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Every mechanical part for mass production has dimensions with tolerances in engineering
drawing. Tolerance is given to guarantee assemble parts together satisfying functional
requirements and dimensional constraints. Tolerance is essential factor for standardization of
parts or assembly and has huge influence on manufacturing cost. It will be desirable to have
tolerances as broad as possible for minimizing manufacturing cost. This paper describes
tolerance analysis of u-joint assembly that is a part of automobile steering system. Within the
range of tolerances of parts, accumulated effect is estimated by arithmetic calculation, probability
theory and Monte carlo simulation. Each result is compared to investigate the method for

increasing productivity.
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Fig. 2 Section of spline shaft and tube’

Table 1 Dimension of tooth width of spline shaft and tube,
and diameter of spline shaft’

Spline shaft | Tube(#7 ) | _Dameter of

spline shaft( 27 )
(W) (@m) | (mm) (mm)
Dimension
and 2.728+0.012 |2.765+0.016| 27.77+0.05
Tolerance
GD&T (2701 |AalB]
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Fig. 3 Dimension of spline shaft and tube®*
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Fig. 4 Apparatus for compliance test
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Fig. 5 Geometry between spline shaft and tube®
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Table 2 Arithmetic tolerance analysis result

Worst case
Clearance (T0 area) 0.057 mm
.| Rotation angle(2 Gaa[n] ) 0.25°
Compliance test result 1.06 mm
No. of contact tooth in spline shaft T5
Falling distance of tube 0.029 mm
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Table 3 Clearance calculation by RSS of o

Nominal
\ omm.a Min/ | Mean Star'ldz.ird
dimension | tolerances i deviation
Max | (7)
(mm) (o)
0.015 2.78
2.765 2.765 0.005
(tube) -0.015 | 2.75
-2.728 0.012 |-2.716
. -2.728 0.004
(spline shaft) | 0012 | -2.74
Mean Clearance( 4, ) 0.0370
RSS of o (0pg) 0.0064
Min. clearance ( £, -3 O g ) 0.0178
Max. clearance (4, +3 O ) 0.0562
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Table 4 RSS tolerance analysis result

Result %?:tife t;
Clearance (T area) 0.052mm | 91.2%
Rotation angle(2 841, ) 0.22° | 88.0%
Compliance test result 0.93mm | 87.7%
No. of contact tooth in spline shaft Ts -
Falling distance of tube 0.026 mm| 89.7%
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Fig. 10 Monte carlo simulation of clearance
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Table 5 Monte carlo simulation result

result Ratio to
Table 2
Clearance (TO area) 0.041 mm| 71.9%
Rotation angle(2 Gda[n] ) 0.18° 72.0%
Compliance test result 074 mm | 69.8%
No. of contact tooth in spline shaft Ts -
Falling distance of tube 0.021 mm| 72.4%
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Table 6 Worst case tolerance for matching RSS and
Monte carlo simulation

s |t
Compliance test result 0.93 mm 0.74 mm
Tolerance of shaft +0.0086 mm | £0.0036 mm
Tolerance of tube +0.0108 mm | £0.0045 mm
Ratio 28% -60 %
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