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Abstract: A CAD method, developed under the CATIA soft, in order to profile a gear-type tool for gener-
ating an ordinate whirl of profiles, associated to a couple of rolling centrods, is presented. The method is 
based on synthesizing some “virtual mechanisms”, to reproduce the enveloping profiles principle: rolling 
between the centrods associated to the tool and to the workpiece, by satisfying the enveloping condition. 
A comparison between the results given by the new method and those obtained by using the analytical 
“Trajectories Method” is made. The included applications are concerning embracing profiles, (case of 
interior tangency between the rolling centrods) as well as profiles generated through exterior tangency. 
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1.  INTRODUCTION1 
 

Methods to profile gear-type tools, which generate 
ordinate whirls of surfaces (profiles) through enwrap-
ping, by rolling, were developed based on fundamental 
theorems of enveloped surfaces theory: 
• Olivier 1st theorem, Gohman theorem, Willis theo-

rem, [4, 5, 7, 9, and 10]; 
• Graphical – analytical methods [6]; 
• Graphical methods, by using CAD – type soft facili-

ties [1, 2, 3]. 
There were also conceived complementary analytical 

methods like Minimum Distance Method [8] or Plain 
Generating Trajectories Method [8]. 

The solutions provided by enounced methods have 
the quality of giving, in all cases, numerical results com-
patible, from technical point of view, to the ones ob-
tained by applying the enveloped surfaces fundamental 
theorems. 

A new solution for profiling the gear-type cutting 
tool, reciprocal enwrapped to an ordinate whirl of sur-
faces, is suggested. Both tool and workpiece being asso-
ciated to a couple of rolling centrods (usually circular), 
the facilities of CATIA software were used by imagining 
a kinematical entity, in order to reproduce the rolling 
motion between the centrods: C1 – circle of Rrp radius, 
associated to the whirl of profiles to be generated and C2 
– circle of Rrs radius, attached to the tool. 

The solution is based on Part Environment facilities, 
where the elements of a virtual mechanism, able to simu-
late the two centrods rolling, when the enwrapping  (nor- 
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Fig. 1. Generating algorithm in CATIA graphic designing envi-
ronment. 

 
mal) condition is satisfied, are synthesized. The virtual 
mechanism elements, developed in Part environment are 
input in an Assembly file of the environment, then in 
DMU Kinematics environment, in order to define the 
preset kinematical couples. The mechanism motion is 
realized through Simulation and Replay commands, for 
some intermediary positions Shots. 

By using Trace command, the trajectory of any point 
owning to a virtual mechanism element may be drawn, 
relative to any other of its elements, inclusive relative to 
the fix element Base, when the gearing line results. 

The trajectories drawn in CATIA soft are curves of 
Spline type, whose constitutive point co-ordinates may 
be output as file text, see Fig. 1. 
 
2.  GEAR-TYPE TOOL PROFILING 
 
2.1. Virtual Mechanism to Generate in CATIA De-

signing Environment 
Three types of profiles of workpieces to whom the 

generating virtual mechanisms in CATIA designing envi-
ronment (G.M.C.E.) will be developed are considered 
(see Table 1). 
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Table 1 
Types of profiles 

 

 
 
2.2.  Analytical Method 
 

 
 

Fig. 2. Generation kinematics (exterior tangent centrods). 

 
The following co-ordinates systems are defined (see 

also Fig. 2): 
- xyz, meaning a fix system, having as x axis the rota-

tion axis of the C1 centrod, of Rrp radius; 
- x0y0z0 – fix system, having x0 axis common with the 

gear-type tool rotation axis (the C2 centrod axis); 
- A12 – the distance between the two fix reference sys-

tems, having parallel axis and same orientation; 
- XYZ – mobile system, attached to the whirl of sur-

faces to be generated; 
- ξης – mobile system, moving together to the gear-

type tool (implicit to the C2 centrod, circle of Rrs radius). 
Rolling process kinematics, between C1 and C2 cen-

trods, tangent in the gearing pole P, assumes that the 
speed of points owning to both centrods is the same. The 
speed vectors in the two rotation motions, around x and 
x0 axis, of these two points, from the two centrods, mo-
mentarily found in P, are identical. 

XYZ system absolute motion can be expressed as 
 

    ,       (1) ( ) Xx T ⋅ϕω= 11
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mean the matrices of the current points, into xyz fix sys-
tem, respective into XYZ mobile system. 

The motion of C2 centrod, rotation around x0 axis, is 
given through the equation 
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are the current points matrices into the spaces x0y0z0, re-
spective ξης. 

The motion (3) – C2 centrod rotation motion – can be 
referred to xyz system 
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in the case of exterior tangency between the centrods. 

