Ha puc.8 nokazano (oTo BUrOTOBJIEHOIO MyaHCOHA 1, MaTpuill 2 Ta ONMUCAHOTO
mramama 3.

1 — Ilyancon, 2 — Marpuiis, 3 — lllramn
Puc.8 — Po3niunoBuii mramn npocToi J1ii 3 MyaHCOHOM 1 MaTPUIIEI0 BUTOTOBJIEHUMU CIIO-
cobom POJ] B cykymnnocti 31 CK3 EI
Takum urHOM pO3p0oOIIEHNH 1 BIpOBaHKeHHUM y BUpoOHuITBO criocid POJI B cy-
kyrmHocTi 3 CK3 El mo3Bosisie oTpuMyBaTi CIpspKEHI Tapu poOOUrX JIeTaneil po3aiio-
BUX IITAMIIB 3 HEOOX1AHOIO SIKICTIO pOOOYMX TTOBEPXOHB Ta PIBHOMIPHHUM 3a30POM MK
HUMH, TIIBUIIATHA IPOJYKTUBHICTh Ta 3HU3UTH COOIBApPTICTH iX BUTOTOBJIEHHS B 2...3
pasu MOpiBHIHO 3 Bijjomumu nporecamu EEO, 1o 31iiCHIOIOTH 32 TPUHIIMIIOM 00’ €M-
HOT'O KOIIOBAHHS MPOQUILOBAHUM €JIEKTPOJOM Ta BUPI3AHHS IPOTOM, 1 OTXKE, SBIISIE
c00010 BUCOKOE(DEKTUBHY aJIbTEPHATHBY 3a3HAYCHUM IPOIIECaAM.

Cnucok giteparypu: 1. ®orees H. K. Texnonorus 3nexrpospo3rnoHHoi 00padboTku. — M.: MammHo-
ctpoenue, 1980, 184 c. un. — (b-ka texnonora). 2. Hocynenko B. 1. Po3amipna 00poGka MeTaiiB enex-
TpU4HOIO ayroto: ABtoped. auc. n-pa texs. Hayk: 05.03.07. /KipoBorpaJacekuii 1epK. TeXH. YH-T. —
K., 1999. — 32 c. 3. ITat. Ne29603 Vkpaina, MIIK (2006) B23H 1/00. Cnioci6 enexTpoepo3iitHoi 00-
poOKku pobouux cupspkeHUX map mramiis cymimienoi nii / B. 1. Hocynenko, B. M. [lImensos, I1. M.
Bemukuii, O. C. Uymauenko (Ykpaina), - Nou200704716; 3assin. 27.04.2007; 3apeect. 25.01.2008. 4.
Hocynenko B. L., llImensoB B. M. Po3ainoBuii mramn cymimeHoi J1ii 3 MOHOOJIOYHOIO MaTpUIICIO-
MMyaHCOHOM. 301pHHMK HayKoBHX Ipailb KipoBorpaachbkoro HaiioHaJbHOTO TEXHIYHOTO YHIBEPCUTETY
/TeXHiKa B CUIBCHKOTOCIIOIAPCHKOMY BUPOOHUIITBI, Tajly3eBe MAlIMHOOY/IyBaHHS, aBTOMaTH3allis. / -
Bun. 23 — Kiposorpan: KHTVY, 2010. 399 c.
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APPROXIMATE CALCULATION OF THE BASIC PARAMETERS OF
ENERGODINAMIC PROCESSES STARTING AND STOPPING PLANE-
TARY 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.

Key words: Planetary drive, press-forging machine, mathematical model of a drive, power dynamic
parameters.

B craTtpe npencrasiieHa yIpoueHHasi MHXXEHEpHash METOIMKA, KOTOpasi Ha CTalUuHU 3CKU3HOTO IIPOEK-
THUPOBAHUS MO3BOJIAET ONPEAEIATh NPEABAPUTEIbHBIE TAPAMETPHI MPOLIECCOB BKIFOUYEHUS U OCTaHOB-
KU TJIAaHETapHOTO MpHUBoJia. BBegeHNe NMpesioKeHHBIX YIIPOILIEHUI JaeT BO3MOKHOCTh PEIIUTh Jud-
(dbepeHmaibHOe YpaBHEHNUE JIBUYKEHUS HHEPIIMOHHBIX AJIEMEHTOB TMHAMHYECKON MO MPUBO/IA.
KitoueBsie cnoBa: [1nanetapHslii IPpUBOJA, Ky3HEUHO-IIPECCOBAsk MAalIMHA, MATEMATUYECKAsI MOJIEIb
MIPUBO/IA, SHEPrOJIMHAMUYECKUE MMAPAMETPBIL.

