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Abstract: The paper constitutes a new original study about the generation of the complex surfaces. In 
that sense, there are presented the kinematic generation laws of the D and G curves at the generation of 
the spherical and toroidal surfaces that are complex surfaces of the second specie. The central problem 

at the generation of these surfaces is represented by the realization of the movement )( g
G vM
�

for the 

generation of the generating curve G. The paper shows new aspects concerning the realization of this 
movement at the turning proceeding, by a pseudo program support different by the classic one. 
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1.  INTRODUCTION  
 

 In an anterior paper [2], there where presented origi-
nal aspects about the complex surfaces, concerning the 
definition, the cinematic principle of their generation and 
a classification of them. Considering that classification, 
in function of the G and D curves’ generation modes, we 
have three categories: a − complex surfaces of the first 
specie, b − complex surfaces of the second specie, c − 
complex surfaces of the third specie. In the same paper, 
we presented the cinematic laws for the realization of the 

movement )( d
D vM
�

 and of the movement )( g
G vM
�

 at 

the generation of same complex surfaces of the first and 
second specie, largely used in technique.  
 As it was presented in [2], the complex surfaces of 
the second specie are those geometrical surfaces in 
which: 
 1. The G curve has such geometrical form that im-
pose its generation by compositions of single movements 

kinematical coordinated byG
CCINR . 

 
 

 
 

Fig. 1. Generation of a spherical surface by turning. 

 2. The G curve has such a geometrical form that can 
be generated by the main generating movement or by a 
feed movement (rectilinear or circular), if the generation 
is made by milling or by grinding. 
 In the category of the complex surfaces of the second 
specie, near the profile rotation surfaces and conical rota-
tion right surfaces having cinematic generation particu-
larities exposed in the paper [2], there are the geometrical 
surfaces with spherical and thoroidal geometrical surfac-
es, existing as real surfaces at many pieces from the in-
dustry. The present paper brings original aspects con-
cerning the generation of these surfaces of the second 
specie. 
 
2.  THE GENERATION OF THE SPHERICAL 

AND THOROIDAL SURFACES 
 

 These surfaces form a distinct group in the family of 
the rotation surfaces. The fundamental surface of the 
group is the thoroidal surface, and the spherical and glo-
boid surfaces are obtained as derived surfaces. 
 The spherical and globoid surfaces are the generatrix 
G a circle that prop up on an infinite multitude of 
directrix Di which are circles too. The generation of these 
surfaces imposes the generation of the G curve that can 
be realized in two ways:  
 1. By materialization on a half of the length, by the 
generating edge of the generating tool; 
 2. By generation by cinematic way as a trajectory of 
the movement of a point in a plane, by programmed 
generatrix. 
 Speaking about the curve D, it is realized as a trajec-
tory of the movement of the point in a plane that is of the 
main movement in the case of the generation by turning. 
In generation by milling and grinding processes, the 
curve D is realized as an envelope of the positions of a 
cinematic curve, by a circular feed movement. 
 The spherical and globoid surfaces generated with a 
materialized generatrix have small dimensions, which 
permits  the  materialization  of  the  curve G on a half on 
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the length. These curves, generated by turning, are not 
complex surfaces, because their curves G and D are not 
generated as trajectories by compositions of simple 
movements, kinematical coordinated. By consequence, 
there are simple surfaces, and their generation represents 
a restraint activity field. 
 The largest field of the generation of the spherical 
and thoroidal surfaces is the field at which the curve G is 
cinematically generated. 
 For the generation of a spherical surface by turning 
(Fig 1), the generating element Eg(M) (representing the 
generation cutting tool), makes simultaneously the 

movement )( g
G vm
�

 along the some circular generatrix 

G, and the movement )( di
D vm i
�

 along the some circular 

directrix Di, as main generating movement, with the nas 
frequency. 

 Cinematically speaking, the movement )( g
G vm
�

 on 

the circular curve G is realized by composition of the 

transversal feed movement Eg(M) with the variable speed 

STv
�

, which is the complementary generating movement 

of the generatrix G (so, .constvv ST
G
cg +=

��

), with the 

longitudinal feed movement, with a constant speed STv
�

, 

which is the feed movement for the generation of G (so,  

.constvv ST
G
s +=
��

) (Fig. 2). 

