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CLASSIFICATION AND ANALYSIS OF DESIGNS
OF SCREW PRESSES FOR OIL RAW MATERIALS

Summary. The most common method of obtaining high-quality liquid oils is
pressing of oil raw materials. A detailed classification of screw presses for pressing oil
raw materials has been developed. The designs of the presses were analyzed depending
on the type of oil raw material, the temperature regime of its processing, the sequence of
raw material processing, the place of oil output, the number of pressing stages, the
number of screws, the location of the screw barrel in space, the type of screw channel,
the shape of the screw, the degree of assembly of the screw(s) and /or barrel(s),
availability of a device for adjusting the output of the cake (back pressure valve),
availability of additional means for intensifying pressing, the possibility of movement in
space. The analysis of the modern and prospects of the use of screw presses for pressing
oil raw materials shows that the most common single- and double-screw presses will be
used for the processing of oil crops for a long time to obtain high-quality oils. At the
same time, the main efforts of developers of new equipment are aimed are aimed at
creating high-performance universal equipment characterized by low material and
energy consumption, ease of maintenance and high oil removal (deep oil extraction).
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Formulation of the problem. Oils obtained from oil crops (sunflower,
linseed, hemp, rapeseed, corn, soybean, apricot, plum, cherry, peach, grape,
almond, mustard, peanut, castor, palm, coconut, palm kernel, olive, rice [1],
as well as mint, caraway, walnut, olive, cotton, safflower and others [2]) are
widely used not only in the food industry, but also in other sectors of the
economy [3-5]. For example, one of the most common oils — sunflower — is
widely used both in the food industry and for technical purposes, in
particular in the production of household chemicals, paints and lubricants
and oils, various technical fluids, as well as in the production of care
products from skin, cosmetics and hygiene products [6-8].

One of the ways of using liquid oils, in particular rapeseed oil, is their
use (in their pure form or as products of their chemical processing) as part
of motor fuels, in particular for the preparation of biodiesel fuel mixtures
[9, 10]. It has been proven that a mixture of 80% diesel fuel and 20%
rapeseed ethyl ether, obtained by transesterification of rapeseed oil, is
sufficiently effective for the operation of standard diesel engines without
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any modification. Such a mixture not only saves diesel fuel, but also
reduces harmful emissions into the atmosphere and "softens" the operation
of the engine [11].

The most common method of producing high-quality liquid oils from
oil crops is pressing, i.e. processing of oil pulp with pressure, which is
accompanied by compaction of particles and extraction of oil [3, 12].

Pressing of oil raw materials — seeds of oil crops, as well as oil fruits
and nuts — is carried out on hydraulic and screw (worm) presses [3, 13, 14],
while screw presses are the most common, which is primarily due to the
continuity of their work, and as well as wide possibilities of their structural
and technological design [15].

It is worth noting that screw presses are widely used in the processing
and food industries not only for extrusion, in particular pressed solid
biofuel [16], but also primarily for extrusion grinding and forming of
various food products: sweets, protein products, products based on starch,
foam products, etc. [15]. At the same time, the extrusion processing of
plant raw materials is in many ways similar to the processing of granular
polymer raw materials (primarily in the feed section of the screw press)
[17-24]. However, if the classification and research of the structural design
of the process of extrusion of polymers and plastics has been carried out
quite thoroughly, then insufficient attention has been paid to the issue of
the structural and technological design of the process of squeezing oil from
oil raw materials in screw presses.

Formulation of the aim of work. The purpose of this work is a critical
analysis of the structural and technological design of the process of
extracting oil from seeds, fruits and nuts of oil crops in screw presses.

The main part. Wide use of screw presses led to the variety of their
designs [25]. At the same time, the creation of new structures is primarily
carried out experimentally, since the complex processes in the working
channel of the screw, which occur during the pressing of oil raw materials,
are quite complex and difficult to amenable to theoretical research [26].

Screw presses for pressing oil raw materials can be classified
according to various features (Fig. 1).

According to the sequence of raw material processing, there are
prepresses (pre-pressing presses) and expellers (final pressing presses).

First-pressed oil is obtained on prepresses by processing the initial oil
raw material, and on expellers, second-pressed oil is obtained by
processing the prepress cake subjected to moisture-heat treatment [27].

According to the type of oil raw material, there are presses for
processing seeds, nuts and fruits, as well as universal ones.
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Screw presses for pressing oil raw materials |
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Pressing temperature for cold pressing - with screw cooling /
for hot pressing HL .
prepress | | with cylinder cooling /
Sequence of raw material heating
processing expellers | | with cooling / heating of
the screw and cylinder
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| vertical | [combined | [ with barrel rings |
assembled H with barrel half-rings |
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of the screw(s) and/or S -
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adjusting the output cakes _ _
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with constant screw

L multi-screw

{through the cylinder | | with variable screw

Place of oil output M- through a hollow screw With constant screw

channel turn volume
| | | with variable screw
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Number of screws | twin-screw =

|

|

|

|

L combined removal

- single stage

channel turn volume

Number of stages

—H two-stage |

with variable depth of the

L multistage | [7screw channel
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B _ screw channel
mobile

with variable pitch and
Availability of additional —|without e soecificd | 1 depth of the screw channel
means for processing oily | | p With a constant pitch of

raw materials or products [ LIwith the specified means | || the screw ridge and with
of its pressing an increasing ridge
thickness
single-start | with a continuous ridge |

Type of screw double-start || with an intermittent |
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Screw presses for pressing oil raw materials |
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Fig. 1. Classification of screw presses for pressing oil raw materials
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At the same time, within each class, the presses may differ in certain
parameters: for example, screw presses with barrel chambers with smaller
gaps between neighboring grates (barrel (or zeer) rings, half-rings, or slats
(bars)) are used for processing rapeseed than in the case of processing
sunflower seeds.

According to the temperature mode of pressing, there are presses for
cold and hot pressing.

In cold pressing presses (cold presses), oil raw material is pressed
without prior heat treatment (at the same time, the raw material arrives at a
temperature of up to 80 °C, and is not fried before entering the press).

