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ENERGY-EFFICIENT DESIGN OF SCREW PRESSES

Purpose. To improve the energy efficiency of screw presses by developing structures for the rational use of the
flywheel kinetic energy, reducing losses on the return stroke and increasing the impact efficiency. This will reduce energy
costs and improve productivity in forging, stamping and other technological operations.

Research methods. Increasing the energy efficiency of screw presses is achieved by developing and implementing
design solutions aimed at reducing the energy accumulated during the reverse stroke, as well as ensuring its efficient use
during the forward stroke. The main emphasis is placed on optimising the press mechanisms to minimise energy losses,
which will significantly increase the overall efficiency of the equipment.

Results. As part of the study, a new design of the slider was proposed, which includes a kinematic disconnection of the
nut. This reduces the energy usually accumulated by the flywheel during the reverse stroke and ensures more efficient use of
energy during the forward stroke, which in turn reduces energy consumption and increases the efficiency of the press.

Scientific novelty. For the first time, designs have been developed that provide kinematic disconnection of the slider
nut during the reverse stroke. These designs allow to reduce the accumulated energy and ensure its more rational use
during the forward stroke. In addition, the design of the flywheel has been improved to optimise its moment of inertia
depending on different press operating modes, which makes it possible to significantly improve the performance of press
equipment under variable operating conditions.

Practical value. The results of the work make it possible to increase the energy efficiency of screw presses, which
can be implemented in forging and stamping industries, especially in precision stamping technologies. The application
of the developed structures increases the energy efficiency of screw presses, which reduces energy costs and ensures
long-term and stable operation of the equipment.

Key words: press, screw, slider, nut, key, flywheel, drive, hydraulic circuit, frame.

Introduction productivity of the equipment. To address this problem, in-

In modern production, presses are widely used to per-  novative design solutions are being offered to optimise the
form a variety of technological operations. The efficiency  operation of presses and reduce energy losses.
of their operation largely depends on their design features,
in particular, on the use of flywheel kinetic energy. The ac-
cumulation of this energy on the return stroke remains one Researchers pay considerable attention to improving
of the key issues affecting the energy efficiency and press designs to increase their energy efficiency. One of the

Analysis of research and publications
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main areas of research is the introduction of mechanisms
for the accumulation and rational use of flywheel kinetic
energy. Various designs have been proposed to reduce the
amount of energy accumulated during the return stroke, in-
cluding the installation of a nut in the slider with the possi-
bility of kinematic disconnection or the use of a flywheel
consisting of two parts [1-3]. Such innovative solutions
have the potential to significantly improve the performance
of press equipment, but require further research.

Purpose of the work

The aim of the study is to develop constructive solu-
tions to optimise the operation of presses by rationally us-
ing the flywheel's kinetic energy. This involves the intro-
duction of mechanisms that reduce energy losses on the re-
turn stroke and increase the efficiency of striking by accu-
mulating energy on the forward stroke.

Research results

In recent years, screw presses have taken their rightful
place in the list of forging and stamping equipment, espe-
cially among the equipment used in precision stamping
technology, such as gas turbine engine blades, gears and
other parts [4-6]. This led to the development of screw
press designs and their individual components. This was
especially true for the designs of drives for both the for-
ward and reverse strokes of the press, especially the for-
ward stroke drives for accumulating impact energy [7-9].
The most developed were direct-acting electric drives or
those using a gear transmission with a ratio of i =4 : 5, a
main motor with a synchronous speed ne..» = 500 : 600 and
a unit power of 250 kW.

The motors operate in reverse mode on the down
stroke and up stroke, operating in transient mode. And, as
you know, theoretically, the transient mode efficiency is
0.5, and in the presence of slippage in the motor itself, it is
even lower [10].

The developer of such presses is Weingarten. Along
with these types of drives, hydraulic motors for driving the
flywheel (Hasenklever) were developed simultaneously
[11]. These types of drives are used for the manufacture of
presses with a force of up to a nominal force Pn = 12,500
tf and a cold stroke force of up to 25,000 tf. The angular
speed of the flywheel does not exceed 200 rpm, and the
stroke frequency is =~ 4.5 x/min (PZS presses). For presses
with hydraulic motors, the number of slider strokes is 12
x/min for HSPRZ presses with a maximum force of 6300
tf and 6 x/min for HSPRZ presses with a maximum force
of 25,000 tf [12].

The design of these presses uses the main drive in re-
verse mode to reverse the stroke, so it operates twice per
cycle in transient mode with a theoretical efficiency of 0.5.
At the same time, the maximum current exceeds / > 1000A
[13].

All screw press designs currently in operation have a
significant drawback: an increase in the reverse stroke
speed increases the energy accumulated by the flywheel,
which must either be damped by the brake or the main
drive operating time on the reverse stroke reduced [14].

The following design solutions are proposed to in-
crease efficiency [15]. Use of pneumohydraulic drives
(Fig. 1, 2). They are mounted in the upper crosshar of the
press. The design of these accumulators allows for efficient
operation of the reverse stroke drives. The principle of op-
eration is clear from the hydraulic diagram of this reverse
stroke energy storage device.
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Figure 1. Screw press with energy storage: 1 — bed;
2 — slider; 3 — energy storage shield; 4 — handwheel;
5 — screw spindle