 These movements are cinematically coordinated by 
G
CCINR , for the reason that Eg(M) generates the circular 

trajectory G. The size of this ratio is: 
 

 Φ== tan
SL

STG
CCIN v

v
R ,  (1) 

 

in which the angle Φ ≠ const during the generation of the 
curve G. 

 The speed gv
�

 of the element Eg(M) for generating of 

the circular curve G is given by the kinematic law of the 

movement )( g
G vm
�

, which has the expression: 
 

 STSL
G
cg

G
sg vvvvv

�����

+=+= . (2) 
 

 By consequence, for the generation of the circular 
generatrix G as a trajectory of the movement of the gen-
erating element Eg(M) in plane (the cinematic plane of 
base XOY ) obtained by composing of two feed move-
ments, one rectilinear and the other rectangular cinemati-

cally coordinated by G
CCINR , it is necessary that the theo-

retical G to be generated as a scheduled generatrix, in 

that case G
CCINR  being assured by the program support. 

 If the simplest program support is considered, namely 
the template, it contains the generatrix Gs with the form 
of a concave circle arc, which is followed by the palpator 
with the longitudinal feed movement SLv

�

. In that case, 

behind it the transversal feed movement STv
�

 appears, 

and the element Eg(M) generates the circular generatrix 
G. 
 For the generation of the directrix Di, and also implic-
itly for the generation of the spherical surface, the 

movement )( di
Di vM
�

of the element Eg(M) is realized by 

the main rotation movement with the frequency nas made 

by the semi-finished product (thus Di
asDi vv
��

= ). 

 A variant of the programmed generatrix for the gen-
eration of the circular G is brought by the paper [6], in 
which the author replaces the two rectilinear feed move-
ments cinematically coordinated by the classic program 
support with a rotation movement realized using a gener-
ating device DG (Fig. 3). 
 By means of the device DG, it is obtained the transfer 
of the feed longitudinal movement made by the longitu-
dinal slide of the lathe, at the rack CR of the device, car-
ried by that slide. Appropriately, the linear movement 

SLv
�

 of the rack is transformed in a rotation movement of 

the wheel teeth that put into gear with the rack, having z 
teeth and the module m. That gear is fixed on a rotating 
plate of the DG that contains the generating cutting tool 
Eg(M). 

Fig. 3. Generation device DG. 

Fig. 2. The cinematics of the movement 

)( g
G vM
�

. 
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 In this way, the circular feed movement )( g
G vm
�

 of 

the element Eg(M) is obtained with the speed of circular 
feed nsc, Eg(M) generating the circular generatrix G. 
 It is possible to make a similitude with the classically 
programmed generatrix, in the sense that the gear z 
through its rolling circle RR represents the programmed 
circular generatrix G that is followed by some pseudo 
palpators − the teeth of the rack CR that are meshing with 
the teeth of the gear z. 
 In this way, it results that the generating device DG is 
an original model of the authors, realizing the circular 
generatrix G of a spherical surface as a programmed 
generatrix. By consequence, the circular generatrix G is 
realized as a circular trajectory of the movement of a 
point in a plane by a pseudo program support with pro-
grammed generatrix.  
 It is important to show that this pseudo program sup-

port – the gear z – does not assure a GCCINR , because the 

movement )( g
G vm
�

 is not obtained by composing sim-

ple movements, being itself a simple rotation movement 
(circular feed movement). 
 However, by this pseudo program support it is as-
sured a ratio between the cinematic parameters of the two 
generating movements, namely the frequency nas of the 
main movement and respectively the frequency nsc of the 
circular feed movement. 
 We named this ratio the ratio of the roughness RRUG 
that is a linear variable value with the longitudinal feed sl 
of the longitudinal slide, respectively of the rack CR in it 
rectilinear movement with the speed SLv

�

. For the deter-

mination of it expression, we start from the cinematic 
generation of the circular generatrix G with the device 
DG. 
 

