Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources

# Crossref @EAtShs
DOI: 10.31643/2026/6445.43
Earth sciences

Methods for Analysis and Improvement of Dynamic Loads on the Steel Wire
Rope Holding the Boom of Steel Wire Rope Excavators
! Toshov J.B., 2* Rabatuly M., 3 Khaydarov Sh.,? Kenetayeva A.A., * Khamzayev A.,
3 Usmonov M., 2Zheldikbayeva A.T.
! Tashkent state technical university, Tashkent, Uzbekistan
2 Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan

3 Navoi state university of mining and technologies, Navoi, Uzbekistan

* Corresponding author email: mukhammedrakhym@mail.ru

Received: May 16, 2025
Peer-reviewed: June 9, 2025
Accepted: July 21, 2025

ABSTRACT

The article analyzes the dynamic loads on the booms of single-bucket quarry excavators and steel
cables between two supports and develops design solutions to reduce them. The boom of quarry
excavators and steel cables between two supports are located separately on both sides, and as a
result of stretching the steel cables, the tension force on the steel cable on one side of the boom
increases, which not only has a dynamic effect on the steel cable of this side, but also leads to
curvature of the boom. The methods used in the article are analyzed based on the equilibrium
equations of the distribution of static and dynamic loads and the finite element method. Based on
the programs, a new model of the structural arrangement of the boom and two supports is created
and an analysis of the results obtained from the calculations is obtained. As a result of creating a
new design model by installing steel cables supporting the excavator boom on two supports as a
half-block, uniform distribution of steel cable tension and maintaining automatic tension balance
are achieved, which reduces dynamic loads and extends the service life of working mechanisms,
and also reduces the risk of accidents by monitoring the dynamic loads of steel cables in real time,
which leads to a significant contribution to ensuring the safety of workers. The practical
significance of the article is that installing half-blocks on two supports serves to increase the
operational reliability of excavators and prevents operating costs and the appearance of cracks in
the boom by increasing the efficiency of maintenance, preventing ruptures and defects resulting
from improper tension of steel cables, due to ensuring the balance of loads on steel cables,
excessive loads on the working mechanisms are eliminated, which leads to an increase in the
service life of the steel cable by 15-20%.

Keywords: excavator, steel wire ropes, loading, dynamic balance, static balance, design solution,
operation, maintenance, section.

Toshov Javokhir Buriewicz

Information about authors:

Doctor of Technical Sciences, Professor, Islam Karim Tashkent State Technical University, 100095
Republic of Uzbekistan, Tashkent, Almazar district, Universitetskaya street 2. E-mail:
j.toshov@tdtu.uz; ORCID ID: https.//orcid.org/0000-0003-4278-1557

Rabatuly Mukhammedrakhym

Ph.D., Associate Professor, Department of Development of Mineral Deposits of Abylkas Saginov
Karaganda Technical University, 100027, The Republic of Kazakhstan, Karaganda, Ave. Nursultan
Nazarbayev, 56. E-mail: mukhammedrakhym@mail.ru; ORCID ID: https.//orcid.org/0000-0002-
7558-128X

Khaydarov Shokhidjon

PhD, Associate Professor, Department of Mining Electromechanics, Navoi State Mining and
Technological ~ University, ~Navoi, Uzbekistan. E-mail: shohidh@mail.ru; ORCID ID:
https://orcid.org/0009-0005-5661-3919

Kenetaeva Aigul Akanovna

lecturer of Abylkas Saginov Karaganda Technical University, Master of Engineering and Technology
specialty  Mining, Karaganda, Kazakhstan. E-mail:  aigul_tate@bk.ru;  ORCID  ID:
https://orcid.org/0000-0001-7943-3279

Khamzaev Akbar

PhD, Associate Professor, Department of Mining Electromechanics, Navoi State Mining and
Technological  University, Navoi, Uzbekistan. E-mail: akbar-86-86@mail.ru; ORCID ID:
https://orcid.org/0009-0005-4362-2488

Usmonov Maftunjon

Assistant in Mining Electrical Mechanics, Navoi State Mining and Technological University, Navoi,
Uzbekistan. E-mail: usmonovmaftunjon@gmail.com; ORCID ID: https://orcid.org/0000-0002-
0716-4775

