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Rezumat. Automatele hipocicloidale plane, ce form&az Abstract. Plane hypocycloidal automatic machines,
o Tntreag familie, este un concept romanesc original which form an entire family, are a Romanian orifjina

dezvoltat la Universitatea Transilvania din gra concept developed at Transilvania University ofdgra
Cercelri recente subliniaz posibilitatea extinderii Recent researches have enhanced the concept

conceptului étre un nou subgrup, foarte divers, acela dedevelopment towards a very diverse new sub-grdwp, t

automate hipocicloidale spale sferice. Tn laul spatial spherical hypocycloidal automata. In theinma

cinematic principal al acestor gmai este inclus un kinematic chain of these machines, a planetary wéhr
mecanism planetar cu trodintate conice generator de conical wheels is included, generating spatial gpak
traiectorii (hipo)cicloidale spiale sferice, ca mecanism (hypo)cycloidal trajectories, as transformation hadsm
de transformare a waarii de rotgie a arborelui principal of the rotation motion of the main shaft, in rdoglar-
in miscari de translde rectilinie-alternati#, cu alternative translation movements, with periodieald

autointoarcere, periodigi temporaii, a culisoarelor. temporary self-return of the slide-blocks.

Lucrarea de fa Tisi propune § prezinte baza The paper herein sets out to submit the theoretical
teoretié@ pentru stabilirea parametrilor cinematici ai basis for determining the kinematic parametershebé¢
acestor mgni, adici expresiile de spa, vitez si machines, namely the space, speed and acceleration

accelerge ale culisoarelor. Pentru aceasta este necesaexpressions of the slide-blocks. To this purpose, must
cunogterea ecugei (hipo)cicloidei spaale sferice. Este  know the equation of the spatial spherical (hypoimy.
vizata cu prioritate subclasa automatelor hipocicloidale The class of the equatorial spherical hypocycloidal
sferice ecuatoriale, considerate a fi cele mai watec automatic machines is pre-eminently targeted, ddeimne

pentru aplicéi practice. most adequate for practical applications.
Cuvintecheie: cicloide spéale sferice, automate de Key words: spatial spherical cycloids, automatic

presare la rece, parametri cinematici machines for cold forming, kinematic parameters
1. Introducere 1. Introduction

Sunt cunoscute automate hipocicloidale plane  The plane hypocycloidal automatic machines
pentru presare la rece [1, 2, 3]. Acestesimia for cold forming are known [1, 2, 3]. They use a
utilizeaz ca traiectorie a elementului antrenor alunicursal plane hypocycloid as trajectory of the
culisoarelor o hipocicloiglplara unicursai. driving element of the slide-blocks.

Hipocicloidele plane sunt generabile cu ajutorul Plane hypocycloids are generable by planetary
mecanismelor planetare cuirdintate cilindrice, cu gears with cylindrical wheels, with inner gear,
angrenare interiody la care roata centeakste fix. whose central wheel is fixed. Such devices are used
Astfel de mecanisme sunt utilizate la automaten plane hypocycloidal automaton as mechanisms for
hipocicloidale plane ca mecanisme de transformaré&ransforming the rotation motion of the main shaft
a miscarii de rotgie a arborelui principal in ggare  into rectilinear-alternative translation motion,thvi
de translée rectilinie-alternati¥ cu autointoarcere, self-return, of the side-blocks of these machines.
periodia si temporai, a culisoarelor acestor giai. The possibility of constructing spatial

Este identificat posibilitatea construirii de hypocycloidal automatic machines (AHS) is
automate hipocicloidale sgiale (AHS), cu structdr  identified, identical in structure and operation to
si mod de fungonare principal identice automatelor plane hypocycloidal automaton [4, 5]. For AHS, a
hipocicloidale plane [4, 5]. La AHS se utilizéaza  planetary gear with conical wheels, the central
mecanism de transformare un mecanism planetar onheel being fixed, is used as transformation
roti dintate conice, roata centidlind fixa. mechanism.

Lucrarea de fia isi propune & prezinte baza The paper herein sets out to submit the
teoretié pentru stabilirea parametrilor cinematici ai theoretical basis for determining the kinematic
unor astfel de ngni, adici expresiile de spai, parameters of such machines, namely the space,
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viteza si accelerge ale culisoarelor. Pentru aceastaspeed and acceleration expressions of the side-

este imperativ necesar cunogterea ecugei
(hipo)cicloidei spdale sferice.

2. Aspecte generale

Fie dow conuri Q; si Q,, tangentesi avand
acelgi varf O, figura 1. Conuk;, cu unghiul la
varf g, este fix, iar conu2,, cu unghiul la varfp, se
rostogolgte fira alunecare peste confl;. Conul
Q; este ,con de baz iar conul Q, este ,con
rulant”. Fiesi o sfe S de raz Rs si centru O.
Intersedia sferei S cu conuril€; si Q, determira
cercurilel'; =g, de raZ Rsi centru @, si respectiv
M, =T, de raZ r si centru Q. Se noteax cu Il
planul ce cotine cercul de bazl g, cull, planul ce

conine cercul rulanf’; si cu ITg un plan ecuatorial

al sferei, paralel cu planullz si care cofine,
evident, centrul O al acesteia.

Faa de centrul O al sferei S plantlg (al
cercului de baxzI'r) se afii la o distagg a O O,
0< |al < R Daa a > 0 atunci planulli se afi sub
planul ecuatoriallg, caz in care plantlg este unul
subecuatorial (conudl; este unul convex, cu unghi

ul

la varf 0 <e <) (conul rulant se rostoggke peste

partea exteriodra conului baZ), figura 2a, dat

a < 0 atunci planulll; se affi deasupra planului

ecuatorial ITg, caz Tn care planullz este unul

supraecuatorial (conuf); este unul concav, cu
unghiul la varft < € < 2 (conul rulant se

rostogolgte peste partea interigaa conului bag),
figura 2b, iar dat a = 0 atunci planulllr se
suprapune peste chiar planul ecuatorial (conul

Q4, cu unghiul la vare = 11, devine (degenereaz

intr-) un plan, figura 2c.
Nota. Cazurile a)si ¢) permit ,materializarea’

conului de bax prin danturi conice. Cazul b) ar

Tnsemna con de bazu dantut conic ,interioad”.
Evident, a este distafa dintre planulllg si
planul ecuatoriallg.

blocks. To this purpose, one must know the
equation of the spatial spherical (hypo)cycloid.

2. General informations

Be Q, si Q,, two tangent cones, with the same
peak O, figure 1. Con@;, with its apical angle, is
fixed, and coneQ,, with its apical anglap, rolls
without sliding over the con®;. ConeQ; is a “basic
cone” and con€; is “rolling cone”. Be also a sphere
S of radiusRs and centre O. The intersection of the
sphere S with the condg®; and Q, determines the
circles 'y = Mg, of radiusR and centre ® and
respectivelyr, =, of radiusr and centre QLetIlr
be the plane containing the basic cirElg alsoll,
the plane containing the rolling circle andIlg an
equatorial plane of the sphere, parallel with tlae
Ik obviously containing its centre O.

