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QUESTION 1 
 
Data:   
 
𝐹𝐹 = 120 𝑘𝑘𝑘𝑘;  𝜎𝜎𝑡𝑡 = 115 𝑀𝑀𝑀𝑀𝑀𝑀;  𝜏𝜏 = 90 𝑀𝑀𝑀𝑀𝑀𝑀;  𝜎𝜎𝑐𝑐 = 190 𝑀𝑀𝑀𝑀𝑀𝑀 

  

 
Solution:   
 
1.1 The diameter of the rods: 

 
𝐹𝐹 =

𝜋𝜋
4
𝑑𝑑2𝜎𝜎𝑡𝑡 

 

∴ 𝑑𝑑 = �
4𝐹𝐹
𝜋𝜋𝜎𝜎𝑡𝑡

= �
4(120 × 103)
𝜋𝜋(115 × 106)

 = 36,45 mm 

 
∴ 𝑑𝑑 = 38 𝑚𝑚𝑚𝑚(𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) 

 

  (3) 
 
1.2 The diameter of the pin: 

 
𝐹𝐹 = 2 �

𝜋𝜋
4
𝑑𝑑12𝜏𝜏� 

 

∴ 𝑑𝑑1 = �2𝐹𝐹
𝜋𝜋𝜋𝜋

= �
2(120 × 103)
𝜋𝜋(90 × 106)

 = 29,135 mm 

 
∴ 𝑑𝑑1 = 30 𝑚𝑚𝑚𝑚(𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) 

 

  (3) 
 
1.3 The thickness of the fork ends: 

 
𝐹𝐹 = 2𝑏𝑏𝑡𝑡2𝜎𝜎𝑡𝑡 = 2(1,2𝑑𝑑)𝑡𝑡2𝜎𝜎𝑡𝑡 
 
120 × 103 = 2[1,2(0,038)]𝑡𝑡2(115 × 106) 
 
120 × 103 = 2𝑡𝑡1[2(0,03) − 0,03](115 × 106) 
 
𝑡𝑡2 = 11,442 𝑚𝑚𝑚𝑚 
 
∴ 𝑡𝑡2 = 12 𝑚𝑚𝑚𝑚 

 

  (3) 
 
1.4 The thickness of the fork eye: 

 
𝐹𝐹 = 𝑡𝑡(𝑑𝑑2 − 𝑑𝑑1)𝜎𝜎𝑡𝑡 
 
120 × 103 = 𝑡𝑡[2(0,03) − 0,03](115 × 106) 
 
𝑡𝑡 = 34,783 𝑚𝑚𝑚𝑚 

 

 
 
 ∴ 𝑡𝑡 = 35 𝑚𝑚𝑚𝑚    (2) 
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1.5 The diameter of the pin head and collar: 

 
●𝑑𝑑3 = 1,5𝑑𝑑 = 1,5(38) = 57 𝑚𝑚𝑚𝑚 
 
●𝑡𝑡3 = 0,5𝑑𝑑 = 0,5(38) = 19 𝑚𝑚𝑚𝑚 

 

  (2) 
 
1.6 The thickness of the curved section of the fork: 

 
𝐹𝐹 = 2𝑡𝑡1(𝑑𝑑2 − 𝑑𝑑1)𝜎𝜎𝑡𝑡 
 
120 × 103 = 2𝑡𝑡1[2(0,03) − 0,03](115 × 106) 
 
𝑡𝑡1 = 17,391 𝑚𝑚𝑚𝑚 
 
∴ 𝑡𝑡 = 18 𝑚𝑚𝑚𝑚 

 

  (2)  
 [15] 

 
 
QUESTION 2 
 
2.1 Data: 

 
𝐷𝐷 = 60 𝑚𝑚𝑚𝑚;  𝑛𝑛 = 12;  𝑁𝑁 = 50

𝑟𝑟
𝑠𝑠𝑠𝑠𝑠𝑠

;  ℎ = 5 𝑚𝑚𝑚𝑚;  𝐿𝐿 = 50 𝑚𝑚𝑚𝑚;  𝑝𝑝 = 5 𝑀𝑀𝑀𝑀𝑀𝑀;   
𝜇𝜇   =  0,25       

 

 
 
 Solution:   
 