Zheldikbayeva Aisaule Takenovna

PhD student, Department of Automation of manufacturing processes of Abylkas Saginov
Karaganda Technical University, 100027, The Republic of Kazakhstan, Karaganda, Ave. Nursultan
Nazarbayev, 56. E-mail: aisaule89@mail.ru; ORCID ID: https://orcid.org/0009-0005-1325-5576



https://doi.org/10.31643/2026/6445.43
mailto:mukhammedrakhym@mail.ru
mailto:j.toshov@tdtu.uz
https://orcid.org/0000-0003-4278-1557
mailto:mukhammedrakhym@mail.ru
https://orcid.org/0000-0002-7558-128X
https://orcid.org/0000-0002-7558-128X
mailto:shohidh@mail.ru
https://orcid.org/0009-0005-5661-3919
mailto:aigul_tate@bk.ru
https://orcid.org/0000-0001-7943-3279
mailto:akbar-86-86@mail.ru
https://orcid.org/0009-0005-4362-2488
mailto:usmonovmaftunjon@gmail.com
https://orcid.org/0000-0002-0716-4775
https://orcid.org/0000-0002-0716-4775
mailto:aisaule89@mail.ru
https://orcid.org/0009-0005-1325-5576
https://creativecommons.org/licenses/by-nc-nd/4.0/

2026; 339(4):87-96

ISSN-L 2616-6445, ISSN 2224-5243

Introduction

Steel wire ropes of excavators that are used in
mining environment play an important role in the
working process of the excavator. These steel wire
ropes enter the suspension system of the excavator
and participate in controlling its arm and bucket
movements [1].

Research is being conducted around the world
to improve the reliability of excavator working
members. Steel wire ropes have been analyzed from
a mechanical point of view to improve the load-
bearing efficiency and reliability of excavators [2].
Also, methods of dynamic analysis of excavator
mechanisms with steel wire ropes based on a virtual
prototype were proposed [3], which allows
optimizing the loads on steel wire ropes. A dynamic
analysis of the excavator boom section of steel wire
ropes was carried out using the FEA (finite element
analysis) method [4]. These studies are aimed at
theoretically and experimentally studying the
loading process of excavator steel wire ropes, which
provides a basis for studying advanced approaches
in this area. In Western Europe and the USA, mainly
intelligent monitoring systems are being introduced
to solve problems related to excavator steel wire
ropes. Steel wire ropes recommended the use of
new composite materials to increase the load-
bearing capacity of the excavator boom and its main
parts. This approach allowed increasing the
durability of the cables by 10-15% [5].

In Russia and China, the main focus is on
automating the load distribution of steel wire rope
excavators, where algorithms have been developed
to optimize the loading of the trusses and reduce
moment imbalance. According to the results of this
study, it was found that the load difference can be
reduced by 5-10% [[6], [7]].

Steel wire ropes and their main function - Steel
wire ropes are one of the main elements of the
lifting and balancing system that moves the working
members of the excavator. Their main functions are
to ensure the lifting and lowering of the bucket,
ensure the stability of the excavator boom, and
ensure the forward and backward movement of the
bucket.

The scientific novelty of the research presented
in this article and the difference from the results of
previous works is that a new design solution and an
automatic balancing model have been created to

reduce the dynamic loads of steel cables of the
excavator rack, the effectiveness of which has been
proven by modeling and precise calculations.

The essence of scientific novelty is as follows:

By proposing an automatic dynamic force
equalization mechanism, the problem of uneven
distribution of forces between several parallel steel
cables in the boom section of the excavator was
analyzed for the first time in the scientific work, and
an automatic equalization mechanism was created.
This mechanism allows for the synchronization and
balancing of the dynamic loads applied to the steel
cables during movement.

Analysis of the dynamics of forces in real time
was carried out by means of mechanical modeling,
i.e., the change in dynamic forces acting on steel
cables as a function of time. This provides accuracy
not only in calculating static, but also dynamic loads
(Table 1).

