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Abstract: The extraction of oil from oilseed material by mechanical pressing is carried out in special machines called mechanical presses. The press's primary component
sections are the transmission, press bearings, feed area, press chamber, screw, and barrel output. The screw plays a crucial role in a press's operation. A rotating helical body
(screw) inside a cylinder—shaped enclosed space produces the pressing force (pressing chamber) in mechanical presses. In this article, we have designed the screw of an oil
press to obtain oil from grape seeds. To make the 3D model, we used SolidWorks software, after which we also simulated the model under stress conditions. In the first phase,
the behavior of the 3D model will be simulated for the screw with which a small press is equipped, a model most often used in farms for obtaining oil. Later we also simulated
a screw model with a larger pitch to observe the differences in behavior between them. In this paper, we show whether the different pitch of the screw press models

influences their degree of erosion and fatigue.
Keywords: grape seeds, Solidworks, screw press, simulation

INTRODUCTION

The extraction of oil from oilseed material by mechanical

pressing is carried out in special machines called

mechanical presses. These machines fall into two main
categories: hydraulic presses and auger presses.

Hydraulic presses, so called because they are operated by

liquid pressure, were first made in England and patented

by Joseph Bromah in 1795. The working pressure, in these
presses, is applied to a stationary mass by means of
levers, jacks or hydraulic cylinders, and the oil removed
from the compressed oily material is collected by rings at

the bottom, (Bargale, 1997).

V. D. Anderson created the first screw press in the United

States in 1900. In contrast to hydraulic presses, this press

allowed operations to be carried out continuously,

processing higher capacity with less equipment and less
work, (P. Evon et. al, 2009; C.N. Okoye et. al, 2008). Thus,
screw presses have gradually replaced hydraulic presses in

oil extraction units, (R.P. Hutchins et. Al, 1949).

Mechanical presses are grouped into the following

categories based on the degree of oil separation (more

specifically, the amount of oil still in the broken), (Milea D.,

et. al, 2018):

B pre- or ante-press presses that guarantee the
separation of 75-85% of the oil; these presses are
made for moderate pre—press (with 18-22% oil in the
broken) or advanced ante—press (with 12-14% oil in the

broken); the latter kind may process 50% more seed
while operating in moderate pressing mode;

presses used for final pressing, which eject shattered
objects with 3-5% oil;

double action presses combine two pressing chambers
in one machine to perform the final pressing and the
pre-pressing.

The press’s primary component sections are the
transmission, press bearings, feed area, press chamber,
screw, and barrel output. The press drive’s main function
is to transfer power from the press auger to the electric
drive motor. Because it needs to be situated in the
coolest, cleanest, and most effective region feasible for
the best performance, the transmission is placed before
the press feed area, where the pressure is the lowest,
(Choi, Y. et. al, 2009).

The feed area is compounded from the food connection,
horizontal feed zone, and vertical feed zone. A conveyor
auger is located between the two zones, and the
horizontal zone’s screw speed variation allows the press’s
material feed rate to change, (M.O. Faborode et. al, 1993).
The pressing chamber for industrial press models is of the
slotted drum type (Figure1). This type of pressing
chamber consists of metal bars arranged side by side and
separated by spacers to create oil discharge slots. The
perforated cylinder press chamber (Figure 1), a different
type of press chamber, consists of a cylinder with oil

99|FASCICULE ¢




ACTA TECHNICA CORVINIENSIS - BULLETIN OF ENGINEERING
TOME XVI [2023] | FASCICULE 3 [JULY - SEPTEMBER]

discharge ports in the form of milling holes placed in a
certain location of the cylinder. As one gets closer to the
discharge end, the compressive forces generated in the
press chamber increase. Oil is driven through the
perforations in the cylinder and discharged from the seed
close to them. The oil is released from the press as pellets
through the discharge end, which is made of replaceable
nozzles. To prevent clogging of the barrel at the outflow,
the nozzles are typically heated, (M.O. Faborode et. dl,

1993).

ndustrial press chamber

Pressing
chamber

™~

Figure 1—Tow models of pressing champers (E. Ferchau, 2000, J.B. Xiao et. al,2007)

The screw plays a crucial role in a press’s operation. A
rotating helical body (screw) inside a cylinder-shaped
enclosed space produces the pressing force (pressing
chamber) in mechanical presses. The helical coil can be
produced separately and welded to a tubular shaft or a
solid shaft, or the screw can be created by spinning a
cylindrical bar (the material matching the helical groove is
removed). The design of the screw assembly is crucial for
a successful press since it must consider how to produce
high—quality oil and barrels with the least amount of
energy. Different screw configurations are possible; some
fundamental auger configurations are listed here, Figure 2.
The screw variations with a diameter of and perhaps with
variable pitch are thought to be inexpensive, (V.V. Jinescu,
2007), as variable diameter design variants are pricey.

