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Abstract. This article outlines the main provisions of
the program, methodology, description of the object of
experimental studies and construction of a physical model
of the jib crane rotation mechanism.

A real QTZ 80 crane has been chosen for the study,
which differs from the laboratory installation (physical
model) of the jib crane rotation mechanism by structural,
power and energy parameters, for this reason, experimental
studies used physical modeling, which usually changes the
scale and leaves the physical nature of phenomena.
Therefore, similarity theory is used to determine the
characteristics of the physical model.

A physical model (laboratory unit) of the jib crane
rotation mechanism was designed to conduct experimental
studies on the similarity theory. This model is prepared for
experimental studies of the dynamics of the rotation
mechanism during the start-up process. To determine the
similarity criteria, equations of motion were used that
reflect the operation of the jib crane rotation mechanism,
namely the three-mass dynamic model of the rotation
mechanism, which is a system of three second-order
differential equations.

Using the obtained ratios of similarity criteria, the
numerical values of the similarity coefficients of the real
rotation mechanism of the jib crane and its physical model
are determined.

Based on the parameters obtained, a physical model
of a full-scale jib crane rotation mechanism was
constructed.

The results obtained in this study can be further used
to refine and improve existing engineering methods for
calculating the mechanisms of rotation of cranes, both at
the stages of their design/construction, and in real
operation.

Key words: rotation mechanism, experimental
studies, dynamic loads, oscillations, physical model,
similarity coefficients, jib crane.

Introduction
During the operation of the jib crane rotation

mechanism, load oscillations on the flexible suspension
occur, and significant dynamic loads can be observed in the

structure and drive [1]. To minimize these processes, the
process of start-up of the rotation mechanism of jib crane
was optimized [2-4].

Formulation of problem

Optimization made it possible to minimize unwanted
processes in the drive, metal structures and load
oscillations [5]. To confirm the studies, it is necessary to
conduct experimental studies on a physical model
(laboratory installation) of a jib crane with a rotation
mechanism. For this, it is necessary to develop a model of
the rotation mechanism. To create an experimental setup,
we apply the theory of similarity, based on which we
determine the coefficients of similarity to a real jib crane.

Analysis of recent research results

Physical modeling is widely used in experimental
studies. Physical modeling preserves the physical nature of
phenomena, but changes their scale.

In order for the processes that arise in the process of
loading and unloading operations in the metal structures
and mechanisms of jib cranes to be similar to the original,
the model must meet a number of requirements of the
theory of modeling [6-16], which follow from the main
theorems and provisions of the theory of similarity.

The basis of physical modeling is the theory of
similarity, which is based on dimensional analysis [17]. A
necessary and sufficient condition of similarity is the
equality of all the same criteria of similarity for two
physical phenomena. Dimensionless similarity criteria
must be equal. Under the condition of known equations
describing the physical process, the similarity criteria are
formed by reducing these equations to a dimensionless
criterion form [18]. Considerable attention is paid to the
construction of physical and mathematical models of
technical systems in the articles [17, 18, 19]. The general
theory of dimensions of physical quantities, the theory of
mechanical and physical similarity, as well as the theory of
modeling are given in the article [20]. The book [21]
contains the basics of theory and recommendations for
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practical applications of experimental studies on full-scale
objects, as well as on physical, analog, digital and
mathematical models. General principles of analysis of
physical similarity and its connection with the construction
of mathematical models are set out in the article [22].

The article [23] considers the construction of
interpolation models, the study of the Kkinetics and
mechanism of phenomena, and optimization of processes.

The article [24] provides information about science,
methods to justify the topic of theoretical and experimental
research, means and methods of measurements, analysis
and features of the processing of research results, methods
of implementation and calculation of economic efficiency.
The issues of planning and organization of scientific
studies are highlighted.

Purpose of research

The aim of the work is to determine the coefficients
of similarity of the model to the jib system with the
rotation mechanism of a real crane using the similarity
theory for further experimental study.

