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IMPROVED DESIGN OF THE SCREW PRESS COUPLING

Purpose. The aim of the work is to increase the energy efficiency and operational reliability of heavy screw presses
by creating a new drive design that ensures stabilization of the load on the power grid and eliminates thermal overloads
of the electric motor.

Research methods. The study employs a critical analysis of modern technical solutions from leading manufacturers
(Weingarten, Hasenclever), specifically the RZS series with direct drive. The research utilizes the general theory of elec-
tric drives to analyze energy efficiency in transient modes. Kinematic analysis and analytical calculations of the moment
of inertia were performed to substantiate the method of separating the driving mass (kinetic energy accumulator) into
multiple components to reduce inertial loads.

Results. The operational limitations of direct-drive presses, such as high peak currents and thermal overloads, were
identified. A new screw press design was proposed featuring a kinetic energy accumulator consisting of a central driving
flywheel and lateral driving masses mounted on the motor shafts. This accumulator is connected via a clutch to the
working driven flywheel of the press. Separating the driving accumulator into segments allows for a 25-fold reduction in
the mass of the driving elements while maintaining the same kinetic energy. To optimize the reverse stroke, the working
flywheel itself is also divided into two parts: an inner flywheel (rigidly mounted on the spindle) and an outer flywheel
(which is disengaged during the upward stroke of the slide). Recommendations for an autonomous reverse stroke system
were provided.

Scientific novelty. A method for separating rotating masses into a continuously operating kinetic energy accumula-
tor (driving flywheel system) and a cyclically connected working element is proposed. Unlike traditional rigid-connection
drives, the new kinematic scheme utilizes an intermediate driving mass and a friction clutch, allowing the motor to operate
continuously without frequent high-current starts.

Practical value. The design is applicable for presses with a nominal force from 2 MN and energy up to 5 MJ, suitable
for precision forging of turbine blades and gears without stamping inclinations. The use of standard induction motors
and the reduction of the drive's metal consumption decrease manufacturing and modernization costs while improving
power grid stability.

Key words: engagement clutch, screw press, precision stamping, moment of inertia, slider, screw spindle, flywheel.

requirements for the precision of forgings and the energy
efficiency of the equipment. In this segment, screw presses

The modern stage of development of forging and  with direct electric drive have taken a leading position,
stamping equipment is characterized by increased becoming an effective alternative to hammers and crank

Introduction
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presses in the manufacturing of critical parts (turbine
blades, gears, etc.).

Analysis of research and publications

Recognized leaders in the field, such as Weingarten
and Hasenclever, utilize press designs (type RZS) where a
single working flywheel is rigidly connected to the screw
spindle and simultaneously serves as the rotor of an
asynchronous motor [1]. While this scheme ensures
precision, it forces the drive to operate in a mode of
frequent starts and braking.

As illustrated in Fig. 1, this mode is characterized by
peak starting currents exceeding 1000 A and significant
thermal losses. According to the general theory of electric
drives [2], theoretical efficiency in such modes is limited
to approximately 50%. Attempts to solve this using
frequency converters [3, 4] increase costs and reduce
reliability due to shock loads, while hydraulic alternatives
[5] suffer from lower operating speeds. Thus, developing a
reliable mechanical drive that eliminates motor operation
in transient modes remains a relevant problem.
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Figure 1. Typical diagram of startup modes of the arc-stator
drive of RZS series presses (N = 250 kW, ngy,,,cp, = 600 rpm)

Research material and methodology

A method of separating rotating masses into a contin-
uously operating kinetic energy accumulator and a cycli-
cally connected working element is proposed.

The essence of the proposed solution lies in the de-
velopment of a press kinematic scheme with an alternative
drive, in which the electric motor is kinematically decou-
pled from the screw during the working stroke. Instead of
a rigid connection (as in the RZS scheme), an intermediate
link is introduced — a kinetic energy accumulator (driving
flywheel system), which is accelerated by the electric mo-
tor to the nominal speed and maintains rotation in a steady-
state mode with high efficiency.
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Energy transfer to the screw is carried out through a
controlled friction clutch. Such a design allows the electric
motor to operate without frequent starts and reversals, us-
ing the flywheel inertia to cover peak deformation loads.

Dissipating this heat from the stator windings poses a
significant problem, despite the use of an electric fan,
which complicates the operating conditions and mainte-
nance of the press.

To mitigate these drawbacks, it is proposed to utilize
kinetic energy previously accumulated by the driving fly-
wheel system. In this case, the mechanism is implemented
via an engagement clutch, where the working driven fly-
wheel serves as the driven part, and the driving part acts as
the central driving flywheel of the accumulator.

