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Abstract. The article analyses the functioning of epicyclical gear train with closed circuit
hydrosystem, where the driving element is the sun gear and driven one is the carrier or vice versa,
Control element is the ring gear, which rotates or can be stopped by the closed circuit hydrosystem.

We have conducted a theoretical research of efficiency in such epicyclical gear train. Using
the means of computer modelling, we have obtained graphical dependences of the transmission
efficiency fromits parameters.

The analytical and graphical dependences have been obtained allow visualy verifying the
change of efficiency value and evaluating it in terms of self-braking.
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Introduction

Functioning of hoisting, building, road and land reclamation machines, cars and tractors, machine
tools and other equipment requires the speed changes management of executive mechanisms for different
processes. In the world of technology, there are widely known methods and devices for speed management
that provide stepped or continuously variable change in velocity by the value and direction with the use of
respective gearboxes. However, these methods have many shortcomings.

Problem statement

The main disadvantages of stepped speed management devices are the complexity of design, their
large material consumption, the emergence of dynamic loads during the transition from one speed to
another, even in case of synchromesh using. On the other hand, continuously variable speed devices have
intense components wear due to the use of friction connections like brakes or lock-up clutches. All
abovementioned reduces the durability and reliability of certain device components and machinein general.

Analysis of moder n infor mation sour ces on the subject of the article

Some world technical literature [1]-{16] suggests the new method of speed changes management by
single or multi-row epicyclic gear trains combined with closed circuit hydrosystem. Reports of conferences
and other scientific discussions, for example, [17]-{21], often draws attention to the efficiency of such
patented [22]-{25] devices for speed changes management and highlight the need of further theoretical
studies of their kinematics, power and geometrical parameters.

General concepts of efficiency coefficient are widely described in well-known classical technical
literature on theory of mechanisms and machines, for example, [26] but it slightly concerns the specific
cases of specific mechanisms.

Statement of purpose and tasks of research

The purpose of this research is to perform theoretical and computer analysis of the efficiency value
for speed changes management devices in form of epicyclic gear train with closed circuit hydrosystem
when the driving element is the sun gear, and the driven is carrier, or vice versa. Speed management is
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being performed by ring gear, which through the gearing rotates hydraulic pump that is pumping fluid in
the case when the following condition is true: W3 = 0.. W3y -

Main material presentation

It is well known that the efficiency estimates the excellence of machinery and mechanisms and is an
object of constant improvement. Efficiency lies within 0£h <1 and is a value that is determined by the

ratio of useful and consumed energy by known formulas. It can be written as
h = PKC /Pn ’ (l)
whereP,. is power of useful forces, P, =P,.+ P, istotal power supplied to the mechanism; P,,. is

power of harmful forces.

The abovementioned general definition of efficiency can be specified for individual cases and,
importantly, you can get the formula to determine it via other mechanisms parameters.

It is not always necessary to determine the efficiency of epicyclic gears. If it is used as a reduction
gearbox that transmits power to machine actuator for extended periods, then, for clarification of its
suitability the efficiency should be determined. When we use epicyclic gearing as a speed control device
the determination of efficiency may not be important if there is a solid confidence that the transmission is
not self-braking.

There are three popular practical methods of efficiency determining [26], which can be taken as the
base for solving specific tasks set.

The efficiency of suggested device for speed changes management by epicyclic gear train with
closed circuit hydrosystem, where the driving element is the sun gear, driven is a carrier and managing ring
gear, initially can be given as follows

h =hyshen7, 2
where hy, is efficiency of epicyclical gear train; hg is efficiency of hydrosystem gear drive; h; is
efficiency of closed circuit hydrosystem (power loss to pump operation when pumping fluid in a closed
circuit hydrosystem).

Block diagram of possible power losses in the device for speed changes management, described
above, isshownin Fig. 1.

L+ >
[ Shaft 3 1 | Gearing 6

Fig. 1. Block diagram of possible power lossesin the device
for speed changes management
by epicyclical gear train with closed circuit hydrosystem,
where the driving e ement isthe sun gear,
driven gear isa carrier and managing element isring gear

Theanalysis of power losses in the device (Fig.1) implies that some of the power inputted on the sun
gear goes to the carrier via satellite, and the other goes to thering gear and closed circuit hydrosystem.
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To determine the efficiency let us consider the forces acting in gearing of sun gear and
satellite Fy,, satellite and ring gear F,3, satellite and carrier Fp, and write the equilibrium
condition for satellite (Fig. 2) as

Fip + Fo3 + F24 =0. ©)

Furthermore, the sum of the moments of forces acting on the satellite, relative to the axis of its
rotation is equal to zero:

Fiors + Fosr =0, 4
where r, istheradius of theinitial circle of satelite, with the number of teeth z,.