Research results

The obtained theoretical results in the articles [1-5]
require confirmation and experimental verification, so
there is a need for experimental studies of the dynamics of
the mechanism of rotation of the jib crane at different
control modes.

The purpose of experimental studies is to measure the
actual parameters and dependences of the kinematic,
dynamic and energy characteristics during the operation of
the mechanism of rotation of the jib crane, as well as the
oscillations of the load on a flexible suspension.

Since the use of a full-scale model of a real jib crane
for a number of certain reasons is difficult and practically
impossible, it is recommended to conduct experimental
studies on a physical model of a jib crane, which will
reproduce the rotation process of the crane. The QTZ-80
jib crane was chosen as a prototype [25]. The QTZ-80 jib
crane was chosen as the prototype [25]. Based on
similarity theory, the coefficients of the similarity of a real
jib crane are determined and its physical model is
constructed.

The experimental research program is divided into
several stages:

- building of a physical model of the jib crane rotation

mechanism and determination of similarity coefficients;

- construction of a physical model of a jib crane for
experimental studies;

- planning experiments to study the dynamics of the
jib crane rotation mechanism under various control modes
(manual and optimal)

- selection of measuring and recording equipment for
studying the dynamics of movement of the jib crane
rotation mechanism under various control modes;

- writing a program and selection of equipment that
provides the implementation of optimal modes of
movement when controlling the jib crane rotation
mechanism.

Physical modeling is the process of creating a material
model that has the same physical nature (the same physical
meaning) as the actual studied phenomenon, based on the
criteria of geometric, kinematic and dynamic modeling
[26].

The task of physical modeling is to determine the
characteristics of a full-scale object according to the
characteristics of the physical model. The peculiarity of
physical modeling is that to determine the characteristics
of a full-scale object, a mathematical description of the
processes is not required, it is enough just to have an idea
of the mechanism (physical nature) of the phenomena in
order to correctly calculate the parameters of a full-scale
object according to the test data of the physical model. In
physical modeling, the physical nature of the phenomena
occurring in a full-scale object and model is unchanged.
The physical modeling is based on the theory of similarity.
Separate types of physical similarity are: geometric
(similarity of similar geometric elements); kinematic
(similarity of the velocity fields for the two considered
motions); dynamic (similarity of systems of acting forces
or force fields of different physical nature — gravity,
pressure, etc.); mechanical (assumes the presence of
geometric, kinematic and dynamic similarity).

Physical modeling consists of two stages:

- theoretical reproduction on the model of the
investigated physical phenomenon or technical device
(including constructions and structures) similar to a full-
scale sample;

- construction of the models and performing the
necessary observations and measurements on them.

- the theory of modeling based on the theory of
similarity [26-28].

“Physical phenomena of one class are called similar,
when all characteristic quantities are similar, i.e. all vector
quantities are geometrically similar, and all scalar
quantities are correspondingly proportional.

Necessary and sufficient conditions of similarity:

phenomena that are similar in one sense or another
(complete, approximate, physical, mathematical, etc.),
have certain combinations of parameters, called similarity
criteria, and which are numerically identical for similar
phenomena;

any complete equation of a physical process, which is
written in a certain system of units, can be represented by
a functional dependence between the similarity criteria,
which are formed from the parameters that characterize the
process;

necessary and sufficient conditions for the similarity
of phenomena that are then compared are the
proportionality of the relevant parameters included in the
single-valuedness conditions of mathematical models of
these phenomena, as well as the equality of criteria for the
similarity of these phenomena"[29].

To conduct experimental studies, a physical model of
the jib crane rotation mechanism was constructed [30-31],
the 3D model of which is shown in Fig. 1 and the scheme
of the jib crane is shown in Fig. 2.