Thus, C2 centrod and same time ξης system, attached 
to the gear-type tool absolute motion, referred to xyz fix 
system, is 

 

       ( ) Ax T +ξ⋅ϕ−ω= 21 .      (7) 
 
Between the angular parameters φ1 and φ2, of the two 

rotation motions, there is always satisfied the relation 
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which, in most of the practical situations is a constant 
(the transmission ratio). 

If now Σ profile is defined as owning to the ordinate 
whirl of profiles to be generated, 
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with u – variable parameter, the profiles family Σ can be 
found referred to the gear-type tool reference system: 
 

    ( ) ( )[ ]AXT −⋅ϕω⋅ϕ−ω=ξ 1121 .   (10) 
 

After calculus and by also considering (8), we have: 
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Fig. 3. Interior tangent centrods. 

]

 

( )
( ) ( )[ ] ( ) ( )[ ]

( )
( ) ( )[ ] ( ) ( )[

( ).cos
1cos1sin

;sin
1sin1cos

;0

112

1111

112

1111

1

ϕ−
−ϕ++ϕ+=ζ

ϕ+
+ϕ+−ϕ+=η

=ξ

Σ ϕ

iA
iuZiuY

iA
iuZiuY

 (11) 

 
The envelope of profiles family (11) means the gear-

typ

rfaces, when the two 
cen

e tool into a section normal to ξ axis. An enveloping 
condition must be associated to equations (11) in order to 
find the shape of the wrapping gear-type tool. One can 
choose among enveloping basic theorems: Olivier, Goh-
man, Willis [4] or a specific complementary method: 
“minimum distance“,“substitution circles family“ [8], 
“plain generation trajectories“ [8]. 

The case of generating inner su
trods are interior tangent, can be treated similarly (see 

Fig. 3). Thus, the profiles family specific to this generat-
ing solution becomes 
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The enveloping condition, specific to “plain genera-

tio

      

n trajectories“ method, 
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determines, into the fix reference system, the gearing line 

3.  ECTILINEAR PROFILES GENERATION 

ration mechanism (G.M.C.E.) to en-
able,  as  consequence  of rolling  between  two  centrods  

between the two profiles (tool profile and workpiece pro-
file). The partial derivatives from (13) should be calcu-
lated by starting from relations (11) or (12). The ensem-
ble of equations (11) and (13) – respective (12) and (13) 
– finally gives the gear-type tool profile. 

 
R

 

.1. CAD Method 3
A specific gene

 
 

Fig. 4. Regular hexagonal hole. 
 

defined in the phical and 
num , the gear-type tool transversal profile 

 for finding the profile of the gear-
typ

tion mechanism (G.M.C.E.) for 
gen the 
fol

onal bush and a gear-type tool, having 

Input values in the case of a regular hexagonal hole 
 

Crt. No. 

beginning, to obtain in both gra
erical form

and, same time, the gearing line. More than that, it will 
become possible to study the shape of singular points 
trajectories, as starting point for further studying the in-
terference processes. 

In Fig. 4 a regular polygonal hole is depicted, further 
considered as example

e tool to generate it. 
The input parameters values are given in Table 2. 
In Fig. 5 the genera
erating a straight line profile is presented. It has 

lowing component elements: Base, Workpiece, Gear-
type tool, Tappet. 

In Fig. 6 one can see a specific G.M.C.E., applied in 
the case of a hexag

 
Table 2 

Input Parameter Value 
1 Sides number, NrL 6 
2 Circum s, Re scribed circle radiu 50 mm 
3 Ins i 43. m cribed circle radius, R 3 m
4 Side length, L 50 mm 
5 Rolling radius, Rr 50 mm 
6 Tool teeth ratio, NrDS 6/3 

 

 
 

Fig. 5. Virtual mechanism to be used for a rectilinear segment 
generation, by using a gear-type tool. 
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the transm
l

 
 

Fig. 6. G.M.C.E. for a regular hexagonal hole. 
 

ission ratio of 6/3, which if receives the Simu-
ation command, realizes the rolling between the two 

3. na e
co F  p me tio he 

workpiece profile ( al  a d:interior tangent centrods. 
In Fig. 7 and Table 3 the shape and the co-ordinates 

of a gear-type tool for some among the 101 considered 
points of its profile are presented. 
 
 

 

 
 

Fig. 7. Gear-type tool for hexagonal hole (Rrp = 50 mm, i = 
6/3). 

 

Table 3 
Co-ordinates of points from tool cutting edge –  

hexagonal hole, CAD method 
 

Crt. 
no. 

