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Abstract. The report considers the purpose of drawing mills and possible violations of the technological process associated with the design flaws
of drawing mill drive. We analyzed the design of a planetary gearbox with a common carrier used in the drive of the stretching drum of a drawing
mill. During the operation of such a transmission, there are disadvantages: due to the imbalance of links of the mechanism relative to the central axis,
additional dynamic forces arise. This design transmits movement from the leading link to the carrier only through one satellite, the teeth of which
perceive all the force transmitted by the torque, which reduces the reliability of the gearbox and the drive as a whole. The design of a three-satellite
balanced self-aligning planetary gearbox, free from these disadvantages, is described.
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AHHOmﬂuuﬂ. B COO6IIICHI/II/I paccMaTpuBacTCs Ha3HAYCHUE BOJIOYUIIBHBIX CTAHOB U BO3MOXKHBIC HAPYIICHUS TEXHOJIOTUYCCKOI'O ITpoLecca, CBsI3aHHbIC
C HEI0CTaTKaMU KOHCTPYKIUU MPHUBOAA BOJIOYUIIBHOTO 6apa6aHa. HpOBCZ[eH AHaJIN3 KOHCTPYKLHUHU IJIAHETApPHOI'0 peAyKTOpa € 06LLII/IM BOIUIIOM,
HCIIOJIb3YEMbIM B IIPUBOAC NPOTATrHUBAIOLICIO 6apa6aHa BOJIOYMJIBHOTO cTaHa. B rpouecce paGOTBI TaKou Tnepeaai BO3HUKAOT HEAOCTATKH:
H3-3a HCYPABHOBCUICHHOCTHU 3BCHLEB MEXaHU3Ma OTHOCUTEIILHO HeHTpaJ’ILHOﬁ OCH BO3HUKAIOT JIONOJIHUTEJIbHBIC JUHAMHUYECKUE CHJIBI. Takas
KOHCTPpYKLMS epeaacT ABUKCHUE OT BEAYLICTO 3B€HA Ha BOAWJIO JIMIIb 4Y€PE3 OAUH CATCIIINT, 3y6I>$I KOTOPOI'0 BOCIIPUHUMAIOT BCIO CUITY, II€peaa-
BaCMYIO KPYyTALIUM MOMEHTOM, YTO CHMIKACT HAJACIKHOCTb PEAYKTOpaA U IPUBO/JA B LICJIOM. Ornucana KOHCTPYKIHS TPEXCATCIIIUTHOTO YpaBHOBEC-
HICHHOI'0 CaMOYCTaHaBJIMBAIOLICTOCH IIJIAHETApPHOI'O0 PpEAYKTOpa, CBO6OI[H01"O OT YKa3aHHbIX HEJOCTATKOB.

Kawuesvle c108a: BOTOUNIBHBIN CTaH, IPUBOJ, INIAHETAPHBIN PELyKTOp, KPYTAIIMNA MOMEHT, ANHAMUYECKas CHJIa, BOAMIIO, CATEIUTHT, HaJIS)KHOCTh

s yumuposanus: Hukutun A.T., @acteikoBekuit A.P., I'epacumoB C.I1. CoBepiieHcTBOBaHHE pabOThl BOJIOYMIBHOTO CTaHa. M3gecmus 8y308.
Yepnas memannypeus. 2024;67(6):731-734. https://doi.org/10.17073/0368-0797-2024-6-731-734

Drawing represents the fourth stage of metallurgical in the drawing die under the influence of a pulling force.
production and is used to create cold-drawn products This reduces the cross-section of the material, shaping it
such as wire, shaped profiles, and tubes. The process to match the die’s outlet. Drawing dies are manufactured
involves pulling an initial billet through a tapered channel ~ with high precision using tungsten carbide hard alloys.
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The drawing process is performed in a cold state with
mandatory lubrication. The stability of the drawing pro-
cess, product quality, and scrap generation largely depend
on the application of the external force needed to exe-
cute the operation. This force is supplied by the drum
of the drawing mill, which is typically driven by an elect-
ric motor through a cylindrical gearbox. The drum drive
system plays a critical role in influencing friction condi-
tions in the die, ensuring stable load application during
acceleration and steady-state operation, and ultimately
determining the overall feasibility of the drawing pro-
cess [1; 2].

Currently, the drawing process is used to produce
wires, small-diameter tubes, and certain types of specia-
lized profiles. The primary equipment for this operation is
the drawing mill, whose main components include the die
and the stretching drum. The drum receives rotation from
an electric motor via a gearbox [3; 4].