For the study, a real QTZ-80 crane was selected,
which differs from the laboratory installation (physical
model) of the jib crane rotation mechanism by its
structural, power and energy parameters, therefore,
physical modeling was used in experimental studies, which
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usually changes the scale and leaves the physical nature of
the phenomena. Therefore, the similarity theory is applied
to determine the characteristics of the physical model.

a)

. b)

Fig. 1. Scheme of the laboratory installation of the jib
crane: a) general view of the crane; b) the mechanism of
rotation of the jib crane.

Fig. 2. Jib crane: 1 — engine; 2 — elastic coupling;
3 — reducer; 4 — gear; 5 — slewing ring; 6 — rotary shaft;
7 — rotary part; 8 — frame.

A three-mass dynamic model of the jib crane rotation
mechanism was used (Fig. 3).

Z1

Fig. 3.7_E)_yr71;1mic model of the rotation mechanism.

In this model the following designations are accepted:
m — weight of load on a flexible suspension;lq, 17 —
moments of inertia of the drive mechanism and the rotary
part are reduced to the axis of rotation of the crane; Mg,
M1 — the driving moment on the motor shaft and the
moment of resistance forces are reduced to the axis of
rotation of the crane; g, @1, @2, —angular coordinates
of rotation of the rotor of the electric motor, rotary part of
the crane and load, which are taken as generalized
coordinates; C — the stiffness coefficient of the drive
mechanism, reduced to the axis of rotation of the crane; r
— derricking mechanism; | — length of a flexible
suspension of load; y —the angular coordinate of the
deviation of the traction rope from the vertical; g —free fall
acceleration.

Based on the dynamic model, a mathematical model
was compiled, which is a system of three second-order
differential equations:

2
d MnAu
lo%=n7n—6(cpo—<p1);
dt
2
d
1 y L _ (g —<p1)—mr2%((91—(p2)— M1 (D)
t
2
d
72 =Tlo1-02)
dt

The parameters in the system of equations are
designated by the following indices for a real crane "n", for
a physical model "m".

Expressing the parameters of a real system through
the corresponding parameters of its physical model and
similarity coefficients, it was obtained:

fon = vilom:lin = vilim;

Mnn = VM Mpm;M1n = vm Mim;

Mp = vmMm;ln = vimp;m = vim; (2
An =Vatm:Un = vuUm;nn = vyNm:Cn = vcmitn = vttm;

®0n = Ve®P0Om: PIn = VePlm:P2n = VeP2m-
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where V| ; V.0 VM VYA Vus Vi Ve VIVt Ve -
similarity coefficients; lgn; l1n; Mn 3 Mpn: M1n; Ap
; Uni Mni CnsoIns s tni eons @ins 920 -
parameters of the real crane; lgm: l1m: Mm; Mnpm:
Mim; Am: Um: Mm: Cm: M5 fm; tm: ®0m: ¢1m:
¢2m — parameters of the crane model.

Equation (1), taking into account expressions (2) for a
full-scale sample and a physical model of the rotation
mechanism, have the form:

2
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dt3
2
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We divide the components of equations (3), (4) and
(5) for a real mechanism and a physical model and equate
them, as a result we get:

d2o0n
atf > MnnAnUnmin

lon

2 1 B
d"eom =Mpmimu
|Omi2 o nmAm mT™m

dt,
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After that, we express the parameters and
characteristics of the real rotation mechanism through the

parameters and characteristics of the physical model, using
for this the dependencies (2), which give:
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In the resulting equations (7), we remove the
differentiation operations, since they do not affect, after
which we will have:

il Vo®0Om
I10m T2 9
tmvt VM MnmvaimvuUmvnnm
[ ©0m MnamAmUmnm
om T
tm
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mvi  veem(Vo®om —VePim)
[, 1m ¢m (®0m —91m)
Im o
tm

1

Vlm

2
vmMm (V1m)

