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Аннотация. Большая потребность в продукции волочильного производства вызывает необходимость увеличения производительности 

действующего оборудования. Это можно решить двумя способами: созданием новых конструкций волочильного оборудования и поиском 
скрытых организационных резервов. Повышение производительности за счет организационных мероприятий требует меньше времени 
и материальных затрат на реализацию. Авторы рассматривают возможность и перспективы многостанового обслуживания. При много-
становом обслуживании разрабатывают нормативные модели функционирования волочильного оборудования. На примере действую-
щего производства показаны перспективы применения разработанных моделей. Проведенный анализ работы волочильного оборудования 
позволяет обосновать режимы обработки при многостановом обслуживании и за счет этого увеличить производительность в 1,35 раза, 
снизить себестоимость готовой продукции на 2 %. 
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Abstract. The great demand for products of the drawing industry causes the need to increase the productivity of existing equipment. There are two ways 

to solve this issue: creation of new designs of drawing equipment and search for hidden organizational reserves. Increasing productivity through orga-
nizational measures requires less time and material costs for implementation. The paper considers the possibility and prospects of multi-mill servicing. 
Normative models of drawing equipment operation for multi-mill servicing were developed. The prospects of using the developed models are shown 
on the example of the existing production. Analysis of the drawing equipment operation made it possible to justify the processing modes for multi-mill 
servicing and thereby increase productivity by 1.35 times and reduce the cost of finished products by 2 %. 
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 Introduction

The analysis of the established regulatory framework 
for performance indicators within the drawing mill–wire 
drawer system, which includes the duration of operations 
(machine-based, machine-assisted manual, and manual), 
situational operational cycles of the mills, their utiliza-
tion factors, downtime, and system productivity, has 
enabled the optimization of the number of drawing mills 
that a single operator can effectively service [1 ‒ 3].

To achieve this, a standard model for the operation 
of the human-technical system in a multi-mill servi-
cing mode was developed [4 ‒ 6]. Initially, drawing 
mills operating in rough, intermediate, and fine wire 
drawing sections (over 50 units in total) were grouped 
according to the degree of drawing reduction (ranging 
from single-pass to seven-pass processes), the diameters 
of the drawn wire, and the final drum size (750, 650, 
550, or 350 mm). In single-pass drawing mills, the pro-
cess involves a sing le die, with the wire undergoing one 
reduction in cross-section. In multi-pass drawing mills 
of the magazine-type, block machines are installed, con-
sisting of multiple blocks with individual drive mecha-
nisms for each drum, where the wire stock sequentially 
passes through multiple dies. Each mill is equipped with 
pay-off and take-up devices, an overhead crane, welding 
and pointing machines.

Rough and intermediate (single-pass and multi-pass) 
drawing mills are designed to produce wire with diame-
ters ranging from 8 to 2 mm, wound into small bun-
dles (SB) weighing 100 – 250 kg, heavy bundles (HB) 
weighing 1.0 or 1.5 tons, or coils (C) weighing 1.0 ton, 
depending on the type of mill. The initial stock wire for 
these mills consists of rod coils (RC) with diameters ran-
ging from 10 to 5 mm. Fine (seven-pass) drawing mills 
(7/350) are used for producing wire with diameters from 
2.0 to 0.8 mm, either in bundles (60 kg) or coils (1.0 ton), 
depending on the intended application.

Each group of drawing mills was classified based on 
the following criteria: type of pay-off device (horizontal 
or vertical); type of take-up device (for forming wire onto 
coils or heavy bundles); method of small bundle removal 
(cantilever rotating crane or continuous removal instal-
lation); form of the initial stock wire (rod coil or coil); 
type and weight of finished products (small and heavy 
bundles, coils); diameter and regulatory standard (GOST) 
of the finished wire; spatial arrangement of drawing 
mills, including distances between them and their control 
panels.

