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Abstract. The purpose of the proposed article is
the development and construction of a mechanized
mobile platform for serving people, which is caused
by the need to increase the safety of the operation of
such technical means, in particular, in the case of the
need for mass customer service. The methodology
is based on search, research and creative ap-
proaches. The methods of development analysis,
patent search, synthesis of technical solutions, sim-
ulation modelling was used. Scientific novelty. The
study of the features of various approaches to the
creation of effective mechanized moving platforms,
the analysis of solutions and the dynamics of patent-
ing made it possible to substantiate the directions of
development of technical solutions and the pro-
spects of developments. The authors proposed con-
structive solutions for mobile platforms, developed
approaches to the technical implementation of in-
creasing the safety of their operation, proposed en-
ergy-saving approaches aimed at reducing the en-
ergy consumption of mechanized means, which is
especially relevant in the mass implementation of
platforms for serving people. Research results. The
article solves important safety issues of human ser-
vice, in particular in the entertainment industry
through the development of structural parts, drives
and rules for the operation of mechanized moving
platforms. Synthesized constructive solutions ob-
tained in the course of patent research, analysis of
modern technical solutions, rational technical de-
sign, and expert evaluation are presented. It was de-
termined that the safety of the operation of mecha-
nized moving platforms, which are intended for the
transport of people in the field of tourism, depends
on effective approaches to the design and compo-
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nents of the technical system in the form of a mov-
ing platform, its structural components, elements of
its mechanism and the drive system as a whole,
which with the optimization of technical indicators
the stability of the overall system, the smoothness
of movement and braking of the platform, the opti-
mization of the materiality of the structure in total
allow to have a qualitative effect on improving the
safety of human operation.

Keywords: human service, operational safety,
mechanized equipment, platform, energy recovery,
sustainability.

INTRODUCTION

The development of mechanized equipment
for serving people is highly relevant in the sec-
tor of organizing cultural and mass events.
Thus, during the organization of concerts of
world stars, moving platforms are used, which
aim to create spectacle and captivate the audi-
ence. At the same time, moving platforms for
the audience are widely used to create an addi-
tional sense of presence. Platforms that are used
as attractions can also be considered objects of
study. This paper examines the process of de-
veloping and constructing such a platform, tak-
ing into account groups of people with limited
mobility or children of preschool age. For this,
a requirement was established to design the
platform itself as low as possible to the ground
surface and with a minimum number of stairs.
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CONSTRUCTION MACHINERY AND PROCESS EQUIPMENT

MATERIALS AND METHODS

Today, effective methods of analysing tech-
nical solutions are patent search [1], expert
evaluation. The analysis of patent decisions, in
particular, allows, in addition to determining
the level of technical developments, to conduct
an analysis of the economic feasibility of scien-
tific developments and development trends
through the study of the dynamics of patenting,
geographical affiliation, calendar frequency, af-
filiation to the applicant.

In addition, for the effective design of the
technical components of the generalized sys-
tem, modern means of simulation modelling
were used, including parametric design, 3D
modelling, kinetostatic analysis, and structural
synthesis.

RESULTS AND DISCUSSION

Works [2] are devoted to the study of ra-
tional approaches to the design of technical
means.

The authors determined that the main direc-
tions of effective design and construction of
complex systems can be formed as the total in-
dicators of their components, their optimal joint
functioning.

It was also noted that increasing the safety of
operation of mechanized means can be solved
by effective design of mechanized means, re-
ducing their material capacity, ensuring the
smoothness of movement modes of mecha-
nisms, increasing their stability, improving the

Table 1. Search regulation

ergonomics of the entire structure and its com-
ponents [3].

There are well-known solutions for the mov-
ing platform-cabin of the driver of a single-
bucket excavator [4].

In this solution, the visibility of the operator
increases, which is effectively reflected in the
safety indicators of technological operations
during the work of the excavator driver.

Mechanized moving platforms intended for
serving people also include travelators, escala-
tors, lifting platforms for people with disabili-
ties, etc. [5 - 9].

The main problem during the operation of
such mechanized systems is the need for
smooth movement modes, which include start-
ing, moving and stopping.

To ensure the smoothness of movement of
mechanized moving platforms, as a rule, elec-
tric control systems of smoothness of move-
ment are used. In addition, the maximum values
of the movement speed of such systems are de-
termined - 1 m/s.

