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Abstract

In the context of industrial processes, the role of overhead crane dynamics
is crucial during the implementation of technological processes. The performance
of these cranes plays an indispensable role in ensuring the efficient operation of
overhead crane systems.

Analysis reveals that the dynamics of overhead cranes represent a unified
dynamic system, requiring the formulation of dynamic analysis and synthesis
schemes for comprehensive study. In particular, the development of dynamic risk
assessment schemes is desirable in various concrete situations, facilitated by the
construction of corresponding mathematical models that accurately define the
ongoing processes in the system.

Of particular interest is the dynamic behavior of overhead cranes when
operating in non-standard modes, subjecting them to dynamic loads. The initiation
and termination of such operations are analyzed. Following such analyses, it
becomes possible to define unknown actions on the dynamic performance of the
overhead crane system. These actions anticipate the selection of specific
coefficients within the dynamic model.

Therefore, the individual analysis of the dynamics of specific mechanisms is
always relevant, among which the most significant is the investigation of the
dynamics of mechanisms responsible for the placement of overhead crane loads.
The goal of this research is to create accurate and efficient methods and techniques
for optimizing the dynamics of mechanical systems.

For the achievement of the goal, the following tasks are defined:

Analysis and study of the questions related to the dynamic analysis and
synthesis of overhead crane mechanisms;

The creation of dynamic risk assessment schemes for dynamic processes,
requiring consideration of the specifics of the distribution of loads on powerful
elements and their changes in specific situations;

Study of non-standard electromagnetic processes in  rotating
electromagnets: change in the moment of inertia and its possibilities in specific
situations;

-Comprehensive consideration of factors as the main and secondary
requirements for real system assessments.

-Dynamic process analysis should involve the investigation of the dynamics
of overhead crane exploitation processes for the exploitation of two critical
locations of the crane load-carrying structure:

The load-carrying construction of the overhead crane, which is adjacent to the
beams;

The load-carrying construction of the overhead crane's main beam (or the
main beam itself) in the middle between the main trolleys.

The practical significance of the study will be represented by the
development and application of effective methods and techniques using the
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dynamics of overhead crane mechanisms, their mathematical modeling, and the
implementation of recommended methods and techniques for the evaluation and
improvement of the quality and efficiency of systems using system quality and
efficiency enhancement methods and techniques.

The actuality of desertification training is discussed in the introductory
part. The dynamics of bridge crane exploitation in heavy-duty industrial facilities
on heaps is analyzed. The study covers the mathematical modeling and analysis of
these dynamic systems. Specific attention is given to the mathematical modeling
methods for dynamic investigations.

The main part of the study discusses the analysis of dynamic processes and
investigations related to the positioning of bridge crane loads in current
mechanisms. The analysis includes the dynamics of movements during lifting and
lowering loads, especially when these loads reach maximum values. It covers the
examination of structural deformations during the lifting of the load, affecting the
alignment of the crane's structure. Additionally, it addresses the control of load
movement to prevent swinging.

Various methods and models are employed to solve the identified problems.
The study focuses on creating a mathematical model for the mechanism that
ensures synchronous alignment during load displacement. The mathematical
models developed are used to solve problems in two main areas:

1) Dynamic stress analysis during the release and grabbing of loads -
particularly important during unloading processes when these loads
exert maximum values.

2) Analysis and methods of loading process problems, which allow
reducing the amplitudes of crane movements.

To address these problems, the study utilizes the synchronous alignment
system of the bridge crane, providing an opportunity to control and maintain the
synchronicity of load displacement. For the analysis of this system, a displacement
mechanism model is created.

The created mathematical models are used to make calculations for two
scenarios: a) Analysis of the dynamic behavior of the load displacement system,
considering the history of the load's alignment and chemical reactions during load
lifting and lowering. b) Analysis of the load displacement system, considering the
history of the load's alignment and chemical reactions during load lifting and
lowering.

As a result, we obtained graphs illustrating the dynamic processes of load
displacement in the current mechanism of the bridge crane."

The construction of the overhead crane's load-bearing structure, obtained
as a result of the study, is defined as a unified concentrated mass, positioned at the
location of the purchase and sale of the loaded cargo. The mass of the hook is also
added to the load-bearing structure.

A mathematical model is obtained for the non-stationary mode of operation
of the cargo lifting mechanism.
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During the process of load release, the dynamic model of the overhead
crane is formulated, consisting of the dynamic optimization of the hooked cargo
and the mathematical modeling of the operator-hook-load system. The
mathematical modeling of the load-bearing system of the overhead crane is also
discussed when the crane is repositioned on the rails during the loading or
unloading of loads, defects in the rails occurring in the process. Such defects
include deviations between rail sections, deformations of the rails, gaps in the rails,
misalignments in the joining of rail sections, and uncontrolled movement of rail
sections with mobile mechanisms for two-sided measurements of clearance on the
tracks for overhead cranes.

The analysis of additional dynamic loads and the study of their impact on
the dynamics of the overhead crane system have been considered.

