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Abstract : The intermediate shaft assembly must be designed to satisfy the requirements for yield strength, ultimate strength,
rotational durability and torsional durability. In the past, it was considered acceptable when the maximum stress did not
exceed the yield strength under a torque of 200 Nm. Recently the standard has been strengthened to satisfy the yield strength
requirement under a torque of 280 Nm. Under a torque of 280 Nm, the original design did not satisfy the yield strength
requirement at the yoke of the shaft. The thickness of the yoke was increased from 7.7 mm to 9.1 mm to satisfy the yield
strength requirement. Then efforts were made to reduce the thicknesses of shaft and tube where the maximum stress was

relatively low in the original design. By reducing their thickness, the weight of intermediate shaft assembly was reduced by
8.14 % while all the four requirements were satisfied with the modified design.
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Fig. 1 Intermediate shaft assembly
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Fig. 4 Engineering stress-strain diagrams of tensile test
specimens
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Table 1 Material properties of tensile test specimens

Specimen | Elastic modulus | Yield strength | Ultimate strength
No. (GPa) (MPa) (MPa)
1 70.42 386.76 427.07
2 71.98 380.70 419.88
3 71.11 381.10 420.63
4 69.13 383.31 422.64
5 70.43 378.64 418.67
6 68.32 383.98 424.26
7 70.23 381.10 420.79
Average 70.23 382.23 421.99
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Fig. 5 Intermediate shaft assembly where shaft is inserted
into tube
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Fig. 7 Thickness change in the yoke of shaft
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Fig. 8 Stress distribution in the yoke of shaft with different
thickness under torque T=280 Nm
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Fig. 9 Stress distribution in the yoke of shaft with different
thickness under torque T=400 Nm

Table 2 Magnitudes of maximum stresses in the yoke of
shaft with different thickness (MPa)

Torque Thickness of yoke (mm)
(Nm) 7.7 8.4 9.1
280 389.90 387.60 374.21
400 405.85 395.40 388.95
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diameter d; under torque T=280 Nm
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Fig. 12 Stress distribution in the shaft with different inner
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bly Considering Strength, Rotational Durability and Torsional Durability

ol e L7 2L FHPL X 5 Unh

32 854

B ol #1383 F-9]e] e A& st
a1, 0] o B =0 22%S T4 0% 7|71 280 Nm
92} 400 Nmel EFE 350 7 F o3t} AFZE 97
EUT s FE U 1We BE =528 %=

AAIZA & AHE-SHA THFig. 13).
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Fig. 14 Stress distribution in the tube with different outer
diameter d, under torque T=280 Nm
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Table 3 Weight of intermediate shaft assembly with change
in design parameters

Design Initial Design | Design Desi@
. change | change change in
parameters design inshaft | intube | shaft and tube

ty (mm) 7.7 9.1 - 9.1

d; (mm) 7.0 9.0 - 9.0

d, (mm) 28.0 - 26.5 26.5
Shaft weight (g) | 164.66 | 159.64 - 159.64
Tube weight (g) | 158.15 - 136.88 136.88
Total weight (g) | 322.81 - - 296.52

ty: thickness of yoke in the shaft
di: inner diameter of shaft
d,: outer diameter of tube
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Table 4 Load conditions in rotational durability analysis

Torque magnitude 20 Nm
Wave type Rectangle
Frequency 0.5 Hz

Angle +180°
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Fig. 16 Intermediate shaft assembly which is used in the
structural analysis. The axis of intermediate shaft
assembly is in the direction of the axis of the
applied torque
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Fig. 17 Stress distribution of intermediate shaft assembly
under torque T=20 Nm. The axis of intermediate
shaft assembly is in the direction of the axis of the
applied torque
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Fig. 18 Damage plot of intermediate shaft assembly as
results of rotational durability analysis
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Fig. 19 Life plot of intermediate shaft assembly as results of
rotational durability analysis
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Table 5 Load conditions in torsional durability analysis

Torque magnitude 29.4 Nm
Wave type Sine
Frequency 2.3 Hz

Angle +180°

Fig. 20 Intermediate shaft assembly which is used in the
structural analysis. The axis of intermediate shaft
assembly is tilted by 12° from the axis of the
applied torque
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Fig. 21 Stress distribution of intermediate shaft assembly as
the results of structural analysis under torque
T=29.4 Nm. The axis of intermediate shaft
assembly is tilted by 12° from the axis of the
applied torque
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Fig. 22 Damage plot of intermediate shaft assembly as
results of torsional durability analysis
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Fig. 23 Life plot of intermediate shaft assembly as results of
torsional durability analysis
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