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THE INFLUENCE OF CONFIGURATION
PARAMETERS OF THE PLANETARY DRIVE

OF CRANK PRESSES ON ITS DYNAMIC

AND ENERGY-CONSUMPTION CHARACTERISTICS

Introduction. The planetary drive has been widely found in the activation systems of crank presses as it improves
working conditions of friction units and reduces press metal consumption and energy consumption.

Problem Statement. For studying the planetary motion of its main parts, it is advisable to consider its opera-
tion as four periods characterized by dif ferent patterns of changes in external loads and, consequently, different
patterns of motion of core parts. The periods between switching the brakes when one link has not stopped, while
other one starts moving is of the greatest interest. The problem of dynamic and energy-consumption parameters
of the drive in transient conditions still remain a little open.

Purpose. The purpose of this research is to qualitatively assess the influence of configuration parameters on
the dynamics of the processes of switching and stopping the planetary drive.

Material and Methods. The parameters of the experimental pilot plant, a model planetary drive with a nomi-
nal load of 400 kN, have been calculated. The minimum speed of the central gear has been estimated depending
on the moments of inertia of the leading mass and the outer gear. The obtained dependences have been processed
with the use of a standard mathematical apparatus.

Results. It has been found that the energy-consumption and dynamic parameters of the drive are signifi-
cantly influenced by such characteristics as moments of inertia and braking moments, while decreasing angular
velocity of the drive flywheel does not depend on the moments of inertia of the stopped links. The rate of braking
processes is determined by the elastic properties of the friction materials and the parameters of the brake springs,
not by the parameters of compressed air outflow.

Conclusions. The obtained analytical and graphical dependences have allowed not only qualitative, but also
quantitative assessment of the influence of the parameters on the dynamics of processes. These recommendations
can be used at the design stage, to select the optimal parameters of the drive with the predicted properties.

Keywords: planetary drive, transients, angular velocity, moments of inertia, and braking points.

Citation: Vasilchenko, T. O., Hrechanyi, O. M., and Shevchenko, I. A. (2023). The Influence of Configuration
Parameters of the Planetary Drive of Crank Presses on its Dynamic and Energy-Consumption Characteristics.
Sci. innov., 19(2), 67—72. https://doi.org/10.15407 /scine19.02.067

© Publisher PH “Akademperiodyka” of the NAS of Ukraine, 2023. This is an open access article under the
CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

ISSN 2409-9066. Sci. innov. 2023. 19 (2) 67



Vasilchenko, T. O., Hrechanyi, O. M., and Shevchenko, I. A.

The planetary drive has been increasingly used
in crank press activation systems. The use of
planetary mechanisms in the drives of the press
allows for an unchanged number of strokes of the
press to reduce several times the energy consump-
tion for activation [1], to increase the number
of revolutions of the flywheel, which leads to a
significant reduction in its moment of inertia
and, consequently, in size and weight [2]. Since
the friction units of all planetary gearboxes act as
brakes, the working conditions of which are more
favorable to the friction clutches, which leads to
an increase in the service life of friction elements,
the cycle between repairs of the press and, sub-
sequently, improves the press reliability and du-
rability [3].
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Fig. 1. Scheme of the planetary drive of the crank press: 7 —
flywheel; 2 — main shaft; 3 — gear clutch; 4 — central wheel;
5 — satellites; 6 — carrier; 7 — outer wheel; 8 — support bear-
ings; 9 — pneumatic cylinder; 70 — activation brake; 77 — stop
brake; 12 — friction tabs; 73 — pressure plate; 74 — guide pin;
15 — springs
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So far, the problem of changing the energy-con-
sumption and dynamic parameters of the drive in
transition modes that is, between switching the
brakes, remains understudied.

The purpose of this research is to make a quali-
tative assessment of the influence of configura-
tion parameters on the dynamics of the processes
of activating and stopping the planetary drive.

For determining the energy parameters of acti-
vating and stopping processes, it is advisable to
consider the planetary drive as a mechanical sys-
tem with three concentrated masses [4]: the lea-
ding part with the flywheel and the leading central
gear — link a (Fig. 1); the outer gear with con-
nected brake parts — link & (Fig. 1); and the car-
rier with attached driven parts of the drive and
stop brake — link £ (Fig. 1).

The operation of a crank press with a planetary
drive can be divided into four characteristic pe-
riods that differ by the nature of the main links mo-
tion (Fig. 2). The first period is a pause between
two successive actuations of the drive, during
which the carrier stops, while the outer and cent-
ral gears are idle. The theoretical speed of the
pinion gear is ®_. If the duration of the first pe-
riod is sufficiently large, the angular velocity of
the leading masses is restored to the initial angu-
lar velocity of the flywheel © .

During the second period, the permission brake
is on, while the stopping brake is off, and the drive
start process begins. As a result of braking, the
outer gear stops, while the carrier accelerates.
There is always a time interval ¢ between acti-
vating one brake and stopping another one. The
angular velocity of the pinion gear decreases from
the initial ©_ to ®, . The braking of the outer
gear and the simultaneous acceleration of the car-
rier begin through time interval ¢, , determined
by the ratio of the driving and the braking mo-
ments acting on the outer gear. The second period
ends when the outer gear stops completely.

