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QUESTION 1 
 
1.1 Solied Shaft 

 
𝜎𝜎𝐻𝐻𝑀𝑀𝑀𝑀𝑀𝑀 = 160𝑀𝑀𝑀𝑀𝑀𝑀 (𝑐𝑐) = 𝜎𝜎𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀 
 

  

 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ℎ𝑢𝑢𝑢𝑢  
 
𝜎𝜎𝐻𝐻𝑀𝑀𝑀𝑀𝑀𝑀 = −120 × 106 = 𝑎𝑎 − 𝑏𝑏

𝑑𝑑𝑐𝑐2
  

 
           = −120 × 106 = 𝑎𝑎 − 𝑏𝑏

(0,1)2
  

 
           = −120 × 106 = 𝑎𝑎 − 100𝑏𝑏… … … … … . . (1) 
 
𝜎𝜎𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀 = 0 = 𝑎𝑎 + 𝑏𝑏

𝐷𝐷2
  

 
          = 0 = 𝑎𝑎 + 𝑏𝑏

(0,14)2
 

 
           = 𝑎𝑎 = −51,02𝑏𝑏… … … … … . (2) 
 
𝑒𝑒𝑒𝑒 (2)𝑖𝑖𝑖𝑖 𝑒𝑒𝑒𝑒 (1)  
 
−120 × 106 = −51,02𝑏𝑏 − 100𝑏𝑏  
 
               𝑏𝑏 = 794,597 × 103 
 
            ∴ 𝑎𝑎 = −51,02(794597) = −40,54 × 106 
 
𝜎𝜎𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑎𝑎 + 𝑏𝑏

𝑑𝑑𝑐𝑐2
= −40,54 × 106 + 794,597×103

(0,1)2
  

 
                           = 38,92𝑀𝑀𝑀𝑀𝑀𝑀 
 
∴ 𝜎𝜎𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚  𝑓𝑓𝑓𝑓𝑓𝑓 𝑏𝑏𝑏𝑏𝑏𝑏ℎ ℎ𝑢𝑢𝑢𝑢 𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎 = 38,92𝑀𝑀𝑀𝑀𝑀𝑀  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(8) 
 
1.2 𝐹𝐹𝜇𝜇 = 𝑃𝑃𝑜𝑜 × (𝜋𝜋𝐷𝐷𝑐𝑐𝐿𝐿) × 𝜇𝜇 

 
     = (38,92 × 106)(𝜋𝜋)(0,1)(0,11)(0,25) 
 
      = 336,242𝑘𝑘𝑘𝑘 

 

  (2) 
 
1.3 𝑇𝑇𝜇𝜇 = 𝐹𝐹𝜇𝜇 × 𝐷𝐷𝑐𝑐

2
= (336242) �0,1

2
� = 16,812𝑘𝑘𝑘𝑘𝑘𝑘    

     (1) 
   [11] 
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QUESTION 2 
 
𝐼𝐼 =

𝜋𝜋
64

(𝐷𝐷4 − 𝑑𝑑4) =
𝜋𝜋

64
(24 − 𝑑𝑑4) = 785,398 × 10−3 − 49,087 × 10−3𝑑𝑑4 

 
𝑊𝑊 = 𝜌𝜌𝜌𝜌𝜌𝜌 = (7800)(9,81)(4)𝐴𝐴 = 306,072 × 103𝐴𝐴 𝑁𝑁 
 

𝜎𝜎𝐷𝐷 =
𝑊𝑊
𝐴𝐴

=
306,072 × 103𝐴𝐴

𝐴𝐴
= 306,072 𝑘𝑘𝑘𝑘𝑘𝑘 

 
𝐴𝐴𝑒𝑒𝑒𝑒𝑒𝑒 = 0,6𝐴𝐴𝑝𝑝 = 0,6(2 × 4) = 4,8 𝑚𝑚2 
 
𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 𝑃𝑃𝐴𝐴𝑒𝑒𝑒𝑒𝑒𝑒 = (2,5 × 103)(4,8) = 12 𝑘𝑘𝑘𝑘 
 