Table 1 - The difference from previous scientific research

. . Previous . .
Direction In this article
research
Static or Complete
Dynamic load general dynamic analysis
analysis theoretical (graphs, time
analyses functions)
Mainly New structural
Constructive material system -
solutions substitution or | automatic power
algorithms balance
. Complete
. Classical P .
Modeling mechanical
methods or .
method modeling based
general FEA
on COMPAS-3D
Efficiency at load
Partial effect,
Scientific . balance 20-50%,
load reduction o
results UD to 5-10% service life
P 0 increase 30-40%

This research is distinguished as a scientific and
practical innovation in the modernization of steel
cable boom systems, which are of great importance
for quarry excavators. It covers the stages of not only
identifying the existing problem, but also proposing,
calculating, and proving a specific technical solution
for its solution. This work demonstrates a new level
of analytical, technical, and engineering approach to
previous research.
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Types of steel wire ropes Steel wire ropes used
in excavators of the EKG-8I, EKG-10 and EKG-15
types are divided into:

- bucket lifting steel wire ropes - used to raise
and lower the bucket;

- boom holding steel wire ropes - hold the boom
in the desired position;

- traction steel wire ropes - participate in moving
the bucket forward;

- balancing steel wire ropes - help to keep the
excavator in a stable position.

The material and properties of steel wire ropes
of the 52.0 G-V-O-N-160 brand are as follows [[8],
[91l:

- bucket lifting steel wire ropes - made of special
alloys that can withstand high tension;

- tensile strength - since the excavator is
subjected to repeated bending and stretching during
operation, the cables must be resistant to bending;

- corrosion-resistant coating - special coatings
are used to resist moisture and dust in quarry
conditions.

Steel wire ropes are mainly used in excavators,
with @ 39 mm diameter steel wire ropes in EKG-5A
excavators, 45.5 mm diameter steel wire ropes in
EKG-81 excavators, @52 mm diameter steel wire
ropes in EKG-10 excavators, and @57 mm diameter
steel wire ropes in EKG-15 excavators. These steel
wire ropes are manufactured in accordance with
GOST 2688-80 standards, depending on the
manufacturer [[10], [11]].

The experimental part

Currently, the steel wire ropes of excavators of
the EKG-8I, EKG-10 and EKG-15 types are
constructed based on the design shown in Figure 1
below, in which case the excavator boom is
subjected to a large load due to the imbalance of the
tension forces in the steel wire ropes holding it[[12],
[13]]. When installing steel wire ropes on the boom,
the incorrect distribution of the load on the rope
leads to a decrease in the service life of the
excavator boom, defects and breakage of the steel
wire ropes. The boom of excavators of the EKG-8I,
EKG-10 and EKG-15 types consists of a head block 1,
2- steel wire ropes 2, a saddle bearing 4 is located
between the upper 3 and lower 6 sections of the
boom for installing a single-beam lever, and the
boom is held by a two-legged column 7 and a holder
5 [[14], [15]].

Figure 1 - View of the excavator boom and
steel wire rope

1- head block; 2- cable; 3- boom upper section;
4- saddle bearing; 5- retainer; 6- boom lower
section; 7- two-legged column [14].

If the steel wire ropes of an excavator are not of
the same length or tension, the boom will be
unevenly positioned under dynamic and static loads.
This will result in the following forces [21]:

Figure 2 - Scheme for determining lifting and
compressive forces

The main forces acting on the boom Fig. 2 shows
the movement of the excavator boom under static
and dynamic loads. Based on this diagram, the
following forces act:

- G, - arrow weight, directed downwards, t.

- Gr+m - weight of the load-bearing block and
steel cable, t.

- F - tensile force applied by the steel cable, N.

- Fy - horizontal reaction force (support
reaction), N.

- N - normal reaction force, N.
- R - total reaction force). (R = /N2 + F?)
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- F,,F, - projections in the direction of the
forces, N.
- F.,F . - centripetal forces, N.

Equilibrium equations of the resulting forces
Equilibrium equations are formulated based on
Newton's second law for the equilibrium of an arrow
in a stationary state:

Equilibrium equations for the projections of load
forces:

Horizontal (OX) direction:

YE=0->Fy+F,—F. -cos6=0 (1)

Vertical (OY) direction:
XE,=0->N+F.—G.— G =0 (2)
Equilibrium of rotational moments:

XMy =0-> Mg+ Mgpym —Mp=0 (3)

Here, the moments are expressed as follows:
M=F-d

here; d - shoulder distance relative to the center
of rotation of the force m, 6 - angle of rotation, F -
effective value of the force N.

