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BELT FRICTION 

Power is transmitted through a belt that is running round the two plugs.This 

is used in laths, diesel engine, and rise mills etc for power transmission. 

The power is transmission is due to the friction existing b/w the belt and the 

pulley surface. The friction is called belt friction. 
 

𝑇2 = 𝑒𝑀𝑄 Tension Ratio 
𝑇1 
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𝑇2= tension in fight side 

𝑇1 = tension in slack side 

𝜃 = angle of contact 

𝜇 = coefficient of friction 

𝑇2 > 𝑇1 

𝜃 value sub in radian 

𝜃 in radian = 𝜋⁄180 × 𝜃 𝑣𝑎𝑙𝑢𝑒 𝑖𝑛 𝑑𝑒𝑔𝑟𝑒𝑒 

Power 𝑃 = [𝑇2 − 𝑇1] × 𝑉 
 

𝑉 = 
𝜋𝑑𝑁 

60 
𝑚/𝑠 

N= speed of drum 

D = diameter of drum 

V= belt speed (or) velocity of belt 

Problem 1 

A flat belt develops a tight side tension of 2000 N during power transmission 

the coefficient of friction b/w pulley and belt is 0.3, the angle of lap on smaller pulley 

is 165° and the belt speed is 18 m/s. determine the power that can be transmitted, if 

the belt is assumed to be perfectly elastic and without mass. 

Given data: 

Tension in tight side 𝑇1 = 2000𝑁 

Coefficient of friction 𝜇 = 0.3 

Angle of contact 𝜃 = 165° 

Velocity of belt 𝑉 = 18 
𝑚

 
𝑠 

To find: 

Power ‘P’ 

Soln: 
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Power 𝑃 = [𝑇2 − 𝑇1] × 𝑉 

𝑇2 = 2000, 𝑉 = 18 𝑚⁄𝑠 𝑔𝑖𝑣𝑒𝑛 

By Tension Ratio 

𝑇2 
= 𝑒𝑀𝑄, 𝜇 = 0.3 

𝑇1 

𝜃 = 165° 

𝜃 = 165° × 𝜋⁄180 

𝜃 = 2.87 𝑟𝑎𝑑𝑖𝑎𝑛 

2000 
= 𝑒0.3×2.87 

𝑇1 

2000 2000 
𝑇1 = 

𝑒0.3×2.87 = 
𝑒0.861 = 

𝑇1 = 845.47 𝑁 

Power 𝑃 = [𝑇2 − 𝑇1] × 𝑉 

2000 
 

 

2.36 

 

𝑃 = [2000 − 845.47] × 18 

𝑃 = 20 × 103𝑤 

 
 

 
Problem 2 

A rope is wrapped three time around a rod shown in fig 
 

Determine the force T required on the free end of the rope. To support a load of 

W= 20KN. Take 𝜇 𝑎𝑠 0.3. 

Given Data: 
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Weight w=20 KN 𝑤 = 𝑇2 𝑤 = 𝑇2 

𝜇 = 0.3. 𝑇2 = 𝑇1 𝑇1 = 𝑇 

To find: 

Tension ‘T’ 

Soln: 

Tension Ratio 

𝑇2 
= 𝑒𝑀𝑄 

𝑇1 

𝜃 = 3 × 𝜋⁄180 × 360° 

𝜃 = 18.84 𝑟𝑎𝑑𝑖𝑎𝑛 

𝑇2 = 𝑒0.3×18.84 

𝑇1 

20 
= 𝑒0.3×18.84 

𝜋 

20 
𝑇1 = 

𝑒0.3×18.84 

𝑇1 = 0.07 𝐾𝑁 

𝑇 = 𝑇1 = 0.07 𝐾𝑁 

 
 

Problem 3 

A wire rope is wrapped three and a half times around a cylinder as shown in 

below. Determine the force 𝑇1 exerted on the free end of rope that is required to 

support a 1KN weight the coefficient of friction b/w the rope and the cylinder is 2.5 
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Given: 

Coefficient of friction 𝜇 = 0.25 

No of turns=3.5 

𝑇2 = 𝑤 = 1𝐾𝑁 

To find: 

Force exerted 𝑇1 

Soln: 

Tension ratio 

Tension Ratio 

𝑇2 
= 𝑒𝑀𝑄 

𝑇1 

𝜃 = 360 × [𝜋⁄180] × 3.5 

𝜃 = 21.99 𝑟𝑎𝑑𝑖𝑎𝑛 

𝑇2 = 𝑒0.25×21.99 

𝑇1 

1 
 

 

𝑇1 
= 𝑒0.25×21.99 

 
1 

𝑇1 = 
𝑒0.25×21.99 

𝑇1 = 4.09 × 103 𝐾𝑁 

𝑇 = 𝑇1 = 4.09 𝐾𝑁 

Derive the ratio b/w the two belt tension forces 

                  𝑇2 = 𝑒𝑀𝜃 

𝑇1 
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𝑇1 = Tension in tight side 

𝑇2 = Tension in slack side 

𝜃 = Angle of contact 

𝜇 = Coefficient of friction 
 

 

𝛴𝐹𝑋 = 0 

𝑑𝜃 
−𝑇 cos 

2
 

𝑑𝜃 

 

 
+ (𝑇 + 𝑑𝑇)𝑐𝑜𝑠 
 

𝑑𝜃 

 

𝑑𝜃 

2 

 

 
− 𝑑𝑓 = 0 
 

𝑑𝜃 
−𝑇 cos 

2
 + 𝑇 cos 

2
 + (𝑑𝑇)𝑐𝑜𝑠 

2 
− 𝑑𝑓 = 0 

𝑑𝑓 = 𝜇𝑑𝑁 &cos 
𝑑𝜃 

= 1 
2 

𝑑𝑇 = −𝜇𝑑𝑁 = 0 

𝑑𝑡 = 𝜇𝑑𝑁----------- (1) 

