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Anthropomorphic Walking Robot:
Design and Simulation

The current stage of development of robotic systems is
characterized by the use of anthropomorphic robot designs, the

functions of which are as close as possible to human

capabilities. This trend is explained by the need to give robots
universal capabilities when performing various technological
operations. The article proposes a fundamentally new design of
a walking robot and describes a model of its functioning. This
design allows the robot to move in an angular coordinate
system, which is typical for humans. The main motivation for
creating such a robot is to reduce the number of drives for the
kinematic chain of the walking mechanism.

The article presents the results of mathematical modeling and
recommendations for the design of anthropomorphic walking
mechanisms. The engineering formulas and diagrams presented
in the article for calculating force loads make it possible to
create various modifications of walking robots that have the
property of adapting to an arbitrary surface topology for moving
a mobile robot. The economic effect is achieved by reducing the
number of electric motors for the robot's leg joints and,
consequently, by reducing the total cost of the walking robot.

Keywords: walking mechanisms, industrial robots, anthrop—

omorphic devices, robots’ design

1. INTRODUCTION

Anthropomorphic designs of mobile robots make it
possible to achieve the functions' versatility. However,
it should be noted that anthropomorphic walking mec—
hanisms have a lower carrying capacity than other
transmissions, such as wheeled or tracked ones. This
disadvantage is explained by the need for separate
motors for each joint of the leg of a walking robot. In
addition, the presence of many electric motors limits the
energy resource of autonomous power sources. There—
fore, creating a walking mechanism with a minimum
number of electric motors is necessary.

This article proposes an anthropomorphic leg mec—
hanism for a mobile robot with one eclectric motor and
two hermetic gas chambers (Patent UA 125121). These
gas chambers perform the function of energy recovery
when the robot walks. Such a minimum number of
drives, together with the original kinematics of the
robot's leg, is sufficient for walking when performing
transport operations. The article also provides analytical
formulas and diagrams for calculating the parameters of
a new walking mechanism. The functioning of the
proposed walking robot, which contains four anthropo—
morphic legs, is simulated. The main motivation for
creating such a robot is to minimize the walking mec—
hanism drives to perform transport operations. This
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leads to a significant reduction in the cost of a mobile
walking robot and a simultaneous increase in its car—
rying capacity as a vehicle.

2. PREREQUISITES AND MEANS FOR SOLVING
THE PROBLEM

The problem with creating walking robots is the need to
ensure their stable position when moving on surfaces
with different topologies. The presence of separate
drives for each articulation is quite acceptable when
power is supplied through cables, but there are more
effective solutions for mobile robots using autonomous
power sources that have limited energy resources. Cur—
rently, experimental models of walking mechanisms
have been developed, each of which has certain ad—
vantages and disadvantages. Known walking robot [1],
made in the form of a kinematic chain of hinged levers
and drives in each of these hinges. A bipedal walking
robot is also known [2], in which electric motors for
driving joints are located on each leg of the robot. The
walking mechanisms of this robot are as close as
possible to an anthropomorphic device (from the Eng—
lish anthropomorphous - in shape, the device is similar
to a person, his body). Thanks to the many joints (hin—
ges) of the walking mechanism, the robot has an
arbitrary orientation in space. However, as in the
previous case, the robot does not provide energy savings
for an autonomous power source due to the need for the
same set of drives.

In the walking device [3], each of the articulated
joints has a drive that performs the rotational move—ment.
Despite the increased reliability of the foot sup—port of
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this device, there needs to be a separate drive for each
swivel to contribute to saving the energy resource of an
autonomous power source. In [4, 5], a dynamic model of
a walking mechanism was proposed. This robot has only
two degrees of freedom, but it can step forward and
backward, rotate at an arbitrary angle, go around
obstacles and even climb stairs. This design is interesting
from the point of view of minimizing the number of
drives. An estimate of the mechanical model of a bipedal
walking robot is also presented in [6]. Studies [7, 8] are
of interest from the point of view of optimal control of
anthropomorphic structures. The original designs of
walking feet are presented in [9, 10, 11], but without
considering the designs of the actual legs of the robot.

