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A promising study is the design and improvement of machines for longitudinal cutting of materials with minimal energy
costs to perform the technological process of cutting due to the geometry of the cutting tool. The article considers the issues
of reducing energy costs for the process of longitudinal cutting when using a knife blade with an arcuate cross-section.
The analysis is carried out, the effective method of the analysis of influence of size of a backlash between generators
of transporting rollers and size of distance from a vertical axis of rotation of transporting rollers to an edge of a knife
blade with an arc-shaped cross section on the total size to determine the necessary settings in the machine of longitudinal
cutting for felt, as well as to verify the reliability of analytical and experimental models of the process of longitudinal cutting
with a knife with an arcuate cross-sectional shape. To determine the total amount of losses during longitudinal cutting
of the material and the number of losses due to friction of the material on the face of a fixed knife with an arcuate cross-
sectional shape, as well as linear cutting force, a two-factor experiment was conducted for the study model. The obtained
regression equations describe the total amount of losses during longitudinal cutting of the material and the number of losses
due to friction of the material on the face of a stationary knife with an arcuate cross-section, suggest the adequacy of analytical
and experimental models made earlier. Also make the necessary adjustments, namely, to adjust the degree of compression
of the material and set the edge of the knife blade relative to the vertical axis of the transport rollers to reduce friction losses
on the edge of the knife, which in turn reduces energy costs for longitudinal cutting. Comparing the total values of losses in
the longitudinal cutting of the material of a knife with one-sided sharpening and a knife with an arcuate cross-section, allows
you to talk about the feasibility of using a knife with an arcuate cross-section, which will reduce energy costs for the process.

Key words: running force, the total amount of losses, losses due to friction of the material, transporting rollers, knife
blade, longitudinal cutting.
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Introduction innovation attractiveness, sustainable development, as

Today, energy-saving technologies, reduction of energy
costs for production processes in general, as well as
at individual levels are of great interest at the state level,
which is further aimed at reducing production costs
and thus stimulating its demand. This position of enterprises
atthe state level contributes to the formation of energy-saving
resources and the formation of an efficient energy market.
The main goal of the development of mechanical engineering
in Ukraine is machine-building products with minimal energy
costs for the implementation of technological processes.
Therefore, a promising study is the design and improvement
of machines for longitudinal cutting of materials with minimal
energy costs to perform the technological process of cutting
due to the geometry of the cutting tool.

The formation of energy efficiency policy is a necessary
condition for the revival of national production, increasing

well as achieving European energy security standards. The
development of mechanical engineering based on energy
efficiency policy with the use of energy efficient technologies
will create advantages for domestic enterprises in
a competitive environment (Mykoliuk and Bobrovnyk, 2019).
In (Sevastianov, 2016) the author noted that increasing
the energy efficiency of an industrial enterprise determines
the economic development of the enterprise and its survival
in competitive markets. The author of (Polishchuk, 2019)
experimentally studied the process of cutting materials
in static and dynamic modes, namely the technological
process of felling.

Longitudinal cutting machines are used for leveling
or doubling materials. The main part of the technological
process of longitudinal cutting in thickness is the interaction

of the working parts of the machine, namely the transport
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rollers and various in shape knife blade (various in cross
section, sharpening angles, etc.) with the material of the part
that affects energy costs (Makatora and Panasiuk, 2014a,
2014b, 2014c, 2014d; Makatora, 2010a, 2010b; Makatora,
2013; Makatora, 2014; Makatora and Kniaziev, 2004a,
2004b; Cherno-Ivanov, 1998), and their authors investigated
the process of longitudinal cutting and regression equations
describing the total amount of losses when cutting material
and the amount of loss of friction material on the face
of a stationary knife, and determined the driving force
of different materials (microporous and monolithic rubber,
felt) different forms of the knife (Makatora and Panasiuk,
2014a, 2014b, 2014c, 2014d; Makatora, 2010a, 2010b;
Makatora, 2013; Makatora, 2014; Cherno-lvanov, 1998),
and the authors of (Makatora and Kniaziev, 2004a, 2004b)
conducted analytical studies to talk about the feasibility
of using a knife with an arcuate cross-section, which will
reduce the spacing force when performing a technological
operation by reducing the tension of the material between
the conveying roller and the surface of the knife, thereby
reduce friction losses of the material that occur during
the technological operation of longitudinal cutting, thereby
reducing energy costs for the process.

