPa
(6061-T6)
Steel 370 MPa 400 MPa
(SM45C)
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Optimal aspect ratio (height/width) = 0.7 ~ 1
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Fig. 6 Maximum torque capability (Nm) at the optimal
tooth number of the steel ring with respect to the
width and height of the steel teeth.
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Fig. 7 Press fit joint specimen between the aluminum
tube and the toothed steel ring.
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Fig. 8 Experimental results and failure mode maps of
the press fit joint when the steel tooth height was
0.5 mm with respect to the steel tooth width: (a)
2.0 mm; (b) 1.0 mm; (¢) 0.5 mm.
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Fig. 9  Torque-twisting angle diagram of press fit
joint (when the width and height of steel teeth were
2.0 mm and 0.5 mm, respectively) with respect to
the number of the steel teeth: (a) 10; (b) 45 (optimal
number); (¢) 50.
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Crack initiation at the end of press
fit joint in the aluminum tube

Fig. 12 Photograph of the fractured press fit joint
specimen after torsional fatigue test.
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Fig. 13 FE model of press fit joint.
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Fig. 14 Stress distribution of aluminum grooves along
the axial direction of the press fit joint with
respect to steel tooth width (mm): (a) 0.5; (b) 1.0.
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