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Determination of static equilibrium conditions 
of a mobile terrestrial robotic complex

Purpose. Determination of the location of a robotic complex and an object being manipulated.
Methodology. The applied theoretical methods are based on the solution of the problems of mechanical system statics, Monte-

Carlo methods and analytical geometry with approbation of the obtained results on a robotic complex prototype.
Findings. The conditions of the static equilibrium of a mobile terrestrial robotic complex with a lever-type manipulator are 

established. They are based on the analytical correlation as the sum of moments of gravitational forces acting on the joints of the 
complex relative to the axes passing through the extreme supporing points of the chassis.

The location of the mass center of the robotic complex with the lever-type manipulator is determined. The area is created by 
the arc of a circle whose radius depends on the mass of the object captured by the manipulator. The influence of static chassis de­
formations on the permissible complex area location of the general mass center is defined. It is found how the complex location 
influenses the inclined surface of the tolerable area of the mass center location in terms of the persistency. The efficient conditions 
of the large mass manipulated object location are set.

Originality. Necessary and sufficient conditions for the terrestrial robotic complex to remain in a static equilibrium when work­
ing with objects of significant mass are determined. The area of the general mass center of the complex with all possible positions 
of the manipulator and different mass of the object being manipulated on the basis of the Monte Carlo methods adapted to the 
solution of the static problem of the terrestrial robotic complex with a lever- type manipulator is established. In this case, the bear­
ing system deformability of the chassis and the features of the position of the complex being located on an inclined plane are 
considered.

Practical value. The established conditions of the robotic complex static stability are the basis of the choice of its geometric 
parameters for providing maximum working capacity in different operating conditions.

Keywords: mobile robot, lever-type manipulator, static equilibrium, kinematic scheme, mass center location, chassis deformation, 
inclined plane, efficient working conditions of the manipulator

Introduction. Terrestrial robotic complexes equipped with 
manipulators are used to work with hazardous objects [1]. The 
development of terrestrial robotic systems and the study of 
their characteristics is an urgent scientific and technical prob­
lem for the national security of Ukraine [2].

There are a large number of findings in the field at present 
[3]. Information on specially designed terrestrial robotic com­
plexes is provided in recent studies and publications [4]. Their 
kinematic characteristics [5] and design features of drives are 
investigated [6]. A number of publications are devoted to the 
study of dynamic characteristics of terrestrial robotic systems 
[7]. It is noted that dynamic processes significantly affect the 
accuracy of the robotic complex manipulator position [8]. 
Special systems and dampers of oscillations are used to com­
pensate for the negative effects of manipulator vibration [9]. 
The research results of the driving part of robotic complexes 
are presented [10]. The issues of the output accuracy of the 
operational body into the position are considered [11]. Several 
issues of development of the mobile robotic systems designed 
to work with hazardous objects are described in literary sourc­
es [12]. It is noted that the special feature of dealing with dan­
gerous objects is the need for remote control of the complex 
[13]. At the same time, the information about the object is in­
sufficient, and the accuracy measurements of their parameters 
are insignificant [14]. Data about the mass of a dangerous ob­
ject is connected with the problem of ensuring the terrestrial 
robotic complex static stability [15]. Separate publications are 
devoted to providing the static and dynamic repeatability of 
robotic complexes [16]. Special devices and stability systems 
are used [17]. These characteristics depend on the manipulator 
design and the working part location within the space [18].

As a result of the analysis of literary sources, one can con­
clude that there is an unsolved part of the general problem, 
namely developing the functional capacity of a robotic com­
plex under uncertain parameters of hazardous objects. One of 
the causes of disability is the inadequate static stability of the 
mobile robotic complex, so an important part of the main 
problem is to provide static stability of the terrestrial robotic 
complex.

The purpose of the research described in this article is to 
determine necessary conditions for the static consistency of a 
mobile terrestrial robotic complex equipped with a lever-type 
manipulator.

The objectives of the research were to determine general 
conditions of the robotic complex static stability, to find the 
areas of the complex mass center with a different mass of a 
dangerous object, in particular to restrict the area of the mass 
center distribution according to the conditions of consistency 
at placement of the complex on inclined surfaces and approba­
tion of the research results by means of designing and manu­
facturing experimental prototype of a mobile terrestrial robot­
ic complex.

