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ABSTRACT
The article covers the technological reliability of thin lamellar knives in terms of dimensional
accuracy and shape of the cut blanks, the main reasons causing the deviation of the cutting
edge from the cutting plane have been identified, structural diagram of the lateral deviation of
the lamellar knife and experimental setup have been developed.
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INTRODUCTION

Cutting is determined as technological process of material treatment by dividing it into parts
under the pressure of a cutting tool [1,2]. Cutting semi-finished food products in general is a
variety of destruction of materials, and is distinguished by the features of technological process,
which consists in dividing the product with a cutting tool into parts with certain predetermined
dimensions and quality of the cut surface.

The accuracy of the dimensions obtained when cutting blanks is determined by the ability of
the cutting body to resist the loads acting on it during operation, which is assessed by its rigidity
and stability. Rigidity is characterized by the deflection of the knife under the action of lateral
force, and stability is characterized by the ability of the knife to maintain the flat shape of the
blade curvature under the action of cutting and feed forces.

Static and dynamic stability should be distinguished when studying the operation of cutting
bodies. Static stability is estimated by the value of the critical force at which the blade loses its
flat shape and bulges to the side. Dynamic stability is determined by the conditions of
occurrence of resonant parametric oscillations of lamellar knife under the action of variable
loads during cutting, in which it loses the ability to resist cutting and feed forces, therefore
maintaining the straightness of the cut becomes impossible.

351



N - —-— - r.

: — :
GALAXY INTERNKTIONAL INTERDISCIPLINARY RESEARCH J (ﬁRNAL (GIIRJ )
-ISSN (E): 2347-6915

Vel. 9, Issue+11, Nov. (2021)

MAIN PART
For experimental study of potential lateral deviation of cutting edge of lamellar knives, an
installation, as well as a method for measuring the lateral deviation under the action of forces
arising in the process of cutting semi-finished food products have been developed and
manufactured. The need for experimental verification and specification of existing methods for
determining Pxp, and ju is justified by the features of fastening the lamellar knives in the knife
frame, their relatively small thicknesses, special sharpening, as well as the presence of difficult
considerable factors.
Schematic diagram of installation is shown in Fig. 1. The installation consists of the following
parts: base, knife attachment unit, tensioning mechanism and units that loading with normal
Rz and lateral Rs forces.
Knife under the study 2 is fixed in two holders 3 so that its cutting edge faces down to the base
1. The holders have the ability to move in the slots made in the base. This allows using lamellar
knives of different lengths in experiments.
The tension of the knife to the value specified by the conditions of the experiment is carried out
by means of a screw mechanism 4, connected with one of the movable holders 3.

Fig. 1. Schematic diagram of the experimental installation

The value of the knife tension was measured using a strain modifier glued to an elastic ring 5
and located between movable 3 and fixed 6 holder. The measurement scheme and calibration
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of the strain modifier corresponded to the methods adopted in the practice of strain gauging [3,
4]. The vertical force applied to the knife blade 2 is created using a loading mechanism 7,
consisting of a contact plug 8, blocks 9 and loads 10 suspended on a thread.

In the groove of the plug, there is a board 11, which is in contact with the blade of the lamellar
knife 2 and supported through the balls 12 on the horizontal edges of the plug. A 13-hour
indicator, the tip of which rests against the movable plate of the contact plug, records the
deflection of the knife in the horizontal plane under the action of the applied load.

The lateral force Rs was applied to the cutting edge of the knife in its middle using a shifter and
a screw mechanism 14 with a load-fixing ring strain modifier 15. When conducting research on
the stiffness of lamellar knives, the vertical loading unit was dismantled by force Rs. In this
series, indicator 13 recorded the deformation of the samples in the plane of least rigidity.

Fig. 1 shows two variants of load nodes: the first is when measuring stability; the second is
when measuring the bending stiffness of a thin lamellar knife.

In consideration of the need to determine, in addition to the initial, also the working stiffness
of the lamellar knife, that is, its stability characteristics with the simultaneous action of the
forces Re and Rs, one of the series of experiments was carried out using mechanisms 7 and 14.
Due to the absence of the possibility of applying the vector Rs directly to the blade, this load
was applied in experiments to the side surface of the knife 2 over the contact plug 8. The possible
error of such a replacement was taken into account by reducing the value of the real load Rs by
20% 1in the calculations jp.

