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Busnaueno senunvunu po3nipHux 3ycuiv, wio 0iH0mov HA HCUBAAUI
eanuKu i € 00HUM 3 HAUBANCAUBGTMUX (PAKMOPIE BUHAMEHHA NOMYIHC-
HOCMI, W0 BUMPAUAEMBC HCUBAIUUMU BATUKAMU, YMOBU MIYHOC-
mi 1onamesux 6anis i, w0 HaUbiILW icmomno, 30epexcenns axocmi
Mamepiany, wo nepepobasemoca. Cmeopenns edexmusnux ovuuwy-
eauie 6a6o6HU-CUPUIO, NIOBUWEHHA 0UMUCHO020 eexmy npu MIHIMATL-
HIl KiJIbKOCMI OMUCHUX MAWUH — 6€TlbMU AKMYANlbHe 3A60aHHSL.

Hocnidaceno emanu 63aemo0ii Kiiouxa 3 n08epxHer0 60JOKHUCTO-
20 Mamepiany — 6i0 MOMEHMY MOPKAHHS KOJKOM Heded)opmosanoro
noeepxii wapy 00 epanuunozo navenns depopmauii W(0) ¢ mouui,
nOKU KiJIOUOK He NPOHUKHYE 6 Mamepial.

Ha 6iominy 6i0 paniwe 3anpononoganux piwens, wo po3znadanu
depopmauito wapy ymoenumu, kpyenoi gopmu, saruxamu, a xao-
nox-cupeub ax mamepia, wo 0ePopmyemscs 00HOBUMIPHO, W0 610-
nogidae 6 meopii npyscnocmi mamepiany 3 xoeiyicumom Iyaccona
v=0, 6 3anpononoeaniii cxemi 3a miei yc ymoeu Ge3nepepenocmi nomo-
Ky nepedbauaemvcs onucamu Oeopmauito 6aso6HU-CUPUIO JONA-
meeuMu 6anUKAMU MemoOamMu KOHMAKMHUX 3a0a4u meopii npydic-
nocmi. Cymapny nomymucHicmv, wo GUMPAAEMbC A6O OMPUMYEMBCA
HCUBASUUM BATIUKOM, MONHCHA BUSHAMUMU 3 MAMPUMHOZO PIBHSHHSL.
B pesynvmami docaiosicens 6cmanosuu, wo axuo 6asoéHa — cepedo-
sume abconomno npydicre, mo 6cs enepais 30asa08anns wapy 6yoe
nosepHyma 6anuKy i CymapHuili 6UMpama eHepeii I0NaAmamu 3a YUK
dedpopmysanns 6yoe dopisniosamu nymo. dxwo eeancamu 6agosny
naacmuynoto, mo npu ¢;=n/2 aronamo 6idilide 6i0 wapy i Haxonuvena
enepeis aonamei nosepnena me 6yae.

Pe3yavmamu po3paxynxy cnoxcusanoi 6anuxom nOmMymxcHocmi
Hasedeni y euena0i epagikie (npu cepedHvbomMy 3HaAMEHHI KYMOBOD
weudxocmi 0,=1,047 ¢"). llpedcmasneni pesyromamu gionocamocs
00 nomyxcHoCmi, CRONHCUBAHOT 6ANUKOM HA OCbOBE MPAHCNOPMYEAH-
HA wapy 6asosHu.

Bupiwenns yux numans 0acmo MONCAUBICMb 3HAUMU ONMUMATIHI
8ENUMUHU KOHCMPYKMUBHUX eJleMEHMIE JIONaAmel HCUBATUUX GATIUKIG
6 ouucHuKu 6aso6HU-CUpYUIo 610 0PidHO20 CMiMmMA

Kniouosi caoea: eonoxnucmuii mamepian, opione cmimms, wo
HCUBTLAMD BANUKU, KONKOGL 8ANUKU, Oeopmayisn wapy
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1. Introduction

Processing large amounts of raw cotton, as well as stricter
requirements to the quality of cotton industry such as fiber,
lint, sowing and technical seeds, necessitates re-equipment of
enterprises in this industry with new machinery, equipping
ginning plants with production lines for drying and cleaning
raw cotton, high-performance gin plants and automated
pressing units.

Th plants producing machines and units for processing
raw cotton plan to increase, over these years, the volumes of
production by 1.4 times. They must systematically update
the nomenclature of assembled machines in order to reach
the level of the best samples of foreign technology in terms of
their techno-economic indicators.

Along with the construction of new ginning factories
and collection points, an almost complete modernization is
implied for 40-50 % of enterprises in the industry, while all
enterprises must replace obsolete machines new high-per-
formance machinery. Addressing these issues would make it

possible to find an optimal variant for harvesting raw cotton,
which could lead to improving the harvested cotton, as well
as enhancing the effect of cleaning raw cotton from weeds.