The theoretical methods mainly used in the research pro­
cess are based on the solution of the problems of permanent 
mechanical systems, Monte Carlo methods and analytic ge­
ometry. The theoretical statements are confirmed through 
testing a designed and manufactured prototype of a mobile 
terrestrial robotic complex.

Results. A typical mobile terrestrial robotic complex in­
cludes a caterpillar platform 1 which has a lever-type manipu­
lator (Fig. 1).

The manipulator has a lower lever 2 and an upper lever 3 
on the end with a hinge where the bar 4 is installed. A rotary 
gripper 5 is mounted on the short end of the bar. A camcor­
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der 6 with rotary actuators is installed on the long end of the 
bar [19].

The levers and the bar form a flat hinge-lever mechanism 
in which the planes of displacement of the levers and the bars 
are parallel. Three single-hinged joints 7, 8, 9 are applied when 
the levers are turned relative to their axels. The lever system is 
surrounded with the rotary support 10.

Depending on the position of the manipulator, the settle­
ment of the separate masses of the complex and the location of 
the mass center is substantially transformed. To provide the 
permanent consistency of the complex, it has additional cater­
pillar movers (flippers) 11 which, if necessary, alternate their 
transverse angular position.

The static equilibrium of the complex depends on the con­
figuration of the manipulator, the gravitational loading GN of the 
object being manipulated, which is in the gripper of the manipu­
lator and on the slope of the roadway on which the chassis is lo­
cated. The conditions of the static equilibrium are determined by 
the action of the gravitational forces G1, …, G4, GN, and the place­
ment of the general mass center with the corresponding gravita­
tional force G0 relative to the extreme supporting points of the 
complex on the ground. These objects are the areas of the cater­
pillar under the extreme supporing rollers Р1, Р2, Q1, Q2 (Fig. 2).

The robotic complex is in a static equilibrium if the projec­
tion of the mass center on a horizontal plane lies within the 
rectangle Р1Р2Q1Q2.

Alteration of the manipulator configuration leads to a 
change in the mass center location of the complex. When ex­
tending the console part of the manipulator in a horizontal 

plane, the projection of the mass center and the corresponding 
gravitational force G0 extend beyond the limites of the rectan­
gle Р1, Р2, Q1, Q2 (Fig. 3).

The robotic complex loses consistency and turns over 
when the mass center projection of the complex on a horizon­
tal plane passes through one of the axes у1 or у2 or х1 or х2.

To analyze the static stability condition of the terrestrial 
robotic complex for analytic determination we have to con­
sider the issue of the complex statics under the impact of grav­
itational loads. First, let us assume that the complex is placed 
on an even road.

To solve the static problem let us assume that the places of 
application of gravitational loads are located in mass centers of 
manipulator units and chassis. In this case, the sum of the mo­
ments of the gravitational forces and of the work load corre­
sponding to ones of the manipulated object GN create the mo­
ments of the forces Мх, Му acting relative to the longitudinal x 
and transversal y in the axes

	
0 0

; ,
N N

x i i N x y i i N y
i i

M G y G L M G x G L
= =

= ⋅ + ⋅ = ⋅ + ⋅∑ ∑ 	 (1)

where yi and xi are arms of gravitational forces Gi relative to 
axes х and у; Lx, Ly ‒ х and у; N is the total number of dedi­
cated junction points of the robotic complex for which the 
gravitational forces act; GN is gravitational force acting on the 
object of manipulation.

The arms of the gravitational forces of хі and уі are changed 
as a result of upgrading the manipulator configuration. The 
moments of forces will be substituted relative to the given axes. 
The static stability loss of the complex occurs when one of the 
conditions is fulfilled

	
1 2 1 2

0; 0; 0; 0,x x y yM M M M= = = = 	 (2)

where the moments are determined relative to the axes x1, x2, 
y1, y2.