Figura 1. Sfera S de centrusCrazi Rs, conurileQ; si
Q,, cercurilel; si ', punctul M generator de
cicloida sferic si alte notaii

Figure 1.Sphere S of centre O and radRis cones),
andQ,, circlesl’; andrl,, the spherical cycloid-
generating point Mand other notations

From the centre O of the sphere S, the plage
(of the basic circlel'g) is at a distanca O [,
0 < Jal < R If a> 0 then the planElk is under the
equatorial plandlg, in which case the plan@y is
sub-equatorial (the cong; is convex, with the
apical angle 0 < < m) (the rolling cone over the
external part of the basic cone), figure 2a, if
a < 0 then the planHR is above the equatorial plane
Ig, in which case the plani@g is supra-equatorial
(cone Q, is concave, with the angle to the peak
T < g < 2m) (the rolling cone over the internal part
of the base-cone), figure 2b, andaif= 0 then the
plane Iz overlaps the equatorial plarié:, itself
(cone Qi, with apical anglee = 1, becomes
(degenerates into) a plane, figure 2c.
Note. Cases a) and c) allow “materializing” the base
cone through bevel-gear-tooth system. Case b)
would mean basic cone with “internal” bevel-gear-
tooth system.

Obviously,a is the distance between the plane
I and the equatorial plamé.
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Similar, fga de centrul O al sferei S centrul Similarly, from the centre O of the sphere S,
0O, = O, al cercului rulant™, se afi la o distari the centre @= O, of the rolling circlel’; is at a
b0, 0< |b|<Rs Daa b > 0 atunci conuf2, este  distanceb 0 [, 0< |b| < Rs. If b > 0 then the cone
unul convex, cu unghiul la varf 0@ < m) (conul  Q, is convex, with apical angle 0 ¢ < 1) (the
rulant se rostogo$¢e cu partea sa exteridgapeste rolling cone with its external part over the base
conul de ba®), figura 3a, datb < 0 atunci conul cone), figure 3a, ifb < 0 then the cone&, is
Q, este unul concav, cu unghiul la v@rk ¢ < 2m)  concave, with apical angle< @ < 2m) (the rolling
(conul rulant se rostogaie cu partea sa interigar cone with its internal part over the base cone),
peste conul de bay, figura 3b, iar datb = 0 atunci  figure 3b, and ifo = 0 then the con&,, with the
conul Q,, cu unghiul la varfy = 1 devine angle to the pealp =11, becomes (degenerates) in a
(degeneredizintr-) un plan, figura 3c. plane, figure 3c.
Nota. Cazurile a)si c) permit ,materializarea” Note. Cases a) and c) allow “materializing” the
conului rulant prin danturi conice. Cazul b) ar rolling cone through bevel-gear-tooth systems. Case

Tnsemna con rulant cu dartwgonia interioas. b) would be rolling cone with internal bevel-gear-
tooth system.
Evident,Rg Rssi r <Rs Obviously,R<Rsandr <Rs.
Intre R, R, r, asi b exist relaiile: BetweenR, R, r, a andb the relations exist.
1)
(2)

b)
Figura 2. Tipuri de conuri de bab]
Figure 2. Types of basic cones [6]

Figura 3. Tipuri de conuri rulante [6]
Figure 3. Types of rolling cones [6]

Cercurile I'r si I, sunt permanent tangente. Circles I'r are I', are permanently tangent.
Planul IT; este inclinat fl@ de planulllg, unghiul  Planell, is tilted against the planHg, the angle
dintre acestea avand o valoare between them having a value
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0 = sgn@)-¢ + sgnp)-¢,
unde
& =arcsin— |aj arccos—
Rs
{ =arcsin— | | arccos—
Rs

Fie M, punctul injial de tangeﬁ dintre
cercurileT; si Tr (Mo O T'rsi Mg O T7) si un punct
oarecare M solidar cu cercul rulanf’,, situat pe
(semi)dreapta M, si aflat faa de centrul @ al

cerculuil, la distamad = O, My =k-r, k00",
Notia. Punctul M trebuie & fie solidar cu cercul

rulantI’,, dar fira a se impune strict ca aceslizse
afle in planulll; al acestui cerc. Iirice astfel de

0<6<m, (3
where

sgr(a) E-F—Z £ 4)

sgrib) . ©)

Be M, the initial tangency point between the
circlesI', andl'r (Mg O I'rand M, O T7;) and a certain
point M, solidary with the rolling circld’,, situated
on the (semi)right M, and, from the centre (f
the circleI’, at the distancd = O, My, =k-r, k O
ar.

Note. Point M, must be solidary with the rolling
circle I';, without the strict necessity for this one to

caz ,general” se poate reduce intotdeauna la cazulbe in the plandl, of this circle. However, any

particular ce corespunde gefrércicloidei sferice
de d@tre un punct solidar cu un cerc ruldht £ T,
aflat in planull,, # IT, al acestuiall,, ||I1;, care se
rostogolgte peste un cerc fiXr # I'r cuprins
intr-un planlg, # IR, Ir || IR, figura 4. Evident,
Rj_;éR, ry#r, k175k

£]: ' gt !
: I| (.}.‘f.” -} —-'I".. F”_‘-

1) Oxi

" Ml

In urma rostogolirii ira alunecare a cercului
rulantT', peste cercul de bad'r, punctele cercului
rulant T, (inclusiv My) descriu cicloide sferice
normale identice, dar defazate intre ele in rapart
o diregie (anume) din plandilg, decisi in raport cu
o diregie similai din planulTle. Punctele M din
planul TT;, altele decét cele apsyand cerculuil’,,
descriu cicloide sferice scurtate, da@ < k < 1,
normale, datk = 1, sau alungite, dad& > 1. Pentru
k = 0, punctul M se suprapune peste centryl &
cercului rulantT’, si descrie un cerc, care poate fi
considerat o cicloil sferici scurtai complet
degenerait

Aceste curbe sunt hipocicloide sferice, d@ac
0 < 0 < 172, elice sferice, daco 72, sau

such “general” case can be always reduced to the
particular case corresponding to the spherical
cycloid-generation by a point solidary with a
rolling circleT, # Ty, in the plandl,, # I, of this

one, IT;; || TI;, which rolls over a fixed circle
I'm # Tr Within a plandlg, # g, g || g, figure

4. ObviouslyRi #R, ri #r, ki #k.

Figura 4. Cercurile de bagzi rulant cand MO T,
Figure 4. Basic and rolling circles when M T,

After the rolling without sliding of the rolling
circle T'; over the basic circl&y, the rolling-circle
pointsT;, (inclusively My) describe identical normal
spherical cycloids, but out of phase with each rothe
in relation to a (certain) direction in the plafg,
therefore also in relation to a similar directiortihe
planelle. Points M in the plandl,, other than those
pertaining to the circlel',, describe shortened
spherical cycloids, if & k< 1, normal, ifk = 1, or
elongated, ik > 1. Fork = 0, the point M overlaps
the centre Qof the rolling circlel’, and describes a
circle, which may be deemed a completely
degenerated spherical cycloid.