𝑀𝑀 = 𝐹𝐹 × 𝑒𝑒 = (12 × 103)(2) = 24 𝑘𝑘𝑘𝑘𝑘𝑘 
 

𝜎𝜎𝐵𝐵 =
𝑀𝑀𝑦𝑦�

𝐼𝐼
=

(24 × 103)(1)
785,398 × 10−3 − 49,087 × 10−3𝑑𝑑4

 

 
               = 24×103

785,398×10−3−49,087×10−3𝑑𝑑4
 

 
𝜎𝜎𝐷𝐷 = 𝜎𝜎𝐵𝐵 
 

306,072 × 103 =
24 × 103

785,398 × 10−3 − 49,087 × 10−3𝑑𝑑4
 

 
785,398 × 10−3 − 49,087 × 10−3𝑑𝑑4 = 78,413 × 10−3 
 
                                                   𝑑𝑑4 = 14,403 
 
                                                     𝑑𝑑 = 1,948 𝑚𝑚 
 

𝑡𝑡 =
𝐷𝐷 − 𝑑𝑑

2
=

2 − 1,948
2

= 26 𝑚𝑚𝑚𝑚 

 

[12] 
 
 
QUESTION 3 
 
3.1 

𝑀𝑀 =
𝑤𝑤ℓ2

2
−
𝑤𝑤ℓ2

2
=

2 × 103

2
(42 − 22) = 12 𝑘𝑘𝑘𝑘𝑘𝑘 

 

𝑍𝑍𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
𝑀𝑀
𝜎𝜎𝐵𝐵

=
12 × 103

120 × 106
= 100 × 10−6𝑚𝑚3 

 

𝑍𝑍𝑒𝑒𝑒𝑒𝑒𝑒ℎ =
100 × 10−6

2
= 50 × 10−6𝑚𝑚3 

 
120 × 55 × 13,4 𝑘𝑘𝑘𝑘/𝑚𝑚 

 

  (5) 
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3.2 

∆= �
𝑤𝑤ℓ4

8𝐸𝐸𝐸𝐸
+
𝑤𝑤ℓ3

6𝐸𝐸𝐸𝐸
× ℓ� − [

𝑤𝑤ℓ4

8𝐸𝐸𝐸𝐸
+
𝑤𝑤ℓ3

6𝐸𝐸𝐸𝐸
× ℓ 

 

11 × 10−3 = �(2×103)(44)
8(200×109)𝐼𝐼

+ (2×103)(43)
6(200×109)

× 2� 
 

                     −[(2×103)(24)
8(200×109)𝐼𝐼

+ (2×103)(23)
6(200×109)𝐼𝐼

× 4] 
 

11 × 10−3 =
533,333 × 10−9

𝐼𝐼
−

73,333 × 10−9

𝐼𝐼
 

 
𝐼𝐼𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 41,818 × 10−6 𝑚𝑚4 
 
𝐼𝐼𝑒𝑒𝑒𝑒𝑒𝑒ℎ = 20,909 × 10−6 𝑚𝑚4 
 
220 × 80 × 29,4 𝑘𝑘𝑘𝑘/𝑚𝑚 

 

  (6) 
 
3.3 220 × 80 × 29,4 𝑘𝑘𝑘𝑘/𝑚𝑚  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑏𝑏𝑏𝑏𝑏𝑏ℎ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐     (2) 
   [13] 

 
 
QUESTION 4 
 
4.1 𝐹𝐹𝑡𝑡𝐴𝐴 = 𝑤𝑤𝑦𝑦𝐴𝐴 

 

𝑌𝑌𝐴𝐴 =
360
12

= 30 𝑚𝑚 
 
𝑌𝑌𝐵𝐵 = 𝑌𝑌𝐴𝐴 − ℎ = 30 − 5 = 25 𝑚𝑚 
 
𝑌𝑌𝐴𝐴2 = 𝑌𝑌𝑂𝑂2 + ℓ𝐴𝐴

2 
 
302 = 𝑌𝑌𝑂𝑂2 + ℓ𝐴𝐴

2 … … … … . . (1) 
 
𝑌𝑌𝐵𝐵2 = 𝑌𝑌𝑂𝑂2 + ℓ𝐵𝐵

2 
 
252 = 𝑌𝑌𝑂𝑂2 + (40 − ℓ𝐴𝐴)2 … … … … . (2) 
 
