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Urgency of the research. Automation is the next step in increasing productivity and performance. It represents the au-
tonomous management of the entire system as well as the assembly or production process. This completely eliminates a hu-
man factor from the work process.

Target setting. Today's robots and manipulators are now autonomous. Automated systems can be found in almost all
industries. They are an indispensable part of non-productive environments, but we can also find them in non-industrial areas
as well. Their dynamic development extends to service robotics. For their productivity, they have reached a high level, but
their development is constantly advancing by refining their subsystems, introducing new functional principles, or upgrading
components and elements involved in the construction of these mechanisms.

Actual scientific researches and issues analysis. To meet the requirements of automatition cells, it was slowly being
applied to flexible production systems. These are systems that consist of computers and are connected by means of control
units. They are characterized by complexity, flexibility and, above all, the multiplicity of elements. Such flexible systems
based on the modularity, that systems are composed of individual modules and subsystems that can be adapted as needed.

Uninvestigated parts of general issues defining. Design of automated robotic workplaces, based on the intensive deve-
lopment of functional and especially kinematic structures of the workplace as a whole.

The research objective. To what extent is it possible for the work process to be mechanized or automated depends also on
the level of development of the used equipment. In today's development stage, design of automated device is also automated.

The statement of basic materials. This article focuses on the design of the manipulator, whose main task is to perform
the assembly. Analysis of the task illustrates the principle design of the solution, which is also the starting point for the de-
sign of the universal manipulator. Current requirements of application practice for robotic technology have caused increased
requirements for its functions, characteristics and parameters which cannot be always covered by the traditional approach to
its design and construction.

Conclusions. In this article describes in more detail the knowledge and division of the proposed devices and mecha-
nisms, which provides an initial understanding of design. By analyzing the problem and defining the necessary parameters,
the design of the manipulator was developed. Festo's design sofiware also helped to make the right choice.
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Introduction. Incorporating new technologies, more efficient manufacturing machines
and industry innovations, it is expected to increase labor productivity and possibly exclude
human power from the production process. So we can talk about mechanization and automa-
tion of production processes.

In particular, mechanization is a substitute for man, that is to say the replacement of hu-
man power with the help of engines, which also brings us increased performance and produc-
tivity. Still, it remains to solve the issue of mechanization of workpiece clamping, supply of
containers, transportation of semi-finished products [1; 3].

With deeper insights into the application of these mechanisms and their requirements, we
can say that applications that can and are capable of performing robotic devices are now al-
most unlimited. However, these applications must meet the requirements for process quality
and stability. Quality has not only an effect on the quality of the output element, but also on
energy, material and time consumption [4; 6; 8].

Modular assembly systems are, from the point of view of the technical solution, compiled
from:

- Flexible technology modules - Module capable of technologically covering the specified
range of products, simple reconfiguration of module elements to cover a related assortment of
products.

- Modular builders of the decisive elements of the production system - a manual reconfig-
uration of these elements (within the scope of the construction kit), elements with new proper-
ties and parameters can be assembled [2; 7; 9].

These approaches bring in the design of automated robotic workplaces a new direction
based on the intensive development of functional but especially kinematic structures of the
workplace as a whole.

Automationa design of manipulator for assembly. For each proposal (new design of
manipulator), it is important to follow a certain hierarchy and continuity between the mecha-

nisms. The reason is the continuity of parameters between applied devices. The procedure
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I chose for is fast and proven on several manipulators created. The design process is as
follows. As an example, I present a manipulator design for the assembly of plastic gearbox.
First step is choose kinematics of manipulator [4; §].

Kinematics: A manipulator containing from 3 translational movements in the X, y, z di-
rection is suitable for assembly. All these movements are provided by electric stepper motors
to achieve the exact position of the manipulator.

Workspace: manipulator drives together perform movements that describe the shape of
the cube. Its definition is shown in Figure 1.

In the case of a manipulator design, I opted for portal architecture because it is a more ex-
pensive option, but due to its flexibility and usability in the future, in my opinion, it is a more
advantageous variant. The size of the workspace is directly determined by the stroke sizes of
the individual drives.

