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APPROXIMATE CALCULATION OF THE BASIC PARAMETERS OF
ENERGODINAMIC PROCESSES STARTING AND STOPPING
PLANETARY DRIVE

The paper presents a simplified engineering method, which at the stage of conceptual design allows
you to define the parameters of the preliminary processes starting and stopping of the planetary drive.
Introduction of the proposed simplifications, gives an opportunity to solve a differential equation of
motion of the inertial elements of the dynamic model of the drive.
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B cratee mnpencraBiieHa YNpOIICHHAas WH)KEHEpHas METOAMKA, KOTOpas Ha CTaJud 3CKHU3HOTO
IIPOEKTUPOBAHUS IO3BOJIIET ONPEACIATh IPEABAPUTEIbHBIE IAapaMETPbl MPOLECCOB BKIIOUEHUS U
OCTaHOBKHM IUIAHETAPHOIO MpHUBOJA. BBeaeHME MNpeUIOKEHHBIX YIPOIIEHUM IaeT BO3MOYKHOCTh
pemwuth U epeHIaTbHOe YpaBHEHUE JIBUKEHUS HWHEPIMOHHBIX JJIEMEHTOB JIWHAMHYECKON
MOJIEeJI NTPUBO/A.

Kitouessbie cnoBa: [ImaneTapHblil IpuBO, Ky3HEUHO-IIPECCOBAs MalllHA, MATEMATUYECKask MOJIENb
IIPUBOJA, SHEPTOJAMHAMUYECKHE ITAPAMETPHI.

VY crarTi mpeAcTaBieHa CHpOIEHA 1HXEHEpPHA METOJIMKA, SKa Ha CTadll €CKi3HOTO IPOCKTYBaHHS
JI03BOJIsIE BU3HA4YaTh IMOINEPEHI MapaMeTpu MPOIECiB BKIIOYCHHS Ta 3YMHMHKH IJIAHETApPHOTO
npuBoy. BBeleHHS 3ampONOHOBAHUX CIPOIIEHb J1a€ 3MOTY PO3B’si3aTU AudepeHIiiiHe PiBHAHHA
pyXy 1HEpIitHUX eIEMEHTIB AUHAMIYHOT MOJIENI IPUBOAY

KirouoBi cnoBa: [TnaneTapHwuii mpuBia, KOBAIbCHKO-TIPECOBA MAIlIMHA, MaTEMaTUYHA MOJIEITb
NPUBO/Y, EHEPrOAMHAMIYHI TapaMeTpH.

Starting systems that include various schemes planetary reducers have been
developed recently. However, theoretical foundations of design and analysis of such a
drive almost completely lack in the literature.

Works [1, 2] developed a dynamic and mathematical models of the planetary
gear, which determine the basic laws of the drive units motion when started and
stopped. However, at the stage of conceptual design, a full analysis of the dynamic
system is irrational and often impossible, due to lack of exact original data values. The
need for such indicators also arises when evaluating the effectiveness of the chosen
gear scheme and its parameters. In such cases, you can use the results of an
approximate calculation of the basic enerdgodynamic parameters of the starting and
stopping processes.

The aim is to develop an approximate engineering method of calculating the
drive with a simplified design.

An approximate calculation is based upon the drive mathematical model
analytical solutions, additional assumptions and prerequisites being assumed. The
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validity of such assumptions is defined by means of the results of the dynamic system
theoretical analysis and experimental studies of various planetary gear drive
mechanisms.

Works [1] presented a mathematical model of the planetary drive:

(P; =aa(Md _Mca)+ah(Mcb +Mtb)+ah(Mch +Mth);

(Db:ba(Md_Mca)+bb(Mcb+Mzb)+bh(Mch+Mzh); (1)
40/: =ha(Md _Mca)+hb(Mcb +Mtb)+hh(Mch +Mm)l

where @,, ¢,, ¢, — rotary angles to their own axes;

M., M, Mg-moments of resistance to rotation of the corresponding links;

My,, My, - braking torque, which provides b or 4 link stopping;

My - the motor torque.

All the quantities a;, b; are constants and their determination is given in [1].

The inertial elements motion equations of the planetary drive dynamic model is a
second order differential equation (with respect to angular displacement ¢;) with a
complex nonlinear right side. Analytic solution of these equations is possible only with
a special method for nonlinear equations solving, or after the introduction of additional
assumptions.

It was established that during the starting or stopping period, continuing up to the
complete stop of one of the gear links due to its small length, the elastic slip of the V-
belt transmission and electrodynamic inertia of the induction motor, with no change of
its torque. Kinetic energy needed to accelerate the driven masses is transmitted by the
energy of the flywheel and the retarded masses. Consequently, during the starting and
stopping process with an error less than 3..6% suppose Md = Mca. Such an assumption
is accepted and the calculation process for integrating the drive with a clutch (before
the speed leveling of driven and driving masses). [3]

Experimental and theoretical studies show that for most drives with tape and disc
brakes time ¢,;, the mass movement to a full stop is less than the time ¢, of the full brake
[3]. The actual behavior of the brake torque while braking can be approximated by a
power law

M, =M”[Z‘LJ > (2)
1

where M;; - braking torque developed by a brake at the end of the braked mass

stop,

M,, - calculated braking torque;

z - index of the braking intensity, determined by formulas and graphs in [3].
Mean values of the exponent z equal to 0,2..1,2.

