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MODELLING OF LOADING DISTRIBUTION TO ROLLERS
SUPPORTS OF ROTATING DRUM

The paper analyzes the factors that must be taken into account when designing machines of
the drum type. The method of determining the reactions of the reference rollers of the drum type ma-
chines with the consideration of the uneven distribution of the charge material along the length of the
drum and the angle of the installation of the drive gear is proposed.
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B pobomi npoananizosano haxmopu, saxi He0OXIOHO 8paxo8ysamu npu NPOeKmy8aHHi MAUUH
bapabannozo muny. 3anponoHOBAHO MemOOUKY BUSHAYEHHS PeaKyill ONOPHUX POIUKIE MAUUH
bapabannozo Muny 3 Ypaxy8aHHAM HEPI6HOMIPHOCMI pPO3MAULY8AHHS WUXIMOB020 Mamepiany no
Oosoicuni bapabara ma Kyma yCmanoeKu npusoOHol uecmepHi.

Knrouosi cnosa: mooenroganus,; mawiunu 6apabannoco muny;, Kym YCMAHO8KU NPUBOOHOL
wecmepHi, ONOPHI POIUKU, WUXMOBUL MAMepiail.

Formulation of the problem

Prospects for the development of mining and metallurgical complex technological lines for the
preparation of ore materials involve the creation of units of high unit capacity. The design of drum
type machines requires the development of more accurate methods of calculation, since it becomes
irrational to compensate for the errors of approximate calculations. This leads to the necessity in their
design to take into account the influence of a number of factors that have not yet been taken into ac-
count in the calculations.

Analysis of the latest research and publications

The question of reactions determining for drum type machines supports is given attention in
scientific work [1]. In this work, the calculation of the reactions of the supports of the machines of the
drum type is carried out in the combination of both pairs of the support rollers and the gear crown in
the same thickness, without considering the effect on their value of uneven distribution of charge ma-
terial along the length of the drum, without taking into account friction in the support and rotary part
of the machine links with respect to the vertical axis of the drum. There are no experimental studies of
the supporting rollers reactions in the working condition of the machine. It is concluded that to calcu-
late the reference units it is sufficient to determine the static load. In [2], the results of measuring the
thickness of a layer of charge material in a rotating drum at different speeds of rotation are presented.
It is found that the charge along the length of the drum can be evenly spaced with a certain slope to-
ward the unloading side of the drum, or unevenly with considerable concentration on the loading side.
This irregularity reaches three times the thickness of the charge layer on the loading side over the
thickness on the loading side. Such significant irregularity extends to almost half the length of the
drum, and this results in considerable uneven loading of the roller supports along the length of the
drum, which is not taken into account in previous studies.

Formulation of the study purpose

The purpose of the work is to develop a method of calculating the reactions of the machines
supports for the drum type taking into account the uneven location of the charge material in the drum
along its length, the influence of friction forces arising in the support-rotary part of the machine during
its operation, as well as the angle of installation of the drive link with respect to the vertical the axis of
the drum. To achieve this goal, the following tasks must be accomplished:
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- determine the location of the charge material gravity in the drum in the transverse and longitudinal
thicknesses in the drum,;
- find the value of the force in the gearing by the iterative procedure;
- determine the rational location of the gear crown on the drum to ensure a uniform distribution of
forces on the supports along the length of the drum.
Presenting main material

The scheme of the drum type machine with a gear drive of the drum is shown in fig. 1, using
the following designations: / — drum; 2 — charge material; 3 — a bandage; 4 — the supporting roll-
er; 5 — crown gear; 6 — drive gear; Py, P,, P;, P, are the reactions of the rollers; P, — weight of the
drum; P,, — the weight of the charge; P. is the force in the gearing.

