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Urgency of the research. Automatic battery charging of AGV platforms allows you to maximize their potential. Safe and
quickly positioning AGVs in a charging station equipped with appropriate contacts, reduces the charging time as well as the
purchase price of the device.

Target setting. The aim of the solution is to design an automatic docking and charging station from a used hand-held charging
station. In the design, it was necessary to ensure the appropriate position of the AGV platform against the docking station.

Actual scientific researches and issues analysis. The issue of fast and reliable charging of mobile service robots is
highly up-to-date. The reason for this is the growing deployment of AGV platforms in various industrial or service sectors.

Uninvestigated parts of general matters defining. This article focuses on a specific solution for the provision of
transport services. Transport services come from the need to transport medical supplies and medications in a multi-storey
hospital building. The movement of the robot between the floors is solved by the use of lifis used by the personal of hospital.

The research objective. The aim of the research was to design a docking and charging station utilized an already pur-
chased power-up charger. The design was aimed at creating an appropriate power transmission system between the charger
and the AGV platform batteries. The price ceiling for the whole facility was worth € 2,000.

The statement of basic materials. The use of docking and charging stations for mobile service robots is dependent on a
number of parameters. In particular, the parameters depend on the area of use, the size of the battery to be charged, and the
amount of robots being recharged at the station. Last but not least, charging time and purchase price are also important.

Conclusions. The task of the solution was to design a docking station design for the AGV platform. At the beginning, three
variants were created, from which the most appropriate solution was chosen using the scoring method. However, before design-
ing the docking station design, it was necessary to modify the existing AGV platform construction so that it could be connected to
the docking station charging mechanism. The design of the docking station itself consisted of the design of the charging and
charging mechanism. These mechanisms provide charge and guidance of the AGV platform to the docking station. Mechanisms
are not dependent on each other, since the charging mechanism is activated later than the drive mechanism. Subsequently, a
design of the docking station, which can be anchored to the floor or to the wall, was created. At the docking station there is a
charger from Hoppecke, which provides the AGV platform charging. The design dimensions of the docking station have been
greatly influenced by the size of the above-mentioned charger. It has been found that new and better technologies will not be
needed at the docking stations in the future, as AGV platforms can be guided without their help. The development of new and
better quality systems will bring new guidance options to AGV platforms and docking stations.
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Problem definition. Industry 4.0 marks the current trend of digitization and automation of
production. Basic visions emerged in 2011. With the onset of the Industrial Revolution, the de-
velopment of AGV (Automated Guided Vehicle) platforms for automated material transport is
also closely linked. Automated Vehicles in Industry 4.0 play an important role because they
partially take on simple and repetitive activities that do not require human intervention. AGVs
have different uses not only in industry but also in other areas. Over time, new intelligent facto-
ries will be created to use cybernetic-physical systems and take on the repetitive and simple ac-
tivities that people have done so far [1; 2]. The first versions of AGV used navigational aids in
the environment to navigate (for example magnetic passports, colour lines, floor wires). Thanks
to advances in autonomous navigation, solutions are now available that allow for mapping and
localization without the need for external navigation aids. The latest AGV models can map the
environment using LIDARs (Light Detection and Ranging) and then create a virtual map of the
environment. AGV is able to detect its exact location in this way and therefore works very accu-
rately and precisely with regard to safety. AGV platforms include Mobile Industrial Robots
(MiR), Omron Adept Technologies, SMP Robotics, VAHLE, WiBotic, Clearpath Robotics,
Fetch Robotics, Swisslog, and the Slovak company CEIT. The issue of mobile AGV platforms
is inseparably linked to the need to deliver energy to the system. In case of battery-powered
AGVs, charging is required. Charging can be solved in a variety of ways. The simplest case is
to manually connect the platform to the charging station, which however requires human inter-
vention to (disrupt process automation. If we are trying to maximize the automation of material
transport, it is necessary to solve the problem of automatic battery recharging [3].Several con-
cepts are currently used to automatically charge mobile robots. The best-known ones are dock-
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ing stations, floor charging, and wireless charging. The article presents a proposal for automatic
battery recharging for the AGV platform developed by a Slovak company. The manufacturer
aims to bring to market a modern AGV platform based on the latest knowledge of autonomous
navigation, localization and solving the problem of automatic energy recharging. The solution
to this problem was to consider all currently available charging technologies on the market. On
the basis of the acquired knowledge, three proposals for designing the integration of automatic
charging technology into the system were developed. Based on cost analysis and complexity of
the solutions developed, the final proposal was selected.