The aim of this study is to develop an effective method
for analyzing the effect of the gap between the generators
of the conveyor rollers h and the distance from the vertical
axis of rotation of the conveyor rollers to the edge of the knife
blade a with an arcuate cross-section, by using regression
equations, as well as verifying the validity of previously
obtained models (Makatora and Panasiuk, 2014a, 2014b,
2014c, 2014d; Makatora, 2010a; Makatora, 2013; Makatora,
2014; Makatora and Kniaziev, 2004a, 2004b; Cherno-
Ivanov, 1998).

Materials and Methods

This study is devoted to the longitudinal cutting of felt
with a knife with an arcuate cross-section, determining
the dependence of the value describing the total amount
of losses in longitudinal cutting of felt and the number
of losses due to friction of the felt on the face of the knife. The
task of the research is to experimentally determine the linear
force of felt cutting, to determine the total values of losses
during longitudinal cutting of material and the values
of friction losses of material on the face of a stationary knife
with an arcuate sharpening shape. The influence of such
factors as the distance between the edge of the knife blade
and the axes of the conveying rollers (a) and the distance
between the conveying rollers (h) (Makatora and Panasiuk,
2014a, 2014b, 2014c, 2014d; Makatora, 2010a, 2010b;
Makatora, 2013; Makatora, 2014; Makatora and Kniaziev,
2004a, 2004b; Cherno-lvanov, 1998) on the process
of performing the technological operation of felt doubling is
studied.

Longitudinal cutting of felt with a stationary knife
is characterized by a complex process of deformation
of the material. The scheme of the process itself (for its
quantitative analysis) should be based on the influence
of complex stress shear, which is destroyed during
processing of the material from external forces — the force

of resistance to movement of the material acting on the knife
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blade (Makatora and Kniaziev, 2004a, 2004b; Cherno-
Ivanov, 1998).

The choice and characterization of research relationships
is important. As a material for the experiment, an artificial
material was chosen — felt. This is due to the fact that
natural materials, which are widely used for the manufacture
of materials, are not homogeneous in composition and for
research (determination of linear cutting force), they cannot
be objective samples for comparison, as their thickness is
not uniform.

Experimental samples (details) (Fig. 1) with a width
of B = 35 mm (radius of curvature R = 17.5 mm) and a length
of L = 140 mm were obtained from the plates of the material
with a cutter.

L L d
Fig. 1. Sample part used in the experiment
Experimental studies were conducted on an experimental

setup that simulates the process of longitudinal cutting
(Fig. 2).

Fig. 2. Kinematic scheme
of the experimental installation

The design of the experimental installation consists
of a rocker-rocker transport mechanism (Cherno-
Ivanov, 1998), which allows the simultaneous expansion
of the transport rollers (the same amount) as the part is
transported to the knife and cut depending on the geometric
parameters of the part. The unit contains the upper 1
and lower 2 conveying rollers fig. 2, mounted respectively
on the axes 3 and 4, fixed at the ends of the shoulders
of the upper 5 and lower 6 of the three-shoulder rockers,
which in turn are mounted on the axes 7 and 8, fixed on
the frame. The second arm of the rocker arm 5 is made in
the form of a rocker arm 9 and is kinematically connected to
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the second arm 10 of the rocker arm 6 by means of a slider 11.
At the ends of the third arms of the rocker arm 5 and 6
with the mechanism of adjustment of effort of compression
of a detail by rollers. Device for adjusting the gap between
the generators of the conveying rollers, comprising
adjusting rod 12 with right and left threads, kinematically
connected to the upper locking nut 13 and mounted in
the third arm 14 of the rocker arm 5, and the lower nut
15 mounted in the third arm 16 of the rocker arm 6. adjusting
the compression force of the part between the conveying
rollers 1 and 2, includes the installation between the arms
14 and 16 of the rockers 5 and 6 and the threaded rod 12,
a pair of nuts 17 and 18, between which in turn is installed
an elastic element 19. Between the conveying rollers 1 and
2 installed a knife device comprising a knife blade 20 with
an arcuate sharpening shape, installed with the possibility
of reciprocating movement in the holder 21, which, in turn,
is installed with adjustable height in the guide 22 by a pair
of adjusting screws 23. The device for adjusting the position
of the edge of the blade 20 of the knife relative to the axes
of the transporting rollers 1 and 2 contains an elastic
beam 24 with adjusters’ screw 25, mounted on the frame
of the installation.

