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ENSURING GEOMETRIC ACCURACY WHEN GRINDING NON -RIGID SHAFTS

Low stiffness shafts are shafts with a lengttdiameter ratio of more than 10. Due to
their low stiffness, when machining under the influence of radial cutting forces, the axis of the
workpiece is distorted, forming a barsiaped profile with an incrsa in diameter from the
edges to the middle of the cressction. To achieve the required geometric accuracy it is
necessary to make several passes, which reduces machining productivity. Developing
techniques to ensure accuracy in machining such partslesdmportant.

The occurrence of barrshape in machining of low rigid shafts is due to deflection of
the workpiece under the action of mainly radial cutting forces. The solution to the part accuracy
problem has two aspects: 1) reducing cutting forces; 2) increasisatifthess of the machining
system to reduce workpiece deformation.

The second aspect is most often solved by using movable or fixed lunettes that provide
additional support to reduce workpiece deflection. Reduction of cutting forces can be achieved
by changing the machining pattern to change the direction of the cuitice Vector, using
grinding wheels with suitable characteristics, ensuring high cutting capacity of the wheel and
setting optimal cutting conditions.

The grinding process exhibits the same physical forces as other cutting methods, but
their effects are greatly reduced due to small cut sizes and high cutting speeds. Cutting force R,
decomposing into three componen®z, Ry, Rx, is the sum of elementdoyces due to the
action of abrasive grains. The radial force Ru is of the greatest importance, exceeding the force
Pz by 1,5...3 times. This is explained by the fact that the abrasive grains have a negative angle,
which significantly increases the radiatce Ry.

When grinding shafts, three basic methods are usually used: longitudinal feed grinding,
plunge grinding and deep grinding (Fig. 1).

1\
Sxp}

Figure 1- cylindrical grinding: longitudinal grinding (a), plunge grinding (b), depth
grinding (c). [1]

The first grinding method, which uses a longitudinal feed, is performed by moving the
workpiece in a reciprocating motion relative to the grinding wheel. For each return stroke of
the table with the workpiece, théheel is displaced to the center of the workpiece by 0,005 to
0,02 mm. An illustration of this method is shown in Fig 1, a [1].

Plunge grinding is performed using a wheel whose width exceeds the length of the
machined area (Fig. 1, b). In this case, the wheel has only transverse feed. This method is more
efficient than grinding with longitudinal feed and is therefore used in nmaksighvolume
production [1].
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Depth grinding (Fig. 1, c) allows removing a layer of material in one pass to the full
required depth. A conical section with a length efl2 mm is formed on the grinding wheel.
During grinding, the conical section removes the bulk of the cut layerfhendylindrical
section cleans the machined surface. There is no transverse feed.

According to [3], during depth grinding the forces Py and Pz decrease by a factor of
1,95...2,12, while the force Px increases. Experiments demonstrate that when grinding with
longitudinal and transverse feeds at the same material removal rate, theidarige is
approximately the same. The ratio between radial and tangential forces is higher for longitudinal
feed than for plunge grinding.

The characteristics of the abrasive tool have a significant effect on the cutting forces in
grinding.

Self-sharpening of the wheel occurs during grinding. Dulled grains under the influence
of forces acting on them are torn out of the surface of the wheel (ligament) or destroyed, and
adjacent sharp grains or exposed sharp cutting edges come into plagst€harid more fully
self-sharpened the wheel, the lower the cutting forces, but there is a large consumption of
grinding wheels [2]. In general, as the hardness of the wheel increases, the grinding forces
increase.

The structure of the wheel has almost no effect on the cutting forces [3].

The cutting ability of the wheel depends on the machining conditions (cutting and
dressing mode, wheel characteristics, properties of the machined metal, etc.). The cutting ability
changes during the durability period of the wheel [2]. When grains arged|uheir ability to
penetrate into the machined surface decreases. Decrease in cutting ability slows down with
increasing mode, with increasing diameter of the wheel and the workpiece, with increasing size
of abrasive grains and impact toughness of thrasave, with decreasing longitudinal feed
during dressing. Reducing the cutting ability of the grinding wheel leads to an increase in
cutting forces.

Significant influence on cutting forces during grinding is exerted by machining modes.
On the basis of experimental data the empirical dependence [2] was obtained [2]

z= CXV’E‘)D,3682,1V(§),ISIO,22_
where Vd- workpiece speed at external cylindrical grinding, m/mir, opefficient depending
on workpiece material, heat treatment, grinding wheellépth of cut mm; s- longitudinal
feed in fractions of wheel width; x, y-zlegree indices; values of x, y, z are given in reference
books.

The degree indices in this formula show that the force Pz increases with increasing Vd,
t, s and decreases with increasing.V

The radial component of the cutting force has a decisive influence on the deflection of
the workpiece during cylindrical external grinding. The ratio between radial and tangential
grinding forces varies in the range of 1,6...3 [3].