Revised settlement of the mass center of the the robotic 
complex leads to a shift in the equivalent of the supporting re­
sponces of the chassis which are defined by means of four 
forces acting on the extreme rollers of the caterpillar R1, R2, R3, 
R4 (Fig. 2).

To find the equivalent chassis supporing responces, we 
have a static equation
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The obtained system of equations of statics (1, 3) is un­
closed. Three equations of equilibrium include four unknowns 
R1, R2, R3, R4. An additional condition must be introduced for 
the closure of this system. The condition of the complex sym­
metry as for a longitudinal or transverse plane is practically 
important.

Fig. 1. General view of the terrestrial robotic complex with a 
lever-type manipulator

Fig. 2. The configuration of the manipulator corresponding to 
the position of the static equilibrium of the mobile terrestrial 
robotic complex

Fig. 3. The position of the manipulator corresponding to the 
limit of static stability loss
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This condition is conducted for a robotic complex manip­
ulator with its levers moving in close parallel planes. Let us 
consider the kinematic scheme of the manipulator installed on 
the chassis (Fig. 4).

The kinematic scheme corresponds to the terrestrial ro­
botic complex (Fig. 1). The joints A, B and C of this manipula­
tor have parallel axes and the levers AB, BC and the CDE bar 
move in close parallel planes (Fig. 4). Manipulators are in­
stalled on a rotary support with a possibility of revolving in 
direction of the z axis at the angle q1. In this case, the levers 
move in planes which are adjacent to the radial axis z plane 
and their position is stipulated with the controlled angular co­
ordinates q2, q3, q4. The turn of the gripper is determined by 
the angle q5.

When reversing the configuration of the manipulator with 
the load, the distribution of mass changes and accordingly the 
line of gravitational load changes. To establish the quantita­
tive characteristics of the changes in the action of gravitation­
al forces, a planar diagram of the manipulator is used in which 
all the levers move in the same plane which is adopted as a 
coincident one with the axis of the symmetry of the chassis 
(Fig. 5).

The track gear has a small mass that is comparable to the 
weight of the manipulator and the load. The mass of the run­
ning gear is centered on two points that correspond to the cen­
ters of the caterpillar driving drums. The proportioning of 
masses along the length of the platform is nearly uniform. 
Therefore, the masses М1 and М2 are close. The weight of the 
manipulator drive is included into the М1 mass.

We introduce a coordinate system whose axes pass through 
two concentrated masses of the М1М2  platform, and the z axis 
through the mass center of the platform, located in the middle 
between the masses М1 and М2. To calculate the mass center 
location, it is assumed that the mass of the manipulator is con­
centrated at 5 points. The mass of the drive located at point A 
with the first part of the weight of the lever AB = L2 is reffered 
to the mass of the platform. The mass of the drive placed at 
point B, the second part of the lever L2 and the part of the lever 
BC = L3 is focused at point B and is mB. The mass of the load 
being held by the gripper together with the mass of the gripper, 
the weight of the drive clamp and the drive gripper, and a part 
of the mass of the bar DC = L4 represents a concentrated mass 
placed at point D that it is mD. The mass of the part of the lever 
BC, the part of the bar DC and the part of the bar CE with ro­
tary drives is at point C and is mС. The mass at point E includes 
the mass of the camera, the actuators of cameras and the 
weight of the bar CE = L5. Mass volume at this point is mE.

Let us designate the coordinates of the point masses mB, 
mC, mD, mE in coordinate system xz.

Point В position

xB = xA - L2 cos q2;  zB = zA + L2 sin q2.

Point С position

xC = xB + L3 cos (q3 - q2);  zC = zB + L3 sin (q3 - q2).

Point D position

xD = xC + L4 cos (q3 - q3 + q2);  zD = zC - L4 sin (q4 - q3 + q2).

Point Е position

xE = xC - L5 cos (q4 - q3 + q2);  zE = zC + L5 sin (q4 - q3 + q2).