The experimental setup used a scheme of measuring
the parameters of the linear cutting force of microporous
and monolithic rubber, felt, which causes deformation
of the blade of the knife 20 in accordance with
the recommendations (Cherno-lvanov, 1998). Therefore,
on opposite sides of the elastic beam 24 (Fig. 3) glued
two strain gages 26 and 27 (RTD1 = RTD2 =400 Ohms),
which were included in the bridge measuring circuit, which
was connected to an 8-bit WAD-AIK-BUS controller with
analog-to-digital converter (not shown), which, in turn, was
connected to a personal computer 28, which allowed to
record in real time the results of changes in the deformation
of the blade of the knife 20 with an arcuate sharpening
shape.

To construct a working planning matrix (Table 1),
a staging experiment was conducted, during which
the limit parameters of the process (values a and h) were
determined, during which the part was cut longitudinally,
with an error not exceeding the allowable (Cherno-lvanov,
1998), with a thickness the details obtained were measured
using a thickness gauge TR-25-1. For these parameters,
Johanson’s test tiles (measuring the size of the gap
between the generators of the conveyorrollers 1and2— h)
and a template for measuring the distance from the edge
of the blade 20 to the axis of the conveyor rollers 1 and 2
(value a), similarly (Cherno-lvanov, 1998), with measuring
indicator with an accuracy of 0.01 mm. To do this, the rollers
in three different imposed textolite, bored in diameter
rollers, template. According to the indicator, the probe
of which rests on the edge of the knife blade, set the value
of the distance a.

Experimental studies were conducted in the mode
of doubling, when the part is cut longitudinally into two levels
along the thickness of the part. The following relationship
was observed (Fig. 4): h, = h,, ie the distance between
the plane edge of the blade of the knife 20 and the generators
of the transport rollers 1 and 2 must be equal.

Why the holder 22 (Fig. 2) with loose screws 23
and nuts 24 screw 25 sets the knife in between the transport
rollers 1 and 2, when the gap between them is already
installed and controlled by Johanson’s tiles, after which
the holder 22 is fixed in the guide frame. not shown).
Then the motor is turned on, and the part is fed between
the conveying rollers 1 and 2.

After cutting it, with the help of a thickness gauge
TR-25-1, the obtained parts were measured and in case
of their inconsistency in thickness, the position of the knife
holder between the transporting rollers 1 and 2 was adjusted.

The next step was the control calibration of strain gauges
on the beam 24, by suspending the control loads from 100 to

]
ff |oonoo | f

w4

1200 N, using a special rod with a suspension unit.

Beam scheme

Fig. 3. Block diagram of the connection of the WAD-AIK-BUS module, bridge measuring circuit with a beam
with strain gauges to the personal computer
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Fig. 4. Geometric scheme of the experiment

Calibration was performed before each series
of experiments and every three hours of continuous
operation. Then the calibration graphs were constructed:
the values of the load were plotted on the ordinate axis,
and on the abscissa axis the values of the deviation from
the zero position, then the points were connected by
a smooth curve, resulting in the desired graph. At the first run
of the part (its cutting) determined the total amount of costs
for longitudinal cutting of the material of the part. Then
the two separated parts were folded together and fed again
between the transport rollers 1 and 2 to the edge of the blade
of the knife 20 already in the separated state and repeated
the measurements. When re-running the part in the separated
state was determined by the amount of friction costs. Each
experiment was repeated at least five times.

For subsequent experiments, the installation was
adjusted according to the data of the working planning matrix.
After conducting all the tests, with the help of calibration
graphs deciphered the value of total costs and friction costs,
when performing longitudinal cutting with a knife blade
20, each measurement. The calculated average values
of these values were entered in the corresponding columns
of the tables.

