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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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AnHOomayus. bonpiias mOoTpeOHOCTh B MPOAYKIIMH BOJIOYUIBHOTO TPOU3BOJCTBA BBI3BIBACT HEOOXOAMMOCTh YBEIMYCHHS MPOU3BOAUTEILHOCTH
JIeHCTBYIOIETO 000PYI0BaHUS. DTO MOKHO PELINTH JABYMS CIIOCOOAMU: CO3/IaHIEM HOBBIX KOHCTPYKIIMI BOJIOYHIBHOTO 000PYIOBaHHUS U TOMCKOM
CKPBITBIX OPTaHU3AIMOHHBIX pe3epBOB. [10BbIIIICHHE MPOU3BOANTEIBHOCTH 3a CUST OPraHM3aIUOHHBIX MEPOIIPUATHN TPeOyeT MEHbIIE BPEMEHH
Y MaTepHajbHBIX 3aTpaT Ha Pean3alnio. ABTOPBI pacCMaTpUBAOT BO3MOXXHOCTh U TIEPCIICKTUBEI MHOTOCTAHOBOTO o0cmyskuBaHus. [Ipn MHOTO-
CTAaHOBOM OOCITY)KMBaHHU Pa3padaThIBAIOT HOPMATHBHBIE MOJENU (YHKIIMOHUPOBAHMS BOJOUUIBLHOTO obopynoBanus. Ha mpumepe aeicTByro-
IIET0 IPON3BOCTBA ITOKAa3aHbI IEPCIIEKTHBEI IIPUMEHEHUS pa3paboTaHHbIX Mozeseil. [IpoBeieHHbII aHann3 padoThI BOJIOYHIBHOTO 000PyI0BaHUS
I03BOJISIET 00OCHOBATh PEKUMbI 0OPAOOTKH MPU MHOTOCTAHOBOM OOCITY)KHBAHUH M 33 CUET 3TOTO YBEIUYUTH MPOU3BOAUTEIBHOCTE B 1,35 pasa,
CHHM3HTH Ce0ECTOMMOCTh TOTOBOH MPOAYKIHH Ha 2 Y.
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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 single 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:

=Y Sy ()
n=1 z=1
o Tl o Tz (i)
Tm,n(l) - k;’n(l) H Tov,z(l) - k:v’z (l) ) (2)
Ty ) = (s ()= ’;of(i,’)) , 3)

where 1), (i) and 1", (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; 1, _(i) and 1y, (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; k; , (i) and k(i) — the stan-
dard instability coefficients for manualboperations and
their elements, considering both overlapped and non-
overlapped machine drawing times; t,, (i) — the standard
time for active observation of the drawing process by
the operator, h; 7, , (i) and ¢_, (i) — the standard and tech-
nically possible machine time for drawing wire of the i-th
diameter at the N-th drawing speed, h; k, — the regu-
lated active observation coefficient (k, = 0.1 + 0.2); k; —
the standard equipment (mill) utilization coefficient.

2. Planned machine-free idle time of the operator:
Ly (D) = L (1) = {Z Tov, (1) + 7, (i)}- “)

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

Ta(S,1) = Tonli) + T3S, ) (5)
mp .

w8 = ©)
Kine(S, 1)

where t; (S, i) and T{7 (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

Lo (S5 1) = ey (i) = T3, (S, ). (7)
6. Planned operational time of the operator
Lopn (S5 1) = L () + T4 n(S). ®)

7. Operator workload coefficient

k, (S, i) = Tl D K(i); k(i) € (0.40.7). (9)
’ t;p,N(S7 l)

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

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

9. Operator’s production rate in multi-mill servicing
Hy n(S, 1) = P (i) x

x Sy (i) DB (S, i), Ushift; (11)

DB, (S, i) =KB, —

m
— [ Dt H 13 (i)
m=1

+l(0)

+ 15 (0) + firg(i)} (12)

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

considering regulated operator breaks Zl,eg standard
m=1

downtimes due to coinciding manual operations 7, while

servicing S mills, standard downtimes due to technical z;

tec?
technological #;, and organizational ¢,  reasons, h/shift;

s . org
Sy (i) = Inen(S-7) +11(k°, (10) Sy — the standard (assigned) number of mills at the N-th
Ton(S,1) drawing speed.
A
1.0
(7] Finished wire diameter: 2.1 mm; drawing speed No. 2
2.41
[2] Drawing mill No. 5 (type 1/550) processes wire from a coil to a bundle (0.1 t)
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Graphical model of the production process during servicing by the operator of two mills (fragment):
I — 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; [l — time overlapped by machine time; [l] — machine-free dragging time;
[l - time of active observation; — — transition of wire drawer from mill to mill

I'paduueckas Moenb MPOM3BOACTBEHHOTO MPOIecca P 00CTYKUBAHUH OTIEPATOPOM JBYX CTAHOB ((hparMeHr):
1 — ycTaHOBKA KaTyIIKH; 2 — CBapKa KOHIIOB IPOBOJIOKH; 3 — 3aIipaBKa IPOBOJIOKH Ha OapabaH; 4 — BOJIOUSHHUE TIPOBOJIOKH;
5 — cbeM MOTKa TOTOBOW MPOBOJIOKHU; 6 — MEPEXO0] BOIOYMIBIINKA K 3alPaBKe;
[l - Bpems, He nepekpsiBacMoe MamuHHEBIM; [ll — Bpemsi, nepexpeiBaemoe MamuHHbIM; [l — ManIMHHO-CBOOOIHOE BpEMsI BOJIOYCHNS;
[l - BpeMst aKTHBHOTO HAOMIONECHHS; — — MEPEXO0 BOJIOUMIIBIIMKA OT CTaHA K CTaHy
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Results of modeling the human-technical system in a multi-mill servicing mode

PesyanaTu MOAeJIUPOBaHUSA YeJI0BEKO-TeXHUYECKOi cCUCTeMbI B peKuMe MHOIOCTaAaHOBOI'O oﬁcnymusaunﬂ

Wire Standard time, min . Coefficients | Number of mills per Standard Production
diameter, s s s Operatlopal operator P work time per |  rate per
mm Ta Tw Tpe | fme,min g calculated | accepted Y| hift, bshift | shift, t/shift
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)
35 7.84 | 21.10 | 68.41 89.51 0.24 | 0.77 33 2 0.875 6.67 11.67
35 5.63 18.89 | 48.53 67.42 0.28 | 0.77 2.7 2 1.150 6.67 15.34
35 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 1330 | 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 single 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 (0.06t) 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, finished
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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