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Purpose. To define the rigidity of tooth gearings, shaft, and couplings connected in one kinematic sequence in ball mill
drive.

M ethodology. The important stage of preparation of the rated diagram of eectromechanical system is the definition of
its parameters. The parameters of electric motors can be accepted under catalogues but instants of inertia, rigidity of transfers
and other parameters are subject to calculation.

Findings. We have determined the analytical parameters alowing us to define the rigidity of gear gearings, rigidity of
shaft drive and rigidity of elastic coupling, shaft drive of drums of spherical mills connecting the ends.

Originality. To determine the rigidity of constructive eements involved into the rated diagram of eectromechanical
system of the drive of spherica mill, we have chosen the rated dynamic modd executed in the form of two-mass electrome-
chanica system which contains two concentrated inertial weights connected by one elastic viscous connection of the engine
rotor and working body of the machine.

Practical Value. Gear gearings of the spherica mill and the operating forces deforming teeth and connecting elastic de-
formations have been considered. The offered procedure allows defining the rigidity of the elements entering a kinematic cir-

cuit of any electromechanica systems of drives and choosing their design data in the future.
Keywords: ball mill, gears mesh, springiness, hardness, inertia, drive, clutch

Introduction. The problem of drawing up calculating
dynamic models of various production mechanisms and
cars with the adjustable e ectric drive, including the drive of
the working body of the technical car with abig moment of
inertia, is extremely actual under the conditions of a grow-
ing number of new constructive decisions [1]. As a rule,
caculating model represents two-mass e ectromechanical
system which contains two concentrated inertial masses
connected by one dastic viscose connection. One concen-
trated inertid weight acts as an engine rotor, and the other —
asaworking body of the car [2].

The main function which characterizes dynamic behav-
ior of the system is the period of the induced excitement in
gearing with variable rigidity. This phenomenon is a conse-
quence of change of quantity of the teeth couple connected
at the same time that is afunction of the angular situation in
gearing [3].

Theoretical prerequisites. While drawing up physical
models of machine units to research dynamic processes
proceeding in them, they are usually represented in the form
of system with the concentrated inertial parametersin which
the engine rotor, separate parts of the drive, for example,
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wheels, connecting couplings, etc., and also working part of
the machine unit are represented in the form of material
bodies and the points possessing a certain masses, the sizes
and the inertia moments. Idealized connections between
them do not possess weight, but have elastic and dissipative
characteristics[4].

According to calculating schemes of mills (fig. 1). all
congtructive elements of their drive, from the electric motor
to the drum, are presented by cylindrical tooth gearings,
shafts in the support of swing connected by couplings, with
axes of rotation pardld to the axis of rotation of the drum.
By drawing up dynamic models of spherica mills, we will
consider eastic properties (rigidity) of tooth gearings of the
drive of the drum, shafts and couplings connecting them;
and as resstance forces the moments of friction of the
drum diding support, and dso the moments of inertia of
forces concerning axes of rotation [5].

In order to consider dadticity (rigidity) of constructive
elements of the drum drive, we will define rigidity of tooth
gearings, shafts and the couplings connected consistently in
one kinematic chain.

In operating time of millsin gear gearings of wreath 1
on the drum | and adriving gear whed 2 (11), (aswell asin
gear gearing of whedls of reducer, in the scheme in fig. 2)
forces given by them come into action deforming the teeth.
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Fig. 1. Constructive and kinematic scheme of the spheri-
cal mill with the gear wreath on the drum and the
gearless dectric drive | — drum with the gear
wreath z, = 278; Il — shaft driving with a gear
whedl z,, = 22; |1l —the éectric motor synchronous
n, = 250 cap/min; M, —the coupling connecting
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Fig. 2. Calculating model to determination of pressure
in the contact zone of two elagtic cylinders

Statement of the main material. We will consider one
of the components of thisforce P directed at the tangent to

initid circles of transfer cogwhedls (fig. 2), as well as the
component of small dastic deformation of teeth in the same
direction§.
Force R and dastic deformation § are connected by
theratio
P=c§, (@)

where cis linear rigidity of gear gearing, which is propor-
tiond to the length of teeth B (wreath width) and is deter-
mined by the formula

c=aB. 2

Here a is a coefficient which is accepted equa =
15-103, MPafor sted whedls[2].