It has been already proven that in cleaning machines the
electric power consumed is much higher than estimated, which
requires undertaking a theoretical study. Resolving these tasks
requires joint efforts from scientific and design organizations,
machine-building enterprises, and ginning companies in im-
proving the equipment and technology of cotton ginning.

Given that exploration and improvement of designs for
cotton cleaners that separate raw cotton from large and fine
waste is one of the most important tasks in the industry, the
following fields of research are relevant:

— methods for determining the power consumed by feed
rollers in raw cotton cleaners from fine debris;

— methods for designing cleaners in the technological
flows at primary processing of cotton;

— establishment of relationship between the physical-me-
chanical properties of raw cotton, elastic characteristics of
raw cotton, and the power consumed by feed rollers.



Resolving all these issues would make it possible to find
the optimal design of raw cotton cleaning mechanisms that
could enhance the effect of cleaning raw cotton from waste.

2. Literature review and problem statement

Paper [1] reports results of research into cleaning fine fi-
ber raw cotton. It is shown that strength of holding cotton fly
on the gear depends on the speed of the drum; a theoretical
formula has been proposed for calculation of efforts required
by a cotton fly to detach from blades. However, the issues
that were left unresolved relate to detecting the influence
of elastic characteristics of raw cotton on the magnitude of
spreading efforts acting on feed rollers.

Study [2] addressed the improvement in a feeder mecha-
nism of pin rollers. The authors investigated the interaction
between a pin and a piece of raw cotton with a fibrous
connection to the canvas formed by feed rollers. The study
findings did not achieve the desired cleaning effect for large
debris as the authors did not deal with the issues on a possi-
bility to find the optimal magnitudes for structural elements
of blades at feed rollers in the cleaners of raw cotton from
fine debris.

Article [3] examined the selection of parameters for the
geometry of blades at feeder rollers by using a model of the
process that could explain both the interaction between
a cotton fly and a pin drum of the cleaner and a series of
causes that lead to the process failure. However, the author
did not investigate the influence of elastic characteristics of
raw cotton on qualitative indicators.

Paper [4] studied the process of cleaning raw cotton in
order to improve its quality indicators; in particular, the
authors described the kinetics of change in the structure of
raw cotton at its processing in cleaners. A new procedure for
calculating the cleaning effect of cleaners has been suggested,
as well as a new technique to feed cotton machines implying
the pre-treatment of a material prior to the process and
a series of new designs for working bodies.

However, the authors did not consider the process of
dragging the raw cotton by a pin over the netted surface
and determining the conditions when a pin captures and
keeps raw cotton to assess the twisting capability of the pair
«pin-netted surface».

Study [5] reports a research into raw cotton that con-
tains structural particles of spherical shape with multiple
cotton flies emerging in cleaners from fine debris. Indeed,
the conditions for forming such lumps of cotton occur in
a pretreatment section. Based on this model, the author
attempted to reveal the conditions when a material is
thrown upon the blade to be fixed by a brush drum, taking
into consideration the deformation of slices of raw cotton.
While solving the set tasks, the author does not take into
consideration the deformation of a layer of cotton canvas
and raw cotton is regarded as a one-dimensionally deformed
material.

Work [6] investigated a repeated cleaning of raw cotton
and established a correlation between the degree of cotton
contamination and a cotton fly content in the waste of
a cleaner, which represents a linear function. It was shown
that the use of two-time regeneration of waste from a large
debris cleaner makes it possible to reduce by 2.5 times the re-
lease of cotton fly with the waste. The issues about influence
of elastic characteristics of raw cotton on spreading efforts, as

well as on determining the power consumed by feed rollers at
cleaners, remain to be investigated.

Paper [7] empirically determined the optimum peripheral
speed of drum pins (8—10 m/s) and the gap between pins
and the netted surface (14—15 mm). It was shown that the
best cleaning capability was demonstrated by a combination
of a pin- slatted drum with a grate at the section where the
pre-treatment of raw cotton takes place. The paper failed to
give a comprehensive explanation of conditions for throwing
raw cotton upon the gear of a pin drum, though it includes
a series of recommendations, in particular on a zero gap bet-
ween the pin and grid. The issues about influence of elastic
characteristics of raw cotton on spreading efforts, as well
as on determining the power consumed by feed rollers at
cleaners, remain to be examined.

