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QUESTION 1 
 
1.1 1.1.1 𝑇𝑇 =  𝑃𝑃×60

2𝜋𝜋𝜋𝜋
  

 
𝑇𝑇 =  25 000×60

2𝜋𝜋×1 200
  

   = 198,94 𝑁𝑁𝑁𝑁 

 

  (2) 
 
 1.1.2 𝑅𝑅𝑓𝑓 =  100+75

2
 

      = 87,5𝑁𝑁𝑁𝑁  
 𝑇𝑇 =  𝜇𝜇×𝐹𝐹𝐴𝐴×𝑅𝑅𝑓𝑓

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
 

𝐹𝐹𝐴𝐴 =  198,94×𝑠𝑠𝑠𝑠𝑠𝑠15°
0,28×0,0875

  
     = 2 101 𝑁𝑁 

 

  (3) 
 
 1.1.3 𝐹𝐹𝑒𝑒𝑠𝑠𝑒𝑒 = 𝐹𝐹𝐴𝐴 �1 + 𝜇𝜇

𝑡𝑡𝑡𝑡𝑠𝑠𝑠𝑠
�  

         = 2 101 �1 + 0,4
𝑡𝑡𝑡𝑡𝑠𝑠15°

� 
        = 5 237 𝑁𝑁 

 

  (2) 
 
1.2                                𝑇𝑇1

𝑇𝑇2
= �1+𝜇𝜇 tan𝑠𝑠

1−𝜇𝜇 tan𝑠𝑠
�
𝑠𝑠

 

                                  = �1+0,35 tan5°
1−0,35 tan5°

�
15
  

                                               = 2,51 
                                             𝑃𝑃 = (𝑇𝑇1 − 𝑇𝑇2) × 𝑣𝑣 
                                   𝑇𝑇1 − 𝑇𝑇2 = 200×103×60

𝜋𝜋×0,6×650
 

                                   = 9794 𝑁𝑁 
                       ∴ 2,51𝑇𝑇2 − 𝑇𝑇2 = 9794 
                                             𝑇𝑇2 = 6486 𝑁𝑁  
                                             𝑇𝑇1 = 16280 𝑁𝑁 
  
 
                                   ∑ ↷ 𝑀𝑀 = ∑ ↶ 𝑀𝑀 
             𝐹𝐹 × 550 + 𝑇𝑇2 × 50 = 𝑇𝑇1 × 150 
 ∴ 𝐹𝐹 × 550 + 16280 × 50 = 6486 × 150 
                                        ∴ 𝐹𝐹  = 288,9 𝑁𝑁 

 

(10) 
   [17] 
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a

c

d

47,25+105x

 
 
QUESTION 2 
 
2.1 Plane 𝑁𝑁 (𝑘𝑘𝑘𝑘) 𝑟𝑟 (𝑁𝑁) 𝑁𝑁𝑟𝑟 (𝑘𝑘𝑘𝑘.𝑁𝑁) 𝑙𝑙 (𝑁𝑁) 𝑁𝑁𝑟𝑟𝑙𝑙 (𝑘𝑘𝑘𝑘.𝑁𝑁2)   
 A 6 30 180 -0,4 0   
 B m 42 42m 0 0,375   
 C 4 40 160 0,45 0,844   
 D 3 35 105 0,45 + 𝑥𝑥 47,25 + 𝑥𝑥   

                                                                                                                   
 
                  Couple polygon 

    
     
 
 
 
    
               47,25 + 105𝑥𝑥 = 101,8 
           𝑥𝑥 = 0,52 𝑁𝑁 = 520 𝑁𝑁𝑁𝑁  
 
 
              
      
 

 

  (9) 
 
2.2 2.2.1 𝑃𝑃 = (𝑇𝑇1 − 𝑇𝑇2) × 𝑣𝑣  𝑇𝑇1

𝑇𝑇2
  =  𝑒𝑒𝜇𝜇𝑠𝑠 

 𝑇𝑇1 − 𝑇𝑇2 = 35×103×60
𝜋𝜋×0,9×600

        =  𝑒𝑒0,25𝜋𝜋 
 𝑇𝑇1 − 𝑇𝑇2 = 1238 𝑁𝑁          = 2,19 
2,19𝑇𝑇2 − 𝑇𝑇2 = 1238 𝑁𝑁 
𝑇𝑇2 = 1040 𝑁𝑁  
 𝑇𝑇1 = 2278 𝑁𝑁 

 

  (4) 
 