Let us fix the coordinates of the mass center of the “chas­
sis-manipulator” system
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The coordinates of the mass center of the complex depend 
on the controlled coordinates of the manipulator q2, q3, q4. 
These coordinates can acquire uncontrolled values in the 
ranges [0 ... π]. At the same time, the mass center of the mobile 
complex is changing and is located on a certain area of space. 
Calculations based on the Monte Carlo methods are per­
formed to find the location of the mass center [20]. Random 
values of the controlled coordinates q2, q3, q4 are set in formu­
las (4, 5). They are defined as random numbers with uniform 
allotment laws in the revised ranges and are calculated accord­
ing to the procedure: qkj = rnd(p), k = 2, 3, 4, j = 0, …,1000. 
Found coordinates of the mass center position illustrated in 
the graph as points (designated by the sign x) for each j th set of 
controlled coordinates from (4, 5).

Calculations are made for different values of the mass of 
the object of manipulation.

The results show that the location of the mass center of the 
robotic complex significantly increases with increasing mass of 
the object of manipulation (Fig. 6).

Areas of the mass center location are approximated by 
analytic dependencies for the analytical description of the 
mass center location of the complex. It was established that 
the mass center location of the complex with the maximum 
mass of the manipulated object approximates the circle with a 
radius rm whose center is at point A. The contour shaped as a 
circle is close to the mass center location of the complex ex­
cept for the peculiar area PQ which corresponds to the area 
between supporting points of caterpillars on the support sur­
face.

Fig. 4. Kinematic diagram of the lever-type manipulator in-
stalled on the chassis

Fig. 5. The planar scheme of the robotic complex manipulator is 
adopted to determine its mass center
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The equation of the circular contour describing the mass 
center arrangement in the coordinate system xz is written as

( ) ( )2 2 2,A A mx x z z r- + - =

where xA, zA are coordinates of point A which refer to the 
hinge A of the manipulator; rm is the radius of the circle, which 
approximates the area of the mass center.

The coordinate system whose axis x0 coincides with the 
supporting surface and the z0 axis passes through point A, is 
characterized by the equation of the circular contour which 
will be as follows

	 ( )22 2
0 0 ,A c mx z z z r+ - - = 	 (6)

where zC is the distance from the supporting surface to the 
middle line of the chassis corresponding to the x axis.

Using the analytical dependence (6), the terms of static 
stability of the complex which is on a horizontal supporting 
surface, are indicated.

The constraint of the complex stability is to find the pro­
jection of its mass center on a horizontal plane between ex­
treme points of the complex on the supporting surface.

Let us consider the flat problem of evaluation the static sta­
bility of the complex with a manipulator whose plane is the 
same as the gear symmetry one.

The extreme supporting points for a caterpillar mover are 
points P and Q with coordinates

xP = -L/2;  xQ = L/2.

This condition is graphically interpreted by the mass center 
arrangement of the complex within the limits between the ver­
tical lines passing through the points P and Q (Fig. 7). Having 
analyzed the size and location of this band respective to the 
areas of the mass center we can conclude that when manipu­
lating objects in the front part of the chassis static stability loss 
can occur even in the absence of an object of manipulation. 
Thus, the complex will probably be unable to function when 
lifting the load in the front part of the chassis.

Additional caterpillar movers (flippers) are used to ensure 
the performance of the complex. Their application shifts the 
extreme front supporting points of the complex into the area of 
the point F with coordinates

xF = LF + L/2 - xA,

where LF is the distance between supporting point Р and point 
of the interaction F of the caterpillar flipper with the support­
ing surface.

Here the area of static stability expands and relates to the 
band between vertical lines passing through points F and Q. 
Insignificant areas of static instability outside the band are 
negligible and do not affect the overall operation of the com­
plex.

The abovementioned condition of static stability does not 
consider the deformability of the caterpillar chassis.

Let us define the influence of the deformation of caterpil­
lars on the static stability of the complex. First, let us consider 
the chassis without flippers. The deformation of caterpillars 
under supporting rollers occurs at points P and Q under the 
effect of gravitational forces. If the mass center of the complex 
is on the axle z, the platform of the chassis without flippers 
under the action of gravitational forces is shifted down without 
violation of its transverse angular position (Fig. 7, a).

Displacement of the chassis in the vertical direction with 
symmetrical load is determined by the dependence

Dz = Mg/(2cQ),

where cQ is an equivalent to the rigidity of the caterpillar at 
points P and Q; g is gravity acceleration; M is the total mass of 
the complex.