Results

To determine the total amount of losses during
longitudinal cutting of the material and the number of losses
due to friction of the material on the face of a stationary knife
with an arcuate cross-section, as well as linear cutting force,
a two-factor experiment was conducted for the study model:

Yy =F(xy, x,)

where y - optimization criteria, which determine g,;
X, i X, —controlled parameters (factors) that characterize
the size of the gap between the generating transport rollers h
and the value of the distance from the vertical axis of rotation
of the rollers to the edge of the blade a.
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When determining q,,, it is necessary to carry out
double machining of the part, during which the total value
of machining costs Pis determined during its cutting, and then
after cutting the material is folded together and passed
through the plane through the knife, and the amount
of friction costs is determined. values related to the value
of the width of the part, gives the true value of the running
force of cutting felt (Makatora and Panasiuk, 2014a, 2014b,
2014c, 2014d; Makatora, 2010a, 2010b; Makatora, 2013;
Makatora, 2014; Cherno-lvanov, 1998; Patent Ne 70012
Ukraina, 2004; Tikhomirov, 1974):

_P-F

q, 5
The experiment was planned to use a rotatable Box
plan for a two-factor experiment (k,, =2), which is
recommended when k,, <5 (Tikhomirov, 1974).
The total number of experiments is determined by
the formula (Tikhomirov, 1974):

(1)

N,,=2?+2.2+5=13

Coding, naming the values of factors and intervals
of their variation are given in table. 1, the values of which
were determined using ratios:

x, —4,35 X; =5
X, . X, 05 (2)

We will process the experimental data to determine
the total amount of losses during longitudinal cutting
of the material. The planning matrix of the two-factor
experiment is presented in table. 2. When determining
the number of measurements for each experiment, five
repeated measurements were performed at zero level
(experiments 9-13) and the approximate value of the stan-
dard error of the equation was determined (Tikhomirov,
1974):S,=1,118.
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Table 1
Table of levels and intervals of variation
of the current factors to be studied

Measurement levels ég
g2
Factors < < |28
T | v |e | T X |8
- T | =
h — distance between
transporting rollers, 295 (335(4,35|535]| 5,75 1
mm (x;)
a — the distance
between the vertical
axis of rotation of the
conveying rollers and 43 | 45 5 55 | 57 | 05
the edge of the knife
blade, mm (x,)

The estimated value of the Student’s criterion in this
€ase: iq,p = 4,0001.

Tabular value of Student’s criterion for a, = 0,95
i n, =5 (Tikhomirov, 1974). That is, the condition is met:
estimated (P) ~— “tabular

Therefore, the number of measurements n, =5
is sufficient for each experiment. After conducting
the experiment and decoding the records using a calibration
graph, the average value of five repeated measurements
of the optimization criterion for each experiment was
determined and the data were entered into the working
matrix of planning (Table 2).

In this case, it is necessary to find the values of the
regression coefficients of the equation (Tikhomirov, 1974):

Y, =by +bx, +b,X, + b,X, X, + b, x? +b,,x%. (3)

To determine these coefficients, the equations for
the two-factor experiment proposed by the author were used
(Tikhomirov, 1974):

a, =02 a, =01 a, =0125; a, =0,25
a; =0,125; a, =0,187; a, =0,1.

Therefore: b, = 285,67; b, =-18,545; b, =-30,7,
b, =-15; b, =353 b, =1,54.

Thus, equation (3) takes the form:
y, =285,67-18,545x, —30,7x,

-1,5x,X, +3,53x +1,54x>.

The hypothesis about the adequacy of equation (4) is
tested in the following sequence.

Since the experiments were duplicated only at the zero
point, the variance of adequacy according to the equation
(Tikhomirov, 1974):

, 16,9-11,225
§2 =22 ot

(4)

=1,892.

