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Abstract: In this paper, we present a graphical method, dgved in CATIA environment, based on the
method of substituting circles family and dedicatecprofiling rotating cutters. Hereby, the famibf
substituting circles associated with the workedceiéthe profile to be generated) is determinedhat t
same time to the curve transposed, in the rollimgion, to the tool centrod. After finding the pasit of

the contact points between the generated profil thie family circles, we can determine, in the $an
posed family, the locus of the points from thepaal enwrapping profile — the rotating cutter fite.

The paper also includes a method application fanegating the helical surface of a ball screw, and a
comparison between the profiling results when usireggraphical method, versus an analytical method.
The results prove the coincidence between the tofilgs determined as above, on one hand, and both
rapidity and precision of the graphical method,tbe other hand.
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1. INTRODUCTION profile rotating cutters. This method has the intpoir
advantage of being intuitive and, therefore, thafijong

The rotating cutters are cutting tools that gemebgt errors can be eliminated

enwrapping. They use the rolling method, applied to
complex revolution surfaces with periodic axial filey 2 THE SUBSTITUTING CIRCLESFAMILY

On one hand, the analytical methods have the ad-
vantage of being universal and enabling to obtaath \
rigorously and rapidly, the co-ordinates of themp®i \ \
from the rotating cutter profile. On the other hatfe
analytical method application is not intuitive egbuand,

mostly represented by cylindrical helical surfageth METHOD
constant pitch.
In practice, the cutting tools of rotating cuttgpé are The following reference systems are necessary, ac-
used to generate, by turning, the ball-screw gpdiafile. cording to the notations from Fig. 1:
Another possible application regards globoidal werm - Xy, meaning the global system, having the origin in
machining. the center of the centrda@}, of the rotating cutter;
The profiling methods for this type of tools groumal - XY — relative system, associated to the axial section
the general principles of surfaces enwrapping fia t of the screw to be generated;
plane problem case — profiles enwrapping), by isigrt - & — relative system, attached to the rotating cutter
from Gohman fundamental theorem [1, 2]. during its motion.
Complementary analytical methods, like Family of
Substitutive Circles Method [3], Minimum Distance \ \ \ \ \ \\ \ \
Method [4] or Plain Generating Trajectories MetH# ‘ | |Profile to t | !
are alternative solutions to solve the same problem \ \ \ \genemfe\ \ \ \ \i
\ | |
\ L

Associated ¥
Centrode . [\

for th|s. reason, the numerical errors possibledtuo are of blank

hardly interpretable. _C. !
In this paper, we suggest a graphical method, devel v

oped in CATIA designing environment [6, 7], based o /

the method of substituting circles family and datkd to \
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nicolae.oancea@ugal.r(N. Oancea). Fig. 1. The centrods associated to profiles. Referencermsgst
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The first step of the substituting circles familetin-
od requires defining the circles family, havingitheen-
ters onC, centrod and being, simultaneously, tangent to
the screw profile from its axial sectioG;.

The current circle of the circles family, having it
center in the poin®,, is defined, in they system by the
equations:

X =-r, [¢0sB,;

Y =R, [$-r,[3$in6,, @)

c )\

with r; and6; meaning the family variables, whigeis an
arbitrary variable.

The axial section of the screw to be generated (
profile) is considered as known and defined through
equations of the type:

X= X(u);

Y =Y(u), @

s

with u — variable.

The tangency conditions between the two curves, (1)

and (2), are the following:

X(u) -1, [€0sH,;
Y(u)= R, -r, [3in6,;

X, =1 3in6,;
Y, = -, [¢0sh, .

The tangency conditions (3) determine both the de-/,/'/

pendence of; and6;, on the variableg andu and the
specific enveloping condition¢-= (u).

The rotating cutter profile results by transposihg
(C) family of circles, by rolling, onC, centrod of the
rotating cutter. The envelope of this circle famihgans
the rotating cutter profile, Fig. 2.

Profile to jgnerate

r
\Profrle \ \
l-c- | |
ML
| \ r_
/ (I !
————— 7 e e -%-':\ij—'—"'“‘\.;"\.L'”"‘“'
[ | N g -
Associated \.© “hC ) A !
Centrode .~ \f s . B
of blank’ T i .
=G & #y, 1 5
1 i .
: l "R"rs \
~ ; =
}‘ \ Tool's !/ ‘
Centrode - yn i
-C,-

Fig. 2. The substituting circles family transposed ont® th
rotating cutter centrod.
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3. CATIA GRAPHICAL METHOD

The graphical method that we have developed turns
to profit the facilities of CATIA graphical desiganvi-
ronment and presume to follow some successive ,steps
according to the “Substituting Circles Family” meth
as presented below (see also Fig. 3).

