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Abstract
The Novotroitsk Plant of Chromium Compounds specializes in the processing of chromite and dolomite ores,
which are delivered to the first workshop of the grinding department, where they are crushed and ground in
a ball mill. Operational experience has shown that the failure of the ball mill installed in this workshop leads to
unplanned downtime due to failure of drive components, which accounts for 11.3% of the nominal operating
time of the workshop. In order to increase the reliability of the technological equipment, it is proposed to
replace the existing electric drive, which includes an obsolete 4A series electric motor and a special reducer,
with a modern R167DV280V4/BVG122 motor-reducer, which transmits the rotation to the mill drum through
a gear coupling. The development of the new drive has simplified its design and reduced the labor intensity
of maintenance and repair. This technical solution increases the operating time between repairs, thus reducing
operating costs. Calculations show that the implementation of the project solutions will lead to a 0.02% reduction
in the cost of processing 1 ton of ore, a 1.37% increase in production profitability, and a 1.29% increase in sales
profit. The additional investment does not exceed 3.4 million rubles and will be recovered in less than 3 months.
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Introduction

At present, metallurgical enterprises pay considerable attention to reengineering of existing equipment, imple-
mentation of new advanced technologies, full automation of metallurgical processes with the help of powerful
computer systems, improvement of work organization, and qualification of employees [1–6]. Considerable at-
tention is also paid to the identification of bottlenecks in the operation of primary technological equipment
and the collection of data for the development of organizational and technical measures to reduce unplanned
downtime [7–11]. One of the key issues in the metallurgical industry is increasing the reliability of equipment,
which is achieved by modernization or replacement of obsolete technological machines and units [12–16].
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Fig. 1 Layout of equip-
ment: 1, 11—screw
conveyors; 2, 4, 6, 8,
10—elevators; 3—tube
ball mill for chromite
grinding; 5, 7—drying
drums; 9—tube ball mill
for dolomite grinding

Materials andmethods

This article examines the reengineering of the ball mill at the Novotroitsk Plant of Chromium Compounds
(NPCC) to increase the productivity of the existing equipment.

The Novotroitsk Plant of Chromium Compounds is specialized in the processing of chromite ore [17].
Chromite and dolomite ores are delivered to the first workshop of the NPCC grinding department in open
wagons, which are unloaded to the raw material storage area by a grab crane. The raw material is then
transported to the receiving hopper where it is fed into a jaw crusher via a trough feeder. After crushing the
large pieces, the ore is conveyed to a drying drum and then transferred by elevator to an intermediate hopper
from which it is fed by trough feeder to the dry grinding mill where the chromite and dolomite ores are ground
(Fig. 1). The material from the ball mill is conveyed to the next elevator and finally to the storage hopper.

Currently, the grinding department operates a SMM2061 ball mill with the following specifications:

– capacity: 25 t/h;
– drum diameter (internal): 2600mm;
– drum working length: 13,000mm;
– drum rotation speed: 20min–1.

The drive is provided by an electric motor of the type 4A200L8UZ, now discontinued, with a power rating
of 22kW and a speed of 750min–1, and a special reduction gear with a ratio of 37.5.

Physical and moral aging leads to unplanned downtime due to drive component failures, which account for
11.3% of the nominal operating time of the workshop.

The general appearance of the tube ball mill for chromite grinding prior to reengineering is shown in Fig. 2.
Chromite ore is continuously fed into the conical throat of the loading trunnion, which is lined with internal
spirals to direct the movement of the ore. After loading, the ore moves into the working chamber of the mill
drum where it is repeatedly subjected to the grinding action of the grinding media (steel balls), resulting in
comminution. The ground product is discharged through the hollow trunnion into the discharge chute funnel.
The kinematic diagram of the tube ball mill drive is shown in Fig. 3.
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Fig. 2 Ball mill before reengineering

Fig. 3 Kinematic scheme of the ball mill CMM2061 be-
fore reengineering: 1—electric motor; 2—brake coupling;
3—reducer; 4, 5—gear couplings; 6, 8—bearing assemblies;
7—mill

Fig. 4 Kinematic scheme of the ball mill drive after reengi-
neering: 1—geared motor; 2—gear couplings; 3—bearing
assemblies; 4—mill

Results and discussion

Due to the increased demand for NPCC products, it is necessary to increase the productivity of the equipment,
including the power of the electric drive and the speed of the ball mill drum. Experience with ball mills shows
that productivity can be increased by 10–15% without changing the drum design. This technical solution will
allow NPCC JSC to increase the production of sodium chromate by increasing the amount of solid chromite
and dolomite ores crushed in the crushing department of the first workshop, which will reduce the production
costs.