The reproducibility variance for this case is determined
by the formula (Tikhomirov, 1974):

11,225

SZ

2, =281

Table 2
Planning matrix of a two-factor experiment
to determine the total amount of losses during
longitudinal cutting of the material

Research Planning Working Calculation
number matrix matrix data
Ne X, X, h |al|y, y, |(,y)
1 1 1 5,35|5,5| 241 | 240,00 | 1,0098
2 -1 1 3,35|5,5|280 | 280,08 | 0,0071
3 1 -1 15,35|4,5|306 | 304,40 | 2,5724
4 -1 -1 13,35]4,5(339 | 338,49 | 0,2651
5 1414 0 |295| 5 | 320 318,96 | 1,0830
6 1,414 0 |575| 5 |266|266,52 | 0,2657
7 0 |-1,414|4,35|4,3]332|332,15| 0,0226
8 0 1,414 | 4,35|5,7 | 246 | 245,33 | 0,4498
9 0 0 |435| 5 | 28828567 54275
10 0 0 |4,35| 5 | 28628567 |0,1087
1 0 0 |4,35| 5 | 28628567 |0,1087
12 0 0 |435| 5 | 2842856727899
13 0 0 |4,35| 5 | 28428567 27899
13 13
> =3758 Y (y,-Y,) =169
1 1

Knowing the number of degrees of freedom for greater
(fogequaey = 3) @nd lower (f, = 4) dispersion (Tikhomirov,

1974), table value of Fisher’s criterion 95% confidence:

Fean = 6,59.

Estimated value of Fisher’s criterion according to

the formula (Tikhomirov, 1974):
1,892
calc(P) — 2—81 =0,67.

Comparison of tabular and calculated values of Fisher’s
test showed that equation (4) can be considered adequate
with confidence a, =0,95, since the condition is met:
Flabl z Fcalc(P) .

The significance of the regression coefficients in
equation (4) is checked taking into account the equations
for the case when k, =2 (Tikhomirov, 1974). In this case:

a,=0,2; a,=0,125; a,, =0,1438; a,, =0,25.
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Therefore:
2 _ . _ . _ .
S{bo} =0,2-2,81 = 0,56215{%} =0,75;
2 _ . _ . _ )
S{b[} =0,125.2,81=0,35 S{b[} =0,59;
2 _ . _ . _ i
S{b,.,.} =0,1438-2,81 = 014’3{b,,.} =0,63;

S{zb P = 0,25-2,81=0,7025iS, , =0,84.

Hence the ratios (Tikhomirov, 1974):

{1}

Ab, =+2-0,75 = +1,5;

Ab;, =+2-0,59 = +1,18;

Ab, =+2-0,63 = +1,26;

Ab; =+2-0,84 = +1,68,
A comparison of the absolute values of the regression
coefficients of equation (4) and the corresponding errors in
their estimation shows that with a confidence level of 0.95

can be considered significant all coefficients except b
then we get:

127

y, = 285,67 —18,545x, —30,7x, +3,53x> + 1,547 (5)

Equation (5) is a regression equation that describes
the total amount of losses when performing longitudinal

cutting of the material with a stationary knife depending
on the distance between the conveying rollers (x,),
and the distance between the vertical axis of rotation
of the conveying rollers and the edge of the knife blade (x,).
Given expressions (2), we turn to the named values:

P = 285,67 - 18,545(h - 4,35) —30,7(30—_55j +
5

2
+3,53(h—4,35) +1,54 ("”()—_55]

After simplifying the equation takes the form:
P =817,14 + 3,53h* — 49,26h + 3,08a* — 92,2a (6)

The obtained expression (6) is an experimental
mathematical model of the dependence of the value
of total losses when performing longitudinal cutting on the size
of the gap between the rollers and the distance from the vertical
axis of rotation of the rollers to the edge of the knife blade.

Fig. 5-6 presents graphs of the total cost P when
performing the operation of longitudinal cutting of felt with
a knife with an arcuate cross-sectional shape, respectively,
from the distance a from the vertical axis of the conveying
rollers to the edge of the knife blade and the distance h
between the conveying rollers.

P.H
60
330
! ]
03 3,35
70 e |18 35
sl 5 35
240
w5, 75
210
180
4.3 45 5 55 57 i

Fig. 5. Graph of the dependence of the total cost P when cutting felt with a knife with an arcuate cross-section,
from the value of the distance a from the vertical axis of the conveying rollers to the edge of the knife blade:

When g = const ,intherange a,,, =4,3 - a,, =57.