Change in the braking torque when you turn off the brake can be neglected, ie we
believe that the brake is turned off instantly.

Taking the above assumptions, the system of equations (1) can be represented as
admitting its analytical solution
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@, :ab(Mcb +Mtb)+ah(Mch +Mth);
(/’1::bb(Mcb+Mtb)+bh(Mch+Mth); (3)
(01: :hb(Mcb +Mtb)+hh(Mch +Mth)'

Thus, while the braking moment A/, is determined by the formula (2), and M,;, =
0, and vice versa, when you turn off M,, = 0, and the M,;, - according to the formula (2).

As already mentioned in [3], to determine the nature of the motion units it is
sufficient to solve two of the three system equations (3), because angular velocity and
displacement of the third link can be determined by the equation of the kinematic
connection, knowing the speed and movement of the other two

®, = ¢bi:b + ¢hi:h > (4)

where if,,i2, - gear ratio between the two links listed in the subscript at stopped

third link from the top index.

When turning on the initial conditions are indicated in [1], the moments of M,, =
0, My, 1s are determined by the formula (2). The activation period ends at ¢=¢;,, when w,
= 0: Wy = Wamn, Wp = Opmn, Pb = Pbm-

Integrating the first two equations (3), we obtain

0w, -0, = (achb +a,M, )t + a(lij\fj)t:
b ag e ()
W, —, = (beCb +b,M )t + 6 ; l:)ffn
Because at t = ¢;,, 0, = 0, v, = @y, from the second equation (5)
f, = = (©6)

bebp
1+z

becb + thch +

Substituting the value ¢;, in the first equation (5), we find the minimum angular
velocity a of the driving link during the starting period

1
(v/wl j(bbp—ab)+w2n(bhp—ah)
+Zz
[0 =

amn an 1
p|:bb (len + sz + bhl//Zn :|

Mch
M

(7)

M
Where Wln = M_Lb ; W2n =

bp bp

Exposing the value of the ratios a; and b; for dependencies [1], after
transformations we obtain the final dependence for determining the duration of the
starting period #;, and minimum angular velocity of the driving link during a starting
period @,

_ Jaj/a)an .
" Mprn ’

(8)
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a)amn :a)an 1+Z p 1+p * (9)
0,
When turning on the drive dependencies are defined ¢;) and w,,, in a similar way
J 10, .
t, = (10)
MhpQO
1 1
[1+z +l//zn]1+—(l+7n)v/w
a)amo = a)ao p p (1 1)
0,
M, M,
where y,, =—=, y,, :M_h-

hp hp

In formulas (8)..(11) indicated:

1 1
Qn = +7/”( 1 +l//nj_ l/lzn ; QO = +7/0( 1 +l//20j_ﬂ'
p \U+z I+p I+ p\1+z p

The dependencies for defining the required braking torques M,, and M,,,
providing lockup of units b and 4, respectively, at given angles ¢, and ¢,, can be set
from the system of equations (5).

Integrating the second equation, we obtain

2+z
bp tln

=w,, +(b,M,, +b,M )ﬁ+ byM
Dy bt e T O ) tlzn(l+z)(2+z).

At = t1,, 9» = Qp SO

¢ bM,t.
Dy = [a)bn + (becb +bo,M,, )% + m}m .

Substituting the values ¢;, of formula (6), we find
2b,

2 by, +by,, +
a)bn . 2 +Zz

b 2
b,
' (bbl/lln +th2n +bj
1+z
which, after conversion of the following
1+ }/ﬂ 2 l// n
T > (l//ln + j_ :
vy >tdP P 2+z) l+p
" 2p, 0,

The brake moment M, value is determined by a formula derivable in a similar

1+7, 2\ v
J oy 1+ (W2”+2+zj_lo
a ao . p p . (13)

"2 e, 0;

(12)

way
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During the working stroke of the CPM loads are applied to the links of the
planetary mechanism due to technological strain of the main actuator. In particular the
link b is acted by the torque M,,, tending to rotate in the direction of the carrier rotation.
As link b must remain stationary, the magnitude of braking torque M,, must be greater
than the moment of M,,, determined by the formula

M oM p
(i+p)iz

Typically, the value of M,, is more than torque M,, determined by the formula
(12), so the brake is designed to include the estimated time equal to M,,. As a result
brake application is much faster, corner braking ¢, decreases (M,/M,,) times, and
dynamic loads, shock and wear increases. To reduce the negative consequences of this
circumstance, we recommend the use of a combined braking system. The starting
process must occur at a reduced braking torque that can be achieved by decreasing air
pressure or the discharge coefficient of pipe filling. By the beginning of the stroke
brake must engage fully and to provide braking torque equal M,, (formula (14)).