𝑒𝑒𝑒𝑒 (1) − 𝑒𝑒𝑒𝑒 (2) 
 
302 − 252 = ℓ𝐴𝐴

2 − (40 − ℓ𝐴𝐴)2 
 
275 = ℓ𝐴𝐴

2 − 1600 + 80ℓ𝐴𝐴 − ℓ𝐴𝐴
2 

 
ℓ𝐴𝐴 = 23,438 𝑚𝑚 
 
302 = 𝑌𝑌𝑂𝑂2 + (23,438)2 
 
𝑌𝑌𝑂𝑂 = 18,73 𝑚𝑚 
 
𝑑𝑑 = 𝑌𝑌𝐵𝐵 − 𝑌𝑌𝑂𝑂 = 25 − 18,73 = 6,27 𝑚𝑚  

 

  (8) 
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4.2 ℓ𝐴𝐴 = 𝑌𝑌𝑂𝑂 tan𝜃𝜃 

 

𝜃𝜃 = tan−1(
23,438
18,73

) = 51,37° 

 

  (2) 
   [10] 

 
 
QUESTION 5 
 
5.1 𝑊𝑊𝑇𝑇 = 𝜎𝜎1 × 𝐴𝐴𝑓𝑓 = (160 × 103)(42) = 2,56 𝑀𝑀𝑀𝑀 

 
𝑊𝑊 = 𝑊𝑊𝑇𝑇 −𝑊𝑊𝑓𝑓 = 2,56 × 106 − (20 × 1000 × 9,81) = 2363,8 𝑘𝑘𝑘𝑘 
 

𝑀𝑀 =
𝑊𝑊
8𝐿𝐿

(𝐿𝐿 − ℓ)2 =
2363.8 × 103

8(4) (4 − 0,8)2 = 756,416 𝑘𝑘𝑘𝑘𝑘𝑘 

 

  (3) 
 
5.2 𝑍𝑍 =

𝑀𝑀
𝜎𝜎𝐵𝐵 × 𝑛𝑛𝑡𝑡

=
756416

(180 × 106)(4)
= 1050,58 × 10−6𝑚𝑚3 

 
406 × 178 × 59,8 𝑘𝑘𝑘𝑘/𝑚𝑚 

 

  (2) 
 
5.3 𝑤𝑤 = 𝑏𝑏 × 𝑛𝑛𝑡𝑡 + 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑛𝑛𝑡𝑡 − 1) 

     = 177,6 × 4 + 75(4 − 1) 
     = 935,4 𝑚𝑚𝑚𝑚 

 

  (2) 
 
5.4 𝑀𝑀 =

𝑊𝑊
8𝐿𝐿

[𝐿𝐿 − ℓ]2 
 
    = 2363,8×103

8(4)
[4 − 0,9354]2 

 
    = 693,759 𝑘𝑘𝑘𝑘𝑘𝑘 
 

𝑍𝑍𝑒𝑒 =
𝑀𝑀

𝜎𝜎𝐵𝐵 × 𝑛𝑛𝑏𝑏
=

693759
(180 × 106)(12)

= 321,185 × 10−6 𝑚𝑚3 

 
305 × 102 × 28,6 𝑘𝑘𝑘𝑘/𝑚𝑚 

 

  (3) 
 
5.5 𝑆𝑆𝑆𝑆 = 𝑊𝑊

2𝐿𝐿
[𝐿𝐿 − ℓ]  

 
     = 2363,8×103

2(4)
[4 − 0,8] = 945,52 𝑘𝑘𝑘𝑘 

 
𝐴𝐴 = ℎ𝑡𝑡𝑛𝑛𝑡𝑡  
 
    = (406,4 × 10−3)(7,8 × 10−3)(4) = 12,68 × 10−3𝑚𝑚2 
 
𝜏𝜏 = 𝑆𝑆𝑆𝑆

𝐴𝐴
= 945,52×103

12,68×10−3
= 74,568 𝑀𝑀𝑀𝑀𝑀𝑀  

 

  (3) 
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5.6 𝑆𝑆𝑆𝑆 =

𝑊𝑊
2𝐿𝐿

[𝐿𝐿 − ℓ] 
 
