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EXAMPLE |35.9

The gears attached to the fixed-end steel shaft are subjected to the
torques shown in Fig. 5-19a. If the shear modulus of elasticity is 80 GPa
and the shaft has a diameter of 14 mm, determine the displacement of
the tooth P on gear A.The shaft turns freely within the bearing at B.

Thc= 150 N'm

SOLUTION

Internal Torque. By inspection, the torques in segments AC, CD,
and DE are different yet constant throughout cach segment.
Free-body diagrams of appropriate segments of the shaft along with
the calculated internal torques are shown in Fig. 5-19b. Using the
right-hand rule and the established sign convention that positive
torque is directed away from the sectioned end of the shaft, we have

TAC = 150 N-m TCD: =130 N+'m TDEZ =170 N-m
These results are also shown on the torque diagram, Fig. 5-19%¢.
Angle of Twist. The polar moment of inertia for the shaft is

J = %(0‘007 m)* = 3.771(107°) m*

Applying Eq. 5-16 to each segment and adding the results
algebraically, we have

T(N:m)

o gIL___ (+150N-m)©4m) )
AT “JG T 3.771(107°) m [80(10%) N/m?]
(—130 N-m)(0.3 m) L2 5 (m)

T 3771(107) m* [80(10°) N/m?)]
(=170 N -m)(0.5 m)
+
3.771(107°) m* [80(10°) N/m?)]

= —(.2121 rad ©

Since the answer is negative, by the right-hand rule the thumb is
directed foward the end E of the shaft, and therefore gear A will
rotate as shown in Fig. 5-194.

The displacement of tooth P on gear A is

sp = ¢ = (02121 rad)(100 mm) = 21.2 mm Ans.

NOTE: Remember that this analysis is valid only if the shear stress
does not exceed the proportional limit of the material. Fig. 5-19
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