To determine the feasibility of a single wire drawer 
servicing two or more mills, comprehensive studies were 
conducted on the drawing mill–wire drawer system using 
time-lapse photography and chronometric observations 
over the course of 30 work shifts.

 Development of a standard model
 

for system operation

The standard model for determining the feasibility 
of an operator servicing multiple drawing mills includes 
the following parameters [7 ‒ 9].

1. Time spent by the operator servicing a single draw-
ing mill:

      (1)

         (2)

          (3)

where  (i) and  (i) – the standard and minimum pos-
sible time required for the operator to perform the n-th 
cyclic operation (or its elements) when manufacturing 
one unit of the i-th product, not overlapped by machine 
drawing time, h;  (i) and  (i) – the standard and 
minimum possible time required for the operator to per-
form the n-th cyclic operation (or its elements) when 
manufacturing one unit of the i-th product, overlapped by 
machine drawing time, h;  (i) and  (i) – the stan-
dard instability coefficients for manual operations and 
their elements, considering both overlapped and non-
overlapped machine drawing times;  (i) – the standard 
time for active observation of the drawing process by 
the operator, h;  (i) and tmN (i) – the standard and tech-
nically possible machine time for drawing wire of the i-th 
dia meter at the N-th drawing speed, h; ka – the regu-
lated active observation coefficient (ka = 0.1 ÷ 0.2);  – 
the standard equipment (mill) utilization coefficient.

2. Planned machine-free idle time of the operator:

       (4)

3. Planned operator workload time when servicing S 
identical drawing mills:

              (5)

       (6)

where  (S, i) and  (S, i) – the standard and minimum 
possible duration of the operator’s transition from one mill 
to another, h;  (S, i) – the standard coefficient accoun-
ting for instability in the operator’s transition route.

4. Standard transition time for the operator moving 
between mills, determined through simulation modeling 
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of operator actions while servicing S mills, considering 
optimal routing and the number of transitions depending 
on the weight and type of products.

5. Planned operator idle time during the drawing pro-
cess when servicing S mills

             (7)

6. Planned operational time of the operator

             (8)

7. Operator workload coefficient

    (9)

8. Planned number of drawing mills to be serviced by 
a single operator 

   (10)

where ks is the overall coefficient accounting for down-
time in multi-mill servicing with S mills.

9. Operator’s production rate in multi-mill servicing 

             (11)

    (12)

where  (i) – the standard productivity of an identi-
cal human-technical system, t/h;  (S, i) – the stan-
dard working time fund of the human-technical system,  
 

considering regulated operator breaks  standard  
 
downtimes due to coinciding manual operations  while 
servicing S mills, standard downtimes due to technical  , 
technological  and organizational  reasons, h/shift; 

 – the standard (assigned) number of mills at the N-th 
drawing speed.

Graphical model of the production process during servicing by the operator of two mills (fragment):
1 – installation of coil; 2 – welding of wire ends; 3 – filling wire onto drum; 4 – wire drawing; 

5 – removal of the finished wire coil; 6 – transfer of wire drawer to refueling; 
 – time that is not covered by machine time;  – time overlapped by machine time;  – machine-free dragging time; 

 – time of active observation; → – transition of wire drawer from mill to mill

Графическая модель производственного процесса при обслуживании оператором двух станов (фрагмент):
1 – установка катушки; 2 – сварка концов проволоки; 3 – заправка проволоки на барабан; 4 – волочение проволоки; 

5 – съем мотка готовой проволоки; 6 – переход волочильщика к заправке; 
 – время, не перекрываемое машинным;  – время, перекрываемое машинным;  – машинно-свободное время волочения; 

 – время активного наблюдения; → – переход волочильщика от стана к стану



Izvestiya. Ferrous Metallurgy. 2025;68(1):84–89.
Fastykovskii A.R., Musatova A.I., Martyushev N.V. Development of models for functioning of drawing equipment for multi-mill servicing

87

Results of modeling the human-technical system in a multi-mill servicing mode

Результаты моделирования человеко-технической системы в режиме многостанового обслуживания

