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DESIGNING AND MANUFACTURING
THE ARAD RESCUE ROBOT AND EVALUATING
ITS EFFICIENCY FOR USAR MISSIONS

Introduction. Every year, natural disasters such as earthquakes, floods, and storms occur around the world
and many people die as a result of the devastation. In the relief and rescue operations, many injured people may
lose their lives as they remain under the rubble for hours and even days because rescue agents have no access
to them.

Problem Statement. One of the major problems for rescuers is overcoming and removing obstacles on the path
Jfor quick access to injured people.

Purpose. 1o study the process of designing the Arad rescue robot for urban search and rescue (USAR), to de-
fine the robot tasks, and to design suitable mechanisms for their fulfillment. The general purpose is to design and
to build a rescue robot with a high speed and precision and a low cost in order to better find the injured people
under the rubble.

Materials and Methods. To complete the design method, CATIA software was used to apply the finite element
method for powerful analysis of complicated parts. Also, Solidworks was used to model the mechanisms, where
3D sketch of each component of the robot was generated by means of it. Finally, the components are convened
together with controlling hardware. Two central processors are used within the control system of the robot. The
director’s PC as the master processor and the laptop installed on the robot as the vassal processor. The general
design of the robot has been performed using the SOLIDWORK modeling software while to design the robot
arm, CATIA software is employed so that the manipulator motion analysis is made in this software in addition to
using the software modeling power. In order to pass obstacles and impassable routes, a caterpillar has been used
in the robot motion system and also, two arms have been embedded in the front part of the robot to climb obstacles
and rugged terrains.

Results. In addition to the rotating arm, one skilled arm has been designed for robot to overcome these prob-
lems. In addition, the use of sand wheels has forced the robot to increase its ability to travel on dif ferent routes.

Conclusion. Different national and international competitions have provided an opportunity for this robot
to display its capabilities in an environment close to the real conditions. The robot has been awarded with many
titles, which testifies to a great success and actual improvements in every aspect. The performance of this design
and build has been shown in the Rescue Robots League and appreciated as one of the best designs.
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Every year, natural disasters such as earth-
quakes, floods, and storms occur around the world
and many people die as a result of the devasta-
tion. In the relief and rescue operations, many in-
jured people may lose their lives as they remain
under the rubble for hours and even days because
rescue agents have no access to them [1]. Search
and rescue (SAR), and also urban search and res-
cue (USAR) operations are important and often
dangerous relief operations. Modern technology
can significantly improve the speed and safety of
these operations. Search and rescue operations for
lost people are often in natural areas such as fo-
rests and mountains. To discover the area where a
person has been lost, robotic technology can be
faster and cheaper than sending a human search
team or a helicopter [2]. USAR is an emergency
response to a natural or human disaster, such as
an earthquake or a terrorist attack, which dest-
roys urban structures and buries people under
heavy and unstable rubble. In this scenario, a
USAR team will be deployed to the disaster site
in order to find the victims, pull them out and
give them first aid. Robotic technology is one of
the most useful USAR aids since a robot enters
places that can be unsafe for a human being [3].
Loose rubble, impassability of the path for the
passage of the officials and failure to accurately
identify the location of the injured are among the
factors that cause the lack of access to the injured
and delay in relief and rescue operations [4]. A
robot can be sent to the exploration area, identify
the place of the victims, establish a communica-
tion channel with them and carry items like wa-
ter, snacks and blankets. Robotic technology is
also examined for marine search and rescue ope-
rations in order to be effective and in fact, these
operations are for the victims of the ships that
have sunk near the coast [5]. Urban search and
rescue operations are highly sensitive to time and
mistakes and impose a lot of stress and physical
and mental fatigue on the team. It seems that tech-
nology is a clear choice to help the USAR team
and performs this operation more effectively. Ho-
wever, this is a very difficult task for designers of
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this technology. Thus, in USAR operations, there
are very few changes due to uncertainty in the
technology or the cognitive demands presented
to the operator. In other words, a great responsibi-
lity has been shouldered by the technology de-
signers to make it perfectly suited to the USAR
domain or otherwise, it is immediately rejected
by the users. Technology for USAR is useful at va-
rious practical stages: Obtaining preliminary in-
formation about the status of the environment,
searching for victims and preparing the saved and
liberated victims while supporting them [6]. Ma-
ny of the technologies considered for USAR have
been designed with regard to the search step. This
is an important step to focus on it because the
safety of the USAR team members is a top prio-
rity and as long as the supported structures are
not built, for the team’s entry into buildings to
visit the victims, it should be made sure that they
have been safely prepared for the entry and search
for the survivors. This delays the rescue process,
which can potentially lead to the survival of the
victims. Nevertheless, robotic technology can be
made available and can be allowed to start the
search before building a stabilizer to explore the
survivors and ultimately securely entering the in-
secure environment [7]. When a robot is sent to
search for the survivors buried under the rubble,
if the environment where it has entered is suffi-
ciently secure, a search and rescue specialist will
be replaced. Indeed, the operator can practically
explore the environment through a robot from a
remote distance while being in a completely se-
cured place (extend this feeling to stone ruins or
a place with hazardous substances) [8]. Probably
the best achievement can be the focus on user in-
terface to create telepresence (an experience of
presence in an environment through technology
and the real physical experience of that environ-
ment) [9]. Search and rescue forces are using some
technologies, such as some robotic technologies
that help them in the search section [10]. Howe-
ver, many of the robotic technologies currently
used in urban search and rescue are taken from
other areas, like building cameras or life detec-
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Fig. 1. Schematic design of rescue robot tools and sensors