The analysis of models of anthropomorphic robots
presented in [12] illustrates the possibilities of machine
learning for walking robots based on the algorithms of
bionic structures. In [13], the designs of walking robots
with four and six legs are proposed. However, in these
works, there are no recommendations for improving the
energy efficiency of walking robots by reducing the
drives. The original bionic model of a miniature walking
robot was proposed in [14], where the drives for the six
legs of the robot were minimized. Studies [15-17]
consider the construction of bipedal walking robots both
in the form of anthropomorphic structures, as well as in
the form of six-legged Hexapods [18, 19]. How—ever, in
both cases, each leg joint of the robots is equipped with a
separate drive (engine), which increases the energy costs
from the autonomous power sources of the robots. The
undisputed leader in the creation of walking robots is the
Boston Dynamics laboratory [20], but the cost of these
robots is still too high. The possibility of integrating the
drives of a walking robot is presented in [21]. Still, since
the legs of the robot are made of elastic material in the
form of corrugated chambers under pressure, such a robot
has a low load capacity.

Thus, the above analysis of technical solutions and
research shows that the task of synthesizing a mobile
walking robot of an anthropomorphic design with a
minimum number of drives remains relevant.

3. FORMULATION OF THE PROBLEM

To reduce energy costs and save resources of autono—
mous power sources, it is necessary to create an anthro—
pomorphic walking robot with a minimum but a
sufficient number of drives for each leg of the robot. In
addition, it is necessary to develop analytical depen—
dencies for calculating the parameters of a walking
robot, which will allow engineers in the field to design
similar walking mechanisms for mobile robots.

As shown below, the solution to this problem is
possible even with one electric motor for each leg of the
robot in combination with the original kinematic scheme.

3.1 SOLUTION OF THE PROBLEM UNDER CONSI-
DERATION

The main motivation of this research is to create an
anthropomorphic walking mechanism with a high load
capacity with a minimum number of motors for the legs
of the robot. The consequence of this property is a
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significant reduction in the cost of a walking robot
while saving the energy resources of autonomous power
sources of the robot. The technical novelty of the pro—
posed engineering solutions lies in a fundamentally new
design of a mobile walking robot [22], and graphical
and analytical dependencies display the scientific no—
velty for calculating the parameters and modeling the
specified robot.

3.2 Walking robot design

Figure 1 shows a 3D model of a walking robot in a
quarter section. The robot's body contains a parallel
upper platform and a lower platform, which are con—
nected by a rolling bearing in the form of a bearing. An
electric motor is fixed on the upper platform, which
imparts rotation to the lower platform through an
internal gear train. When the electric motor is turned on
or reversed, one platform rotates relative to the other
platform; that is, the robot rotates when the direction of
movement changes.

The robot has four legs, two of which, namely, the
left front leg and the right rear leg, are mounted on the
upper platform, and the right front leg and the left rear
leg are mounted on the lower platform. The legs of the
robot work in pairs and diagonally to the body. When
the robot leans on the left front leg and the right back
leg, the right front leg and the left back leg bend at the
knee joints and move as shown below. Also, a teles—
copic arm and its rotation module are installed on the
upper platform. These devices form a manipulator with
two degrees of movement: £R, and t¢ perform various

technological tasks. The power supply and the robot
control unit are also installed on the upper platform.

: LPO Rotary module
g/ Control block
= ‘% Electrical engine
Power Supply

Upper
platform _

RS

Telescopic arm ¢

) | platform Rolling
‘ bearing
Internal
gear

\Left front leg

Figure 1. Anthropomorphic walking robot (3D model in
quarter section)

The robot's leg structures are the same (see Figure
2), and each of them contains a thigh, a lower leg, and a
foot, which are kinematically connected to each other.
The leg thigh is made in the form of a piston cylinder,
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which forms a gas-sealed chamber in the form of cavity
"B", which is pre-filled with compressed gas. The upper
part of this piston cylinder is mounted on a shaft with
bearings and receives rotation drive from an electric
motor through a gear wheel and a bevel gear. The rod of
the piston cylinder is fixed on the leg knee shaft, on
which the lower leg is also fixed. The lower leg, like the
thigh, is made in the form of a piston cylinder, which
forms a gas-sealed chamber in the form of cavity "C",
also pre-filled with compressed gas.