     = 2363,8×103

2(4)
[4 − 0,9354] = 905,513𝑘𝑘𝑘𝑘 

 
𝐴𝐴 = ℎ𝑡𝑡𝑛𝑛𝑏𝑏 
 
   = (308,9 × 10−3)(6,1 × 10−3)(12) = 22,612 × 10−3𝑚𝑚2 
 

𝜏𝜏 =
𝑆𝑆𝑆𝑆
𝐴𝐴

=
905,513 × 103

22,612 × 10−3
= 40,046𝑀𝑀𝑀𝑀𝑀𝑀 

 

  (3) 
   [16] 

 
 
QUESTION 6 
 
6.1 𝑊𝑊1 = 𝜌𝜌𝜌𝜌𝜌𝜌ℓ = 2200 × 9,81 × 3 × 1 × 1 = 64,746 𝑘𝑘𝑘𝑘   

𝑊𝑊2 = 𝜌𝜌𝜌𝜌𝜌𝜌ℓ = 2200 × 9,81 × 2 × 1 × 1 = 43,164 𝑘𝑘𝑘𝑘   
𝑊𝑊𝑔𝑔 = 𝜌𝜌𝜌𝜌𝜌𝜌ℓ = 1600 × 9,81 × 2 × 0,8 × 1 = 25,114 𝑘𝑘𝑘𝑘 
𝑉𝑉 = 𝑊𝑊1 + 𝑊𝑊2 + 𝑊𝑊𝑔𝑔 = 133,024 𝑘𝑘𝑘𝑘   

 

  (4) 
 
6.2 𝑊𝑊~𝑀𝑀 = 𝑊𝑊1𝑥𝑥1 + 𝑊𝑊2𝑥𝑥2 = 64746 × 0,5 + 43164 × 2 + 25114 × 2

= 168,929 𝑘𝑘𝑘𝑘𝑘𝑘   
 

  (2) 
 
6.3 

𝐹𝐹~𝑀𝑀 =
𝜌𝜌𝜌𝜌ℎ2𝐶𝐶µ

2
×
ℎ
3

+ 𝑝𝑝ℎ𝐶𝐶µ ×
ℎ
2

   

𝐹𝐹~𝑀𝑀 =
1600 × 9,81 × 1,82 × 0,333

2
× 0,6+ 2000 × 1,8 × 0,333 × 0,9   

𝐹𝐹~𝑀𝑀 = 6167,304  𝑁𝑁   

 

  (3) 
 
6.4 𝑉𝑉𝑉𝑉 + 𝐹𝐹~𝑀𝑀 = 𝑊𝑊~𝑀𝑀 

133024 × 𝑥𝑥 + 6167,304 = 168929   
𝑥𝑥 = 1,224 𝑚𝑚   

𝑒𝑒 =
𝐵𝐵
2
− 𝑥𝑥 = 1,5 = 1,224 = 276 𝑚𝑚𝑚𝑚 

𝑒𝑒 < 𝐵𝐵
6

  ∴ 𝑡𝑡ℎ𝑒𝑒 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  

 

  (4) 
   [13] 
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QUESTION 7 
 
7.1 𝐴𝐴𝑠𝑠 = 𝜋𝜋𝑑𝑑2

4
× 𝑁𝑁° = 𝜋𝜋(0,02)2

4
× 5 = 1,571 × 10−3𝑚𝑚2  

𝑒𝑒𝑒𝑒2

2
= 𝑚𝑚𝐴𝐴𝑠𝑠(𝑑𝑑 − 𝑛𝑛)  

0,08𝑛𝑛2

2
= �210

14
� (1,571 × 10−3)(0,67 − 𝑛𝑛)  

0,04𝑛𝑛2 = 15,789 × 10−3 − 23,565 × 10−3𝑛𝑛   
𝑛𝑛 = 399,334 𝑚𝑚𝑚𝑚  

 

  (4) 
 
7.2 𝜎𝜎𝑠𝑠

𝜎𝜎𝑐𝑐
=
𝑚𝑚(𝑑𝑑 − 𝑛𝑛)