tors, and hence are not fully compatible with the
search and rescue environment and certainly, a
design is required based on the qualitative pa-
rameters desired by the stakeholders [11]. To this
end, robotics professionals prepare the ground for
accelerating assistance to the injured by design-
ing and building rescue robots. A rescue robot is
arobot that enters the environments in which an
incident has happened and sends information on
the coordinates and specifications of the injured
to its control unit. The purpose of the construc-
tion of a rescue robot is to build robots with high
speed and precision and low cost in order to bet-
ter find the injured under the rubble [12].

It is crucial to select the mechanism of rescue
robots due to the impassability of the path of their
movement and many efforts have been made to
achieve optimal motor mechanisms [13].

HOW TO ESTABLISH COMMUNICATION

The schematic design of rescue robot tools and
sensors is guen in Fig. 1. The communication path
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between the robot and humans is very important
in the USAR missions because in the event of dis-
connection, access to the robot is not possible.
Therefore, various protocols have been provided
for rescue robots depending on the circumstances.

These protocols include wired and wireless ty-
pes. Wireless protocols are usually applied for ra-
dioactive conditions and the conditions in which
there is noise and disruption in waves although
the main problem with this method is the pre-
sence of cable, carrying it and getting caught in
the path.

Communication protocol of Arad rescue robot
with the operator is through a wireless network
with standard 5 GHz (IEEE 802.11a). Informa-
tion such as robot control data, images, sensors
data and so on is transmitted in this way. It is
worth noting that the above-mentioned informa-
tion is transmitted through a program that is de-
fined and installed on the robot. This program
has capabilities such as data transfer through the
communication network and establishment of
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hardware communication between the computer
on the robot and electronic circuits.

The most important advantage of this program
is the transmission of information in very low
volumes, which causes to increase data transfer
speed. For example, in IP and CCD cameras, the
time delay of 1 to 2 is reduced to 0.2 with this
program. The robot has the ability to connect to
the Internet through a wireless network (Wi-Fi),
which makes it possible to communicate with the
robot from any point.

In new methods, two navigators are used si-
multaneously to control the robot, which employ
optimal protocols and point out the importance
of communication between the robot and the
navigator [14].

METHOD OF CONTROL
AND COMMUNICATION BETWEEN
HUMANS AND ROBOTS

Although the application of automated robots
that facilitate the performance of operations for
the navigator using heat, light and gas sensors
and route scanning is widespread, the main tasks
are still undertaken by the navigator.

The rescue robot control diagram is shown in
Fig. 2.