The oil obtained by cold pressing is characterized by high
organoleptic indicators, and the cake is characterized by high protein
quality [28—-30], and therefore high nutritional value, but the yield of oil by
hot pressing is higher.

In order to prevent an increase in the temperature of the pressing
process, the working organs of the cold pressing press — screws and barrel
(cylinder) — can be equipped with cooling systems (Patent
Nos. US5333556A, JPH02251397A, JPH04323297A, CN108284635A,
CN109421307A, CN2789011Y, CN215750928U, CN22814007).

In a single-screw press, cooling water is supplied to each barrel (zeer)
ring or each pair of adjacent barrel rings (Patent Application No.
DE4109229A1; Fig. 2).

(Patent Application No. DE4109229A1)

The twin-screw press contains a barrel consisting of sections with
solid walls and zeer barrel sections (perforated, rings, half-rings, or slats
(bars) sections), which alternate with each other, while each of the sections
with solid walls is equipped with electric heaters (Patent Nos. UA3144C2,
UA40189A, RU2057022C1). Screws also contain areas with mixing and
dispersing cams in the form of convex equilateral triangles with angular
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mixing with respect to each other to form a helical channel (Patent
No. CN215512387U, Patent Application No. W02022/270012A1), while
these cam areas can be made as pushers and braking (due to the angular
displacement of the adjacent cams [31]).

Electric heaters can also be located not only on the press barrel (Patent
Nos. CN108556396A, CN109421308A, CN207984055U,
CN208497750U), but also inside the screw or screws (Patent
Nos. UA35405A, CN110524934A, CN218171498U).

The air, heated with the help of electric heaters, enters the cavity of
the screw, and then exits through the radial holes into the working channel
of the press (Patent No. CN211105796U; Fig. 3). The disadvantage of the
design is the possibility of oil entering the screw cavity under the condition
of pressing pressure greater than the pressure of heated air.

- A~ \ o \oo\ \
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Fig. 3. Press with heating of oil raw materlals W|th heated air through
a hollow screw (Patent No. CN211105796U)

/

An interesting solution to lowering the temperature regime of the
sunflower seed processing process is proposed in papers [32, 33]. The
authors suggest adding CO: granules directly to the treated seeds, which
allows for complete or partial rejection of cooling water. The disadvantage
of the design is the need for special equipment for grinding, sorting and
storing bulk carbon dioxide.

According to the number of screws, there are single-, double-, and
multi-screw presses.

As already mentioned, screw presses for pressing oil raw materials
are in many ways similar to widely used screw extruders for processing
polymers, plastics and rubber mixtures, and not only for forming certain
products from the melt, but also for grinding polymer and rubber waste
[34, 35].

The simplest screw presses are single-screw, but double-screw and
less common multi-screw presses are more versatile from the point of view
of processed raw materials [36, 37].

The screw of a single-screw press can be fixed both as a cantilever
(Patent No. UA60804U) and with supports at both ends (Patent
Nos. CN202669015U, CN208343513U, UA33519U), which reduces the
probability of contact between the screw and the barrel during press
operation, but makes it difficult its production and operation. To increase
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the service life of the screw, a layer of wear-resistant material can be
welded to the top of its ridge (Patent No. US4223601A).

A single-screw press, on the inner surface of the barrel of which spiral
ribs are made with the direction opposite to the cutting of the screw to
prevent turning of the processed raw materials (Author’s Certificate
No. SU70014A1). The disadvantage of the design is the difficulty of
manufacturing and cleaning the inner surface of the barrel.

A single-screw press contains a screw with two oppositely directed
screw threads from its central part and a loading area in the central part of
the screw (Patent Nos. UA50237U, UA56408U, CN217916906U; Fig. 4).
This technical solution increases the productivity of the press and reduces
its material consumption, as well as compensates for the axial force acting
on a traditional screw (with a unidirectional thread and a loading area near
the screw shank).

Fig. 4. Single-screw press with two independent press zones
(Patent No. CN217916906U)

Presses with a similar principle of action, but with two loading
hoppers located at the ends of the screw and a common central exit of the
cake (Patent No. GB2601103A, Author’s Certificate No. SU1639971A1,
Fig. 5).

(Author’s Certificate No. SU1639971A1)

A twin-screw press similar to the previous design is proposed in the
Patent No. CN217968535U.

A single-screw press with a cylindrical stepped screw, the diameter of
the steps of which gradually increases under the simultaneous condition of
decreasing the height of the working channel (Patent No. UA75962C2).
This technical solution favors the loosening of oil raw materials during the
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transition to another stage, as well as the increase of shear forces in the
working channel of the press.

A single-screw press with a cylindrical stepped screw, the diameter of
the stages screw core (screw root) of the of which gradually increases with
a corresponding decrease in the height of the working channel, while
throttle washers are placed between the stages on the screw, and to
maintain a low temperature of the process, liquid nitrogen is injected into
the processed raw materials (Patent Application No. W02022/237935A1;
Figu. 6).

®L1- LA A=

Fig. 6. Single-screw press with a stepped screw and throttle washers
between the steps (Patent Application No. W02022/237935A1)

Screws of a similar design, but with conical steps (both the core and
the generating top of the ridge of the helical thread; Patent Nos.
CN204869758U, CN205112458U).

A single-screw press with a cylindrical stepped screw, the diameter of
the helical cutting ridges of the steps gradually decreases with a
corresponding decrease in the height of the working channel (Patent Nos.
CN213353643U), while throttle washers can be placed between the steps
on the screw (Patent Nos. CN1887586A, CN2820517Y, CN201792507U,
CN201998445U, CN201998446U, CN202727368U, CN114939998A;
Fig. 7).

7 T 7272 T, |
[ | - i
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Fig. 7. Single-screw press with a stepped screw and throttle washers
between the steps (Patent No. CN114939998A)

Among twin-screw presses, presses with counter-rotating screws
(Patent Nos. JPH02251397A, JPH04323297A) and presses with co-rotating
screws have become widespread, in which more intense shear deformations
are realized in the section of the working channel between the screws
(Patent No. JPH02151396A).
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To improve the efficiency of the pressing process, the screws of twin-
screw presses with counter-rotating can be equipped with cutting sections
of the opposite direction, that is, the so-called "reversing cutting" (Patent
Nos. CN2594005Y, CN205130454U; Fig. 8).