P.H

A
i

2,05 335

——;

? -

——y

-

i

5 35 5,75 M

Fig. 6. Graph of the dependence of the total cost P when performing felt cutting with a knife with an arcuate cross-
section, from the distance h between the transport rollers: when 4 = const ,intherange h,,, =2,95 - h _=575.
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Table 3

Planning matrix of a two-factor experiment to determine the amount of loss due to friction
of the material on the face of a fixed knife

Research number Planning matrix Working matrix Calculation data

X, X, h a Y, Y, (v, v,
1 1 1 5,35 55 198 197,29 0,5079
2 -1 1 3,35 55 230 229,13 0,7494
3 1 -1 5,35 4,5 248 248,03 0,0010
4 -1 -1 3,35 4,5 276 275,88 0,0146
5 -1,414 0 2,95 5 260 259,68 0,1000
6 1,414 0 5,75 5 218 217,48 0,2702
7 0 -1,414 4,35 4,3 272 271,05 0,9102
8 0 1,414 4,35 57 202 202,12 0,0145
9 0 0 4,35 5 236 235,26 0,5513
10 0 0 4,35 5 236 235,26 0,5513
11 0 0 4,35 5 234 235,26 1,5813
12 0 0 4,35 5 234 235,26 1,5813
13 0 0 4,35 5 236 235,26 0,5513

13 13

> =30803 (v, -¥,) =7.3844
1 1

We will process the experimental data to determine
the amount of friction losses on the face of a stationary
knife. The planning matrix of the two-factor experiment is
presented in table 3.

After conducting the experiment and decoding
the records using a calibration graph, the average value
of five repeated measurements of the optimization criterion
for each experiment was determined and the data were
entered into the working matrix of planning (Table 3).

In this case, it is necessary to find the values
of the regression coefficients of the equation for a two-factor
experiment proposed by the author (Tikhomirov, 1974):

b, =235,26; b, =-14,92; b, = -24,37;
b, =-1; b, =1,66; b,, =0,66.

Thus, equation (3) takes the form:
y, =235,26-14,92x, —24,37x, —
—X, X, +1,66x7 +0,66x.

The hypothesis about the adequacy of equation (7) is
tested in the above method.
Dispersion of adequacy:

_ 7,3844 -4,8165

S% = =0,856.
3
Reproducibility disperses for this case:
» 48165
S, = =12

Estimated value of Fisher’s test:

0,856

=0,47.
1,2

calc(F)

Comparison of tabular and calculated values of Fisher’s
test showed that equation (7) can be considered adequate
with confidence a, =0,95, since the condition is met:
Fabi ZFtabI(P) .

The significance of the regression coefficients in equation
(7) was tested in the same way as in the above procedure.

Therefore:
2 = . —_— [ — .

S, =02:1,2=024iS,, =0,49;

S, =0125:1,2=015i S, =0,0225,

2 = . — [ p— .

S{b“} =0,1438-1,2=0,173 i S{b“} =0,42;

S?,=0,25-1,2=0,3/ S, , =0,55.

s} (s}

Hence the ratios (Tikhomirov, 1974):
Ab, =£2-0,49 = +0,98;
Ab; =+£2-0,0225 = +0,045;
Ab; =£2-0,42 = +0,84;
Ab; =+2-0,55=+1,1.

A comparison of the absolute values of the regression
coefficients of equation (7) and the corresponding errors
in their estimation shows that with a confidence level
of 0,95 can be considered significant all coefficients except
b,, andb,, , then we get:

y, = 235,26 -14,92x, —24,37x, +1,66x..  (8)

Equation (8) is a regression equation that describes
the total amount of losses when performing longitudinal
cutting of the material with a stationary knife depending

on the distance between the conveying rollers (x,),
and the distance between the vertical axis of rotation

of the conveying rollers and the edge of the knife blade (x,).
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Given expressions (2), we turn to the named values:
F =235,26 -14,92 (h - 4,35) -

a ‘55j +1,66 (h—4,35)

—24,37[

After simplifying the equation takes the form:

F =575,27 +1.66h* —29,36h —48.74a  (9)

The obtained expression (9) is an experimental
mathematical model of the dependence of the amount
of material friction losses on the face of a stationary knife
when performing longitudinal cutting with a stationary
knife, from the gap between the rollers and the distance
from the vertical axis of rotation to the edge of the knife
blade.