(Ve®1m —VeoP2m)
® ® _vmMim

Mim

21
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As a result of certain mathematical transformations
and reductions, we obtain the ratio between the similarity
coefficients [30]:

vV
L =VMVAVuVn =VcVes 9)
Vt
\20Y
Yo =VeVe =VmVIVes (10)
Vi

Vg v
P P

e_e (11)

Vt2 M

Analyzing expressions (9), (10) and (11), the
following dependences were obtained:

VA% VIiVe
2 :VmV}\'Van; 2 :VC;
Vit Vit
(12)
V| _ 1 2 _
—2—VmV|,—2— —)Vt =V|
Vi Vi

A system of four equations (12) was obtained with
eight unknown similarity coefficients. Therefore, the four
similarity coefficients are set arbitrarily, and the remaining
four coefficients are determined from the system of
equations (12). The numerical values of all eight similarity
coefficients are summarized in table 1.

Thus, the obtained ratios of the coefficients of
similarity of the rotation mechanism of the jib crane make
it possible, according to the parameters of a real crane, to
read the parameters of its physical model.

Table 1. The value of the similarity coefficients of the
hysical model of the jib crane

Value of the similarity
Parameter name .
coefficient
Jib length 10.6
Length of a flexible suspension 18.5
Weight of load 50
Time 4.3
Gear ratio 1.205
Efficiency 1.25
Mome_nt of the inertia of the 12052 668
rotation part of the crane
Moment of the inertia of the
. ; . 8.42
rotation mechanism drive

Based on the parameters obtained, a physical model
of the full-scale rotation mechanism of the QTZ 80 jib
crane was constructed (Fig. 4), the main parameters of
which are given in Table. 2.

Fig. 4. Physical model of the jib crane rotation
mechanism

Table 2. The main parameters of the physical model
of the mechanism of rotation of the jib crane

Unit of Parameter
Parameter name
measurement value
Jib length m 3.75
Length of a erX|bIe m 27
suspension
Weight of load kg 40
Gear ratio - 1124.9
Efficiency - 0.69
Moment of the inertia of )
the jib kg-m 408.27
Moment of the inertia of )
the drive kg'm 8503.5
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Conclusions

1. A physical model of the jib crane rotation
mechanism has been developed to conduct experimental
studies on similarity theory. To determine the similarity
criteria, the equations of motion dynamics were used,
which reflect the process of operation of the jib crane
rotation mechanism.

2. Using the similarity criteria, the numerical values
of the similarity coefficients of the real rotation mechanism
of the jib crane and its physical model are determined.
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KOHCTPYKIISl ®I3UYHOI MOJIEJII MEXAHI3MY
OBEPTAHHAA KPAHA, TTIPOI'PAMA TA OIINC
EKCITEPUMEHTAJIBHUX JOCJI/KEHD
B. C. Jloseiixin, FO. O. Pomacesuy, 1. O. Kaouxano
AHoTanis. Y wiit cTaTTi BUKIaIEHO OCHOBHI MOJOXKEHHS
IIPOTpaMH, METOUKY, ONUC 00’€KTa EeKCIIEPUMEHTAIBHUX
JOCITIDKEHb Ta TOOYAOBY (i3MYHOI Mogeni MeXaHi3My

oOepTaHHs CTPLIIOBOTO KpaHa.
Jns gocnimkeHas 0yio oOpaHo cipaxHiit kpaH QTZ 80,
SIKUA ~ BiAPI3HAETBCA Big J1a0OpPaTOpHOi  YCTaHOBKH
(dismyHOi Momem) MexaHi3My TIOBOPOTY CTPLIOBOTO
KpaHa 32  KOHCTPYKTHBHUMH, CHJIOBUMH  Ta
€HEePreTUYHIMHU rapaMeTpamu, TOMY B
EKCIIEPUMEHTAJIBHUX JOCIIKEHHSIX BHUKOPUCTOBYBAJIOCS
(i3nuHe MOZETIOBAaHHS, SIKE 3a3BUYall 3MiHIOE MacIuTaly i
3anumae (GisudHy npupody sABul. ToMy i BU3HAYCHHS
XapakTepuCcTHK  (i3UYHOI MOAENi BHKOPHCTOBYETHCS
TeOopist MOAIOHOCTI.