From the expressions (3) and (4) the forces acting on the epicyclical gear train elements will be:

Fip =~ Fos; ©)
Fos =- (Fi2 + F3). (6)
The formulas obtained show that one of given forces makes it possible to determine other two.

Fig. 2. Scheme of single-row epicyclical gear train: 1 —sun gear; 2 — satellite;
3—ring gear; 4—carrier; 5—frame; 6 —gearing; 7 —closed circuit hydrosystem
If torque 7y is set, then
Fio=T1/1, ()
where r; istheradius of theinitial circle of sungear z .
According to (7), when the torque applied to thering gear in fixed carrier train, we will have

_ __ I3 _ (4
T3-F23r3-'r—1T1-'U{3)T11 (8)

i.e, torques 77 and T3, excluding friction, relates the same way as in gearing with fixed axles.
Considering the friction on the tooth, the relationship between torques can be represented as

T3 =-Tuighss, ©)
where h3 isefficiency for the gearing with fixed axles, defined as for sequential gearing; k =+1 when the

power transmitted from gear z to gear zz and k=-1 in opposite case; ufg) =-2z3/ 7 is fixed carrier

trainratio.

In this case, we have to determine efficiency of epicyclic train because it transfers significant power
from the sun gear to the carrier or vice versa, i.e. it is used as power transmission, and epicycle is a speed
control eement.
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The relationship between torques acting on the elements of the epicyclic train can be established
with consideration of equilibrium conditions of transmission in general, namely:

T1+T3+T4=O, (10)
where T, istorques acting on the carrier. According to [26]
T, =-Ta- uiPhfs). (12)

When the driving element is the sun gear and the driven - carrier, i.e. the resistance torque applied to
the carrier, then the expression for efficiency will be asfollows

Twy +Tawg (12)

hig =-

Substituting values 77, T3 and T4 in (12) and express w, through w; using the formula (2) [6],
after simple transformations, we get:
4
@+ ulPhiz)wg +wau(3)
B U@ @,y
(1 +ugg" )Wy +wslz'hy3)
In order to show the nature of the efficiency change in epicyclic train with a closed circuit
hydrosystem, when the sun gear is driving element and the carrier — driven, from the parameters of

transmission more clearly we have performed next. Equation (13) has been programmed and we got the

computer graphics dependence hqy = f (Wl,Wg,U:I(_g)) for gear ratios ufg) =1...10, the angular velocity of

(13)

driving element wy =100 rad / s. Graphic dependences obtained for w3 =0...40 rad / s, hl(g) =0,97 are

shownin Fig. 3.
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Fig. 3. Graphic dependences of efficiency changes in single-row epicyclical gear train when the driving element

isthe sun gear and the driven — carrier, depending on the gear ratioufg) and speed of control element w3
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The efficiency of device for speed changes management by epicyclical gear train with closed circuit
hydrosystem, where the driving element is the carrier, driven is a sun gear and managing ring gear, initially
can be given as follows

h =hshén7, (14)
where hy, is efficiency of epicyclical gear train; hg is efficiency of hydrosystem gear drive; hy is
efficiency of closed circuit hydrosystem (power loss to pump operation when pumping fluid in a closed
circuit hydrosystem).

Block diagram of possible power losses in the device for speed changes management by epicyclical
gear train with closed circuit hydrosystem, where the driving element is the carrier, drivenis a sun gear and
managing ring gear, isshown in Fig. 4.
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Fig. 4. Block diagram of possible power losses in the device for speed changes management
by epicyclical gear train with closed circuit hydrosystem, where the driving element is the sun gear,
drivenisa carrier and managing element isring gear
If the torque 77 is a moment of resistance of the working machine — sun gear is driven, 7, isthe
torque of the driving element — carrier, T3 isatorque of control element —ring gear, then the efficiency
can be put astheratio of useful power to full power
Ty

T4W4 + T3W3 ' (15)

hap=-

When we substitute the values Ty, 75 =-Tyu{ghis and T, =-T,(A- u{zhid) in the formula (15)
with the ones from (9) and (11) and replace w; with w, by using the formula (3) [8], after simple
transformations, the expression for efficiency of the train with driven sun gear will be

_wy 1+ uf3) - wau hyg
4 4
Wylhis +ul3) - waufy)
Similarly to the previous case, we obtained graphics from expression (16) for the next initial data:

h{3 =0,97; w, =100 rad / s; ufg =1...10 and w3 =0...80 rad / s, and they shown in Fig. 5.