To ensure geometric accuracy when grinding small rigid shafts, it is necessary to ensure
a rational combination of machining conditions. During grinding it is necessary to reduce the
value of the workpiece speed, feed and depth of cut and increase thespédsee
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ENSURING THE EFFICIENT FUNCTIONING OF THE SUPPLY CHAIN IN
CONDITIONS OF UNCERTAIN DEMAND

Several modes of transportation are commonly used in the transportation of goods, including
road, rail, water, and air. Each mode of transportation has its own unique advantages and
disadvantages, so it is important to choose the appropriate mode depenthiaghature of the
cargo and its destination. Logistics and supply chain management play a crucial role in complex
transportation systems for the transportation of goods. The essence of the logistics system is
defined as the unity of all links in thatrsport and technological chain, which allows to ensure
the delivery of goods in accordance with orders.

The main characteristic in supply chain management is the value chain. Effective supply
chain management is one of the tools of effective management, and therefore increasing
business profitability in various areas of business. Effective management afswgbly chain
is critical for businesses to remain competitive and meet customer demands.

The first argument in favor of effective supply chain management is cost reduction. By
optimizing the supply chain, businesses can minimize waste, reduce inventory costs and
optimize operations. The second argument is to avoid failures. Disruptions canseel by a
number of factors, such as natural disasters, political instability or changes in regulations. The
third argument is the opportunity to become more sustainable. Sustainable supply chain
practices can reduce waste, emissions and improve a cgsypaputation. However, it is
argued that sustainable supply chain practices may not always be financially feasible.

Poor supplier management can lead to disruptions in the supply chain, which can cause
production delays, lost profits and unhappy customers. However, effective supplier
management can lead to cost savings, better prices, better terms and better payonent opt
When companies have good relationships with their suppliers, they can negotiate better prices
and terms, which can lead to cost savigective management of the supply chain is directly
related to the quality of cargo transportation. Their effecess is primarily related to the
introduction of advanced technologies and automation. The introduction of modern information
technologies and software allows to reduce the costs of logistics processes, increase the speed
of delivery, and improve inveoty management.

Also, an important factor in the effective activity of enterprises in the field of logistics is the
organization of a rational warehouse economy, that is, the most important aspect of efficient
freight transportation, and especially in conditions of uagast is the efficiency of the
warehouse. Warehouse operations are an integral part of the entire supply process. They provide
for the receipt, storage and movement of products in and out of the warehouse. Efficient
warehouse operations can help reducaspartation costs, increase delivery speed, and
improve customer satisfaction. To achieve the efficiency of warehouse operations, it is
important to have a wetirganized and optimized warehouse layout. Accurate inventory
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management ensures that products are available when needed, reducing the time and cost

as®ciated with being out of stockinally, effective communication and collaboration between
warehouse staff and other supply chain partners, such as transport providers, is vital.
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UDC 528.3

Valkova V., MasterGs degree student, specialty 193 Geodesy and Land Management
Academic Supervisor: Yevhenii Shylo, candidate of technical sciences, Associate
Professor of the Department of Engineering Geodesy
(Lviv Polytechnic National Universityviv, Ukraine)

CREATION OF A THREE -DIMENSIONAL POINT CLOUD MODEL OF THE

RESIDENTIAL COMPLEX "OZERA JOZEFA"

Geodetic works were carried out
The residential complex "Ozerdozefa" is an upscale, cldigpe building situated in a cozy
green corner of Lviv, near the Piskovi Ozera Park. The building has 6 floors and an underground
parking facility, accommodating only 20 apartments. The construction technology is based on

monolithc-frame construction.
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The building is equipped with a modern ventilated facade system, the main advantage of
which is the free circulation of air between the facing and the wall. This allows for the efficient
removal of moisture and condensation from the facade structure.igkddiinsulation is
provided by a layer of mineral wool. This system helps to retain heat in the rooms during winter
and prevent wall overheating in the summer. Additionally, it offers high sound insulation. To

develop the facade, windows, and door opegiinigis necessary to create a point cloud 3D

model of the structure.

For the control and transformation
the 3D model into the constructic
coordinate system, special marks
affixed to the facade of the building,
indicated in Figure 1 by black and r
circles. The red circles denote t
reference marks. Using the ifible M3
electronic theodolite and geodetic reve
sighting, the coordinates of the cont
marks were determined in the construct
site coordinate system.
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The next step involved conducting observations with the terrestrial laser scanner Leica

ScanStation C10, following the methodology outlinedfim[d B € O!

dzO 2 H|.jTlekz.layout of the scanning stations is illustrated in Figure 2.
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Figure 2i ai Scheme of the laser scanning network (orthogpnaloj ect i on) ,
of the laser scanning network (perspective projectiori), \Gew of the scanning station
placement in Leica REGISTER 360 software

3D scanning of facades is a modern method for conducting coordinate measurements and

acquiring data to construct thrdemensional digital models of objects. The scanning network

consisted of 28 stations, ensuring the representation of all necessanyratrleiments of the
building, as well as providing efficiency and ce$tectiveness in the conducted work. The
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