In order to effectively analyse technical so-
lutions aimed at increasing the safety of opera-
tion of mechanized moving platforms, we will
conduct a patent study.

To search for technical solutions in the data-
base systems of patent solutions, we will define
thematic search directions (Table 1).

Using the sources of patent documentation,
they conducted a search and analysis of tech-
nical solutions to the problem. Based on the
search results, determine the relevance of this
problem.

Search subject Classes according to References
the IPC
Counterweights EO2F 9/18
«Google Patentsy»: patents.google.com
Flywheels characterized B _
by means for changing F16F15/31 «Espacenety: espacenet.com
the moment of inertia «baza natentiB Ykpainm»:
__ — uapatents.com
Lifting dev!ces, Safety £04G3/32
devices
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Analytical research of technical solutions for "Espacenet™ (espacenet.com), "Patent Database
mechanized platform was conducted on the ba- of Ukraine" (uapatents.com).
sis of a patent search for the period from 2000 According to the international patent classi-
to 2023. fication, the necessary documentation falls into

To search for patent documentation, infor- the class EO2F 9/18, B66B 9/08, F16F15/31,
mation sources from the global Internet were E04G3/32 (fig.1-3).
used: "Google Patents" (patents.google.com),

LIFTING PLATFORMS

B HoHCTpyKUiRHO M Hydraulic  mWith tilt sensors = With counterweights

Fig. 1. Result of searching by “lifting platform”
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Fig. 2. Result of searching by “counterweight”
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Fig. 3. Result of searching by “flywheel”

During the development of a mobile plat-
form for maintenance, the authors proposed a
constructive solution of the mechanized mo-
bile platform (Fig. 4). The proposed mobile
platform is intended for use during mass cul-
tural events. The mechanized moving platform
is part of a more complex system that forms a
carousel attraction. The entire carousel attrac-
tion has a weight of 3500 kg, an overall diam-
eter of 7 m, and a height of 4,5 m. The mecha-
nized moving platform has a diameter of 7 m,
weight 2100 kg, height of the platform 0,35 m,
drive — 5 kW, power from, maximum rotation
speed — 1 m/s. The central rack has the follow-
ing parameters: diameter of 2,1 m, weight 200
kg, height of the platform 2,75 m. The carousel
cover has the following parameters: diameter
of 7 m, weight 1000 kg, height of the platform
1,35 m.

During the design of the mechanized mov-
ing platform and the carousel as a whole, the
advisor on creating an accessible environment
for people with special abilities, disabilities
and other groups with limited mobility was
taken into account [5-9].

The carousel is designed with one step for
convenient and safe descent or ascent to the
platform, the frame and structure of the carou-
sel is shown in Fig. 4.

The mechanized moving platform consists
of 5 sections, among which one is drive sec-
tion, the others are driven. The sections are as-
sembled into a single structure and connected
to the power drive. Due to the structural refine-
ment of the supporting wheel [10], the moving
platform has a low height of 300 mm. The car-
rying capacity of one such wheel is 700 kg.
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Fig. 4. Construction of the carousel attraction with inclusive access

48

ISSN(online)2709-6149. Mining, constructional,
road and melioration machines, 103, 2024, 45-54



BYAIBEABHI MALLIMHN | TEXHOAOTTHHE OBAAAHAHHA

An important operating condition is ensur-
ing the safety of both staff and visitors. For this
purpose, it is necessary: to identify the pre-
dicted danger, dangerous events and situations
caused by mechanical, electrical, chemical
(from raw materials, materials and other sub-
stances), thermal (thermal) influence, radia-
tion, water environment, as well as violation of
ergonomic requirements and other reasons.
Take measures to reduce the risk of accidents
and emergency situations [5-9].

The stability of the carousel attraction is an
important aspect that affects the safety of its
operation. This includes the ability of the at-
traction to withstand various loads arising dur-
ing its operation, without the risk of collapse or
other dangerous situations [6].

To ensure the stability of the carousel attrac-
tion, several key factors must be taken into ac-
count.

Construction: The base of the carousel

Table 2. Characteristic of the model

must be strong and stable to withstand the
weight and movement of the attractionl. The
upper part of the support frame is used to sup-
port and mount the superstructure, which ro-
tates along with the rotary table [5].