In case of a flat-parallel displacement of the chassis the 
stability area of the complex is the same and its limits are verti­
cal lines passing through points P and Q (for chassis without 
flippers).

Shifting the mass center of the complex towards the axis х, 
efforts perceived by the caterpillar at points P and Q vary and 
there is a rotation of the chassis at a certain angle. The maxi­
mum rotation of the chassis will occur when the mass center is 
located on a vertical line passing through point P or Q 
(Fig. 7, b). The angle of rotation will be determined under the 
dependence

	
0

.
Q

Mg
C L

α = 	 (7)

Therefore, vertical lines penetrating points P and Q and 
limiting the permissible range of the masses center will be ro­
tated to the angle α towards the central part of the complex 

Fig. 6. Radial cross-sections of the mass centers areas of the 
terrestrial robotic complex with different masses of the ma-
nipulated object

Fig. 7. The chassis static deformations of the complex under the 
action of gravitational forces with different location of the 
mass center of the complex:
a ‒ plane-parallel displacement of the chassis with the location of 
the mass center on the symmetry axis of the complex; b – rotation 
of the chassis with the location of mass center in the area of the 
supporting point Q; c ‒ rotation of the complex with the location of 
the mass center in the area at the end of the flipper
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because of the chassis deformability. The reversed line will de­
termine the segment QK (Fig. 7) which defines the limit of 
tolerance in terms of the stability of the areas of the mass cen­
ter location.

The availability of flippers changes the nature of the defor­
mation of caterpillars. Let us assume that the flipper is tightly 
connected to the duplex chassis and moves together with the 
chassis as a whole.

The displacement of the masses center of the complex in 
the direction of the flipper leads to the rotation of the chassis at 
a certain angle. The maximum rotation angle occurs when the 
mass center is set above the extreme supporting point of the 
flippers (Fig. 8, c). The angle of rotation of the chassis is

	 ,
F F

Mg
c L

b = 	 (8)

where LF is the distance between the supporting points of the 
flipper and the caterpillar; і; cF is flipper rigidity. The vertical 
line passing through point F and restricting the permissible 
range of the masses center rotates at the angle β (Fig. 7). Thus, 
the presence of transverse angular movements of the chassis as 
a result of the deformation of caterpillars narrows the range of 
the mass center. It is limited to the QKNF contour.

The contour in the CN section corresponds to the arc of 
the circle as for the equation given above (6).The contour in 
sections FN and QK is characterized by straight lines with 
equations

0
0 tg ;

2 2FN A F
L

z x x L
   p

= + - + ⋅ -b   
  

0
0 tg .

2 2QK A
L

z x x
   p

= - - - ⋅ - α   
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After trigonometric functions transformation and substi­
tution of angles from (7, 8), we will get
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It was assumed that the angles α and β in these formulas 
are small and, respectively, tg α ≈ α, tg β ≈ β.

The abovementioned terms of static equilibrium were pro­
posed for a complex positioned on a horizontal surface. In­
cline or lifting of the supporting surface of the chassis change 
the equilibrium conditions of the complex.

If there is a slope with an angle θ of point F  the flipper sup­
port and the caterpillar Q are shifted from the position FQ (at 
θ = 0) and supporting surface of the chassis moves to the posi­
tion F ′Q′ (Fig. 8).

The horizontal axis х0 of the local coordinate system of the 
complex passes into the axis x ′0 and the axis z0 – into the 
axis z ′0. The range of the mass center of the complex shifts at 
the same time to the right and is limited to the contour 
Q′K′N′F ′. This contour in the local coordinate system of a 
complex is described by dependencies similar to (9, 10) used to 
determine the area of a complex located on a horizontal plane. 
Simultaneously, the contour on the section K′N′ corresponds 
to the arc of the circle as for to the equation (6). The equations 
of straight line K′N′ and Q′K′ referred to (9, 10) will be modi­
fied after modification of the straight lines angular coefficients.

