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Abstract: Solutions of the obtained nonlinear differential equations of the machine unit are
presented using the Maple mathematical program, determining the dependencies of changes in the
parameters of the working body in the steady state as a function of the technological load on cotton
for different values of the eccentricity of the tension roller of the belt drive. The article presents the
changes in the angular velocities of the masses and torque on the engine shaft of the system as a
function of time, the dependence of the change in the amplitude of oscillations of the accelerator shaft
of the raw chamber and the amplitude of the motor load as a function of the resistance of raw cotton,
the dependence of the change in the unevenness coefficients of the rotating shafts of the machine unit
are shown as a function of the viscous friction coefficient of the elastic gear. By solving a system of
nonlinear and differential equations of the movement of a machine unit, the laws of motion of the
accelerator shaft and the rotor of the electric motor were determined. It was found that with increasing
load on the flap, the fluctuation range of the angular velocity of the accelerator roller increases, as
well as the fluctuation range of the torque on the motor shaft.

Keywords: machine unit, options,working body, process load, tension roller, roller
accelerator, eccentricity, differential equations, not linear equations

Annotatsiya: Maple matematik dasturi yordamida mashina blokining olingan nochizigli
differensial tenglamalari yechimlari keltirilgan, bunda bargaror holatdagi ishchi organ
parametrlarining o ‘zgarishining paxtadan texnologik yuklamaga bog‘ligligi kamarni taranglovchi
rolikining eksantrikligi giymatlari turli giymatlari uchun olingan. Tizimning dvigatel validagi
massalar va momentning burchak tezligining vaqtga bog‘lig o ‘zgarishi, xomashyo kameraning
tezlatgich valining tebranishlari amplitudasining o ‘zgarishiga va dvigatel yuklanishining
amplitudasiga bog ‘ligligi. paxta xomashyosiga garshilik funksiyasi, elastik uzatmaning yopishqoq
ishgalanish koeffitsientiga bogligligi, mashina agregatining aylanadigan vallari notekislik
koeffitsientlarining o zgarishiga bogligligi keltirilgan. Mashina agregati harakatining chizigli
bo Imagan va differentsial tenglamalari tizimini yechish orgali tezlatgich vali va elektr motor
rotorining harakat gonunlari olingan. Aniglanishicha, paxtadan yuklanish ortishi bilan
tezlashtiruvchi rolikning burchak tezligidagi tebranishlar diapazoni, shuningdek, dvigatel validagi
momentning tebranishlari oralig ‘i ortadi.

Tayanch iboralar: mashina agregati, parametrlar, ishchi organ, texnologik yuklanish,
taranglovchi rolik, valik tezlatkichi, ekstsentriklik, tebranish diapazoni, paxta xomashyosidan
garshilik, aylanma notekislik koeffitsienti.

Annomanusn: [pugedenvl pewienus noIyUeHHbIX HeTUHEUHbIX OUPDHEPEHYUATLHBIX YDABHEHU
MAQUIUHHOZ0 —azpeeama ¢ NOMOWbI0 Mamemamuueckoi npoepammsl Mmaple, zde nonyuenv
3a6UCUMOCIU USMEHEHUS NAPAMEMPO8 padboue20 OpeaHd 6 YCMAHOBUBULEMCS pexcume 8 QYHKYUU
MEXHON02UYECKOU HAZPY3KU OM XAONKA NPU PA3IUYHBIX SHAUEHUAX IKCYEHMPUCUMEMA HAMAICHO20
ponuxa peménnoil nepedauu. Ilpusedenvl usmeHeHus yen08ix CKOpocmetl Mace U MOMeHmMa Ha 64y
odgueamens CUCMEMbl 8 3A6UCUMOCTNU OM 8PEMEHU, 3ABUCUMOCIU USMEHEHUs pasmMaxa Koaebanuu
eana yckopumens ColpyogoU Kamepvl U pAasMaxd HAZPYHCEHHOCMU Osueamenss 6 @QYHKyuu
CONPOMUBLEHUsL OM XAONKA - CHIPYA, 3ABUCUMOCIU USMEHEHUS KOIDPUYLUeHmMo8 HepasHOMepHOCH el
8PAUAIOWUXCA 8ANI08 MAUUHHO20 azpe2amd 8 QYHKYuU Kodduyuenma 6:13K020 mpeHus ynpyeou
nepeoayu.  Pewenuem cucmemor Henuneunvix u OugdepenyuanrbHbix YpagHeHull O8UMNCeHUs
MAUUHHO20 azpe2ama NOY4eHbl 3aKOHbL 0BUIICEHUS Al YCKOPUMENS U pOMOPA SNEKMPOOSU2AMES.
Yemanoesneno, umo ¢ ysenuuenuem Hazpy3Ku om XA0ONKA 603pAcmaent pasmax KoieOauuil yenoseoi
CKOPOCMU YCKOPAIOWE20 8ANUKA, 4 MAKHCE PA3MAX KOLeOAHUL MOMEHMA HA 84Ty OBUSAMEI.
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conpomuseieHue on Xjionka - coelpyd, Koaqbd)uuueﬂm HEPABHOMEPHOCMU 6pAULEHUA.