VY craTTi npeAcTaBiIeHa CIPOIICHA IHKEHEpHa METOAMKA, sIKa Ha CTaJlii €CKi3HOTO MPOEKTYBaHHSA J10-
3BOJISIE BU3HAUATh IONEPEIHI MapaMeTpH MPOLECIB BKIIOUEHHS Ta 3yNUHKH TUIAHETAPHOTO TPHBOJY.
BBeneHHs 3anporoHOBaHUX CIPOIIEHD J1a€ 3MOTY PO3B’A3aTh AudepeHiiiine piBHIHHS pyXy iHepIliii-
HUX €JIEMEHTIB IMHAMIYHOI MOJIEJIi IPUBOAY

Kirouogi crosa: [Imanerapuuii mpuBija, KOBaJILCHKO-IIPECOBA MAIIMHA, MaTEMaTHYHA MOJIENb ITPUBO-
Iy, EHEproJIMHAMIYHI TapaMeTpHu.

Starting systems that include various schemes planetary reducers have been de-
veloped 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 sys-
tem 1s 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 approxi-
mate 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 analyti-
cal solutions, additional assumptions and prerequisites being assumed. The 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.
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Works [1] presented a mathematical model of the planetary drive:
P, :aa(Md _Mca)+ab(Mcb +Mrb)+ah(Mch +Mrh);
(Dl::ba(Md_Mca)+bb(Mcb+Mtb)+bh(Mch+Mth); (D
¢;z :ha(Md _Mca)+hb(Mcb +Mtb)+hh(Mch +Mth))’

where @,, @b, @n — rotary angles to their own axes;

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

M, 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 com-
plex 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, :Mil(tij > (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

23



2 :ab(Mcb +Mrb)+ah(Mch +Mrh);
(Dz::bb(Mcb+Mrb)+bh(Mch+Mrh); (3)
(0;, :hb(Mcb +Mtb)+hh(Mch +Mrh)'

Thus, while the braking moment M,;, 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 suf-
ficient to solve two of the three system equations (3), because angular velocity and dis-
placement of the third link can be determined by the equation of the kinematic connec-
tion, knowing the speed and movement of the other two

®, = (Dbiahb + ¢hish9 (4)

where i7,,i7, - 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, Wa = Oamn, O = Ohmny P = Pim-

Integrating the first two equations (3), we obtain

0,-0, = (achb +a,M, )t + a(blAbep)ttH
In
0, —0,, = (becb +b,M,, )t + b(blAbep)ttH )
In
Because at t = ¢, wp = 0, @, = @Wamn, from the second equation (5)
h, = T (©6)
bM_, +b M, + £

1+z

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

1
[l//m +1J(bbp_ab)+l//2n(bhp_ah)
+z
@y = O (7)

amn an l
p|:bb (‘//m + sz + bhl//Zn:|

M
M

M
where vy, = —Md’ W, = —= .

bp bp

Exposing the value of the ratios a; and b; for dependencies [1], after transforma-
tions we obtain the final dependence for determining the duration of the starting period
t1» and minimum angular velocity of the driving link during a starting period @am»

_ Jaya)an .

e ®)

24



a)amn :a)an l+Z p l+p * (9)
0,
When turning on the drive dependencies are defined ¢,y and ®.mo, in a similar way
g, = Jal% (10)
MhpQO
| |
(Hzﬂlfzn}“—(” J/n)@
wamo = wao p p (1 1)
0,
MC‘ MC‘
where :M—b: Wy = Mh

hp hp

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

I+7,( 1 Vi . I+y,( 1 W
A ) O R Y
p \l+z I+p I+p\l+z p

The dependencies for defining the required braking torques M,, and M,,, provid-
ing 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
bptln

=w,, +(b,M_, +b,M )ﬁ+ b M
Dy = Dyt bW cp nen) tfn(l+z)(2+z).