 2.1.1 The power that can be transmitted: 

 
𝑑𝑑 = 𝐷𝐷 − 2ℎ = 60 − 2(5) = 50 𝑚𝑚𝑚𝑚 
 

𝑇𝑇 = 𝑝𝑝 �
1
2

(𝐷𝐷 − 𝑑𝑑)𝐿𝐿𝐿𝐿� �
1
2

(𝐷𝐷 − ℎ)� 

 

𝑇𝑇 = 5�
1
2

(60 − 50)(50)(12)��
1
2

(60 − 5)� = 412,5 𝑘𝑘𝑘𝑘𝑘𝑘 

 
𝑃𝑃 = 2𝜋𝜋𝜋𝜋𝜋𝜋 = 2𝜋𝜋(50)(412,5 × 103) = 129,591 𝑀𝑀𝑀𝑀 

 

  (5) 
 
 2.1.2 The force required to slide the hub axially: 

 
𝐹𝐹𝜇𝜇 = 𝜇𝜇𝜇𝜇𝜇𝜇 = 𝜇𝜇(𝑝𝑝𝑝𝑝ℎ)𝑛𝑛 = (0,25)(5)(50)(5)(12) = 3750 𝑁𝑁 

 

  (3) 
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2.2 Data: 

 
𝐷𝐷 = 2𝑑𝑑;𝑃𝑃 = 4500 𝑘𝑘𝑘𝑘;   𝑁𝑁 = 300

𝑟𝑟
𝑚𝑚𝑚𝑚𝑚𝑚

;   𝑇𝑇𝑥𝑥 = 1,125𝑇𝑇𝑚𝑚;  𝜃𝜃 = 2,5°;  L = 1 m;  
G = 85 GPa 

 

 
  
 Solution:   
 
 The inside and outside diameters of the shaft: 

 

●T =
60 𝑃𝑃
2 𝜋𝜋𝜋𝜋

=
60(4500 × 103)

2𝜋𝜋(300)
= 143239,449 𝑁𝑁𝑁𝑁 

 

●𝐽𝐽 =
𝑇𝑇𝑇𝑇
𝐺𝐺𝐺𝐺

 
 
𝜋𝜋

32
(𝐷𝐷4 − 𝑑𝑑4) =

𝑇𝑇𝑇𝑇
𝐺𝐺𝐺𝐺

 
 
𝜋𝜋

32
[(2𝑑𝑑)4 − 𝑑𝑑4] =

𝑇𝑇𝑇𝑇
𝐺𝐺𝐺𝐺
 

 
15
32

𝜋𝜋𝑑𝑑4 =
𝑇𝑇𝑇𝑇
𝐺𝐺𝐺𝐺
 

 

𝑑𝑑 = � 32𝑇𝑇𝑇𝑇
15𝜋𝜋𝜋𝜋𝜋𝜋

4
 = �

32(143239,449)(1)

15 𝜋𝜋(85 × 109) �2,5° × 𝜋𝜋
180°

�
4 = 71,562 𝑚𝑚𝑚𝑚 

 
Say, 𝑑𝑑 = 72 𝑚𝑚𝑚𝑚 and 𝐷𝐷 = 144 𝑚𝑚𝑚𝑚 

 

(10) 
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2.3 Data: 

 
𝑚𝑚𝑠𝑠 = 𝑚𝑚ℎ; 𝑙𝑙𝑠𝑠 = 𝑙𝑙ℎ;  𝜌𝜌𝑠𝑠 = 𝜌𝜌ℎ;  𝜏𝜏𝑠𝑠 = 𝜏𝜏ℎ 

 

 
 
 Solution:   
 
 Compare the strength of the solid shaft to the hollow shaft: 

 
● Since 𝑚𝑚𝑠𝑠 = 𝑚𝑚ℎ, 𝑙𝑙𝑠𝑠 = 𝑙𝑙ℎ 𝑎𝑎𝑎𝑎𝑎𝑎 𝜌𝜌𝑠𝑠 = 𝜌𝜌ℎ, 𝑡𝑡ℎ𝑒𝑒𝑒𝑒: 
 
     𝐴𝐴𝑠𝑠 = 𝐴𝐴ℎ 
 
∴ 𝐷𝐷𝑠𝑠2 = 𝐷𝐷ℎ2 − 𝑑𝑑ℎ2 
 

∴ 𝐷𝐷𝑠𝑠 = �𝐷𝐷ℎ2 − 𝑑𝑑ℎ2 = �1442 − 722 = 124,708 𝑚𝑚𝑚𝑚 = 125 𝑚𝑚𝑚𝑚 (𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) 