Burke and colleagues proposed to develop a
new detection model for better understanding of
the environment from a robot’s perspective [15].

To connect the operator to the robot computer,
it is necessary for the robot internal program to
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Fig. 2. Rescue robot control diagram
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Fig. 3. The image sent by the rescue robot

install a program automatically on the operator’s
computer; this program provides the operator
with data from the robot address in the network.
For the operator to communicate with the robot
computer, it is necessary that the operator be
aware of the robot internal program security
code. Having this security code, the operator is
able to communicate with the robot using any
computer and control it, and it is just necessary
to match the sent instructions of the program
with the controller keys. This issue prevents the
operator limitation in control of the robot by just
a specific controller. The robot control program
has the ability to capture all images along with
incoming and outgoing information. Among the
robot control tools, we can refer to keyboard,
mouse, joystick and so on [16].

An example of image obtain from rescue robot
is given in Fig. 3.

However we should consider that the use of user
interfaces existing in video games can have a more
favorable effect on training the application of USAR
robots for users because most people have a his-
tory of familiarity with computer games and also,
user interfaces can play a crucial role in reducing
navigator stress during operations relative to comp-
lex user interfaces and decrease human errors.

Although the use of distance measurement sen-
sors, laser and cursor sensors and the sensors with
similar capabilities facilitates the navigator’s
work, the application of camera and video com-
munication has its own advantages.

Using multiple cameras or a Panomera camera
provides a fairly useful view for the user. But the
use of a camera whose directions and height can
be changed can provide a better view for the user.
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Thus, rescue robots have been pushed to using
robotic arms.

Using the image processing method when per-
forming operations can be very effective and the
subtle points that may be ignored by the sensors
due to overlapping or be overlooked by the navi-
gator for various reasons can be identified and an-
nounced, which requires the application of appro-
priate algorithms that become upgraded day by day.

MECHANICAL PARTS

In a rescue robot (Fig. 4), the more complete is
the main mechanism, the smoother is the robot
motion. The main mechanism consists of two
parts: motion mechanism and rotating arm mech-
anism of the robot. Since these two mechanisms
are completely interdependent and cannot be
differentiated, they are part of the main robot
mechanism [17].

Fig. 4. 3-D model of the rescue robot

A -,
Fig. 5. Testing the rescue robot in the racing
track
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The robot is actually modified in three stages
of construction and practical testing (Fig. 5), as
in the early version, the robot lacked a front arm,
and a single chain was used, given a high pressure
and tear of the chain. In the next version, the ro-
bot was modified and the same way in the final
version, with additional front arm, with the abili-
ty to move objects added for more accurate search
operations.

ROBOT ACTUATOR SYSTEM

Movement of a robot in different routes depends
entirely on this system. This system transforms
the power of motors transmitted by the power
transfer system into a proper and secure motion.
All chassis and body systems are designed and en-
gineered using the solid works premium 2014
software and all arm parts using the CATIA V5
software, as well as manufacture plans in CATTA
software. Selection of a proper mechanical mec-
hanism for this system can ensure a coherent mo-
tion for the robot. For the robot actuator system,
a gear and chain mechanism was used (Figs. 6—7).
One reason for the application of this mechanism
is the greater strength and power of the gear and
chain mechanism relative to the belt and pulley
mechanism. The robot actuator system is com-
posed of four axes of gears and chains that are lo-
cated two by two on both sides of the robot so
that the left axes are independent of the right
axes and their movement does not interfere with
each other [18]. Each of the actuator systems
consists of two rows of chains and corresponding
to each of the rows, one gear is rotating in the
front part of the robot and one gear on the rear
shaft of the robot. For the free rotation of this
gear pack, it is necessary to place two ball bea-
rings in the space between the pack and the rear
shaft of the robot and given that the rear shaft
of the robot is fixed and connected to the ro-
bot body, the gear pack rotates around the fixed
axis of the rear shaft. In the front part of the ro-
bot, there is a sheath which is connected to the
robot body. The robot actuator arms shaft that
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Fig. 6. 3-D model of the rescue robot actua-
tor system

Fig. 7. 3-D model of the recue robot actua-
tor arm

provides the rotational motion of the arms passes
through this sheath and to facilitate the move-
ment of this shaft inside the sheath, the space bet-
ween the sheath and the shaft is filled with four
ball bearings.