Fig. 1. Schema of a drum type machine with a gear drive

In the first step, to solve the main disad-
vantage of the previously existing methods, we
determine the location of the center of gravity of

/# the charge material in the drum in the transverse
and longitudinal thicknesses. In Fig. 2 shows a
diagram of the location of the charge in the
drum with a uniform slope with the correspond-
ing notation: R is the radius of the drum; /;, /; is
the distance from the center of the drum to the
chord of the charge segment, respectively, on
the loading side and on the unloading side; L is
the length of the drum.

The coordinate of the center of gravity

Fig. 2. The schema of the charge with a  Of the segment cylinder of the charge relative to
uniform slope the axis OY is determined by the formula




102 Maremarnune mozgenroBanus Ne 2(41) 2019

I” y - drdydz J“y dxdydz

Ve o V I”dxdydz ’ M

Each of the triple integrals is determined and calculated and substituted into formula (1). After trans-
formations and calculations, we obtain the coordinate of gravity center on the axis OY, dividing the
corresponding values of the found integrals:
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where o6 = u

Then the coordinate of the gravity center of the charge along the axis OZ is determined by the

formula
m z - dxdydz ” j z - dxdydz

¢ v j j dxdydz

2

After completing the necessary transformatlons and calculations, we obtain the value for the
integral in the numerator of the formula (2)'

m 2 dvdydz =~ (3AR2 2C+3R arcsm%J

where Azlz\/Rz—lzz —ll\/Rz—ll ;

B=1 R~ — IR — 2 :C=1(R -2 —1J(R* -] .

In the case where the surface of the charge in the drum has a constant slope, as shown in fig. 3
(curve AB), we use graphoanalytic method to find the center of gravity of the charge [4].
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Fig. 3. Graphoanalytic method for finding the center of the charge gravity

For this purpose, the charge material in the drum is broken into a series of segment cylinders
with length /. Replaced cylinders in cross-sectional area should be equal to the replaced cylinders. For

each cylinder the chord «a» and the arrow «A» are measured. In relation ai/ h. to the tables [3] we

determine the length of the chord a; and the area of the segment fi. Then the volume of each substi-
tuted drum cylinder segment is determined by the formula

Vi=fili R,
where R — the radius of the drum; /; — the length of the cylinder.
The distance from the origin to the center of gravity of the OY axis will be

n
Ye ZZVI i
i=1

where y; — the coordinate of the center of gravity of the i-th segment cylinder from the origin.
The distance from the axis of the drum to the center of gravity of each segment cylinder is
given by the formula
al-3 ‘R
Zi = .
12- f;
The distance from the axis of the drum to the center of gravity of the charge in the drum along
the axis OZ is determined as follows:

_i=1
Zc

o=
Nz
i=1

Then the moment on the axis of the drum by the weight of the charge is calculated by the for-
mula:
Ml = Pm .ZC 'Sin}/,

where P,, — the weight of the charge; y — the angle of lift of the center of charge in the drum as it is
rotated.
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Thanks to the found torque value, it is possible to determine in the first approximation the
force in the gearing [5]

P - 2M, ’
D, -cosa
where D, — the diameter of the initial circle of the teeth of the drive crown; o — the gearing angle
of the involute gear.
y

A

Fig. 4. The location of the charge in the drum

According to fig. 4 we project all forces on the axis OX and OY and from these equations we
determine the reactions R/ and R, in the first approximation

R=P _]%,cos(@ +a);
sin
, Ps+P, +P; [cos(ﬁi + a)ctgﬁ - Sin(é’i + a)]
- 2cos B '

where Ps — the weight of the drum; § — the angle of installation of the support roller with respect to
the vertical axis of the drum; 6; — the angle of installation of the drive gear relative to the vertical axis

of the drum.

Given the values of the reactions R;and R,, we find the moment of friction in the support of
the machine. The torque from the friction forces in the roller bearings reduced to the axis of the drum
is calculated as follows

dy D
M5 = (R +Ry)—- f—+,

2 d,
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where d, — the diameter of the pin of the roller; f'— coefficient of friction in the roller bearings;
D, — diameter of the bandage; d p — the diameter of the support roller.