Research results

Fig. 2 presents an operation diagram illustrating the
process of engagement and acceleration of the working fly-
wheel to the nominal rotational speed. Up to point 2, a de-
crease in the angular velocity of the central flywheel and
the acceleration of the working flywheel occur.

At point 2, full engagement of the central driving and
working flywheels takes place; subsequent motion contin-
ues as the movement of a single mass up to point 3. At point
3, the clutch disengages, and the motion of the working fly-
wheel continues by inertia.
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Figure 2. Changes in angular velocity of the central driving fly-
wheel and the working driven flywheel during clutch engage-
ment (qualitative representation)

Fig. 3 presents the kinematic scheme of the press. A
slide 2, kinematically connected to the screw spindle 3, is
installed in the press frame 1. The working flywheel 4 is
mounted at the end of the spindle, above which the central
flywheel (the main component of the accumulator) 5 is in-
stalled. Lateral driving masses 6 and 7 are positioned dia-
metrically and mounted, for example, on the shafts of drive
motors 8 and 9. The return movement of the slide is per-
formed by the return drive 10.

As is known [6-7], the moment of inertia of the driv-
ing flywheel system is determined by the ratio (formula
placeholder), and its practical value lies within the range of
2.5 +10. This allows for easy calculation of the moment of in-
ertia of the accumulator.

In order to reduce the mass of the driving flywheel
system, it can be divided into several components. Specif-
ically, one part serves directly as the central flywheel (the
driving member of the engagement clutch), while the other
parts are made as separate discs with a gear rim, through
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which they are kinematically connected to the central fly-
wheel, which also features gear teeth [8-9]. These lateral
masses can be directly mounted on the shafts of drive mo-
tors with a synchronous rotational speed of, for example,
1500 rpm or 3000 rpm.

AV

Figure 3. Kinematic scheme of the screw press:
1 — frame; 2 — slide; 3 — screw spindle;
4 —working driven flywheel; 5 — central driving flywheel;
6, 7 — lateral driving masses; 8 — slide return drive

This allows reducing the moment of inertia of these
lateral masses by a factor of i2; for instance, with a clutch
engagement speed of 300 rpm (i = 5) and a motor speed
Tmoe = 1500 rpm, i2 = 25. That is, the elements of the ac-
cumulator can have a weight 25 times lower while main-
taining the same kinetic energy. Standard serial induction
motors are used as drive motors, the maintenance of which
presents no difficulties [10-11].

The return stroke drive can be pneumatic, hydraulic,
or pneumohydraulic [11-12]. In order to reduce the level
of kinetic energy accumulated in the working flywheel dur-
ing the return stroke, which must be dissipated, it is pro-
posed to divide the working flywheel into two parts [13—
15].

The inner flywheel part is rigidly mounted on the
screw spindle (Fig. 4), while the outer flywheel is able to
rotate freely. The kinematic connection of both parts dur-
ing the downward stroke is ensured by rotary keys. During
the return stroke, the outer flywheel is braked; simultane-
ously, the keys rotate, the parts of the working flywheel
lose kinematic contact, and during the slide ascent, only the
screw spindle and the inner flywheel rotate.

The number of lateral masses can be two, four, or six,
which allows reducing the moment of inertia and, conse-
quently, the weight of the upper part of the press, which, in
turn, positively affects the stability of the press.
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Thus, this will allow, with reduced metal consump-
tion of the screw press drive, to maintain its basic energy
and power parameters, which ultimately makes it possible
to reduce the cost of manufacturing new equipment and
modernize existing equipment.

Figure 4. Kinematic scheme of the screw press:
1 - frame; 2 — slide; 3 — screw spindle; 4 — inner flywheel;
5 — outer flywheel; 6 — central driving flywheel;
7 — return drive; 8 — springs

Conclusions

An analysis of the operation of an electric screw press
was carried out and a defect was identified, caused by the
transient mode of operation of the drive, which is undesir-
able for the optimal operation of the device.

A screw press is proposed in which the reverse drive
is autonomous, and the working stroke is performed by
means of a drive with a clutch, in which the working fly-
wheel is the driven part, and the driving part is the accu-
mulator necessary for accelerating the working flywheel.