PR p——
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Sog mm

Fig. 1. Workspace of manipulator

Design of actuators: All calculations of the drives I realized using the Festo design
software, which made it easy and convenient to select the most suitable type of manipulator

for my case:
1. Axis definition and payload:
Drive type: X: Electric, multiple positions

Z: Electric, multiple positions
Y: Electric, multiple positions
Required workspace: X: 500 mm
Y: 400 mm
Z: 200 mm
Useful load (efector and workpiece): 0.356 kg
Distance of center of gravity: ~ X: 19 mm
Y: 19 mm
Z: 3 mm
2. Reference cycle and system dimensioning:
- Traveling distance S = 300mm
- Number of changes i = 4
- Duration: 5 s
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- Snap time and waiting time: 2 s
- Cycle time: 7 s
- Additional force in Z direction in 1a 2: 15 N
3. Selection of electrical properties:
- Engine position on X axis: left
- Safety function of the motor controller according to EN 61800-5-2: Basic STO
- Bus connection: I/ O operation or integrated
4. System Configuration:
- Engine type: Festo engine
- Engine brake: X: no
Y: no
Z: yes
- Controller Type: Festa Engine Controller
- Engine driver for X, Y, Z: CMMP-AS-M0
- Festo Sensor Kit
- Switching output: PNP
- Switching function for electric axes: Switch
- Fixing: Profile fastening
- Minimum lead length from the output of the power chain: 5 m
- Mounting type: Complete mounting
Results of the calculations of individual axes
Using Festo's Positioning Drives 2.3.14, designed for electric drives, we can generate
work cycles, including single axle loads.
For axis x, Fig. 2 we can read the following:
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v [m/s] a[m/s?]

I 2,200 50,00

L 1,452 31,08

t- 0,705

position

V A X | ! I\, | ose om

L -0,790 -25,70

|
L -1,538 -44,62
0,360 0,720 1,080 1,440 1,800
t [s]

time
Fig. 2. Process diagram of axis X

A value of 214.38 mm - rearward displacement of 8.12 mm to the required position of the
gear in the actuator.

The value of 296.89 mm - is moved forward by 82.51 mm above the vibratory gearbox
with the gear wheel D_a = 38 mm.

A value of 190.86 mm - a rearward displacement of 106.03 to the required position of the
gear in the actuator.

222.25 mm - return to the original position.
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Modul Y
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Fig. 3. Process diagram of axis Y

149.52 mm - position of the module above the vibratory gearbox with the gear wheel
d a=29 mm.

140.32 mm - Moving the module backward by 9.20 mm to the required position of the
gear in the actuator.

225,47 mm - the module moves forward by 85,15 mm above the vibratory gearbox with a
sprocket of diameter D_a = 38 mm.

122.84 mm - module rearward displacement by 102.63 mm to the required position of the
gear in the actuator

The value of 149.52 mm - the initial position.
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Fig. 4. Process diagram of axis Z

The value of 89.98 mm - transfer to the gripping height of the gear d a = 29 mm from the
vibratory container.

69.98 mm - Module stroke by 20 mm with already gripped gear.
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The value of 131.38 mm - a decrease of 61.4 mm to the height of application of the
actuator tooth.

31.38 mm - The module is lifted 100 mm above the vibrating tray.

89.16 mm - the module slides by 57.78 mm to the gearing position D_a = 38 mm.

The value 0of 59.16 mm - a lift of 30 mm with the already gripped gear.

The value of 126.89 mm - a displacement of 68.73 mm to the position of the gearing

89.98 mm - return to the initial position

Conclusion

First, it describes and describes in more detail the knowledge and division of the proposed
devices and mechanisms, which also provides us with an initial excursion by design. By ana-
lyzing the problem and defining the necessary parameters, we came to the design of the ma-
nipulator itself. Festo's design software also helped us to make the right choice.
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Pyoonvgp Anows, Aumonin banacosa
MHNPOEKTYBAHHS MOAYJIA AJSA CKIAJAHHS KOPOBKU ITEPEJTAY

Axkmyanvhicmos memu 0ocioncenna. Asmomamusayis — ye HACMYNHUIL KPOK Y NIO8UWeHHI nPpoOyKmueHocmi ma ege-
KmugHocmi. Bona senae cobor asmoHOMHe YNPABIIHHA YIIOW CUCMEMOIO, d MAKOXC NPOYecamu CKIAOaHHs ma 8U20mog-
JIEHHS, WO NOGHICMIO YCY8AE TOOCLKULL hakmop 6i0 pobouoeo npoyecy.