The angle β in the equations converts into the angle θ + β, 
and the angle α into α - θ. Accordingly, the equations of the 
straight lines F ′N′ and Q′K′ in the local coordinate system are 
determined by the dependencies

	 0
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2FN A F
F F

L M gz x x L
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The oddness of the trigonometric function of the cotan­
gent is shown in the last dependence.

When moving the complex up (ascends θ < 0), the position 
of the local coordinate system is moved into 0 0.x z′′ ′′  The range 
of standard conditions within static steadiness of the complex 
mass center positions is restricted by the contour Q′′K′′N′′F ′′. 
The contour at the section K′′N′′ corresponds to the circle arc, 
and it will be described by the dependences (11, 12) at the sec­
tions F ′′N′′ and Q′′K′′ where θ < 0.

Moving the complex down or up the slope significantly 
changes the permissible mass center location.

When moving down the slope, the area is shifted towards 
the rear part of the complex and when rising ‒ to the front part 
of it (Fig. 9).

The analysis of admissible areas of the mass centers loca­
tion demonstrates that the performance with the objects of 
increased mass should be carried out in the front part of the 
chassis between the flippers when the complex is situated on 
the slope and is directed towards the peak.

It is recommended to turn up the gear with the flippers 
under a negative chassis angle (shown in dotted lines in 
Fig. 9, b) in order to increase the resilience reserve when work­
ing with heavy objects.

The presence of flippers in the complex raises static stabil­
ity in case the manipulator average plane is close to the longi­
tudinal axis of the complex. Therefore, the optimal area of 
contacting with hazardous objects in the plan is the S0 section 
between the flippers.

An experimental model of mobile terrestrial robotic com­
plex was developed on the basis of conducted research. It is 
grounded on a modular circuit and includes autonomous 
modules with a wheeled or caterpillar mover. Each module has 
an autonomous power supply and a control system. If neces­
sary, the module is used independently. It is equipped with an 
additional footing (Fig. 10).

A similar design has a caterpillar-mounted module 
(Fig. 11).

Each module is provided with necessary equipment, ma­
nipulators of different types in particular. The modules have 
junction units to be connected with each other.

The best variant is a robotic complex which is the result of 
the combination of wheel and caterpillar modules (Fig. 12).

Fig. 8. Changes in the permissible area of location of the com-
plex mass center are due to the presence of a slope (θ > 0) or 
a rise (θ < 0) of the supporting surface
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a

b

Fig. 9. Longitudinal sections of the permissible mass center lo-
cation of the complex when placed on a slope down (a) and 
on a rise up (b)

Fig. 10. The wheeled module of the developed experimental 
model of the terrestrial robotic complex

Fig. 11. Module of terrestrial robotic complex with a caterpillar 
mover

The experimental examination of the developed experi­
mental model of the terrestrial robotic complex confirmed the 
reliability of static stability determination under different con­
ditions of the chassis location on the supporting surface.

Fig. 12. Scheme of the chassis of the terrestrial robotic complex 
which is formed by combination of wheeled and caterpillar 
modules

Conclusions. It was established that the condition of the 
static equilibrium of a mobile terrestrial robotic complex is the 
zero sum of the moments of the gravitational forces acting on 
the units of the complex relative to the axes passing through 
the extreme chassis supporting points of the complex.

The masses center location of the robotic complex with a 
lever-type manipulator, whose levers move in parallel planes 
under different configurations of the manipulator, is limited by 
a curve which is close to the arc of a circle whose radius is de­
termined by the mass of the object of manipulation.

The presence of chassis static deformations and the location 
of the complex on an inclined surface narrows the circular area 
of the allowed total mass center location of the complex under 
condition of static stability. Placement of the complex on the rise 
and manipulation by the object located in front part of the com­
plex is a positive feature in terms of providing static stability.
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Мета. Визначення область стійкого розташування 
роботизованого комплексу та об’єкта маніпулювання.

Методика. Застосовані теоретичні методи на основі 
розв’язку задач статики механічних систем, методів 
Монте-Карло та аналітичної геометрії з апробацією 
одержаних результатів на дослідному зразку роботизова­
ного комплексу.

