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5-58. The motor delivers 33 kW to the 304 stainless steel solid shaft while it rotates at 20 Hz. The 

shaft has a diameter of 37.5 mm. and is supported on smooth bearings at A and B, which allow 

free rotation of the shaft. The gears C and D fixed to the shaft remove 20 kW and 12 kW, 

respectively. Determine the absolute maximum stress in the shaft and the angle of twist of gear C 

with respect to gear D. 

250mm 

200mm 

150mm 

Tm=262.6N.m 
TAC=262.6N.m 

TCD=95.5N.mm
m 

TD=95.5N.mm
m 

𝑇𝑚 =
33 ∗ 1000

2𝜋 ∗ 20
= 262.61 𝑁. 𝑚,    𝑇𝐶 =

20 ∗ 1000

2𝜋 ∗ 20
= 159.15  𝑁. 𝑚, 

 𝑇𝐷 =
12 ∗ 1000

2𝜋 ∗ 20
= 95.5  𝑁. 𝑚,     

𝑇𝑚𝑎𝑥 = 𝑇𝐴𝐶 = 262.61 𝑁. 𝑚,     

𝜑𝐶/𝐷 =
𝑇𝐶𝐷 ∗ 𝐿𝐶𝐷

𝐽𝐺
=

95.5 ∗ 1000 ∗ 200

𝜋
2 ∗ (

37.5
2 )4 ∗ 75 ∗ 1000

= 𝟎. 𝟎𝟎𝟏𝟑𝟏𝟏 𝑹𝒂𝒅.      𝑨𝒏𝒔 

 

𝜏𝑚𝑎𝑥 =
𝑇𝑚𝑎𝑥 ∗𝐶

𝐽
=

262.61∗1000∗
37.5

2
𝜋

2
∗(

37.5

2
)4

= 𝟐𝟓. 𝟑𝟔 𝑴𝑷𝒂      Ans. 
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5.62 The two shafts are made of A-36 steel. Each has a diameter of 25 mm., and they are supported by 

bearings at A, B, and C, which allow free rotation. If the support at D is fixed, determine the angle of 

twist of end A when the torques is applied to the assembly as shown. 

750 mm 

250 mm 

120 N.m 

60N.m 

150 mm 

300 mm 

250 mm 

200 mm 

100 mm 

0.10 m 

60/0.1=600N 

60 N. m 

-60 N. m 

60 N. m 0.15m 

-600*0.15 
-90N.m 

600 N 

0.15m 

600 N 

120 N. m 
TBA =30 N. m 

=
1

𝜋
2

 12.5 4 ∗ 75 ∗ 1000
 −90 ∗ 1000 ∗ 750

+ 30 ∗ 1000 ∗ 250 = 

−0.02086 = 𝟎. 𝟎𝟐𝟎𝟖𝟔    𝑹𝒂𝒅 , 

𝜑𝐹 =
6

4
𝜑𝐸 =

6

4
∗ 0.02086 = 𝟎. 𝟎𝟑𝟏𝟐𝟗   𝑹𝒂𝒅. 

𝜑𝐴/𝐹 =
−60 ∗ 1000 ∗ 250

𝜋
2

 12.5 4 ∗ 75 ∗ 1000
= −0.0052

= 𝟎. 𝟎𝟎𝟓𝟐 𝑹𝒂𝒅. 

𝜑𝐴 = 𝜑𝐹 + 𝜑𝐴/𝐹 = 0.03129 + 0.0052

= 𝟎. 𝟎𝟑𝟔𝟓𝟏 𝑹𝒂𝒅.           𝑨𝒏𝒔 



          Sem. 131                                      Key Solution HW 8                                    CE 203 

 



          Sem. 131                                      Key Solution HW 8                                    CE 203 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



          Sem. 131                                      Key Solution HW 8                                    CE 203 

 
 
 
 
 

5–90. The two 1-m-long shafts are made of 2014-T6 aluminum. Each has a diameter of 30 mm. and 

they are connected using the gears fixed to their ends. Their other ends are attached to fixed supports 

at A and B. They are also supported by bearings at C and D, which allow free rotation of the shafts 

along their axes. If a torque of  900 N.m is applied to the top gear as shown, determine the maximum 

shear stress in each shaft. 

900 N.m 

80 mm 

40 mm 

1 m 

900 N.m 

80mm 

40mm 

 
F(80) -  900* 1000  =  0                (1)    

 
F(40) = 0                (2)    

-  900* 1000  =  0                (3)    

 (4)    

TA  = 180000 N.mm  ;  TB = 360000 N.mm    

𝟑𝟔𝟎𝟎𝟎𝟎 ∗ 𝟏𝟓
𝝅
𝟐 (𝟏𝟓)𝟒

= 𝟔𝟕. 𝟗 𝑴𝑷𝒂.                                                       𝑨𝒏𝒔. 

𝟏𝟖𝟎𝟎𝟎𝟎 ∗ 𝟏𝟓
𝝅
𝟐 (𝟏𝟓)𝟒

= 𝟑𝟑. 𝟗𝟓 𝑴𝑷𝒂.                                                       𝑨𝒏𝒔. 