Dynamic loads act on the excavator boom during
the process of lifting and lowering the load. [[16],
[17]]. Dynamic loads are mainly caused by the
following reasons:

- Inertial forces - steel wire change depending on
the speed and acceleration of the rope:

Finer =m-a
-Oscillations and  compression  (tension)

deformations - caused by the elasticity of the steel
cable :

Fpruj =k Al

Static load distribution on the boom in position

YF,=0Ty,+Tg—P =0 (4)
TA+TB=P,TA=P_TB (5)
Taking into account elastic tension

Ta _Tg P

ka kg

Tp = (6)

ka

Ty =Ty -—
A B

kg 14ka

kp

We add the inertial forces for the dynamic state.

Fi=m-a (7)

Ta(t) + Tp(t) = P(t) + m - a(t) (8)

here; Ta-strength of the right rope N, Ts-strength
of the left rope N, ka-rigidity of the right rope, kes-
rigidity of the left rope, P-all forces of gravity arising
N, Finer -inertial force N, Fyry; -elastic force arising in
the rope N, Al -relative elongation of the rope m.

In this case, it is modeled by differential
equations of oscillation. However, this can lead to
two reasons:

1- dynamic resonance occurs when steel cables
differ in stiffness and length;

2- If one of the steel cables stretches longer than
the other, this causes the boom to deflect.

As a result of the load on one rope for such
reasons, we obtain the following expression.

AL=L1, k, =24 (9)

I
ka T La

If steel cable A stretches by 5 cm, then steel
cable B needs 5 cm to stretch. In this case, according
to expression (4)

ma(t) = T,(t) + Tg(t) — P(t) (10)
The force of inertia arises.

ma(t) =k-4x, ma(t)=k-d9-dt (11)

k-9(t) = Ty(t) + Tp(t) (12)

In such cases:

1 - steel cable can quickly wear out and break;

2-a one-sided deflection of the arrow;

3- malfunctions occur based on static (1) and
dynamic (4) expressions.

where; v-relative velocity arising on the rope, m-
rope mass, a-rope acceleration, t-time.

The equations of static equilibrium and moment
equilibrium are used to check the state of the boom
[18].

Discussion of the results

Figure 3 shows the change in the tension forces
generated in the left and right steel wire ropes over
the operating time, which shows the imbalance of
the tension forces in the two steel wire ropes. This,
in turn, causes the rapid failure of the excavator
working members. In addition, due to exploitation
and improper installation, it can also affect the
efficiency of the excavator working members and
the safety of the service personnel.
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Figure 3 - Variation of tensile forces over time in the left and right steel wire ropes of the excavator boom.
Simulation results obtained using COMPAS-3D software. Horizontal axis — Time (t), s; Vertical axis — Tensile force (F), N.
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Figure 4 - Dynamic load variation on the excavator boom caused by imbalance in tensile forces of steel ropes.
Results obtained via finite element method (FEM) analysis. Horizontal axis — Time (t), s;
Vertical axis — Dynamic load (Fdyn), N.

During the operation of excavators, a dynamic
load is created on the working parts. The formation
of such a dynamic load changes over time. Figure 4
shows the change in the dynamic load on the
excavator boom due to the difference in the tensile
forces of the steel cables on the left and right sides
of the excavator boom, where the main straight line
is in normal operating conditions, and the dynamic
load on the excavator boom changes due to the
difference in the tensile forces of the steel cables on
the left and right sides. In this case, the excavator's
operation leads to the rapid failure of the boom.

As a new constructive solution, methods for
reducing disproportions and dynamic loads arising in
steel cables are presented. Figure 5 shows the view
of the structure with a half-block installed on both
supports of the excavator. Then 1-main block; 2-
polar cable between the boom and two supports; 3
- upper section of the boom; 4 - lever; 5-two
supports; 6 - half-block; 7 - lower sections of the
boom. As a result of theoretical calculations, as a
result of automatic correction and adjustment of the
imbalance in steel cables, the tension forces and
dynamic loads on the excavator boom are brought
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to a normal level. As a result, high efficiency is
achieved due to the efficiency of the excavator
boom and steel cables, as well as savings in
operating time and repair time [[18], [19]].