The sheath in the front part of the robot acts
as a fixed shaft and consequently, the pack cor-
responding to the robot rear gear pack, which
is placed in the front part of the robot, rotates
around the sheath axis. The robot front gear pack
includes 2 gears on both sides of the retaining
part and one gear in the middle of the retaining
part; the gear in the middle is part of the power
transfer system which will be explained in the fol-
lowing. The space between this pack and the
sheath in the front part of the robot is filled with
two ball bearings for free movement of the pack
around the sheath axis [19]. In addition to this
gear pack, another gear pack that belongs to the
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Fig. 8. 3-D model of the rescue robot manipu-
lator

robot arm actuator system is on this sheath and
like the previous pack, the space between the pack
and the front sheath is filled with two ball bea-
rings. In order for the motion of the robot main
actuator system to be coordinated with the mo-
tion of the robot actuator arm system, the force
transmitted by the power transfer system from the
motor to the gears must be divided between the
gears on the sheath in the front part of the robot.
For this purpose, the gear pack of the main actua-
tor system was coupled with the gear pack of the
arm actuator system so that the transmitted force,
in addition to actuating the main actuator sys-
tem, also propels the arm actuator system.

It is clear that since the gears movement in two
systems is in one direction, movement of the ac-
tuator systems will be also in one direction; that
is, if the main actuator system moves forward, the
arm actuator system also moves forward due to the
coupling of two gear packs on the front sheath.

In this system, the size of the rear gear pack
and two front gear packs was considered to be the
same; i.e. radiuses of gears in the rear gear pack,
front gear pack and arm gear pack were selected
to be completely equal and based on the equality
of the gears, the retaining parts between the gears
should also be similar. It should be noted that the
gear in the middle of the retaining part of the front
gear pack, which played a role in the power trans-
fer system, should be of a smaller radius compared
to other gears so that while moving, the chain at-
tached to this gear does not interfere with the mo-
vement of the main actuator system chains [20].
Here, the crucial point is the complete coordina-
tion of each of the gear packs; that is, when two
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gears are placed on both sides of the retaining
part, teeth of the two gears should be in the same
direction. This is important because lack of coor-
dination between the teeth causes inconsistency
of the chains on the two gears, resulting in diffi-
culty in the robot movement.

In connection with the material of the sheath
in the front part of the robot and the shaft in the
rear part, it was decided that these two pieces be
made of the Mo40 steel, like the robot arm rota-
ting shaft. This choice has a close relationship with
the strength of these parts. Since the forces ac-
ting on the robot enter these parts after the actua-
tor system and the gears, selection of materials
that would provide the required strength was put
on the agenda. Other parts of the robot actuator
system were produced from the same materials as
described in the previous two sections.