Work [8] investigated ways of enhancing the efficiency of
cleaning raw cotton from fine burrs by improving the slatted
pin drums. However, changing the profile of the netted sur-
face does not strengthen the effect of cleaning cotton from
large debris. Practical tests have shown that at impact bet-
ween a pin and cotton with the speed exceeding 12 m/s the
seeds are damaged, which leads to an increase in the number
of defects in fiber.

Study [9] addressed the issue of improving the effective-
ness of cleaning raw cotton from fine burrs only for the raw
cotton gathered by machines. The authors did not consider
the friction forces and the influence of elastic characteristics
of raw cotton. The result was that the desired cleaning effect
had not been achieved. Therefore, it should be recognized
that the issues on influence of elastic characteristics of raw
cotton on spreading efforts, as well as enabling a uniform feed
to cleaners at feed rollers, remain to be investigated.

Papers [10, 11] examined the influence of elastic charac-
teristics of raw cotton on qualitative indicators for raw
cotton. This work is continuation of the research into
constructing a model of the process of contact interaction
between blades and raw cotton; it describes the process both
quantitatively, based on magnitudes for spreading efforts,
and qualitatively. However, the author does not take into
consideration that the criterion for capturing capability
of the roller should be the angle yy+¢@, formed by the pin’s
working surface and a layer surface at moment when the pins
capture the particles of raw cotton.

All this suggests that the issues about influence of elastic
characteristics of raw cotton on spreading efforts, as well as
ensuring a uniform feed to fine debris cleaners, remain to be
studied.

3. The aim and objectives of the study

The aim of this study is to determining the power con-
sumed by feed rollers that enable quality cleaning of raw
cotton from weedy impurities at fine debris cleaners.

To achieve the set aim, the following tasks have been
solved:

— to reveal the mechanics of interaction process between
a pin and a layer of cotton and analyze the shapes of a de-
formed layer of raw cotton;

— to assess the interaction between a pin and the surface
of a fibrous material taking into consideration the elastic
characteristics of the transported layer of cotton;

—to devise a procedure for estimating the power con-
sumed by feed rollers carrying a layer of raw cotton.



4. Studying the mechanics of interaction process
between a pin and a layer of cotton and analyzing
the shape of a deformed layer of raw cotton

In order to optimize choosing the parameters for a pin
roller, consider the conditions that arise when the pin meets
a layer of cotton, as well as when the pins receive and throw
the particles.

The criterion for capturing and loosening capability of
a roller should be the angle formed by the pin’s working sur-
face and the layer surface at moment when the pins capture
the particles of raw cotton. In a general case, denote this an-
gle through v and its value at a.=0 through v, (Fig. 1).

The o angle reduces in proportion to the displacement
along the axis of the pin to values o at its free end:

N
o, = arcsm(1sm oc], 1

T

and the larger the difference between r and 7y, the less o.
From the diagram in Fig. 1:

Y=17,—0, =arcsin A5 arcsin [’qsin oc), (2)
2r, 7,

and, to achieve the most efficient penetration of pins to
a cotton layer, fed at low speed, it is required that the value
for y should be maximal. An increase in y leads to a more ef-
ficient capturing of structural particles of cotton. However,
the larger oy and o, the less the value for yand the magnitude
for o affects the conditions for throwing cotton particles by
the pin rollers, which improve with an increase in its value.

Fig. 1. Schematic showing the encounter between a pin and
the surface of a raw cotton layer

Freed from the values of circular functions, transform (2)
to the form
a) at

A —S8,20; sina>0(or A —S,<0;sina<0),

1 (A= 8)|(r —r*sin® ot) -

siny=—;

2 | =45 Jsinec | v

b) at
A —=5,20; sino<0,

{ (A -5, l(rf —r*sin’ oc) -

2|, (472 ~(4,~5,)")sina |

(4)

siny

Take the partial derivative of (2) for o
Jdy _ rcoso

=
do. Jr2—r’sin’a

that has a negative value at 7>rand —n/2< o <m/2.
This means that the angle y at an increase in the angle o
decreases from a maximum value at o.=—m/2,

sin(m—y,,.)=
1
:p[(A1—S1)\/rZZ—r2+r./4722—(A1—S1)2:| , )
2
to a minimum value at o=7/2:
SinYmin =

22%2[(141_51)\/r227—r\/m]' (6)

When 0.=0, we obtain:

A1_S1_
2,

2

siny =

The partial derivative of y for (A1—S8}) at (A1—81)<2ry is
positive, implying a growth in y with an increase in (4;—S7).
At (A1—S1):27”21

oy OV _
ms)=2n 5 )

and we obtain maximum:
. Jr—r’sin’ o
S — )

Ty

and at (4, -S,)=-2r,:

2 2 -2
Jr, —r’sin’a
— (®)

T

SIHY1x|in =

At (A -5,)=0:

. r .

siny=—-—sinao.