Screw with constant diameter D and constant pitch §

T
v N,
£ : =

Screw
configurations

Conical profile screw

Serew with constant diameter and variable pitch (a]
and Screw with conical profile and variable pitch (b)

(2)

Figure 2 — Multiple models of the screw (V. V. Jinescu, 2007, . San; 2006)
For this paper, we used the screw from a small press with
a continuous pitch and a conical profile as a model. The
screw has been 3d modeled and subjected to a
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simulation. The screw press’s design has a significant
impact on the amount and calibre of oil produced, (Yaolin,
1981). The pressing screw is a component of an assembly,
and it is the most crucial component. It functions under
the influence of friction forces from oil-based materials
and various types of resistance forces, with surface wear
and screw tooth fracture serving as the primary failure
modes, (Xuege Zhang et al. 2012; Yanan Pi et. al, 1996).
MATERIALS AND METHOD

The oil press used as @a model in these papers is presented in
Figures. Is a press whit a small working capacity, suitable for
farms that want to obtain cold—pressed oil from various
oilseeds.

Figure 3 — Small screw press
For this screw press, we have two screws with different
pitches, Figure4, which have been 3D designed in the
SolidWorks program.

Figure 4 — Two screws with different pitches
After the 3D design of the two screw models, we prepared
the part for its torsion simulation. We selected the material
from which the screw is made, namely AISI 316 — Stainless
Steel. This is steel that can be used for equipment in the
food industry and has the properties shown in Figure 5.

Material properties
Materials in the default library can not be edited, You must first copy the material
10 3 custom library to edit it,

Linear Efastic Isotropic ~ Save model type in library
S1-N/m*2 (Pa) ~
Steel
AIS| 316 Annealed Stainless Stee

Max von Mises Stress

value Units
1.925999574e 11 |N/m*2
03 /A

Thermal Conductivity

Figure 5a — Material properties AlSI 316 — Stainless Steel
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Figure 5b — Material properties AlSI 316 — Stainless Steel
The next step was to fix the screw and apply 5Nm torque
on allits surface, like in Figure 6.

Figure 6 — 3D model of screw
A very important stage of design analysis is meshing. The
software’s automatic mesher creates a mesh based on the
specifications for the global element size, tolerance, and
local mesh control.

Figure 7 — Mesh of screw

RESULTS

The six components of stress are used to calculate von
Mises stresses using the von Mises stress plot. The von
Mises stress results are traditionally calculated using only
the positive values of the stress components since the
results of linear dynamic harmonic studies are generated for
the greatest steady—state oscillation amplitude. When one
stress component is positive and another is negative, there
may be "stress phase offsets." According to the von Mises
equation, the square of the difference between the values
of a positive and negative stress component may be greater
than the difference between the values of a positive and
negative stress component.

Given that the screw is embedded in the thinnest end, the
toque motion makes the screw have the most constricted
area in the screw fixing area. According to the von Mises
diagram, in the case of the larger pitch screw, the values
shown are higher than for the 1omm pitch screw. The
difference can also be seenin Figure 9, in which samples are
taken along the screw and the maximum point of the screw
is shown.
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Figure 8 — von Mises stresses of screw: a) 10 mm pitch; b) 18 mm pitch.
(a)
(b)

Figure 9 — Samples along the screw: a) 10 mm pitch; b) 18 mm pitch
It is clear that the stress is primarily concentrated at the side
and root of the screw flight, increases spirally, and peaks at
the root position close to the screw end. This pattern
closely resembles the results of the strength check
calculation and corresponds to the real loading conditions.
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Figure 10. Displacement along the screw: a) 10 mm pitch; b) 18 mm pitch
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CONCLUSIONS

Taking a typical screw press as an example, a simplified
three-dimensional model of its pressing screw was
established, and then a static calculation was done for
this model using the finite element method to obtain its
continuous deformation and stress distribution. This was
done in consideration of the complexity and drawbacks
of the traditional analysis and check method for the
pressing screw.

According to this study, the pressing screw’s stress
mostly develops at the side and root of its screw flight,
rises with the spiral, and peaks close to the root end. The
interaction of the axial force and circumferential force
results in this stress concentration state. It can be
efficiently resolved by changing the design of the
structure, selecting different materials, upgrading the
processing procedures, or employing different heat
treatment methods, hence increasing the security and
dependability of the entire system.

Using the finite element method can save a significant
amount of processing time and allow for direct
observation of the object’s deformation and stress
distribution in comparison to the traditional design,
analysis, and check procedure. It significantly increases
design efficiency and dependability and serves as a
crucial point of reference for structural design.
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