 

η 
[mm

ς Crt. η ς 
[mm] ] [mm] no. [mm] 

1

2. A lytical M thod 
Ac rding to ig. 4, the ara tric equa ns of t

hexagon hole) re define  
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From (14), the profiles family, referred to the gear–
type to nce system, can b und: 
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The specific enveloping condition is 
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o ed by equat

gives, into ξη reference system, the tool profile. In Table 
4 t o–ordinates of points from gear–type tool profile, 
use

tical method 
 

Crt. 
no. ] 

The ensemble f rm ions (15) and (16) 

he c
d to generate the same surface as in the example con-

sidered in 3.1 are presented. 
 

Table 4 
Co–ordinates of points from tool cutting edge –  

hexagonal hole, analy

η 
[m

ς Crt. 
no. 

η 
[mmm] [mm] [mm] 
ς 

1 0  –25 00   .000 .0 4466 –1 9 –10.998   4.71
44 –    –1.273 24.235 4499 –    15.408 –9.896 
77  –2.498 –23.442 5522  –16.064 –8.774 

1100  –3.675 –22.622 5555  –16.685 –7.633 
1133  –4.809 –21.776 5588  –17.272 –6.472 
1166  –5.899 –20.906 6611  –17.826 –5.292 
1199  –6.949 –20.012 6644  –18.345 –4.091 
2222  –7.959 –19.095 6677  –18.830 –2.871 
2255  –8.930 –18.156 7700  –19.279 –1.631 
2288  –9.864 –17.195 7733  –19.693 –0.370 
3311  –10.761 –16.213 7766  –20.071 0.911 
3344  –11.622 –15.210 7799  –20.411 2.215 
3377  –12.449 –14.187 8822  –20.713 3.540 
4400  –13.242 –13.144 8855  –20.976 4.889 
4433  –13.997 –12.081 110011  –21.647 12.001 

11  0.000 –25.000 4466 –10.998   –14.719 
44 –1 3 –2 35   .27 4.2 4499 –15 8 –9.896   .40
77 –    –2.498 23.442 5522 –    16.064 –8.774 

1100  –3.675 –22.622 5555  –16.685 –7.633 
1133  –4.809 –21.776 5588  –17.272 –6.472 
1166  –5.899 –20.906 6611  –17.826 –5.292 
1199  –6.949 –20.012 6644  –18.345 –4.091 
2222  –7.959 –19.095 6677  –18.830 –2.871 
2255  –8.930 –18.156 7700  –19.279 –1.631 
2288  –9.864 –17.195 7733  –19.693 –0.370 
3311  –10.761 –16.213 7766  –20.071 0.911 
3344  –11.622 –15.210 7799  –20.411 2.215 
3377  –12.449 –14.187 8822  –20.713 3.540 
4400  –13.242 –13.144 8855  –20.976 4.889 
4433  –13.997 –12.081 110011  –21.647 12.001 

 

 
 

Fig. 8. Gear–type tool profile – analytical method. 

Workpiece

T

Rrs=25 

Rrp=50 

η 

Y 

Z 

 ς
ool profile

 



 G. Frumuşanu et al. / Proceedings in Manufacturing Systems, Vol. 5 (2010), No. 2 / 61−66 65 

The profiles ensemble which represents the c
ite p  
o  simula virtual me s 
rolli  In Table 6, ints from th
type ol are pre left flan o 
the er arc of ying t  
method. 
 
4.2. Analytical Meth

B ause triang symmetri ly 
its left half wil ig. 11 -
sists of two parts: an arc of circle  
seg  
pro

As it can be observed fr  a comparison b  
last two tables, the co–or ates of the points
same rank are identical if considering the first
four) decimals, wh s a high accuracy of the CAD 
method. In Fig. 8 the tool profile is rawn, which was 
found by both methods. 

 
4.  CIRCULAR PROFILES GENERA
 

4.1. CAD Method 
A virtual mechanism specific to generate profiles i  

arc of ows, 
in 

om
din

etween the
 having the 
 three (even 

ich show
 d

TION 

n
 circle was designed (Fig. 9), which further all

CATIA design environment, to determine the profile 
of the required gear–type tool (in the considered exam-
ple, a tool for interior to generate a hub with triangular 
slots). 

In Fig. 10 and Table 5 the hub shape and specific in-
put parameters are presented. 

 

 
 

Fig. 9. G.M.C.E. to generate profiles in arc of circle. 
 

 

 
 
 

Fig.10  Hub with triangular slots. 
 
 

Table 5 
Input values in the case of a hub with triangular slots 

 

Crt. No. Input Parameter Value 

.