Use and parameters of AGV platform. The proposed AGV platform uses the latest
knowledge of localization and autonomous navigation of mobile robots, can create a virtual
map of its surroundings and then move it according to the chosen trajectory. With laser guid-
ance and a virtual map, no lines, magnetic strips, or magnets placed in the floor need to be
navigated. The first AGV platform is tested in the Kosice-Saca hospital (Slovakia). It facili-
tates the work of the staff and is able to safely and fluently transport the necessary material to
other floors through a lift that can be called. The proposed platform is shown in Fig. 1.

———

Fig. 1. AGV platform

Basic technical parameters of AGV platform:

e Maximum carrying capacity: 100 kg.

¢ The maximum towable weight: 500 kg.

e Maximum speed: 1.0 m/s.

e Battery life 10 km (with 50 Ah batteries).

e Charging device integrated in the home station.

e Machine weight 80.5 kg.

AGV platform is ready to integrate various add-ons. The superstructure in the form of a
robotic arm allows you to move or store the required goods in the designated area. The use of
the arm is possible in several areas (e.g. the automotive industry). The electronically lockable
box is the superstructure that is most commonly used in hospitals where it is used to transport
medical supplies. Thanks to an electronic lock, this box cannot be opened while moving,
making the material anti-theft. This add-on is not exclusively for the hospital environment,
and its use is also possible in other sectors (e.g. hotels). AGV uses power via two 50 Ah
Hoppecke battery type 12 TB 50 [4]. The batteries are connected in series to provide the 24 V
required to power the system and the robot drives (AGV can run 10 kilometres per charge).

Proposal of docking station. The docking station consists of a frame on which the guid-
ing mechanism and the cover plates are attached. The station has the possibility to attach it to
the floor, but also to the wall, which will ensure against unwanted displacement. There is a
charger inside the docking station to quickly charge the AGV platform. Powering the docking
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station is via a cable that is suitable for a conventional 230 V plug. In addition to the fact that
the AGV platform can be effectively brought to the docking station by means of the sensors
separately, in the case of a slight deviation in the docking station, a guidance mechanism is
installed that can correctly rotate AGV platform for charging mechanism [5]. One of the ad-
vantages of the docking station is that it is possible to place it in any place in the hall without
complicated intervention. The price of such charging devices is around € 2,200 per piece. In
Fig. 2, a docking station is shown along with an AGV platform that is suitably adapted for
charging and flexible guidance into the docking station.

AGV platform

Fig. 2. AGV and docking station

In Fig. 3 is a proposed AGV platform that is equipped with connectors. These connections
consist of a guide cone hole and a charging contact.

Hole for guidance AGV

Contact for charging
Fig. 3. Connections of the AGV platform to the docking station

Before designing the docking station itself, the design of the connection in the AGV plat-
form is still needed. The connector structure is hidden under the top cover of the AGV platform.
The top cover has out the required holes for charging and guiding. The simplicity of this design
also reflects the resulting price. The production cost for the one connector of AGV platform is
around € 70 per piece. There are four such connectors on the AGV platform, so the final cost
for modification the AGV platform is € 280. Charging connection for AGV platform, fig. 4
consists of two main parts, which are the guiding and the charging contact (mechanism).
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Guiding mechanism

Charging mechanism

Fig. 4. Charging connection for AGV platform

The guide sleeve is fastened by screws to a frame to which a flange is attached due for ex-
tension of the screw thread. The charging contact is connected by means of screws that con-
nect it to the insulating plate. The insulating plate is then used with other screws connected to
the frame of the AGV platform. On the charging contact, a rubber insulation is provided to
protect the frame of the AGV platform from electric current. There is a screw in the charging
contact which connects the conductive contact with the charging contact. The entire connec-
tion solution is hidden under the top cover of the AGV platform. In this cover, holes are cut
out so that the AGV platform can be routed through the guiding mechanism and charged with
the charging mechanism. The first step in designing the docking station is to create a rigid
frame that can withstand unexpected impacts, as there may be different situations in the pro-
duction halls. Figure 5 shows a frame on which there is also a charging and guidance mecha-
nism. This frame is formed from a hollow square profile.

Frame of AGV Docking Station

Guidance and charging components
Fig. 5. Connections of the AGV platform to the docking station

In Fig. 6 shows a charger from Hoppecke, which is already incorporated in the docking
station [6]. The dimensions of this design are largely influenced by the size of the charger to
be mounted in the docking station. This problem with the construction was easily solved by
enlarging the docking station.
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Fig. 6. Docking station without cover:
1 — Hoppecke charging device; 2- Attaching the charger to the docking station,
3- The rear part of the docking station for attachment to the wall
The docking station is not very compact, but robust and shock-resistant. If necessary, the
docking station can also be moved to other locations. The charging mechanism is designed to
withstand even tougher impacts and careless handling. The basic information on the docking
station is shown in Table.

Table
Parameters of the charging and docking station
Base dimensions of docking station (Width x Depth x Height) [mm)] 676 x 505 x 632
Basic dimensions of the guide mechanism (Width x Depth x Height) [mm)] 80x165x 100
Weight of the charging and docking station [kg] 52

The cost of manufacturing, welding and assembly work is estimated at € 500. The total
purchase price for the materials is € 1475, which means that the total cost of one docking sta-
tion is € 1975.

Conclusions. The task of the solution was to design a docking station design for the AGV
platform. At the beginning, three variants were created, from which the most appropriate solu-
tion was chosen using the scoring method. However, before designing the docking station de-
sign, it was necessary to modify the existing AGV platform construction so that it could be
connected to the docking station charging mechanism. The design of the docking station itself
consisted of the design of the charging and charging mechanism. These mechanisms provide
charge and guidance of the AGV platform to the docking station. Mechanisms are not de-
pendent on each other, since the charging mechanism is activated later than the drive mecha-
nism. Subsequently, a design of the docking station, which can be anchored to the floor or to
the wall, was created. At the docking station there is a charger from Hoppecke, which pro-
vides the AGV platform charging. The design dimensions of the docking station have been
greatly influenced by the size of the above-mentioned charger. It has been found that new and
better technologies will not be needed at the docking stations in the future, as AGV platforms
can be guided without their help. The development of new and better quality systems will
bring new guidance options to AGV platforms and docking stations.
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AHu Cemuon, An I pexca, [lemep Mako

IMPOEKTYBAHHS JIOK-CTAHIII JIJISI MOBLJIBHOI POBOTOTHU30BAHOI
IJIAT®OPMU TUITY AGV

Axmyanvnicme memu 0ocnioncennsn. Asmomamuuna 3apsaoka akymyaamopie na niamgpopmax muny AGV oae 3mozy
MAKCUManbHo guxopucmosgysamu ixnitl nomenyian. besneune ma weuoxe posmigenun AGV na 0ox-cmanyii, wo ocHaujena
8i0N0GIOHUMU KOHMAKMAMU, CKOPOUYE HAC 3aPAO0NCEHHS, A MAKOIC 8APMICHMb HOKYNKU HPUCMPOIO.

Ilocmanogxa npoonemu. Memoio pobomu € po3podka agmomamuunoi O0K-cmanyii i 3aps0HO20 NPUCMPOIO i3 BHCUBA-
Hoi nopmamuenoi 3apsaonoi cmanyii. IIpu npoexmysanni HeobXiono 6y10 3a0e3nequmu HanedlcHe NON0ICEHHs nIampopmu
AGV wooo dox-cmanyii.

Ananiz ocmannix oocnioxcens i nyénikayii. Ilpodnema weuokoi 1 HaditiHoi 3apadKu MOOIIbHUX CepBICHUX pobOmie
oyace akmyanvHa. IIpuuunoio yvbo2o € 3pocmaiove po3eopmanHa NAAM@POPM AGMOHOMHUX KEPOBAHUX MPAHCNOPMHUX 3a-
co6ie (AGV) y pizHux npomMuciogux i cepgicCHuX 3acmocy8anHsx.

Buoinenns neoocnioxncenux uacmun 3azanvnoi npodnemu. /lana cmamms npucesyena KOHKpPemHoMy pilueHHIO OJisl
Haoauus mpancnopmuux nociye. Tpancnopmui nociyeu 8UHUKAIOMb yepe3 HeoOXiOHICMb nepego3umu MeoukameHmu i me-
oukamenmu 8 bacamonogepxogi Oyoieni nixapui. Pyx poboma midic nogepxamu peanizyemucsi 3a 00NOMO2010 1ighmis, AKi
BUKOPUCTNOBYIOMbCS. NEPCOHANOM TIIKAPH.

Ilocmanogka 3ae0aunsn. Mema Oocniodicenns nonseana 8 momy, wob cnpoexmyeamu 0OK-CMAaHYilo 3 GUKOPUCMAHHAM
80ICUBAHO20 3apA0H020 npucmpoito. Pospobka byna cnpsamosana na cmeopenHsl 8ionogioHoi cucmemu nepeoati enepeii misic
3apaoHum npucmpoem i bamapeamu niamgpopmu AGV. Obmedscenns no eapmocmi 6cboeo obexkmy cmanosuno2000 egpo.

Buxnao ocnoenozo mamepiany. Buxopucmanms cmuky8anbHUX i 3apaoHux cmanyiil Onst MOOITLHUX cepeicHux pobomis 3ane-
Jrcuma 610 bazamvox napamempie. 30Kkpema, napamempu 3a1excamy 8io 2any3i GUKOPUCIAHHE, PO3MIpY bamapeti Onisl 3apsAO0KU i Kinb-
Kocmi pobomis, o 3apaodicalomsbcs Ha cmanyii. Hapewmi, wjo He MeHw 8adicIugo, Hac 3apsAoKu U YiHa NOKYRKU MAKOIC BAIHCTIUB.

Bucnogxu 6ionosiono oo cmammi. 3agoannam 6yno po3pobienns KoHcmpykyii dok-cmanyii ons niamgopmu AGV. Ha
noyamxy 6y10 cmeopeHo mpu 8apianmu, 3 AKUX 6y10 eubpaHo Hanbinbuwl 6i0N0BIOHe PilleHHS 3 GUKOPUCHAHHAM Memooy
oyinku. OOHax nepeo npoexmy8aHHAM KOHCMPYKYii 0ok-cmanyii 6yn0 HeobXiOHo 3MiHUMU HAAGHY KOHCMPYKYil0 niamgop-
mu AGV, wob eona mozna O6ymu niokmouena 00 mMexauimy 3apsaoxku ook-cmanyii. Konempykyia oox-cmanyii nepedbavac
HasgHicmb 3apaono20 mexanizmy. Li mexanizmu 3abe3neuyioms 3apsaoky i ynpagiinua niamgopmoro AGV do dok-cmanyii.
Mexanizmu ne 3anedcams 00UH 8i0 00H020, MAK AK MEXAMI3M 3apAOKU AKMUBYEMbCA NI3HIULE, HIJIC MEXAHI3M npugody. 32o-
odom 6yna po3pobnena KOHCMPYKYist 00K-CMAHYIl, AKY MOJCHA 3aKpinumu Ha niono3i abo na cmini. Ha dox-cmanyii € 3apsao-
Hui npucmpit 6i0 Hoppecke, axuii 3a0e3neyye 3apaoky naampopmu AGV. Ha eabapumui posmipu 0ok-cmanyii icmomuo
BNAUBANYU POIMIPU BUUYE32A0AH020 3apsa0H020 npucmpoio. Byno ecmamnosneno, wo 6 maubymmvomy Ha 0oK-cmanyii ne 6y-
Oymb nompibui Ho8i Ul Oinbut dockonani mexuonoeii, ockinoku niamgopmu AGV mooucna opienmysamu 6e3 ix oonomozu.
Po3spobra nogux i 6inbut siicnux cucmem nputrece Ho8i Modciugocmi ynpasninus ona niamgpopm AGV i dox-cmanyiil.

Kniouosi cnosa: AGV; cmukysanvia cucmema; akymynamop,; mobinbua niamgopma.
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