These curves are spherical hypocycloids,
0 < 06 < 12, spherical helixes, i® = 12, or

if
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epicicloide sferice, dacv/2 <6 <n[6]. spherical epicycloids, if/2 < 6 < 1 [6].
3. Ecuatiile parametrice ale cicloide sferice 3. Parametric equations of spherical cycloid
Pentru scrierea ectidor parametrice ale So as to write the parametric equations of the

cicloidei sferice se impune determinareaspherical cycloids, one must determine the
coordonatelor (parametrice ale) punctului generator(parametric) coordinates of the generating point.

Ecugia (parametrig a) unei curbe se poate The (parametric) equation of a curve may be
scrie faa de un sistem de coordonate oarecalfiea F written against a system of coordinates. Without
a restrdnge (generalitatea, expresia #&ua restraining the generality, the expression of the
respective poate avea o fdarnmai simpi dad  respective equation may have simpler form if the
sistemul de coordonate ales este unul particulachosen system of coordinates is particular,
favorabil [7]. favourable [7].

Formi simpk a ecuédei se oline adoptand un The simple form of the equation is obtained by
sistem de coordonatezdy;z; cu originea in centrul adopting a system of coordinategx@z; with its
Or al cercului fix (de ba®, cu planul xOgry;  origin in the centre Qof the fixed (base) circle,
cuprins in planulllg al cercului de bazsi a carui  with the plane yOry; within the planellr of the
axda Ogxy s conina punctul M initial de tangeta base circle and its axisg€Q) containing the initial
dintre cercurileT'r si T';. Evident, este posildil tangency point M between the circle§r andT,.
scrierea ecugi si intr-un sistem de coordonate Obviously, the equation may be also written in a
Oxyz, cu originea n centrul O al sferei, cu planulsystem of coordinates Oxyz, with the origin in the
xOy cuprins in planul ecuatoridlz si a crui axa  centre O of the sphere, with the plane xOy within
Ox s contina proiegia in planulllg a punctului M the equatorial planélg and its axis Ox containing
initial de tangefa dintre cercurild ' si T, figura 5.  the projection in the plan@g of the initial tangency
Sistemul de coordonate Oxyz preZimvantajul de point My between the circlesg andT’,, figure 5. The
a fi invariant in raport cu sfera @, Tn anumite system of coordinates Oxyz has the advantage of
situaii este de preferat adoptarea acestuia. Sistemudeing invariant in relation to the sphere S and, in
OrX1y1zy se obine prin simpla translatare a certain situations, is preferable. The systemQz;
sistemului Oxyz n lungul axei ®zcu cota a, is obtained by simply translating the system Oxyz
distana dintre planurildlg si Tg. along the axis Qzwith the quotaa, the distance

between the pland¥: si I1k.

/ } _---\-..I I:..
i \D]\ Figura 5. Sistemele de coordonate Oxiy@rX1y1Z1

L_ 58 .H"x - X asociate planeldng si Mg
| TT— ‘) — . Figure 5. Systems of coordinates Oxyz angz;
T S el associated to the planBg andng
m\_ } YA
T ™l
w " ..
%
O cicloida sferia — scurtat, normai sau A spherical cycloid — shortened or elongated,
alungii, dupi caz — se dine cinematic, ca as appropriate — is kinematically obtained, as

traiectorie a unui punct Moarecare solidar cu trajectory of a point M solidary with the rolling

cercul rulantT; si aflat Tn planull’; al acestuia, ca circle I, and within its pland’, after the rolling

urmare a rostogoliriidra alunecare a cercului rulant without sliding of the rolling circld’, over the base
I, peste cercul de baf. In acest timp axa QBe  circleI'r. Meanwhile, the axis QQotates round the
roteste Tn jurul axei Oz cu unghiul = a(t), misurat axis Oz with the anglex = a(t), measured as
ca proiede n planul xOy. projection in the plane xOy.

Ca urmare a rostogolirii afa alunecare a Due to the rolling without sliding of the rolling
cercului rulantT, peste cercul b&zT'g la un circleI, over the base circlEg, at a given moment
moment dat acestea ajung tangente intr-un punchey are tangent in a point,NIl I'r, DM OrM, = q,
M, O T'r, OMgOsM,, = a, punctul M [0 T, ajunge
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intr-o poziie Mg O I',, OM,OM; = B, iar punctul  the point My O I', reaches a position MO I,
My O II; ajunge intr-o pore Mg U II.. Evident, OM,OM;y = B, and the point MO II, reaches a
OM,OMyg = B. position Mg [ I1,. Obviously,dOM,OM,s = .

In aceste condi, ecuaia parametrig a cicloidei In these conditions, the parametric equation of
este dat de chiar coordonatele punctului M the cycloid is given by the very coordinates of the
generator de traiectorie, exprimate in sistemulzOxy trajectory-generating point ) expressed in the
Rostogolirea #rd alunecare se exprim prin  system Oxyz. The rolling without sliding is

egalitatea arcelor de cerM, O I'rsi MMy OT: expressed through the equality of the arcs
MoM, O T'g and IVLMB ar,:
MoMg =a[R=MgMg =BT, (6)
de unde rezuit hence:
p=ad’. @)

Dac se are in vedere generarea cicloidei  Considering the cycloid-generation resorting to
utilizdnd un mecanism planetar cutiralintate a planetary gear with conical wheels, then the
conice, atunci retéa anterioai se poate scrig sub  previous relation may be written as

forma
Bza[-!rizagzz—zum, (8)

undez este nurirul de dini ai danturii raii dintate  where zz is the teeth number of the fixed central
centrale fixe,z este nurirul de dini ai danturii  toothed wheelz is the teeth number of the satellite-
rotii satelit, iar u = z/z reprezini raportul wheel toothing, andu = Zzy/z is the internal
cinematic interior al angrenajului cu axe fixe aabc kinematic ratio of the fixed-axis gear associa@d t
mecanismului planetar. the planetary gear.

Trebuie precizata Tn general, raporti®/r ia o Note that, in general, the ratiB/r takes a
valoare real pozitiva oarecare, posibil itnak. possibly irrational positive real value. At sphatic
La generarea cicloidelor sferice utilizand mecanisncycloid generation, resorting to a planetary gear
planetar cu r dintate conice, deoare@ 0 N si  with conical wheels, agz: 0 N andz O N, the
z O N, se oline implicit ci raportulu = zy/z 0 Q*,  ratio is implicitly obtainedu = z/z 0 Q*, which
ceea ce corespunde doar cicloidelor cu drufimit only corresponds to the cycloids with a finite
de bucle. number of loops.