Robot body

Electrical engine

Bevel gear

Mechanical
spring

Figure 2. Walking robot leg design (see item "A" in Figure 1)

On the rod of the piston cylinder of the lower leg,
hydraulic dampers and the foot of the robot are ins—
talled. These dampers are necessary to dampen shock
loads when the robot walks. In addition, the knee shaft
is connected to a mechanical spring for leg extension
while walking and has a lock for fixing the lower leg
relative to the leg thigh.

@ Electrical engine

Shaft

hawser
Knee pulley

Mechanicl
spring

Figure 3. The leg of the robot in a bent position (when the
lower leg is rotated to an angle )
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Figure 3 shows the leg in a bent position. The
bending of the leg, or rather the rotation of the lower leg
at an angle f, is carried out with the help of a cable
transmission in the form of a thigh pulley fixed on the
upper shaft, and a cable connected to the pulley, which
is fixed on the leg knee shaft.

When the electric motor is reversed with an angular
velocity - w through a bevel gear, the femoral shaft
rotates with an angular velocity w. As a result, the thigh
rotates, and the lower leg bends through the angle f.
This movement is transmitted from the electric motor
through the femoral pulley and the knee shaft pulley,
which are connected by a cable moving at a speed V.

3.3 Robot leg movement

The movement of the walking robot is carried out as
follows. The legs of the robot rotate in pairs and dia—
gonally to the robot's body. Since the construction of all
legs is the same, as an example, consider the movement
of the left front leg, as shown in Figure 4.

Il v 3
Figure 4. Stages of movement of the legs of a walking robot

At the first stage I, when the electric motor is turned
on (see also Figure 2 and Figure 3), it rotates the leg of
length L through an angle a around the point C; with an
angular velocity through a bevel gear. At the same time,
under the action of the weight of the robot, the gas in
the sealed chambers of the thigh and lower leg (namely,
in chambers "B" and "C" of the piston cylinders) is
compressed to a certain pressure. The length of the
robot's leg decreases from L to /, and the robot moves
with linear speed V. The leg assumes the position of
stage II at point C,. With further movement of the robot
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at stage III and with the reverse of the electric motor
with an angular velocity - w, the leg's shin through a
cable transmission (as shown in Figure 3) with an
angular velocity is bent through an angle f. This twists
the mechanical spring on the knee shaft. With further
movement of the robot at stage IV, the reverse of the
electric motor is switched on again with an angular
velocity +w;. The mechanical spring on the shaft of the
knee of the leg rotates the lower leg to its original
position, and the expansion of the compressed gas in the
piston cylinders of the thigh and lower leg straightens
the leg to the initial position of length L at point Cj.
This is how the robot moves one step. Further, the cycle
of movement is repeated when the legs of the robot
move in pairs and along the diagonal of its body.

Thus, due to gas compression in chambers "B" and
"C" of the piston cylinders, the leg length under the
influence of the robot's weight force decreases by the
value L — [ = 0 to ensure the rectilinear movement of the
robot, and the cable transmission, when the electric
motor is reversed, bends under the action of a mecha—
nical spring on the knee shaft unbends the leg of the
robot. At the same time, chambers "B" and "C" of the
piston cylinders of the thigh and lower leg, when the
compressed gas expands, perform the function of recu—
perating the energy of the compressed gas and straig—
htening the robot's leg to its original position. As a
result, it seems possible to carry out the movement of
the robot's leg only due to one electric motor, two sealed
gas chambers, and cable transmission. Unlike the tec—
hnical solutions discussed above (See Section 2), when
a separate motor is used for each leg joint, the proposed
leg design can significantly reduce the cost of the robot
and achieve savings in autonomous power sources.

4. SIMULATION OF THE FUNCTIONING OF THE
LEG OF A WALKING ROBOT

For the possibility of designing such walking mecha—
nisms, below are the first analytical formulas created for
calculating the design parameters of the robot's gas
chambers of the thigh and lower leg. Next, the simu-—
lation of the dynamics of the movement of the robot is
performed, graphs of the change in kinematic charac—
teristics are proposed, and formulas for the stability of
the walking robot are given.

5.1 Determining the parameters of the gas
chambers

During the movement of the robot, at the points of
contact of the supporting leg with the surface, a normal
reaction N occurs (see Figure 4, stage 1) and a hori—
zontal friction force 7, which are determined by the
formulas: N = G/2; T=fN = fG/2, where G — is the total
mass of the robot; f — is the coefficient of friction
between the foot and the moving surface.