Jns npoBeNeHHS eKCIEPHMEHTAIBHHUX JOCHiIKEeHb

Teopii momiObHOCTI  po3pobieHO  (Qi3WYHY  MOZIETh
(;rabopaTopHMiA OJI0OK) MEXaHi3My OOepTaHHS CTPLIOBOTO
KpaHa. s MOJEIb MiATOTOBIICHA JUTSL

eKCIePUMEHTAIBHIX JOCHIKeHh JUHAMIKA MeXaHi3My
obepraHHs B mpoueci mycky. /i BU3HA4eHHS KpUTEpiiB
MOMIOHOCTI  BUKOPUCTAHO  PIBHSHHA — PyXy, IO
Bi10OpaxkarTh poOOTYy MeXaHi3My MOBOPOTY CTPIJIOBOTO
KpaHa, a caMe TPHUMacoBY JWHAMIYHY MOJIENb MEXaHI3My
o0epTaHHs, 10 € CHUCTEMOIO TPbOX JH(epeHIianbHIX
PIBHSIHB JIpyTOTO MOPSIIKY.

BukopucroByroun ~ OTpUMaHi  CHIBBiJHOIIEHHS
KpUTEpiiB MOMIOHOCTI, BH3HAYEHO YHCENbHI 3HAYEHHS
KOeQiIi€HTIB MOAIOHOCTI pealbHOrO MEXaHi3My TIOBOPOTY
CTpLIOBOrO KpaHa Ta Horo ¢izn4Hoi Mozei.

Ha ocHOBI oTpuMmaHUX mapamerpiB MHOOYIOBaHO
¢i3MyHy MOHEeNh HATYpPHOTO MeXaHi3My OOepTaHHS
CTPIIOBOTO KpaHa.

Pesynbratn, oTpuMaHi B JaHOMY JOCIiIKEHHI,
MOXyTh OyTH B TOJANBIIOMY BHKOPHUCTaHI JUIA
YTOYHEHHsI Ta BJOCKOHAJICHHS ICHYIOUMX IH)XKEHEPHHX
METOJIB PO3PaxyHKy MeEXaHIi3MiB 0OepTaHHs KpaHIB, K
Ha eramax IX IPOEKTYBaHHS/KOHCTPYIOBaHHS, Tak i B
peasbHiil excruTyaranii.

Krouosi cJI0Ba: MeXaHi3M obepTaHHS,
EKCIICPUMEHTAIbHI JIOCITIIKEHHSI, JUHAMIYHI
HaBaHTaXXCHHS, KOJINBAaHHS, ¢biznyna MOJICIIb,

koedilieHTH NoAIOHOCTI, CTPLIOBHUIT KpaH.

KOHCTPYKIMS ®HU3UMUYECKOU MOIEJIN
MEXAHU3MA BPAIIIEHW S KOHCOJIBHOT'O
KPAHA, TIPOTPAMMA 1 OITMCAHUE
SKCIEPUMEHTAJIbHBIX UCCJIEJOBAHUI
B. C. Jloseiikun, I0. A. Pomacesuu, . A. Kaovikano
AHHOTanus. B jaHHOI craTbe W3JI0KEHBI OCHOBHBIE
MIOJIOKEHHST TIPOTPaMMBbl, METOJMKA, ONHCaHHWE OOBEKTa
OKCIICPUMCHTAJIbHBIX l/lCCJ'le,HOBaHl/Iﬁ u MOCTPOCHUC
(u3MYecKoil MOAENIH MEXaHH3Ma IIOBOPOTa CTPEIOBOTO

KpaHa.