Introduction

Due to the high density of the raw material roll,
high dynamic loads occur in the working chamber of
the saw gin. This leads to increased seed damage and
increased defects in the fibre. Some researches in this
direction have been carried out.

In the article [1] the calculation scheme and
mathematical model of the machine unit with the
accelerator mechanism of the raw material chamber
of the saw fibre separator, taking into account the
inertial, elastic-dissipative properties of the elements,
as well as the variability of the transmission ratio of
the elastic gear and the technological load from raw
cotton, are drawn up.

In the article [2, 3] the results of the
experimental study of the developed profile of the
working chamber of the saw gin with a throwing
drum are given. The influence of the performance of
the saw gin with a pick-up drum and a double drum
feeder on the power consumption of the electric
motor, the density of the raw cotton roll, fibre content
and raw cotton roll speed using experimental studies
is studied.

SR

\

Fig. 1. Kinematic diagram of the saw gin
accelerator drive: 1 - accelerator, 2 - belt

transmission of the accelerator drive, 3 - belt

tensioner.
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The paper [4] presents an efficient resource-
saving design solution of the elastic bearing support
of the saw gin. Expressions for calculating the
amplitude and frequency of oscillations of the saw
cylinder on the elastic support as a two-mass system
of the machine unit are obtained. Formulas for
determining the laws of motion of the electric motor
rotor and the saw cylinder shaft are obtained
analytically.

By solving the differential equations, taking
into account the dynamic characteristics of the
asynchronous electric motor, the formula for the
transmission ratio between the driving and driven
shafts of the accelerator drive of the raw material
roller with an eccentric idler is derived.

In the drive of the raw material roller
accelerator there is a tension roller (Fig. 1), which
periodically changes the belt sliding, due to which the
accelerator rotates with variable frequency, giving the
raw material roller impulsive rotation. This results in,
firstly, shaking of the raw material roller, secondly,
cyclic change of the rarefaction in the seed comb area,
and thirdly, due to the impulsive rotation of the raw
material roller, a variable centrifugal force is
generated. The raw cotton is periodically thrown onto
the saw blade teeth and the bare seeds are intensively
released.

The cyclic changes in rarefaction lead to a more
complete discharge of the denuded seeds from the
raw material chamber [5]. The impulsive force in the
raw material roller, resulting from the uneven rotation
of the accelerator, favours better capture of raw cotton
slices by the saw teeth and their better retention on the
saw teeth. This leads to a more complete separation
of the fibre from the seed.

Statement of the Problem. The solution
method is based on solving the obtained nonlinear
differential equations of the machine unit using the
maple mathematical programme [6-10].

The equation describing the motion of two mass
elastic system [1, 11, 12]:

a’sin g, i,
Jrialsin? g i, —r

Ila)l =

l,0, = €, (a’l - ilzwz)ilz + IBBT(wl - ilzwz)ilz -M,.

