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The object of research is the development of applying a consistency to a vertical surface using an automated
device. One of the most problematic places is the poor quality of work at height and the danger associated with
the life of workers. Currently, there is only a manual and semi-mechanized method of applying the mixture to
a vertical surface. When applying plaster to a vertical surface inside a building, some countries use a plastering
robot. In this case, the work is done with high quality and is serviced by two workers. Therefore, when studying
this issue, the authors decided to develop a device with which it is possible to perform work on applying to a verti-
cal surface from the outside of the building with high quality.

In the course of the study, technological maps were used, on the basis of which estimates were developed, which
showed that the introduction of new technologies makes it possible to obtain up to 20 % cost savings on works,
equipment and mechanisms. An economic effect was obtained from the developed technology. This is due to the fact
that the proposed technology makes it possible to reduce the cost of work using the developed equipment, since the
equipment serves 3 workers, namely 1 operator and 2 workers servicing this equipment. The proposed equipment
has a number of features that make it possible to additionally mix the mixture at the outlet, edit the supply of
the mixture, apply the required thickness evenly, in particular, control the quality of work. This makes it possible
to choose the inclination angle, the thickness of the mixture and obtain indicators of the strength of the mixture
and the number of losses. Compared to similar known methods, the mixture is fed automatically, which provides
advantages such as quality control, safety precautions and reduces the risk of loss of life.
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1. Introduction

When applying mixtures to a vertical surface, it is not
always advisable to use stationary equipment from an eco-
nomic point of view or because of the complexity of the
technology.

First of all, this is due to the danger when working at
height, poor-quality application, cost overruns of materials
and funds. For a small volume in small areas, assembly clim-
bers are used (Fig. 1).

In this case, it is necessary to control not only the perfor-
mance of high-quality work, but also compliance with safety
regulations [1, 2]. In some countries of the world, a plastering
robot is used for finishing works in new construction [3-5].
Therefore, in some cases, when applying mixtures to a vertical
surface, it will be more efficient to use other types of equipment.

Therefore, it is relevant to develop a technological pro-
cess for applying to a vertical surface using equipment that
will allow performing work efficiently and reducing the risk
to workers.

a b

Fig. 1. Photo-fragment of application of the mixture: a — equipment adjustment; 5 — equipment cleaning;
c — process of applying the mixture to a vertical surface
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Thus, the object of research is the technology of applying
a mixture to a vertical surface using an automated device.
The aim of research is to develop a technology for apply-
ing a mixture to a vertical surface using the mechanism
proposed in the work, which will allow performing work
at height with high quality and without human casualties.

2. Research methodology

The authors of [6, 7] worked in this direction. 3D prin-
ters have been developed for application on a vertical sur-
face [8—10]. But their use is limited. After analyzing the
existing information [1, 11, 12], the authors tried to develop
a device that will help to perform a set of works (cleaning,
priming and applying the mixture) and will reduce the dura-
tion, improve the quality of the work, and reduce the risks
of workers at height.

The authors have developed the device «Portal». It in-
cludes two blocks. At the same time, the first block is the
main one, which provides autonomous operation; the second
block is a semi-block that can be extended into the first block
and cannot work autonomously. There may be several such
semi-blocks, depending on the length of the object (Fig. 2).

The portal is an autonomous frame and semi-frame. It
consists of a longitudinal deflection (portal), rack. Racks
relative to the vertical are installed with an inclination to
provide a more stable state, forming an anchor element.
Racks are connected by a shelf. The shelf provides a rigid
connection of two oppositely located end anchor elements,
respectively, of the bottom; top; semi-portal.

For free movement around the place of work, the «Portal»
has wheels in the form of articulated joints and laying on the
floor. To reduce the load, the rails can be laid on sleepers.

In the upper part of the «Portal> at specially defined
points, plates are rigidly welded, on which portable screw
jacks are installed. The joint work of the main block and
the semi-block is provided with a swivel connection using
connecting strips.

The «Portal» is equipped with a movable graduated
element in the form of a toothed hemisphere, on running
carts, on which, both the first block and the second block,
devices for intensifying the spraying of the fluid mixture
can be installed.

In connection with the work that can be performed at
different heights, the portal is made in the form of stackable
various constituent structural elements.

Holding on the weight of the devices for spraying the mix-
ture on a vertical surface is carried out with the help of cables.