)

Radius r of the body of a loosening roller affects the value

for angle v in two ways, because a partial derivative’s sign
depends on angle o.

When ©>0>0, increasing r decreases the angle vy; at
—n<a<0, it grows.

If angle y=0, which corresponds to the pin penetrating

the surface of raw cotton under the most adverse condi-



tions — by the side cylindrical surface. An optimum for va-
lue yis, obviously, equal to /2.

4. 1. Estimation of interaction between a pin and the
surface of a fibrous material, taking into consideration
the elastic characteristics of the transported layer of raw
cotton

Consider the first stage of interaction between a pin and
the surface of a fibrous material — from the moment the pin
touches the undeformed layer surface layer n—n at point By
(Fig. 2) to the limit strain value W at point B, until the pin
penetrates the material.
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Fig. 2. Schematic showing the deformation of a surface layer
by the pin of a loosening roller

The value for maximum deflection Win a function of the
turning angle @=wt, counted from the moment a pin touches
the raw cotton surface is determined from the geometry of
scheme:

o=1sin(y,+9¢)-siny, |=

A1 — 51 Sin(YO + (P)
2 siny,

—1]. 9)

This displacement, according to [11], is matched with
load distributed over the surface of contact that depends on
the shape of the pin’s end surface.

Accept, in agreement with [15], that the magnitude for
a mean displacement of the contact surface of round shape
from the uniformly distributed load at the assigned total
force P, coefficient of generalized properties of a material &,
and the pin’s radius 73:

w(0)=1.696C.

A

(10)

Displacements of the surface points outside a contact
zone at a distance ¢ from the point of load application can be
similarly derived from:

(11)

By excluding from (11) and (10), we obtain:

W (t)= 0.589W(0):—3.

1

(12)

Taking into consideration the accepted directions of
displacements W and counting the angle A of the tangent
inclination to the curve, we obtain (Fig. 3):

A=arctg

W ,
J Bt(L) - arctg0.589W(0):—32'. (13)

1 1

The amount of deformation W(0) defines the maximum
pressure of a pin on the layer:

P=0.589%[sin(y0+q>)—smy0]. (14)

Of interest is the extent to which, depending on the
magnitude for the penetration of a pin into a fibrous mate-
rial W(0)) and the inclination angle to the surface of layer
Ae=Yo1, the pin would additionally deform raw cotton with
its lateral surface (Fig. 3).

Wi(t)

w(0)
Fig. 3. Deformation of the surface of a raw cotton layer
by the inclined pin

From the diagram in Fig. 4, using (12), we obtain:

tgh, =tg(y, +¢)=

1
W(O)(IB - 05897'3 ) + tBTB [Cos(’y+(p) - 1:|
0

: (15)

ty
where g is the distance from the point of load application to
a point along the axis of the layer.

Expression (15) is approximate and, at Ag=7/2, it must
not be used. When r3<ry, one can use the simplified ex-
pression:

_ W(0)(t,~0.589r,)

ty

tgh, : (16)

not taking into consideration the influence of 73 on the geo-
metrical pattern of the process. By solving (15) relative ¢p,
we find the length of section:



AB= \/tfg + [W(O) +7, (1 - 1] -0.59W(0)¢; 73] .(17)
cos, t

B

Analysis of the derived ratios shows that at constant
W(0) an increase in A, decreases the AB secant magnitude.
Thus, at 73=2.5 mm; W(0)=20 mm, at values A=5° 15°; 25°
45°; 60° the length of section AB, respectively, accepts values
of 228.1; 76.1; 46.3; 27.2; 23.0 mm. At low thickness of the
pin, these estimated magnitudes are somewhat different —
228; 75.7;: 45.6; 26.0; 19.6 mm.

The analyzed scheme considers only local contact defor-
mations in the absence of a common motion of the barb and
asymmetric arrangement of pin rollers. Under an asymmetric
scheme, due to a possible departure of the layer surface from
the left and right pins, the conditions for penetration drasti-
cally worsen.

The motion of a pin into a mass of cotton occurs in two
stages, matched with a first diagram (Fig. 4), until the layer
surface is not destroyed and, in addition to a spreading effort P,
the lateral surface of the pin (at A, #1/2) is exposed to load ¢,
distributed over section AB, and with a second diagram
(Fig. 5), when, as a result of destruction of the boundary layer,
a pin penetrated the bulk of raw cotton, making the effort Pin-
significant. Both stages follow one after another; in both cases,
it is important that the product should be able to slip along the
axis of the pin and the structural particles should be captured
by pins. One should not allow for a simple compression of the
barb (under a symmetric scheme) or its deviation by the pin.