𝛴𝐹𝑌 = 0 

 
dN +([𝑇 + 𝑑𝑇])𝑠𝑖𝑛 

 
𝑑𝜃 

𝑑𝜃 

2 

 
− 𝑇𝑠𝑖𝑛 
 
𝑑𝜃 

𝑑𝜃 

2 

 
= 0 
 
𝑑𝜃 

𝑑𝑁 − 𝑇 sin 
2 
− 𝑑𝑇 sin 

2 
− 𝑇𝑠𝑖𝑛 

2 
= 0 

 
𝑑𝑁 = 2𝑇 

𝑑𝜃 

2 
− 𝑑𝑇 𝑑𝑜 = 0 

𝑑𝑁 − 𝑇𝑑𝜃 = 0 

𝑑𝑁 − 𝑇𝑑𝜃-------- (2) 

𝑑𝑁 value sub in Eqn (1) 

𝑑𝑇 = 𝜇𝑑𝑁--------- (1) 
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𝑑𝑇 = 𝜇 × 𝑑𝑁 

𝑑𝑇 

𝑇 
= 𝜇𝑑𝜃 

𝜃 
𝑇2 𝑑𝑇 

∫ 
𝑇1 𝑇  

= ∫ 𝜇𝑑𝜃 

0 

[log 𝑇]𝑇2 = [𝜇] 
𝑇1 0  

𝑇2 

𝑙𝑜𝑔𝑇2 − 𝑙𝑜𝑔𝑇1 = 𝜇𝜃 = 𝑙𝑜𝑔 
𝑇
 = 𝜇𝜃 

 

Flat for belt 𝑇1 = 𝑒𝜇𝜃 
𝑇2 

𝑇2 
 

𝑇1 

 
= 𝑒 

𝜇𝜃 𝑐𝑜𝑠𝑒𝑐
𝐵

 
2 

1 
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Screw friction 
 

w=load active 𝑤 𝑡[𝜃 + ∅] 

It is used to raise and lower the load 

Ex, screw jack 

Taking moment about the axis of the screw 

𝑊 tan(∅ + 𝜃) × 𝑟 − 𝐹 × 𝑙 = 0 

𝑊 × 𝑟 × tan(∅ + 𝜃) = 𝐹𝑙 

Force applied to raise (or) Lower the load F 

𝑤𝑟𝑡𝑎𝑛(∅ + 𝜃) 
𝐹 = 

𝑙
 

𝜃 =Lead angle 

∅ =Friction angle 

tan ∅ = 𝜇 

𝜃 = 𝑡𝑎𝑛−1(𝜇) 

Lead of screw = the height lifted for one full from rotation 

Pitch length of screw = The distance b/w the two connective thread head screw pitch 

length 

If friction angle ∅ > 𝑙𝑒𝑎𝑑 𝑎𝑛𝑔𝑙𝑒𝜃 

∅ > 𝜃 
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The screw is in locking or (self-locking) of the screw 

𝑡𝑎𝑛𝜃 
𝜇 = 

tan (∅ + 𝜃) 
× 100

 

Mean radius = 𝑟 = 
𝑝𝑖𝑡𝑐ℎ 𝑙𝑒𝑛𝑔𝑡ℎ

 
2 

 
𝑟 = 

𝑑𝑖𝑎 𝑚𝑒𝑡𝑒𝑟 

2 

Problem: 1 

A screw jack has a square thread of mean radius 5cm and pitch length of 1.5 

cm. length of lever 50 cm. it is used to raise and lower the load of 25 KN. 𝜇 = 

0.2 find 

(i) Force applied to raise the Load 

(ii) Force applied to the lower the load 

(iii) Threaded efficiency 

Given 

Load 𝑤 = 25𝐾𝑁 = 25 × 103𝑁 

Mean radius𝑟 = 5 𝑐𝑚 

Pith length= 1.5𝑐𝑚 

Length of lever (l) =50cm 𝜇 = 0.2 

Soln 

(i) Force applied to raise the road 

𝑊𝑟𝑡𝑎𝑛[∅ + 𝜃] 
𝐹 = 

𝑙 

𝑡𝑎𝑛∅ = 𝜇 
 

∅ = 𝑡𝑎𝑛−1(𝜇) 

∅ = 𝑡𝑎𝑛−1(0.2) 

𝜃 = 𝐿𝑒𝑎𝑑 𝑎𝑛𝑔𝑙𝑒 
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1.5 
𝑡𝑎𝑛𝜃 = 

2 × 𝜋 × 5
 

𝜃 = 𝑡𝑎𝑛−1 ( 
1.5 

) 
2 × 𝜋 × 5 

𝜃 = 2°4′ 

𝐹 = 
25×103×5 

tan [11°55′ + 2°4′] 
50 

𝐹 = 653.54 𝑁 

(ii) Force applied to lower the load 

𝑤𝑟𝑡𝑎𝑛(∅ − 𝜃) 
𝐹 = 

 

𝐹 = 

 
 

𝑙 

25 × 103 × 5 × tan [11°55′ − 2°4′] 
 

 

50 

𝐹 = 0.104 𝐾𝑁 

(iii) Efficiency: 𝜂 

𝑡𝑎𝑛𝜃 
𝜂 = 

tan (𝜃 + ∅) 
× 100

 

tan 2°4′ 
𝜂 = 

tan (2°4′ + 11°55′) 

𝜂 = 36 
 

 


	Screw friction