[EF ~ (e -1). (SO +C0S @, iy ++/r?a’sin g -, — r)- SkJ—ﬂBT(a)l — i) 1)
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The transmission ratio between the drive and
driven shafts with eccentric idler is expressed by the
equation:

D,EF

|12 -

D D . D D
D,{EF —(e““-1) Sy +acos| ¢, - L |+ || 2 |-a’sin? ¢ L |-—2|S
1 ( 0 [(01 Dzj \/( 2) 21 D, 2 k 2)

here : D1 - pulley diameter on the motor shaft;
D; - idler pulley diameter; Dy, - idler pulley diameter;
E - belt elasticity modulus; F - belt cross-sectional
area; So - initial belt tension; o - belt girth angle equal
to the sliding arc; e, - eccentricity of the idler; iy - idler
shaft ratio; Sk - belt tension coefficient; Ber - viscous
friction coefficient; e - base of natural logarithms; p -
belt friction coefficient;

For information processing and calculations it
is necessary to set initial conditions and initial
parameters of the system. To solve the problem we
apply the following initial conditions of the system: t
= 0; angular displacements of the motor rotor ¢1 and
accelerator shaft @2, @1 = i12¢02; M1 - moment on the
motor shaft, M, - moment of forces of technological
resistance of fibrous material acting on the accelerator
of the raw roll, M1 = 0; M»=0.

Let's define the initial parameters of the
system.

Drive accelerator raw material roller is carried
out by asynchronous electric motor brand A02-42-8
with the parameters [13]: motor power N = 3,0 kW;
nominal revolutions n = 720 r/min; ratio of starting
torque to nominal Mstar/Mnom = 1,2; ratio of maximum
torque to nominal (overload capacity) A = Mmax/Mnom
= 1,7; network frequency f = 50 Hz; number of poles
P = 4; flywheel motor torque GD?= 1,7 Nm.

Let's calculate the necessary parameters of the
motor.

Nominal angular speed

wy = % = 75,36 rad/cek. (3)

Angular speed of idle speed of the motor rotor

wo = 2%% = 78,5rad /cek 4)
Moment of inertia of the electric motor rotor

GD? 2
hi= = 0,04332nmc?. ®)

Rated motor torque:

9550 -N,,

My
Ny

=39,791m. (6)

The critical torque of an electric motor:
M, =AM, =17-39,79 =67,5 Hm. (7
Nominal value of slip:

Do =D _ 0394 (8)
Wy

S, =

The critical value of slip:

1
Sk =st(1+ /1—?}0,121. ©)

The machine unit was calculated with the
following machine parameters:

J1 =0,04332 Hmc?;
Jo, = 1,57 Hmc?*

For maintenance of necessary non-uniformity
of angular velocities of masses for rotary currents of
technological machines, we take a variant of
parameters of eccentricity ep, coefficient of viscous
friction of elastic transmission BBT, moment of
inertia of accelerator shaft J2, moment of resistance
from technological load Me.

J2 =0.5...3 Nms2.
Stiffness coefficient of the elastic transmission

C=— (10)

For Type A and B belts that can be used to drive a
gin accelerator,

C =1515...2580 um/ pao.

Viscous friction coefficient of elastic transmission
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M =2..8 nmcl pao.

Pror =
BT A,

(11)

These values of stiffness and viscous friction
coefficient are established according to known
calculations [14, 15].

Moment of resistance from technological load
(from the result of experiment)

Mc =0...45 Nm.

At the software solution of the problem the
following parameters were varied: amplitude of
oscillations of the transmission ratio; technological
load from raw cotton; moments of inertia of the
machine unit masses; stiffness and dissipation
coefficients of the elastic transmission; eccentricity of
the tension roller.

On the basis of the problem solution the laws of
motion of rotating masses of the machine unit are
obtained. It is revealed that due to the variable
transmission ratio of the belt transmission the start-up
process of the system is delayed up to 0.1s.
Fluctuations of angular velocities and moments on the
shafts of the machine unit are mainly caused by the
variability of the transmission ratio and non-
uniformity of the technological load of raw cotton.

