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Rezumat. intreaga familie a automatelor hipocicloidale
plane pentru deformare plagtic este un concept
romanesc original dezvoltat la Universitatea T faasia
din Braov.

Cercetirile recente au scos n evid&rposibilitatea
de a dezvolta acest grup de automate de presaeeda
citre un nou subgrup de automate hipocicloidal ¢iaiga
Culisoarele acestor automate realize@azaniscare liniag,
acest element conducénd la descrierea unei hipac
spaiale, prin urmare acest nume este dat la automatel e

Abstract. Plane hypocycloidal automatic machines,
forming an entire family, are a Romanian original
concept developed at Transilvania University ofBka
Recent researches emphasize the possibility of
developing this group of automatic machines fordcol
forming by a new subgroup, potentially very diverde
spatial hypocycloidal automatic machines. Althoubb
slide blocks of these automatic machines realilirear
motion, the element which drives it describes digpa
hypocycloid, hence the name given to automatic

cauz. In lartul cinematic al automatului de presare, estemachines in question. In the main cinematic chdithe

prezent un mecanism planetar cti dintate cilindrice,
Cu angrenare interic&r care generedz traiectoria
hipocicloidei spaale, flosit ca un mecanism pentru
transformarea ngcarii de rotaie in mgcare de transiee.

Aceast lucrare prezirit, cu demonsttd adecvate,
legea de mycare a elementului antrenor, legea degcanie
caracteristig culisoarelor acestor automate de presgre,
parametrii cinematici.

Cuvinte cheie: hipocicloide, hipocicloide spale,
sferice, automate pentru deformare pladtcrece,
parametrii cinematici

1. Introducere

Sunt cunoscute automate hipocicloidale plane

pentru presare la rece [1]. Acestesmautilizeaz
ca traiectorie a elementului antrenor al culisaarel
0 hipocicloidi plard unicursai. Sunt preferate
hipocicloidele plane cu nuin redus de puncte de
intoarcere [2].

Hipocicloidele plane sunt generate cu ajutorul

mecanismelor planetare cuirdintate cilindrice, cu
angrenare interiodr la care roata centtaéste fdd.

automatic machine, there is present a sun-and ipigrae
with conic gears that generate spatial hypocycloida
trajectories, used as a mechanism for trans fo rmotayy
motion into linear-alternative one.

This paper presents, with adequate demonstrations,
the law of motion of the driving element, the laf o
motion characterizing the slide blocks of thes ®@matic
machines, and its cinematic parameters.

Key words: hypocycloids, spatial spherical
hypocycloids, automatic machines for cold forming,
cinematic parameters

1. Introduction
Plane hypocycloidal automatic machines for
cold forming are known [1]. These machines use as
trajectory of the elements drivingthe slide blocks
plane unicursal hypocycloid. The plane
hypocycloids with a reduced number of reversal
points are preferred [2].

Plane hypocycloids are generated with sun-and-
planet gears provided with cylindrical gears, and
internal gearing, whereof the central gear is fixed

Astfel de mecanisme sunt utilizate la automateSuch mechanisms are used at plane hypocycloidal
hipocicloidale plane ca mecanisme de transformarautomatic machines as mechanisms transforming

a mkcarii de rotagie a arborelui principal in rggare
de translde rectilinie alternati¥ cu autointoarcere,
periodiad si temporad, a culisoarelor acestor
masini.

Este identificai posibilitatea construirii de
automate hipocicloidale spale, cu structur si
mod de fungonare principal identice automatelor
hipocicloidale plane.

La automatele hipocicloidale e
utilizeazi ca mecanism de

se

the rotary motion of the main shaft into linear-
alternative translation motion with self retumn,
periodical and temporary, of the slide blocks.

There is identified the possibility of building
spatial hypocycloidal automatic machines, with
structure and functioning that are mainly identical
tothe plane hypocycloidal automatic machines.

In spatial hypocycloidal automatic machines, a

transformare unsun-and-planet mechanism with conic gears as
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mecanism planetar cu trodintate conice, roata transforming mechanism is used; the central gear
centraf fiind fixa. fixed.