At an arbitrary moment in time, a force will act
along the leg

F=Ncosa+Tsina =G(cosa+ fsina)/2 )

where: a - is the angle between the axis of the leg and
the vertical; (-45° < a < 45°). In the initial position at
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the value o = ay = -45° force F along the leg is equal to
F = Fy = G(cos45° - f sind5°)/2 = G(l—j)\/2/4. This
force corresponds to the initial values of gas pressure in
the sealed chambers of the femur py; and lower leg py,,
respectively:

E G2
Por = 2 = 2 >
zD” /4 7D (2)
E G-
Poy = 2 = 2 .
rd”~ /4 d

At the time when the angle o = 0, equalities take place:

F 2G
zD“ /4 =D 3)
by = K 2G
12 = =
zd* /4 rnd?

where: gas pressures in sealed chambers “B” and “C”,
respectively: femur p;; and tibia p,, at an arbitrary point
in time; D, d are the diameters of the femur and tibia
piston cylinders, respectively (see Figure 5).

-
!

Thigh leg

Figure 5. Parameters of the gas chambers of the thigh and
lower leg of the robot's legs

According to the Boyle-Mariotte law, in an isother—
mal process, the equalities will be fulfilled:

2 2
D T
Pol— M =p——Uh-5/2);
4 4
, , (4)
zd zd

Poz 1y = piy ——(hy =6 /2),
02 4 2 12 4 2

where: Ay, h, are the lengths of the thigh and shins
chambers; J = L — L cos45° — change in the length of the
supporting leg during the robot's movement. From equ—
ation (4) we determine the lengths of the gas chambers
of the thigh and lower leg, respectively:

_ 2 _ 20 .
L 2pn—pe) 20-0- N2 )
D120 3 20

= = = 0.
2 2pp-pm) 20-(1-1N2)
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5.2 Dynamic model of robot movement

To describe the dynamics of the robot's motion, we use
the classical Lagrange equations of the 2nd kind:

d(or) (or
K R B R e I 2 6
dz(aq'J (aq,.j Qg 1 ©)

where: k — is the number of degrees of freedom of the
mechanical system; ¢; — are generalized coordinates; ¢;

— are generalized speeds; 7(q;, ¢; ) is the kinetic energy

of the mechanical system, which is a function of
generalized coordinates and generalized velocities; Oy
is the generalized force that corresponds to the gene—
ralized coordinate g;.

In this case, the system has two degrees of freedom.
As generalized coordinates, we choose: the angle of
rotation of the supporting leg g; = a(¢); angle of rotation
of the thigh of the free leg g, = y(¢); the angle of rotation
of the lower leg of the free leg relative to the thigh
depending on the angle 5(¢) of rotation of the thigh of
the leg

B(t) = y()sign(y) —a,, B(t)=y(t)sign(y) =7 1},

where:
l.y>0
fi =sign(y)=40..y=0 .
-1..y<0
Accordingly ¢ , y — the generalized speeds. Angles a
and y vary within , and angle f varies within:
-a,< 0.
During movement, in the presence of chambers

filled with gas, the length of the supporting leg changes
and its length can be calculated by the formula

Lo ™

cosa

L=

The speed of the body of the robot is equal to the
geometric sum of two speeds, namely: the speed of the
upper point of the supporting leg due to its circulation
around the point of contact with the surface of
movement (see Figure 4, point C;), those. V; =

L
La=—2—qa, as well as the speed of the body of the
cosa

robot, depends on the speed of the specified point due to
a change in the length of the leg

_dL:Losiznad' ®)

dt  cos”«a

£

The vectors of these speeds are mutually perpen—
dicular, so the speed of the robot body is found by the
formula

. 2 2
L sina L
V=1t ry \/( : 02) { . dj
COSZLZ cosa (9)

o

_ a; (¢ <0).
Cos o
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Then the expression for the kinetic energy 7 of the
robot body will have the form