In order to come down from small linear movement S
to angular oneA ¢ , we will fix unmovable gear whedl 2,
and we will put the moment M, =(M,,M.) to the wreath

drum 1. Under its influence the teeth of whedls are de-
formed and the wreath 1 will turn to the small corner
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fromwhich M, =c¢,,Ap,,

S=Ap 1. ()
Here r, istheradiusof theinitia circle of the whedl 1.
Herein P :%.
rl
Substituting the received expressions in equality (1), we
will have
M, =c-r’Ag,
or
M, =cC,Ap,

where the angular rigidity of gear gearing given to the
wregth 1, at not movably fixed gear whedl, is determined by

formula
2

Cp=C-Ty (4)
Similarly, with the wreeth 1 fixed,
S = A(DZ : r2 1 (5)

where r, istheradius of theinitia circle of the gear whee! 2.
If the moment is put to the gear wheel 2

M, =Mu,,
itwill turn on thesmall corner. A, .

Thus, P = M, ,
r.1
where
C, =C-I} (6)

is the angular rigidity of gear gearing given to the gear
whed 2, at the motionlesswreath 1. Then,

C21 * C12 !
since from equality of expressions (3) and (5) it follows

Apy -1 =A@, -1y,

N2
r

_ 2| T2 _ 2

Cy=C-1y [] = CppUpy

Thus,
Cxr= C12u§11 ()

where U, = > _ % s the transfer relation of wheels 2

—2_%
n z
and 1.

Following the stated technique, we find rigidity of gear
gearing of wheedls of a reducer in the scheme of the drive
drum of mill according to fig. 3 for which, according to

formulas (1)(7), we will have
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Herec=aB’, B' isthewidth of the wreath of wheels 3
and 4

S =Apyryi My = Pt/rS =M,u,,

is the moment of whedl 3; Ag, isthe smal angle of rota-
tion of thewhed 3 at the fixed gear whed! 4.

Fig. 3. Determination of rigidity of the reducer cog-
whed s gearing Il in the scheme of the drive drum of
themill regarding fig. 1

Thus,

R’ - Ms and M;= (CI‘32)A(p3 =C3Ap;, )
r3

where c,, =cr? is the angular rigidity of gearing of the

wheels 3 and 4, given to the wheel 3 a the motionless
wheel 4.
Similarly, with the wheel 3 fixed,

S/ =A@,l,-
If the moment 4 is put to the gear whedl
M, = R/r4 = MUy,

itwill turn to the small corner Ag, -
Thus,

M 4= (CI'42 )A(PA = C43A¢4 ’ (9)

where c,, =cr?is the angular rigidity of gearing of the

wheels 3 and 4, given to the gear wheel 4, at the fixed
wheel 3.

The rigidity of shaft of the drive drums of mills are de-
termined by theformula

Cd = —r ’ (10)

where o =8-10" MPa is the eadticity module on shift of
the shaft materia (stedl); J, = 0,1d*, polar moment of in-

ertiaof shaft section; d isthe diameter of the shaft.
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The step shaft rigidity can be defined in two ways:

- either by adding rigidities of separate sites of different
diameters and length;

- or regarding equivaent diameter on the calculating
length.

If the site of the shaft has veneer and spline connection,
then rigidity is determined taking them into consideration.

Rigidity of the elastic couplings connecting the ends of
shaft of the drive drums of mills generaly is defined as the
relation

¢, =M, (11)
Ag

where AM =M, - M, ; Agp = ¢, — p, — Changes of the giv-
en moment and corners of the twisting of the shaft ends
corresponding to them.

For operation of drives, damping abilities of couplings
which are estimated by the size of energy absorbed by them
at deformation of their elastic elements due to external or in-
ternal friction, areof specia vaue.

Let, for example, overall dimensions of the coupling
with plates be given and its rigidity C [7] be known. The
most power-intensive coupling of V and number of plates of
z(fig. 4, 5) isto bereceived.

The thinner plates are chosen, the more of them need to
be taken to obtain the set rigidity. Therefore, the coupling
with such minimum thickness of plates will be the most
power-intensive a which in the coupling their greatest
number z is located given that tensons and z do not
surpasstheadmissible o <[s]; 7 < [7].

7|

[Ty,
M5

Fig. 5. Design and sizes of the coupling M2 of the mill
drive: 1 —semi-couplings, 2 —disks, 3—fingers
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Let the torque at which tension in plates reaches per- The given reasons explain aspiration to carry out
missible value be equal tom_ . Then the maximum ener- couplings with the packages gathered from separate plates.
Thus, it is necessary to consider that thanks to friction be-

gy accumulated by the linear coupling isequal to ) ) - ;
tween gted plates the coupling gains capability of damping