Coordonatele parametrice ale punctului e The parametric coordinates of the poinigM
pot oliine ca surh a coordonatelor parametrice ale may be obtained as sum of the parametric
punctului Q, scrise Tn sistemul de coordonate coordinates of the point Owritten in the main
principal Oxyz,si ale punctului Mg, scrise intr-un  system of coordinates Oxyz, and of the poing,M
sistem de coordonate secundar cu originea,igi O written in a secondary system of coordinates with
cu axele paralele cu axele sistemului de coordonatte origin in Q and with parallel axes to the ones of

Oxyz. the system of coordinates Oxyz.
In sistemul de coordonate principal Oxyz, In the main system of coordinates Oxyz, the
coordonatele punctului &or; Yor; Zor) SuUnt: coordinates of the point,Qor; Yor; Zor) are:
Xo, (&) = b (3in6 [Eosu
Yo, (@) =b3ind Bina (9)
Zo, (0) =btosH
Coordonatele punctului M se scriu, intr-o The coordinates of the pointJvare written, in a

prima etap, Tntr-un sistem de coordonatex®'z'  first stage, in a system of coordinatesx'¥z'
asociat cercului’,, figurile 6si 7. Planul X'Qy' este  associated to the circlg, figures 6 and 7. The plane
cuprins in planull,, iar axa X' se suprapune cu Xx'Gy'is contained in the plarig, and the axis @'
diregia (instantanee) ™,. Axa Qy' este paralél overlaps the (instantaneous) directioQ) The axis
cu planul Tg, deci si cu planul ecuatorialllg. Oy' is parallel to the plandlz, hence to the
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Sistemul de coordonate X3/'z' se okine prin

equatorial plané&le. The system of coordinatesx®'z'

rotirea cu unghiul B-a unui sistem de coordonate is obtained through rotating, with the anglg, a

OXo'Yo'Zo' solidar cu planull,, a crui axa Ox, se
suprapune peste dinge OMo.

In sistemul Qx'y'z' punctul M are coordonatele:

X () = k [ [Bog~B) =
Vig (@) =k Bin(-B) = -k [F $inp

zp(a)=0

Pentru a ofine coordonatele punctului gy

system of coordinatesXgy,'z, solidary with the plane
IT,, whose axis &' overlaps the direction ®.

Figura 6. Sistemul de coordonate secundaty@'
asociat cercului rulart,

Figure 6.Secondary system of coordinatex'@z'
associated to the rolling circlg

Figura 7. Pozia sistemului de coordonatgx3/'z' in
raport cu sistemul de coordonate Oxyz, principal
Figure 7.Position of the system of coordinatex'@z'
in relation to the main system of coordinates Oxyz

In©y'z' the point N} has the coordinates:
k [t [tosp

(10)

In order to obtain the coordinates of the point

scrise intr-un sistem de coordonate cu axele pgaraleM,s written in a system of coordinates with parallel

cu cele ale sistemului de coordonate principal Oxyzaxes to the ones of the main system of coordinates

se face o dubl rotire a sistemului de coordonate
OXYy'z'. Intr-o prini etaf, sistemul Xy'z' se
roteste faa de axa @' cu unghiul6. Se ofline
sistemul de coordonateOy"z", figura 8, al &rui
plan Qx"y" este paralel cu planul Oxy.

LT
b5 B T

‘I'\'

n acest sistem punctul yare coordonatele:

Oxyz, a double rotation of the system of coordigate
OxX'y'z' is made. In a first stage, the syster'y¥'
rotates against the axisyOwith the angled. The
system of coordinates,XJy"z" is obtained, figure 8,
whose plane @"y" is parallel to the plane Oxy.

Figura 8. Sistemul de coordonatex@"'z"si pozitia sa
fatd de sistemul de coordonate principal

Figure 8. System of coordinatesx@/"z" and its position
against the main system of coordinates

In this system, the poipt iMs the coordinates:
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X&p() cos® O sind X|'¢;(Ol) k¥ [cos3 [0SO

vel@a)l=] 0 1 0 |xygla)|=| -k@Eing (11)
zp(a)| [~sin® 0 cosB| | z45(a)| |-k [CosBLsinG

Pentru a ofine paralelism intre axele In order to obtain the parallelism between the
sistemului secundasi axele sistemului principal axes of the secondary system and of the main system
Oxyz, sistemul de coordonatex®y"z" se rotgte in ~ Oxyz, the system of coordinatesx@"z" rotates
jurul axei Qz" cu unghiul &. Se ofine astfel round the axis @" W|th the angle & The system of
sistemul de coordonate xO'y"'z™, figura 9, in coordinates X"y is thereby obtained, figure 9,

raport cu care punctul \are coordonatele: in relation to Whom the point Mhas the coordinates:
xg(@)| [ cod-a) sin(-a) 0] |xp(@)| [k fcosa EosBEosd+sina Binp)
yig(@)|=| -sin(-a) cod-a) 0|x| yig(a)|=|k 0 dsina osBEosd - cosa [Sinp) | (12)
zp(0) 0 0 1] | zg(a) ~k [ [EosB[3ind

Figura 9. Sistemul de coordonatexQy™'z" in raport cu
sistemul principal Oxyz

Figure 9. System of coordinatesxQy"'z™ in relation to
the main system Oxyz

In sistemul de coordonate principal Oxzy, In the main system of coordinates Oxzy, the
coordonatele punctului generatorgffis; Yis: Zg) coordinates of the generating poinksMs; Yis: Zp)
se obin ca sum a coordonatelor punctului are obtained as sum of the coordinates of the point
Or(Xor; Yor; Zor), scrise in sistemul de coordonate O;(Xor; Yor; Zor), Written in the system of coordinates

Oxyz, si ale punctquMkB(ka ka,sz) scrise in ~ Oxyz, and of the pointV kB(XkB ka sz) written
sistemul de coordonatex0'y™z™ in the system of coordinates>Qy"'z"

X (a) = xo, +xp(a)=bsin6Eosa +k [ (cosa [cosP [EosH +sina [Sinp)
Yig (0() =Yo, * yEB(O() =b$in6Sina +k ¥ [ﬂsina [¢osf3 [€0sO — cosa E'kinB) (13)
Z,0 (0() =270, t+ Z;:B(G) =b[tosd -k [ [tosB[3in6

acestea formand in fapt edila parametrice these ones forming in fact the general parametric
generale ale cicloidei sferice, scrise in sistedwil equations of the spherical cycloid, written in diystem
coordonate Oxyz (cu originea in centrul sferai S of coordinates Oxyz (O is the centre of the spis&re
cu planul xOy suprapus peste planul ecuat®Fil the plane xOy overlapping the equatorial plaizg
Scrise n sistemul de coordonatexg:z; (cu Written in the system of coordinates®y1z;
originea n centrul al cercului fix (de ba®, cu  (with the origin in the centre {of the fixed (base)
planul xOry: cuprins Tn planulllr al cercului de circle, with the plane Ory; in the plandli of the
baz si a crui axa Ogx; @ conina punctul M base circle and its axisgf) containing the initial
initial de tangeta dintre cercurildr si T';) ecuaiile tangency point Mbetween the circles; andI’;) the
parametrice ale cicloidei sferice sunt: parametric equations of the spherical cycloid are:
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X (a) =bEin6 [Gosa + k [ [{cosa [EosB [¢osH + sina [&inp)

Vg (@) =bEin6Gina + k [ [{sina [osB [0SO — cosa [3inp) (14)
2 (a) = a+blEosd -kt [osB [$ind