All the main factors of the overhead crane's dynamics are taken into
account when creating the mathematical model of the "human-hook-rails" system.
It is emphasized that the primary cause of the overhead crane construction's
vibrational instability and defects is the rail's bending and defects, as well as the
defects of the repositioning mechanisms.

The study includes an analysis of additional dynamic loads and an
examination of their influence on the dynamics of the overhead crane system.

All the main factors affecting the dynamics of the overhead crane system
are considered in the creation of the mathematical model of the "human-hook-
rails" system. It is essential to note that the primary reason for the vibrational
instability and defects of the overhead crane construction is identified as the
bending and defects of the rails, as well as the defects of the repositioning
mechanisms.
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1

LoLEBHYIoEGHMOO 3mE9b3oMEo gbgcyos U @GHmeoo:

U= %kl[(él(t) +a,6, —bo, - y1)2 +&,(1) —b6, —a,0, — 3/1)2 +

+ (& (1) +b,6, — y, —8,6,)" + (&, (t) + a6, +b,6, — yl)z]%' ko [(&s (1) +
+8,0, = Y,)" + (& (1) =850, = ¥,)* + (&, (1) =856, — ¥,)* + (& (1) + 2)
+a,0,-Y,)° +%-k3(y3 +a,0, —b0, —y,)? +%k5(y5 +alb, —y,) +

+ ke (YY)
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LoLGHYINOO 450690 gbghaos D GHMEoos:

D= %Cl[(gl(t) +a,0, —bo, - y1)2 +&,(t) b6, —a,0, - y1)2 +(&(1) +

1
+ b2491 - Y- 8292)2 + (54 (t) + 3192 + bzgl - y1)2]§ -G, [(55 (t) + a493

+ (& (1) —ag0; — 3/2)2 + (& (1) —as0; — yz)2 + (& (1) +a,0;, — y2)2 +

+a,6, - b6, —y,)’ + = 04(y3+a3 —bg —y,)? += Ce(ye Ya)!

1
E'Cs(ys

Y,)’
3)

5653mbLgM35E0Mo  LoLEBHIIOLIMZOL  WsAMBIOL  gobEBMEgdSL o3l

Lobyg

E oT oT 6U 8D
dat | oy,

boQS3
T 5ol bLobEgdeo 3069303900 gbghyos;
U - bobGgd«weo 3mGgbEomeo gbgMos;

D - ©@obo3s3ool 53mbdiool Lol gdwmemo gbgMaos;
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©9953060609d0L dogns;
6, 560b 456BM5MgdME0 50IRHBHJOO doy;
Y - 396DM50Mq0o 3mmOEO0bsE)9;
Y - 396Bma50mgdmwo bLobdstg;

(4) xgmEOINEoEs6 dga30dwwos  dozommm  LobEgdol
0%9M96(305¢ M0 2obEMgds:

LAJIMIIINMUL GIIBNIIMN
J6N30MLNOION
1922 BEMIDIG

=6
oy oy oy .

oy - 969600l olodszool  gmbdiool  Bog®  dgddbocro

dmIOSMO0L

73



m,y, +k,[4y, — 23,0, + 2a,0, - 2b,0, +2b,6, — &, (1) — &, (1) — & (D] +
+ C1[4y1 - 2611‘92 + +2a292 - 2b2‘91 + 2b1‘91 - gl(t) - gz (t) - §3 (t) - 54 (t)] +
+K;(y, + b0, — y;) + ¢ (Y, + b6, —a,0, - y;) =0

m, YZ + k2[4y2 - 2a4‘93 + 2a6€3 - 55 (t) - 56 (t) - 57 (t) - Sts (t)] +C, [4y2 - 2a493 +
2a66’3 - é:s(t) - ‘):6 (t) - 57 (t) - (:8 (t)] + ks(yz + a593 - ys) + Cs(Yz + a503 - ys) = 01

msys + ks(Ys + a392 - b391 - yl) + C3(Y3 + a392 - b391 - y1) +
+ k4(y3 - y4) + C4(y3 - y4) =0

m4y4 +k4(y4 —y3)+c4(y4 _Y:;) :0,

M Vs + K (Vs + a0, — Y,) +C. (Vs + a0, —y,) =0,

mGYG+k6(y6_y4)+C6(y6_y4):O’ (5)

Jlél +[2k, (b, = b,) + k;b,]y, +[2¢,(b, —b,) + c;b,]- ¥, — Kby, —c by, +

+ [2kl(b12 - b22) + k3b§]6?1 + [2c1(b12 + b22) + c3b32]9'l +[k,(a, —a,)(b, +b,)]16, +
+[c,(a, — a,)(b, —0,)]- 6, — bk, [£ (1) + & ()] - bye,[& (1) + &, ()] + bk [£,(1) +
+&,(O]+ by [5(1) + £,(D] =0,

Jzéz +(2a,k, —2a,k, —azk,)y; +(2a,C, —2a,C, —a,C5) Y, +azKsYs +a5C, Y, +
[kl(bZ - bl)(al - az) - a3b3k3]91 + [Cl (bz - bl)(al - az) - a3b303]01 + [2k1(a12 +
+ azz) + a§k3]92 + [ch(al2 + a22) + a§C3]92 +ak [& (1) + &, ()] +ac,[& (1) +

