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1. Introduction

Conveyor transport is used in the state-of-the-art production systems to move materials and raw
materials over various distances with output of several thousand tons per hour. Conveyor transport
units operating in this system may consist of belt conveyors, bucket and screw conveyors, ensuring the
transport of material from storage sites to the processing plants [1].

Concept of a screw conveyor for vertical transport of loose material, based on the solutions of
conveyor systems used in technological lines of industrial plants [2], as well as innovative solutions
cited in the literature [3] are presented. The vertical working position means that the carried material is
more compressed during lifting and occupies a larger part of the trough than in the horizontal solution
[4,5]. The screw conveyor - which in this case plays the role of a lift - is to replace in the target
project, the bucket conveyor currently used in one of the plants. This conveyor is positioned at an
angle and due to its dimensions as it collides with state-of-the-art weighing devices installed for
modernization of a part of the production unit. The screw conveyor of the lifting height 6.8 m, will be
used to transport the raw material from the grate conveyor, operating on the lower level of the
production hall, to the crusher installed on its higher level. Then the raw material will be directed for
further processing.

2. Materials and Methods

Screw conveyors are used in the lime, cement, power, agricultural and food industries. As noted by
the authors of articles about screw conveyors, the transport of loose materials is a complex process and
depends not only on the parameters of the screw shaft or its enclosure, but also on the physical
properties of the transported material. Traditional computational methods allow for the selection of
each of the conveyor parameter with great precision for materials such as lime or cement, but when the
transported material has a tendency to crumble or is highly abrasive, then there may be problems
related to achieving the assumed efficiency [6]. The analysis of the screw conveyor efficiency
depending on the type of loose material was described in [7].

Generally, conveyors can be divided into inclined (Fig. 1) and vertical (Fig. 2) ones.

Screw conveyors are used as devices collecting material from various types of tanks and silos.
They are also used to dose the product in technological processes. Due to the closed structure, the
transported material can be isolated from the environment.

Fig. 1. Inclined screw conveyor [9]
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Fig. 2. Vertical screw conveyor with a feeder [10]

Screw conveyors are divided into two types: with closed trough and open trough. The former
usually have a trough in the shape of a tube or "U" shape with lids, while the latter have a "U" shape
(without lids).

The screw conveyor consists of a trough inside which there is a shaft with a wound screw ribbon.
The rotating shaft moves the transported material. The solution of screw conveyor is based on the so-
called Archimedes screw.

The feeder is driven by the screw shaft or directly by the screw (in the case of shaftless screws)

[8].

3. Results — concept of a new solution

The screw conveyor presented in this publication, serves as a vertical feeder in an industrial plant.
The conceptual drawing of the conveyor is shown in Fig. 3, while its spatial model with its main
components is shown in Fig. 4.
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Fig. 3. Conceptual drawing of the screw conveyor: 1 — base, 2 — feeding chamber,
3 — trough segments, 4 — screw shaft, 5 — drive unit, 6 — outlet stub
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Fig. 4. The spatial model of the conveyor: 1 — base, 2 — feeding chamber,
3 —trough segments, 4 — screw shaft, 5 — driving unit, 6 — outlet stub

Development of the device concept and then the spatial model required adopting a number of
assumptions regarding its technical parameters, assembly method and working conditions, such as the
following:

— conveyor output Q 20 t/n

— hight of material lifting H 6,8 m

— suggested range of the screw diameter D 400 +~ 600 mm
— screw pitch equal to its diameter S S=D

— screw troughs closed

— working position of the screw conveyor vertical

— assembly and installation of the screw conveyor in accordance with the requirements of
relevant standards and directives,

— operation of the device in a ventilated closed room,

— drive transmission from the motor to the screw shaft using a belt transmission.

The base of the conveyor (Fig. 4, Item 1) is made of two metal sheets and a steel block. The upper
sheet is made of OH18N9 stainless steel. The holes made in it will be used in detachable connection of
the base with the trough segment. The steel block (rectangular or cylindrical) contains a bearing seat
for the screw shaft and a lubricating channel.