F,=u-(Q+Pcosk.)

Fig. 4. Penetration of the pin into a fibrous mass without
breaking the surface

To determine the power consumed by feed rollers, denote
through:

Q=qu2

the pressure of the lateral surface of the pin on a layer of raw
cotton in the direction of normal to the axis of the pin and ac-
cept, according to Amonton, that the friction force of a layer
against the surface, whose maximum value at the threshold of
sliding at friction coefficient t, would equal Frp=nQ. The to-
tal pressure of spreading forces acting on a cotton layer near
the surface of the pin is denoted via N. Force N is small for the

first diagram (Fig. 4) and would increase for the second dia-
gram (Fig. 5), where the lateral surface of the pin carries out
a local deformation of the destroyed layer. For the generality
of analysis, the designations for forces of the same nature are
assumed to be identical in the diagrams.

Fro=p-Q

Fig. 5. Penetration of the pin into a fibrous mass when
the pin penetrates the layer

The conditions for cotton slip along the axis of the pin
towards the center of the pin roller for the first scheme takes
the form:

Q=(N-P)cosh,,

u(Q+Pcosh, )<(N—-P)sinA,, (18)
hence, we obtain the condition:
< %. (19)
{+—cosh,

For the second scheme (Fig. 5), at P=0, we obtain from (16):

HStgh, (20)
or, considering p =arctg, we obtain:
PEA =Y, +0. 21

If conditions (19) to (21) are met, the pin slides over
a fibrous material, going deeper into the barb and creating
favorable conditions for subsequent capture and deformation
of structural particles. The higher the value of vy, the smaller
the value of ¢ at which the pin penetrates raw cotton. And
because increasing o contributes to a decrease in vy,, then
at this stage of the process it is desirable that oy should be
minimal — positive or even negative.

4. 3. Devising a procedure for estimating the calcula-
tion of power consumed by feed rollers carrying a layer of
raw cotton

The above-mentioned studies [10, 11] calculated the
energy consumed by feed rollers based on the condition for



deforming a layer of raw cotton by rollers of round shape. At
the same time, such a model does not take into consideration
the power consumed for the displacement of a layer along
the axis.

Consider the cyclic power consumed by rollers according
to the model of the process suggested above.

The i-th blade, which deforms a layer of raw cotton, is
exposed (Fig. 6) to spreading effort P; and axial effort T;. The
blade has an angular velocity o, which is variable (when ap-
plying a pulsed variator) or permanent.

Fig. 6. Calculation of power consumed by feed rollers

The power spent by the i-th blade for the deforma-
tion and displacement of a layer is equal to (considering
0,= ¢, +0+2n(i—1)/n):

2m(i—-1
R.cos[(po+oc (i )}+
n
g =2¢ , (22)
2 . [ 21:(1'—1)]
+T;sin| @, + 0
n

hence, it follows that the energy is returned to the layer in
the direction of forces P; only those blades for which @;<m/2.
At >m/2, there occurs the inverse transfer of the accumulat-
ed deformation energy from cotton to the blade. If cotton is
an absolutely elastic medium, then the entire energy of layer
compression will be returned to the roller and the total con-
sumption of energy by blades per a cycle of deformation will
be zero. If cotton is considered to be plastic, then at @;=m/2
the blade abandons the layer and the accumulated energy
will not be returned to blades. In the presence of elastic and
plastic deformations, only that portion of energy would be
returned to the roller that was spent on the elastic deforma-
tion component. It is possible to consider this phenomenon,
reproduced in experiments [10], by a proportional decrease
in the layer thickness at the output from a feed pair, or by
reducing a medium rigidity coefficient under conditions of
its unloading.

Work on the axial displacement of the flow in (22) is
naturally positive throughout the entire range of change
in @; from 0 to 7. Based on the experience of using feeders and
analyzing the processes occurring in a mine-collector [11],
it can be considered that:

T, =T, =const, (23)

i=1

at a constant height of mine loading and unchanged charac-
teristics for the physical-mechanical properties of raw cotton.

Consider the distribution of power to transport a layer
along the blades in the first approximation to be uniform,
though accurate calculation requires the consideration of a
statically undetectable system when 7>2. Then:

.
Yo

(24)

At T#T;, the values for T; can be used to construct a co-
lumn matrix.