1 of fluctuations [8].
A =SMuag While comparing the couplings whose dagtic de-
ments are made from the same materid, it is enough to
But since compare only values of sizes of coefficientsk_,k, . For
M stedl, it is also possible when elements of one couplings
¢= c | work for bend, others — on torsion, asratios [9] are carried
out for sted!
then
A=3"¢ G []
On the other hand, Consequently,
2
of (7 =
AO' = ko_ Z\/ )
2
and it meansthat
and, hence [F [}
2 2 ol .
Ehzkg[a] " 2E | 2G
2 C 2E
_ Values of coefficients kK. and K can be calculated, us-
Herewe obtain ing formulas of work of deformation of an elastic body
M, =l 2 &
A = Ipdy o A= IMKpdw' (13)
Namely, with the same[o |, a bigger torque can be ° °
transferred provided comparatively bigger volume is occu- The sizes and parameters of the couplings used in the
pied by elastic dements. drive of spherical millsare givenin table.
Table
The sizes (in mm) and parameters of semi rigid disk couplings
dmax n, 00/MuH N, kBt D B C E A Dy
1016 4200 429 2794 1174 365 365 2714 1682
1143 3600 559 3209 1333 388 46.0 3055 1873
127.0 3200 85.7 3619 146.0 444 523 3365 2111
1397 2900 1193 400.0 168.2 492 603 3857 2317
1524 2600 167.7 4445 1841 539 66.6 4222 254.0
177.8 2300 2587 504.8 2063 635 730 4762 2921
1905 2200 3310 552.4 2190 682 793 506.4 3175
Rigidity of this coupling can be determined by the fol- Conclusions.
lowing approximate formula offered by N.Z. Suponitsky 1. The calculating scheme is developed to determine
the rigidity of teeth gearings, shafts, and couplings con-
~__ EZTDR (14)  nected in one kinematic chain of the spherical mill drive,
6’5( 1 +0’011) made in the form of two-mass electromechanical system
R h which unlike the known ones contains two concentrated

inertial masses connected by one elastic viscous connec-

where b is thickness of disks; h,R — according to fig. 4; tion of the rotor of the engine and working body of the
z isthe number of disks, m is the number of defor-mable car.

sections; E is he module of elasticity of the disk materia in 2. On the basis of the calculating scheme of two-mass

kg/en. electromechanical system, the procedure of payments of its

Skin, rubber, rubberized fabric, and others can dso be ke parameters is defined: the moments of inertia, rigidity

applied as the material of an elagtic disk by transferring of ~ Of transfers and others, alowing effectively carrying out

the small moments [10]. In this case the design of thiscou-  design of electromechanical systems of spherical mills.
pling, to a certain extent, will be similar to a design of the 3. The analytical parameters defining rigidity of geer
coupling shown in fig. 5. gearings, rigidity of the drive shaft and rigidity of the elas-
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tic couplings connecting the ends of the drive shaft of the
drums of spherical millsare found.

4. The offered technique alows defining the rigidity of
elements of any electromechanical systems of drives enter-
ing the kinematic chain and to choose their design data in
the future.
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Meta. BusHaueHHS >KOPCTKOCTI 3y04acTux mepenad,
BaJIiB, My(T, CIIOJTYy4eHUX B OIMH KIHEMATHYHUH JIAHIIOT
MPUBO/TY KYJIOBOT'O MJIMHA.

Metoauka. BaxiuBum eranoM CKIaJaHHS po3pa-
XYHKOBOI CXEMH €JIEKTPOMEXaHIYHOI CHCTEMU € BHU3Ha-
yeHHs ii mapamertpiB. [Ipudomy, SIKIIO mapameTpu eaeKTpo-
JIBUTYHIB MOXKYTb OyTH HPHHHSTI 32 KaTaJloraMH, TO MOMe-
HTH 1HepIii, )KOPCTKOCTI Iepeay 1 iHII napamMeTpH Imiyis-
Tal0Th PO3PAXYHKY.
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Pe3yabTar. 3HalijicHi aHATITUYHI TTAPaMETpH, IO BU-
3Ha4al0Th KOPCTKICTh 3yOUacTHX 3a4eIUICHb, BAIIB IIPUBO-
Iy Ta TIPYKHUX MY(T, SKi CIIOTy4YaloTh KIHIII BaJiB IIPHUBO-
Ity OapabaHiB KyJIbOBHX MITHHIB.

HaykoBa HoBM3Ha. /[ BU3HAUCHHS >KOPCTKOCTI
KOHCTPYKTUBHHUX €JIEMEHTIB, 1[0 BXOAAThH /10 PO3PAXyHKO-
BOi CXEMH €JIeKTPOMEXaHIYHOI CHCTEeMHU NPHBOY KyJIHOBO-
ro MJMHa, 0OpaHa po3paxyHKOBa JWHaMi4HAa MOJIENb, BHU-
KOHAHA Yy BUIJIAI JIBOMAcoOBOI €JIEKTPOMEXaHIYHOI CHCTe-
MH, IO MICTUTh JIBi 30CEPEIDKEHI IHEPIIiiiHI MacH, CIIOJy-
YeHi OJJHUM HPY)KHHUM B’SI3KUM 3B’SI3KOM pOTOpa JIBUTYHA
Ta pobOYOro opraHy MalllHH.