Lucrarea de f@a Tisi propune & prezinte The paper herein sets about to submit the
parametrii cinematici ai unor astfel de ¢gims, adici  cinematic parameters of such machines, which are
expresile de spa, viteza si accelerde ale the space, speed and acceleration expressions of th
culisoarelor. Pentru aceasta trebuie deterrinatslide blocks. The equation of the trajectory
ecuaia traiectoriei descrisde punctul generator de described by the spatial hypocycloid generating

hipocicloidi spaiala. point must be determinedto this purpose.
2. Informatii generale 2. General information
In aplicaiile tehnice se utilizedz frecvent In technical applications, special cases are

cazuri particulare. Lucrarea detfaabordeaz unul  frequently resortedto. The paper herein tackleb su
dintre acestea, cel al hipocicloidelor sferice. Laa case, that of spherical hypocycloids. In thest b
acestea atat cercul de bazatsi cercul rulant sunt the base and turning circle are circles of the same
cercuri ale acelegasfere, tangente intr-un punct. In sphere, tangent in a point. In particular, the base
particular, cercul de bazpoate fi chiar un ecuator al circle may even be an equator of the sphere, figure
sferei, figura 1, caz in care hipocicloidele geteera 1, in which case the generated hypocycloids are
sunt unele sferice ecuatoriale. equatorial spherical ones.

Figura 1. Sistemul de coordonate cartezian prihep&z

asociat cercului bad g, fix
Figure 1. Oxyz principal Cartesian system of cauaths

associated to the fixed base cirEle

e

Scrierea ecui unei hipocicloide sferice The equation of an equatorial spherical
ecuatoriale se poate facetifade un sistem de hypocycloid may be written against a certain system
coordonate oarecarearz a restrange generalitatea, of coordinates. Without restricting the generaliy,
expresia ecuyeei mertionate poate fi exprimétmai  the expression of the mentioned equation may be
simplu daé sistemul de coordonate ales este unuimore simply expressed if the chosen system of
particular, favorabil [3]. coordinates is particular, favourable [3].

Se adopi ca sistem de coordonate unul The adopted system of coordinates is Cartesian,
cartezian, Oxzy, cu originea O in centrul sferdnS. Oxzy, with the origin O in the centre of the sphere
acest sissem de coordonate se iau in considerare @ In this system of coordinates we consider a base
cerc de bax Ty si un cerc rulantl,. Cercull’g, cu circle I'y and a tuming circl&,. The circlel's, with
razaR = Ry este un ecuator al sferekiSse oline  the rayR = R;, is an equator of the sphere S and is
ca intersetie a sferei cu un plaily ce conine obtained as intersection of the sphere with a plane

centrul O al acesteia. I1; containing its centre O.

Cercul rulantl’,, de raz r <R;, este tangent la The turning circld’,, of rayr <Rg istangent to
I'r In punctul M si se oline ca intersge a sferei S I'g in the point M and is obtained as intersection of
cu planulll, aflat la distarab de centrul O. the sphere Swith the plamkat distancéd from O.

Fie Q, centrul cerculul’,. Direaia OQ, face cu Be Q, the centre of the circlE,. The direction
planul TIx un unghi 6. Implicit, unghiul dintre OO, makes with the planBx an angle. Implicitly,
planelellg si I1, esten/2-6. the angle between the plariésandIl, is n/2-6.

Punctele cerculuil,, inclusiv M, descriu The points of the circld’, inclusively M,

hipocicloide sferice ecuatoriale identice, dardescribe identical equatorial spherical hypocysipid
defazate intre ele in raport cu o diteanume din  however dephased in relation to a certain direction
planul IT;. Rezulé ¢ se poate adopta o orientare from the planellz. There ensues a particular
particulaii a sistemului de coordonate caré s orientation may be adopted that should ensure the
asigure cea mai simplexpresie a hipocicloidei simplest expression of the equatorial spherical
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sferice ecuatoriale desctide punctul M. Sistemul  hypocycloid described by the point,Mhe system

Oxyz care corespunde acestei cgrineste Oxyz corresponding to this requirement is

caracterizat prin aceea @xa Ox cogine punctul characterized through the fact that the axis Ox

My si ca planul xOy este cuprins in plaritk. contains the point pMand that the plane xOy is
comprised in the plandg.