- : : ¥

Fig. 8. Scheme of screws of a twin-screw press with multi-directional
rotation of screws with cutting sections of the opposite direction
(Patent Nos. CN2594005Y, CN205130454U)

1<

Twin-screw press with counter-rotating screws, while each screw
rotates not from the side of the shank (Patent No. CN212979331U), but
from the side of the tip (Patent No. CN218171496U). This technical
solution reduces the equivalent stresses of the screw material, because the
greatest resistance to the rotation of the screws is not their feed zone, but
the pressing zone.

A similar approach was also used in the designs of single-screw presses
(Patent Nos. CN2706312Y, CN213947524U, CN202137967U; Fig. 9).

/ il Y
Fig. 9. Single-screw press with a rotation drive from the side of its tip
(Patent No. CN202137967U)

A twin-screw press with counter-rotating screws located one above
the other, while the press is equipped with two hoppers for feeding oil raw
materials into the working channel of each screw (Patent
Nos. CN1810497A, CN203305535U; Fig. 10).
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Fig. 10. Cross-section of a twin-screw press with individual screw feeding
(Patent Nos. CN1810497A, CN203305535U)
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Another technical solution for two-way feeding of a similar twin-
screw press is proposed in the Patent No. CN205097582U. In this press, the
oil raw material is fed by two screw feeders on both sides of the screw
intermeshing area.

For ease of maintenance of presses of this design, the barrel is
proposed to be made of two parts, hinged together in the lower part (Patent
No. CN201512522U; Fig. 11).

Fig. 11. Scheme of the barrel of a twin-screw press with horizontal screws
located in a vertical plane (Patent No. CN201512522U)

In addition to traditional twin-screw presses with partial intermeshing
of the screws, compact designs of twin-screw presses with screws in
separate housings have been developed. Such presses can also be
considered as two paired single-screw presses with a common screw
rotation drive. For example, at the end of the 20th century, specialists of
OJSC Bilshovyk (Kyiv, Ukraine; since 2018 — the First Kyiv Machine-
Building Plant) developed a set of technological equipment for the
production of fuel mixtures from mineral fuel and rapeseed oil (from 10 to
30%). The set includes one or more single- or double-screw presses for
extracting oil from rapeseed (while each double-screw press contains two
screws rotating in separate barrels from one drive), as well as a
hydrodynamic mixer for preparing highly stable fuel mixtures using their
cavitation processing [38]. At the same time, it should be noted that unlike
traditional similar fuel mixtures, the mixtures obtained in the developed
hydrodynamic mixer remain stable for a year or more.

Presses of a similar layout are given in Patent Nos. CN201070844Y,
CN201579993U, CN203726864U, CN217803501U. In  Patent
No. CN211195019U describes a compact unit for pressing flax seeds,
which on a common frame contains three single-screw presses with
individual screw drives, and in the Patent No. CN209022489U is a unit
containing four single-screw presses with group screw drive.

Twin-screw press with a combined arrangement of cylindrical stepped
screws, the diameter of the steps of each of which gradually decreases
(Patent No. UA3845U). In the first section (maximum diameter), the
screws are located in a common barrel with partial intermeshing with each
other, and in the following sections — in different barrels.
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To compensate for the decrease in the volume of pressed raw
materials, the volume of the screw channel in the pressing direction is
gradually reduced. For this purpose, presses with a variable pitch of the
screw channel (Patent Nos. CN209937790U, CN210048727U,
CN217395760U), with a variable depth of the screw channel (Patent
No. CN211843323U) and less often — with a variable pitch and depth of the
screw channel (Patent Nos. CN111634050A, CN113789218A,
CN209666365U, UA113259U, [39]).

Screws of single-screw presses with a constant screw pitch, a conical
core that expands in the pressing direction, and a constant diameter of the
cutting ridge ensure a consistent reduction in the volume of the screw turn
(Patent Nos. CN204123354U, CN208646113U).

The continuous reduction of the volume of the screw with a
cylindrical core is ensured by the reduction of the height of the screw
thread ridge under the condition of its constant pitch, while the screw takes
the form of a truncated cone with a larger base on the side of the loading
hopper (Patent No. CN211734285U).

A screw press with a constant screw pitch and with a ridge thickness
that increases along the screw, although it provides a successive reduction
in the volume of the screw turn (Patent No. RU2475167C1). A similar
screw is proposed in patent number CN203713107U (Fig. 12), but such
screws are distinguished by the complexity of their manufacture.

Fig. 12. Screw with a variable thickness of the helical cutting ridge (Patent
No. CN203713107UV)

The press screw with a constant core diameter and variable cutting
pitch, but with a variable screw channel depth to form a stepped screw, is
placed in a barrel with a stepped cavity (Author’s Certificate NOS.
SU757346A1, SU861104A1, SU1021634A1). The volume of the inter-turn
space of this screw decreases in the pressing direction.

Each of the screws of the double-screw press with counter-rotating
screws is made stepped in the form of a core of constant diameter with
variable cutting pitch, while the steps of a larger and smaller diameter form
the cutting ridge, and the screws are placed in the stepped cavity of the
barrel (Patent No. CN205395237U). Thus, the volume of the screws turns
decreases in the direction of pressing due to a gradual decrease in the depth
of the cut and a gradual decrease in its pitch along the entire length of the
SCrews.

Also, for this purpose, presses with a variable diameter of not only the
core, but also the screw cutting ridge, in particular conical ones, are used.

Proceedings TSATU. 2024. 24. 1



@ Mpari TAATY Bumyck 24. Tom 1
34

At the same time, the diameter of the screws in the pressing direction can
both decrease (Patent Nos. CN208118490U, CN209794636U,
CN210337022U, CN215750928U, CN217671268U) and increase (Patent
No. CN203766069U).

Combined screw with a cylindrical feed section and a conical press
section (Patent No. CN211165448U).

Combined screws with a cylindrical feed section with a constant
volume of the screw channel within it, as well as a multi-stage conical
press section, the stages of which are separated by throttle washers (Patent
Nos. CN204451280U, CN204451281U).