2
L
T, lmkVQLmk( < dj (10)
2

2
2 cos o

where my is the mass of the robot body. The sum of
projections of velocities Vy,V, equals zero: Visino —
Vycosa = 0. Therefore, the speed of the robot body is
directed only horizontally. This is an important condi—
tion for the absence of vertical vibrations in the robot
body. We assume that the mass of each leg my is
uniformly distributed along the leg. The supporting leg
performs a rotational movement with an angular velo—
city a relative to the point of contact with the moving
surface, in addition, the points of the thigh and lower leg
move along the leg with a speed of V,. Then the
expression for the kinetic energy of the supporting leg
of the robot will be:

2 . 2
m, L, 1 L sina
= (a) +—(m, +mg) al =

L= 2
6 2 cos o (11)

2 2
m, L, 1 L sina
=— al +— (mL + mg) a
6 \cosa 2 ‘ cos” a

where my — is the total mass of the leg; m., mq— is the
masses of the thigh and lower leg, respectively.

The free leg performs a plane-parallel movement,
namely: it moves forward along with the body at a
speed V, the thigh turns around the point of attachment
to the body at an angular speed , and the lower leg, in

addition, turns around relative to the thigh with an
angular speed S = ysign(y) =7 f1 . Then the expression

for finding the kinetic energy of the free leg of the robot
has the form

.2
m, L,
T, =—* (Vz +ﬂ+VLchosyJ+
3

2 (12)

2 (Le?) .2 .
me | V© o+ +(L.y)" +2VL.ycosy +

+Lg}?f1 (Vcos(y + B) + L.y cos B)

The total kinetic energy of the robot mechanism is
T =T, + 21, + 2T, , see formulas above (10), (11), (12).

The method for obtaining differential equations of
motion of a mechanical system is of a classical nature;
therefore, for brevity, we note only the operations that were
performed to obtain the differential equations of motion of
the robot, namely: initially, the partial deri—vatives of the
kinetic energy are found, which are included in equation
(1). Next, the total time derivatives are calculated, and the
possible increments of the movement coordinates and
rotation angles of the robot's legs are specified. As a result,
we obtain the formula for the generalized force:

Q;/ =2M,i—-m.gL siny —(m, —m_)g(2L_ siny +

(13)

+(Ly, —L)sin(y + B)) — 2¢Psign(y)

where: M, — is the torque of the electric motor; g=9.81
m/s> — acceleration of free fall, see other designations
above.
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We substitute the found expressions of the deriva—
tives mentioned above and generalized forces into equ—
ation (6), and after simplifying the intermediate expres—
sions, we obtain a system of differential equations of
robot motion (14):

G(H? (my, +2my) +2 ) 3HL,my, )+ (H sin )’ (m, +m,) +
+7(HL, cos y(m, +2m, )+ (HL,m, cos(y + B))sign(a)) =

or
=—-A4+Q,; dHcosy(m.L, +2m,L,)+ (14)

[ole
v, 2 2 . 6T
+7(Ly(2m, /3+mg)+Lgmg cos fsign(a)) :——B+Q},
. o
where: H = - ; function “A” has the following
cos o
form: *

A=d (2HR(m_ +2m )-2/3hLm  +

k

+2(H sin a)(hsin o + H cos a)(m, + m, ) —

—yah(L, cosy(m, + ng) + fngmg cos(y + B)) +

+;}2H(LC sin y(m_ + 2mg )+ fngmg (I+ f,)sin(y + B));
function “B” in equations (14) looks like this:
) .
B =-a"h((m, + ng )L, cosy + mngf1 cos(y + ) +
+0't;}H((mc + ng )L, siny + mngf1 I+ f,)sin(y + B)) -
27’ m L L, sin f.

These equations make it possible to calculate the
kinematic and dynamic parameters of the movement of
a walking robot. Based on the solutions of differential
equations (14), the numerical Runge—Kutta method in
the MATLAB environment obtained graphical depen—
dencies, which are shown below.

5.3 Robot stability conditions

To ensure the stability of a walking robot, the resultant
weight forces of all parts of the robot must pass through
the intersection point of the segments that connect in
pairs the attachment points of two supporting legs and
two free legs. If a certain horizontal force F,, acts on the
body of the robot during movement, then the condition
for the stability of the robot will have the form

Gb/2>F,L, (15)

where b — is the width of the robot foot that is in contact
with the moving surface. If we introduce the stability
factor £, then the robot stability condition will look like

Gb_ sk (16)
2F,L,

5.4 Analysis of simulation results

The construction of a dynamic model made it possible
to simulate the movement of a walking robot. Below are
the simulation results for the following values of the
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constants, namely: the mass of the upper platform m, =
72kg; the weight of the platform m,=80kg; additional
payload mass m3 = 30kg; robot body mass m = m; + m,
+ m;; the mass of each leg my = m;/4; robot stability
factor k=0.3; drive gear ratio #; = 2; knee mechanical
spring stiffness C=2 Nm/rad.; robot leg length L = 0.5m;
L, = Lcos45°.