ROBOT ACTUATOR ARM

Perhaps one of the most sensitive and important
parts of the robot is its actuator arm (Fig. 7). In
terms of the type of robot structure, the actuator
arm plays a decisive role in robot movements in
the face of barriers. As a result, efficient arm de-
sign can greatly help the robot motion. The robot
actuator arm is mechanically such that it has a
360-degree rotation and also an actuator system.
The 360-degree rotational movement of the arm
is such that in the part jointed to the robot body,
the arm creates a 360-degree rotation around that
joint. The arm actuator system is a system inte-
grated with the main actuator system of the ro-
bot. This means that no separate motor has been
used for the arm actuator system. The same mo-
tor that drives the main actuator system is con-
nected, in an integrated manner, to the arm ac-
tuator system by the mechanism described in the
following sections and causes the system to move.
In the final design of the robot, two actuator arms
have been anticipated that are in the front part of
the robot. In terms of rotational motion, the two
arms are fully coordinated. These two arms are
coupled by a long shaft that connects to the other
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arm from one side of the robot and by going
through the robot width on the other side of the
robot. This shaft, using its motor and mechanism,
provides the rotational motion for the actuator
arm so that the rotation rate of the robot left arm
is in perfect harmony with the right arm. The arm
actuator system includes a gear and chain system
such that there are two gears in the lower part of
the arm and the same structure is in the upper
part of the arm. Moreover, two rows of chains em-
bedded on these gears make up the arm actuator
system. Unlike what causes the rotation of the ro-
bot’s two arms, in this part, each of the actuator
systems moves independently and their motion is
provided by the motor that drives the main ac-
tuator system. Notably, the main actuator system
on both sides of the robot is powered by two sepa-
rate motors. Therefore, robot actuator systems
are completely independent of each other. The
main body of the arm, in addition to playing the
role of maintaining the integration of the arm me-
chanics, should have high resistance in order not
to be damaged in dealing with obstacles. The main
body of the arm with an integrated structure is
designed in a way to be coupled with the rotating
shaft of the arm in the lower part and, in the upper
part, control the axis of the gear system in the up-
per part of the robot arm or, in other words, the
gear pack in the upper part of the robot arm.

In the upper part of the main body of the arm,
a groove was created for the movement of this
axis so that the gear pack axis can adjust the stift-
ness or looseness of the chain by moving in this
groove. Gear packs in the actuator arm are quite
similar. These packs are made of two gears that
are located on either side of a specific part. The
packs are placed by two ball bearings on the up-
per and lower axes of the arm so that the move-
ment of the packs around the mentioned axes be-
comes a loose and smooth motion. Using this me-
chanism helps that when the gear pack of the lower
arm axis starts to moves, the gear pack of the up-
per axis also moves in a coordinated and smooth
manner. The main body of the actuator arm and
the main shaft of the two arms are made of mo40
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steel alloy. Some of the reasons for this choice are
as follows:

1 — Durability and high strength of these steels
in high-stress environments with regard to their
volumetric mass;

2 — The ability to properly produce and manu-
facture the parts;

3 — High frequency of use of this metal in the
industry.

As to the arm gear pack, gears made of harde-
ned iron were selected mainly because of high
strength against bearing stresses applied by the
chains. In this pack, in addition to gears, another
piece is also used which is made of Teflon and has
the role of retaining the gears and also integra-
ting and coordinating them. The reasons for choo-
sing this material include its high pressure tole-
rance and lightness, leading to the strength and
lightness of the gear pack.

Considering that the robot size is of great im-
portance to us, attempt was made to select high-
strength raw materials so that if the dimensions
of the parts used in the robot became small, its
overall strength and resistance are not reduced.
Accordingly, the main shaft of the robot actuator
arms became small to the extent that its strength
is not reduced and does not get close to the dan-
ger zone. The next point was the torque resulting
from the weight of the actuator arm and the gear
pack of the axis in the upper part of the arm on
this shaft. As a result, to reduce the torque, the
radius of the gears in the gear pack of the upper
axis was selected to be smaller than the radius of
the corresponding gears in the lower gear pack and
also, choosing Teflon as the retainer of the two
gears greatly helped achieve this goal. In relation
to the main body of the arm, attempt was made to
reinforce this process of lightening through pro-
ducing a special shape design and also decreasing
its thickness as much as possible.

ROBOT MANIPULATOR

This arm should provide the robot with the abi-
lity to remove and displace objects. Hence, in ad-

ISSN 2409-9066. Sci. innov. 2020. 16 (1)



Designing and Manufacturing the Arad Rescue Robot and Evaluating Its Efficiency for Usar Missions

Fig. 9. Detection of injured people by rescue
robot

dition to the ability to maneuver in all directions,
it should be capable of removing and displacing
objects with different weights [21]. For the mani-
pulator (Fig. 8), a mechanism similar to that of
the camera arm was designed, with the difference
that instead of the camera, a sliding handler that
is closed by the arm servomotor is used in this
arm. This servomotor creates a sweep movement
in the sliding handle by performing clockwise
and counterclockwise motion.