 2.2.2 𝑇𝑇𝑠𝑠 = 𝑃𝑃×60

2×𝜋𝜋×𝜋𝜋
 

       = 35 000×60
2×𝜋𝜋×600

 
 = 557 𝑁𝑁𝑁𝑁   

 

  (2) 
 
 2.2.3 𝑇𝑇𝑝𝑝 = 35 000×60

2×𝜋𝜋×1500
  

     = 222,8 𝑁𝑁𝑁𝑁 

 

  (1) 
 
 2.2.4 𝐹𝐹𝑡𝑡 = 𝑇𝑇×2

𝑃𝑃𝑃𝑃𝑃𝑃
 

 = 222,8×2
0,12

 
  = 3713 𝑁𝑁 

𝐹𝐹𝑟𝑟 = 𝐹𝐹𝑡𝑡𝑠𝑠𝑒𝑒𝑠𝑠𝑠𝑠 
𝐹𝐹𝑟𝑟 = 3713𝑠𝑠𝑒𝑒𝑠𝑠20° 
     = 3951 𝑁𝑁 

 

  (3) 
    [19] 
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QUESTION 3 
 
3.1 𝑁𝑁 = 𝜌𝜌 × 𝑉𝑉  

     = 𝜌𝜌 × 𝜋𝜋(𝑅𝑅2 − 𝑟𝑟2) × 𝑤𝑤 
     = 7 300 × 𝜋𝜋(0,452 − 0,32) × 0,2 
     = 516 𝑘𝑘𝑘𝑘  

 

  (3) 
 
3.2 𝐼𝐼 = 𝑁𝑁𝑘𝑘2 

    = 1/2𝑁𝑁(𝑅𝑅2 + 𝑟𝑟2) 
    = 1/2 × 516(0,452 + 0,32) 
    = 75,465 𝑘𝑘𝑘𝑘𝑁𝑁2 

 

  (3) 
 
3.3 𝜔𝜔1 = 2𝜋𝜋×210

60
  𝜔𝜔2 = 2𝜋𝜋×132

60
 

      = 21,99 𝑟𝑟𝑟𝑟𝑟𝑟/𝑠𝑠       = 13,82 𝑟𝑟𝑟𝑟𝑟𝑟/𝑠𝑠 
 𝐸𝐸𝑘𝑘 = 1

2
𝐼𝐼(𝜔𝜔1

2 − 𝜔𝜔2
2)   

 𝐸𝐸𝑘𝑘 = 1
2

× 75,465(21,992 − 13,822)  
       =11,039 kJ 

 

  (4) 
 
3.4 𝑡𝑡𝑡𝑡 = 60

12
 −1,2 

     = 3,8 𝑠𝑠𝑒𝑒𝑠𝑠𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠 
 𝛼𝛼 =  𝜔𝜔1−𝜔𝜔2

𝑡𝑡
 

     = 21,99−13,82
3,8

 
     = 2,15 𝑟𝑟𝑟𝑟𝑟𝑟/𝑠𝑠2 
 𝑇𝑇 = 𝐼𝐼 × 𝛼𝛼  
     = 75,465 × 2,15 
     = 162,2 𝑁𝑁𝑁𝑁 

 

  (5) 
 
3.5 𝑃𝑃𝑚𝑚 = 𝐸𝐸𝑘𝑘 × 𝑠𝑠/𝑠𝑠      

= 11,039 × 12/60 
     = 2,21 𝑘𝑘𝑘𝑘 

 

  (2) 
   [17] 
 
 
QUESTION 4 
 
4.1 tan𝜃𝜃 =  𝑝𝑝×𝑠𝑠

𝜋𝜋×𝑃𝑃𝑚𝑚
 

           = 15×2
𝜋𝜋×75

 
       = 0,1273 

∴    𝜃𝜃 = 7,26° 
      ∅ = tan−1 𝜇𝜇 

 = tan−1 0,03 
=1,72° 

𝜂𝜂  = tan7,26
tan(7,26+1,72) × 100 
80,6 % 

 

  (7) 
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4.2 𝑃𝑃𝑤𝑤 =  𝑃𝑃𝑜𝑜×100

𝜂𝜂
  

𝑃𝑃𝑤𝑤 =  20×100
80,6

 
      = 24,8 𝑘𝑘𝑘𝑘 

 

  (2) 
 