 In this way, the size of the longitudinal feed SLv
�

 of 

the longitudinal slide of the lathe has the expression: 
 

 asLSL nsv ⋅=  [mm/min],  (3) 
 
in which: sL is the size of the longitudinal size [mm/rot]; 
nas – frequency of the main movement, [rot/min]. 

 On the other side, the speed SLv
�

 is also the speed of 

the rack CR, resulting it size, that will be: 
 

 SCRSL Rv ω⋅=  [m/min], (4) 
 
in which: RR is the rolling radius having the expression 
 

 zmRR ⋅=
2

1
; (5) 

 

ωSC − angular speed  
 
 ωSC = 2π nSC [rot/min], (6) 
 

nSC − frequency of the circular feed of the gear z, in 
rot/min. 
 If the relations (5) and (6) are replaced in the relation 
(3), we obtain the expression of RRUG: 
 

 L
constL

as

sc
RUG sk

mz

s

n

n
R ⋅=

π
== , (7) 

 
in which: kconst = 1/πmz is a constant value of the genera-
tion device DG. 
 From the expression (7) of the ratio RRUG it is ob-
tained the conclusion that for the generation of a spheri-
cal surface by turning with a lower roughness (with a 
superior quality of the machined surface), it is necessary 
that the size of the longitudinal generation feed having 

the value min
Ls  to be possible on the respective classic 

lathe. Thus, we obtain a ratiomin
RUGR , which imposes to 

Fig. 4. Generation of a toroidal surface by turning.  

 

Fig. 5. The  )( g
G vm
�

 movement at the toroidal sur-

faces. 
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acquire in the generation processes a lowest frequency 
min
asn  of the main movement, from which it results im-

plicitly min
scn  for the circular feed movement of the ele-

ment Eg(M).  
 In the case of the generation of a thoroidal surface by 
turning (Fig. 4), the cinematic of the processes is the 
same as for the spherical surfaces. Therefore, the generat-

ing element Eg(M) realizes the movement )( di
D vm i
�

 

along the some circular directrix Di, as main movement 
with the frequency nas. Simultaneously, the element 

Eg(M) makes the movement )( g
G vm
�

 along the circular 

generatrix G. 
 From a cinematic point of view, as in the case of 

spherical surfaces, the movement )( g
G vm
�

 can be real-

ized by the composition of the longitudinal feed move-
ment of the element Eg(M) with its transversal feed 
movement, cinematically coordinated by a classical pro-
gram support. 
 At the thoroidal surfaces, these feed rectilinear 
movements can be replaced by the rotation movement of 
the pseudo port program – the wheel gear z – from the 
device DG (Fig. 5). 
 In that case, the rotation centre Og of the circular feed 
movement nsc of the element Eg(M), that is also the cen-
ter of the gear z, can be adjusted at the distance K in re-
gard with the rotation axis OX. 
 Thus, the element Eg(M) generates the circular 
convexes generatrix G through the movement of circular 
feed nsc, and by consequence of its main movement nas, it 
generates the thoroidal surface. 
 If by the movement of the circular feed nsc the ele-
ment Eg(M) generates a circular concave generatrix G, 
then by this main movement nas, the element generates a 
globoid surface. 
 
3.  CONCLUSIONS 
 

 The generation of the spherical and thoroidal surfaces 
is produced by respecting the kinematic laws of the gen-
eration of the curves G and D specific for the complex 
surfaces of the second specie, to which these surfaces are 
belonging. In that sense, the central problem of the gen-
eration is constituted by the realization of the movement 

)( g
G vm
�

 for the realization of the circular curve G, de-

pending on the adopted generating process. So, in the 
case of the generation by turning, the circular generatrix 
G is generated as a programmed generatrix, by the com-
position of two feed rectilinear movements cinematically 

coordinated by G
CCINR  assured by a classical program 

support. 
 The generation of the circular generatrix G can be 
realized by turning in another way, replacing the classical 
program support with a pseudo one. The presented paper 
makes evident new aspects in the generation of the com-
plex surfaces of the second specie. 
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