In literatura de specialitate [6] pentru cicloidele In the literature [6] the parametric relations
sferice se dau rgide parametrice (scrise intr-un (written in a system of coordinates centred in the
sistem de coordonate cu centrul in centrul cerculufixed circle and with the plane xOy overlapping the
fix si cu planul xOy suprapus peste planul acestuplane of this circle, identical with the system
cerc, identic cu sistemulgy,z,): OrX1Y121) are given for spherical cycloids:

x = (a—b[tosw+d [EoswlEosqt) [Eost + d [Bint [$ingt

y = (a—b[Gosw+ d [Coswltosqt) Bint — d [Eos [3ingt (15)

z=sinwl{b-d [tosqt)
unde a este raza cercului fiX) este raza cercului wherea is the radius of the fixed circldy is the
mobil, g este raportul dintre raza cercului fixxaza radius of the mobile circley is the ratio between
cercului mobil, d este distata de la punctul the fixed-circle radius and the mobile-circle ragjiu

generator de traiectorie la centrul cercului mabil, d is the distance from the trajectory-generating
este unghiul dintre planul cercului fii planul  point to the mobile-circle centray is the angle

cercului mobil, iatt este variabila independént between the fixed-circle plane and the mobile-eircl
plane and is the independent variable.
Este yor de a#itat & It is easy to show that
R-rlcosB=hlsinB; (16)
r[sin@=a+blcoso, a7

si ca urmare relgile (14) si (15) sunt complet hence the relations (14) and (15) are fully conmtlia
conforme (evident !!), corespondandintre notgi (of course 1), the correspondence between thdioaga

finda=R b=r,q=u,0=0,d=d=kr, t=aq. beinga=R b=r,g=u,0=6,d=d=kr,t=a0.
4. Automate de presare (hipo)cicloidale 4. Spherical (hypo)cycloidal forming
sferice automatic machines
Aplicatia tehni@ vizati in mod explicit de The technical application explicitly aimed by

lucrarea de fid este constru@ si functionarea the paper herein is the construction and operation
automatelor (hipo)cicloidale sferice, gid-unelte  the spherical (hypo)cycloidal automaton, machine-
caracterizate de prezen in structura lamlui  tools characterized by the presence in the streictur
cinematic principal a unui mecanism planetar cuof the main kinematic chain of a planetary geahwit
roti dintate conice ca mecanism de transformare &onical wheels as mechanism for transforming the
miscarii de rotgie a unui arbore principal in gtiare  rotation motion of a main shaft in rectilinear-
de translée rectilinie-alternatii cu autointoarcere, alternative translation motion with temporary self-
temporai, a (unuia sau) mai multor culisoare, return of (one or) several slide-blocks, executing
organe de lucru executoare alesmi. working elements of the machine.

Prezema mecanismului planetar cutiraintate The presence of the planetary gear with conical
conice conduce implicit la valori tianale pentru wheels implicitly leads to rational values for the
raportulu (u = zx/z), iar cerine de naturtehnologi@ ratio u (u = zJ/z), and the technological-nature
impun pentru distgrlea si b condtiile a>0,b>0, requirements impose for the distan@eandb the
ceea ce este echivalent cu practica dzuwd@ a conditionsa > 0, b > 0, which equates the usual
utiliza rai dintate conice ,cu dantdrexterioas” practice of using conical wheels “with external
sau, la limig, rati dintate conice ,plane”, cu unghi gearing” or, to the limit, “plane” conical wheels,
la varf de 180° al conului de divizare. Evident,seu  with pitch-cone apical angle of 180°. Obviously,
accepl ca simultara = Osi b= 0. a =0 andb = 0 are not simultaneously accepted.

La un automat (hipo)cicloidal stia sferic In a spatial spherical (hypo)cycloidal automatic
amplasarea culisoarelor se face astfel incat acestenachine, the slide-blocks are placed so as to
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s translateze dupdiregii care:
1. — conin punctele de contact cu cercul fix ale

translate after directions which:
1. — contain the contact points with the fixed leirc

traiectoriilor descrise de punctele M generatoare Ik of the trajectories described by the trajectory-

de traiectoriesi

generating points M, and

2. — se suprapun peste tangentele la traiectorie A — overlap the tangents to the trajectory in the

punctele respective, care sunt puncte de intoarcere

Aceste diregii de translsie ale culisoarelor se
impun pentru a gine, cel ptin pentru cursa sub
sarciri a culisoarelor, distai minimi n plan
perpendicular pe dirga de translga a oricrui
culisor, intre pozia cureni a punctului generator
de traiectoriesi diregia de translge a respectiv.
Aceasi cerina se Tindeplinge da@ punctul
generator de traiectorie descrie o (hipo)cicloid
sferici normadi, eventual gor alungit.

Tangenta T la o (hipo)cicloidsferici normah
este, evident, tangenta sfera S. Ca urmare, axele
culisoarelor sunt tangente la gféin punctele de
ntoarcere ale (hipo)cicloidelor normale (puncty M
si echivalentele acestuiaj fac cu direga Oz a
sistemului de coordonate un unghfigura 10.

Y

Legile de mgcare ale tuturor culisoarelor unui
automat (hipo)cicloidal sferic sunt identice.
Considerand culisorul din punctul (M aflat n
planul xOrz;, legea lui de m3care, corespuimare
unei curse totalél = sp(0y) > hy = s(ay) este dat
doar de componenta®(a ecudgilor parametrice
ale (hipo)cicloidei sferice:

I

respective points, which are reversal points.
These translation directions of the slide-blocks
are called for obtaining, at least for their course
under load, the minimal distance in the
perpendicular plane on the translation direction of
any slide-block, between the current position &f th
trajectory-generating point and its translation
direction. This requirement is fulfilled if the
trajectory-generating point describes a normalpeve
slightly elongated spherical (hypo)cycloid.

The tangent T to a normal spherical (hypo)cycloid
is obviously tangent to the sphere S. Therefore, th
slide-block axes are tangent to the sphere in the
reversal points of the normal (hypo)cycloids (point
My and its equivalents) and form with the direction
Oz of the system of coordinates, an adgfegure 10.

Figura 10. Tangenta n i inclinarea acesteia
fata de axa Oz

Figure 10. Tangent in j/And its inclination
against the axis Oz

The laws of motion for all slide-blocks of a
spherical (hypo)cycloidal automaton are identical.
Considering the back-slide from the poing, h the
plane xOgz;, its law of motion corresponding to a
total courseH = sp{ay) > hy = s(ay) is only given
by the component af of the parametric equations
of the spherical (hypo)cycloid:

st (a) coxt e

5. Cazuri particulare de cicloide sferice,
utilizabile la automate de presare

Automatele de presare hipocicloidale plane

utilizeaz un mecanism planetar cu tiradintate
cilindrice, cu angrenare interigrcu un singur

()= a+b[Eosh -k [ [cou [B)5ind
cost

y |(1| < Oy.

(18)

5. Special cases of spherical cycloids, used in
forming automatic machines
Plane hypocycloidal automatic machines resort
to a planetary gear with cylindrical toothed wheels
with inner gear, with one or several satellitese Th

satelit sau mai mgil Culisoarele sunt amplasate in slide-blocks are radially placed against the fixed
sens radial fid de roata ditata centrafi fixa si central toothed wheel and translates on the dmecti

translateaz pe dire¢ia tangentei la hipocicloida of the tangent to the plane hypocycloid drawn
plari dusi prin fiecare dintre punctele de intoarcerethrough every reversal point of the curve described
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ale curbei descrisde fiecare punct generator. by every generating point.