s uccnenoBanus Obul BeIOpaH peanbHblil kpan QTZ 80,
KOTOPBIM OTiM4YaeTcs OT JabopaTOpHOW YCTaHOBKU
(pusnyeckoit Mozenu) MexaHu3Ma IIOBOPOTa CTPEIOBOTO
KpaHa KOHCTPYKTUBHBIMHU, CHJIOBBIMH )5
SHEPreTUYECKUMHU IapaMeTpaMu, 10 3TOW INpUYMHE B
9KCIIEPUMEHTANBHBIX ~ HCCIEAOBAHUSX  IIPUMEHSIIOCH
(uzmyeckoe MOIETUPOBAaHUE, KOTOPOE OOBITHO U3MEHSET
MacmTad M OCTaBIAeT (PU3HUECKYIO NPHPOIY SBICHHI.
[TosToMy msi ompeneneHNsT XapaKTEPUCTHK (U3UICCKOH
MOJIETIN UCTIONB3YETCS TEOPHS TTOLO0HS.

Jnst mpoBeieHnsT SKCIEPUMEHTANIBHBIX MCCIIEA0BAHUN IO
Teopuu monodus Obima co3maHa (DU3MUYECKas MOJENb
(mabopaTopHass ~ yCTaHOBKa) MeEXaHHM3Ma  IOBOpPOTa
CTpENIOBOrO KpaHa. JlaHHas MoJenb MOATOTOBJIEHA IS
9KCIIEPUMEHTAIBHBIX HCCIIEJOBAaHNH JUHAMHKA
MeXaHM3Ma BpalleHHs B Iporecce mycka. J{is
OIIpEAEIEeHUsT KPUTEPUEB TIOM00MS  MCIOJIB30BAIHCH
YpaBHEHHMS JIBIDKCHUS, OTpakarolye paboTy MexaHH3Ma
IIOBOPOTA CTPEJIOBOTO KPaHa, a MMEHHO TPEXMaccoBast
JMHAMHUYecKast MOJIETb MeXaHHU3Ma
TIPEeACTaBIISIOIIAs coboi cucTtemy
i epeHnnaNbHbIX YpaBHEHUI BTOPOTO MOPSIIKA.

C moMOIIbIO MOYYCHHBIX COOTHOIIECHUH KPUTEPUEB
mogobusi  OMPEAEISIOTCS  YWCICHHBIE — 3HAYCHMSA
KOX(QPUIHEHTOB  mMOmo0Ws  peaslbHOTO  MEXaHHW3Ma
MIOBOPOTA CTPENIOBOrO KpaHa U €ro (pu3ndeckoil MOJIEIH.

Ha ocHOBe mOMy4eHHBIX MapaMeTpOB IOCTPOCHA
¢usmyeckass MOAETh HATYpPHOTO MEXaHH3Ma IOBOPOTa
CTPEJIOBOTO KpaHa.

Pe3ynbraThl, ONyYeHHBIE B JAHHOM HCCJIEIOBaHHH,
MOTYT OBITh B JaJIbHEHIIIEM UCIIOIB30BAHbI JJIsl YTOUHEHHUS
U COBEpIICHCTBOBAHMS CYIIECTBYIOIINX HHXEHEPHBIX
METOJIOB pacyeTa MEXaHW3MOB IIOBOPOTa KPaHOB, KaK Ha
9Tanax MX IPOEKTHPOBAHUS/CTPOUTENBCTBA, TaK U B
YCIOBUSIX PEabHON 3KCILTyaTalny.

MOBOPOTA,
Tpex

KnaioueBble  cjoBa:  MEXaHU3M  BpAILCHHMS,
SKCIIEPUMEHTANIbHbIE ~ WCCICIOBAaHMSA, JUHAMHYECKHE
Harpysku, KoneOaHus, ¢dusmueckas MO/IETb,

KOX(PHUIHIEHTHI TOI00Ws, CTPEIIOBOI KpaH.
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