3. Ecudia hipocicloidei sferice 3. Equation of the equatorial spherical
ecuatoriale hypocycloid
Pentru scrierea ectim hipocicloidei sferice In order to write the equation of the equatorial
ecuatoriale se impune determinarea coordonatel@pherical hypocycloid, the parametric coordinaties o
parametrice ale punctului generator. the generating point must be determined.
Hipocicloida sferi@ ecuatoridd se olgne The equatorial spherical hypocycloid is

cinematic ca urmare a rostogoliriiri alunecare a cinematically obtained following the rolling withbu

cerculuiT,, de centru Q peste cerculz. In acest sliding of the circld, of centre Q, over the circle

timp axa OQ se rotgte in jurul axei Oz cu unghiul T'r. Meanwhile the axis OQrotates around the axis

a = o(t), masurat ca proigee in planul xOy. Oz with the anglex = a(t), measured as projection
Coordonatele parametrice ale punctului M sein plane xOy.

pot ohine ca sura a coordonatelor parametrice ale The parametric coordinates of the point M may

punctului Q, scrise in sistemul de coordonatebe obtained as sum of the parametric coordinates of

principal Oxyz,si ale punctului M, scrise intr-un O,, written in the main system of coordinates Oxyz,

sistem de coordonate secundar, cu originea,isi O and of the point M, written in a secondary systdm o

cu axele paralele cu axele sistemului de coordonateoordinates, with the origin in Gnd with the axes

Oxyz. parallel to those of the system of coordinates Oxyz
Pentru un caz oarecare razele cercufilgi I'y For a certain case, the rays of the cir¢leand
sunt invariante. Este ulidefinirea constantei: I'r are invariants. Defining the constant is useful:
k=R/r. (1)
Unghiul 8 este constanii dependent dé&: The anglé is constant and dependent kin
sing =~ -1 : (2)
R k
Tot constante surt marimile: The values are constant in their tum:

co® =+/1-sin20 = /1—% :% K2-1, (3)
2

b=vVRZ-r2 =y iz—lzr k?-1. (4)
r

In sistemul de coordonate principal Oxyz, In the main system of coordinates Oxyz, the
coordonatele punctului £X,; V.; Z,) sunt: coordinates ofthe point (X,; V.; Z,) are:
Xy =bl[toBIEtosa
Yo = bos Eina ()
zy =b8in6
Ca urmare a rostogolirii afa alunecare a Following the rolling without sliding of the

cercului rulantT, peste cercul bazIT'yz, la un turning circlel’, over the base circlEg at a given
moment dat acestea ajung tangente intr-un punehoment they become tangent in a poinf MITg,
M, OTg, OMOM, =q, iar punctul M ajunge intr-o  0OMOM, = a, and the point Mreaches a position

poztie M OTg, OM,OMg =p. Mg OTg, OM,OM; =B.
Rostogolirea &a alunecare se exprimprin The rolling without sliding expresses through the
egalitatea arcelor de cergM, O I'gsi MM O T arcs of circle MM, 0Tk and MM, O T equality:
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MoMy =aR=MqMg =BT, (6)
de unde rezuit where from:
B=aX =km . @)
r

Coordonatele punctului Mxg; ys; Z) se scriu,

The coordinates of the point Jiks; ys; ) are

intr-o prima etag, intr-un sistem de coordonate written, in a first stage, in a system of coordasat

O.X’y’'Z asociat cerculuil’,, figurile 2i 3.

Zp My

™

Planul x’Qy’ este cuprins in plandil,, iar axa

O,X'y’Z associatedto the circlg, figures 2si 3.