In the beginning, the feet of the normals drawo int
the pointsA andB are determined oy axis — theC,;
centrod, as the pointsandb, respectively, by using
the command angentfrom Sketchmodule.

The ab segment is then divided into equal or
arbitrarily chosen parts, depending on the profile
shape. This way, the circles cent@®s; ¢, O ci,
Oi+1c1 are resulting, for an arbitrarily chosen angular
incrementAg,

O

O

i+1Cy =

(4)

Profile to
generate

Blank's
Centrode
-C,-

4-RoAg

Fig. 3. The substituting circles family.
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Fig. 4. The circles family transposed ontg €ntrod.



ly, by using two different methods: the graphicathod,
introduced by this paper, and an analytical metfibd
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The radius of the two centrods, associated to the
worked piece and to the rotating cutter Bge= 46 mm
andR; = 47.746 mm, respectively.

The graphical method has been used according to the

steps mentioned in Section 3. Thed interval (from
0.0 relation (4)) was divided into; = 100 equal parts. The
QTG centers of the circles owning to the family trarsgmbon

the G centrod — hence finding the centers of the ¢, centrod,0c,, were determined for the angular incre-
transposed circles family (see Fig. 4). ment

The circles having their centers into e, points

can, now, also be drawn and the poMts similar to 0.0
M; points, can be determined. Ay =—4 1%
The ensemble of all th&ls points represents the R.

rotating cutter profile. . .

g P The co-ordinates of the resulted tool profile have
been measured in 100 points, some of them being men
tioned in Table 1.

The circles having their centers into bgpoints and
tangent toC; profile are further drawn (command
Tangen}. Ther; radii and thed; angles, correspond-
ing to My tangency points can, now, be measured.
The arcs of circleO,; O, having equal length to

i+1C, !

segments are measured onto Rhecircle —

®)

NUMERICAL APPLICATION: PROFILING OF
THE ROTATING CUTTER FOR BALL SCREW

MACHINING _ . . . —
4.2. Plain Generating Trajectories method application

Plain Generating Trajectories method application
started from the equations of the ball screw apiafile
(see notations from Fig. 5):

The rotating cutter profiling was realized, sucoess

Plain Generating Trajectories Method [5]). The seto

method application was performed in order to crélage
possibility of assess the correctness and the gioecof

X =n-R[¢osO;

6
*1Y =e-RI[3in6. ©)

the graphical method.

4.1. Graphical method application

ical method, in order to profile a rotating cutfer gen-
erating the helical surface of a ball screw (Fig.FFom

The generation process kinematics is reflected, if
We further present an example of applying the graph considering the reference systems and the notaténs
ready introduced at the beginning of section 1 @ee
Fig. 1), by the equation:

symmetry reasons, only the left flank of the baliesv

profile was considered.

defined by the following geometrical parameters:

€= w,(0)X +a], (7)

The ball screw profile considered in the applicati®

) - wherew; is a matrix of rotation co-ordinates transform,
Profile radius -R = 16 mm;

» Co-ordinates of the circle defining the axial pie®f cosp sing O
e=5mm;n=5mm; .

’ ’ w,\d)=| -sind co 0], 8
» Ball screw exterior radius R, = 47 mm. 3(¢) ¢ s ®)

0 0 1

@ meaning a variable angular parameter, and
............... '..._|_._._.-.T-ﬁ}_.y-\._.-.-.-...-J,_.-\.- = -R,
Ballscrew ¥ ‘ a=|-R, |, ©)
axis | 0
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Fig. 5. Geometry of the ball screw axial section.

Rs meaning the tool rolling radius.

If in the equation (7), the matriX contains the co-
ordinates of the current point from the generatedilg,
(6), then by making this replacement and afterutas;
we obtain the equations of tl@&- profiles family in the
relative motion up against the tool reference syste

£ =[(n- Rcosd) - R, ]Jcosp +
+[(e- R[3in6) - R, ®]sing;
*|n=-[(n-RzosB) - R, sing +
+[(e- R3in6) - R ®]cosh.