To achieve this, it is proposed to replace the existing electric drive, which includes an obsolete 4A series
electric motor and a special reducer, with a modern R167DV280V4/BVG122 geared motor, which transmits
rotation to the mill drum through a gear coupling. The kinematic scheme of the proposed drive for the tubular
ball mill is shown in Fig. 4, and the technical data of the geared motor are given in Table [18, 19].

The drive is mounted on a frame which is a welded sheet metal structure. The general appearance of the
CMM2061 tube ball mill after reengineering is shown in Fig. 5. A gear coupling, commonly used in machine
building, is used to connect the transmission shaft between the output shaft of the geared motor and the mill
drive shaft.
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Fig. 5 General view of the
drive section of the ball mill
after reengineering

Table 1 Technical specifications of R167DV200 L4 geared
motor

Characteristic Value

Power, kW 30

Rotation speed on the slow-speed shaft, min–1 22

Torque, N ·m 13,100

Gear ratio of the reducer 67.40

Diameter of the output shaft, mm 120

According to GOST R 50895-96, the coupling is selected on the basis of the largest diameter of the ends of
the shafts to be connected, and then the coupling strength is verified [20]. If the diameter of the output shaft
of the geared motor is dout= 120mm (Table 1), a type 1 coupling with a nominal torque Tnom= 16,000kN·m,
a bore diameter of 120mm, sleeves of design 1, climatic design U, and category 2 Coupling 1-16000-120-1U2
GOST R 50895-96 is selected. The maximum torque on the connected shafts generated by the geared motor
(Table 1) is Twork = 13,100N· m, which ensures the strength of the coupling.

In order to assess the economic viability of implementing the modernized drive for the tube mill, an investment
cost estimate was prepared. It was determined that the total investment, including additional costs for purchase
and installation of new equipment, would amount to approximately 3.4 million rubles.
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The expected economic benefit from the implementation of the new drive is related to the reduction in capital
and routine maintenance time, which has resulted in a 3 t/h increase in ball mill productivity. The proposed drive
upgrade will reduce the cost of processing 1 ton of ore by 0.02%, increase production profitability by 1.37% and
increase selling profit by 1.29%. Given the current production volume, these improvements have a significant
economic impact. The cost of implementing the proposed equipment will be recovered in less than 3 months
from the start of operations. These metrics demonstrate the economic viability of the developed project.

Conclusion

The modernization of the drive for the tube ball mill simplified its design and reduced the labor required for
maintenance and repair. Replacing the old drive, which consisted of an electric motor and a gear reducer, with
a new drive, consisting of a geared motor and a gear coupling, increases the time between repairs and thus
reduces operating costs. Calculations show that the implementation of the project solutions will lead to a 0.02%
reduction in the cost of processing of 1 ton ore, a 1.37% increase in production profitability, and a 1.29%
increase in sales profit. The additional investment does not exceed 3.4 million rubles and will be recovered in
less than 3 months.

References

1. Efremov DB, Stepanov VM, Chicheneva ON (2020) Modernization of the quick-release mechanism for rolls in the DUO
stand of the 2800 mill at Ural Steel JSC. Stal 8:44–47

2. Nefedov AV, Svichkar VV, Chicheneva ON (2020) Reengineering of the skip hoist for furnace charging in the foundry
department of RIFAR CJSC. Stal 7:50–53

3. Nefedov AV, Kitanov AA, Chichenev NA (2022) Reengineering of the roller quenching machine in the sheet rolling shop
of Ural Steel JSC. Chern Met 3:22–26

4. Nefedov AV, Tanchuk AV, Chichenev NA (2022) Modernization of the drive for ore trolley tipplers at Donskoy Mining
and Processing Plant of TNK Kazchrome JSC. Gorn Zh 8:52–56

5. Bardovskiy AD, Gorbatyuk SM, Keropyan AM, Bibikov PY (2018) Assessing parameters of the accelerator disk of
a centrifugal mill taking into account features of particle motion on the disk surface. J Frict Wear 39(4):326–329

6. Bazhin VY, Glazev MV (2022) Refractory materials of metallurgical furnaces with the addition of silicon production
waste. Non-ferrous Met 1:32–39