80

o, pax/c

70
60
50
40
30
20
10

0,05 0,1 0,15

The technological load is selected within the
range of (3.5-2.5) Nm. Fig. 2 shows the variation of
angular velocities of masses and torque on the motor
shaft of the system. The range of torque fluctuations
is (15... 45) Nm, and the non-uniformity of the
angular velocity on the raw material roller is 62 =
0,05...0,15. Unevenness of rotation of the driven shaft
arises from the technological resistance of cotton. The
unevenness of the idler shaft rotation affects the
rotation of the driving shaft and the motor torque.

Fig. 3 shows the graphical dependences of the
change in the oscillation spread AMg, A@2 in steady-
state mode as a function of the technological load
from the cotton at different values of the eccentricity
of the belt transmission idler roller. The figure shows
that with the increase in the saw gin productivity, the
range of oscillation of the angular velocity of the
accelerating roller of the raw material chamber
increases, not linearly. At the eccentricity of the idler
roller e = 3,0 mm and resistance from cotton Mx = 12
Nm, the increase in the range of oscillations of the
accelerating roller speed reaches from 4,5 rad/s to 18
rad/s., and at e = 1,5 mm the value of A@2 increases
from 3,4 rad/s to 16 rad/s at Mx = 15 Nm. In the first
case, the average variation of the accelerating roller
speed is 6.75 rad/s, and in the second case, 6.3 rad/s.

4
-
40

35
30
25
20
15
10

0,2 0,25 0,3

Fig 2. Time variation of the accelerator shaft angular velocity and motor shaft torque.

It should be noted that as the cotton load
increases, the torque on the motor shaft also
increases. We were interested in how the load on the
motor shaft fluctuates with increasing machine
output. Thus, when the eccentricity of the idler roller
e = 3.0 mm, AMg increases from 1.8 Nm to 8.5 Nm
at Mx = 20.5Nm, and when e = 1.5 mm, AMg
increases from 1.2 Nm to 4.9 Nm at Mx = 20.5Nm.

This is justified by the fact that with the increase in
the eccentricity of the idler roller the constant
component of the change in Ap2 and AMg increases
proportionally, and with the increase in productivity
due to the variability of the load from the cotton
additionally increases the angular velocity spread of
the accelerating roller and the torque spread on the
motor shaft.
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20

AM, Hm
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Fig 3. Dependences of the change of vibration spread of the accelerator shaft of the raw chamber A®?2
and motor load spread Awg in the function of resistance from cotton - raw material

1- A2 at eccentricitye =3 mm; 2 - A,cate =1.5mm; 3 - Amgate =3 mm; 4 - Ayg at e = 1.5 mm.

Important are the researches of the machine
unit with the mechanism of the accelerating shaft of
the raw material chamber of the saw gin at variation
of parameters of the elastic transmission: stiffness and
viscous friction coefficients and eccentricity of the
idler roller of the transmission [15]. It is necessary to
consider the recommended parameters of the elastic
transmission, at which the necessary fluctuations of
the angular velocity of the accelerating shaft,
intensification of bare seed separation and fibre
separation process are provided.

25

Aw:
8
AM, Hm

20

15

2 “\~\\‘\~\\\\-_‘\\\\
15 3 2
10
10 \~\-~_\\__‘-§

5 \ 5
0 0
0 750 1500 2250 2700
C, Hm/pag

Fig 4. Graphical dependences of the change of the
oscillation range of the angular velocity of the
accelerating roller Ao, and the load range
on the motor shaft AM as a function of the
stiffness coefficient of the elastic
transmission C: 1- Awz, 3 - AMg at the eccentricity
of the idler roller
e=3mm;2-Amzand 4 - AMg ate =1.5mm.