The moment from the friction forces of the rollers on the rollers, brought to the axis of the
drum is calculated by the formula
D
M= (R +R, k-1,
dP
where k — the coefficient of rolling friction for the bandages to the rollers.
Thus, the total moment of resistance forces on the axis of the drum is equal
Ms =M +M,+M;.
Thence in the second approximation, the values of the force in the gearing are obtained
a-Ms

H=p =
D, -cosa

If the force P value differs from the force P value by less than 5%, then the force value

P/ is finite for finding reactions R and R . If the difference between the values P, and P, is greater

than 5%, then the calculation of the response of the supports should be continued.

By determining the ultimate force P; and having the coordinate value uc of gravity center of
the charge, we can determine the optimal location of installation of the gear crown on the drum. This
will ensure a uniform distribution of forces on the supports along the length of the drum [6].

Considering the drum as a double
support beam according to fig. 5, determine

o p: L the distance of installation of the crown on

T the drum from the support B

4 i "7774[7’7 B 11:P5'13+Pm'12—RA'l’
— 2
P, 2

p T 7 where /| — the distance between the supports
' 5 along the length of the drum; /, — distance
/ from support B to the line of action of the

force P,,; /5 — distance from support B to

Fig. 5. Scheme for determination of supports the force Fy line.

reactions The angle of the drive gear installa-

tion also has a significant effect on the mag-

nitude of the reactions of the supports. In

fig. 6 shows the graphs of the reactions of the support rollers R; and R, depending on the angle of in-

stallation of the drive gear for a drum with a diameter of 2.8 m, length 8 m when loading 10% and

30%, respectively. As can be seen from the graphs, the angle of installation of the drive gear relative

to the vertical axis of the drum at 70° is optimal. For a given angle, the values of the supports take the
same values and are in the area of the smallest values.

For the fractional actuator, the optimization of the rollers force interaction with the drum is li-
mited due to the inability to change the installation of the drive link with respect to the vertical axis of
the drum.

The confirmation of the reliability of the proposed method of calculation of the reference reac-
tions are the experimental data obtained for the case of oscilloscope bending moments in the housing
of the mixer mixer drum type SBF 2,8x8 m [7]. The bending stress was measured by the resistance
sensors that were attached to the drum between the blocks of the supporting rollers. The circuit dia-
gram was coupled to a cat strain gauge with the measurement signal fixed on a beam oscilloscope. A
fragment of the working waveform of bending stresses in the drum is shown in fig. 7. The point 1
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shows the stresses under the driving cat, and at point 2 — under the irreducible for the case of the di-
rection of the wheel force on the driving cat upwards. The angle of installation of the rollers to the ver-
tical axis of the drum is within 30°. The nature of the waveform shows that the bending moments un-
der the cats in the drum housing differ from each other almost twice in size, as confirmed by the calcu-
lations.
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Fig. 7. Working waveform of bending stresses in the drum

Conclusions
The method proposed in this work, the analytical and graphical solutions constructed on it,
have undergone experimental testing and allow to determine with accuracy 0.95 the reactions of the
supporting rollers of machines of the drum type, taking into account the irregularities of the location of
the bulk material in the drum in its length, depending on the installation. relative to the vertical axis of
the drum. The developed model allows to obtain reliable results for design and testing calculations of
rollers, braces and drum for strength.
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MOJAEJIIOBAHHSA PO3ITIOALTY HABAHTAKEHDb HA POJIMKOOIIOPHU
OBEPTAKQOUYUX BAPABAHIB
be3uinnmii A.lL., Boaocosa H.M., Sluyk A.JL.