The proposed kinematic scheme with separation of
flywheel masses allows significantly reduce the metal con-
tent of the drive and reduce inertial loads on the system
during transient processes. The elements of the accumula-
tor, specifically the lateral masses, can be 25 times lighter
while maintaining the same kinetic energy. This increases
the overall efficiency of the press by minimizing energy
losses during acceleration and deceleration of massive
parts (such as the outer flywheel) during the reverse stroke,
and also ensures high maintainability of the equipment
through the use of standard industrial components.
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Mema pooomu. [liosuwenns enepeoepexmusHoCmi ma eKCnLyamayitiHoi HaditiHOCMI BANCKUX 2BUHMOBUX NPECI8
WIAXOM CIMBOPEHHS HOBOI KOHCMPYKYIL npuooy, axka 3abe3neyye cmadinizayito HaBaHMAaA}CeHHs HA eleKmpomepedxrcy ma
YCy8ae mennosi nepesaHmadiCen s eneKmpoosusyHda.

Memoou docniorncennsn. Kpumuunuti ananiz cyvacnux mexHiuHux piwens 6id nposionux supoonuxie (Weingarten,
Hasenclever), soxpema cepii RZS i3 npsmum npuseodom. /st ananizy enepeoeghexmusHocmi 8 Nepexionux pexscumax eu-
KOPUCMAHO 3a2aIbHY Meopito eleKmponpugodis. byno nposedeno KinemamuuHull ananiz ma aHanimuyHi po3paxyHKu Mo-
Menmy inepyii 011 06IpYHMYBaHHA MemOOy PO30LNeHHs NPUBOOHOT MaACU (HAKONUYYB8AYA enepaii) Ha OeKilbKa KOMNOHe-
HMIG 3 MEMOIO 3HUNCEHHS THEPYIIHUX HABAHMANCEHD.

Ompumani pesynemamu. Busnaueno excniyamayiiini 00MedicenHs Npecie i3 NPIMUM RPUOOOM, MAKL K GUCOKI
niKo8i CMpyMu ma menjiosi nepegaHmadxicents. 3anponoHo8ano HO8Y KOHCMPYKYIIO 28UHNOB020 npecd, AKA OCHAUjeHd
HaKonu4ygayem KiHemuyHoi enepeii wjo CKiaoacmvpCs 3 YeHMpaibHO20 6€0y4020 MAXOB8UKA Mi OIYHUX NPUBOOHUX MAC HA
sanax dguzyHa. Lleii nakonuuysau 3’ €Onyemvcs uepe3 my@hmy 3 pobouum (6edeHum) maxosuxom npeca. Posoinenns npu-

B00HO20 HAKONUYYBAYA HA CE2MEHMU 00360JIA€ SMEHUUMU MACY NPUBOOHUX efemenmis y 25 pasié npu 3bepesicenni miei

Jic KiHemuuHol enepeii. [{ns onmumizayii 360pomHo20 X00y cam pobouuil MAxo8uK maxKodc po30ileHO HA O8I YACMUHU:
BHYMPIWHILL MAXOBUK (HCOPCMKO 3AKPINACHU HA WAUHOEI) MA 3068HIWHIL MAX08UK (W0 BIOKIIOYAEMbCS NiO Yac Nio-
tiomy noszyna). Haoano pexomenoayii w000 asmonomHoi cucmemu 360pomuoco xooy.

Haykoea nosusna. 3anpononosano memoo po30iieHHs NPUBOOHOT MACU HA HAKONUYY8aY eHepell, wo npayioe des-
nepepero, ma pooouull eiemerm, o NiOKIYAEMbCs YUKIuHo. Ha 6iominy 6i0 mpaouyitihux npugooie iz JcopCmKum
38 A3KOM, HO8A KIHEMAMUUHA CXeMA BUKOPUCMOBYE NPOMINCHY MACY MAXOBUKA MA PPUKYIUHY MyDmy, o 0036015¢
08uzyHy npayroeamu be3nepepeHo 6e3 uacmux nycKie i3 6UCOKUMU CIPYMAMU.

Ilpaxmuuna yinnicme. Koncmpyxyias npudoamua 0ns npecié 3 HomiHanoHum 3ycunnsam 6i0 2 MH i enepeieto do
5 M, axi nioxooame 015 MOYHO20 KYBAHHA MYPOIHHUX IONAMOK i wecmepens 6e3 umamnysaibHux yxunie. Buxkopuc-
MAHHSL CMAHOAPMHUX ACUHXPOHHUX OBUSYHIB | SHUIICEHHS MEMAIOEMHOCII NPUBOOY IMEHULYIOMb SUMPAMU HA BU2OMO-

6lIeHHs MA MOOEPHI3aAYII0, B00HOUAC NOKPAWYIOUU CIAOIIbHICMb e1eKmMPOMePeEdiCi.
Knrouosi cnosa: mygpma 3uennenns, e6unmosuii npec, moune WmamMny8auHs, MOMeHm iHepyii, NO83VH, 26UHIMOBU

WRUHOENb, MAXOGUK.
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