At t =t O» = Qp SO

7 bM tn
Py = [a)bn + (becb to,M,, )% ! mJ !

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

2b
~ a)bzn ' blen+th2n+?bZ

b 2
5
: (bbl/jln +b,w,, +1+sz

which, after conversion of the following

I+y, 2 Vs,
J ya’ (WM+2+Zj_lj
Mb > ay an_ | P . P . (12)
2p@, 0,

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

way

I+, v
2 (l//20+ J_lo
S J,yo!, l+p 24z p

> 13
w2 e o, o (15)
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During the working stroke of the CPM loads are applied to the links of the plane-
tary mechanism due to technological strain of the main actuator. In particular the link o
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,p
L p)e

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,/Mp,) times, and dy-
namic loads, shock and wear increases. To reduce the negative consequences of this cir-
cumstance, 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 y; less than 0.02 ... 0,004), or can be ignored, then calculated depend-
encies are simplified to the form

bt

(14)

— Jaya)anp(l+z) . (15)
” Mbp(l+7/n) ’
o (16)
I+y,
Mo > Jyon,(+z) (17)
Yy, 2+ 2)
| - Jay/a)aol+(p)(l+z); (18)
Mhp(l+7/0)
o =2 (19)
I+,
Mh > Jaya)aO(l—i_Z) (20)

oy, N2+ 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
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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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YUYET TPEHUS IPU MOJEJUPOBAHUU METOJIAMU BEPXHEM
OLHEHKHMN MHNPOLHECCOB OBPABOTKU JABJIEHHUEM C HU3KUM
KOPPUIIUEHTOM HNOAIIOPA

[TpoBeneHo MOCIKEHHS 110 BCTAHOBJIEHHIO 3aKOHOMIPHOCTEH ITUIACTUYHOTO TEPTS. 3anpONOHOBaHUI
HiAX1J BpaxyBaHHS TepPTS B MAaTEMAaTUYHUX MOJEISAX BEPXHBOI OLIHKU JAJsl CXeM LITaMITyBaHHSA 13
HU3BKUM KOE(IIIEHTOM MHIATIOPY.

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 sche-
mes forming with the low pressure.

[TpoBeneHsl Hccaen0BaHus 110 ONPEACICHUIO 3aKOHOMEPHOCTEN MacTudeckoro TpeHus. [Ipemnoxen
MOJXO0/1 yueTa TPEHHs B MaTeMaTHYECKUX MOJIENIAX pa3pabaThiBa€MbIX METOI0M BEpXHEH OLIEHKHU IS
CXEM LITaMIOBKH C HU3KUM KO3 PUIIEHTOM HOIopa.

Hu omun u3 mpoueccoB oO0paOOTKM METAJIOB JABICHHEM HE IMPOTEKaeT Oe3
BJIMSTHUSL HA HETO CWJI TpeHus. TpeHue BO3ZHUKAET HAa MOBEPXHOCTH KOHTAKTa WHCTPY-
MeHTa U nedopmupyemoro Tena (3arotoBku). OHON M3 XapaKTEPHBIX OCOOECHHOCTEH
TPEHUS MPH TUIACTUYECKON NedopMalluy SBISETCS HAIWYUE OONbIINX HOPMAJIbHBIX Ja-
BJICHUI Ha KOHTAaKTHOW MOBEPXHOCTH, KOTOPHIE BO MHOTHX CIIy4asiX 3HAUUTEIHHO Ipe-
BBIIIAIOT BEIMUMHY TMpejiesia TeKydecTn oopadbaTreiBaeMoro Meramia [1-4].

Tpenue B mporecce mIacTUYECKON AedopMani MPUCYTCTBYET B BUJI€ KOHTAKT-
HBIX HaNpsDKEHUH, HaXOIAIINXCA HAa TTOBEPXHOCTH KOHTAKTa MHCTPYMEHTA M 3arOTOB-
k. KoHTaKkTHBIE HaNpsHDKEHUS UTPAIOT KaK OTPHUIATEIbHYIO [S] (MOBBIMICHUE YCHIINS
ne(opMUPOBaHNUS, CHIXKEHUE CTOUKOCTH MHCTPYMEHTA, MOBBIIIEHUE HEOIHOPOAHOCTH
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