The graph in Figure 6 shows the change in the
angles of rotation of the robot's leg, it's hip, and shin of
the robot's leg over time, i.e., their turning speeds. As
can be seen from this graph, the speed functions are
non-linear throughout the entire leg movement step.
This is explained by the fact that during movement, the
length of the rib and lower leg is variable due to gas
compression in the chambers of the piston cylinders. As
a result, the function of the speed and acceleration of the
whole robot is also non-linear (Figure 7).

a, ) degls)
50

40 =
30

o )\ s
a=fl1) PNl

10
; AN

XN N5
/\ //
74 NV

-40 Vi - \

1(s)

0 01 02 03 04 05 06 07 08 09
Time, (s)

Angles of rotation of the robot's leg #, thigh y

and lower leg 4 (deg/s)
®)
(]

Figure 6. Change in time of the angles of rotation of the
supporting leg a = f(t), thigh y = f(t), and lower leg B8 = f{(t)

In addition, the compression of gas in the chambers
of the thigh and leg under the action of the robot's
weight and the expansion of gas in these chambers
occur at different speeds of the pistons of these cy—
linders. This effect should be considered when deve—
loping a mobile robot control program.

14 V(m/s)
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[«

o
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o
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~
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()
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1(s)
0 01 02 03 04 05 06 07 08 09
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Figure 7. Graph of the change in the speed of the robot

Figure 8 shows the changes in the angular velocities
of the supporting leg of the robot, i.e., when the foot is
in contact with the moving surface and changing the
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speed of the leg that is free from contact with the mo—
ving surface. Essentially, these graphs illustrate changes
in the accelerations of the drives of the supporting and
free legs of the robot. Traditionally, transport mecha—
nisms operate with acceleration in the range (of 1.5...2)
m/s>. For robots with wheel transmission, these values

may be greater than the accelerations for walking
mechanisms. Therefore, the data of the graphs in Figure
8 can be perceived as quasi-optimal. It should also be
remembered that the magnitude of the accelerations of
movement, combined with the mass of the moving
parts, determine the inertial forces and hence the degree
of stability of the robot. Therefore, when changing the
direction of movement of the robot, preference should
be given to lower values of the acceleration of move—
ment to reduce the forces of inertia and, consequently,
ensure the robot's stability.

z}, ;<1«ad/s>
5 7
4 ’/
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5 ) | \
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Figure 8. Changing the angular velocities of the supporting
leg & and thigh of the free leg

5. RESULTS AND DISCUSSION

Unlike the technical solutions of walking robots discu—
ssed above [2,3,6,13], which have a separate drive for
each leg joint, the proposed anthropomorphic walking
mechanism contains a minimum of drives for each leg.
In relation to other structures considered in Section 2,
the proposed walking mechanism has a significantly
lower cost due to the minimization of drives and the use
of sealed gas chambers for energy recovery.

Gas compression in sealed leg chambers under the
action of the weight of the robot is considered an
isothermal process, which corresponds to the Boyle-
Mariotte law. Equations (4) and (5) make it possible to
calculate the values of the initial pressure in these
chambers and the lengths of the sealed chambers of the
thigh and lower leg of the robot, which are necessary to
perform the walking function of the robot. In addition,
in order to save the resources of the robot's power sour—
ces, the gas chambers, when expanding the gas and
straightening the leg, perform the function of recu—
perating the energy of compressed gas pressure.

As can be seen from the graph in Figure 7, the robot
has sufficient movement speed for a walking mecha—
nism, which, in comparison with a wheeled trans—
mission, although inferior in movement speed, is supe—

VOL. 50, No 4, 2022 = 730

rior in the degree of adaptation to the moving surface.
Graphs in Figure 8 show that the values of accel—
erations, which determine the values of inertia forces for
a certain mass of the robot, are within the accepted
norms. Therefore, it is possible to guarantee the stability
of the robot during movement, however, it is also nece—
ssary to take into account the restrictions (15) and (16),
which take into account the length of the robot's leg, the
width of the foot and the weight of the robot.