1 Slots number, NrC 20 
2 Flank exterior radius, Re 55 mm 
3 Flank interior radius, Ri 50 mm 
4 Flank pitch circle radius, Rd 52.5 mm 
5 Flank a gle, α 45˚ n
6 20/16 Tool teeth ratio, NrDS 

ompos-
rofile of the generator tool for triangular slots was

btained by ting the specific chanism
ng. co–ordinates of po e gear–
 to
inn

sented, owning to the 
 circle, found by appl

k and t
he CAD

od 
ec ular slots profile is cal, on

l be further considered (F ); it con
AB and a rectilin

The equations giving the work
ear

e frontam t BC. piec l
file corresponding to arc AB are 
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which generates, referred to the tool system, the family 
of profiles (see also (12): 
 

7 Workpiece rolling radius, Rr 52.5 mm 
8 Gear–type tool rolling radius Rcr 44 mm 
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Table 6 

s of points from tool 
 triangular slots, CA

 

Co–ordinate cutting edge –  
hub with D method 

Crt. 
no. 

η 
[mm] 

ς 
[mm] 

Crt. 
no. 

η 
[mm] 

ς 
[mm] 

2288  110011  10.7095 42.6767   8.2336 39.5821
2299  8.2659 39.6240 110022  10.7601 42.7360 
3300  8.2983 39.6659 110033  10.8121 42.7940 
3311  8.3307 39.7079 110044  10.8656 42.8509 
3322  8.3631 39.7498 110055  10.9205 42.9065 
3333  8.3956 39.7917 110066  10.9767 42.9608 
3344  8.4281 39.8337 110077  11.0342 43.0137 
3355  8.4606 39.8757 110088  11.0931 43.0652 
3366  8.4932 39.9176 110099  11.1531 43.1153 
3377  8.5259 39.9596 111100  11.2144 43.1640 
3388  8.5585 40.0016 111111 2   11.2768 43.211
3399  8.5912 40.0436 111122 2569   11.3403 43.
4400 8. 0 40. 6   624 085 111133 11 9 43. 0   .404 301
4411  8.6567 40.1276 111144  11.4705 43.3436 
4422  8.6896 40.1697 111155  11.5371 43.3846 

 

 
 

Fig. 11. Reference systems and notations. 

A B 

C
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Table 7 
Co–ordinates of points from tool cutting edge –  

hub with triangular ts, analytical method 

Crt. 
no. 

η 
[mm] 

ς 
[mm] 

Crt. 
no. 

η 
[mm] 

ς 
[mm] 

 slo
 

2288  44 39.5829 110011  10.7095 42.6765 8.23
2299  8.2667 39.6248 110022  10.7600 42.7357 
3300  8.2990 39.6667 110033  10.8121 42.7938 
3311  8.3314 39.7086 110044  10.8656 42.8507 
3322  8.3638 39.7505 110055  10.9204 42.9063 
3333  8.3963 39.7925 110066  10.9767 42.9605 
3344  8.4288 39.8344 110077  11.0342 43.0135 
3355  8.4613 39.8763 110088  11.0931 43.0650 
3366  8.4939 39.9183 110099  11.1531 43.1151 
3377  8.5265 39.9603 111100  11.2144 43.1638 
3388  8.5592 40.0022 111111  11.2768 43.2110 
3399  8.5919 40.0442 111122  11.3403 43.2567 
4400  8.6246 40.0862 111133 3008   11.4049 43.
4411  8.6574 40.1282 111144  11.4705 43.3434 
4422  8.6902 40.1703 111155  11.5371 43.3844 

 

 
 

Fig. r–t pro  an e
 
 

w he s  en  c
 

    

 12. Gea ype tool file – alytical m thod. 

ith t pecific veloping ondition, 
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In the case of the rectilinear seg , we have 
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with the conditions u  = 0 and umax ting from the 
relation . The profile family is: 
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the co–ordinates of points f
ng edge and in Fig. 12 – its graphical representation are 

nted. 
 

sent comp e results of 
rofiling the gear–type tool by using two methods – the 

kinematical method (based onto CATIA designing envi-
ronment) and the analytical method – in the cases of two 
simple profiles (rectilinear and arc of circle), proves the 
new CAD method capacity of rigorously describing the 
gear–type tool profile. The differences between the 

Same time, by using CATIA designing environment 
facilities, interference trajectories between the worked 

rofile an he generator tool can be easi
gearing line shape can be also found, by only changing 
the

blematic of the suggested validation might be 
ext ded for the other known enwrapping generation 

ack–tool generation or worm–tool 
en

. 71–72. 

sa, Scientific and Technical Information Division, 

te gear profiles, Proceedings of 
Manufacturing Systems – 

ICMaS, 2006, Edit. Academiei Române, Bucharest, pp. 

ool c
ed

5. CONCLUSIONS 
 

The pre arative study between th
p

points’ co–ordinates, in the considered examples, are 
smaller than 1·10–3 mm. 

p s d t ly drawn. The 

 element referred to whom the contact point between 
the two enwrapped profiles is defined. 

The pro
en

methods by rolling: r
g eration. 
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