For continuous renewal of macro volumes of raw materials subject to
destruction during pressing, the screw cutting ridge is performed
intermittently (Patent Nos. CN209649548U, CN210257372U, Patent
Application No. W02020/104767A1) or the screw is equipped with
dispersing and mixing elements of various designs (Patent
Nos. US5680812A, UA98920U, UA119024U, Author’s Certificate
No. SU1043028A1, [31]). But the application proposed in Patent
No. CN113789218A of pointed pins on the screw core contributes not so
much to the loosening of processed oily raw materials, but to its capture by
the screw and rotation with it, which reduces the productivity of the press
and makes the effectiveness of this technical solution questionable.

Dispersing and mixing elements in the form of gear wheels fixed in
pairs along the length of the screws of the twin-screw press with the
possibility of interlocking not only contribute to the intensification of the
processing of oily raw materials, but also prevent the screws from twisting
along their length, and therefore their jamming during operation (patent
Nos. CN111469471A, CN212528813U).

The outer surface of the ridge of the helical cutting of the screw’s feed
section is made with flats, which with the inner cylindrical surface of the
barrel form a clearance (gap) of variable size (in the circular direction),
which ensures preliminary crushing of the oily raw material before it enters
the press zone (Patent Nos. CN203600634U, CN203600635U,
CN204488078U; Fig. 13,a). Such a screw turned out to be especially
effective during the processing of the fruits of oil crops. For a similar
purpose, the ridge of the helical cutting of the feed section of the screw on
several turns is made with one-sided flats (Patent No. CN203739263U;
Fig. 13, b).

The ridge of the helical cutting of the feed section of the screw is
transformed into a set of cams designed for effective destruction of the oil
raw material and its capture by the screw for further advancement in the
direction of the press section (Patent No. CN203901770U; Fig. 14).
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Fig. 13. An improved ridge of the screw cutting of the screw feed section: a
— Patent No. CN204488078U; b — Patent No. CN203739263U

Fig. 14. An improved ridge of the screw cutting of the screw feed section
(Patent No. CN203901770U)

For better capture of the oil raw material by the screw and its
preliminary grinding on the cylindrical part of the core of the screw under
the discharge opening of the loading hopper of the press, a flat is made
(Patent No. CN204340262U; Fig. 15,a) or the specified area of the core is
made in the form of a prism (Patent No. CN202826482U; Fig. 15,b).

= AR S = ] ——

Fig. 15. Improved screw core in its feed section:
a — Patent No. CN204340262U; b — Patent No. CN202826482U

To destroy the cellular structure of the oil raw material and increase
the yield of oil in the break of the screw turns of the single-screw press, an
intermediate matrix with holes of a fixed (Patent Nos. RU2353522C1,
RU2354556C1, RU2399493C1, RU2401199C1) or adjustable live cross-
section (composed of two similar parts installed with the possibility of
angular displacement relative to each other; Patent No. UA60804U).
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By analogy with extruders for the processing of polymeric materials,
the barrel of the screw press for pressing oily raw materials contains radial
pins that pass through the gaps in the screw ridge and loosen the processed
solid phase, which contributes to more complete squeezing of the oil from
it ("pin barrel extruder”; Patent Nos. US4901635A, RU2559330Cl1,
RU167408U1). Also, the pins can be installed with the possibility of
adjusting the depth of their immersion in the channel of the press (Author’s
Certificate No. SU547370A1). Also, these pins are sometimes made in the
form of counter blades (Patent No. UA2077C1, Author’s Certificate No.
SU1562152C1).

The technical solution proposed in Patent No. UA97165U, allows you
to use the screw without gaps in its ridge, while the radial pins are made
movable and equipped with a drive for their reciprocating movement.
However, this design significantly complicates the manufacture and
operation of the press.

A double-screw press with conical screws makes it possible not only
to compensate for the decrease in the volume of processed raw materials
during its advance through the press, but also, due to the fact that the
shanks of the screws diverge from each other, to use effective thrust
bearings (Patent No. UA112793C2).

Twin-screw presses with sequentially located coaxial screws: feeding
screw and slower pressing screw, equipped with individual rotation drives
(Author’s Certificate Nos. SU382522A1, SU725899A1). By adjusting the
ratio of the rotation frequency of the screws, it is possible to change the
depth of oil extraction.

In a three-screw press, the preliminary extraction of oil takes place in
a section with two counter-rotating screws, and the final extraction takes
place in a section with one screw located at its exit, which is equipped with
an individual drive (Patent No. UA11189C1). The advantage of the press is
the wide technological capabilities of this kind of cascade press due to the
presence of independent drives of the double-screw and single-screw parts
of the press.

In a three-screw press, the screws are located in a horizontal plane, while
the adjacent screws have multi-directional cutting and can be made without
intermeshing and continuous screw cutting ridges or with intermeshing, but
with discrete screw cutting ridges (Patent No. CN101249728A).

In the five-screw press, the horizontal screws in the cross section are
arranged in the form of Olympic rings: three in the upper row and two in
the lower row, while the screws are made by analogy with the screws of the
previous three-screw press (Patent No. CN202462917U).

The multi-screw press contains a main screw of a large diameter, as
well as additional screws of a smaller diameter placed in its inter-turn space
parallel to the longitudinal axis of the main screw Author’s Certificate No.

Proceedings TSATU. 2024. 24. 1



@ Mpari TAATY Bumyck 24. Tom 1
37

SU1386485A1; Fig. 16). The disadvantage of the design is its unreasonable
complexity.
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Fig. 16. Scheme of a multi-screw press
(Author’s Certificate No. SU1386485A1)

According to the shape of the screws, there are presses with
cylindrical, conical, conical-cylindrical, cylindrical-conical and cylindrical
stepped screws.

In contrast to traditional cylindrical screws with a continuous or
interrupted screw single-start thread, a screw with an intermittent screw
double-start thread and throttle washers is proposed, while the thread is
made in the form of separate turns of different pitches separated from each
other (Patent Application No. W0O2020/104767A1; Fig. 17).
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Fig. 17. Single-screw press with a stepped screw and throttle washers
between the steps (Patent Application No. W02020/104767A1)

The work of a universal press with a cylindrical-conical screw,
recognized for the processing of various types of olive raw materials, was
completed [40]. Cylindrical screw hole with a diameter of 40 mm and a
bottom of 550 mm, a larger base of a conical bottom hole of 200 mm and
an angle at a top of 45° — 87 mm, screw cutting depth — 9.99 mm. Drive
electric motor power 35 kW.

