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AHHoOTanus. B cTathe paccMarpuBaeTcs BOIIPOC TMHAMHKHU arperata MalliHBI, KOTOpas BKIIOYAET B
ce0st pa30opiiuk OYHTOB XJIONKA, C YYETOM MEXaHUYECKOW XapaKTEPUCTHKH 3JICKTPHUSCKOTO
ABUTaTCIIsA, TEXHOJIOTMYCCKOI'0 COMMPOTHUBJICHUA U MOMCHTA CUJI TPCHHUS. OHpe)ICJICH 3aKOH ABMXCHUA
¢pes3sr. Ilokazana 3aBucuMOcTh Kod(h(dHIMEHTa BpamaTeTbHOIO0 MOMEHTA PE3WHOBOW BTYIIKH,
YCTaHOBJICHHOH Ha (pe3epHBIX TOJIOBKAX, OT BHOPAIMOHHOTO 3HAYCHUS YIJIOBBIX CKOPOCTEH
BpalIaroIIerocs MpuBoIHOro OapabaHa, yriioBOH CKOPOCTH IPHUBOJIHOTO POTOPA U KPYTSIIIEr0 MOMEHTA.
[To pesynpraTam aHamm3a TpadUKOB CBSI3HM OBUIM PEKOMEHIOBAHBI ONTHMAJIBHBIC 3HAUYCHHS
napaMeTpoB.
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Dynamics of the machine aggregate with a milling mechanism
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Abstract. The article covers the dynamics of the machine aggregate with a milling mechanism of the
cotton bundle disassembler, taking into account the mechanical characteristics of the electric drive,
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technological resistance and torque of friction forces. The law of motion of the milling machine is
defined. The dependence of the torque coefficient of the rubber bushing mounted on the milling heads
on the vibrational value of the angular velocities of the rotating drive drum, the angular velocity of the
drive rotor and torque is shown. Optimal values of the parameters according to the analysis of the
connection graphs were recommended.

Keywords: cotton bundle disassembler, milling machine, peg, machine aggregate, flexible bushing,
technological resistance, rigidity, moment of inertia, angular speed, coverage, productivity, cleaning
efficiency.
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INTRODUCTION

As we know, the main working body of the cotton bundle disassembler machine is a
peg or milling drum, which has a number of design solutions [1, 2]. Nevertheless, the separation
of the cotton pieces from the bundle was mainly done from the top down. In this case, the cotton
pieces are not well hung with pegs, the incidence of spillage is high. Therefore, a method of
separating the cotton pieces from the bottom up was recommended. In this case, the cotton
pieces are separated in one plane without spilling and passed through a tube in the air stream
[3].

The advantage of the recommended milling drum is that it is made of composite,
mounted on the milling cutter shaft by means of flexible rubber bushings. In this case, the
rotational motion of the milling drum is due to the deformation of the rubber bushing [4].
Because of these rotational movements, the milling drum intensively separates the cotton pieces
from the peg, shaking it. This means that along with the increase in productivity, the efficiency

of partial cleaning will also increase.

CALCULATION SCHEME AND MATHEMATICAL MODEL OF THE MACHINE
AGGREGATE

The milling drum receives motion through an electric drive, a transmission shaft, a
conical gear reducer. The calculation scheme is shown in Fig. 1. In the scheme, the milling
drum was considered as one whole without being divided into two. However, the rubber

bushing was taken into account.
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Figure 1. Calculation scheme of the machine aggregate.

In order to obtain the mathematical model of a cotton bundle disassembler machine

aggregate, we calculate using Lagrange's second-order equation [5,6].

4 (T _or 09 om0

dt (aq'l) aq; taa T aq; Q(q:) (1)
where T, IT are the Kinetic and potential energies of the system, @ is the dissipative function of
the relay, Q(q;) are the external forces; q; is generalized coordinate.

System kinetic and potential energies are [6,7]:
T = 1]Km¢12 + l];mp(PzZ' + l]cpz(.og
2 2 2
= %C@Pz — Uy303) 2
where @4, {,, @5 are the angular apeeds of the electric drive shaft, the gearbox output shaft and
the drum shaft and the milling headset, respectively, C is the coefficient of rotation of the rubber

bushing; U, is transmission ratio.

The dissipative function of the relay is [8]:

¢ = %b(fpz - Uzs‘.b3)2 3)
where 8 is the dissipation coefficient of rotation of the rubber bushing.