IpakTnyHa 3Ha4YMMicTh. Po3ristHyTI 3y0dacTi 3aden-
JICHHS KyJIbOBOTO MJIMHA Ta JIif04i IepeaaBaHi HUMH CHIIH,
mo aeopMyIOTh 3yOIli Ta 3B’S3yOTh 1X MpPYyXHi nedopma-
1ii. 3anpornoHoBaHa METOJMKA JIO3BOJIAE BU3HAYUTH JKOPC-
TKICTh €JIEMEHTIB, [0 BXOIATE 0 KIHEMATUYHOI'O JIAHIIFOra
OyIb-IKHX EJIEKTPOMEXaHIYHIX CHCTEM IPHBOIIB, 1 BUOpa-
TH HaJiaJl iX KOHCTPYKTHBHI ITApaMeTPH.

KoarouoBi ciioBa: xynwosuti maun, 3youacmi sauen-
JIEHHSL, NPYIHCHICb , HCOPCMKICIb, MOMEHM IHepyil, npusio,
mygma

Hens. OnpeneneHue XKecTKOCTH 3y0OuarbIx mepenad,
BaJIOB, My (T, COEAMHEHHBIX B OJHY KHUHEMATHIECKYIO IICTb
MPUBO/IA IIIAPOBOI METBHUIIBL.

Metomuka. BaXHbIM 3TalioM COCTaBJIEHUSI PACUETHOMN
CXEMBI 3JIEKTPOMEXAHNYECKON CHCTEMBI SBIISIETCS ONpesie-
JIeHue ee mapaMeTpoB. [Ipuuem, eciy mapamMeTpsl AEKTPo-
JBUTATENEe MOTYT OBbITH HPHUHATHI MO KaTajloram, TO Mo-
MEHTBI MHEePIIUH, )KECTKOCTHU Tepesiad U JpyTue napaMeTpsl
MOZIJIEXkKAT PacUeTy.

Pesynbrar. Halinensl aHanmuTHuecKue mHDapaMeTpsl,
OTIpe/IeISIIONINE YKECTKOCTh 3yOuaThIX 3alleIlyIeHHH, BaJoB
NPUBOJIA M YIPYIHX My(QT, COSIUHSIOIINX KOHIIHI BaJOB
npuBoa 6apabaHOB MIAPOBBIX MEIHHHUII.

Hayuynasi HoBu3Ha. [y ompeneneHust >KECTKOCTH
KOHCTPYKTHUBHBIX 3JIEMEHTOB, BXOJIINX B PacUETHYIO
CXEMY 3JIEKTPOMEXaHUYECKOW CHCTEMBI IIPUBOJA ILApPO-
BOW MEIBHHUIIBI, BEIOpaHa pacdyeTHas AWHAMUYECKasl MO-
JIeNb, BBIIIOJHEHHAs B BHUJE ABYXMAacCOBOH 3JIEKTpOME-
XaHUYECKON CHCTEMBI, CoAepKallleil 1Be coCpeloTOUEH-
Hble MHEPIOHHBIE MACChl, COSAMHEHHBIC OIHOHN YIpYy-
roif BSI3KOM CBSI3bI0 pOTOpa JBUTATENs U pabodero opra-
Ha MalllMHBI.

IMpakTHyeckas 3HAYMMOCTb. PaccMoTpeHbI 3yOUaThbie
3alleIUICHNs] IIApOBOM MEIBHULIBI M IEHCTBYIOLME Hepea-
BacMbIe MU CHJIBI, JIe(hOPMHUpPYIOIINE 3yObsl U CBSI3BIBAIO-
mue ux ynpyrue nedpopmarmu. IIpemioxkeHHass METOANKA
TIO3BOJISIET OTPETIEIUTH XKECTKOCTh JIEMEHTOB, BXOAIINX B
KUHEMATHUYECKYIO [ETb JIFOOBIX NIEKTPOMEXaHMYECKHUX CH-
CTeM IPHUBOJOB, M BbIOPATh B JalbHEHIIEM MX KOHCTPYK-
TUBHBIE TapaMeTPBI.

KiioueBble ¢j10Ba: wiaposas menvhuya, 3youamole 3a-
YenneHus, YNpyeoCmy, JICeCKOCHb, MOMEHM UHepYuu,
npueoo, myghma
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