Fig. 4 shows the graphical dependences of the
change in the range of oscillations of the angular
velocity of the accelerating roller and the range of
load on the motor shaft AMg as a function of the
stiffness coefficient of the elastic transmission C.
With increasing stiffness coefficient, the range of
oscillations of the angular velocity Aw2 and the range
of load on the motor shaft AMg decreases. Thus, at e
= 3.0 mm, Aw?2 decreases from 23.5 rad/s at C = 250

Nm/rad, to 85 rad/s at C = 2250 Nm/rad. The
decrease in the sweep of the accelerating roller
angular velocity oscillations with increasing stiffness
of the belt transmission is explained by the fact that
the system becomes more rigid, close to unity. In the
same way it is possible to explain the decrease of the
torque spread on the motor shaft with increasing
stiffness of the belt transmission C (see Fig. 2.5,
curves 3, 4). In addition, it should be noted that the
decrease of Aw2 and AMg are different for different
eccentricities e = 3.0 mm and e = 1.5 mm (see Fig. 4,
curves 1,2,3,4).

Taking into account the requirements of seed
separation and ginning technology, the recommended
values of stiffness coefficient of elastic transmission
are 1000...2000 Nm/rad at eccentricity e = 1.5 mm
and 1700...2000 Nm/rad at e = 3.0 mm. At these
values the angular velocity spread Aw2 = 10...12 rad/s
is provided.

BWN =

01 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20

BT, H™c/pan

Fig 5. Graphical dependences of changes
in the irregularity coefficients of the rotating
shafts of the machine unit 8 as a function of the
viscous friction coefficient of the elastic
transmission BVT:

1-81, 3-62 at eccentricity e=3 mm; 2 -
01,4 -62ate=15mm.
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The influence of the viscous friction coefficient
of the elastic transmission on the character of motion
of the machine unit is evaluated highly from the point
of view of the dynamics of the investigated jin
machine unit. Fig. 5 shows the obtained curves of
dependence of change of the coefficients of non-
uniformity of angular velocities 61 and 62 of the
accelerator shaft of the raw chamber and the rotor of
the electric motor as a function of the coefficient of
internal viscous friction of the elastic kinematic
coupling BVT (belt transmission with variable ratio)
[16].

Increase of viscous friction coefficient BVT
leads to decrease of coefficients of non-uniformity of
angular velocities 81 and 62. So, at e = 3,0 mm 31
decreases from 0,22 to 0,09, and at e = 1,5 mm from
0,15 to 0,03 at increase of BVT from 1,2 Nms/rad to
17,5 Nms/rad (see fig.5, curves 1, 3). The decrease in
the motor rotor irregularity coefficient is significant
at e=3.0mm, from 0.2 to 0.04, and at e=1.5mm is
insignificant (from 0.1 to 0.025). Acceptable values
of the viscous friction coefficient are 3.0 and 5
Nms/rad, at e = 1.5mm and 10...12 Nms/rad at e =
3.0mm. At these values of viscous friction coefficient
BVT the necessary values of 61 (0.13...0.15) and 62
(0.03...0.08) are provided.

Conclusion

1. By solving the system of nonlinear and
differential equations of motion of the machine unit,
the laws of motion of the accelerator shaft and the
electric motor rotor are obtained. It is established that
with the increase of the cotton load, the range of
fluctuations of the angular velocity of the accelerating
roller increases, as well as the range of fluctuations of
the torque on the motor shaft.

2. Taking into account the requirements of the
technology of seed separation and ginning
recommended values of the stiffness coefficient of the
elastic transmission is 1000 ... 2000 Nm/.¢ at the
eccentricity of the tension roller e = 1.5 mm and 1700
... 2000 Nm/rad at e = 3.0 mm. At these values the
angular speed of the driven shaft w, = 10...12 rad/s is
provided.

3. Increase in the viscous friction coefficient of
the elastic transmission leads to a decrease in the
coefficients of unevenness of rotation of shafts 8, and
d2. The applied values Byt = 3,0...5,0 Nm s/rad at e =
1,5mm, Byr =10...12 Nm s/rad at e = 3, 0 mm.
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