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Abstract  

In this paper we have reported results of successful experiences using robot Sholkor. The paper describes a new 6 DOF parallel manipulator 
named as SHOLKOR with whole moves platform as end-effecter. Main properties of new design are presented in terms of analytical 
solution for direct kinematics and efficient force control of platform actions. Due to those properties, the proposed design can be used as 
an active support in protecting machines, buildings and other structures from undue impacts. The model was validated by comparing 
simulation and experimental results. The results show a reasonable correlation and show the interest for this application of robot Sholkor. 
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1 Introduction 

A plenty of platform type robots are currently used in 
various fields. Such robots have the structure topology 
similar to one of the Gough-Stewart platform [1-2]. 
Advantages of these robots are generally known. However, 
in the majority of platform type robots with more than 3 
degrees of freedom, variable coordinates of the movable 
platform are interrelated with each other so that a movement 
of any drive requires simultaneous coordinated movement 
in the other drives connecting the platforms. There is not 
apparent solution of the direct kinematic problem for 
manipulators of such platform type robots [2-4]. Therefore, 
certain issues are encountered when creating control 
systems, as well as during their operation, since failure in 
one drive results in inoperability of the entire robot.  

To improve functionality of the parallel manipulators of 
a platform type robot was offered a new structure topology 
of the parallel manipulator [5]. Such robot consists of two 
platforms connected with six connecting links (СL), which 
allow linear movements. 

A sudden mechanical impact shall be viewed as a force 
or kinematic impact, which results in unwanted effects. To 
sudden mechanical impacts we can include large-scale earth 
pulsations in different planes during earthquakes, 
fluctuations of water surface affecting floating crafts, 
strokes during landing of the aircrafts, etc. The necessity to 
protect from sudden mechanical impacts, including 
vibrations, appears to be especially urgent for vehicle drives 
and passengers. The above review of the previous scientific 
researches proves that the idea to use parallel manipulators 
as active supports is substantially new. 

2 Example of the active support application as a seismic 
isolation device 

Using the experimental device, it was confirmed that the 
robot can be used as a seismic isolation device. Technical 

essence of the robot application as a seismic isolation device 
is that at any time by controlling the pressure in the 
hydraulic cylinder cavity it is possible to ensure equilibrium 
of forces acting on the upper platform and reaction forces of 
connecting links, i.e. relative stillness of the upper platform. 
The bottom platform can make non-standard motion (spatial 
variations of the earth's surface crust). 

Some parallel manipulators depends on the construction 
area. Calculations for the first option of the combined 
system, as per bearing capacity, by average values in the 
hydraulic system of 35 bars and piston diameter of 250 mm 
show that one parallel manipulators installed for every 220 
sq.m. of the building area. The practice shows that 
approximate weight of 1 sq.m. of the building is ten kN. 
There are a lot of areas in which the use of active supports 
is of vital necessity.  

3 Control system of hydraulic actuators  

Dissipation mechanism of sudden mechanical impacts 
based on the fact, that at any given time, by controlling the 
pressure in the upper enclosure of six hydro cylinders can be 
achieved the equilibration forces, acting on the upper 
platform, i.e. stationary upper platform, while when the 
lower platform can perform unwanted movements, together 
with the source of mechanical impacts. In this connection 
the control system of each hydraulic drive should 
automatically provide the necessary pressure in the cylinder 
above the piston enclosure of hydraulic actuator. 

To automate the robot's operation as an active support, 
has been designed the control system (CS). Its functional 
block scheme is shown in Figure 1. The following symbols 
is used in Figure 1: IC- industrial controller; MS – 
movement sensor; SS – strain-gage sensor; PS – pressure 
sensor; NО – normally opened delivery valve, NC – 
normally closed bleeder valve. The control system CS acts 
as follows: signal from the movement sensor and from 
strain-gage sensor is received by the industrial controller on 
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a real time basis. CS acts as follows: the signal from the SS 
and from PS in real time goes on IC. On an existing 
algorithm IC determines the necessary pressure PN in the 
cavities of the cylinders to balance of the working power. IC 
compares that pressure with the actual pressure of above the 
piston cavity of the hydraulic cylinder PA, according to data 
from the detector PS and as a result generates a control 
signal which is fed to one of the valves. Thus, if PA > PN, 
then is opened the bleeder valve NC, and the delivery is 
closed; if on the contrary, to open the delivery valve and the 
bleeder is closed. In the case where the pressure is equal to 
PA=RN, then the condition of the valves does not change. 
In the case when the rod is in its extreme uppermost position 
or the lowermost position, the valve position can be changed 
only in a certain way or don't change. In IC there is a 
program to prevent the possible collision of the piston with 
the case when reaching the end position. The source for this 
program are the signals from the movement sensors MS. 

 
FIGURE 1 Function block scheme of the control system 

4 Experimental validation 

In order to validate the model developed, the programmed, 
performed and simulated paths of the end effector are 
compared. Thus, using of direct kinematics solution the 
configuration of the platform can be computed. As an 
example, on the basis of obtained algorithm using Matlab 

made calculations and diagrams were constructed for 
translational and spherical motion. 

The experimental device, consisting of the platform 
robot prototype was created to test the efficiency of the 
active support and its control system. Sensors of the 
movement were installed in the initial situation when rods 
are in a starting position. Using force sensors and sensors of 
pressure values of the efforts operating on a rod and pressure 
in working cavities of hydraulic cylinders were defined. The 
controller processed these values and used by the program 
of the managing director of the parallel manipulator. Then, 
according to the set sequence, the control unit exercised to 
control the movement of a platform of the parallel 
manipulator. The controller processed the received data 
from the information and measuring system according to the 
set program, and the graphs of the dependence of movement 
of a rod and pressure in a hydraulic cylinder of the drain 
valve were displayed on the SCADA monitor. 

5 Conclusion 

Based on the new structure topology and application of the 
multilink spherical joint, has been created the current model 
of a new platform type robot with six degrees of freedom. 
Based on the working model, as well as solution of the direct 
kinematic problem, it has been proved that the new robot 
has a number of material advantages versus the Gough-
Stewart platforms. First, each of the six drives can move 
independently on the others. Second, by changing in a 
specified way the lengths with drivers of a certain set of 
connecting links, it is possible to obtain any desired spatial 
position of the movable platform with regards to the 
stationary one. Third, the structure topology of the new 
platform type manipulator ensures solution of direct 
kinematic problems. Due to the said properties and 
capabilities, this platform type robot can be used as an active 
controllable support, that to be installed between the 
protected item and source of the sudden mechanical impacts. 
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