(C) (10)

with 6 and¢ — variable parameters. The general form of
equations (10) is, therefore:
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(Cz) &= E(e, ¢),

11
*In=n(6.¢). ()

Table

Co-ordinates of the points from therotating cutter profile

1

The enveloping condition, according to Plain Gener-

. . ! . ; ) Point Analytical method Graphical method
ating T.rajectones method [5] has, in this case,gpecif- crtno [ [mm] n [mm] g[mm] | n[mm]
ic form: 1 -52.9719 | 0.1868 -52.9720  0.187(
, , 2 -52.9256 | 0.0304 -52.935() 0.059
& _ N, (12) 3 -52.8775| -0.1254 -52.8960  -0.068p
T 4 -52.8275| -0.2807 -52.856(]) -0.195p
E¢ N, 5 -52.7758 | -0.4354 -52.815(]) -0.321p
o ) 6 -52.7222 | -0.5895 -52.7720  -0.447p
_ The derivatives of the functions fro_m the ab_oveaJreI 7 526668 | -0.7429 -52.7290 -0.573p
tion can be calculated from the equations (10)ir tee 3 52.6097 | -0.8957 52.6840  -0.698p
sulting expressions are: 9 -52.5507 | -1.0478 -52.638( -0.823p
, 10 -52.4900| -1.1992 -52.5910 -0.947p
£ =R3in6[tosh - RtosO [Sing = 11 | -52.4275] -1.3499 525420  -1.071p
. . 12 -52.3632 | -1.4998 -52.4930 -1.194p
, =R |f$|n(9 ¢)’ 13 -52.2972 -1.6490 -52.4420 -1.317p
Ne =-R3iNOBING — RE0SH [E0Sh = 14 | -52.2294| -1.7973 -52.3900  -1.439p
_ _ 15 -52.1598 | -1.9448 -52.3370  -1.561p
=-REod6 - 0); w3
E(l) — _(n _ REIOSG)SIH(I) + T e
+ (e~ R3iN6 - R, [)cosh; 41 | -50.6194] -4.4303] 505590 -4.512p
' 42 -50.5186 -4.5573 -50.4720 -4.616p
Ny =-(n-Rboss)cosp + 43 | 504162| -4.6829] -50.3840  -4.719p
+(e-R3iN6- R, [)sing; 44 -50.3124| -4.8072 -50.3040  -4.820p
45 -50.2071 -4.9300 -50.2150 -4.921p
After substituting (13) in (12), a relation of deyle 46 | -50.1003| -5.0514 -50.1280  -5.021p
48 -49.8825 -5.2898 -49.9490 -5.219p
b= ¢(9) , (14) 49 -49.7715|  -5.4067 -49.8590  -5.316p
50 -49.6591 -5.5221 -49.7670 -5.412p
can be obtained. 51 -49.5455 -5.6358 -49.6740 -5.507p
The ensemble formed by the equations (10) and the 52 ~49.4305 -5.7480 -49.5810  -5.602p
relation (14) gives the envelope Gf profiles family, 53 ~49.3142 -5.8584 -49.4860  -5.695p
meaning the rotating cutter profile. >4 -49.1967 -3.9672 '49'3920 -5.787p
The numerical application of the Plain Generating = -49.0780 -6.0742 -49.2930  -5.878p
Trajectories method, in order to solve the prodjliprob- 2(73 '22'2235 'g'ggg 'jg'(l)gsg 'g'ggg;
o spproached hre, Ity redures g e [T | e isol —emesl ot —ssich
. . ] 59 -48.5919 -6.4843 -48.8970 -6.233p
length of the generated profile (see Fig. 5): 60 184677 65821 287950  6319b
8. =1 —arccoss = arcsin (15) 81 | -456234] -8.1661] -46.4540 _ -7.826p
2 R R 82 | -45.4995| -8.2083| -46.3330 -7.882p
and 83 -45.3775|  -8.2477 -46.2120  -7.935p
_n N n 84 -45.2576 -8.2841 -46.0900 -7.988p
O = g~ aresing =arccosy. (16) 85 | -45.1403| -8.3176| -45.9670  -8.038p
86 -45.0259 -8.3481 -45.8430 -8.086p
A MATLAB application has been developed in order | 87 -44.9148 -8.3756 -45.7180  -8.133p
to implement this profiling method. The input date: 88 -44.8073 -8.4003 -455930  -8.177p
e The radiusk and the center co-ordinates Q) of the 89 -44.7040 -8.4220 -45.4670  -8.219p
arc of circle defining the ball-screw profile iniak 90 -44.6053 |  -8.4408 -45.3440  -8.260p
section (See F|g 5)’ 91 -44.5119 -8.4568 -45.2130 -8.297p
 The radii of the two centrodRy andRy; 92 -44.4243|  -8.4702 -45.0840  -8.333p
* The number of points for defining the rotating eutt 93 ~44.3432 -8.4809 -44.950  -8.366p
profile, n,. 94 -44.2695 -8.4891 -44.8260 -8.396p
The results delivered by the application are the co gg 'jj‘i?é'g 'g'jggi '32'2258 'g'ﬁgg
ordinates of the points from both screw ball anihting — — e —
cutter profiles. The results obtained by running aippli- 97 -44.1013 | -8.5014 -44.4340  -8.469P
. : . 98 -44.0665 -8.5023 -44.3020 -8.486p
cation for the same values of the input paramedsrs 99 220443 85075 241700 -8.298b
used in the case of the graphical method are sedéct 100 42,0364 85024 220310 _-8502b