=1 (25)

and the values for cos@; and sing; are used to build row
matrices:

o]y )

= cos((p+(x);cos(q>+oc+Zn);...;cos[<p0+ot+2n(r_1)] ,(26)
n n
sin[(¢+a)+2n(1_1)]:
n
) 2n . 2n(r-1)
=|sin(@+0a);cos| @+o+= |;...;sin| @, + oL+ p .(27)
n

The total power, spent or received by a feed roller, can be
determined from the matrix equation:

Ey =X ZE =
[ 2n(i—1)]
(- llcos| @, + o+ +o+
o n
== . (28)
+|T||-{sin oot — —

Under condition (23), expression (27) is simplified:
2n(i—1
Zk
n
2n(i—1)
n

Cos[(p0+oc+

Es=

Do
- \ (29)

Pl

+ T"Zﬁ:}'sin[q)oﬂﬁ
r

The magnitude for angular velocity of a feed roller, which
is set in motion by a pulsed variator, in the presence of three
roller overrunning clutches, is described by a non-elementary
function [12]:

Asin(pt—ﬁ)—é at %—mgs@(nwl),
6 2 p p

0= Asin(pt—ﬁ)—é at 2—n(m+1)st£2—n
2) 2 p 3 p

Asin(pt—ﬂ)—é at 2—n(m+g)ﬁtﬁ2—n(m+1),
6 2 p 3 p

where m=0, 1, 2, ... — integer.



This function (Fig. 7) consists of three separate segments
of the sinusoids and its complete period is ¢ =2mn/P.
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Fig. 7. Characteristic of change in the angular
velocity of feed rollers set in motion by a pulse variator:
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The function Ey is periodic, due both to the cyclic work
of blades and the cyclical change in angular velocity and o,
whose mean value is derived from:

- P_[T(odt 31
(l)cp - 27'C ’ ( )
employing (30).

To obtain the mean value for power consumption, one
needs to integrate (30) and (29) over the period of a full cycle
of change in speed ® and the deformation of a layer of raw
cotton by roller’s blades and divide the result by the period of
the cycle. If T and 1, = 2n/no,, are simple numbers, 7 is taken
as the least common multiple of their values; if these numbers
are trailing decimals, one should take the least common mul-
tiple of the numbers derived from these ones by discarding
commas, dividing it by 10 with the power equal to the small-
est possible number of decimal digits in one of the numbers.
Irrational numbers are matched with an infinite value for 1.

In the latter two cases, due to the considerable magnitude
of the entire period and at m=const, it is more convenient to
use the approximation:

P

CcOS [(po +0o+ +
2 2n
= (0‘71)7[ nog

el de. (32)

Ts —icr .
+ XZHSIH[(PO+0€+
r

The obtained value (32) should be doubled for the case of
estimating the power consumed by feed rollers.

Consider at an example applying the data from previous
calculations and the diagram shown in [11], at symmetrical
arrangement of feed rollers. Accept values: K =23 mm®/m
and X 7;=100n. The complete deformation cycle of raw cot-
ton by pin rollers is the angle of 7t/3 rad. in which 0.682 rad
(39°4") is the layer deformed by two rollers. The rest of the
cycle is the layer deformed by a single roller.

The matrix of values for spreading efforts [11]:

-1
W,

P

61.'7'

equals, at =2,

622 _512
P1 _ _521 611 X"V1 ) (34)
Pz det 811 812 u’z
821 22

When 8;;=38;; and 811 =32, that makes it possible to deter-
mine reactions Py and P, in the function of angle .

511"V1 ((X)_ 812 (a)% (0()

R Ry R 6
_ _512W1 (a)+ 611 (a)Wz (0()
R ey R ©0

The period when only a single blade deforms a layer of
raw cotton is also described by these matrix equations that
take the form pf simple algebraic ratios. In this case, a single
blade starts to stretch the layer with the entire force Ty
passed onto it. At such a transition, there is a surge in the
transmitted power to enable the axial transportation of
a layer due to the inequality of projections of velocities onto
the direction of transportation.

Fig. 8 shows the results from calculating the power used
by a roller in the form of charts (at a mean value for angular
velocity 0,,=1.047 s™'). The power used by a roller for the
axial transportation of a layer of cotton is denoted via 1. The
curve demonstrates the spikes due to the transition of the
system from 7=2 to r=1, and vice versa; the reason for their
occurrence is explained above. The mean value for power
consumption here is ~ 6.5 W per a single roller.

a\\\“\\\

\\

Dy

Fig. 8. Dependence of power used by a roller
on rotation angle (at K=23 mm2/n; X 7,=100n):
1 — power for transporting a product; 2 and 3 — total power
consumed by rollers during deformation of the plastic
and elastic product, respectively

The total power spent on the reversible contact defor-
mation of a perfectly elastic material and its transportation
along the axis is shown by curve 2.