𝑛𝑛
 

𝜎𝜎𝑠𝑠
𝜎𝜎𝑐𝑐

=
15(0,67 − 0,399334)

0,3993334
   

𝜎𝜎𝑠𝑠 = 10,167  𝜎𝜎𝑐𝑐   
 
𝑀𝑀𝑠𝑠 =  𝜎𝜎𝑠𝑠  𝐴𝐴𝑠𝑠(𝑑𝑑 − 𝑛𝑛) 
𝑀𝑀𝑠𝑠 =  𝜎𝜎𝑠𝑠(1,571 × 10−3)(0,67 − 0,399334)  
𝑀𝑀𝑠𝑠 = 0,5 × 7 × 106 × 0,15 × 0,129 × 0,257   
𝑀𝑀𝑠𝑠 =  425,216 × 10−6𝜎𝜎𝑠𝑠  
 

𝑀𝑀𝑐𝑐 =
1
2
𝜎𝜎𝑐𝑐  𝑒𝑒𝑒𝑒

2
3
𝑛𝑛 

𝑀𝑀𝑐𝑐 =
1
2
𝜎𝜎𝑐𝑐(0,08)

2
3

(0,399334)2 
𝑀𝑀𝑐𝑐 = 4,252 × 10−3𝜎𝜎𝑐𝑐 
 
𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑀𝑀𝑐𝑐 + 𝑀𝑀𝑠𝑠 
140 × 103 = 4,252 × 10−3𝜎𝜎𝑐𝑐 + 425,216 × 10−6𝜎𝜎𝑠𝑠   
140 × 103 = 4,252 × 10−3𝜎𝜎𝑐𝑐 + 425,216 × 10−6(10,167  𝜎𝜎𝑐𝑐) 
 𝜎𝜎𝑐𝑐 = 16,326𝑀𝑀𝑀𝑀𝑀𝑀 
𝜎𝜎𝑠𝑠 = 10,167 (16,326) = 165,988𝑀𝑀𝑀𝑀𝑀𝑀 

 

  (9) 
   [13] 
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QUESTION 8 
 
8.1 𝑇𝑇𝑀𝑀𝑀𝑀𝑀𝑀 = (𝑇𝑇1 − 𝑇𝑇2)𝑅𝑅 = (2400 − 1000)0,15 = 210 𝑁𝑁𝑁𝑁 

 
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = (𝑇𝑇1 + 𝑇𝑇2)𝐿𝐿 = (2400 + 1000)0,15 = 544 𝑁𝑁𝑁𝑁 
 

𝑇𝑇𝑒𝑒 = �𝑇𝑇𝑀𝑀𝑀𝑀𝑀𝑀2 + 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
2 = �(210)2 + (544)2 = 583,126 𝑁𝑁𝑁𝑁 

 

  (4) 
 
8.2 𝑇𝑇𝑒𝑒 =

𝜋𝜋
16

𝐷𝐷3𝜏𝜏𝑀𝑀𝑀𝑀𝑀𝑀 
 
583,126 × 10−6 =

𝜋𝜋
16

𝐷𝐷3(45 × 106) 
 
𝐷𝐷3 = 65,996 × 10−6 
 
𝐷𝐷 = 40,412 𝑚𝑚𝑚𝑚 

 

  (2) 
 
8.3 𝑀𝑀𝑒𝑒 = 1

2
[𝑀𝑀 + 𝑇𝑇𝑒𝑒] = 1

2
[544 + 583,126] = 563,563 𝑁𝑁𝑁𝑁     (2) 

 
8.4 𝑀𝑀𝑒𝑒 = 𝜋𝜋

32
𝐷𝐷3𝜎𝜎𝑛𝑛  

 
563,563 = 𝜋𝜋

32
𝐷𝐷3  

 
𝐷𝐷3 = 57,404 × 10−6  
 
𝐷𝐷 = 38,576 𝑚𝑚𝑚𝑚  

 

  (2) 
 
8.5 𝐷𝐷 = 40,412 𝑚𝑚𝑚𝑚  

𝐼𝐼𝐼𝐼 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑏𝑏𝑏𝑏𝑏𝑏ℎ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  
 

  (2) 
   [12] 

 
TOTAL:  100 
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