Installation: Correct installation of the at-
traction is important for its stability. This in-
cludes the correct location of the attraction, as
well as the installation of all its components ac-
cording to the manufacturer's instructions [5].

Maintenance and inspection: Regular
maintenance and inspection of the ride helps to
identify and correct any potential stability
problems in the early stages. This may include
checking the condition of the materials, joints,
base and other important components of the
ride [5].

On fig. 5 and table 2 showing the results of
modelling the load on the elements of the car-
ousel structures are presented.

Name

Value

Types of elements

10- nodal tetraids

Maximum length of the element’s side [mm]

100

The maximum coefficient of condensation on the sur- 1,2

face

Coefficient of rarefaction in the volume 1,5
Quantity of finite elements 250397
Quantity of nodes 498765
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g h i

Fig. 5. The results of the strength calculation of the central structure of the carousel:
a — calculation scheme; b — grid of finite elements; ¢ - total linear movement; d - equivalent von Mises stress; e - 1st
mode of natural vibrations; f — 2nd mode of natural vibrations; g — 3rd mode of natural vibrations; h — 4th mode of natu-
ral vibrations; i — 5th mode of natural vibrations

Table 3. Inertial model’s characteristics
Name Value

Mass model [kg] 150,17

Center model weight [mm] (0,071; 1311; 950)

Moment and |nert|a20f the model relative to the cen- (218438160; 145882246: 214724710)
ter of mass [kg mm <]
Eﬁ]cuve moment relative to the center of mass [N (~1290: 3900; 3842)

Total reaction and resistance [H] (0; 10000; 0)
Absolutely meaning reactions [H] 1000
Absolute moment value [ N mm] 5624
50 ISSN(online)2709-6149. Mining, constructional,
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Table 4. Studied parameters

Name Type Min Max

Mises equivalent stress SVM [N/mm ?] 0 380

Liquidity reserve factor SVM 1,440846 10

The margin _factor at the SVM 25 10

strength limit

Table 5. Natural frequencies of oscillations

N F[;Z?jl;segcﬁy Frequency [I'u] Period [c] MM X [%] MM Y [%] MM Z [%]
1 0,0069 0.0011 908 0,646 0.27573 0.214796
2 0,0081 0.0013 779 0.2192 1.07491 0.123159
3 0,0111 0.0018 567 0.2144 0.15635 0.004883
4 0,0124 0.0020 505 0.0662 0.14315 0.154617
5 0,0144 0.0023 438 0.291476 0.01522 0.054812
6 0,0176 0.0028 357 0.004843 0.87856 0.965472
7 0,0193 0.0031 325 0.086432 0.00285 0.221474
8 0,0207 0.003 304 0.000641 0.26934 0.276551
9 0,0217 0.0034 289 0.016833 0.78202 0.031255
10 0,0229 0.0036 274 0.017404 0.00707 0.129765
11 0,0299 0.0047 210 0.082481 0.10908 0.009987
12 0,0395 0.0063 159 0.039919 0.56720 0.038043

By analogy, a strength analysis was per-
formed for the cover of the carousel and the
movable lower platform.

Safety: It is important to ensure that all
safety standards and procedures are followed,
including the use of appropriate safety equip-
ment and regular safety training for staff [7].

Personnel training: All persons participat-
ing in the operation of attractions, depending
on their duties, must be trained and know the
basic technical characteristics, structure and
rules of safe operation and maintenance of at-
tractions [7].

These steps will help ensure the stability of
the carousel attraction and make it safe to use.
In order to ensure the safety of the amusement
equipment, the identification of predicted dan-
ger, dangerous events and situations caused by
mechanical, electrical, chemical (from raw ma-
terials, materials and other substances), ther-
mal (thermal) influence, radiation, water envi-
ronment, as well as violation of ergonomics re-
quirements must be carried out and other rea-
sons [7].
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To ensure the stability of the carousel, it is
proposed to create a balancing mechanism of
automatic action, a movable counterweight.

A movable counterweight is installed under
the platform and due to the movement of the
load will stabilize the attraction. The system is
automatic without operator intervention.

The stability of the carousel is the ability to
resist external loads, including the gravita-
tional forces of the weight of visitors on the
ground, as well as the component parts of the
carousel, inertial forces that prevent the system
from destabilizing and moving the supporting
part of the carousel relative to the ground base.