Rigging work is carried out with the help of a winch,
with stops, including a ratchet wheel, a shaft, a pawl, an
axle, a spring, various types of grip, etc. These equipments
do not prevent the lifting of the load, but exclude the
possibility of its spontaneous descent under its own weight.

For the manufacture of structures, steel alloys are used
in accordance with the current standards for specific ele-
ments, depending on the operating conditions.

The portal works as follows. To perform work at height,
let’s suggest using a device for intensifying the spraying
of the mixture, with which it is possible to clean, prime
and apply the mixture.

The portal is mounted on the vertical surface of the build-
ing as follows. Directions are set on the roof and along the
building in which the portal will move. Next, a portal is moun-
ted — a frame, to which a device is attached to the cables for
cleaning, priming and applying the mixture. On the top of the
frame of the portal there are fasteners with which the nozzle
can move from top to bottom without changing the path.

After connecting the system, perform the following work
at height. Namely: cleaning the surface, priming and apply-
ing the mixture. Fig. 2, b shows section 1-1 (scheme of
equipment operation).

To perform work (Fig. 3), the required mixture is fed
through a branch pipe having a hinged-layer or rigid connec-
tion with a hollow shaft and then into the housing, on which
a screw of direct and reverse action is freely mounted. When
connected, they begin to rotate in different directions, and
special spacer clamps ensure their design position, while the
hollow shaft rests on the plugs, which are boundary housings.

The mixture gradually moves to the humidification zone,
where water is supplied through the holes located on a certain
section of the shaft (if necessary). Further, under the action
of acceleration, the mixture moves to the reverse screw, which
is fed to the corresponding part of the building. In order
to regulate the amount of the supplied mixture, the nozzle
has a set of replaceable valves and, accordingly, increase or
decrease the opening and the amount of the supplied mixture.

a

b

Fig. 2. Device for performing work on applying the mixture to a vertical surface: a — scheme of the «Portal»; b — section 1-1 (scheme of equipment
operation); 1 — portal; 2 — rack; 3 — connecting shelf; 4 — rail; 5 — wheel; 6 — sleepers; 7 — jacks; 8 — connecting strip; 9 — semi-portal; 10 — building;
11 — grips to hold the device; 12 — swivel portal; 13 — hinged connection of the connecting strip; 14 — device for intensifying the spraying of
a fluid mixture; 15 — moving the device vertically (from top to bottom, and vice versa); 16 — running carts; 17 — winch
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c

Fig. 3. A device for intensifying the spraying of a fluid mixture:
a — general view; b — internal organ; ¢ — top view; 1 — mixture supply
pipe; 2 — body; 3 — hinged-layer connection; 4 — screw direct action;
5 — reverse screw; B — spacer latch; 7 — hollow shaft; 8 — through holes;
9 — plug; 10 - nozzle; 11 — damper

At the same time, to increase the feed rate of the cor-
responding mixture, the nozzle is installed perpendicular
to the axis of the hollow shaft.

These technical features ensure the use of the proposed
technical solution in construction based on the following
advantages:

— the quality of intensification of the spray mixture

is improved,

— it becomes possible to adjust the amount, and there-

fore the speed of the mixture, by using one of the

dampers;

— the serviceability is increased, ensuring that such

a «Device...» meets the criterion «Industrial suitability»;

— improving the quality of work at height.

New in the development is the use of mixing elements,
freely rotating in different directions at the same time,
and the placement of the nozzle perpendicular to the axis
of the hollow shaft.

3. Research results and discussion

When performing laboratory studies, the following re-
sults were obtained: the distance from the nozzle to the
vertical surface was from 0.8 to 1.2 m, while the amount
of rebound ranged from 17.2 to 16.4 %.

Based on the results obtained, a graph of the strength
dependences of the mixture and the amount of losses on
the inclination angle of the nozzle to the surface was plot-
ted (Fig. 4).

P, %

0 5 10 15 20 25 30 35

Nozzle tilt angle between normal and vertical surface, deg

Fig. 4. Graph of dependences of the strength of the mixture and the
amount of losses on the inclination angle of the nozzle to the vertical
surface: 1, 2 — ultimate compressive strength, A;, MPa; 3, 4, 5 — amount
of losses, P, % (3 — layer strip thickness 30 pm, 1, 4 — mixture layer
strip thickness 50 pm, 2, 5 — layer strip thickness 80 pum)

Analysis of Fig. 4 showed that the strength of the mix-
ture and the amount of losses depend on the inclination
angle of the nozzle and the thickness of the laid layer. With
a mixture layer thickness of 50 um and an inclination angle
of 150 to 250, the amount of losses reaches a minimum level
of 8.5-9.5 %, and the ultimate strength is 37-39 MPa. In
the engineering sense, such an inclination angle is optimal
in terms of the criteria for assessing the strength of the
mixture with the surface and the amount of mixture loss.