Automatele (hipo)cicloidale spale sferice Spatial spherical (hypo)cycloidal automatic
utilizeazi, de asemenea, un mecanism planetar cmachines also resort to a planetary gear with &abth
roti dintate, dar cu dantarconici, cu unul sau mai  wheels, but with bevel-gear-tooth system, with one
muli satelii. Roata centrélfixa si sateliii pot fi, la  or several satellites. The fixed central wheel el
limita, cel mult rai plane, deci unghiul conului de satellites may be, to the limit, at most plane dee
divizare al danturilor acestora poate avea cel mulhence the pitch-cone angle may have at most 180°.
180°. Casi in cazul automatelor hipocicloidale As in the case of the plane hypocycloidal automatic
plane, la un automat (hipo)cicloidal ¢jph machines, in a spatial (hypo)cycloidal automatic
culisoarele sunt ghidate in batutranslatea pe = machine, the slide-blocks are guided in the frantk a
diregia tangentelor la cicloida normiaduse prin translate on the direction of the tangents to the
punctele de intoarcere ale acesteia, tanggnt@ normal cycloid drawn through its reversal points,
sfera S. also tangent to the sphere S.

Fiind automat de presare, productivitatea Being a forming automatic machine, the
(exprimati prin nundr de presri in unitatea de productivity (expressed through forming number in
timp) este o caracteristicesemiala a mainii. La  the time unit) is an essential characteristic @& th
automatele (hipo)cicloidale, productivitatea depind machine. As regards (hypo)cycloidal automaton, the
de nunirul de satetli ai mecanismului planetar, de productivity depends on the number of satellites of
numarul de puncte generatoare solidare cu fiecar¢he planetary gear, on the number of generating
satelitsi de turaia arborelui central al mecanismului points solidary with every satellite and on the

planetar. spindle speed of the planetary gear.

Turaia arborelui principal se stabjte in The spindle speed is set as a function of certain
fungie de unele frimi tehnologice, ga cum sunt technological values, for instantw, the nominal
hy, lungimea nominal a cursei sub sardnsi vy, length of the course under load ang the nominal

viteza nomina de inceput de presare. Ca urmarespeed of forming beginning. Therefore, the rise in
cresterea de productivitate nu se poate face peroductivity cannot be done on account of the
seama crgerii turgiei arborelui central &a a  spindle-speed rise without affecting the optimal
afecta parametri optimi ai procesului de prelucrare parameters of the processing.

Un automat (hipo)cicloidal are o productivitate A (hypo)cycloidal automaton has increased
crescul doar dag are mai mui satelii, cu fiecare  productivity only if possessing several satellitéds,
satelit sunt solidare mai multe puncte generatdare more trajectory-generating points are solidary with
traiectoriesi dac (de preferat in anumite cogiJi  every satellte and if (preferable in certain
puncte generatoare de pe difiersatelii descriu  circumstances) the generating points on the various
aceleai traiectorii, deci ationeaz asupra aceloga  satellites describe the same trajectories, thexrefor
culisoare. Primele ddawcerine converg &tre nunar  acting on the same slide-blocks. The first two
crescut de culisoare, iar cea de-a treia asigurrequirements converge towards a higher slide-block
agionarea cu frecveh crescut a fiedrui culisor.  number and the third ensures the drive of evedgsli
In fapt, productivitatea unui automat (hipo)cicid block with higher frequency. In fact, the produitiv
este dat de produsul dintre nuirul de culisoare of a (hypo)cycloidal automaton is given by the
(numarul de posturi de presarej numirul de  product between the slide-block number (number of
agionari ale fiecrui culisor intr-o unitate de timp.  forming stations) and the drive-number for every

Numarul maxim de culisoare posibil de slide-block in a time unit.
amplasat la un automat de presare (hipo)cicloidal The maximal number of slide-blocks in a
sferic este dependent de gabaritul acestora, depherical (hypo)cycloidal forming automatic
orientarea lor f@ de planullly si de gabaritul rei machine depends on their clearance, on their
centrale fixe, deci de razd Conteaz multsi dac  orientation against the planélz and on the
amplasarea culisoarelor se face la interiorul sau Iclearance of the fixed central wheel, hence on the

exteriorul rqii centrale fixe [4], figura 11. radiusR. Placing the slide-blocks within or outside
Construgia si gabaritul unui culisor este, in the fixed central wheel [4], figure 11, matterst |

esem, invariant fai de nundrul de sateli ai The construction and clearance of a slide-block

mecanismului planetas de tipul cicloidei descris  is essentially invariant against the satellite nemb

de punctele generatoare. of the planetary gear and on the type of cycloid
Orientarea culisoarelor este intim legate  described by the generating points.

tipul cicloidei, esetiala fiind distanaa de la centrul The slide-block orientation is closely related to
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sferei S péh la planulTlg al rgii dintate centrale the cycloid type, the distan@from the sphere S-
fixe, deci de unghiut. centre to the planélr of the fixed central toothed
Numar maxim de culisoare posibil de amplasatwheel being essential, therefore from the adgle
se ohine da& axele acestora sunt paralele cu axa  The maximum possible number of slide-blocks
automatului (identi¢ cu axa arborelui central al is obtained if their axes parallel that of the audton
mecanismului planetar, arbore principal alsimi), (identical with the axis of the central shaft okth
figura 12, ceea ce setoie dagd a=0 - £=0.1n  planetary gear, main shaft of the machine), figize
acest caz cerclly este chiar un ecuator al sferei S, which is obtained ii=0 = & = 0. In this case, the
I'r = Tg, iar unghiul® este Intotdeauna unul aggu  circle I'r is an equator of the spherelg,=I'g, and
0 <6 < 90°, deci traiectoriile descrise de punctelethe angled is always sharp, 0 & < 90°, hence the
generatoare sunt doar hipocicloide sferice. Cdrajectories described by the generating points are
urmare, n aceste conidi se poate vorbi de only spherical hypocycloids. Consequently, in these
.,automate de presare hipocicloidale sferice  conditions, one may speak adquatorial spherical
ecuatoriale’. hypocycloidal automatic machinesfor cold forming’.

13

167 A

17
27

a

20
19

18
12

¢ a) b)
Figura 11. Automate de presare hipocicloidale séegicuatoriale (scheme cinematice) [4]. Culisogmdealele cu axa
arborelui principal al mgnii) sunt amplasate: a) la interiorulticcentrale fixe; b) la exteriorul acesteia
Figure 11. Equatorial spherical hypocycloidal fongnautomatic machines (kinematic schemes) [4].Slide-blocks
(parallel to the main shaft axis of the machine) @aced: a) within the fixed central wheel; b)side it

Figura 12. Scheme simplificate de automate de pgdspocicloidale sferice ecuatoriale:
a) cu un singur satelifi un singur punct generator; b) cu mai gngatelii, fiecare un singur punct generator;
€) cu nunir maxim de culisoare
Figure 12. Simplified schemes of equatorial splaifiypocycloidal forming automatic machines:
b) with one satellite and with one generating poifjitwith more satellites, each with one generatinigpo
¢) with maximum number of slide-blocks

in condiiile unei fote nominaleFy impuse, In the conditions of an imposed nominal force
roata conié centrak fixa are gabarit maxim dac Fy, the fixed central mitre wheel has maximum
este una ,plaif, cu unghi la varf al conului de clearance if it is “plane”, with the pitch-cone eali
divizarey = 180°, caz pentru care segiob implicit  angley = 180°, in which casa = 0 is implicitly
a = 0, deci corespunde tot cazului automatelorobtained, hence corresponding to the case of the
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hipocicloidale sferice ecuatoriale.

