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IME 2nd Problem solving seminar – 2019 

 

Problem 1: Mine cart  

What diameter should be a mine carts wheel if the total weight of the cart with its load is 

20 kN? (571 mm) Our aim is to have a traction force of 140 N while the “coefficient of 

rolling friction with dimension length” corresponding to the rolling resistance force arising 

between the steel rail and the cart wheels is expected to be 𝒇 = 𝟐 𝐦𝐦. Calculate the rolling 

resistance coefficient! (0.007) 

Solution: 

 

 
 

 

 

Problem 2: Crain rolling on a track 

 

A crane in hydropower plant with unloaded weight of 𝟏𝟎 𝐌𝐍 rolls on steel rail. The rolling 

resistance coefficient between the rail and the wheels of the crane is 𝝁𝒓𝒓 = 𝟎. 𝟎𝟎𝟖. 

a) How much force is required to move the crane? (80 kN) 

b) How much power is required, if the crane moves with constant 𝒗 = 𝟑𝟎 𝐦 𝐦𝐢𝐧⁄ . (40 

kW) 

c) The length of the crane-track is 𝟑𝟓𝟎 𝐦. Find the work needed for the crane during 

lifting and carrying a load with mass 𝟔𝟎 𝐌𝐠 up to 𝟒 𝐦, through the track. (32 MJ) 

 

 

 

Problem 3: Shaft-bearing 

 

The shaft of a rotating machine weighing 180 kg is supported by to symmetrical bearings 

located 80 cm from the centre. Due to the rigidity of the shaft the radius should 

proportionally increase with the load in the bearing with a power of 1/3. The constant 

multiplier for this material is 1.6 mmN-1/3. The bearing friction coefficient can’t be 

decreased under 0.076 and the required torque to rotate the shaft can’t exceed 2.8 Nm. 

a) Calculate the adequate diameter of the shaft! (32 mm < D < 40 mm) 

b) Draw a diagram, in which the radius is given as the function of the weight of the 

rotating part. Find the maximum allowed rotating mass which satisfies the present 

conditions! (Gmax = 2223 N) 
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Problem 4: Fixed pulley 

 

A bucket filled with mortar with a total weight of 𝟐𝟕𝟎 𝐍 is lifted up by a fixed pulley, as 

shown in the figure. The total length of the plank is 4m, while the distance between the 

point of support and the pulley is 𝟏, 𝟓 𝐦. Find the force required to avoid tilting the plank. 

The weight of the plank can be neglected. (324 N) 

 
 

 

 

 

Problem 5: Pushing a cart upwards on slope 

 

Calculate the tractive force needed to move a cart with mass of 120 kg upwards on a slope 

with a 4% gradient and rolling friction coefficient of 0.028, if the angle between the 

traction force and the plane of the slope is 30°! (94 N) 

 

 
 
 

 

 


