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Lightweight design and rotary swaging simulation for automobile
transmission shaft

Zhang Qi, Tian Tiantai, Zhang Yu, Han Bin
(School of Mechanical Engineering, Xi'an Jiaotong University, Xi’an 710049, China)

Abstract: The lightweight design and manufacturing of automobile parts is an important way to help vehicle lightweight, realize green
manufacturing and reduce carbon emissions. Therefore, for the automobile transmission shaft, its lightweight design and efficient precision
manufacturing were studied, and based on Abaqus static analysis, the stress distribution of transmission shaft with different hollow light-
weight designs under the same static torsional load was studied. Furthermore, based on FORGE, the deformation characteristics of trans-
mission shaft during the rotary swaging diameter reduction process were explored, and the rotary swaging process verification on the de-
signed tube material was realized. The results show that the hollow design can well realize the lightweight of transmission shaft, and com-
bined with the variable wall thickness design can improve the stress distribution and increase the lightweight level to about 50%. The use
of rotary swaging process can reduce the diameter and thicken the wall thickness of transmission shaft, ensuring good accuracy while keep-
ing forming damage accumulation and forming forces controlled at a low level.
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Fig. 1 Size drawing (a) and physical drawing (b) of an automobile transmission shaft
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Fig. 2 Lightweight design and processing flow of transmission shaft
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Fig. 3  Stress-strain curves under different strain rates
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Fig. 4 Theoretical calculation results of simplified model
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Fig. 5 Equivalent stress nephograms of transmission shaft with different diameters of inner hole under same torque
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Fig. 6 Equivalent stress distributions
(a) Axial stress distributions on surface ~ (b) Maximum equivalent stress distribution of intermediate main part
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Fig. 7 Maximum stress distributions at splines of both ends

BFERTVEEAA R R ACE 2 10% 2L Ly 4N



270 B =

5 48

®

K8 R[EI AL ARSI T AL A B s b ) X dak

(a) @0mm (b)) ®5mm  (c¢) P10 mm

(d) @15 mm

(e) @20 mm  (f) P25 mm

Fig. 8 High stress areas at spline under different diameters of inner hole design
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Fig. 10 Comparison of variable wall thickness and @25 mm through-hole hollow designs

(a) Intermediate main part, @25 mm through-hole hollow design

(c¢) High stress area in spline, @25 mm through-hole hollow design

(e) Spline part, variable wall thickness design
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(b) Spline part, @25 mm through-hole hollow design

(d) Intermediate main part, variable wall thickness design

(f) High stress area in spline, variable wall thickness design

&3 J1/MPa
550

275 ;
220

i1 B2 #ims g
| | : y

Bl 12 el B AR 1 oA

Fig. 12 Equivalent stress distribution of rotary swaged tube
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Fig. 13 Equivalent strain distributions of rotary swaged tube
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