Press with a cylindrical-conical screw is also described in Patent Nos.
CN107856337A, CN210553191U, CN210679820U, Author’s Certificate
No. SU640859A1.

A twin-screw press with parallel cylindrical stepped screws, the
diameter of which steps decreases in the pressing direction (Patent
No. UA3845U). In the first section (feeding), the screws are located in a
common barrel with partial intermeshing with each other, and in the
following sections (pressing), each of the screws is located in a separate
barrel.

A press with a cylindrical stepped screw, the diameter of the steps of
which increases in a straight line pressing (Patent No. UA5032C2,
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Author’s Certificate No. SU1459936A1). At the same time, between two
cylindrical sections, the end section was stashed with pins-fluffers

(Fig. 18).
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Fig. 18. Press with a cylindr‘ical stepped screw (Patent No. UA5032C2,
Author’s Certificate No. SU1459936A1)

According to the degree of assembly of the screw(s) and/or barrel(s),
there are presses with a solid screw and/or barrel (fixed geometry) and
presses with a assembled screw and/or barrel (changeable, adjustable
geometry).

A twin-screw press with a barrel made by sintering metal spheres,
granules or fibers has a wall with an open porous structure (Patent
No. GB1507946A). Such a design is characterized by high strength and
rigidity, but it is difficult to clean, since the curvilinear channels of variable
cross-section, formed by the gaps between the elements of the barrel wall
structure, have a tendency to clog with cake.

Making the screw(s) and/or barrel(s) assembled significantly expands
the technological capabilities of the press. In particular, by changing the
number, length and type of the working part of the removable sleeves
placed on the screw root (screw core), the oil extraction depth and the cake
structure are changed (Patent No. CN2210779Y).

The barrel of a single-screw press, consisting of two halves: the lower
stationary and the upper folding one, increases the convenience of cleaning
the screw during press maintenance (Patent No. CN217891972U; Fig. 19).

In similar presses, the upper part of the barrel is not hinged, but
removable (Patent Nos. CN207683005U, CN216968761U).

X\ [T

Fig. 19. Scheme of a single-screw presé with a detachable barrel
(Patent No. CN217891972U)
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The twin-screw press barrel consists of two halves: the upper and the
lower, which are installed with the possibility of turning relative to each
other and "opening" the working area of the press to control its condition
(Patent Nos. UA25846C2, RU2108239C1; Fig. 20).

SE

N

Fig. 20. Cross-section of the working part of a twin-screw press
with a assembled barrel (Patent Nos. UA25846C2, RU2108239C1)

A barrel assembled in the longitudinal direction is proposed in the
Patent No. UA24490A. The upper stationary part of this barrel is equipped
with an electric heater, and the lower (seeing) part is removable (Fig. 21).
Similar technical solutions are also proposed in the Patent
Nos. UA29972A, RU2146198C1, RU2145925C1.

Fig. 21. Cross-section of the working part of a twin-screw press
with a assembled barrel (Patent No. UA24490A)

It is worth noting that the zeer barrel usually consists of separate
elements located with a gap relative to each other for the release of the
received oil: longitudinal — zeer slats (bars) and annular — zeer rings or zeer
half-rings.

A two-screw press with assembled screws in the form of a core with a
set of removable sleeves with a screw thread or mixing and dispersing
elements allows you to effectively form the desired geometry of the screws
depending on the parameters of the pressing process (Patent Application
No. DE102004037349A1).

Solid barrels are usually made with transverse holes (Patent
Application Nos. DE2456187A1, DE19608379A1, DE19921790Al1,
EP1182030A1, CN217574190U) or slits (Patent  Application
Nos. US2019/217567A1, US2020/031077A1, US2020/031078A1,
US2020/031079A1, US2021/138751A1, DE102007001311A1,
KR20140106163A) for oil output. Often, the specified holes and slits are
made in such a way that they diverge in the radial direction to prevent them
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from being clogged with cake, in particular, the holes are made conical, and
the slits are wedge-shaped (Patent No. CN103802346A).

The transverse holes of the solid barrel are located in the diametrical
plane at an angle to the radius in the direction opposite to the rotation of the
screw, which reduces the probability of clogging of the holes, which are
made conical and diverge from the longitudinal axis of the screw (Patent
Application No. DE19921790A1).

The inlet sections of the conical radial holes are located in
longitudinal grooves on the inner surface of the solid barrel (Patent
Application No. WO02020/220096A1; Fig.22). The specified grooves
prevent the processed raw material from turning during its advancement
through the press channel.

Fig. 22. Cross-section of the single-screw press barrel press section (Patent
Application No. W02020/220096A1)

At the same time, the longitudinal grooves can be of various shapes,
for example, semi-cylindrical (Patent No. CN209937789U; Fig. 23,a) or
sickle-shaped (Patent No. CN2032940U; Fig. 23,b).

Also, to prevent turning of the processed raw material during its
transportation through the channel of the press, the surface of the barrel
cavity is made polygonal (Patent Nos. CN203580175U, CN208774124U,
CN211843323U, Patent Application No. WO02017/121227A1; Fig. 24,a),
with longitudinal wide rounded grooves (Patent Nos. CN1044431A,
CN202669015U; Fig. 24,b) or in the form of a regular octagonal or
hexagonal prism with concave faces (Patent Nos. CN201224188Y,
CN203427345U, CN203864058U; Fig. 24,c).

a bi
Fig. 23. Cross-section of the single-screw presses barrels press section:
a — Patent No. CN209937789U; ¢ — Patent No. CN2032940U
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Fig. 24. Cross-section of the single-screw presses barrels press section:
a — Patent Application No. W0O2017/121227A1:
b — Patent No. CN202669015U; ¢ — Patent No. CN203864058U

For a similar purpose, the cavity of the barrel of the single-screw press
in the cross section is made in the form of an epicycloid (Patent
Application No. EP0017809A1).