6. CONCLUSION

In this article, the authors proposed a fundamentally new
design of a walking mobile robot, the main dif-ference of
which is the minimization of drives for each leg of the
robot. This property is achieved through a combination of
one electric motor, the airtight gas chambers of the thigh
and lower leg of the robot, and a cable transmission from
the specified motor for bending the lower leg. The gas
chambers of the thigh and lower leg do not have a separate
drive, and the gas in them is compressed under the action
of the robot's weight. In addition, these cham—bers perform
the function of recuperating the energy of the compressed
gas during the extension of the legs of the robot. In
addition, the presence of hydraulic dampers in the foot of
the robot's foot makes it possible to compensate for and
dampen shock loads when the robot walks on a surface
with an arbitrary topology. Taken together, these design
differences make it possible to equip each leg of the robot
with only one electric motor in combination with the
original kinematic scheme of the leg.

The proposed analytical and graphical dependences
of the design parameters of the walking mechanism of
the robot allow researchers and engineers in the field of
robotics to carry out the multivariate design of such
devices. The results of modeling the functioning of this
robot illustrate its industrial applicability when used as a
walking vehicle, and the presence of a telescopic mani—
pulator on the upper platform also allows for performing
technological operations, depending on the tooling of
the robot's arm.

Ultimately, the proposed anthropomorphic walking
robot has the ability to move on surfaces of arbitrary
topology and change the trajectory of movement due to
the reverse rotation of the individual platforms of its
body. The main result of these studies is to reduce the
cost of a walking robot by minimizing the number of en—
gines and the presence of energy-recovery gas chambers.
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AHTPOIIOMOP®HMU XOJAJYRHU POBOT:
JAU3AJH U CUMYJIAIMJA

M. Honumuyk, M. Tkau, A. CTesuH

Capamimy aszy pa3Boja poOOTCKHX cHUCTEMa Kapak—
Tepuiie ymnoTpeba aHTponmoMophHHUX An3ajHa poOoTa,
yuje cy (QyHKIMje WTO Onmke JbyAcKuM MoryhHoc—
tuma. OBaj TpeH 1 ce odjalmaBa MOTpedoOM j1a ce podo—
THUMa Ja)y YHUBEp3aJHe MOTYNHOCTH HPHIMKOM H3BO—
hemwa pa3MUUTHX TEXHOJIOIIKUX oreparyja. Y 4jJaHKy
ce mpemnaxke (QyHIaMEHTAIHO HOBH Ju3ajH Xojajyher
poboTa W ommcCyje MOAET HEroBOT (PYHKIMOHHUCAMA.
Ogaj nu3aju omoryhasa poOoty n1a ce kpehe y yraoHom
KOOPAWHATHOM CHCTEMY, INTO je TUIIMYHO 3a JbYHe.
'maBHa MoTHBaLHWja 3a CTBapame OBAKBOI poOoTa je
CMameme Opoja MOrOHA KWHEMATHYKOT JIAHIA MeXa—
HH3MA 33 XOJambe.

VY ujaHKy Cy NpUKa3aHH pe3YyJNTaTH MaTeMaTHYKOT
MOZEeNUpama U MPEenopyke 3a MPOjeKTOBABE aHTPOIIO—
MopdHUX MexaHHM3ama 3a Xojaame. Vmxkemepcke (op—
MyJie W JMjarpaMu NpeNCTaB/bEHU y WIAHKY 3a Mpo—
pauyH ontepehema cuie omoryhaBajy kKpewpame pas—
TMYUTHX MoanduKanuja xonajyhux podora Koju umajy
CBOjCTBO mpuiarojaBama NPOU3BOJHHO] TONOJOTH)H
MOBPIIMHE 32 KpeTame MOOWIHOT pobota. ExoHOMCKH
eeKaT ce MOCTIKE CMamemeM Opoja eleKTpoMOoTOopa
3a 3r7000B€ HOTY POo0OTa W, MOCIEINIHO, CMAFmHEHEM
YKyTIHE IIeHe po0oTa KOjH X0za.
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