4.3 1𝑟𝑟𝑒𝑒𝑣𝑣 𝑠𝑠𝑜𝑜 𝑤𝑤𝑠𝑠𝑟𝑟𝑁𝑁 = 2 × 15 = 30 𝑁𝑁𝑁𝑁 

    1 200 𝑟𝑟/𝑁𝑁 = 20 𝑟𝑟/𝑠𝑠 
 𝑣𝑣 = 20 × 30 = 600 𝑁𝑁𝑁𝑁/𝑠𝑠 
     =0,6 m/s 
𝑃𝑃𝑜𝑜 = 𝐹𝐹𝑤𝑤 × 𝑣𝑣 
20 = 𝐹𝐹𝑤𝑤 × 0,6  
𝐹𝐹𝑤𝑤 = 33,33 𝑘𝑘𝑁𝑁 

 

  (6) 
  [15] 
 
 
QUESTION 5 
 
5.1 𝑇𝑇𝐸𝐸 = 𝑁𝑁𝑘𝑘𝑠𝑠𝑚𝑚𝑠𝑠𝜃𝜃 

       = 1 500 × 9,81𝑠𝑠𝑚𝑚𝑠𝑠20° 
       = 5 032,8 𝑁𝑁 
  𝑤𝑤 = 𝑇𝑇𝑇𝑇×ℎ

𝑑𝑑
 

      = 5 032,8×0,8
2,8

 
       = 1 438 𝑁𝑁  
  𝑁𝑁𝑅𝑅 = 𝑚𝑚𝑒𝑒×𝑦𝑦

𝑑𝑑
 

  = 1 500×9,81×1,2
2,8

 
       = 6 306 𝑁𝑁  
 
Load on rear wheels 
 
       = 6 306 + 1 438 
       = 7 744 𝑁𝑁  
𝑇𝑇𝐸𝐸 = 𝜇𝜇𝑁𝑁 
   𝜇𝜇 = 5 032,8

7 744
 

 = 0,65 

 

(12) 
 
5.2 𝑃𝑃 = 𝑇𝑇𝐸𝐸 × 𝑣𝑣 ×  100

𝜂𝜂
 

    = 5032,8 ×  25
3,6

 × 100
52
 

     = 67,212 𝑘𝑘𝑘𝑘 

 

  (3) 
   [15] 
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A

B

C

DE

a

b

c

62,75

31,5

46,25

 
QUESTION 6 
 
6.1 
 
 
 
 
 
 
 
 
 
 
 
 

  

  (3) 
 
6.2 𝑣𝑣𝐵𝐵 = 2𝜋𝜋𝑅𝑅𝑁𝑁/60   
       = 2𝜋𝜋 × 0,1 × 240/60   
       = 2,51 𝑁𝑁/𝑠𝑠    (1) 
 
6.3 
 
 
 
 
 
 
 
 
 
 
 

  

  (3) 
 

6.4 6.4.1 𝑣𝑣𝐵𝐵𝑡𝑡𝑜𝑜𝑃𝑃 = 46,25 × 0,04 = 1,85 𝑁𝑁/𝑠𝑠  
𝜔𝜔𝐵𝐵𝑃𝑃   =  𝑣𝑣𝐵𝐵𝐵𝐵𝑜𝑜𝐵𝐵

𝐵𝐵𝑃𝑃
 = 1,85

0,3
 

           = 6,17  𝑟𝑟𝑟𝑟𝑟𝑟/𝑠𝑠  𝑟𝑟𝑡𝑡 73,83° 

 

  (3) 
 
 6.1.2 𝑣𝑣𝑃𝑃𝑡𝑡𝑜𝑜𝑃𝑃 = 31,5 × 0,04 = 1,26 𝑁𝑁/𝑠𝑠 

𝜔𝜔𝑃𝑃𝑃𝑃  =  𝑣𝑣𝐵𝐵𝐵𝐵𝑜𝑜𝐵𝐵
𝐵𝐵𝑃𝑃

 = 1,26
0,1
 

           = 12,6  𝑟𝑟𝑟𝑟𝑟𝑟/𝑠𝑠  𝑟𝑟𝑡𝑡 73,83° 

 

  (3) 
 
 6.4.3 Centripetal acceleration Bto C 

 = 𝜔𝜔𝐵𝐵𝑃𝑃
2 × 𝐵𝐵𝐵𝐵 

 = 6,172 × 0,3 
 = 11,42 𝑁𝑁/𝑠𝑠2 

 

  (2) 
 
 6.4.4 Centripetal acceleration B to C 

= 𝜔𝜔𝑃𝑃𝑃𝑃
2 × 𝐵𝐵𝐶𝐶 

= 12,62 × 0,1 
= 15,88 𝑁𝑁/𝑠𝑠2 

 

  (2) 
  [17] 
 

TOTAL:   100 
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