Ambele concluzii anterioare justificorientarea
studiului cu prioritate dre hipocicloide sferice
ecuatoriale si aplicaii ale lor la construga
automatelor de presare hipocicloidale sferice.

Pentru o acegiasferd S, hipocicloidele sferice
ecuatoriale normale diferintre ele prin raportut
dintre razeR a cercului fixsi razar a cercului rulant,
implicit egal cu raport cinematic interior al
mecanismului planetar pe care respectivelg ito
formeaa.

In acord cu relga (8), se poate scriéi:.c

undei si j sunt numere naturale prime intre ¢lej.

Se impune a preciza ¢ semnifié si numarul
de bucle ale (hipo)cicloidei, egal cu nino
punctelor de intoarcere ale acesteia, Tn Gaeste
una normal. Rezuli ci i nu poate fi mai mare
decat nurirul maxim de culisoare posibil de
amplasat la un anumit automat hipocicloidal sferic.

La randul &u, j indica numirul de rotaii
complete pe care le efectuaéaarborele principal
pari la revenirea Tn poga initiala a punctului
generator, precumi numirul maxim de puncte
generatoare solidare cu un agelaatelit care
descriu 0 acegatraiectorie.

La automatele hipocicloidale, indiferent dac
sunt plane sau sgiale, antrenarea unui culisor este
cu atadt mai bunh cu céat distafa dintre punctul

equatorial spherical hypocycloidal automaton.

Both previous conclusions justify the pre-
eminent orientation of the study towards the
equatorial spherical hypocycloids and their
applications in constructing spherical hypocyclbida
automatic machines for cold forming.

For a same sphere S, the normal equatorial
spherical hypocycloids differ through the ratio
between the radiu® of the fixed circle and the
radiusr of the rolling circle, implicitly equal to the
inner kinematic ratio of the planetary gear forrbgd
the respective wheels.

In accordance to the relation (8), one may write:

(19)

where i are | natural prime numbers between
themselves >j.

The specification should be made thas the
loop number of the (hypo)cycloid, equal to its
reversal-point number, in case it is normal. Heince
cannot be greater than the maximum possible
number of slide-blocks to be placed in a certain
spherical hypocycloidal automaton.

In its turn, j indicates the number of the
complete rotations of the main shaft until the metu
in the initial position of the generating point,asl|
as the maximum number of generating points
solidary with the same satellite, which describe th
same trajectory.

As regards hypocycloidal automaton, whether
plane or spatial, the better the drive of a slittek

generatogi axa culisorului este mai nicEvident, the shorter the distance between the generating
aceast cerind se refei doar la acea parte a point and the slide-block axis. Obviously, this
traiectoriei punctului generator pe parcursile@ requirement refers to that part of the generating-
este antrenat culisorul. La automatele hipocicleida point trajectory along which the slide-block is

plane aceastcerina este indeplinit da@ u = 2, caz
in care se agine o hipocicloid degenerat intr-un
diametru al cercului fix, ,dreapta diametial

Pentru hipocicloidele sferice normale un asemeneabtained,

driven. In plane hypocycloidal automaton, this
requirement is fulfilled ifu = 2, in which case a
degenerated hypocycloid in fixed-circle diameter is
the “diametric right”. For normal

caz particular ar corespunde unei hipocicloidespherical hypocycloids, such a case corresponds to

sferice normale cu dd@ubucle la care cele dau
ramuri $ se suprapui) caz in care, pentrki= 1si
u=2,yig(a) =0, vezi relgile (14), 0 o O [I:

y(a)=bGina Bin6 +r [fsina [tog2a) [&osd - cosa [$in(2a)] = 0.

Relgia anterioat poate fi pus sub forma

2r [tos? o [{cosd —1) + b Bina —r [€0sH=0.

Tin&nd consi de relaia (16), relgia de mai sus
este adeiratai pentru oricea O O dad sunt
ndeplinite simultan congile

two-looped normal spherical hypocycloid, whose
two branches overlap, in which case, kor 1 and
u=2,y(a) = 0, see relations (14)} o [J [I:

(20)
The previous relation may be also writte

(21)
Considering the relation (16), the afore-

described relation is true for any O O if the
conditions are simultaneously fulfilled
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cosb-1=0 6=0 27
bBin6-r [osH=R-2r €osH=0  |R=2r (22)

caz care corespunde exclusiv hipocicloidelor planease which exclusively corresponds to the two-
normale, cu daubucle. looped normal plane hypocycloids.

La automatele hipocicloidale sferice ecuatoriale ~ For  equatorial  spherical  hypocycloidal
cerina enumati (pentruhy = z(ay), y(an) = mMin.,ony  automaton, the enunciated requirement (for
fiind unghiul nominal) se indeplige cu atat mai hy = z(ow), Y(on) = min., o being the nominal angle)
mult cu catu are o valoare mai apropiade +/2 . Ar  is fulfilled, especially sinces has closer value to
fi deci de preferat ca=7/4. 2 . Hence it would be preferable thet 7/4.

Cercetrile privind automatele hipocicloidale Researches on equatorial spherical hypocyc-
sferice ecuatoriale este Tn derulare. Pentrdoidal automatic machines are being conducted. For
subclasele coresputtpare hipocicloidelor sferice the sub-classes corresponding to the two-looped
cu doui bucle [8, 9, 10, 11, 12, 13] cu trei bucle, hypocycloids [8, 9, 10, 11, 12, 13] and three-labpe
figura 13, studiul este practic finalizat. ones, figure 13, the study is practically ended.

¢ u=2:1 u=3:1 ;
Figura 13. Hipocicloide sferice ecuatoriale norn@ledod si cu trei bucle
Figure 13. Normal two-looped and three-looped empigtspherical hypocycloids

u=3:2

6. Parametri cinematici ai automatelor 6. Kinematic parameter s of the equatorial
hipocicloidale sferice ecuatoriale spherical hypocycloidal automaton
Ecugiile parametrice ale unei hipocicloide The parametric equations of an equatorial

sferice ecuatoriale se fb prin particularizarea spherical hypocycloid are obtained through
relaiilor generale (14). Deoareca = 0, rezuld  particularizing the general relations (14). &s 0,

imediat @ R=Rs 0 =(, b=r W2 -1, cod) = 10 it follows immediately thatR = Rs, 6 = (,

- b=rGE/u?-1, co$ = 14 and sine:u/ u?-1.
sl Sin@= u/\/u 1. Inlocuind se ofine: Replacing, one obtains:

a)=r A2 —1% A2 1o +ki [Ecoso( [¢ogu m)% +sina Sinu m)} =

=ﬁ[[( 2 —1)&031 +k [Gos [Gogu @) + k [ Binal &inu Eb()]

o) =r G2 —1% Fu? -1Bina +k [Esina [dogu ) G& —com 8iru m)} = (23)