An analysis of the AZTM VN 2-550 drawing mill,
operated in the steel rolling shop of EVRAZ United
West-Siberian Metallurgical Plant JSC (EVRAZ ZSMK),
identified the need for modernization to extend its ser-
vice life and enhance productivity. The modernization
involved replacing the existing drive system — compris-
ing two bevel gears, a cylindrical gearbox, and a belt
transmission — with a three-satellite planetary gearbox,
model MPO-1M-10-5.74-7.5/250 [5].

However, the newly installed three-satellite planetary
gearbox with a common carrier exhibited significant short-

comings. The imbalance of the transmission components
relative to the central axis caused additional dynamic
forces. Furthermore, the design transmitted motion from
the driving link to the carrier through a single satellite,
whose teeth bore the full torque-transmitted load. These
drawbacks reduced the reliability of the gearbox and
the drive system overall [6; 7]. Consequently, critical
technological challenges remained unresolved, such as
shortening profile changeover times, achieving smooth
acceleration to steady-state drawing speeds, and reducing
the occurrence of breakages.

To address these shortcomings, researchers at the Sibe-
rian State Industrial University developed a design for
a three-satellite balanced self-aligning planetary gear-
box [8] (see Figure).

The three-satellite planetary gearbox consists
of a central input drive wheel (1), satellites (2 — 4), an
output link (carrier) (5), three-pair articulated levers
(6,7), and a central wheel with internal teeth (&),
around which motion occurs. Since the mass centers
of the three-pair articulated levers are located along
the axes of the satellites they connect, the system
becomes balanced, reducing dynamic forces in the gear
meshing zones.

The three-satellite balanced planetary gearbox opera-
tes as follows: rotation from the electric motor is trans-
mitted to the central input drive wheel (/), which evenly
transfers motion to all satellites (2 — 4) through the three-
pair articulated levers (6, 7) connected with the output
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General view (@) and kinematic scheme (b) of a balanced three-satellite planetary transmission:
1 — central input drive wheel; 2 — 4 — satellites; 5 — output link (carrier);
6, 7 — three-pair articulated levers, which are connected with satellites 2 — 4 and with the carrier 5 by five rods;
8 — central wheel with internal teeth; 9 — additional hinge

OOt BuA (@) M KMHeMaTH4yeckas cxema (b) ypaBHOBELICHHOH TPeXCaTeJUIMTHOH IIIaHeTapHOM TTepeain:
I — eHTpaIbHOE BXOIHOE BeIyllee KoIeco; 2 — 4 — CaTeJUIUThL; 5 — BBIXOZHOE 3BEHO (BOAMIIO);
6, 7 — TpexmapHbIe MAPHUPHBIE PHIYArH, KOTOPBIE MATHIO MIAPHUPAMH COCIHMHEHBI C CATEIITUTaMU 2 — 4 1 C BOIUJIOM J;
8 — HeHTpaIbHOE KOJIECO C BHYTPEHHUMH 3yObsIMU; 9 — IOTIOIHUTEIILHBIH [IAPHUD
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link (carrier) (5). In this process, the torque from the cent-
ral input drive wheel (/) is uniformly distributed among
all satellites.

The mobility of the developed gearbox design is deter-
mined using P.L. Chebyshev’s formula:

W=3n —2p5 — Py

where W is the degrees of freedom (mobility) of the mecha-
nism; n is the number of links; p, and p, are the numbers
of fifth-class (hinge) and fourth-class (gear meshing)
pairs.

The kinematic chain of the transmission contains
seven links (n = 7), connected by seven hinges (p;=7)
and six gear meshes (p, = 6). Substituting these values
yields W= 1. This indicates that the planetary transmis-
sion is statically determinate, and all three satellites reli-
ably participate in transmitting power from the central
wheel to the output link. This reduces forces and, conse-
quently, stresses in the gear teeth.

Integrating the three-satellite balanced self-aligning
planetary gearbox into the drawing mill drive system
can significantly reduce profile changeover times, lower
scrap rates and downtime caused by breakages, increase
drawing speed, and enhance the overall productivity
of the drawing mill.

[ ConcLusions

The analysis of the drawing mill operation revealed that
to improve its productivity, the drive of the drawing drum
must be modernized. The developed design of the draw-
ing mill drive, featuring a three-satellite balanced self-
aligning planetary transmission, extends the service
life, reduces profile changeover time, increases drawing
speed, minimizes equipment downtime due to failures,
and decreases scrap rates, thereby enhancing the overall
productivity of the mill.
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