+ 6é4 (t)] - a2k1[§1(t) + 53 (t)] - a2cl[§2 (t) + ‘/;3 (t)] = 0,
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Jaés + 2k1(a6 —a, - a5k5)y2 + ch(aa —a, - ascs)Y2 + asksys + a5C5y5 +
+[2k2,(a] —a7) + alks]9; + [2c,(af +al) +alc,16; +ak,[& (1) +

+ & (1)]a,c,[S5 (1) + S ()] — agk, [£6 (1) + & (D] — a5, [S6 (1) + &, (1)] = 0.

353030 ZmOI0m BMOINWwgdo (5) 99a30dwos bogfgdmon:
M - §(t) + Cy(t) + Ky (t) = B,h, (t) + B,h, (1) 6)
bosg M, C @s K 560l 355900L 09353009300 s LobolLEoL ds¢M05gd0;
B, 05 B, - 9056580md0b 536430900L 30993030963 900L BoHH0:3900;

h(t)os hy(t) - Logsewo m3egdol Mmsbasd®mdol  gwbdsogdo

(03909905 bSO 3-00).
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SOLYOME  MIMO0580  390GHMIWMOHO  s@POO  MF0Magl ,LoLEYIoL
96@®m300L“  3bg0sL, OmIgog  sboliosmgdl bog3wg3o  dsbgobo-
5650050900 (LoLiEgdols) 4obMLsBO3MIEXMBOL botrolbl.

bo33e930 LoLEgdol 9bE®M30s H(E), GmIgelbog 09y ©sv)dzgdom, Gma
5J3b N - Jgbodgrm EAMIsMgMmds s dgLlsdsdolo 5EdIMMDGIL 5036036530
P(E,), P(E,)...P(E,) 05806 Lol¢gdol gb@®mm305 gobolsBrmz®mgds gm®mdmeom

H(E) = 2 P(E) 100 5 5 = -2 P(E)IOGP(E)

bo33eg30o LobGgol 9BEBHMM300L  osbAM0TgdoLLL BJoMo 0ygbgdgb
MOMO0M WMRSMHOMALSE, 35F0b FMEOTMesls gd69ds Loby:
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H(E) = _Z nP(Ei)|ng P(Ei)
@)

Bmoo©  Bs33wg30  LOLEBIIOL  KSFMGO  GbBHOM30s  [oMmBMYIbL
LobBHYIgdol  Lbgoolbgs  aMIsMgmdol  9bBHO™M30900L  LsdwsEm
36093690 mds.

H(E):ZP(EI)H(Ei) 3)

Losi H(E;) $otmdmogqbl by3zwgzo LolEGgdol gow3grero dymds®gmdols

396L5D3MGEMdOL F9a35L905L S FMOMNZEGOS BMOHTMO”

H (Ei) = Ing[]-/ P(Ei)] (4)

00 15330930 LOLEJIOL 9BEGHOM30s, GMIgog ™G A s B
LoLEBHYIIL 59M0569dL, 9230005 25TMZMZI MO FMOIMEO0):

n m

H(AB)=—ZZP(AlBj)IogZ(AjBi)=n%logzn=|ogzn ()

i=l j=1

099 A ©5 B 9®0b LEo@03wMe© ©dMmm300909wo Bo33wg30
LobGH9Tgd0, x9IMM0 9bGHM™M30s  H(AB) @Gmeos A s B Lob@gdgdol
953®™30900L X sdols

H(AB) =H(A)+H(B) ©

09930 B533e930 LoLEBHYIGd0 A s B LEIGH03MM© ©ITMI0YOIMW OO
56056 9O»Bsbgnbg H(AB) Hormero Loli@gdol gb@®mm3os

H(AB)=H(A) +H(B/A) 36

H(AB) = H(B) + H(A/B) 7

oo H(B/A) s H(A/B) - 39bsdsdobs s6olL B bozgargzo LolbEgdol
306Md0mo gbGHM™M30s A LobBHgdol dodsem s A LobEgdol 30HMBdOMO
96@H®M305 B Lo3zzwgzo LobEgdol dodseo.
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Lboog H(B/A)s®olb B Loggergzo LobEgdol 96@®mm3ool Lodwogom
(BcboemEbgwo)  9609369@mds A LobiEgdoL Lbgolbgs  dgloderm
095c0Do300LL, HMIGE0E 056456008905 ZMEOHIME00):

H(BIA) =3 P(AJH(BIA)=-3 3 P(A)P(B,/ A)log, P(B, / A)

(8)

3060md0mo  9b@m™m30s  H(B/A)sbsbosomgds A s B bszgwggo
LoL3H9YTgOOL LESBH03MO 35300ML. 039930 SLYMO 3530060 56 SOLYGOMAL,
P(B,/A)=P(B,)
H(B/A)=H(B/A)=H(B) ©)
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