Cable material: 52.0 G-V-O-N-160 (o; = 1400
MPa, E = 2.1-10° MPa)

Cable diameter: ¢ =52 mm

Boom length: L=6.8 m

Boundary conditions: fixed support at base,
pinned connection at top.

Figure 5 - View of the structure with a half-block
installed on the two supports of the excavator

1 - main block; 2-polar cable between the boom and two
supports; 3 - upper section of the boom; 4 - lever; 5-two
supports; 6 - half-block; 7 - lower section of the boom;

In case 2, to resolve the issue:

YF,=0 ma(t)=0 (13)
We accept the terms.
Y. Fx # 0 case, F; # 0 condition is generated.
F, # 0 this occurs when additional external
forces arise (in vibrations, resonance, and
mechanical oscillations).

Right side

y
Ta
Ra< i >
A

¥l Left side

>x1

Th
Ry <& >

Figure 6 - Tension forces arising on the steel wire rope of
the excavator boom: a) tension in right cable;
b) tension in left cable

Through the semi-block system, the forces

acting on the left and right wire ropes are
automatically equalized. This balances the
disproportionate loads that arise from any

differences in length or stiffness of the ropes during
movement [[20], [21], [22]].

The tensile forces arising in the steel cables of
the excavator boom shown in fig. 6 are obtained
using the following expressions (14), (15) and (16).

Y2F=0,—-R4+T,=0 (14)
ZFxl = 0, _RB + TB = O (15)

RA == TA RB - TB TA * TB (16)
here; Ra-reaction force of the right rope,

Rs-left rope reaction force.

According to the structural rules about static
bonding and their reactions, the bonding reaction
consisting of a taut thread is directed along the
tension of this thread. Based on this, we have the
following constructive solution to maintain the same
tension of the steel cable and equalize the reaction
force counteraction.

B
Tt

T
re > X

b
/

Figure 7 - Excavator boom tension forces

hi—o
A
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Figure 8 - Graph of the dependence of tensile forces on time on the left and right steel cables of the new design

The tension forces generated by the excavator
boom shown in fig. 7 are determined by the
following expressions (21), (22), (23) and (24) and we
accept the conditions.

Y2FE =0T, +Tg—T =0 (17)
SMy(F) #0,~T 24T, L, =M,  (18)
SMp(F)#0,-T - 2+Tp -, =My (19)

Y M(Fy) = 0,My — Mg = 0,M,; = My (20)
My=Ty ly,Mpg=Tp-11,Tp- Ly =Tp - LTy =
Ty condition is accepted.

In this case, an external inertial force arises,
according to expression (4).

T,(t) + Tg(t) = P(t) + ma(t) (212)

E,#k-Ax=k do-dt (22)
Ax = 0,d9 =0, (23)
2T,(t) = P(t) + ma(t) (24)
2T, (t) — P(¢t) = ma(t) (25)

a:%,dﬁzo, (26)

2T, (t) = P(t) causes uniform load distribution.

here; dv-rope speed change,
Ax-change in rope length,
Ma - right rope torque,
Me-left rope torque.

The beneficial outcomes achieved based on the
proposed model are presented in Table 2 below.

Table 2 - The difference from previous scientific research

Change
Parameters Before Suggested o g
system (%)
Rope 29.8 %
tension 18.4 kN 12.9 kN
(max)

i 50 %
Dynamic |46 5 kN 8.1 kN °
load peak

Service life 14 month 19 month 35.7%

In Figure 8, shows the dependence of the
tension forces arising from the use of the new design
solution on the left and right sides of the boom steel
cables on the operating time of the excavator.