The stability of the carousel can be charac-
terized by the coefficient of stability where is
the moment of all the forces holding the carou-
sel; is the moment of all the forces contributing
to the destabilization of the carousel.

Adjustment of the departure of the counter-
weight is carried out due to the equalization of
the moments of the weight and the moving
counterweight relative to the edge of the over-
turning (tilting) forces. A carousel is consid-
ered balanced if the sum of moments is zero.
Thus, we will get a system in which, when the

o1
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load on the carousel changes, the counter-
weight is advanced or retracted depending on
the information sent by the control and control
Sensors.

Position sensors are connected to the hy-
draulic cylinders of the extension beams. The
output signal from the control unit is a signal
that goes to the proportional distributor, the
output of which is connected to the inputs of
the counterweight hydraulic cylinders. The
control unit continuously receives data on the
position and weight of the load - to determine
the overturning edge.

The movable counterweight in automatic
mode, through the control unit, which continu-

4 Z

ously receives information, stabilizes the sys-
tem and balances the carousel [11, 12]. This
system will minimize the load on the main
components such as the center support, upper
bearing, lower linear bearing and reduce the
load on the wheels.

Stability, stabilization of the carousel, min-
imization of distortion of the main components
during operation increases the durability of
these parts and makes the mechanism as safe
as possible.

The principle of movement of the movable
counterweight of automatic action is shown in
fig. 10.

Fig. 6. The principle of operation of the stabilizing mechanism of the counterweight of automatic action: 1 —
external load on the platform; 2 — central support; 3 — mass of the movable counterweight; 4 — the line of motion of the
movable counterweight: a — the movable counterweight is maximally extended from the central support; b — average
counterweight position; ¢ — movable counterweight at rest, located as far as possible to the central support.

The principle and example of the system of
maintaining the stability of the carousel due to
the moving counterweight is shown in fig. 7.

When the mechanism is at rest and does not
have excess loads on the main components,
such a system is called balanced, that is, the

52

sum of the holding and overturning level is 0
(Fig. 6. a).

During the external load on the carousel
mechanism, the movable counterweight com-
pensates for the excess load on the main com-
ponents.
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The movable counterweight system reacts
to the excess load and pushes or pushes the
movable counterweight away from or towards
the central support (Fig. 6. b, ).

Emergency response of the moving coun-
terweight system to the failure of the braking

system or the failure of the main components,
which affect the safety of visitors and person-
nel (Fig. 6. d). Due to the conservation of en-
ergy and inertia of the mass of the moving
counterweight, it is possible to reduce the rota-
tion speed of the carousel.

Fig. 7. The principle of operation of the carousel stability maintenance system due to the movable counter-
weight: 1 — central base; 2 — drive section; 3 — moveable section; 4 — moving counterweight; 5 — mass loading places

The implementation of new solutions in the
constructions of the moving platform requires
further consideration of the concentration of
new force influences in the calculation model.
And the implementation of the safe movement
of such a platform requires simulation of tran-
sient processes at the moment of move-
ment/stop of the platform, taking into account
the synthesized solutions for the design of the
drive part of the platform [8-10].

CONCLUSIONS

The development and construction of mobile
platforms for serving people is an actual direc-
tion that solves the needs of people in various
directions, in particular, the organization of cul-
tural and mass events. At the same time, solving
the problems of the mechanization of such plat-
forms is a broad direction that requires patent
research, taking into account specific safety
standards of structures and operation, synthesis
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of technical solutions and modelling of the be-
haviour of structures.

For a moving counterweight, it is necessary
to optimize the inertial and speed parameters
taking into account the parameters of the plat-
form as a whole.
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12345 Kuiscoruii nayionanvnuil ynisepcumem
0yOieHUYmMea i apximexmypu