presented in Table 1.
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Fig. 6. Rotating cutter profile.
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Fig. 7. The distance between the profiles determined mgube graphical method and the analytical method.

At a first look, between the rotating cutter’'s phes
obtained by successively using the graphical metatl
the analytical method there are some differendethel
co-ordinates of their extreme points are nearlyn@ei
dent, between the intermediary points co-ordinaéesms
to be differences up to several tenths of millimeta
reality, we are not talking about the same poittits:ones
determined by the graphical method are equidistkmig
the tool profile, while the others were determirfed
equidistant values af parameter.

cannot be discovered without using a consideralgh h
zoom. The figure also shows the ball screw axiafiley,
beside the rotating cutter profile.

To make the things even clearer, we calculated the
distances between each point determined by théhgwap
method and the nearest point from the analyticafilpr
by using a dedicated MATLAB application. If we intk
to obtain realistic results, then the analyticalfie must
be divided into much more points. If we considef 10
points on the profile determined by using the greglh

If we represent in the same reference system tive pr method and 1 000 points on the analytical profiten
files determined by both methods (Fig. 6) we may ob the results

serve that, in fact, the differences are very sianadl they
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Table 2
Co-ordinates of the gearing line points
Point Graphical method
crtno | x[mm] y [mm]
1 -52.9452 0.0000
2 -52.8099 -0.1029
3 -52.6670 -0.1951
4 -52.5176 -0.2761
5 -52.3625 -0.3456
6 -52.2027 -0.4035
7 -52.0391 -0.4497
8 -51.8727 -0.4844
9 -51.7043 -0.5077
10 -51.5347 -0.5199
46 -46.8550 2.9976
47 -46.7679 3.1436
48 -46.6824 3.2906
49 -46.5986 3.4386
50 -46.5163 3.5874
51 -46.4356 3.7371
52 -46.3564 3.8875
53 -46.2786 4.0387
54 -46.2023 4.1907
55 -46.1274 4,3433
91 -44.1069 10.1112
92 -44.0647 10.2759
93 -44.0231 10.4408
94 -43.9820 10.6058
95 -43.9415 10.7709
96 -43.9015 10.9362
97 -43.8620 11.1015
98 -43.8230 11.2671
99 -43.7845 11.4327
100 -43.7465 11.5984

are the ones depicted in Fig. 7. As it can be sten,
differences are smaller than a hundredth of miltene
which fully shows the accuracy of the graphical moeit

4.3. Thegearing line

The study of the interference process betweeneghe r
ciprocal enveloped profiles is requiring to knowe thear-
ing line shape (given through co-ordinates of m&fs).
The gearing line is defined as the locus of thetaxin
points between two reciprocal enveloped profilestliis
case, the rotating cutter profile and the ball wcexial
profile), expressed in the absolute reference Bysky

(see Fig. 1).

The graphical method developed in CATIA in order
to profile rotating cutters also enables to detaansimi-
larly, the gearing line and to represent it. Herethye
enwrapping circles with centers on the absolutdesys
centrod must be drawn in order to find the locughef
contact points between tool and worked part. Ttasir
gency points to the generated profile, expressethén
absolute system, result by applying the commaraths-

late, with R, to each substituting circle.

In Table 2 there are selectively presented the co
ordinates of the points from the gearing line ie tlase

5.

Ballscrew \ Tool

ZGearing Line

I
I
I
1
I
Profile Profile ! Profile
|
|
|
|
I

Fig. 8. The gearing line.

CONCLUSIONS

The graphical method here presented, developed in

CATIA environment in order to profile the rotatiegtter
for generate by enwrapping the axial profile ofydire
drical helical surface with constant pitch is simpgind it
can be easily applied. We proved that the accuadtlyis
method in solving the approached problem is veghhi
The graphical method is also rapid and intuitivel @n
excludes the occurrence of application errors.
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