The third period is a direct idle, stroke, and re-
verse idle of the main actuator, with the planetary
gear engaged. The period begins at the moment
the outer gear stops and continues until the start
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Fig. 2. Periods of motion of the planetary drive

of the brake shift. The angular velocity of the pin-
ion gear, which by the end of the previous period
decreases to ®_ due to the power consumption
for activation, may not fully recover by the begin-
ning of the working stroke. During the period of
working load, the angular velocity of link a de-
creases to the minimum value of ®_ and, with
idle reverse motion, is partially restored to o__.

During the fourth period, the stop brake is ena-
bled, the braking of the carrier and the simultane-
ous acceleration of the outer gear begin. Between
the moments of switching the brakes there is also
pre-start time ¢, . The start of the carrier’s motion
is determined by the driving forces and the brak-
ing forces from the stopping brake. The fourth
period ends when the carrier stops. The angular
velocity of link a at the end of the period is ®__ .

The simplified dependencies for the main energy-
consumption and dynamic parameters of the drive
are presented in [5]. The duration of the switch-
ing periods ¢, is determined by the formula:

_Oulup (1+2) 1
o Mbr (1 +].v)- ( )

The angular velocity of leading link a at the
moment of stopping link b:

(Davo
(Davm = 1 +j ' (2)
The angle of the brake of link b:
Voo fud (A F2)
= 3)

Pu =M, (A2 +2)
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Fig. 3. Dependence of the minimum speed of the leading fly-
wheel on the moments of inertia of the driven links
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Fig. 4. Dependence of the stop angle of the outer gear on the

moments of inertia of gear b and carrier A

Braking torque M, required to stop the outer
gear at a given angle of rotation ¢, :

o’ ] 1+2)?
Mb‘ _ az){)-]a-] . ( i ) (4)
g, (1+))E2+2)
Time ¢, to a complete stop of carrier /:
o, ;7 (1+p)d+2)
L= . ()
‘ W (1+7)
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Fig. 5. Dependence of the angle of the carrier stop on maxi-
mum braking torque M,
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Fig. 6. Dependence of the angle of the carrier stop on the
moments of inertia of gears b and carrier A

The angular velocity of leading link a at the
moment of stopping carrier /:
o

=@ 6
masm 1 -|-]'S ( )

70

Braking angle ¢,, of carrier % for a given bra-
king torque M, :

Wyt (A F2)

(v M, '(1+j8)(2+z)'

(7)

Calculated braking torque M, for stopping car-
rier / at a given braking angle ¢:

O)Qzlho ~]a] (1 + 2)2
9, (@+j)2+2)

In the formulas, z is the rate of braking, as de-
termined by the formulas and graphs in [6]. The
average values of the rate range 0.2—1.2; j is the
generalized relative moment of inertia of the driven
masses [7]; ] is the moment of inertia of the lead-
ing parts of the drive; jo is the relative moment of
inertia of the driven masses when the drive is ac-
tivated; js is the relative moment of inertia of the
driven masses when the drive stops; p is the kine-
matic parameter of planetary mechanism A.

It has been established that the decrease in the
angular velocity of the drive flywheel does not de-
pend on the inertia of the stopped links, and the mag-
nitude of the engine slip does not exceed 0.5—
0.9% that is much less than the nominal slip [8].

Thus, it can be seen from the above dependencies
that such characteristics as inertia moments and
braking moments have a priority effect on the ener-
gy-consumption and dynamic parameters of the drive;
therefore, they are considered in more detail below.

For the experimental plant, which is a model
planetary press drive with a nominal force of
about 400 kN [9], the minimum speed of the cent-
ral gear has been calculated depending on the
moment of inertia of the drive mass and the mo-
ment of inertia of the outer gear (Fig. 3).

When the drive is engaged, the braking rate of
the outer gear is determined by the rate of pres-
sure increase on the friction contact of the en-
gagement brake [10], which, in turn, depends on
the rate of filling the brake cylinder cavity with
compressed air and inertial parameters [11].

The angle and, accordingly, the braking time of
outer gear b when the drive is turned on depend,
first of all, on the maximum braking moment M,

(8)

Mhr =
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of the brake and the moments of inertia of gear b and
carrier & (Fig. 4). As it has been already mentioned,
the drive is activated under the braking torque M, ,
determined by the conditions of load, therefore, the
duration of the process is small and the angle of bra-
king of the gear does not exceed 3—5°.

Figures 5 and 6 show the dependency of the
braking angle of the carrier on the maximum
braking moment M, on the moments of inertia of
the driven masses.