When choosing the technology for applying the mixture
to a vertical surface, the following schemes were consid-
ered: perpendicular-rectilinear, perpendicular-circular, and
inclined-rectilinear (Fig. 5).

For these schemes, the optimal combinations of applying
the concrete mix were chosen: with a perpendicular-rectilinear
application, the nozzle inclination angle was chosen to be 90°;
the layer thickness was 30 pm. With circular rotation, at
least two coats must be applied. This is due to the per-
pendicular-circular movement, since the layers are laid un-
evenly on the surface. Therefore, by applying two layers,
a uniform application thickness of 50 um can be achieved.
In the case of rectilinear oblique movement, the optimal incli-
nation angle is 20° and the thickness is 80 um. In this case,
the amount of losses is minimal; the particles of the mixture
penetrate deep over the surface, so the strength is maximum.

The calculation is made for the following schemes:

a) formation of a uniform layer of the mixture along
the height with circular movements of the nozzle perpen-
dicular to the surface:

Vi=V-cose,

where @ — the nozzle inclination angle, =0-45° V — the
speed of the mixture, m/s;

b) formation of a layer of the cross section of a single
strip, approaching an isosceles triangle with a rounded top.
The velocity vector Vi, which determines the depth of
penetration of particles into the formed layer, is equal to:

Vi=V-cos(oty),
where B — the angle between the velocity vector V and Vi,

o — the strip inclination angle; y — thencidence angle of the
peripheral particle;

s
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Fig. 5. Schemes for the formation of a separate strip of a layer of material: a — perpendicular-rectilinear; 5 — perpendicular-circular;
¢ — obliquely rectilinear; 1 — nozzle; 2 — molding layer; /' — the particle velocity vector; V; and V; — the normal and tangential
components of the vector; B, § — the width and height of the strip; o0 — the slope angle of the strip; B — the angle of meeting
of the part with the slope of the strip; ¥ — the angle of incidence of mixture parts

¢) the formation of a uniform paint layer along the
height with circular movements of the nozzle perpendicular
to the vertical surface:

tgp=(2-8)/B,

where 8 — the thickness of the material layer, mm; ¢ — the
inclination angle of the nozzle from the vertical; B — the
width of a single strip of material.

Table 1 shows the optimal combinations of the layer
thickness and the inclination angle of the nozzle axis to
the surface and considers the technological schemes of
deposition.

Tahle 1
Optimal combinations
Inclination angle of the
No. | Technological schemes Layer thick- | nozzle from the normal
ness, mm to the surface of the
structure, degrees

1 | perpendicular-rectilinear 30 90
2 | perpendicular-circular 50 90
3 | oblique-rectilinear 80 20

An analysis of different methods showed that the most
acceptable organization of the technological process of
applying a mixture to a vertical surface is the method of
supply using the proposed device [13—15]. This allows in-
creasing labor productivity and performing work efficiently,
since the work is performed by suspended equipment, and
it controls the work of the operator.

The use of new types of equipment has limitations in
the use of the height of the structure, terrain, support base
and the possibility of support from above the structure.
To work without relying on the top of the structure, it
is necessary to make U-shaped portals with double sup-
port on the ground. The use of this technology requires
additional justification and research.

4. Conclusions

In the course of the study, an economic effect was
obtained from the developed technology. This is due to the

fact that the proposed technology makes it possible to
reduce the cost of work using the equipment developed
by the authors, since the equipment serves 3 workers,
namely 1 operator and 2 workers servicing this equip-
ment. The proposed equipment has a number of features
that make it possible to additionally mix the mixture
at the outlet, edit the supply of the mixture, apply the
required thickness evenly, in particular, control the quality
of work. This makes it possible to choose the inclination
angle, the thickness of the mixture and obtain indica-
tors of the strength of the mixture and the number of
losses. Compared to similar known methods, the mixture
is fed automatically, which provides advantages such as
quality control, safety precautions and reduces the risk
of loss of life.
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