 

 
 
 

●% Strength =
𝑇𝑇𝑠𝑠
𝑇𝑇ℎ

× 100% =
𝜋𝜋
16
𝐷𝐷𝑠𝑠3𝜏𝜏𝑠𝑠

𝜋𝜋
16

𝐷𝐷ℎ
4−𝑑𝑑ℎ

4

𝐷𝐷ℎ
𝜏𝜏ℎ

× 100% =
𝐷𝐷𝑠𝑠3

𝐷𝐷ℎ
4−𝑑𝑑ℎ

4

𝐷𝐷ℎ

× 100% 

 

   % Strength =
1253

1444−724

144

× 100% 

 
∴ % Strength = 69,77% 

 

  (7) 
  [25] 
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QUESTION 3 
 
Data: 

𝑡𝑡 = 15 𝑚𝑚𝑚𝑚;  𝑛𝑛 = 2;  𝑝𝑝 = 60 𝑚𝑚𝑚𝑚;  𝜎𝜎𝑡𝑡−𝑃𝑃 =
420

4
 𝑀𝑀𝑀𝑀𝑀𝑀 = 105 𝑀𝑀𝑀𝑀𝑀𝑀;  𝜏𝜏𝑅𝑅 =

300
4

 𝑀𝑀𝑀𝑀𝑀𝑀 = 75 𝑀𝑀𝑀𝑀𝑀𝑀 

  

 

𝜎𝜎𝑐𝑐−𝑃𝑃𝑃𝑃 =
600

4
 𝑀𝑀𝑀𝑀𝑀𝑀 = 150 𝑀𝑀𝑀𝑀𝑀𝑀   

 
Solution:   
 
The efficiency of the joint: 
 
● 𝐹𝐹𝑡𝑡 = (𝑝𝑝 − 𝑑𝑑)𝑡𝑡𝜎𝜎𝑡𝑡−𝑃𝑃 = (60 − 𝑑𝑑)(15)(105) = 94500 − 1575𝑑𝑑 
 

● 𝐹𝐹𝑠𝑠 =
𝜋𝜋
4
𝑑𝑑2 𝜏𝜏𝑅𝑅𝑛𝑛 =

𝜋𝜋
4
𝑑𝑑2(75)(2) =

75
2
𝜋𝜋𝑑𝑑2 

 
●𝐹𝐹𝑡𝑡 = 𝐹𝐹𝑠𝑠 

94500 − 1575𝑑𝑑 =
75
2
𝜋𝜋𝑑𝑑2 

 
75
2
𝜋𝜋𝑑𝑑2 + 1575𝑑𝑑 − 94500 = 0 

 

𝑑𝑑 =
−1575 ± �15752 − 4 �75

2
𝜋𝜋� (−94500)

2 �75
2
𝜋𝜋�

 

 
𝑑𝑑 = 22,416 𝑚𝑚𝑚𝑚 𝑎𝑎𝑎𝑎𝑎𝑎 𝑑𝑑 ≠ −35,785 𝑚𝑚𝑚𝑚 
 
∴ 𝑑𝑑 = 24 𝑚𝑚𝑚𝑚 (𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) 
 
● 𝐹𝐹𝑡𝑡 = (𝑝𝑝 − 𝑑𝑑)𝑡𝑡𝜎𝜎𝑡𝑡−𝑃𝑃 = (60 − 24)(15)(105) = 56,7 𝑘𝑘𝑘𝑘 

 

 
 
● 𝐹𝐹𝑠𝑠 =

𝜋𝜋
4
𝑑𝑑2 𝜏𝜏𝑅𝑅𝑛𝑛 =

𝜋𝜋
4

(24)2(75)(2) = 67,858 𝑘𝑘𝑘𝑘 
 
● 𝐹𝐹𝑐𝑐 = 𝑑𝑑𝑑𝑑𝑑𝑑𝜎𝜎𝑐𝑐−𝑃𝑃𝑃𝑃 = (24)(15)(2)(150) = 108 𝑘𝑘𝑘𝑘 
 
● 𝐹𝐹𝑜𝑜 = 𝑝𝑝𝑝𝑝𝜎𝜎𝑡𝑡−𝑃𝑃 = (60)(15)(105) = 94,5 𝑘𝑘𝑘𝑘 
 

●η =
 𝐹𝐹𝑡𝑡
 𝐹𝐹𝑜𝑜

× 100% =
56,7
94,5

× 100% = 60% 

 