Fig. 7-8 are graphs of the dependence of total friction
costs F when performing the operation of longitudinal

cutting of felt with a knife with an arcuate cross-sectional
shape, respectively, from the distance a from the vertical
axis of the conveying rollers to the edge of the knife blade
and the distance h.

The obtained experimental models, namely the
determination of the total value of losses P (6) and the
amount of friction losses of material F (9) substituting in
condition (1) will determine the running force of cutting felt
with a knife with an arcuate cross-sectional shape:

q,= %(241,87 +1,87h" ~19,9h + 3,084” — 43,464

Discussion

Substituting the value in equation (1) we obtain

H

MM
Deviations from the previously obtained values of robots

(Makatora and Panasiuk, 2014d) and (Makatora, 2014)

the average value of the running force felt: q, =1,44

F.H
320
290
260 ey 2 95
———
— i 3,35
230
== 14,35
200 a5, 35
| T il 15, 75
170 | i
140
4,3 4.5 5 &5 5,7 a, MM

Fig.7. Dependency graph of total costs F during cutting the felt with the grooved knife with one-sided cross-
section on the gap size h = const, between transport rollers:

while a = const, in the range a,;,, = 4,3 - a,,, =5,7

F.H

Fall

335 4,35

——
—=

5,71 MM

Fig. 8. Dependency graph of total costs F during slitting cutting with the grooved knife with one-sided
cross-section on the gap size a from the vertical axis of transport rollers to the knife edge:
while & = const , in the range k,,, =2,95 - h,, =575,
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are respectively A=51% and A =10,3 % indicating Conclusions

the adequacy of the experimental study. The obtained regression equations describe the total
Comparing the total values of losses in the longitudinal amount of losses during longitudinal cutting of the material

cutting of felt when using a knife with one-sided sharpening | and the number of losses due to friction of the material on

and a knife with an arcuate cross-sectional shape (obtained | the face of a fixed knife with an arcuate cross-sectional

by the author in (Makatora, 2014)), we obtain: shape, allow to speak about the adequacy of analytical model
(Makatora and Kniaziev, 2004a) and experimental models

(Makatora and Panasiuk, 2014d; Makatora, 2014). Also make
_ 314’88_285’67,100% —9.3%. the necessary adjustments, namely, to adjust the degree
314,88 ' of compression of the material and the distance from the edge

of the knife blade relative to the vertical axis of the conveyor
The determined deviation of the total amount | rollers to reduce friction losses on the edge of the knife,

of losses during longitudinal cutting of the material confirms | Which in tum reduces energy costs for longitudinal cutting.
the mathematical model developed by the author in | Comparing the total values of losses during longitudinal

(Makatora and Kniaziev, 2004a) and shows that the operation | cutting of the material of a knife with one-sided sharpening
of longitudinal cutting of felt it is advisable to use a knife | and a knife with an arcuate cross-section, allows you to talk

blade with an arcuate cross-section, which in turn will reduce | @bout the feasibility of using a knife with an arcuate cross-
energy costs for the process. section, which will reduce energy costs for the process.

AP
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Mamemamuy4He docnidxeHHs1 ennuey 2eomempii Hoxa 3 dy20mo00di6HO ¢hopMOIo NMonepeyHo=20 nepepisy Ha
npouyec nMo3008XHbLO20 Pi3aHHs Moecmi

