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This study performs a thermomechanical analysis of an electric vehicle drive
shaft under high-angle rotation using LS-DYNA and Ansys transient thermal
analysis. It examines how 40° and 50° angular misalignments affect thermal

and stress distributions at the contact interface. Results revealed that larger
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angles caused greater discrepancies from prior models. To improve accuracy, a
segmented contact surface approach was used instead of the conventional
average heat flux method, reducing simulation-experiment deviation by about
43%. However, the analysis did not include the rubber boot’s thermal effect or
fully account for dynamic changes in friction and material properties. Future
work should integrate empirical data and advanced thermal modeling under

various driving conditions to enhance predictive performance.
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Table 1 AISI 4140 material properties

Property Value Unit
Density 7.85 glent’
Young’s modulus 205 GPa
Yield stress 785 MPa
Poisson’s ratio 0.29
Thermal expansion coefficient (0~100°C) 122 | um/mTC
Thermal conductivity (100°C) 42.6 W/mK
Table 2 Contact area friction coefficients
Property Value Unit
Dynamic friction coefficient 0.1
Static friction coefficient 0.06
Initial temperature 25 (407 c
26 (50°)
Initial angular velocity 200 RPM
Torque 700 Nm
Time 120 (407 s
100 (50°)
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Fig. 4 Resultant stress
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Table 3 Calculated heat flux (40° case, 3 rotation)

Heat flux (w/m®)
Parts
Inner race Ball Cage Outer race

A 4990 6300 18600 5800
B 4630 6510 4800 6100
C 5900 5800 5100 6400
D 6200 6100 4730 5800
E 6200 5940 4320 4800
F 5700 5900 4800 4770
G 4900 6200 4200 5300
H 5320 6300 4600 5120
I 4300

J 16800

Table 4 Calculated heat flux (50° case, 3 rotation)
Heat flux (w/m®)

Parts
Inner race Ball Cage Outer race
A 7800 7100 19600 5800
B 7790 6510 7550 6350
C 7740 6510 7140 6210
D 7300 6100 8500 6200
E 6200 5940 7300 6200
F 4900 5900 7200 6310
G 6600 6200 7100 6120
H 6970 6300 6990 5980
I 6700
J 18750
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Fig. 6 Example of heat flux calculation separation on Sleeve
cage
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(c) (d)

Fig. 7 Temperature simulation results (50° case, 100s)

Table S Experimental validation

Temperature (°C)
Source
40° 50° (old) | 50° (new)
Simulation (a) 63.5 62.4 67.5
Thermal cam (b) 63.2 73.8
Laser sensor (c) 59.8 73.1
Error (a to ¢, %) 6.18 1466 | 829
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