=ﬁ [[(u2 —1)E'kin0( +k [8ina [Gogu @) - k W Sinu Eb()@osx]

)=L 52 -1k odu )

r
u

Pentru orice culisor al unui automat For any slide-block of an equatorial spherical
hipocicloidal sferic ecuatorial expresia de tgpa hypocycloidal automaton, the space expressia)
S(a), cea care permite determinarea pekcurente  which allows determining the current position aé th
a culisorului fai de poziia sa de ,punct mort slide-block against its position of “inner dead
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inferior”, este chiar componentga(a) a ecudilor centre”, is the very component(a) of the

parametrice ale hipocicloidei ecuatoriale. parametric equations of the equatorial hypocycloid.
Expresia de spa este uti cel puin pentru The space expression is useful at least for
determinarea valorii unghiului nomina{, mirimea  determining the nominal-angle valug, the valug,
hy @ cursei nominale sub sargifind impusa: of the nominal course under load being imposed:
r
hN:s(O(N):— u2—1E[11—kE:os(umN)]. (24)
u
Trebuie precizatzvaloarea unghiului nominal One must specify that the nominal-angle value
este determinafitla dimensionarea organologi@a is determined by organically sizing many fixed
multor repere ale n3aii. points of the machine.

Prin derivarea in raport cu timpul a expresiei de  Through deriving the space expression in
spaiu se oline expresia vitezei de trangéa a  relation with time, the expression of the transihati

oricarui culisor al automatului: speed for any automaton slide-block is obtained:
v(a):%s(a)zw[kﬂ u? —1E$in(u m). (25)

Fiind impug viteza optini de Tnceput de The optimal speed of forming beginning being
presare, vitez nominah sub sarci, vy = V(on), imposed, the nominal speed under loads v(ay),

rezulé viteza unghiular optima necesér a arborelui  the necessary optimal angular speed of the machine
principal al mainii, si implicit turaia optima nsp @  main shaft ensues, and implicitly its optimum

acestuia, exprimatin min™: rotative speedyp , expressed in min
vy =V(ay )= 0k Qu? -1Ginuky) => w= N =i (26)
ki Eu2-1Ginumy) 3O
Expresia acceletigi culisorului, The expression of the slide-blaaiceleration,
a(a):%v(a)zoozﬁu[kﬂ G/u? -1 eodu ), (27)
permite determinarea valorii accelgea,nominale”, allows determining the “nominal”-acceleration value

marime utila Tn cadrul unor calcule de naiur useful for dynamical-nature calculations such as, f
dinamia, asa cum sunt, de exemplu, cele pentruinstance, those for sizing the connecting
dimensionarea cuplei (temporare) deitadi dintre  (temporary) coupling between the slide-block and
culisor si reperul ce materializedz punctul the fixed point which materializes the trajectory-
generator de traiectorie. generating point.

La Universitatea Transilvania din By, At Transilvania University of Braov,
Roménia, sunt in derulare, in cadrul unei teze d®omania, within a doctoral thesis, in-depth
doctorat, cercéti aprofundate privind cinematica, researches have been conducted on the kinematics,
construgia si functionarea unor automate construction and operation of equatorial spherical
hipocicloidale sferice ecuatoriale. Avand in vederehypocycloidal automatic machines. Considering the
marea diversitate posibil de realizat a acestowide range of possibilities for these machines, the
masini, au fost abordate predilect automateleequatorial automata with the ratio= 2 [8, 9, 10,
ecuatoriale cu rapou = 2 [8, 9, 10, 11, 12, 13]. 11, 12, 13] were pre-eminently approached. Part of
Parte dintre solile constructive identificate ca the constructive solutions identified as possilvid a
fiind posibile si performante fac deja obiectul a highly performing have been already making the
doui cereri de brevet de invga [4, 5]. object of two applications [4, 5].

7. Concluzii 7. Conclusions

Automatele hipocicloidale plane este un Plane hypocycloidal automatic machines are an
concept romanesc original elabogatdezvoltat la  original Romanian concept, elaborated and
Universitatea Transilvania din Biav. developed atransilvania University of Brgov.

Cercetiri din ultimii ani au ca obiectiv Recent researches have been focused on
extinderea conceptuluate un nou subgrup, foarte extending the concept towards a new variegated
divers, acela de automate hipocicloidale tisg@  sub-group, the one of spatial spherical
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sferice. In lagul cinematic principal al acestor hypocycloidal automaton. In the main kinematic
masini este inclus un mecanism planetar cdi ro chain of these machines, a planetary gear with
dintate conice generator de  traiectorii conical wheels is included, generating spatial
(hipo)cicloidale spgale sferice, ca mecanism de spherical (hypo)cycloidal trajectories, as
transformare a mpcarii de rotgie a arborelui mechanism for transforming the rotating motion of
principal Th mgcari de translde rectilinie- the main shaft in rectilinear-alternative translati
alternatid, cu autointoarcere, periodic si motions, with periodical and temporary self-return
tempora#, a culisoarelor. of the slide-blocks.

Amplasarea optith a oricrui culisor al Optimally placing any slide-block of the
automatului se face astfel incat axa acestlliies automaton is done so as its axis should be tarigent
tangeni la (hipo)cicloida normal descris de the normal (hypo)cycloid described by the
punctul generator de traiectorie. Axele culisoarelo trajectory-generating point. The back-slide axes ar
sunt Tn mod implicit tangente la sfera ce wmn  implicitly tangent to the sphere containing thesfix
cercurile fixsi rulant. and rolling circles.

La dimensionarea unui automat (hipo)cicloidal Sizing a (hypo)cycloidal automatic machine
este esdiald cunoaterea legii de mcare a requires knowing the low of the motion of the slide
culisoarelor, acegapentru toate culisoarele. Fiind blocks, the same for all of them. Knowing the
cunoscut ecuaia (hipo)cicloidei descris de  equation of the (hypo)cycloid described by the
punctul generator, sciissub formi parametria, generating point, parametrically written, the lafv o
legea de mgcare rezult in mod direct din aceasia  motion is its direct result and is proportional wit
este propaionak cu componenta parafekcu axa the component parallel to the main shaft axis.
arborelui principal. A (hypo)cycloidal automaton is optimally

Un automat (hipo)cicloidal este optim construit constructed is the fixed central wheel is planghwi
daci roata central fixa este una plan cu unghi la  pitch-cone apical angle of 180 The case
varf al conului de divizare de 180 Cazul exclusively corresponds to equatorial spherical
corespunde exclusiv automatelor hipocicloidalehypocycloidal automatic machines. In-depth
sferice ecuatoriale. Sunt Tn derulare cetet researches are conducted on the kinematics,
aprofundate privind cinematica, constiac si construction and operation of such machines.
fungionarea unor astfel de mai. Au fost abordate Equatorial automaton with the ratio= 2 were pre-
predilect automatele ecuatoriale cu raport 2.  eminently approached. Part of the constructive
Parte dintre soliile constructive identificate ca solutions identified as possible and highly
fiind posibile si performante fac deja obiectul a performing already make the object of the two
doui cereri de brevet de invge. patent applications.
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