Conclusion

If the steel wire ropes of excavators of the EKG-
81, EKG-10 and EKG-15 types do not have the same
tension, an imbalance of moments will occur, which
will lead to uneven positioning of the boom. It is
necessary to identify and eliminate this problem in
advance by calculating the balance of moments and
forces based on the equations. During maintenance,
the efficiency of operation will increase by regularly
checking the cables, pulleys and reaction forces. In
addition, by using the new design considered above,
the efficiency of the excavator's working members
will increase by 20-25% due to the efficiency of their
work and the time spent on work and repairs. As a
result of preventing unbalanced loads, the
probability of failure of steel wire ropes will be
reduced by 40-50%. Real-time monitoring of
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dynamic loads will reduce the risk of accidents by 30-
40% and reduce maintenance costs by 20-25%.
Overall, these solutions lead to a 25-35% increase in
excavator efficiency and significant improvements in
service life and safety. The results of the study show
that the boom of single-bucket mining excavators
used in the mining industry and steel cables
between the two supports improve reliability and
reduce maintenance costs.
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MeToAabl aHannU3a U CHUXKEHUA AMHAMUYECKMX Harpy3oK Ha CTaNbHOMU KaHaT,
y,qep)KMBaroumﬁ CTpeny 3KCKaBaTtopos C KAHATHbIM NpUsoA0M
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AHHOTAUMA

B cTaTbe NpoBeséH aHaNU3 AMHAMUYECKUX Harpy3oK, AeMCTBYIOWMX Ha CTPeNy OA4HOKOBLLOBbIX
KapbepHbIX IKCKAaBaTOPOB M Ha CTa/bHble TPOCbl, PACMOMONKEHHbIE MEXKAY ABYMSA OMOpPamMu.
MpeanoKeHbl KOHCTPYKTUBHbIE PELIEHWUA, HANPaBAEHHbIE HA CHUMKEHME YKa3aHHbIX HarpysoK.
MoKa3aHo, YTO MpPU OTAENbHOM Pa3sMeLLeHMU CTPesbl U CTasibHbIX TPOCOB MO 06e CTOPOHbI,
HaTAXXeHWe TPOCa C OAHOWM CTOPOHbI MPUBOAMUT K €ro YCUIEHHOW HarpysKe, YTO OKasblBaeT He
TONbKO AMHAaMUYECKOe BO3AENCTBME Ha TPOC, HO U BbI3bIBAET U3rnb cTpenbl. B KauecTse meTos08
MCCNEef0BaHUA WCMO/Ib30BaHbl YPaBHEHUs PAaBHOBECMA /1A PacrpeAeseHus CTaTUYecKux U
OVHAMMYECKMX Harpy3oK, a TaKKe MeTo4 KOHeuHbIX 3/1emeHToB. Ha ocHoBe pacyeTos
pa3paboTaHa HOBas MOAE/Ib KOHCTPYKTUBHOMO PAcnoOXeHWsa CTpesbl U ABYX OMop, NposeaeH
aHanM3 MONYYEHHbIX pe3ynbTaToB. [pensioKeHHas MOAeNb, B KOTOPOW CTasibHble TPOCHI
yCTaHaB/NMBalOTCA HA AByx onopax B Buae nonybnoka, obecneunsaer paBHOMepHoe
pacnpefesieHue YCUAWI HaTAXKEHUA U aBToMaTMyeckoe 6anaHCcMpoBaHMe, YTO CHUXKaeT
AVHaMMYECKMe Harpysku, yBeAMYMBaeT CPOK CAyKbbl paboumx mexaHuM3moB M cnocobereyer
noBbllWeHUO 6e30MacHOCTU TpyAa 3a CYET MOHMTOPUHIA TPOCOB B PEAsIbHOM BPEMEHW.
MpaKTuyeckan 3HaYMMOCTb PaboTbl 3aK/IHOYAETCA B TOM, YTO YCTAaHOBKA NO/y6/MOKOB Ha ABYX
onopax MOBbILWAET 3KCMAYaTaLMOHHYIO HAAEKHOCTb IKCKABaTOPOB, CHWXAeT 3aTpatbl Ha
obcny>KmMBaHMe M NpeaynpesKaaeT BO3HMKHOBEHME TpewmH Ha ctpene. O6ecneyerne 6anaHca
HarpysoK npeaoTepalLaeT neperpysky pabounx mexaHM3mMoB 1 CocobCTBYET yBEIMYEHMIO CPOKA
cNy6bl TpocoB Ha 15-20%.

Knrouesble cnoea: sKkcKaBaTop, CTa/ibHble KaHaTbl, Harpy3kKa, ,CI,VIHaMW-IECKMﬁ 6anch, CTaTUYEeCKUi
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