Another design of the single-screw press barrel, which is
technological in production and convenient in maintenance, is made in the
form of a set of slats, tightened on the outside by frames — cylindrical
bandages (Patent No. CN210525889U; Fig. 25). These strips not only form
channels for the oil to escape, but also prevent the processed oil raw
material from turning under the action of the rotating screw, increasing the
press's productivity.

Fig. 25. General view of a barrel made of barrel bars
(Patent No. CN210525889U)

A barrel of a similar design, but with frames connected to each other
with the help of slats to form a deck — a rigid cylindrical cage frame for
placing in it a set of barrel bars (Patent no. CN114290736A).

Spacer elements in the form of balls are placed between the adjacent
barrel bars in their depressions on the side surfaces, which ensure the
formation of wedge-shaped gaps of certain shapes and sizes for the oil to
escape (Patent No. GB1000773A). At the same time, a number of slats are
made of increased height with their edges protruding towards the screw
with the formation of peculiar reflective protrusions, which make it
impossible to turn the oil raw material under the action of the rotating
screw and increase the productivity of the press. The disadvantage of the
design of such a barrel is the significant complexity of its manufacture due
to the difficulty of fixing the balls during assembly.
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A single-screw press with longitudinally movable barrel sections
makes it possible to automatically lengthen the barrel and enlarge the oil
outlet slots, thus automatically maintaining the required pressing pressure
(Patent No. CN113580637A; Fig. 26). At the same time, the pressing
pressure can be changed by adjusting the tension of the springs that tighten
the adjacent sections of the barrel.

Fig. 26. Single-screw press with constant pressing pressure (a)
and an element for tightening adjacent sections of the barrel (b)
(Patent No. CN113580637A)

The zeer barrel of a single-screw press is made of plates arranged with
gaps (usually 0.5-0.8 mm) relative to each other for oil release. In order to
prevent clogging of these gaps with particles of the solid phase, the plates
have a trapezoidal cross-section (Patent Nos. GB191300386A,
US4384955A, DE870360C, KR102449471B1, Patent Application No.
DE19951007A1). A similar solution exists for a twin-screw press (Patent
No. FR2644729A1). The disadvantage of zeer barrels is the complexity of
manufacturing, and the advantage is the possibility of changing the size of
the gaps between adjacent plates, for example, by installing distance
washers between them (Patent Application No. DE19644368A1).

The inner surface of each barrel ring is made conical with a smaller
base of the cone on the side of the screw tip, which creates additional
pressure for the passage of oil raw materials within each ring, helps to
increase the depth of oil extraction and reduces the probability of cake
particles getting into the oil (Patent Application No. DE19644368A1,
Fig. 27).

/ A s /’~ e
Fig. 27. The design of the single-screw press barrel
(Patent Application No. DE19644368A1)
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At the same time, in a press of a similar design, the neighboring barrel
(zeer) rings are made of different widths and with relief end surfaces to
form channels for draining oil from the working channel of the press
(Patent Application No. DE19951007A1; Fig. 28). The disadvantage of this
design of rings is the complexity of manufacturing.

Fig. 28. The barrel ring of the single-screw press
(Patent Application No. DE19951007A1)

Each barrel ring of a single-screw press is made in the form of a cone
with bumps on the end surfaces to form annular gaps between adjacent
rings (Patent No. UA113259U). The inclined conical annular channels
formed by such rings, converging in the direction of pressing, not only
ensure the removal of oil from the working channel of the press, but also
reduce the probability of cake particles getting into the oil.

A removable throttle washer is installed between the sections of the
press barrel, which makes it possible to change the resistance to the
advance of the processed raw material and influence the output of oil from
the raw material (Patent No. US4271754A, Patent Application
No. DE19601128A1).

The barrel of the screw press is made of separate sections with flanges
at the ends, which improves the repairability of the press, as it makes it
possible to replace not the barrel as a whole, but its separate section (Patent
No. FR2396642A1).

The combined barrel of the single-screw press contains a solid body
and a removable perforated curved plate (Patent No. CN204801093U;

Fig. 29). —
I

Fig. 29. Solid barrel with a removable perforated curved plate
(Patent No. CN204801093U)

According to the location of the screw barrel(s) in space, there are
horizontal, vertical, inclined and combined presses.

Most screw presses are made with a horizontal arrangement of screws,
but presses with vertical screws are also used (Patent Nos. CN109624372A,
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RU2271931C2, Author’s Certificate Nos. SU640859A1, SU670462A1,
SU766892A1, Patent Application Nos. WO02014/036882A1,
WO02016/008425A1). The disadvantage of presses with vertical screws is
the inconvenience of maintaining presses of considerable height.

A twin-screw press with superimposed inclined cylindrical screws
facilitates the flow of oil from the feed section towards the press section,
but this design is more complex than traditional presses with horizontal
screws (Patent No. CN214448773U).

A twin-screw press with a vertically arranged screw of the first stage
of pre-grinding and pressing, as well as a horizontally arranged screw of
the second stage of pressing (Patent No. CN203994792U). Both screws
have a common drive for their rotation, which makes it impossible to
independently adjust the rotation frequency of each of them.

According to the number of pressing stages, there are single-, two-
and multi-stage pressing presses.

In two- and multi-stage pressing presses, the pressure in the working
channel between the stages is reduced to atmospheric, while the processed
raw materials are usually degassed (Patent Nos. US4024168A,
US4271754A) or water vapor is added (Patent No. US5826500A). The
stages can be implemented both on single-screw presses (Patent
Nos. US4271754A) and on cascade presses consisting of several single- or
twin-screw presses connected in series (Patent Nos. US5826500A,
CN211441285U, CN213648783U, Patent Application Nos. WO97/
03577A1, EP0840557A1).

The easy-to-maintain two-stage press contains mounted in one unit
one above two traditional single-screw presses with oil extraction at each
stage (Patent CN214164142U).

In a compact two-stage press, from the outside of the barrels of a
traditional single-screw press of the first stage of pressing, a rotating
cylindrical die with a spiral winding is mounted on its inner surface to form
a second pressing zone (Patent No. CN113927939A). After the first stage
of pressing, the cake, passing to the area of the second stage of pressing,
significantly loosens, which contributes to the maximum yield of oil.