 
  [18] 
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QUESTION 4 
 
Data: 
 
𝑤𝑤 = 20 𝑚𝑚𝑚𝑚;  𝑡𝑡 = 5 𝑚𝑚𝑚𝑚;  𝑚𝑚 = 1,25 𝑘𝑘𝑘𝑘;𝑁𝑁 = 200 𝑟𝑟/𝑚𝑚𝑚𝑚𝑚𝑚;  𝑑𝑑 = 320 𝑚𝑚𝑚𝑚;  𝐷𝐷 = 960 𝑚𝑚𝑚𝑚 

  

 
𝐶𝐶 = 1450 𝑚𝑚𝑚𝑚;  𝜎𝜎 = 4,5 𝑀𝑀𝑀𝑀𝑀𝑀;  𝜇𝜇 = 0,25 
 
Solution:   
 
4.1 The power that the drive can transmit: 

 

● sin𝛽𝛽 =
𝐷𝐷 + 𝑑𝑑

2𝐶𝐶
=

960 + 320
2(1450)

 

 
∴ 𝛽𝛽 = 26,192° 
 
●θ = 180° + 2𝛽𝛽 = 180° + 2(26,192°) = 232,384° = 4,056 𝑟𝑟𝑟𝑟𝑟𝑟 
 

●v =
𝜋𝜋𝜋𝜋(𝐷𝐷 + 𝑡𝑡)

60
=
𝜋𝜋(200)(0,96 + 0,005)

60
 = 10,105 𝑚𝑚/𝑠𝑠 

 
●𝑇𝑇1 = 𝑤𝑤𝑤𝑤𝜎𝜎𝑡𝑡 = (0,02)(0,005)(4,5 × 106) = 450 𝑁𝑁 
 
 

●L =
1
2
𝜋𝜋(𝐷𝐷 + 𝑑𝑑 + 2𝑡𝑡) +

(𝐷𝐷 + 𝑑𝑑 + 2𝑡𝑡)2

4𝐶𝐶
+ 2𝐶𝐶 

 

L =
1
2
𝜋𝜋[960 + 320 + 2(5)] +

[960 + 320 + 2(5)]2

4(1450)
+ 2(1450) 

 
∴ 𝐿𝐿 = 5213,077 𝑚𝑚𝑚𝑚 
 

●𝑚𝑚� =
𝑚𝑚
𝐿𝐿

=
1,25

5213,077 × 10−3
 = 0,24 𝑘𝑘𝑘𝑘/𝑚𝑚 

 
●𝑇𝑇𝑐𝑐 = 𝑚𝑚�𝑣𝑣2 = (0,24)(10,105)2 = 24,486 𝑁𝑁 

 

 
 
 ●

𝑇𝑇1 − 𝑇𝑇𝑐𝑐
𝑇𝑇2 − 𝑇𝑇𝑐𝑐

= 𝑒𝑒𝜇𝜇𝜇𝜇 

 
𝑇𝑇1 − 𝑇𝑇𝑐𝑐
𝑒𝑒𝜇𝜇𝜇𝜇

= 𝑇𝑇2 − 𝑇𝑇𝑐𝑐 
 

𝑇𝑇2 = 𝑇𝑇𝑐𝑐 +
𝑇𝑇1 − 𝑇𝑇𝑐𝑐
𝑒𝑒𝜇𝜇𝜇𝜇

 = 24,486 +
450 − 24.486
𝑒𝑒(0,25)(4,056)  = 178,853 𝑁𝑁 

 
𝑃𝑃 = (𝑇𝑇1 − 𝑇𝑇2)𝑣𝑣 = (450 − 178,853)(10,105) = 2740,067 𝑊𝑊 

 

(16) 
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4.2 The minimum dimensions of a rectangular key: 

 
Data: 
 
𝑑𝑑 = 60 𝑚𝑚𝑚𝑚 
 
Solution: 
 
Since no information is known regarding the key material, empirical ratios are 
to be used. 
 