Correspondingly, we create a mathematical model representing the motion of a three-
mass machine aggregate by determining the additions of the Lagrange equation for each
generalized coordinate [8,9]:

Loy _ !

=X M, +

M
wo  2Mg 9T 20.M, Y

Jko®1 = My, — U}od)Mfocb - Mfric
Jop P2 = Mg — Clpz — Uz393) — b(¢p; — Uz303)
Jor®3 = Upz * C(@ — Uz3002) + Upzb(¢p; — Upzps) — (M1 + MOSka)ticYE) (4)
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where M,, M,, §M, are constant and variable random components of technological resistance;

M, Is driving torque interacting between the drive and reducer output shaft, Mg, is the

moment of resistance of frictional forces.

NUMERICAL SOLUTION OF THE PROBLEM AND ANALYSIS OF RESULTS

The solution of the system of differential equations (4) representing the motion of the
machine aggregate, including the milling drum drive of the cotton bundle disassembler, was
carried out using the Runge-Kutta program [5,10], considering the following initial calculated

values of parameters

Jiwo = 1,52 kgm? Jiop = 5,25 kgm?
Jor = 1,69 kgm? Uyp = 6,83 kgm?
¢, =157 571 N, = 1500 rpm ™1
Mpyie = 8,17 N M, = (20 = 25) N
M, = (2,1+25)N &M, = (0,1 +0,12) M,
C = (450 =~ 500) Nm/rad 8 =(6,2+7,5) Nms/rad

Based on the solution of the problem, the laws of motion of the working bodies of the
machine unit were determined. Fig. 2 shows the laws of variation of the angular speed of the
rotor of the electric drive rotor and the torque in it, as well as the torque on the output shaft of
the reducer.

The analysis of the obtained laws shows that the average start-up time of the machine
unit is (0.2+0.25) s, while the stopping period is (0.18+0.2) s. The difference in this is mainly
explained by the fact that the moments of resistance forces accelerate the stopping. Considering
that the technological resistance was in the process of breaking the cotton gin, it was found that
the average value of ¢, was around 153 s, the loading value was around My, = (31+35) Nm,
and the loading of Mg was around (68+75) Nm.

Figure 3 shows the laws of variation of angular speeds ¢; ¢ and torques on the shafts
M,, Myr of the drive and milling headset.

Because result of processing the obtained laws of motion and loads, graphs of the
interrelationships of machine unit parameters were constructed. In particular, Figure 4 shows
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graphs related to the technological resistance of the milling drum, the oscillation coverage of
the angular speeds of the drive rotor and the changes in the torque. When analyzing the graphs,
the angular speed oscillation coverage of the electric drive shaft when the moment of resistance
from the raw cotton obtained increases from 0.42°10 N to 3.8'10 N is 2.18'10 s to 5.2:10 s*
increases the angular speed coverage of the milling headset from 1.51:10 s to 3.6:10 s™.
Correspondingly, as the torque values on the electric drive increase from 0.04 - 10> Nm to
0.12:10? Nm, the load on the milling headset increases from 0.09°10> Nm to 0.32:10> Nmin a
nonlinear connection (Fig. 4, 4-graph). It is known that the speed of the milling cutter is much

higher than the rotational motion, which allows intensive separation of cotton from the mill.
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Figure 2. Laws describing the output to stable motion, stable motion period and stopping
processes of the machine aggregate, including the mechanism of the milling drum of the

cotton bundle disassembler.
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Figure 3. The laws of change of angular speeds and torques of the drive and milling headset.
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Figure 4. Graphs of technological resistance dependence of changes in the vibration coverage

of angular speeds and torque moments of the spinning mill drum and the drive rotor.

Fig. 5 shows the dependence of the rotational torque coefficient of the rubber bushing
mounted on the milling heads on the vibrating coverage of the angular velocities of the rotary
drive drum, the angular speed of the drive rotor, and the torque. When the average torque
coefficient of the rubber bushing on the milling drum increases from 1.0-10? Nm/rad to 6.00°102

Nm/rad, the oscillation coverage of the angular speed of the milling headset is 2.61°10 s™ to
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0.64:10 s, If it decreases in a nonlinear pattern up to 1, it can be seen that the values of A¢g,
decrease in a nonlinear pattern from 4.4'10 s to 1.58°10 s™* (Fig. 5, graph 1). It should be noted
that if the torque on the drive shaft increases from 0.052°10?> Nm to 0.18°10> Nm, the torque on
the milling headset increases from 0.12:10?> Nm to 0.33:10? Nm in a non-linear connection.

