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Performance Characteristics of the Automotive TDS
(Tube Drive Shaft) by the Rotary Swaging Process

S. J. Lim, N. K. Lee, K. H. Na and C. H. Lee

Abstract

A monobloc TDS(Tube Drive Shaft) has been developed by using the rotary swaging process which is one
of the incremental forming process. In order to estimate the developed TDS performance characteristics such
as natural frequency, strength, stiffness and mass, finite element analysis has been carried out using
commercial software, MSC/NASTRAN. The calculated performance characteristics have been compared with
analysis results of SDS(Solid Drive Shaft) to know how much improve the performance characteristics. Also
the sensitivity analyses of design parameters for the tube length and diameter have been performed. From the
analysis results, it was found that the TDS allowed for a high frequency and could be designed to be much
lighter than SDS. This advantage can give possibility to tune the NVH (Noise-Vibration-Harshness)

characteristics.
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Fig. 1 Assembly of automotive drive shaft
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Fig. 2 Rotary swaging M/C
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Table 1 Chemical composition of 34Mn5

Elements | C Si |[Mn| P S Al | Ti

34MnS5
(031%6t)

03510.28 (123100101 0.003 {0.0380.04

2ol SOHIRE Table 13 200 Mn @30l
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Fig. 5 FEM models of TDS and SDS
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Table 2 The natural frequency of TDS and SDS

Tube drive shaft | Solid drive shaft
(TDS) (SDS)

No | Condition | Free Fixed Free Fixed

Bendin
1 modeg 712.3 581.2 518.3 501.1

Bendin
2 modeg 1701.0{ 1567.0| 14111 1373.0

Bendin
3 modeg 3153.2] 2668.0| 2690.4| 2633.0

Torsion
4 mode 41253 3018.0| 3432.1| 3340.0

Bendin,
5 modeg 5013.9] 4814.0] 4332.7| 4245.0

Bendin,
6 modeg 5852.1| 5221.0| 5592.1| 5527.0
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(a)1st bending mode of TDS(712.3Hz)

(b)Ist bending mode of SDS(518.3Hz)
Fig. 6 1st bending mode of TDS and SDS
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Fig. 7 The 1st torsional and banding mode by
variation of TDS length
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Table 3 Mechanical property of 34Mn5

Tensile strength (Mpa) 662
Yield strength (Mpa) 4024
Elongation ratio {%) 38.8
Hardness (HzB) 82.4~86.2

Marment
3,600 N m

Fig. ¢ Boundary conditions for stress analysis
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Table 4 Results of stress analysis

Tube drive shaft Solid drive shaft
(TBS) {SDS}
Max.
von Mises 2,330 Mpa 2,220 Mpa
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. Torsional torque | Torsional angle
Specimens N -m) (9 £
TDS 1 4,170 313
TDS 2 4,150 343
TDS 3 4,170 323

Torsional torque of SDS : 3,600 N - m

(b) Fracture section

Fig. 11 Specimens after torsional test of swaged TDS
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