If the friction in the bearings parts of the planetary mechanism and main actuator
are small (y; and w, less than 0.02 ... 0,004), or can be ignored, then calculated
dependencies are simplified to the form

M. =

bt

(14)

f, = Jet@urll+2). (15)
Mbp (1 + }/n )
ot (16)
I+y,

J oL (1+z)

M, > ; 17
"2 i) 0
. J,yo, 1+( )(1+z) (18)
M, (1+7,)
o =T ; (19)
l+y,
2 2
M, > oy (L4 2) (20)

ey, 24 2)

Formulae (15 )...( 20) show that the intensity of brakes actuation (decrease of z
value) does not affect the reduction of the angular velocity of the driving member by
the end of a period on or stop. Starting or stopping period, as well as the necessary
braking torque with increasing braking intensity decreases.

CONCLUSIONS

1. The paper presents the developed simplified engineering method which allows
to determine the preliminary parameters of the planetary drive.

2. All the obtained dependences for calculating the parameters of the starting and
stopping process are similar formulae for the drive with a friction clutch, which shows
the validity of the assumptions made and the identity of the physical and mechanical
phenomena that occur when started and stopped drives with these systems included.
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TEOPETUYECKUI AHAJIU3 U

= MOJIEJIUPOBAHHUE ITPOLIECCOB KY3HEYHO-

HITAMIIOBOYHOI'O NTPOU3BOJACTBA

VIIK 621.771

AJIMEB H.C., noxT. TexH. HayK, npod., [II'MA, r. KpamaTtopck
/KBAHKOB A.T., accuctent kapeapst OMJ, ITMA, r. Kpamatopck

YUYET TPEHUSI ITIPH MOJIEJITMPOBAHVN METOJAMM BEPXHEW
OHNEHKHM ITPOIECCOB OBPABOTKHU JABJIEHUEM C HU3KUM
KOPPUIIUEHTOM IOAIIOPA

[IpoBeneHO MOCIIPKEHHS IO BCTAHOBJICHHIO 3aKOHOMIPHOCTEH TIJIACTUYHOTO TEPTS. 3ampOorOHOBAHUHN
MiJXiJ BpaxyBaHHS TEPTS B MATEMATUYHHX MOJEJSAX BEPXHBOI OIMIHKHU JJIS CXEM IITaMITyBaHHS i3
HU3BKAM KOEQIIIEHTOM MiAIOpPY.

Investigations to determine the regularities of plastic friction are made. Proposed an approach taking
to account the friction in the mathematical models developed by the upper bound methods of the
schemes forming with the low pressure.

[TpoBeneHbI MccaeIOBaHUS TI0 ONPEACTICHHIO 3aKOHOMEPHOCTEH IIacTudeckoro TpeHus. [Ipemioxen
noaxona y4uera TpCHud B MaTCMAaTUYCCKUX MOACIIAX p33p36aTLIBaeMBIX METOAOM BerHefI OLCHKHU I
CXEM IIITAMITOBKH C HU3KUM KOA(DPHUITUEHTOM TOITOpA.

Hu onun u3 mporeccoB oOpabOTKM METAIOB JaBICHHEM HE MpPOTEeKaeT 0e3
BIUSHAA HA HEro Cujl TpeHus. TpeHue BO3HUKAET HA IOBEPXHOCTH KOHTAKTa
WHCTpYMEHTa U Jnedopmupyemoro Tema (3arotoBku). OmHONW U3 XapaKTEPHBIX
0COOEHHOCTE TpeHUs: NpH IJIACTUYECKON JedopMmanuu sSBIsSETCS HaIU4ue OOJbIINX
HOPMAJIbHBIX JIaBJICHUN Ha KOHTAKTHOM MOBEPXHOCTU, KOTOPbIE BO MHOTUX CIIy4asix
3HAUUTENFHO MPEBBIIIAIOT BEIMYHMHY Tpelesia TeKydecTu oOpabaThiBaeMOro Mertasia
[1-4].

Tpenne B mnponecce IuIacTUUECKOW Jedopmaliii MNPUCYTCTBYET B BHUIE
KOHTaKTHBIX HAMNPSKEHUU, HAXOJSALIMXCS HA MOBEPXHOCTH KOHTAKTa MHCTPYMEHTA U
3aroTOBKU. KOHTaKTHbIE HANpPsDKEHUS UTPAIOT KaK OTPHULATENIbHYIO [S] (ITOBBILICHHE
ycunusi  A1€OpPMHUpPOBAHUS, CHIDKEHHE CTOMKOCTH HWHCTPYMEHTA, TIOBBIIICHHE
HEOJHOPOTHOCTH Jedopmaruii B 3aroTOBKE) TaK M TOJOXHUTEIBHYIO (SBISETCS
yIpaBisSomuM (HakTopoM B (POPMOM3MEHEHUN HEKOTOPHIX MPOIECCOB BbIJABIMBAHUS)
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