To meet the capability of removing objects
with different weights, the use of more robust
servomotors and also more resistant raw materi-
als was put on the agenda so that this arm does
not bend when removing objects and eventually a
fracture is not created in the bending area after
repeating this action several times. Besides, the
servomotors used should have the ability to be
placed in the lock status when removing objects
and do not rotate a bit out of the desired state
because the smallest rotation of these servomo-
tors will cause the arms to fall, resulting in the
falling of the object.

Considering that a high-degree of freedom arm
was needed in the skilled arm’s position, the fol-
lowing formula was used to the arm with the re-
quired degree of freedom was designed:

dof=m(N—1)—ici=m(N—1)—i(m—fi)=
=m(N=1=j)+ L)
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Where m = 3 for the flat mechanisms and m = 6
for the space mechanisms, N is the number of
links, / is the number of joints, and f, is the num-
ber of degrees of freedom of the i-t4 joint.

The main goal of the rescue robot is to cross
impassable routes and to find possible injured
people in various parts of the route [18] (Fig. 9).
Search is the most important task of the USAR
robot. Therefore, it is important to use the best
method or combined methods for better searc-
hing. But the search in the real environment is
very different from simulated environments. Con-
sequently, finding the injured is more important
than the robot movement in the racing track.

Usually a doll is used instead of the injured.
The robot should have capabilities such as seeing
the injured, detecting the amount of oxygen and
carbon dioxide in the environment and recogni-
zing the ambient temperature. For this reason,
there are elements beside the injured that con-
sider these capabilities. A sheet of element E, used
to detect visual acuity, is put next to the injured
person and the robot should recognize this ele-
ment with its camera. A thermal element is also
placed next to the injured person, which raises
the temperature around the injured person
above the ambient temperature and the robot
should measure the temperature around the in-
jured person with its thermal sensors. There is
another element beside the injured, which stim-
ulates oxygen and carbon dioxide sensors of the
robot and changes the amount of oxygen and
carbon dioxide around the injured. Elements de-
scribed above are generally referred to as “the
injured” in the tournaments and when it comes
to finding an injured person, it is not just the
physical location of the injured, and an examina-
tion of the elements beside the injured is also
considered.

But what the robot can do when dealing with
the injured is also important. Providing a bottle
of water can restore the injured person. Further,
oxygen release, if needed, and the use of the com-
munication system between the injured and the
navigator to increase the morale of the injured
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are very practical points at the critical moments
in real operations.

Considering the type and structure of rescue
robots, the process of using these robots is in-
creasing. Because of their powerful mechanical
structure and also the capability of remote con-
trol of robots, rescue robots are able to perform
their duty at the scene of an accident in relief and
rescue operations and help in finding the inju-
red. In many of these events, the role of rescue
robots is undeniable. Therefore, these robots gra-
dually become an integral part of relief and rescue
operations. Furthermore, the use of this kind of
robots in special events, such as the recent tsu-
nami in Japan which led to destruction of several
nuclear power reactors in this country, becomes
more and more evident. In this incident, rescue
robots had a very important role in examining
destroyed areas that were exposed to nuclear ra-
diation. Additionally, they were very helpful in
the operations in which humans could not be pre-
sent due to radiation. Robots that are placed in
the class of rescue robots, in addition to having
numerous capabilities in searching for the victims
of accidents, can also be used as military auto-
matic drive systems. By understanding that the
important industrial countries of the world have
turned to using robots more than ever before,
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PO3POBKA 11 BUPOBHUIITBO PATYBAJIBHOTO POBOTA
TA OLIIHKA 1OTO EQOEKTUBHOCTI JIJIA PATYBAJIbHUX MICIA

Beryn. Ilopoxy cTuxiiini uxa (3eMJIeTpycH, MOBeHi, GypeBii TOIIO) TPATITIOTHCST M0 BCHOMY CBITY Ta TATHYTD 32 COO0T0
sarubesb 6araTbox Jiogeil. Yacto pATyBasibHi Micil He MOKYTh BUaCHO HajlaTH JONOMOTLY i HOCTPasKAasli 3a/UIIAI0ThCS i/
3aBajlaM# TPUBAJINH yac.

