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DETERMINATION OF PARAMETERS OF THE HYDRAULIC 
SYSTEM IN THE TRANSITION PERIOD OF MOTION

Loveykin, V.S., Romasevych Yu.O., Spodoba O.O.
National University o f  Life and Environmental Sciences o f  Ukraine

In the process of operation of a crane-manipulator with a hydraulic drive the 
necessity of controlling of parameters of motion of the elements of power cylinders 
appears. In order to execute such a controlled movement the elements of the jib 
system should be moved by determined law. In particular the speed of movement 
of the hydraulic cylinder and due to that the jib system crane-manipulator are 
controlled.

In hydraulic systems, for control of crane-manipulators the most common is 
throttle control. It is due to its simplicity. In this case, unregulated pumps are used. 
Control of speed of the hydraulic cylinder shaft varies depending on the area of the 
passage channel and the geometric parameters of the hydraulic distributor.

In order to determine the parameters of the hydraulic system of the crane- 
manipulator in the transition period of motion, with a throttle control the kinematic 
scheme of the lifting mechanism of the jib system (Fig. 1) has been used.

Fig. 1. Kinematic scheme of the lifting mechanism of the jib system

In fig. 1 the following notations are used: mc -  weight jib system, kg, m - 

weight of cargo, kg, y,(p,s- Angles are formed by geometric parameters of the jib 
system, rad. J  - moment of inertia of the jib system kg/m2.
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Motion of the elements of the system (Fig. 1) is described by the system of 
nonlinear differential equations:

Ja"+mrf „3*1 ,,d}\
X  — L  +  V , " —

da da t
+ m

da da
= F dU

da
% ,, dy 2 'me— +m —' da da

m
dp

■\
dp

dy 2
=  - m  — -  g.

c dp

' (1)

where J  - moment inertia of the jib system, kg/m2; F - the effort that the hydraulic 
cylinder develops; x1,x2,y1,y2 - the coordinates of the centres of mass of the jib 
system and cargo.

The length of the hydraulic cylinder for the jib lifting, depending on the 
angular position of the jib system, is calculated with the formula:

U = yja2 +b2 -2abCos(y + <p) . (2)
The static mechanical characteristic of the hydraulic system of the crane- 

manipulator may be presented in the following form:
Q2Pp = Pn--

2 f l i 2g
A . (3)

where Pn~ the pressure of the pump, kg/m2; o - pump capacity, m7s; p -  specific 
gravity of the liquid kg/m'; /  - passing area of the hydraulic distributor, nr; // - the 
flow rate of the liquid through the hydraulic distributor; g - gravitational constant, 
m/s2; A - area of the hydraulic cylinder piston, m2.

Substituting values and solving the system of differential equations, we have 
obtained graphic dependencies, which are given on Fig. 2. They show that the 
piston of the hydraulic cylinder reaches the steady movement for 1.8 s (Fig. 2.b). 
The angular velocity of the jib system increases throughout all the displacement 
time (Fig. 2.e). This effect is caused by inertial forces that arise as a result of the no 
uniform rotation of the jib system with uniform movement of cylinder piston. It 
depends of kinematic parameters of the jib system.
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Fig. 2 Graphic dependencies (<pc = - 0,192 , rad): 
a) movement of the hydraulic cylinder; b) velocity of the hydraulic cylinder; 
d) angular movement of the jib system; e) angular velocity of the jib system; 

f) angular acceleration of the jib system; g) pressure in the hydraulic cylinder head
end; h) pump capacity
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