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БГУ – столетняя история успеха

Introduction
A simplified scheme of shaft lifting rig adopted in the article consists of a  friction pulley driven by 

the lifting machine, two skips moving along the guides and the main and the counterweight rope. Four 
spring-loaded rollers are installed at the end of the skip frame and they copy profiles of the guides during its 
movement. Guides are welded box-section beams with local deviations from the vertical in two horizontal 
directions. Ascent of the loaded skip and the descent of the empty one is carried out by the head rope slung 
over the friction pulley. Unloading the skip in its upper position and loading the empty skip in its lower 
position are performed simultaneously after which the pulley changes direction of rotation and the working 
cycle repeats.

System lifting vessel – reinforcement dynamics investigation during the lifting vessel movement and this 
system dynamic behaviour diagnostics is an urgent applied problem [1–3]. At the same time this problem is 
very complex in terms of correct mechanics and mathematical models construction and an adequate model 
analysis performing. 

The research objectives presented in this article were:
	• construction of the skip motion analytical model with an acceptable degree of accuracy. That model must 

allow to determine the force effect on the skip from the side of rigid curved guides or according to their known 
profile, or according to the readings of accelerometers installed on the skip; 

	• determination of the skip natural horizontal vibrations frequencies; 
	• the hoisting machine torque change graph obtaining, which excludes skip vertical vibrations occurrence 

in an elastic rope. 

Skip motion vector equations
The skip motion as a mechanical system can be represented as a rigid body complex motion (cxyz coordinate 

system), consisting of translational motion of O1 X1Y1Z1 coordinate system with a given speed v t( ) along OZ 
axis of the stationary system OX YZ (v t( ) is the vertical speed of the skip mass center) and of five independent 
movements of system cxyz: two translational movements along O1 X1 and O1Y1 axes and three rotations around 

axes CX ′, CY ′, CZ ′ of Koenig coordinate system (directions of the cor-
responding axes OX YZ, O1 X1Y1Z1 and CX Y Z′ ′ ′ coincide). The resulting 
complex movement which occurs relative to the given bulk motion of the 
system O1 X1Y1Z1 is obtained as a result of the superposition of these five 
motions. Each of these motions and consequently the resulting one arises 
due to external horizontal influences on skip from the side of the guides and 
vertical influences at points M0 and M5 of the main and balancing ropes 
suspension (fig. 1). 

The skip – guide contact node at contact points Mi, i = 1 4, , is schemati-
cally represented as consisting of three independent springs in contact with 
three guide surfaces through rollers that roll along the conductor during the 
skip motions (fig. 2).

Fig. 1. Coordinate systems and skip  
with guides and ropes contact points

Fig. 2. Skip with guides contact  
node scheme: 1 – guide; 2 – skip