ITocmanoexka npoonemu. Cboc00Hi pobOMU MA MAHINYIAMOPU € ABMOHOMHUMY. A8momamu3zoeami cucmemu
3YCMPINAOMbCS RPAKMUYHO 8 YCIX 2ANY35X NPOMUCIO80CH. BoHu € HeobXIOHOW Hacmunoo 8UupoOHUL020 0ONAOHAHHS, 00-
HAK IX MAKOJIC MOJICHA SHALIMU 6 HENPOMUCIOBUX chepax. [xuitl OuHaMiuHuil pO36UMOK PO3NOBCIOONCYEMBCA | HA CEPEiCHY
pobomomexuixy. [L]odo co€i’ npodykxmusnocmi, 60HU QOCSA2NIU BUCOKO20 PIGHS, alle IXHIU PO36UMOK NOCMIIHO PO3UUPIOENb
€51 WISIXOM 8OOCKOHAIEHHSL IX NiOCUCTEM, BNPOBAOICEHHS HOBUX (DYHKYIOHAILHUX NPUHYUNIE aDO MOOEPHI3aYil KOMNOHEHMIE
i enemenmia, ujo GUKOPUCIMOBYIOMbCA 8 KOHCMPYKYLT MAKUX MEXAHIZMIG.

Ananiz ocmannix docnioscens i nyonikauii. 11Jo6 3a0060mbHUMU GUMOU ABMOMAMU30EAHUX MOOYILG, GOHU NOCHYNOBO
6800UWIUCS 6 CHYYKE 8UpOOHUNI cucmemu. Lle cucmemu, wo criaoaromocs 3 Komn'tomepie i 3'€Onami 3a 00NOMo20oI0 OILOKIE KepysaH-
Hs1. Bonu xapaxmepusytomocst cknadnicmio, 2HyuKicmio i nepedycim MHOJICUHHICTIO enemenmis. Taxi enyuxi cucmemu 6a3yilomocst
HA MOOYILHOCHI MA CKAAOAIOMbCS 3 OKPEMUX MOOYII8 Ma NIOCUCIEM, SIKI MONCYIb Oymiu a0anmoBari 3a Hompeooro.
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Buoinenns nedocnioxcenux uacmun 3a2anvHoi npoonemu. [IpoexmysanHs agmomamu308anux pooomu308arUx poooyux
Micyb, 3aCHOBAHE HA THMEHCUBHOMY PO3BUNIKY (DYHKYIOHATILHUX | OCOOUBO KIHEMAMUUHUX CIPYKITYD POOOYO20 MiCYs 3A2AI0M.

ITocmanoeka 3a60anns. [Jo K020 Pi6HA MONCIUBA MEXAHIZAYIA YU ABMOMAMU3AYIS POOOYO20 NPOYECY, 3ANexHCUMb ma-
KOHC 1 810 DiBHSL PO3BUMKY BUKOPUCTOBY8AH020 00na0HanHs. Ha cyuacHiti cmadii po3eumky npoekmyeaHHs asmomMamuyHozo
NPUCTPOIO MAKOXHC € ABMOMAMUZOBAHUM.

Buxnao ocnognozo mamepiany. Cmamms cqpOKyco8ana Ha NPoeKny8anHi MAHINYAAMOPA, OCHOBHUM 3AB0AHHAM K020
€ BUKOHAMU CKIAOAHHA. AHANI3 3A80aHHS LUIIOCIPYE NPUHYUNOBY MOOENb DilleHHsl, WO MAKOXC € 8I0NPAGHOI0 MOYKONW 04
PO3pOOKU  YHIgepcanbHo20 Mauinyasmopa. Tlomouni eumozu NpakmuyHo20 3aCmOCY8aHH POOOMU308AHUX MEXHONO2I
GUKIUKAIU NEOBUWYEHT 8UMORU 00 IXHIX (DYHKYIIL, XAPAKmepucmux i napamempis, sKi He 3a82ic0U MONCHA OXONUMU mpaouyiti-
HUM NIOX000M 00 iX NPOEKMYBAHHSL A KOHCIPYIOBAHHSL.

Bucnoeku 6ionoeiono 0o cmammi. Y yiti cmammi 6inbut 0emanbHo ONUCAHI 3HAHHA | PO3NOOLT 3aNPONOHOBAHUX NPU-
Ccmpois i Mexanizmis, wjo 3a0e3neuye noYamKoge po3yMiHHA KOHCMPYKYIL. AHanizyrouu npoonemy i 6usHA4ar4u HeoOXioHi
napamempu, 6yna po3pobnena KoHcmpykyis maninyiamopa. Ilpoepamue 3abesneuenns ousaiiny Festo maxoow oonomoeno
3pobUmMU NPasuIbHUL GUOID.

Knrouosi cnosa: maninynamop; npugoo; ckiaoaHHs, poOomomexHixa, upoOHUuULL MOOYb.
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