lNepcrnekmueHUM Q0CITIOXKEHHSIM € MPOEKMY8aHHsI ma 800CKOHaNeHHS MallUH M03008XHb020 pidaHHS Mamepiartia 3 MiHi-
ManbHUMU eHep2emuyYyHUMU sumpamamu Ha 8UKOHaHHST MEXHOMN02i4HO20 MPOYecy pidaHHs 3a paxyHoK eomMempii pixy-
4020 iHCmMpymeHmy. Y cmammi po3sansiHymi numaxHs w000 3HUXEHHS EHepeemuUYHUX sumpam Ha npouec Mo3008XHb020
pi3aHHs Ipu euKopucmaHHi eza Hoxa 3 Ay20modibHO ¢hopMoro nonepeyHo20 nepepisy. lposedeHull aHani3, pospobre-
Hul echekmueHUl MemoQd aHanisy 8rusy eeUYUHU 3a30py MiX MEIpHUMU MPaHCIopmyrYuX eanukie | eenuyuHu gidcmani
8i0 8epmuKasbHOI 0ci 0bepmaHHs mpaHCIopMyYUX asukie A0 KPOMKU fle3a Hoxa 3 0y2oro0ibHOK ¢hopMoro rnonepey-
HO20 riepepi3dy Ha cyMapHy 8enu4uHy empam npu no3008XHbLOMY pi3aHi ma eefuyuHy empam Ha mepms Mamepiasny, wis-
XOM 8UKOPUCMAaHHS PiBHSIHb peepecii 0515 u3Ha4eHHsT HeObXIOHUX HanawimysaHb 8 MaliuHi no3008XHb020 pisaHHS Mpu
rnoscmi, a makox 3pobumu nepesipky docmosipHoCMi aHanimu4yHoi ma excriepumeHmarnsHux mModenel npoyecy no300ex-
Hb020 pi3aHHs1 HoXoM 3 Qy20r0dibHO hopPMOK MonepeyHo20 nepepisy. [ns eusHayeHHs1 CyMapHOI eenuYUHU empam npu
103008XHBLOMY pi3aHi Mamepiany ma eefu4uHU empam Ha mepmsi Mamepiany 0 epaHi HepyxoMo2o Hoxa 3 Ay20ro0ibHo0
¢bopMOK0 NOMepeyHo20 Nepepisy, a MakoX MO2OHHO20 3ycusins pisaHHs by8 nposedeHull 080X hakmopHUL eKCcrepuMeHm
0ns1 modeni docnioxeHHs1. OmpuMaHHi PIGHSIHHS peepecii onucytomb CyMapHy 8e1UYUHY 8mpam rpu Mo3008XHbOMY pi3aHi
Mamepiany ma eesluduHy empam Ha mepmsi Mamepiasy 0 2paHi HEPYXoM020 Hoxa 3 Oy20r00ibHOK (hOPMOI0 MONEPEYHO20
nepepisy, 0036051510Mb 2080pUMU MPO adeKk8amHiCMb aHaTimu4YHOI ma ekxcrnepuMeHmasnbHUX Modesax 3pobeHUX paHiwe.
Takox 3pobumu HeobXiOHIi HanawmysaHHs, a came nidibpamu cmyriHb CMUCHEHHS Mamepiany ma 8cmaHosumu KpoMKy
nie3a Hoxa w000 8epmuKarbHOI 8iCi MpaHCMOPMYyrYUX 8aUKI8 3 MEMOK 3MEHLWEHHS 8elTUYUHU 8mpam Ha mepms Mame-
piany o epaHi HoXa, W0 8 C80K Yepey 3MEHWUMb eHepaemuYHi aumpamu Ha rpoyec rno3008XHL020 pidaHHS. [TopieHAHHS
CyMapHUX 8e/luyuH empam rpu Mo3008XHbOMY pi3aHi Mamepiary Hoxa 3 00HOCMOPOHHLOK 3amMOYKOK ma Hoxa 3 0y20o-
0ibHOI0 (hopMOI0 NMonepeyHo20 nepepisy, 00380715€ 2080pUMU NPO O0YiNTbHICMb BUKOPUCMAaHHS HoXa 3 Oy20r00ibHO0 ¢hop-
MO0 MOMepeyHoeo nepepisy, Wo 00380UMb 3MEHWUMU eHepeemuyHi eumpamu Ha mMexXHOM02i4HUU fnpoyec, mu camum
3pobumu KOHKypeHmHiwy npodyKuito.

Knroyoei croea: noecoHHe 3ycussisi, CyMapHa eefiuyuHa empam, empamu Ha mepms mamepiaiy, mpaHCropmyoqu
8aruKu, 71630 HOXa, MO300BXKHE Pi3aHHS.
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