Figure 2. Hydraulic diagram of the reverse stroke energy stor-
age: 1 — energy storage device; 2 — energy storage device shield;
3 — check valve; 4 — spool valve; 5 — pneumohydraulic accumu-

lator; 6 — charging valve; 7 — pressure gauge

To reduce the level of accumulated energy, we pro-
pose the design of a slider with a nut, which makes it pos-
sible to exclude the flywheel from the reverse stroke as the
main accumulator of kinetic energy (Fig. 3). The slider 1
has a rotatable nut 2, which is in kinematic contact with the
screw 3. The slider 1 has rotary keys 4 and a system of lev-
ers 5, which are triggered when the slider 1 rises and take
the slider 1 and nut 2 out of kinematic contact. During the
upward movement, the handwheel and screw 3 stand still,
only the nut 2 rotates, the moment of inertia of which is
much lower than the moment of inertia of the handwheel.
The design has a slider of a complicated construction.
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Figure 3. Slider construction: 1 — slider; 2 — nut;
3 — screw spindle; 4 — swivel key; 5 — lever system

According to the design, the flywheel consists of the
following parts: outer flywheel 1, inner flywheel 2, key 3,
return stroke 4, brake 5, slider 6, and screw 7. The principle
of this design is clear from Fig. 4.

5

|es

Figure 4. Slider construction: 1 — outer handwheel;
2 — inner handwheel; 3 — keyway; 4 — drive; 5 — brake;
6 —slider; 7 — screw

Conclusions

The problem of increasing the speed of screw presses
can be solved by design means: the use of energy storage
devices for reverse stroke, or a slight complication of the
slider or driven flywheel. A preliminary analysis shows
sufficient efficiency of the structures under consideration
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Mema pobomu. [Tiosuwenns enepeoedhekmueHocmi 28UHMOBUX NPecie yepes po3poOKY KOHCMPYKYil 0as payio-
HAIbHO20 BUKOPUCTNAHHS KIHEMUYHOT eHep2ii Maxo8uKa, 3MeHuleHHs 8MpPam Ha 360pOMHOMY X00i ma niosuuyeHHs epex-
musnocmi yoapy. Lle 0036onums 3nHusumu emepeemuyni umpamu ma NOJINWUMU NPOOYKMUSHICIMb NPU SUKOHAHHI
KOBKU, WMAaMNY8aAHHA MA iHUWUX MeXHOL02TYHUX onepayill.

Memoou oocniodxcennsn. Iliosuwenns enepeoehpekmusHOCmi 26UHMOBUX NPECI8 D0CA2AEMbCSL WIISIXOM PO3DOOKU
ma 8npo8aoHCceHHs KOHCMPYKMUBHUX PilleHb, AKI CNPAMOBAHI HA 3MEeHUeHHS eHepeii, HaKONUYY8aHoi nio yac 360pom-
HO020 X00Y, a MaKodic Ha 3abe3nedenis ii epekmusHo20 GUKOPUCMANHS Ni0 Yac npsamozo xo0y. OcHOGHUY akyenm 3po0-
JEHO HA ONMUMI3AYTIO0 MeXaAHI3MI8 npeca OJisk MIHIMI3ayii enepeemudnux empam, wo 003804UMb 3HAYHO RIOSUUMU 3a-
2a1bHY ehekmusHicms 001AOHAHHSL.

Ompumani pesynomamu. Y pamxax 00cuioxceHHs 6)10 3anponoHo8ano Ho8y KOHCIMPYKYIl0 NO83YHA, WO MICMUmb
KiHemamuuHe iOKIoueHHs eatku. Lle 00360.15€ 3meHwumu enepeiro, Ky 3a36udail HAKORUYYE MAX08UK Ni0 4ac 360pom-
HO20 X00Y, i 3a0e3neyye Oinv eghekmusHe BUKOPUCMAHHSA eHep2ii Ha NPAMOMY X00Y, WO 8 C80I0 Uepey SHUNCYE BUMPAMU
enekmpoenepeii i nioguwye epekmuenicms pobomu npeca.

Haykoea noeusna. Ynepuie po3pobieno KOHCmMpyKyii, wjo 3abesneuyoms Kinemamuyte GiOKIIOUEHHA 2alKu no-
63VHA 8 npoyeci 360pomH020 xX00Y. Lli KoHcmpyKyii 00360110 Mb 3MEHUUMU HAKONUYEH) eHepaito I 3abesneuumu Oinbiu
payionansvHe ii BUKOpUCTNAHHA HA NpAMOMY X00Yy. Kpim moeo, 6y10 800cKoOHaAIEHO KOHCIMPYKYIIO MAXO0BUKA, WO O03601AE
onmMuMizyeamu tlo2o MOMeHm iHepyii 3a1edCHO 8I0 PIHUX PedCUMie pobomu npeca, Wo 0ae MONCIUBICIbL 3HAYHO NOKPA-
wumu pobomy npeco8oeo 0OIAOHAHHSL 8 YMOBAX SMIHHUX POOOUUX YMOB.

IIpakmuuna yinnicme. Pesyromamu pobomu 003601510mb NiOGUWUMU eHeP2oeeKMUBHICIb 26UHMOBUX NPeECIs,
Wo modsce 6ymu 8npo8aOICEHO 8 KOBANbCLKO-UMAMNYBANbHUX 8UPOOHUYMBAX, 0CODIUBO Y MEXHONO0IAX MOYHO20 WMA-
MRny8auHa. 3acmocy8aHHs po3poOIeHUX KOHCMPYKYIL niosuuyye enepeoeghekmusHicms 28UHMOBUX NPeCi8, WO 00360.15€
3MEHWUMU GUMPAMU HA eHepeilo ma 3abe3neyumu 00820mpusaly ma cmadiibHy pooomy 001a0HAHHS.

Knrouosi cnosa: npec, e6unm, nog3yH, eatika, WNOHKA, MAXO0BUK, HAKONUYY8ay, 2I0pocxemd, CMAaHUHA.
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