Результати. Встановлені умови статичної рівноваги 
мобільного наземного роботизованого комплексу з мані­
пулятором важільного типу. Вони базуються на аналітич­
ному співвідношенні у вигляді суми моментів гравітацій­
них сил, що діють на вузли комплексу відносно вісей, які 
проходять через крайні опорні точки шасі. Визначена 
область розташування центра мас роботизованого комп­
лексу з маніпулятором важільного типу. Область описана 
дугою кола, радіус якого залежить від маси об’єкта, що 
знаходиться у схваті маніпулятора. Встановлено вплив 
статичних деформацій шасі на допустиму область розта­
шування загального центра мас комплексу. Визначено, 
як впливає розташування комплексу на похилій поверхні 
на допустиму з точки зору стійкості область розташуван­
ня центра мас. Встановлені раціональні умови розташу­
вання об’єкта маніпулювання великої маси.

Наукова новизна. Уперше визначені необхідні й до­
статні умови знаходження наземного роботизованого 
комплексу у статичній рівновазі при роботі з об’єктами 
значної маси. На основі методів Монте-Карло, адаптова­
них для розв’язку задачі статики наземного роботизова­
ного комплексу з маніпулятором важільного типу, вста­
новлена область розташування загального центра мас 
комплексу при всіх можливих положеннях маніпулятора 
та при різній масі об’єкта маніпулювання. При цьому 
врахована деформативність несучої системи шасі та осо­
бливості положення комплексу при його розташуванні 
на похилій площині.

Практична значимість. Встановлені умови статичної 
стійкості роботизованого комплексу є основою вибору 
його геометричних параметрів при забезпеченні макси­
мальної вантажопідйомності та працездатності в різних 
умовах експлуатації.

Ключові слова: мобільний робот, важільний маніпуля-
тор, статична рівновага, кінематична схема, положення 
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центра мас, деформації шасі, похила площина, раціональні 
умови роботи маніпулятора
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Цель. Определить область устойчивого расположе­
ния роботизированного комплекса и объекта манипули­
рования.

Методика. Применены теоретические методы на ос­
нове решении задач статики механических систем, мето­
дов Монте-Карло и аналитической геометрии с апроба­
цией полученных результатов на опытном образце робо­
тизированного комплекса.

Результаты. Установлены условия статического рав­
новесия мобильного наземного роботизированного ком­
плекса с манипулятором рычажного типа. Они базиру­
ются на аналитическом соотношении в виде суммы мо­
ментов гравитационных сил, действующих на узлы ком­
плекса относительно осей, проходящих через крайние 
опорные точки шасси. Определена область расположе­
ния центра масс роботизированного комплекса с мани­
пулятором рычажного типа. Область описана дугой 

окружности, радиус которого зависит от массы объекта, 
находящегося в схвате манипулятора. Установлено влия­
ние статических деформаций шасси на допустимую об­
ласть расположения общего центра масс комплекса. 
Определено, как влияет расположение комплекса на на­
клонной поверхности на допустимую, с точки зрения 
устойчивости, область расположения центра масс. Уста­
новлены рациональные условия расположения объекта 
манипулирования большой массы.

Научная новизна. Впервые определены необходимые 
и достаточные условия нахождения наземного роботизи­
рованного комплекса в статическом равновесии при ра­
боте с объектами значительной массы. На основе мето­
дов Монте-Карло, адаптированных для решения задачи 
статики наземного роботизированного комплекса с ма­
нипулятором рычажного типа, установлена область рас­
положения общего центра масс комплекса при всех воз­
можных положениях манипулятора и при различной 
массе объекта манипулирования. При этом учтена де­
формативность несущей системы шасси и особенности 
положения комплекса при его расположении на наклон­
ной плоскости.

Практическая значимость. Установленные условия 
статической устойчивости роботизированного комплек­
са являются основой выбора его геометрических параме­
тров при обеспечении максимальной грузоподъемности 
и работоспособности в различных условиях эксплуата­
ции.

Ключевые слова: мобильный робот, рычажный манипу-
лятор, статическое равновесие, кинематическая схема, 
положение центра масс, деформации шасси, наклонная 
плоскость, рациональные условия работы манипулятора
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