IIpo6aemaTuka. OHI€IO 3 FOJIOBHUX IIPOOJIEM [IJIs1 PATYBAJIBHUKIB € [OJ0JIAHHS TA YCYHEHHSI IIEPEIKO/I 1151 3a0e3I1eYeHHS
HIBUIKOTO JIOCTYILY JI0 TPABMOBAHUX JIIOJIEN, SIKi 3HAXO/SATHC Ii/1 3aBaJIaMu.

Merta. Po3po6uTi ta CTBOPUTH PATYBAIBHOTO POGOTA 3 BUCOKOIO IIBUAKICTIO Ta TOYHICTIO POGOTH Ta 3 HU3BKOIO BAPTICTIO
11 3a0E31IEUeHHS OTIEPATHBHOTO 3HAXO/UKEHHSI Ta PATYBAHHST MOPAHEHUX 111/ 3aBaJIAMU.

Marepiamm it metonu. [liisi ipoeKkTyBaHHS BUKOpUCTaHO nporpamue 3abesneuennss CATIA i3 3acTocyBaHHSIM METOLY
KIHIIEBUX €JIEMEHTIB /I MOTYKHOTO aHasi3y CKJIaJHUX JAeTasell; /8 MOJe/NIOBaHHA MeXaHi3MiB, 3a J0IOMOIOI0 AKUX
crBoproBasiucst 3D eckizu KOKHOro KOMIOHeHTa po6ota, — rporpamte 3abesnedertss SOLIDWORKS. B exuny cucremy
KOMIIOHEHTH CKJIA/[EHO 3 BAKOPUCTAHHSIM KEPYIOYOro 00JIajHaHHSI.

Pesyabraru. Y cucreMi yrpasiiHts poG0TOM BUKOPUCTAHO Ba LeHTPaIbHUX Hpoliecopu — Kepisuuil 11K, gk ronmosHmii
nportecop, i HoyTOYK, BCTAHOBJICHUIT Ha poOOTA, K 3aJIEKHUIT MPOIEcop. 3araibHy KOHCTPYKIIO poboTa BUKOHAHO 3 BH-
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KOPHCTaHHsIM IporpamHoro zabesmnedenns aias mogemosaias SOLIDWORKS, tozi ik st HpoeKTyBaHHS pobOTH Me-
xaHismy — nporpamte 3abesneuennss CATIA. 11106 mogosaTyt CKJIaAHI MapuipyTu, B CUCTEMI PyXy poboTa 3aCTOCOBAHO
[YCEHUIIIO, & B IIEPE/HIO YacTUHY poOoTa BOYIOBAHO IBI «PYKM» JUIsL HIHIOMY Ha [IEPEIIKo/AU Ta HepiBHi MiciieBocTi. OKpiMm
DYKH, sIKa 06epPTAEThCsI, PO3POOIIEHO 1€ OHY POOOUY PYKY, BAKOPUCTAHHS SIKOI J03BOJIUIIO HiBUIIATH 30aTHICTh poOOTa
IIPOXO/IUTH PISHUMU MapIIPyTaMH.

BucHoBku. Ha HarfioHasbHUX Ta MIZKHAPOAHUX 3MaraHHsix OyJ0 MPOIEMOHCTPOBAHO MOXKJIHMBOCTI po6OTA B yMOBAX,
GJIMBBKIX /10 peaibHuX. Po3poOKa oTpuMasa Garato Haropoj, Mo CBIAYUTH PO YCIIiX Ta (PaKTUUHI BAOCKOHAJIEHHS B KOXK-
HOMy actiekTi Horo po6oru. Edexrusnicts koHCTPYKILT poboTa GyJio goseneHo B JIisi paTyBasbHUX POGOTIB, Ae pO3POOKY
6yJI0 OLIIHEHO SIK OJ[HY 3 HAKPAIIUX KOHCTPYKIIii.

Knwuoasi crosa: paryBaabHuil po6oT, 036POEHHS, MiChKi MOITYKOBO-PATYBaJIbHI Micil.
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