Wire 
diameter, 

mm

Standard time, min
Opera tional 
time, min

Coefficients Number of mills per 
operator  , 

t/h

Standard 
work time per 
shift, h/shift

Production 
rate per 

shift, t/shiftkw ks
calculated accepted

Mills 1/350 process wire from a coil to a bundle (0.06 t)

1.4 2.72 13.62 48.83 62.45 0.22 0.60 3.0 2 0.039 6.08 0.474

1.4 2.08 12.98 36.78 49.77 0.26 0.65 2.5 2 0.049 6.08 0.596

1.4 1.35 12.25 22.88 35.13 0.35 0.60 1.7 1 0.070 – –

Mills 2/550 process wire from a rod coil to a coil (1.0 t)

5.0 2.74 9.44 24.20 3.64 0.28 0.88 3.1 2 1.592 6.50 20.70

5.0 1.99 8.69 17.48 26.17 0.33 0.88 2.6 2 2.042 6.50 26.55

5.0 1.48 8.18 12.83 21.01 0.39 0.87 2.4 2 2.538 6.50 33.02

Mills 3/350 process wire from a rod coil to a bundle (1.5 t)

3.5 7.84 21.10 68.41 89.51 0.24 0.77 3.3 2 0.875 6.67 11.67

3.5 5.63 18.89 48.53 67.42 0.28 0.77 2.7 2 1.150 6.67 15.34

3.5 4.04 17.30 34.18 51.48 0.34 0.76 2.3 2 1.515 6.67 20.27

Mills 7/350 process wire from a coil to a coil (1.0 t)

1.6 13.30 16.70 119.21 135.91 0.12 0.82 6.7 3 0.377 7.0 7.92

1.6 9.61 13.01 86.07 99.08 0.13 0.82 6.3 3 0.518 7.0 10.88

1.6 7.72 11.12 68.97 80.09 0.14 0.82 5.9 3 0.641 7.0 13.46

The standard duration of downtime (stoppages) caused 
by overlapping operations at adjacent mills was eva-
luated based on empirically observed patterns: the longer 
the equipment operates and the fewer manual operations 
are required, the lower the probability of mill stoppages 
due to overlapping manual operations.

A graphical model of the production process for 
an operator servicing two drawing mills is schematically 
presented in the figure. The table provides fragmentary 
results of system modeling for multi-mill servicing.

The calculations, substantiating the number of draw-
ing mills that can be simultaneously serviced by a single 
operator, were presented to the management of the wire 
product manufacturing plant. These calculations demon-
strated the feasibility and advantages of multi-mill ser-
vicing for certain types of mills, with computations con-
ducted for each finished wire diameter, mass, and product 
form at the second, third, and fourth drawing speeds.

The modeling results for the human-technical sys-
tem showed that two drawing mills can be operated by 
a sing le wire drawer in specific configurations: 

1. Mills 6/550, 5/550, 4/550, 3/550 – processing from 
a rod coil to a coil (or bundle) weighing 1 t;

2. Mills 1/550 – processing from a coil to a bundle 
(0.1 t) for finished wire diameters of 2.3 – 1.6 mm; mills 

1/350 – processing from a coil to a bundle (0.06 t) at 
the second and third drawing speeds. 

The methodology for transitioning from the calculated 
number of simultaneously serviced mills to the standar-
dized number was developed based on an analysis 
of technical, organizational, ergonomic, and economic 
factors [10 – 12].

A standardized approach was established to determine 
time norms and wire drawer productivity under multi-mill 
servicing conditions, considering drawing speed, fini shed 
wire diameter and type, and the hourly productivity stan-
dards for each mill type.

Based on the developed models, measures were pro-
posed for implementing two-mill servicing in the steel 
wire drawing shop, resulting in notable improvements in 
technical and economic performance, including a reduc-
tion in personnel, a 1.35-fold increase in labor producti-
vity, and a 2 % decrease in production costs.
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