Figura 2. Sistemul de coordonate secundary
asociat cercului rularit, o

Figure 2. Secondary system of coordinat gz \r
associated to the turning cirdle

Figura 3. Pozia sistemului de coordonatelQ/'z' n
raport cu sistemul de coordonate principal
Figure 3. Position of the system of coordinatgg ¥ in
relation to the principal system of coordinates

Plane xXQy’ is comprised in plané&l, and the

O,X’ se suprapune cu dirga O,M,. In acest sistem axis QX overlaps the direction M,. In this

de coordonate secundar,

coordonatele:

punctul ; Mare

secondary system of coordinates, poinf s the
coordinates:

% =1 [Bog-p) =r [LoP

yg = Gin(-B) = -r B$inp

40

Pentru a ofne coordonatele punctului Vscrise

(8)

To ohtainthe coordinates of point;Mritten in

intr-un sistem de coordonate cu axele paraleleleu ¢ a system of coordinates with parallel axes to the
ale sistemului de coordonate principal Oxyz se ace main system of coordinates Oxyz a double rotation

dubk rotire a sistemului de coordonatex®’'z’.
Intr-o prima etag, sistemul QX'y'z’ se rotege

fata de axa Qy’ cu unghiul n/2-0. Se oline

sistemul de coordonate ,QYy''Z", figura 4, al

carui plan QX'y’ este paralel cu planul Oxy,
figura 5.

2 .
w2 s

of the system of coordinatesX®y’z is done.

In a first stage, the system Xy'z’ rotates
against the axis ' with the anglen/2-6. The
system of coordinates &'y"Z’ is obtained;
figure 4, whose plane &'y is parallel to the
plane Oxy, figure 5.

Figura 4. Sistemul de coordonatgxQy”z”
Figure 4. System of coordinategxQy”z”

226
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Figura 5. Pozia sistemului de coordonate X'y’z” Tn
raport cu sistemul de coordonate principal

Figure 5. Position of the system of coordinates"@"z"
against the main system of coordinates

>
}.’ e —

Tn acest sistem punctul Mre coordonatele: In this system, the poigtdsthe coordinates:
n Tt (T .
Xpg =Xg (€03 ——0|+ 23 [8inf—-0 |=r [0 [3inO
st o) g = oo
yE; = yé =-r 5inp 9
" (T ' L1
Zp = —X3 [8IN|——0 |+ z3 [t0$ — -6 | =-r [coP [cosO
P8 (2 ] i {2 ] ¥

Pentru a ofine paralelism intre axele So as to obtain the parallelism between the axes

sistemului secundagi axele sistemului principal of the secondary and principal system Oxyz, the
Oxyz, sistemul de coordonateXDy’'z" se rotege  system of coordinates £'y”"z" rotates round the

in jurul axei Qz” cu un unghia. Se oline astfel axis Qz” with an angle a. There is ohtained
sistemul de coordonate,X0'y’”z’", figura 6, n thereby the system of coordinategxQy'”z’",
raport cu care punctul are coordonatele: figure 6, where to the point Mhas the coordinates:

3 = xé [Cosx — yB Gina =r [CoP [$in6 [Cosx + r BinB&ina =
=r [cosx [¢0H3[3in O +sina [5inf)

y|3 = xé (sina + y['3 [tosa =r [GoB[HiNOBina —r [inBLtosy = (10)
=r [ﬁsina [Co3[&in0 —cos E'kinB)

Zy =275 = —t [CoP [0

o Figura 6. Paralelismul sistemului de coordonate
N O X"'y"’Z” fa ta de sistemul de coordinate principal
Oxyz
Figure 6. Parallelism of the system of coordinates
O X"'y"’Z" in relation to the main system Oxyz