Over periods CA and BC the blade rollers receive kinetic
energy from the layer (shaded regions in the figure). Over
period CB, they give it to the layer, converting it into poten-
tial energy for the deformation of cotton in the direction of
displacements W;. Here, the mean magnitude of power con-
sumption is the same —6.5 W.

For the case of an absolutely plastic material, the power
consumption by a roller is defined by curve 3. Here, the
blade, upon reaching maximum layer penetration, should not
be exposed to spreading efforts at leaving, resulting in that
over period BD the roller consumes power only for the axial
transfer of the layer. Over period FB, it is obvious that curves
2 and 3 should coincide because the layer is deformed by only
asingle blade. It is obvious that here one obtains a large value
for the mean power (under an asymmetric scheme, a layer is
deformed by two rollers) amounting to 9.33 W, due to irre-
versible contact deformation of the layer.

Curves 2 and 3 (Fig. 8) demonstrate two characteristic
points at which the energy consumed on contact deforma-
tion of a layer is zero — A and B. These are positions for the
system’s equilibrium — one is stable (A), as exiting this state
requires energy costs, another is unsteady (B), since exiting
it is accompanied by the release of the accumulated energy.

5. Discussion of results of studying the influence
of elastic characteristics of raw cotton on power
consumed by feed rollers

In the course of the study, various variants of parameters
for the scheme of pin penetrating raw cotton have been con-
sidered. That allows us to conclude that at the predefined 7y
and 7y, by increasing @ and by an according increase in A and
(at process phase I, at an increase in W(0), one observes first
an increase in AB, along section AB (Fig. 8), which grows
as yp increases.

Next, section AB reduces to a certain minimum at
W(0)=max near the position of maximum deflection (Fig. 4).
Thus, at =45 mm; a;=0 and yy=30°, o;=10° and y,=20°
and at ay=0 and yy=45° we obtain a series of values for ¢
and AB.

At the same vy, increasing oy decreases the magnitude
for AB reduced with a natural decrease in the power con-
sumed by feed rollers — when vy;=30° and o4=30°, the
series @={0; 15° 30°} is matched with a series of values
AB={0; 6.28; 6.32}.

For cases when A =(y,+®)>n/2, in expressions (15)
to (17), due to the negativity of terms containing the trigo-
nometric functions, one should take their modulo. The me-

chanics of interaction between the blades of a feed roller and
the transported layer of raw cotton has been revealed.

It follows from the reported calculations that one third
of the time required to clean raw cotton involves a single
blade of the roller. The most effective penetration of pins into
a layer of raw cotton supplied at low speed requires the value
of y9p>>30°. Therefore, the effective penetration of pins into
a layer of raw cotton supplied at low speed requires that the
value for y should be as large as possible.

The merit of the current research compared with analogs
is the fact that in order to improve existing designs and en-
hance the cleaning effect the influence of elastic characteris-
tics of raw cotton on the power spent by feed rollers has been
investigated. A series of highly effective methods have been
devised to study the influence of elastic characteristics of
raw cotton on the power spent by feed rollers, which would
make it possible to maximally retain the natural qualities of
cotton and seeds.

6. Conclusions

1. The considered model of the process of contact interac-
tion between blades and raw cotton describes the process both
quantitatively (based on the magnitudes for spreading efforts,
power consumed) and qualitatively. That is not less important
because this makes it possible to esimate the cyclic character of
occurring phenomena, the steadiness in position of feed rollers,
the impact of asymmetry on the system’s force specifications.
The cyclic power used by rollers has been determined accord-
ing to the proposed model of the process when the mean value
for power consumption is ~6.5 W per a single roller.

2. It was established that a raw cotton layer with a thick-
ness from 170 to 380 mm and a width of 700 mm was loaded
with a force of 3-10 N along concentrated along the line.
Based on the reported calculations, it was found that 38.89 %
of the time required to clean raw cotton involves a single
blade of the roller; thus, the most effective penetration of pins
into a layer of raw cotton supplied at slow speed requires that
the value for y5>>30° should be as large as possible.

