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БГУ – столетняя история успеха

The formulas obtained allow us to find the force effect to the skip at points Mi, i = 0 5, , according to the 
guides known profiles, the acceleration v t( ) and the path s t( ). Note that only w1 of skip natural vibrations five 
frequencies wi , i = 1 5, , has a constant value. The remaining frequencies depend on the functions v t( ), s t( ), 
which in turn are determined by the moment M tcr ( )  applied on the mine hoisting machine drum.

The relationship between speed v and torque Mcr

An approximate relationship between the quantities v s( ) and M scr ( ) con-
sidering the head and the balancing ropes inextensible can be obtained from 
the theorem on the change in kinetic energy [4] according to which the kinetic 
energy differential of the mine hoisting mechanism is equal to the elementary 
work sum of the gravity forces and the torque M scr ( ) (see fig. 3):
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, m is the empty skip mass; rb, rh are 

the balancing and the head ropes linear densities, respectively; I, r are the mo-
ment of inertia and drum radius; l is the the ropes length; 0 ≤ ( ) ≤s t l.

From equality (9) it follows that the loaded skip will begin to rise under the 
condition

M rg M m l lcr h b0( ) > − + −( )r r .

After dividing equality (9) by dt we obtain an equation
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Assuming that the loaded skip lifting takes place under the constant torque Mcr action from a rest state at 
s = 0 and with a stop at the upper point s = l then from equation (9) we obtain that this is possible only at

M M m grcr = −( )
and
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From (11) it follows that condition rb > rh must be satisfied and the maximum speed value is reached when 
s l=
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Solving equation (10) at M M m grcr = −( )  taking into account s 0 0( ) = ,  s 0 0( ) =  we obtain
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From (12) we receive the skip motion time t0 to a complete stop:
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In general case M tcr ( ) is obtained from equation (10) according to the given motion law s t( ) and is pro-
cessed by the mine hoisting machine digital control system. Therefore, it is necessary to ensure the second 
derivative s t( ) continuity on the interval 0 0, t[ ] and its equality to zero at the segment extreme points to obtain 
a continuous change in M tcr ( ).

Fig. 3. Mine hoist scheme