●𝐿𝐿 =
3
2
𝑑𝑑 =

3
2

(60) = 90 𝑚𝑚𝑚𝑚 
 

●𝑤𝑤 =
1
4
𝑑𝑑 =

1
4

(60) = 15 𝑚𝑚𝑚𝑚 
 

●𝑡𝑡 =
1
6
𝑑𝑑 =

1
6

(60) = 10 𝑚𝑚𝑚𝑚 
 
∴ 𝑇𝑇ℎ𝑒𝑒 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑎𝑎𝑎𝑎𝑎𝑎: 90 × 15 × 10 mm (𝐿𝐿 × w × t) 

 

  (4) 
  [20] 
 
 
QUESTION 5 
 
Data: 
 
𝐷𝐷 = 150 𝑚𝑚𝑚𝑚;  𝑠𝑠𝑠𝑠 = 200 𝑚𝑚𝑚𝑚;  𝐿𝐿 = 500 𝑚𝑚𝑚𝑚;𝑝𝑝 = 1,675 𝑀𝑀𝑀𝑀𝑀𝑀 
 
𝜎𝜎𝑐𝑐−𝑝𝑝 = 100 𝑀𝑀𝑀𝑀𝑀𝑀;  𝜏𝜏𝑝𝑝 = 84 𝑀𝑀𝑀𝑀𝑀𝑀 

  

 
𝑇𝑇ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑡𝑡ℎ𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑟𝑟 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝜃𝜃 =  90°. 
 

                                

 

 
 
 
 
 

 
 
 
 
 

𝛼𝛼 

r 

L 
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Solution:   
 
5.1 The angle between the connecting rod and the piston rod centre line: 

 

●r =
1
2
𝑠𝑠𝑠𝑠 =

1
2

(200) = 100 𝑚𝑚𝑚𝑚 

 

 
 
 ● sin𝛼𝛼 =

𝑟𝑟
𝐿𝐿

=
100
500

 
 
∴ 𝛼𝛼 = 11,537° 

 

  (3) 
 
5.2 The angle between the crank arm and the connecting rod centre: 

 
●β = 90° − 𝛼𝛼 = 90° − 11,537° = 78,463° 

 

  (1) 
 
5.3 The magnitude of the force acting on the piston: 

 
●F =

𝜋𝜋
4
𝐷𝐷2p =

𝜋𝜋
4

(0,15)2(1,675 × 106) = 29599,693 N 

 

  (2) 
 
5.4 The magnitude of the reaction force below the crosshead: 

 

● tan𝛼𝛼 =
𝑅𝑅
𝐹𝐹

 
 

tan 11,537° =
𝑅𝑅

29599,693
 

 
∴ 𝑅𝑅 = 6042,012 𝑁𝑁 

 

  (3) 
 
5.5 The magnitude of the force in the crank arm: 

 

● cos𝛼𝛼 =
𝐹𝐹
𝑘𝑘

 
 

cos 11.537° =
29599,693

𝑘𝑘
 

 
∴ 𝑘𝑘 = 30210,060 𝑁𝑁 

 

  (3) 
 
5.6 The outside and inside diameters of the crank pin:   
 
 ●k = 1,3𝐷𝐷𝑝𝑝2𝜎𝜎𝑐𝑐−𝑝𝑝 

 
30210,060 = 1,3𝐷𝐷𝑝𝑝2 × (100 × 106) 
 
∴ 𝐷𝐷𝑝𝑝 = 15,244 𝑚𝑚𝑚𝑚 
 
∴ 𝐷𝐷𝑝𝑝 = 16 𝑚𝑚𝑚𝑚 (std) 
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 ●k = 2 ×

𝜋𝜋
4
�𝐷𝐷𝑝𝑝2 − 𝑑𝑑𝑝𝑝2�𝜏𝜏𝑝𝑝 

 
30210,060 =

𝜋𝜋
2
�0,0162 − 𝑑𝑑𝑝𝑝2�(84 × 106) 

 
30210,060
𝜋𝜋
2

(84 × 106)
= �0,0162 − 𝑑𝑑𝑝𝑝2� 

 

𝑑𝑑𝑝𝑝 = �0,0162 −
30210,060
𝜋𝜋
2

(84 × 106)
 

 
∴ 𝑑𝑑𝑝𝑝 = 5,200 𝑚𝑚𝑚𝑚 
 
∴ 𝑑𝑑𝑝𝑝 = 5 𝑚𝑚𝑚𝑚 
 

�
𝑁𝑁𝑁𝑁: 𝑑𝑑𝑝𝑝 = 6 𝑚𝑚𝑚𝑚 𝑖𝑖𝑖𝑖 𝑁𝑁𝑁𝑁𝑁𝑁 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡ℎ𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 −

         𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝 �      

 

(10) 
  [22] 
 

TOTAL:  100 
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