Pedepar
[IpoexryBaHHs MamuH OapabaHHOTO THITY BUMarae po3poOKH OB TOYHMX METOJIB 00UHC-
JICHHS, OCKUTBKH KOMIIEHCYBATH TIOMIJIKH CTa€ HEAOUUTLHUM. Lle mpu3BOANTE 10 HEOOXIMHOCTI TpH iX
NPOCKTYBaHHI BPaXOBYBATH BIUIMB Pi3HUX (aKTOPIB, SIKi A0 IIOTO Yacy He Opajimcs 10 yBard mpu po-
3paxyHkax. ToMy 1ie MTUTaHHS Hapa3i € aKTyaJbHUM 3aBJIaHHSIM.
Merta poboTu nossrae B po3po0ili METOAUKH PO3PaXyHKY peakiiiii ormop mMammH 6apabaHHOTO
THUILY 3 YpaxyBaHHSM HEPiBHOMIPHOCTI pO3TalllyBaHHs MIMXTOBOTO Marepiaiy B OapabaHi mo ioro 1o-
BXKHHI, BIUTUBY CHJI TE€PTS, I[0 BUHUKAIOTh B OMOPHO-IIOBOPOTHIN YacTHUHI MaluHU MpH ii poOOTi, a
TaK0XX KyTa YCTAHOBKH IIPUBOIHOI JIAHKH 10 BiAHOIICHHIO /IO BEPTUKAIBHOI Oci Oapabana. J{ns gocs-
THEHHS TIOCTABIICHOT METH TIOCTaBJICHI HACTYITHI 3a/1a4i:
— BU3HAYMTHU PO3TAIllyBaHHS I[CHTPY Bard IIMXTOBOTO Marepiany B OapabaHi y momnepeuHii i mo-
3JIOBKHIl TOBIIMHAX B OapabaHi;
— 3HAWTH 3HAYCHHSI CHJIM B 3y04acTOMY 3a4eIlICHH] 3a iTepalliifHoro IpoIeayporo;
— BHM3HAYHTH pallioHAJFHE MICIle YCTAaHOBKM 3y04YacToro BiHI Ha Oapabani 1yisi 3a0e3reueHHs
PIBHOMIpHOTO PO3MOiTy CHJI Ha OTIOPH 1O JTOBXKHHI OapabaHa.
CyTTeBHI BILTMB Ha BEIMYUHY PEAKI[iil OMOp 3MiHCHIOE TaKOXK KYT YCTAHOBKH NPHUBOIHOI IIIe-
crepHi. ONTHMAIHFHUM € KyT YCTAaHOBKH IPHUBOIHOI MIECTEPHI MO0 BiIHOIICHHIO BEPTUKAIBLHOI OCI
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Oapabana B 70°. [y 1aHOTO KyTa 3HAYEHHS OMOP MPHUUMAIOTh OJHAKOBI 3HAYEHHS i PU LIBOMY
3HAaXOAATHCS B 30HI HAIMEHIINX 3HAYEHb.

3anpornoHoBaHa B poOOTI MeToAMKa, MoOyI0OBaHI 32 HEI aHANITHYHI 1 rpadiuHi po3B’s3KH
MPOMIILIN eKCIIEPUMEHTAIbHY anpo0allito i JO3BOJSIOTE 3 AOCTOBIpHICTIO 0,95 BU3HAYATH peakilil
OMOPHUX POJIMKIB MallMH 0apaOaHHOTO THUIY 3 ypaxyBaHHSM HEPiBHOMIpPHOCTEH pO3TallyBaHHS
CUIy4Oro Marepiay B 6apabaHi 3a HOTo JTIOBXXKHUHOIO, B 3aJIEKHOCTI BiJl KyTa yCTAHOBKHU MPUBO/I-
HOT IIeCTEPHi IO BiTHOIIEHHIO BEPTUKAIBHOI Oci 6apabaHa. Po3poliieHa Mozenb 1ae€ MOKIIHBICTD
OTPHMATH JIOCTOBIpHI pe3yJbTaTH JJIS MPOEKTHUX Ta TEPEBIPOYHHUX PO3PAaXyHKIB POJIMKIB, OaH-
JaxiB Ta 6apabaHy Ha MIIHICTE.
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