When the drive stops, the value of the braking
angle ¢, of the carrier is determined by safety con-
ditions and should not exceed 15—200. The braking
rate depends little on the parameters of the outflow
of compressed air, but is determined by the elastic
properties of the friction material and the parame-
ters of the brake springs. With the use of the ana-
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BIIJINB KOHCTPYKTUBHUX ITAPAMETPIB INTAHETAPHOI'O ITPUBOAY
KPUBONINUITHUX MPECIB HA TOTO IMHAMIYHI TA EHEPTETUYHI XAPAKTEPUCTUKU

Beryn. [lnanerapuuii npuBo/i 3HaX0MTD BCE MIMPIIE BIIPOBA/UKEHHS y CUCTEMaX BMUKAHHS KPUBOIIMITHUX TIPECIB 32 PAXyHOK
MOJIIIIIEHHST YMOB PO60TH (DPUKIHITHUX BY3J1iB, 3HUKEHHS METaJIOEMHOCTI TIPECY Ta 3MEHIIIEHHs BUTPAT eHeprii Ha poboTy
OCTaHHbBOTO.

IIpo6aemaruka. [Ipu gocisKeHH pyXy OCHOBHUX JIAHOK IJIAHETAPHOTO IPMBOJLY HOTO POGOTY JOIIIBHO MOAATH Y BUTJISII
YOTHUPBOX TIEPiOfiB, SIKi XapaKTepPU3yIOThCs PI3HUMH 3aKOHOMIPDHOCTSIMH 3MiHU 30BHIIIHIX HaBaHTaXXeHb Ta, SK HACJIIOK,
PI3HUM XapaKTePOM PYXy OCHOBHUX JiaHOK. HaiiGiibmiunii iHTepec BUKINKAIOTH TE€PIOU TTIOMIK YePrOBUM MEPEKIHOUECHHSIM
rajbM, KOJIM OJ[HA JIAaHKa 11le He 3yIIMHIIIACH, a iHIIIa B:Ke MourHae cBiil pyx. Ilutanus sMinu eHeproJiuHaMiyHUX I1apaMeTpiB
IIPUBO/IA Y MEPEXiTHIX PesKUMAaX J0CI JTUIIAIOTHCS MaJI0 PO3KPUTHMHU.

Merta. [IpoBesienns gKkicHOI OI[IHKY BIINBY KOHCTPYKTUBHUX ITAPAMETPIiB Ha [UHAMIKY TTPOTIECiB BMUKAHHS Ta 3yITTITHKA
[IJIAHETAPHOTO MTPUBOJLY.

Marepiauu it MeToau. Po3paxyHKN BUKOHYBAJIH JIJIE €KCIIEPUMEHTAIBHOT JIOCJIi/THOT YCTAHOBKHM — MAKeTY IJIAHETAPHOTO
puBoLy npeca 3 HomiHanbHUM 3ycuiisim 400 kH. IIpopaxoBano 3HaueHHS MiHIMAIBHOI IIBU/KOCTI IEHTPAJIbHOI TlIeCTePHi
3aJI€KHO BiJI MOMEHTY iHEPIIii IIPOBiHOI MacK Ta MOMEHTY iHepItii 30BHiIIHbOI mecTepHi. OGPOOKY OTPUMAHUX 3a/IEKHOCTEN
3/IIHICHEHO 3 BUKOPUCTAHHSM CTAaH/IAPTHOTO MAaTEeMAaTUYHOTO anapary.

PegyabraTn. Beranosieno, 1o 3HaYHWH BIUINB HA €HEPTOAMHAMIUHI TapaMeTpy MPUBO/IA YNHUJIN MOMEHTH iHepIii Ta
TaJIbMiBHI MOMEHTH, TOJIi SIK 3HVKEHHS KYTOBOI IIBU/IKOCTI ITPOBIJTHOTO MaXOBUKa He 3aJI€KUTh Bi/l MOMEHTIB iHEPpIIii JIAHOK,
110 3YNMUHSIOTHCS, A BeIMUNHA KOB3aHHS ABUTYHA 3HAUHO HIDKYE HOMIHATBHOTO TTapaMeTpa. |HTeHCHBHICTD MTPOIIECiB Tajb-
MYBAaHHS BU3HAYAETHCS HE MTapaMeTPaMK BUTOKY CTHUCJIOTO MOBITPS, a IIPYKHUMHU BJIACTUBOCTAMU (DPUKIIHHUX MaTepiasiB
Ta [apaMeTpamMy raJbMiBHUX IPY/KUH.

BucnoBku. Otpumani anamiTiyni it rpadiuni 3ae;KHOCTI I03BOJISIOTH MTPOBECTH SIK SIKICHY, TaK i KiJIbKiCHY OIIIHKY BILTUBY
napameTpiB Ha JUHAMIKy npoiieciB. Pexomenaaiiii MoKy Th OyTH BUKOPUCTaHI Ha cTa/ii MPOEKTYBaHHS AJis MiA60Py ONTH-
MaJIbHUX MAPAMETPiB IIPUBOJLY 3 TPOTHO30BAHUMHU BJIACTUBOCTSIMU.

Kniouogi cnosa: niianetapHuii IPUBO/L, IEPEXi/IHI IPOIIECH, KYyTOBA IIBUIKICTb, MOMEHTH iHEPILii, raJbMiBHI MOMEHTH.
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