3. The matrix equations have been proposed to determine
the total power spent or received by feed rollers. During peri-
ods when blade rollers receive the kinetic energy from a layer,
when the blade reaches maximum layer penetration, the total
power consumed by the rollers at the deformation of plastic
and elastic products is reduced by 17 %, respectively. Over
the rest of the period, the blade rollers return it to the layer,
converting it into the potential energy of cotton deformation
in the direction of displacements W;.
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Jlna cmeopenns epexmusnux maninynamopie mooOiivHux pobomis 3anpo-
nonosana Qynxuionanrvo-opienmosana eaemenmua 6aza. Bubip enemenmnoi
0asu 301icHeno HA 0CHOBI AHANI3Y CXEMHUX PiuleHb MAHINYIAMOPI6 MOOIILHUX
pobomis. Obepynmosano, wWo ePexmueHUMU CXEMHUMU PIUEHHAMU MAHINYs-
mMopi6 € MeXaHiZMU 3 NAPAebHUMU KiHeMamuuHumu 36°a3xamu. Payionanvroro
KOHCMPYKMUBHOIO CXEMOI0 NPUUHAMO MEXAHIZM, W0 MAE WICMb WmAaHe 3MIHHOT
doedcunu (2excanod). Posensuymi cxemu Mawinyasmopie moGinoHux pooomie
i3 pisHUM HuUCIOM i 6UOOM CYyMiueHux onop wmane. Jlosedeno, wo 01s peaniza-
yii pi3HOMAHIMHUX CXeM MOJice GYymu 3acmocosana 00HOmunta eiemenmua 6asa
Y 6ueandi cepuunux wapnipis. Pozensanymi pizni eapianmu peanizauii cxem-
HUX piuens Maninyamopie, no6y006aHuUx HA 3aNPONOHOBAHTH PYHKUIOHAILHO-
opienmosanii enemenmuiii 6asi. Chopmyvboeani 0cHOBHI 6uMO2U 00 eJleMeHMHOT
oasu maninynsamopie moodinvtux podomis. Iloxazano, wo 3a0060enns nocmas-
JleHuM eumozam 3adesnewye QynkuionarvHo-opieHmosana eemenmna 6asa na
0CHO8I Zi0pocmamuunux aéo aepocmamusHux wapHipie pisnozo 6uoy.

3anpononosano pso 6apianmie cCXxeMHUx i KOHCMPYKMUBHUX PillleHb Pe2yibo-
6AHUX CepuuHUX 2I0POCMAMUMHUX MA AePOCMAMUMHUX WAaPHIpie. Bucoxumu
MOMHICMHUMU XaPaKmepucmuKamu 6i0pisHACMbCA 2i0pocmamuunuil cepunnuil
WapHip, wWo 6KII0UAE MOUHY KY0 13 Kepamiku (kap6io 6opa). Ilposedena mex-
HOJ02iMHa anpobayis 0aH020 CXEMH020 PIleHHs WNSXOM 6U2Z0MOGIIEHHS eKcne-
PpumMeHmanvbHo20 3paska.

Pospobreno peeyavosanuil 2idpocmamuunuii wapmip, ocHaujenuil Mexa-
MPOHHOIO CUCMEMOIO0 BCMAHOBNEHHS NPOCMOPOBO20 noaocenns cepu. Jane
KOHCMpYKmueHe piuients 003605€ Pe2yio6amu noaojicents chepu wapmipa
6 Mexcax diamempansbHoz0 3a3opy.

3anpononosano KomoiHoGaHUll AepoCmamu4Ho-2i0pOCMAMUMHUL ONOPHULL
6Y30J1 azpezamosanuil 3 npueodamu mawinyasmopa. Byzon mae cmpymenesy
cucmemy pezy08anHs ONOPHUX PeaKuiii aepocmamuio-ziopocCmamuHux onop
cpepuunozo mapnipa. Ilposedena mexnonozinna anpoodauis po3pooaenozo npu-
cmpoto.

Jlna nidsuwenns epexmuenocmi 3anpononoeanoi eaemenmnoi 6asu pospo-
OneHo cneyianvHi aneopumMmu CUCMEMU KePYBAHHS NOJOIACEHHAM Cepuunux
wapHipie maninynsmopie. Anzopummu po3pooneni HA OCHOBI MAMEMAMUUHO-
20 M0OO0eN0BAHHS OUHAMIMHUX NPOUECIE Y WAPHIPHUX NpUcmposx. Anzopummu
6KI0UAIOMb Peanizayito nPOCMOPOBUX NONI2APMOHIMHUX nepemiuets cepu i3
YINECNPAMOBAHUM BUOOPOM HANPAMKY PE3YIbMYIoHUx nepemiuiens, wo 3aoes-
neuye Heo0XiOHY MouHicmo ma weuoKoodilo npouecy pezynio8anis NOJOIUCEHHs.
wapHipie maninyaamopa

Kmouogi crosa: mobinvni podomu, cxemu mawinynsmopie, ziopocmamuni
wapHipu, aepocmamuni onopu, aneopummu Kepyeans
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manipulators are effectively used in terrestrial robotic com-

plexes designed to work with hazardous objects because they

Parallel link manipulators have a high load capacity at
low mass compared with traditional constructions. Such

can significantly improve their mass and dimensional charac-
teristics. The use of devices of this type is constrained by the