AHoTanisi. MeTo1o 3alpornoHOBaHoO1 CTATTi € po-
3po0OKa Ta KOHCTPYIOBaHHS MEXaHi130BaHOI MOOLITb-
HOI mardopmu Ansi 0OCTYyroBYBaHHS JIIOAEH, IO
BUKJIMKAHO HEOOXIIHICTIO IMIABUIIEHHS OE3IIEKA
eKCIUTyaTallil TAKUX TeXHIYHUX 3ac00iB, 30KpeMa, y
pa3i HeoOXiTHOCTI MacOBOTO OOCITYyTOBYBAaHHS KITi-
€HTiB. B OCHOBY MeTO/10JTOTii MOKIIaIeHO TOITYKO-
BUU, JOCTIIHULLKHUIA Ta TBOpUYWH migxoau. Buko-
PUCTAaHO METOAW aHAJi3y PO3BUTKY, MATEHTHOI'O
MIOIIYKY, CHHTE3Y TEXHIYHUX PillleHb, IMITAI[ITHOTO
MoznemoBaHHs. HaykoBa HoBu3Ha. [{ocmimkeHHs
0c00JIMBOCTEH Pi3HUX MiAXOAIB IO CTBOpEHHS ede-
KTHBHHX MEXaHI30BaHUX PyXOMHX IuTaTdopm, aHa-
Ji3 pillieHb Ta AWHAMIKY MMaTeHTYBaHHS J03BOJIIIN
OOIpYHTYBaTH HampsIMKH PO3BUTKY TEXHIUYHUX pi-
[IeHb Ta MEPCIIEKTUBU PO3pOOOK. ABTOpaMH 3a1mpo-
[TIOHOBAHO KOHCTPYKTWBHI pilIeHHS MOOIITHHHIX
mwiatdopm, po3po0IICHO MiX0aU A0 TEXHIYHOI pea-
mizamii migBUIEeHHs Oe3MeKu iX eKcIuTyararii, 3a-
MIPOTIOHOBAHO eHepro30epirardi miIxoau, CIpsIMo-
BaHi Ha 3HIDKCHHS €HEPTOCIIOKUBaHHSI MEXaHi30Ba-
HUX 3aco0iB, 1[0 OCOOJIMBO aKTyaJlbHO IPU Maco-
BOMY BIPOB/DKEHHI TUIATGHOPM UISI OOCITyTOBY-
BaHHs JItojick. Pe3yabTaTu nocaigKeHHs. Y cTarti
BUPILICHO BaKJIUBI MUTAaHHS OE3MEKH OOCITyrOBY-
BaHHS JIIOJIeH, 30KpeMa B IHIyCTpil po3Bar, IUITXOM
PO3pOOKM KOHCTPYKTUBHUX EIIEMEHTIB, MPUBOIIB
Ta TPaBUII EKCIUTyaTalii MeXaHi30BaHUX PYyXOMHUX
mwiardopm. HaBeneHo cuHTE30BaHI KOHCTPYKTHBHI
pIllIeHHs, OTpUMaHI B XOJi MATEHTHOTO IONIYKY,
aHaJi3y Cy4acHHX TeXHIYHUX pillleHb, paliioHalb-
HOTO TEXHIYHOTO TMPOEKTYBAaHHS Ta €KCIEPTHOTO
oLiHIOBaHHs. Bu3HaueHo, mo Oe3mneka excruryara-
ii MeXaHi30BaHUX PYXOMHUX IUTaTGOPM, SIKi TPU3-
Ha4eHi JUIs mepeBe3eHHs Jojiei y cdepi Typuzmy,
3aNIeKUTh Bifl e(DEKTUBHUX MiIXOMIiB O MPOEKTY-
BaHHs Ta CKJIAJ0BUX TEXHIYHOI CUCTEMH Yy BUTJISAIL
pyxomoi miardopmu, ii KOHCTPYKTUBHHX BY3IIiB,
eJIEMEHTIB ii MeXaHi3My Ta CHCTEMH IPHBOJY B I1i-
JIOMY, SIKi TIPH ONTHMIi3allil TEXHIYHUX TTOKa3HUKIB
CTIMKOCTI BCI€T CUCTEMH, TUIABHOCTI PyXy Ta Talib-
MyBaHHS IUIATGOPMH, ONTHMI3allil MaHEeBPEHOCTI
KOHCTPYKIIil B I[IIOMY JO3BOJIIFOTHh SIKICHO BILIH-
HYTH Ha MiABHUILIEHHS O€3MeKH eKCIuTyaralii Jio-
JIVHU.

KurouoBi ciioBa: 00ci1yroByBaHHs Jr0/1eH, eKC-
IUTyaTarfiiiHa Oesreka, MexaHi30BaHe OOJIaHAHHS,
mwiatdopma, pekynepailis eHeprii, CTIHKICTb.
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