It is recommended that the rubber bushing average rotational coefficient of rotation be
less than (4.0+5.0) Nm/rad to ensure that the speed vibration coverage (0.6+1.6) is in the range
of 10 s,

Ap, 10 ¢t
4,5 A
\ 3
3 \\
4
Q --~_::>‘=:::
0 o >
2 4 6 C, 102 HM/de
1-Ap | =f(C) 2-0g 5 =f(C)
3-M.=f(C) 4-M,,=f(C)

Figure 5. Graphs of the dependence of the coefficient of rotation of the rubber bushing on
which the milling heads are mounted on the rotating torque, the vibration coverage of the

angular speeds of the drive rotor and the torque moments of the milling cutter.

It should be noted that by increasing the weight of the rotating mass or the moment of
inertia, it is possible to make its rotation smooth [10-12]. Fig. 6 shows graphs of the vibration
coverage of the angular speeds of the spinning mill drum and the drive rotor depending on the
change in their moment of inertia. When the moment of inertia of the cutter headset increases
from 1.2:10 m? to 5.0-10 m?, when the coverage of the rotational oscillation speed of its angular
speed is Myum= 5.0 Nm, the values of A¢; decreases from 1.52:10 s to 0.26'10 s, while
Muu=9.0 Nm, the angular speed coverage of the milling headset decreases in a nonlinear
pattern from 2.25:10 s to 0.61-10 s™. Correspondingly, the values of A¢, on the electric drive

shaft decrease in a nonlinear pattern from 4.6'10 s to 2.28°10 s (Fig. 6, graph 1, 2). However,
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an excessive moment of inertia increases the loading torque and increases the power

consumption. Therefore, the recommended values are: J,, < (2.0 + 2.5)kgm?; Jor = (24 +

3.5) kgm?.
A, 10 ¢t
45 1 \
3 \
2
1’5 ] \\
4
0o N
2 4 6 J Krm?
1,2-0p-=f(J,.) 3,4-0¢-1=f(Jg,)
1,3-M,,=5.0 Nm; 8=4.5 Nms/rad
2,4-M¢,.=9.0 Nm; 8=7.0 Nms/rad

Figure 6. Graphs of the dependence of the vibration coverage of the angular speeds of the

spinning mill drum and the drive rotor on the change in their moments of inertia.

THE RESULTS OF THE PROPOSED TEST OF THE CONSTRUCTION OF THE
DRUM WITH A MILLING CUTTER, FLEXIBLE SHOCK ABSORBER OF THE
RECOMMENDED COTTON BUNDLE DISASSEMBLER

Analysis of the comparative test results shows that when using the recommended cotton
bundle disassembler milling drum, the productivity can be increased by 1.9 t/h compared to the
existing working body. Cotton cleaning has also improved. At the same time, it was found that
for every 10 kg of raw cotton (up to 4+5) the number of pieces with up to 24% more fiber than
the existing design, i.e. improved cotton cleaning. As a result, it was found that the cleaning
efficiency of cotton increased by 5.9%. It was also noted that due to the use of a rubber shock
absorber in the proposed design, the damage to the seeds because of the soft impact was reduced

by 0.08+0.09% after the UXK unit. The efficiency of cleaning cotton after the cleaning unit
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was found to be 88.0% when using the recommended construction, and 79.5% when using the
series construction. This means that the use of the recommended working drum in the cotton

bundle disassembler machine leads to high efficiency.

Table 1. Comparative test results.

No. Name of the parameters In existing cotton In proposed cotton
bundle disassembler bundle disassembler
1. (I)/r(l)itial contamination of cotton, 3.4 34
2. Cotton moisture, % 8.5 8.5
3. Productivity, t/h 10.5 12.4
4. (I;:flmency of cotton cleaning, 79 13.8
5. Efficiency of cotton cleaning
after UXK aggregate, % 795 88.0
6.  Seed damage, % 1.4 1.32
7. Degree of shredding of cotton
(percentage of pieces of up to 85 61

5 fibrous seeds in 10 kg of raw
cotton), %

CONCLUSIONS
The efficient design of a milling drum of the cotton bundle disassembler is
recommended. Based on the theoretical research, the laws of motion and loads of the drive and
milling headset were determined, and the optimal parameters were recommended. Based on the

test results, recommendations for implementation are given.
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