According to the possibility of movement in space, there are
stationary and mobile (mobile) presses.

Mobile presses are usually made portable and used in private
households and less often in industry with the possibility of placing them
on a vehicle for prompt delivery to the source of oil raw materials that need
processing (Patent No. CH686880A5).

Movable single-screw presses are mounted on the wheel track (Patent
Nos. CN208324324U, CN213006711U, CN211105799U).
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The mobile press unit, which is also mounted on the wheel track,
contains two single-screw presses located one above the other and provides
a high depth of oil extraction (Patent No. CN205736098U).

The wheel-mounted mobile baler contains one loading hopper and two
single-screw  balers with a common screw drive (Patent
No. CN216941937U). Such a constructive solution significantly reduces
overall dimensions and material capacity of the press and increases its
productivity.

According to availability of a device for adjusting the output cakes
(back pressure valve), there are presses without this device and with such a
device.

The most common device for adjusting the cake release (throttle
element) is an inverted locking cone, which is fixed directly on the screw in
the form of a mandrel and rotates with it (Patent No. UA3682C2) or on the
body of the press in the form of a matrix or sleeve (Patent Nos.
CN107856337A, CN114290736A, CN201165057Y, CN203792748U,
CN214395567U, CN216804522U, CN2644153Y, Author’s Certificate No.
SU1194689A1). Adjusting the width of the annular channel between the
closing cone and the matrix is usually carried out by changing the position
of the matrix along the axis of the screw. A screw design with a removable
locking cone fixed on the screw core with the possibility of adjusting its
position along the screw was also developed; at the same time, it is possible
to change the standard size of the locking cone for processing different oil
raw materials [38].

To prevent overheating of the cake at the exit from the press, the
matrix of the means for adjusting the release of the cake is made cooled
(Patent No. CN213291432U).

Also, the closing cone can be made not inverted, but straight (that is,
converging in the direction of pressing), however, a straight cone increases
the probability of clogging the output channel of the screw with cake
(Patent UA29972A). At the same time, the movable conical sleeve is
equipped with a hydropneumatic spring (Author’s Certificate
No. SU643354A1) for adjusting the size of the annular closing gap and
automatically maintaining a constant pressing pressure.

The locking cone is fixed on the body of the press with the help of a
spring that presses it against the matrix, while the spring is installed with a
locking both in the cone and in the adjusting nut (Patent No. UA6535U).
By rotating the nut, the force of pressing the locking cone against the
matrix is changed. During the operation of the press, under the influence of
the pressure from the processed oil raw material, the spring is compressed,
and the cone moves away from the matrix, forming an annular gap between
the cone and the matrix for the exit of the cake.
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The press device for adjusting the cake output is made in the form of a
double-conical fixed matrix, in one conical part of which there is a conical
tip of the screw, and in the second — a conical tip of a rotating mandrel
installed with the possibility of adjusting its axial position (Patent No.
RU2430147C1). By changing the axial position of the mandrel and the
frequency of its rotation, the hydraulic resistance of the annular channel for
the release of cake is regulated. The disadvantage of the design is the
significant hydraulic resistance of the confusor-cylindrical-diffuser channel
of the matrix.

Also, the locking element can be made in the form of a sphere, a
barrel, an ellipsoid, an elliptical paraboloid, a homogeneous hyperboloid,
etc. (Patent No. US836701A).

The regulating device at the outlet of the channel of the single-screw
press is made in the form of a washer with an adjustable cross-section of
the passage channels, which can be blocked individually or in groups
(Patent No. DE19715357C1).

In Patent No. GB1506455A, it is proposed to move not the cone, but
the matrix, made in the form of an annular nozzle of the barrel, to adjust the
exhaust ring nozzle (Fig. 30).

YIIII/7 777777777

Fig. 30. Device for adjusting the output of the cake from the screw press
(Patent No. GB1506455A)

According to the availability of additional means for processing oily
raw materials or products of its pressing, there are presses without such
means and with such means.

The tip of the screw of the press is connected to the generator of
ultrasonic vibrations, which makes it possible to increase the yield of oil
from vegetable raw materials (Patent No. RU2296153C1).

It is also proposed to place the generator of ultrasonic vibrations on
the barrel of the single-screw press (Patent No. CN213137917U).

A press with a locking matrix equipped with an ultrasonic emitter of
electromagnetic vibrations to increase oil removal (Patent No. UA72160U).

To increase productivity during pressing, plant raw materials are
recommended to be moistened (Patent No. KZ25818A4). For this, water is
fed into the working channel of the press, for example, by spraying through
nozzles. Under the influence of high pressure and temperature, water turns
into steam, which creates a porous structure of the processed raw material
and facilitates deep and easy extraction of oil.
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A press with a screw equipped with a rotary impact drive (Patent
No. UA27403U). The disadvantage of the design is significant dynamic
loads on both the screw and its thrust bearing.

In the loading hopper of the press, a device for atomizing water vapor
IS mounted, which contributes to the heat-moisture treatment of the raw oil
raw material (Patent No. UA147470U).

The single-screw press with the function of sterilizing the received oil
contains an ultraviolet lamp for irradiating the oil (Patent
No. CN215791927U).

The screw press is equipped with a mesh filter for pre-cleaning the oil
from cake particles (Patent No. CN113733630A), while the filter can be
vacuumed to improve the filtering process (Patent No. CN201217275Y).
Also, with the help of a vacuum, suction of oil from the working channel of
the press is accelerated (Patent No. CN212288875U).

The screw press is equipped with a means for pressing oil raw
materials in a nitrogen atmosphere (Patent No. CN212219407UV).
Displacing air oxygen with nitrogen from oil improves its stability and
increases its shelf life.

According to the place of oil output, presses with oil output, there are
through the barrel, through the screw, and simultaneous output through the
barrel and the screw.

Most often, the removal of oil squeezed from oily raw materials is
organized through a barrel, but it is proposed to remove oil also through a
hollow screw with transverse holes in the hollow core (Patent
Nos. UA63203C2, UA16277U).