For the two-row epicyclic gear train, shown in Fig. 6, the conclusions are similar and differ only in

has (16)

the value of gear ratio ufg) , which now equal to:
(G Y
u@ = _ 17
13 leg ( )
In addition, the sum of the moments of forces acting on the satdlite, relative to the axis of its
rotation is equal to zero:
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Fiory + Fpr$=0, (18)
where r, and r4 are the radiuses of the initial circles of satellite gearing with teeth numbers z, and z§,
respectively.

Conclusions

Analytical and graphical dependences for efficiency between driving and driven elements (sun gear
and carrier, or vice versa) in a singlerow and multi-row epicyclical gear trains with closed circuit
hydrosystem obtained by means of computer simulation are shown in Fig. 3 and 5. They allow visually
verifying the change of efficiency value and evaluating it in terms of self-braking.

As you can see from the graphs (Fig. 3), epicyclical gear train, where sun gear is the driving element
and the carrier — driven, has efficiency higher than the one of simple transmission and significantly
increases with the angular velocity of control eement, while slightly decreases with increasing of gear ratio.

Graphs (Fig. 5) show that epicyclical gear train, where the driving element is carrier and sun gear is
driven, has efficiency higher than the one of simple transmission, which slightly decreases with increasing
of gear ratio, but increases with the raise of angular velocity of control eement. Analysis of expression
(16) indicates that efficiency does not reduced to zero for this quadrant and so self-braking is not possible.

References

[1] Crpinenp O. KepyBaHHS 3MiHAMH INBHAKOCTI 3a JOIMOMOIOI0 3yOuacrtoi audepeHiiansHol nepemaui /
O. Crpinens, B. Crpinens, I. lunkapenko // MammuosHascto. — 2007. — Ne 6 (120). — C. 38-41.

[2] Crpinerie O. Komr'toTepHe MojentoBaHHS audepeHIiialpHuX mepefad 3 MPUCTPOEM Uil KepyBaHHS
uBukictio / O. Crpiners // MamunosHaseto. — 2009. — Ne 12 (150). — C. 39-43.

[3] Madashchenko V. Fundamentals of Creation of New Devices for Speed Change Management /
V. Malashchenko, O. Strilets, V. Strilets // Ukrainian Journal of Mechanical Engineering and Materials Science. —
2015.-Val. 1, No. 2. —pp. 11-20.

[4] Manamienko B. O. Knacudikaris croco6iB i mpuUCTpoiB KepyBaHHs MPOIECOM 3MiHH IBUAKOCTI ¥ TeXHiIl /
B. O. Manaruenko, O. P. Crpinens, B. M. Crpinens // Iligiiomuo-TpancnopTaa Textika. — 2015, —Ne 1. — C. 70-78.

[5] Crpizerie O. P. OOIrpyHTYBaHHS MOXIHBOCTI KepyBaHHS 3MiHAMH IIBHAKOCTI 3a JIOMOMOTO0
mudepentianpaux nepenad / O. P. Crpinens // Bicuuk ImkenepHoi akagemii Ykpaiau. — 2015, —Ne 2. — C. 177-181.

[6] Crpiners O. P. KepyBaHHs 3MiHaMH IIBHAKOCTI 3a JOMMOMOrOI0 3y0uacroi aud)epeHmianbHOl Hmepenadi
yepe3 eminuki / O. P. Crpiners // BicHuk TepHOMIIbCHKOTO HAIiOHATLHOTO TEXHIYHOTO YHIBEpCHTETY iMeHi IBaHa
[Mymrost. — 2015. — Ne 4 (80). — C. 129-135.

[7] Crpinernp O. P. KepyBaHHS IpoIecoM 3MiHH MIBHIKOCTI 3a JOMOMOro0 Au(epeHIiaapHoil mepeaadi yepes
consiyne 3ybuacre koseco / O. P. Crpiners // BicHuk XMeTbHHIIBKOTO HaI[iOHAIBHOTO yHiBepcutery. — 2015, —
Ne 5. -C. 68-72.

[8] Crpiners O. P. KepyBanHs 3MiHaM{ IIBUAKOCTI 3a JOIOMOrOI0 HEMOBHOI Au(epeHIiianbHol mepenayi
gyepez caremit / O. P. Crpinenps // BicHUK HaliOHAJBHOIO YHIBEPCHUTETY BOJHOTO TOCIOAApPCTBA Ta
npuponokopructyBanHs. TexHiuni Hayku. — 2015. —Ne 4 (72). —C. 138-148.