A

In sistemul de coordonate principal Oxzy, In the principal system of coordinates Oxzy,
coordonatele punctului generatory(; ys; %) se the generating point coordinates(; v, z5) are
oltin ca sum a coordonatelor punctului obtained as sum of the coordinates of the point
O,(Xa; Yo Z), scrise in sistemul de coordonate O,(X,; V. %), Written in the system of coordinates
Oxyz, si ale punctului MB(X'B";yE;zg) scrise in  Oxyz, and of the poinﬂ\/IB(xg;yE;zE) written in
sistemul de coordonate X'y'"’z"": the system of coordinatesXQYy'"z’":
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Xy =% * X = b[EosBEosu + r [{cosa [EosB [5in O +sina (sinp)

yB =y, t yB =b[EosBSina+r [ﬂsincx o3 [$inO — coxx B;in|3) (11

23 =2, +Z3 =b $in6-r Lo [tosb
Exprimate doar in furtie de parametru si de Only expressed as a function of the parameter

constant&, coordonatele punctului M generator deand of the constai§ the coordinates of the point M

hipocicloidch sferiéa ecuatorial sunt: generatingthe equatorial spherical hypocycloid are

X =T A2 -1 Elh(l- AR —1B0% +1 [Ecosu [Gogk @) E}k +5sinat Bir(km)} -

:Lk E[(k2 —1)@051 +com [Eofk [01) + kSina [3ink Eix)]

Y =" E/kz-lék AK? -1 Eina +r [Esina E:o:{km)#k —cosi Bin(km)}: _ (12)
:Lk [[(kz —1)Bina +sina m;oik m)_ k Bin(km) E)OS;(]

z :£ Jié-1 - cofk @)

acestea formand in fapt edia parametrice ale they forming in fact the parametric equations & th
hipocicloidei n disctie. hypocycloid under discussion.

Culisoarele unui automat hipocicloidal sferic The slide blocks of spherical hypocycloidal
executi, casi cele ale automatelor hipocicloidale automatic machines, as those of the plane
plane, mgcari de translée. Axa unui culisor trebuie hypocycloidal automatic  machines  execute
s contind punctul de intoarcere al hipocicloidei translation motions. A slide block axis must comtai
sferice normale desciisde punctul generator de the normal spherical hypocycloid spinode,
traiectorie, iar direga de deplasare a culisorului described by the trajectory generating point, &red t
este de preferatidie chiar tangenta la hipocicloida slide block shift direction should well be the tang
sferici Tn punctul de intoarcere al acesteia. tothe spherical hypocycloid in its spinode.

In cazul hipociclbidelor sferice ecuatoriale, In the case of equatorial spherical
tangenta In punctul de Tintoarcere estehypocycloids, the tangent to the spinode is
prependiculat pe planul ecuatorial, deci ttade perpendicular on the equatorial plane; therefore
sistemul de coordonate principal Oxyz este paralelagainst the main system of coordinates, Oxyz is
cu axa Oz. parallel with the axis Oz

Cursa unui culisor este intotdeauna maiamic A block slide course is always smaller than
decét z,,, culisorul fiind antrenat de piesa ce z,,, the slide block being driven by the piece
materializeaZ punctul generator de hipocicldid materializing the point generating the hypocycloid
doar pentru o cuss(0g) =hgy < Znae hp > hy, unde  for one single coursg(ay) = hg < Zpa ho > hy,
hy este cursa nominasub sarcia. wherehy is the nominal course under the load.

Ca urmare, legea de gnare a culisoarelor unui Consequently, the law of motion of an
automat hipocicloidal spial ecuatorial este dat equatorial spherical hypocycloidal automatic
doar de variia coordonateizia) a punctului machine slide blocks is only given by the coordmnat
generator de traiectorie, pentxu] [-0,; +0(]: variation z(a) in the trajectory generating point, for

o O [Fag; +0):

s(a) = z(a)z% VK2 -101- codk ). (13)

Este de subliniat mar asenanare a acestei le Thehigh similitude between this law of moti
de micare cu cea a culisoarelor preselor mecanicand the one of the power presses driven through the
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antrenate prin mecanism man#~siela-culisor fira  crank-rod-slide  block  mechanism  without
excentricitate [4]. eccentricity should be emphasized [4].