In the general case, the stiffness of the lamellar knife was determined from the expression

j=—2; (1
y

If R2=0, then the calculated value corresponds to the initial stiffness ju. If R2 - 0 and Ra<Pyyp,
then this characteristic is the working rigidity jp.

The stability of the knife was characterized by the value of the critical force Pxp. Under the
critical force, we mean the ultimate load acting in the plane of the greatest rigidity of the knife,
upon reaching which the knife loses the stability of the flat form of bending [5].

Based on preliminary experiments, a technique for measuring the stability of the cutting edge
of thin lamellar knives was developed, which consisted of the following.

First, a series of experiments was carried out to study the initial bending stiffness jx of knives
under the action of the force Rs. As indicated above, in this series, the loading mechanism 7 was
dismantled. The calibration of the annular strain blocks 5 and 15 was carried out on a
laboratory press P5 with a stepwise load application. A lamellar knife with certain geometric
characteristics was installed in holders 3 to exclude a possible rotation of its cross-section at
the attachment points. This was achieved due to special spacers mounted between the blade of
the knife and the sides of the holder groove.

After reaching the required force N of the knife tension by the mechanism 4, which was
controlled by the secondary device of the strain measurement circuit, the lateral load Rs was
applied by the screw device 14. With a sequential increase in the load Rs, the indicator 13
recorded the corresponding lateral deviations of the cutting edge in the plane of least rigidity.
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Empirically, a nonlinear dependence y=f(Rs) has been established, which is primarily explained
by the displacement of the point of load application relative to the longitudinal axis of the
lamellar knife and the points of its attachment. To unify all experiments in this series, a
constant lateral deviation of the cutting edge y = 1 mm was chosen, which corresponded to
different values of Rs, depending on the initial parameters of the knife (thickness and width of
the blade, length, magnitude and eccentricity of the tension force). Thus, in each experiment of
this series, after reaching y = 1 mm, the value of the force Rs was fixed.

In the next series of experiments, the stability of the cutting edge was studied under the action
of the normal component of the total cutting force R and the feed force R2. Accordingly, for the
possibility of installing the loading mechanism 7, the screw device 14 was dismantled. The knife
tension was determined in the way described above. The knife blade 2 was installed in the notch
of the plate 11, and after sequential loading with increasing force Rs the indicator 13 recorded
the characteristic lateral deviation of the knife from the position of elastic equilibrium. This
deviation corresponded to the onset start of nonlinear growth y when the knife was loaded in
equal steps, and corresponded to the moment of loss of stability of the flat shape of the knife
bend, i.e. a rather sharp turn of the section of a thin plate knife and a noticeable bending of its
cutting edge in the lateral direction.

Experiments with eccentric tension of thin lamellar knives were carried out in the following
order. In this series, lamellar knife with the following geometrical parameters was used: length
- 250 mm, blade width - 20 mm, thickness - 0.5 mm, eccentricity of the tension line - 5 mm; the
diameter of the mounting holes is 4 mm. The same knife, but with a symmetrical arrangement
of the tension line (e=0), was used to calibrate the strain sensors.

Strain sensors with a base of 5 mm and an active electrical resistance of 50 Ohm were glued to
the previously prepared surfaces of the knives. Initially, the calibration knife (e=0) was fixed
with special holders on the P-5 testing machine and loaded with a step load (after 250 N). The
unbalance current of the measuring bridges of each point was amplified by a specific channel
of the electronic amplifier and recorded on a 0-0.5 scale of the AVO-63 device. Then a knife with
an eccentricity of the tension line z=5 mm was installed in the holder of the testing machine.
The obtained values of the unbalance current for each knife allows, after comparing them with
the calibration data, to obtain the values of the voltages acting at different points along the
width of the blade. The tensile load was increased in the following order: 250, 500, 750, 1000,
and 1250 N. Each point of the knife blade corresponded to its own amplifier channel, in which
the sensors were calibrated earlier.

CONCLUSIONS
Experimental installation and methods have been developed, the measurements of critical force
Pxp, initial ju and operational j, rigidity of thin lamellar knives have been carried out. The
calculations and experiments carried out have shown that the thickness & is the most significant
factor influencing the operational rigidity and stability.
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