[9] Crpinens O. P. KepyBaHHs 3MiHaMH IIBUAKOCTI 3a JOIMOMOrOI0 3y0uactoi audepeHmianbHol mepenadi
gyepe3 Bogwio / O. P. Crpinens // Bicauk KpeMeHUyIbKOTO HAIliOHAIBHOIO  YHiBepcHTETy iMeHi Muxaiina
Ocrtporpaackkoro. — 2015, —Ne 6 (95), u. 1. —C. 87-92.

[10] Manamieako B. O. KepyBaHHS 3MiHAMHU MIBUAKOCTI 3a JOMOMOI0K 0araToCXxOJUHKOBOI 3y0uacTol
nepenayi yepe3 coHsune 3ybuacte koneco / B.O. Manamenko, O. P. Crpinens, B. M. Crpinens // BicHux
Hanionanenoro TtexuiyHoro yHiBepcutery “XIII”. Cepis: IIpobmemu wmexaniunoro npusogy. — 2016, —
Ne 23 (1195). — C. 87-92.

[11] Manamenko B. O. KepyBaHHs 3MiHAMM IIBHIKOCTI 3a JOIMOMOIOI 0araTOCXOIMHKOBOI 3y04acTol
nepenaui uepe3 coHsuHe 3ybuacte kosmeco / B. O. Manamenko, O. P. Crpinens, B. M. Crpinens // Bicuuk
Hanionansnoro yniBepcutery “JIpBiBchbka momitexHika”. Cepis: [uHamika, MIIHICTh Ta NPOEKTYBaHHS MAalIWH i
npunazis. — 2016. — Ne 838. — C. 57-63.

[12] Manamenko B. O. HoBuit mpuBom 3 AuQepeHIranoM i 3aMKHYTOK TiPOCHCTEMOIO Ui KepyBaHHS
uBuakictio Mamuau / B. O. Mananienko, O. P. Ctpinens, B. M. Ctpiners // Bibpartii B TexHilll Ta TeXHOJOTIsX. —
2016. — Ne 3 (83). —C. 109-116.



Justification of Efficiency of Epicyclical Gear Train in Device for Speed... 95

[13] Malashenko V. Metoda i urzadzenie do zmiany predkosci za pomoca obiegowej przekladni zebate z
zestawem stopniowanych kol planetarnich / PRACE NAUKOVE ITVL // V. Malashchenko, O. Strilets, V. Strilets. —
2016. — Zeszit 38. —pp. 5-11.

[14] Malashenko V. Method and device for speed change by the epicyclic gear train vith stepped-planet gear
set / V. Malashchenko, O. Strilets, V. Strilets// RESEARCH WORKS OF AFIT. — 2016. — Issue 38. — pp. 13-19.

[15] Manamenko B. A. HoBblif cmoco6 OeccTymeHYaToro M3MEHEHHS CKOPOCTH IIPH MOMOIIU 3y0uaThix
mudbepeHInanbHBIX epefay ¢ 3aMKHyTo# rumpocuctemoit / B. A. Mamamenko, O. P. Crpuen, B. H. Crpenern //
Mexanunueckue nepenayn. [IpuBoasr u kommoneHTsl MammH. — 2015, — Ne 4-5, — C. 7-10.

[16] BaBumoB A. B. CoBeplieHCTBOBAaHME TPAHCMHUCCHH JTOPOXKHBIX MAIIMH U  ITIOBBIIEHHUS HX
KOHKYPEHTOCIIOCOOHOCTH U obecrieueHus: ummnoprosamenienus / A. B. Basunos, B. A. Manamienxo, O. P. Ctpuier,
B. H. Crpenerr // Apromobunbabie qoporu u Mocthl. — 2016. — Ne 2 (18). — C.140-150.

[17] Crpinerp O. P. Crmocobu kepyBaHHs 3MiHaMu miBuakocti y TexHiri / O. P. Crpinens // 36ipHuK Te3
VIII-oi MixnaponHoi HayKOBO-TIpaKTW4HOi KoH(epeHIi “IHTerpoBaHi iHTeNEKTyaslbHI pPOOOTO-TEXHIYHI
komruteken” . — Kwuis, 18-19 tpasus 2015 p. — C. 220-221.

[18] Crpiners O. P. Omisix i aHami3 crioco0iB kepyBaHHs 3MiHaMu miBuakocti B TexHiri / O. P. Crpinens //
Te3u gonoBifed 12-ro MiXHapOJHOTO CHMIIO3iyMy YKpaiHChKHMX iH)KeHepiB-MexaHikiB y JIbBoBi. — JIbBiB,
28-29 tpaBus 2015 p. — C. 196-197.