The charging chamber (Fig. 4, item 2) is a tank made as a welded structure from OH18N9 stainless
steel, 2 mm thick and with overall dimensions depending on the surrounding conditions. It has been
assumed that the upper edge of the chamber will be located above the inlet in the lower segment of the
trough. Therefore, the feeding chamber also acts as a buffer for the material transported by the screw
conveyor, used in the case of increased feed from the previous conveyor or storage tank.
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The trough segments (Fig. 4, item 3) are tubular components made of OH18N9 stainless steel with
welded flanges for screwed connections. Flanges are made of two bent angles welded into a $664 mm
circle. Tubular components are made of metal sheet. After bending to form a pipe and welding, the
sheets are installed inside the flanges. A rubber gasket is expected to be used at the joints between
each segment. It has been assumed that all welded and screwed joints should be made as leakproof.
Installation of three pipe segments are planned, the lower and upper one have openings at the place of
the feeding channel and outlet stub.

The screw shaft (Fig. 4, item 4) is a rod, graded at the top and bottom bearings, and a pulley with
indentation for a prismatic key. Screw blades are welded to the shaft, forming a screw outline. It is
assumed that the method of joining each blade (e.g. butt or overlapping) will be determined in the final
conveyor design. The screw shaft is also expected to be made of OH18NO stainless steel.

The drive unit (Fig. 4, Item 5) is a combination of a two-stage gearmotor with an electric motor. On
the basis of preliminary calculations, to achieve the expected capacity of 20 t/h, use of the SK62-106M
geared motor from NORD Napedy Sp. z o.0., with a power of 9.2 kW and rotational speed of the
output shaft, equal to 201 rpm, was assumed. The driving torque will be transmitted to the screw shaft
through a belt transmission to achieve the required output of the device. The gear ratio of the belt
transmission was assumed to be approximately 1.09. The gearbox will be equipped with C-type V-
belts. Parameters such as the length and wrap angle as well as the size of the pulleys will be specified
in the final design. The gearmotor selected for use in the screw conveyor is shown in Fig. 5.

Fig. 5. SK62 type gearmotor [11]

The outlet stub (Fig. 4, item 6), similarly to the feeding chamber, is to be made of 2 mm thick metal
sheet with dimensions depending on the surrounding conditions. OH18N9 steel is a material used for
manufacture. It is possible to make the stub coaxially with the feeding chamber or according to the
turn of the production line, e.g. 45 degrees in the horizontal plane. Location of the outlet stub results
from the functional features of the conveyor, which can not only change the capacity, but also the
direction of the transport line.

4. Conclusions

Growing demand for various types of conveyors in many industries has resulted in the development
of specialization in their production. Conveyors, like other machines and technological devices, should
comply with specific requirements and principles of design, assembly and operation.

Screw conveyors are the conveyors used in many industries, including power, food and agriculture
industry.

The article presents the concept of a screw conveyor intended for transporting the loose material in
an industrial plant. Proper selection of components and the design of the conveyor enable achieving
the main requirements regarding the raw material transport with the assumed capacity of 20 t/h. Itis an
alternative solution to the inclined scraper conveyor and bucket elevating system, currently operating
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on the modernized section of the technological line for processing loose material in an industrial plant.
Replacing these two devices with one new generation transporter should bring the following benefits:
— additional free space will be created within the production hall, which can be used for the
installation of other devices of the technological line,
— use of a vertical conveyor will enable reducing the operating costs and servicing of the
modernized section of the technological line,
— the energy efficiency of devices operating in the area of the technological line will be
improved,
— the risk related to unplanned production downtime will be limited,
— the drive used in the screw conveyor will allow for smooth adjustment of the speed of material
feeding to the upper level of the hall, depending on the capacity required by production needs.
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