Expresiile pentru vitezasi accelerga unui The expressions for the speed and for the
culisor al unui automat hipocicloidal sferic acceleration of an equatorial spherical hypocyabid
ecuatorial se gm prin derivare in raport cu timpul automatic machine are obtained through derivation i

a expresiei de spa: relation vvithtime, ofthe space expression:
v(a)= dsa) _dAa) _ dAa) Edg co— [2sin2a, (14)
dt dt da 2
a(a)= dvio) =MEIdﬁ =oo2E-f£ [@cosu, (15)
dt da dt 2
undew este viteza unghiulara arborelui principal wherew is the angular speed of the principal shaft
al automatului hipocicloidal sferic. of the spherical hypocycloidal automatic machine.
4. Cazurn particulare 4. Spedal cases
De interes pentru aplidde tehnice sunt The unicursal hypocycloids are of interest for

hipocicloidele unicursale [5], la care constakta technical applications [5], whereto the constlnt
apatine mutimii numerelor r@onale pozitve. Se pertains to the positive rational number set. The
are in vedere cu prioritate cazul pentru dare2. case for whomk = 2 is pre-eminently envisaged.
Ecuaiile parametrice ale acestei hipocicloide The parametric equations of this special spherical

spdiale sferice particulare sunt: spatial hypocycloid are:
Xk=2 :L2E£3cosa + cosa [ﬁl— 2[3in? 0()+4E'l;in2 a E:osa]z r o E(Z +5sin? 0()
Yk=2 =L E[BE'kina +sina [62@:0520( —1)— 4Ginatod a]z r $ina E(L—cog 0() (16)
rE{/_ - cod2m@))]
O imagine sugestiv a hipocicloidei sferice A suggestive image of the equatorial spherical

ecuatoriale se prezitin figura 7. Analiza altor hypocycloid is shown in figure 7. Other papers will
cazuri particulare vor face obiectivul unor noirire tackle the analysis of other particular cases.

Figura 7. Aspectul unei hipocicloide sferice ecuiate cu
doui bucle, norma

Figure 7. The appearance of a spherical equatorial
hypocycloid with two loops, normal

5. Concluzii 5. Conclusions
Exista automate hipocicloidale plane, destinate = There are plane hypocycloidal automatic
unor operédi de refulare saustantare. Acestea machines, destined for pressing or forming
constituie o contriie deosebit a cerceirior  operations. They constitute a special contribubibn
destisurate in cadrul Univergti Transilvania din  the researches developed within Transilvania
Brasov la extinderea clasei giailor-unelte. University of Brgov towards expanding the class of
the machine tools.

RECENT, Vol. 11, no. 3(30), November, 2010 229



Despre parametrii cinematici ai unui automat hiptwedal spaial pentru deformare plastita rece

S-a identificat  posibilitatea  dezvolii The development possibility of hypocycloidal
automatelor hipocicloidale cu o rnousubclas, automatic machines with a new sub-class is
automate hipocicloidale spale, cele sferice fiind identified, spatial, the spherical being a favoeabl
un caz particular favorabil. Pentru conceperegarticular case. So as to conceive these machines,
acestor mgni este nevoie de elaborarea unui modelan adequate mathematic model must be elaborated.
matematic adecvat. Lucrarea abordeazazul The paper deals with the special case of the
particular al automatelor sferice ecuatoriale. Laequatorial spherical auomatic machines. In these,
acestea legea de goare este datde o hipocicloid the law of motion is given by an equatorial
sferici ecuatoriad. In practi@ sunt preferate spherical hypocycloid. In practice, there are
hipocicloidele normale cu nuimredus de puncte de preferred the normal hypocycloids with a small
intoarcere. spinode number.

Culisoarele automatelor hipocicloidale preiau Hypocycloidal automatic machine slide blocks
doar deplasarea in lungul tangentei in punctul denly take over the shift along the tangent in the
intoarcere, adic legea lor de mcare este dat spinode, this way their law of motion is only given
doar de variga coordonateizZa) a punctului by the variation of the coordinatga) of the
generator de traiectorie. Sunt date expresiildrajectory generating point. Cinematic parameter
parametrilor cinematici ce caracterizéamiscarile expressions characterizing the slide block shifes a

culisoarelor. given.

Este abordat, ca exemphki,cazul particular al The special case of the two-loomed equatorial
hipocicloidelor ecuatoriale sferice cu dadoucle. spherical hypocycloids is dealt with, as example.
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