A press with a simultaneous discharge through the oils of the barrel
and screw significantly complicates the design (Patent No. RU2173636C2).
At the same time, the core of the screw and the inner surface of the barrel
are made in the form of cones with the formation of an annular space
between them, converging in the direction of pressing (Fig. 31). A similar
technical solution is proposed in Patent No. RU2734521C1.
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Fig. 31. Scheme of t—he press with oil removal through the barrel
and screw (Patent No. RU2173636C2)
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According to the type of screw cutting, there are presses with screws
with single-start, double-start and multiple-start cutting. At the same time,
cutting can be both continuous and intermittent.

Increasing the number of screw cutting operations on the one hand
smooths out the impulsive nature of the cake leaving the press, and on the
other hand, it not only complicates the screw production, but also reduces
the volume of the working channel of the press, and therefore reduces its
productivity.

In addition to the above-mentioned designs of screw presses, other
numerous models of suitable equipment for pressing oil raw materials have
been developed, but unlike screw presses, they have not yet found
widespread use in practice.

Conclusions. Despite numerous developments in the field of press
equipment for pressing oil raw materials, single- and double-screw presses
that have been proven over many years, equipped with improved working
organs — screws and barrels, as well as auxiliary devices that improve the
operation of the presses, remain the most popular.

Oil and cake, obtained by pressing oil raw materials on screw presses,
are characterized by high consumer properties, therefore the development
of universal, as well as specialized (first of all taking into account the
peculiarities of oil raw materials) highly efficient designs of screw presses
for pressing oil raw materials remains an urgent task.
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I. MikyaboHoKk?
'Hanionanbuuii TexHivnmii yniepeurer YKpainu
«KniBcbknii nositexniynmii inctutyT imeni Iropst Cikopcbkoro»

KITACU®IKALIA TA AHAJII3 FOHCTPYKHII?'I INHEKOBHUX IIPECIB
AJ151 OJIIMHOI CHUPOBUHUA

Anomauyin

MeTtorw pochipkeHb Oylio BUKOHAHHS KPUTHUYHOTO aHali3y KOHCTPYKTHBHO-
TEXHOJIOTTYHOTO O(hOPMIICHHS MPOIIECY MOJTIMEPHUX 1 TYMOBHUX BIJIXOJIIB 32 JIOMIOMOTOIO
pi3aNbHUX MOAPIOHIOBAYIB.

Po3pobiieno  po3mmpeny kimacudikaimiro  pi3adbHUX — TOAPIOHIOBAYIB ISt
pYHHYBaHHS DI3HOMAaHITHUX MOOYTOBUX 1 MPOMHUCIOBHX MOJIMEPHUX 1 TYMOBHX
BIIXO/IB: 00’€MHUX, TOTOHHUX, JUCTOBUX 1 TUTIBKOBUX. BUKOHAHO KPUTHUYHHMA OTJIST
HaAMOLIBII XapakTepHUX KOHCTPYKIIH pi3albHUX MOAPIOHIOBAUiB, 3alPONOHOBAHUX
HAYKOBIIIMH, KOHCTPYKTOpaMU i BUHAXITHUKAMH MIPOBIIHUX KpaiH CBITY.

KoHcTpykuii  mpoaHami3oBaHO — 3aJIeKHO  BiJl NPHHLIUIY IE€PETBOPEHHS
00poOIIOBaHUX BIIXOJIIB, XapakTepy il pi3aJbHOTO IHCTpyMEHTa Ha 0OpOOIrOBaHUN
MaTepiall B 4aci, TEXHOJOTIYHOI oneparii pi3aHHs, KIIbKOCTI CTa il OAPIOHEHHS, THITY
pyXy poOoyoro opraHa, CTyIEHs YHIBEPCAIBHOCTI OOpOOJICHHS BiAXoAiB, (GopMu
poropa (poTOpiB), po3TamIyBaHHS OCi poropa (oced poTopiB) y MmpocTopi, GopmMu
PYXOMHUX pI3aJIbHUX €JIEMEHTIB POTOPHUX IMOAPIOHIOBAYIB, TeMIIepaTypu 0OpOOICHHS
BIJIXOJIIB, a TAKOX CTYIEHS MOOLTBLHOCTI MOIpiOHIOBaYa. BUKOHAHO KPUTHYHHIA aHAII3
HE JIMIIE KJIACUYHUX, a W IHHOBAIIMHMX KOHCTPYKIIH MOpiOHIOBAUiB, HaBEACHHUX Y
MATeHTHHX JIOKyMEHTaX MPOBIIHUX KpaiH CBITY.

AHaJti3 cy4acHOT0 CTaHy 1 MEePCIEKTUB BUKOPUCTAHHS Pi3aIbHUX TOIPIOHIOBAYiB
NOJIMEpHUX 1 TYMOBHX BIAXOJIB CBIMYWTH, IO NOAPIOHIOBAYi I[LOTO THITY
3aJIMINAIOThC W HAHOMMKYOMY MalOyTHBOMY 3aJIMIIATUMYTHCS OCHOBHHM BHJIOM
oOnajiHaHHS N7 PYWHYBaHHS IOJIMEPBMICHHX BIJIXOJIB 3 METOI0 IX TOJAJIBIIOTO
nepepobneHas ¢izmuauMEu MeTogamu. OCHOBHI 3yCHJUIS TIPU I[bOMY CIPSIMOBaHO Ha
CTBOPEHHSI yHIBEpCAJbHUX MOJAPIOHIOBAYIB, 3MaTHUX MEPEpOOIATH BiIXOAM PI3HOTO
TUTIOPO3MIPY 3 Pi3HUX TOJIIMEPIB Ta €IaCTOMEPIB, a TAKOXK MAKCHMAJIBHO M030aBICHUX
HEJIOJIKIB TPAJAULIHHUX Pi3aJIbHUX MOAPIOHIOBAYIB, TIEpEAyCiM BHCOKOTO PIBHA IIYMY
Ta BIJIHOCHO HU3bKOI CTIMKOCTI pi3ajJbHUX €JIICMEHTIB.

Kniouosi cnosa: omniliHa CUPOBHHA, OJis, WIHEKOBI TIpecH, KiacuQikallis,
KOHCTPYKITIi.
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