7. Yurshev VI, Boyko SV, Kirilenko AS, Yurshev IV (2023) Optimization of VK10-HOM cemented carbide mixture press-
ing modes. Non-ferrous Met 2:57–65

8. Gorbatyuk SM, Yu. Zarapin A, Chichenev NA (2018) Modernization of the vibrating screen at Catoca Mining Society
(Angola). Gorn Inf-anal Byull 1:143–149

9. Bardovskiy AD, Gerasimova AA (2019) Analysis of the drive mechanism of a saw with alternating bidirectional move-
ment of a flexible cutting body. Gorn Inf-anal Byull 7:132–139. https://doi.org/10.25018/0236-1493-2019-07-0-132-
139

10. Zinyagin AG (2023) Use of machine learning methods for determination of the boundary conditions coefficients in a FEM
task for the case of accelerated cooling of hot-rolled sheet metal. CIS Iron Steel Rev 25:58–66

11. Nefedov AV, Novikova YV, Chicheneva ON (2021) Manipulator for feeding liquid solution boxes for repair of iron ladles
in the blast furnace shop of Ural Steel JSC. Chern Met 9:4–9. https://doi.org/10.17580/chm.2021.08.01

12. Nefedov AV, Svichkar VV, Chicheneva ON (2021) Re-engineering of equipment to feed the melting furnace with alu-
minum charge. Lect Notes Mech Eng. https://doi.org/10.1007/978-3-030-54817-9_139

13. Bardovsky AD, Gerasimova AA, Basyrov II (2019) Study of oscillating process of harp screens. In: Proc. 4th int. Conf.
Ind. Eng., lect. Notes mech. Eng, pp 133–139

14. Bardovskiy AD, Gorbatyuk SM, Keropyan AM, Bibikov PY (2018) Evaluation of parameters of accelerator disks of
a centrifugal mill taking into account the nature of material particle movement along their working surfaces. Trenie Iznos
39(4):409–414

15. Makhkambaev SB, Chichenev NA (2021) Development of a hydraulic clamping drive for a frame filter press in the
cadmium shop of AGMK JSC. Gorn Zh 8:48–51

16. Albagachiev AY, Keropyan AM, Gerasimova AA, Kobelev OA (2020) Determination of rational friction temperature in
lengthwise rolling. CIS Iron Steel Rev 19:33–36. https://doi.org/10.17580/cisisr.2020.01.07

17. Novotroitsk chromium compounds plant JSC. http://nzhs.ru. Accessed 7 May 2024

Metallurgist K

https://doi.org/10.1007/s11015-025-01976-7
https://doi.org/10.25018/0236-1493-2019-07-0-132-139
https://doi.org/10.25018/0236-1493-2019-07-0-132-139
https://doi.org/10.17580/chm.2021.08.01
https://doi.org/10.1007/978-3-030-54817-9_139
https://doi.org/10.17580/cisisr.2020.01.07
http://nzhs.ru


6 https://doi.org/10.1007/s11015-025-01976-7

18. SEW-EURODRIVE Technical description of coaxial cylindrical gearmotors series R.DR/DT/DV. https://sew-eurodrive.
nt-rt.ru. Accessed 7 May 2024

19. Flat cylindrical gearmotors series F. https://spb-reduktor.artesk.ru/F.html. Accessed 7 May 2024
20. GOST R 50895-96 (2010) Gear couplings. Technical specifications. Standartinform, Moscow

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under a publishing
agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and applicable law.

Authors and Affiliations

A. V. Nefedov1 · R. E. Ishmukhametov1 · N. A. Chichenev2 · I. I. Basyrov2 · Y. O. Lyubchenko2 ·
E. E. Balakhnina2

�A. V. Nefedov
cosnovotr@rambler.ru

R. E. Ishmukhametov
peretz_97@mail.ru

N. A. Chichenev
chich38@mail.ru

I. I. Basyrov
basirovilnur@mail.ru

Y. O. Lyubchenko
gorbatyuk54@bk.ru

E. E. Balakhnina
autobusred@yandex.ru

1 Novotroitsk Branch of NUST MISIS, Novotroitsk, Russian Federation

2 NUST MISIS, Moscow, Russian Federation

K Metallurgist

https://doi.org/10.1007/s11015-025-01976-7
https://sew-eurodrive.nt-rt.ru
https://sew-eurodrive.nt-rt.ru
https://spb-reduktor.artesk.ru/F.html

	Reengineering of the ball mill drive at the Novotroitsk Plant of Chromium Compounds
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Conclusion
	References
	Authors and Affiliations