[19] Crpinerp O. P. KinemaTH4dHi MOXIHUBOCTI 3y0uacTHX AM(EpeHIialbHUX Mepeaad 3 3aMKHYTO Tiapo-
cucremoro / O. P. Crpinensr // Marepianu MixHapomHOT HAYKOBO-TEXHIYHOI KOH(EpEHIi MOMOANX YYEHHX 1
CTyZeHTIB “ AKTyasbHi 3a1a4i cCydacHUX TexHomorii”, 1. 1. — TepHomniib, 25-26 nucronana 2015 p. — C. 234-235.

[20] Crpinerp O. P. MOXKIHBOCTI 6araToCXOMMHKOBUX 3y0UacTux Mu(epeHIliabHIX Mepeaad 3 3aMKHYTHMH
rigpocucremamMu kepysatu mBuikictio / O. P. Crpinens // 36ipauk Te3 momoinei 1X-oi MixkHapoqHOI HAayKOBO-
npakTHyHoi ~ KoHQepeHii “IHTerpoBaHi iHTENEKTyalbHI poOOTOTeXHi4HI KomIuiekcn . — Kuis, 17-18 tpaBHs
2016 p. —C. 234-236.

[21] Crpiners O. P. IIpo Bu3HaueHHs KoedillieHTa KOPUCHOI Aii 3y04YacTHX AM(EpeHIlianbHuX mepeaad 3
3aMKHYTOIO TiIPOCHCTEMOIO Ui KepyBaHHsA 3MiHamu mBuakocti / O. P. Crpinmeus // Te3m momnoimeit 5-1
MixHapoHOI HAYKOBO-TeXHIUHOI KoH(epeHii “Teopis Ta MpakTHUKa panioHAIEHOTO MIPOEKTYBaHHS, BUTOTOBIICHHS 1
eKCILTyaTallii MaluHOOy[iIBHUX KOHCTPYKLil~ . — JIbBiB, 27—28 sxoBTHst 2016 p. — C. 142-144.

[22] TTaT. Ne 18587 Ykpaina, MITK F16H3/00. 3yduactuit audepeHiiian 3 IpUcTpoeEM sk KEpYBaHH 3MiHAMH
uBuakocti / Crpinens O. P., Ctpinents B. M; 3asBHUK i BIacHUK mateHTy HamioHanbHHI YHIBEPCHTET BOTHOTO
TOCIIOZAPCTBA Ta MPUPOIOKOPHUCTYBaHH:. — 3as1B71. 12.05.06; omy6a. 15.11.06, broa. Ne 11, 2006 p.

[23] TTaT. Ne 25335 Vkpaina, MIIK F 16 H 1/28. 3y6uactuii audepeHmian 3 TPUCTPOEM Ui KepyBaHH:I
sminamu mBuakocti / Crpigens O. P.; 3asgBHUK 1 BiacHMK maTeHTy HallioHaJpHUN YHIBEPCHUTET BOIHOTO
TOCIIOJapCTBA Ta MPUPOIOKopHucTyBaHH:. — 3as1B71. 23.01.07; omy6a. 19.08.07, bron. Ne 12, 2007 p.

[24] TTaT. Ne 28489 Ykpaina, MITK B60/K17/06. [TnanerapHa kopobka mepemnau / Ctpinens O. P.; 3asBHUK i
BJIACHHK TaTeHTy HallioHambHUIT yHIBEpCUTET BOAHOI'O IOCIONAPCTBA Ta MpHUpoaokopuctyBanHs. — 3asi. 09.08.07,
omy0:1. 10.12.07, Broa. Ne 20, 2007 p.

[25] TTaT. Ne 108239 Vkpaina, MIIK F 16 H 1/28. Tlpuctpiii a1t kepyBaHHs 3MiHamu mBuakocti / Ctpinenp
0. P., Manamenko B. O., Crpinenp B. M.; 3asBHHMK i BJacHHK MaTeHTy HallioHaJbHUI YHIBEPCHTET BOIHOTO
TOCIIOZapCTBA Ta MPUPOIOKopHucTyBaHH:. — 3as1B71. 04.01.16; omy6a. 11.07.16, bron. Ne 13, 2016 p.

[26] Kinuupkuii . T. Teopis Mexanizmi i mamms :© miapydauk / S. T. Kinunpkuit. — K. © Hayk. mymka,
2002. — 660 c.



Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua



