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DESIGN OF THE FOUR-WHEELED MOBILE ROBOTIC PLATFORM
FOR DECONTAMINATION TASKS

This article presents the design of a four-wheeled mobile platform for a special service robot, intended to clean contaminated
areas in the hot gas chamber of a nuclear power plant reactor. The reactor, KS-150, was part of Czechoslovakia's early nuclear
energy development and encountered two significant accidents, leading to its decommissioning. Decommissioning efforts now
require the removal of contaminated deposits from the reactor's hot gas chamber, a challenging task due to restricted access and
radiation levels. The proposed solution involves using a mobile service robot to replace human workers in hazardous conditions,
ensuring safety and efficiency. Five chassis designs were evaluated based on criteria such as energy consumption, structural com-
plexity, contamination risk, and maneuverability. The selected design is a four-wheeled chassis with two steered wheels. The robot's
mobility subsystem is a fundamental part of the overall design, supporting various attachments, including a robotic arm, a front
brush, and a detachable container for waste removal. The design offers a robust and efficient solution for cleaning contaminated
environments, contributing to safer decommissioning processes in nuclear facilities.

Keywords: mobile robot platform; four-wheeled robot; mechatronic design.
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Relevance of the research. The KS-150 nuclear reactor (Fig. 1), developed in Jaslovské
Bohunice, marked the beginning of Czechoslovakia's nuclear energy industry [1]. Its construc-
tion and commissioning were significant challenges for the industry at the time. This type of
reactor, which used heavy water and natural metallic uranium as fuel, had an electrical output
of 127 MW. The project was particularly notable for its use of natural uranium.

Construction of the reactor began in 1958, and in October 1972, the first controlled chain
reaction was successfully achieved in the Al nuclear power plant reactor. However, two acci-
dents occurred during the operation of the A1 plant.

The first accident occurred on January 5, 1976, when a fuel assembly was unexpectedly
ejected during a fuel replacement operation. The reactor was repaired and brought back into
operation by the end of the year.

The second accident happened on February 22, 1977, caused by the rupture of a silica gel
packet, which spilled its contents among the fuel elements, leading to the melting of one of the
fuel cartridges. The subsequent contamination of both the primary and secondary circuits made
further operation of the A1 plant impossible, and it was permanently decommissioned in 1979.
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Fig. 1. The lower part of the Czechoslovak heavy water reactor KS150
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Problem statement. According to the International Nuclear and Radiological Event Scale
(INES), this accident was rated at level 4. Today, the reactor, including the hot gas chamber, is
being gradually decommissioned [2; 3].

Before the hot gas chamber can be decommissioned, the contaminated deposits must first
be removed. This process is challenging due to both the access to the chamber and the environ-
mental conditions. The use of a mobile service robot is essential for this task [4].

Analysis of recent research and publications. The International Atomic Energy Agency
(IAEA) recommends the use of mobile service robots in nuclear power plants due to the benefits
they provide, such as replacing humans in hazardous environments, increasing efficiency and
safety, and reducing costs [5].

Isolation of previously unexplored parts of the general problem. Currently, there are
many universal mobile service robots available, but their versatility often does not meet the
required level. In this case, it is necessary to develop a solution that fully meets the specific
requirements. These requirements include exploration, dismantling operations, decontamina-
tion in areas with radiation [6].

Research objectives. Modern mobile service robots share common design elements and
solution concepts. The overall system is divided into several subsystems, each of which is func-
tionally and structurally interconnected. These subsystems typically include the mobility sub-
system, the action superstructure subsystem (modules), the internal sensor subsystem, the ex-
ternal sensor subsystem, the control and navigation subsystem, the operator interface
subsystem, and the energy support subsystem [7; 8]. The goal of this research is the design of
the mobility subsystem.

Requirements for the four-wheel mobile platform for a special service robot. The re-
quirements for the mobile platform are influenced by the environment in which the robot will
be deployed and the tasks it will perform. The working environment of the mobile service robot
is the hot gas chamber (Fig.2), where the bottom, the subject of cleaning, is angled at 34,2°.
Access to the chamber will be provided through a circular opening with a diameter of 380 mm,
which is based on a mobile platform and a key dimension for the design of the mobile platform
and another subsystem.

The robot's design is also influenced by the pipes located at the bottom of the chamber. The
radiation level in the hot gas chamber is 15 mSv/h, which is critical for the design of electronics.
The ambient temperature is approximately 20 °C.

Fig. 2. Pollution in the hot gas chamber of the KS 150 reactor

Based on these conditions, we proposed five types of chassis (Fig.3) and selected the most
suitable one. We considered five types: a tracked chassis and four variants of wheeled chassis,
differing in the number of wheels and steering methods.

In the first variant, the wheeled chassis has two axles with four wheels. The second variant
includes a wheeled chassis with six wheels and three axles. The third variant contains the same
number of axles and wheels as variant two. From the point of view of steering, we will divide
the first variant into a sub-variant with slip differential steering and a sub-variant with two
controlled directional wheels.
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Fig. 3. Chassis variants [9]

We evaluated these 5 variants according to the following aspects:

* energy consumption,

* structural complexity,

* weight,

* complexity of production,

* contamination,

* maneuverability.

We assigned each aspect a priority from 0 to 5, where 5 represented the highest priority,
and then assigned each variant a score from 0 to 10. The results are shown in Table.

Table — Chassis comparison

Factor of | Variant Variant Variant Variant Variant

Aspects importance | &1 | 2| e 1 | 2] g0 [PZ] g3 |T2] ¢4 | T2
Energy 2 9 18 9 18 7 14 6 12 5 10
consumption
Structural 2 9 18 9 18 6 12 6 12 4 8
complexity
Complexity of 3 s 15| 8 [24] 7 [2t| 7 |21] 5 |15
maintenance
Weight 3 10 30 10 30 7 21 6 18 6 18
The complexity 2 9 18 8 16 8 16 7 14 5 10
of production
Contamination 4 10 40 10 40 7 28 7 28 5 20
Maneuverability 5 9 45 9 45 8 40 7 35 9 45
Result value 184 191 152 140 126

After evaluating all the aspects, we concluded that variant 1.1, a four-wheeled chassis with
two steered wheels, is the most suitable for our needs.

Design of the four-wheeled mobile platform. The mobile platform design begins with
selecting the servo motors that will ensure movement and wheel steering. Then, we will design
the shape and material of the wheels. Since the servo motors cannot be directly attached to the
platform frame, we will create mounts for them. The front and rear parts of the divided frame
will be symmetrical and connected by a pivot pin.

The output torque of the servo motors was calculated, based on the robot's movement on
an inclined plane, rounding the angle of the plane to 35°.

Based on the calculations, we selected a servo motor, that integrates a motor and a harmonic
gearbox. The supply voltage is 36 VDC, and the maximum output torque is 30 Nm. In designing
the mobile platform wheel, we used an aluminum disk (EN-AW 5083), which will be rubberized
to increase the robot's traction. We determined the rubber hardness to be 75 ShA to ensure
optimal adhesion and durability against wear. The frame (Fig.4) will consist of two parts con-
nected by a pivot pin, allowing movement between the frame sections. This frame will connect
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all the necessary components and subsystems of the robot. The pivot pin will be housed in a
hole in the front part of the frame and secured with a locknut. The other part of the frame will
be connected to the pin via a bearing housing BK15.

Fig. 4. Frame of the mobile platform which consist of two parts- bottom view

The main parts of the frame are the axles. The front divided axle is attached to the front
part of the frame using a suspension and a drive unit that rotates the wheel. The rear divided
axle is directional and ensures the robot's movement. Steering the directional wheels controls
the robot's movement using Ackerman steering.

Fig. 5. Divided front and rear axles

By steering the rear wheel (Fig.5), we control the robot's movement direction. To avoid
unwanted wheel slippage, we use an appropriate steering method. In this case, we employ
Ackerman steering (Fig.6), which addresses the difference in steering angles between the
wheels during movement. This approach ensures that the wheels follow the correct paths during
turns, preventing slippage and improving maneuverability [7; 8].

R
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Fig. 6. Rear axle steering - bottom view on mobile platform

The overall design of the four-wheel mobile platform, which we can see in figure 7, in-
cludes a front axle and a rear directional axle.
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The four-wheel mobile platform functions as the foundation of the entire mobile service
robot, with other subsystems connected to it. Although the specifics of these subsystems are not
detailed here, they are important for consideration. To accommodate these subsystems, we
made modifications to the front and rear sections of the frame. Holes (Fig. 7, P5) are provided
to secure the front rotating cylindrical brush, while other holes (Fig. 7, P6) are designated for
attaching the robotic arm. A removable container is positioned at the rear of the mobile service
robot (Fig. 7, P7), and a hose used for extracting deposits and transporting contaminated waste
from the hot gas chamber runs inside the mobility subsystem (Fig. 7, P4). In the rear section,
this hose connects to another that leads outside the chamber (Fig. 7, P9). In the lower part, there
is also space for electronics (Fig. 7, P9).

Fig. 7. Model of the mobility subsystem

Figure 8 shows a service robot with all subsystems and components installed.

Fig. 8. Mobile platform equipped with action attachments: robotic arm, front brush,
removable container

Conclusions. This paper describes the design of a mobile platform for cleaning the con-
taminated area of a hot gas chamber. This design results in a four-wheeled chassis with a split
frame connected by a pivot pin. All wheels are driven, and direction control is ensured by ro-
tating two directional wheels. The designed mobile platform will be equipped with such active
extensions as a robotic arm, a front brush, and a detachable container.
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MMPOEKTYBAHHS YOTHPUKOJIICHOI MOBLIBHOI POB(")TI/I?.OBAHOi
MIIAT®OPMU A 3AJAY 3 AE3AKTUBALII

s cmammsa npedcmagnne po3pooKy HOMUpUKORiCHOT MOOINbHOI naameopmu 018 cheyianbHo2o cepsicHoeo poboma,
NPUSHAYEH020 OJIs1 OYUUeHHS. 3a0PYOHeHUX 30H Y 2apayill 2az08il kamepi sioepuozo peakmopa KC-150, posmawosanozo 6
Acnoscvke bozyniye. Peakmop KC-150, sgedenuii 6 excniyamayito na nouamxy 1970-x pokis, 3a31ae 060x cepiiosHux asapit,
Wo 3peumoro npu3eeno 00 1020 NOCMINHO20 BIOKIIOYeHHS ma suseoenHs 3 ekcnayamayii. Cb0200Hi npoyec gugedenHs 3 ec-
nayamayii eumazac 6UOaneHts padioakmueHux 6i0K1a0ers i3 2apA4oi 2a3060i Kamepu, Wo € CKIAOHUM 3a80AHHAM Yepe3 00-
MedxrceHuli docmyn, Hebe3neunuil pieens padiayii ma mpyoHowi 00cmyny 0o camoi kamepu.

Bpaxosyouu yi ymosu, euxopucmarts MobitbHO20 cepsicHo20 poboma € HeoOXIOHUM OIS 3aMIHU TIOOCLKUX NPAYIGHUKIG | Mi-
HiMIzayil enuey wikionueol padiayii. J{ocniosicenns 30cepedcene Ha po3podyi niocucmemu MOOLIbHOCI, Wo 003601UMb POOONTY
nepecysamucs y 8y3vKoMy npocmopi kamepu. Y npoyeci npoexmyeanis 0)710 oyineHo n’amv munie waci: 2ycenuyHuil eapiaum i
YOMUPU KONICHI 8apianmu 3 PisHUMU OCAMU A Memooamu kepmysanHs. Kpumepii oyinku 6K1iouanu eHepaocnodicusanis, CmpyKmy-
DHY CKIIAOHICMb, RPOCMONTY 00CTY208Y8aHH S, 6a2), CKIAOHICIb GUPOOHUYMEA, PUSUK 3A0PYOHEHHA MA MAHEEPEHICb.

Iicna oyinku Koncmpykyiti 6y710 00paHo YOMUPUKOTICHE WACT 3 080MA KEPOSAHUMU KONECAMU K ONMUMATbHE DIUEHHS.
1]s xougpicypayia 0036013€ MoOUHO KOHMPOTOBAMU PYX | MIHIMI3YE KOB3AHHA Ni0 Yac pobomu y 8y3vkux npocmopax. Iliocuc-
mema MobinbHOCME pO60MA CNPOEKMOBAHA MAKUM YUHOM, W06 Oymu cyMIiCHOIO 3 000AMKOGUMU KOMROHEHMAMU, 6KII0YAI0YU
pobomu3zosany pyKy Oisi MAHINYIAYIU 3 00'€Kmamu, nepeonio YUIHOPUYHY WimKy 05l O4UWjeH sl ma 3HIMHUL KOHmetinep Onsi
MPAHCNOPMYBAaHHs padioaKmugHux 6i0xodis. Iliocucmema mobinbnocmi makoosic iHmespye CUCMeEMy WAAH2I8 Ol BUTYYEHHS
ma mpaHcnopmyeanis 3a0pyOHeHux 6ioxo0ie iz kamepu.

Ha 3aeepwienns, cmamms 0emanbho OnUCye mexuiuny KOHCMpPYKYilo HA0iliHoi ma epexmuenoi MobinbHoi naamgpopmu,
30amHOT 6UKOHYBAMNU 3A80AHHS 3 OUUWEHHS MA 0e3aKMUBayii y padioakmusHux cepedosuwax. 3anpononosana mobinbha nia-
meopma gidicpasamume KpUMuuHy pois y 3a0esneuenti 6e3neuno2o0 ma epeKmusHo2o 6UBeO0eHHs 3 eKCRIyamayii A0epHux
00°€Kmig, SHUNHCYIOYU PUSUKU OJ1A TIOOCHKUX NPAYIBHUKIE | NIOSUWYIOUU e(heKMUSHICb pOOOmMU 8 30HAX 3A0PYOHEHHS.

Knrouogi cnosa: nnamegopma mobinbozo poboma; 4omupukoricHuii pobom,; MexampoHua KOHCMpPYKYis.

Puc.: 8. Tabn.: 1. bion.: 9.
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