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I.CIRCLE ARC ELEMENTARY PROFILE
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Abstract. In this paper is presented an agorithm for rack-gear tool’s
profiling, based on Bezier polynomials for the circle arc profiles. The
approximate method, use a small points number on the profile (3 or 4 points
regarding the used polynomial type). They are presented numerical examples
which proof the method' s quality, regarding the algorithms based on the surface
envel oping fundamental s theorems.
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1. Introduction

The rack-gear tool’s profiling, reciprocaly enveloping with an ordered
surfaces curl, may be realized using representation by poles (Bezier
polynomials) [1], [8], [9].

The rack-gear tool enveloping with an ordered surfaces curl, associated
with a rolling centrodes couple may be determined using the fundamentals
theorems of the surfaces enveloping [2], [6], as so as using the complementary
methods [5], [7], [10]. Not in all situations meet in the industrial practice is
need a very rigorous profiling of rack-gear tool’s teeth flank. The worm cutter
tool’s form for generating the large side mill teeth, tools for spline shafts
generation, allow to know not very rigorous the tool’s profile.
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In following is proposed a new approach of the rack-gear tool’s profiling
based on the method to approximate by Bezier polynomials the tool’s prafile.

The method presume to known a limited number of points (3 or 4,
regarding the Bezier polynomial degree) which simplify the calculus and the
timeto profile.

The method presume a tabular algorithm, regarding the elementary profile
to be generated: circle arc; involute arc; trochoidal arc, as simple profiles,
which compose more complexes profiles, meet in industrial practice.

2. Circlearc dementary profile— Algorithm

In following, will be examinee the application for rack-gear tool’s
profile approximation methodology in case of a circle arc profile
generation, see figure 1.
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Fig. 1- Circular profile associated with the rolling centodes couple

|s defined the circle arc knowing two pointson it, A’ X,,Y,] and
B[ X;,Y;] asso asthevalue of r radius. Obviously, these are enough to
determine the circle center O_[ X, Y.].

Are defined the circle’s parametrical equations (the primary profile
to be generated):
X() = Xq, *1>c0sq;
l (9}
@ Y(@)=Yo, - r>sing,

q — variable parameter, between limits,
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Tablel.
0 Primary profile Enwr apping condition
o Xp = Xo, +17C0S0, i —arcsmgx anAR+Y COSun
Y, =Y, - r>€ing, P u
— Us - da
dc =0Qa 5 éX.sing. +Y; cosg. U
0c J e —arcsme Rr a
Xp = Xg, +1>08q, P a
Yo =Y - 18inq,
N Xg = Xq, +TC0Sqq i —arcsmgx quT;Y COSun
Yg =Y, - r>86ing, P u
. ] . Approximation polynomial
A Points on therack-gear profile coefficients
X, =X,C08] ,-Y,sinj ,+Rrp A =X,
11h,=X,sinj ,+Y,cosj ,+Rrp A =h,
. . Xc - 0.253%x, - 0.253x
. Xo =X C08j ¢ - Y sinj . +Rrp| B, == 0’*5 8
5 | Nc = Xcsinj ¢ +¥; cosj ¢ +Rrp g Nlc= 025, - 025k,
05
Xg = XgCOSj 5 - Ygsinj g +Rrp C, =X,
0 | h,=Xgsinj ;+Y,cosj ;+Rrp C =h,

centrodes:

(3)

X =[Xq *+r>cosq]cosj - [Y, - r>sing]sinj +Rrp;

(©),

Is defined the circle arc family in the rolling motion of the two

h =[Xq, +r>cosq]sinj +[Y, - r>singjcosj +Rrp3 .
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Table2.
0 Primary profile Enwr apping condition
o KaTXa tr | = osnXeSnds £ Yscosa,
A
Y, =Y, - r>sing, € P u
— Og - da
dc —qA+T j :arcsinéxcsch +Y; cosq U
C
e Xe = Xq +1>C0S0 g Rrp t
Yo =Yg, - r>6ingc
— Og - Qa
ap _qA+2T j  arcsin X0 SN, +Y; 00sq
D
% Xp = Xo +1 %0080, g Rrp i
Yp =Yo, - I>8ing,
L XeXa tr |, o XeSn £ cosay
B
Ye =Y, - r>sing, € P u
A Points on therack-gear profile Approxiénozg]i&rile%(t)!synomial
X, =X,C08] ,-Y,sinj ,+Rrp D, =X,
O01lh,=X,sinj ,+Y,cosj ,+Rrp D, =h,
C 183X - 93X + 23X - 53X,
N Xec =X €0Sj - Yo Sinj . +Rrp| 7 6
3 | he =X sinj o +Y;cosj . +Rrp c, _18N, - 9h, +2h, - 5,
6
_ 5% +2%, +18%, - 9%,
o Xp = Xp €08j - Yp SiNj  +Rrp B = 6
3 | hy =X,8nj 5 +Y, cosj , +Rrf B = -5, +2%h , +18%, - Oh,
6
Xg = XgCOSj 5 - Ygsinj g +Rrp =X,
1

hg = X;sinj ;+Y;cosj ; +Rrp

A
A,

I
o X
w
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Similarly, are defined the values of the ) angular parameter, in the

rolling motion of the two centrodes, knowing the normal at circle in the
current point,

(4) Ne :[X- X(@)]sing +[Y - Y(q)]cosq =0
and the C, centrode equations:
X =Rrp>cosj ;
(5) 1 = Repsein
=Rrp>sinj .

From these, result the conditions to determine the j angle value,
corresponding to the characteristically points on the circle,
€X(q)sing +Y(q)cosq U
&  rRp 07
condition which represents the specifically enwrapping condition, see
table 1, for a approximation polynomial of 2" degree and, similarly, in
table 2, for a polynomial of 3 degree.

In tables 1 and 2, they are presented the calculus elements of the
Bezier approximation polynomials for tool profile associated with the
rack-gear.

The Bezier polynomial for 2™ degree is:

- x =127 +2 (1-1)B +(1- 1 )°C,;
h=12A+2 (1-1)B, +(1- 1 )°C,,

(6) j =arcsin

and for 3 degreeis:
- x=1°A +32(1-1)B +3 (1-1)°C +(1- 1 )’ D,;
h=1°A+32(1-1)B +3 (1- 1)

2 3

G +(1-1)"D,.

3. Numerical examples

Based on the presented algorithm, is showed a numerical example for a
circular profile, see figure 1, for rack-gear tool’s profiling, reciprocally

enveloping with an circle arc defined between points A[- 87.02; 4.8] and
B[- 80; 20] , with characteristicss r =20mm; center coordinates
Oc[- 100, 20], profile associated with a circular centrode with radius
R, =100mm.
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In tables 3 and 4 and figure 2, are presented the profile form and
coordinates for approximation polynomial of 2™ and 3" degree, regarding the
profile calculated by one of the fundamentals methods [2], [7], [10].
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Fig. 2— Approximated and theoretically rack-gear profile

Table3.

| Approximated tool Theoretical tool profile | Error J
profile [mm] | [rad]
X [mm] h [mm] X [mm] h [mm]

0.0| 13.5372 7.1565 13.5372 7.1565 | 0.0000 | 0.1810

14.0700 7.8659 14.0867 7.8634 | 0.0169 | 0.1832

M M M M M M

17.1984 14.1061 17.2013 14.1085 | 0.0038 | 0.1926

05| 17.4269 14.9399 17.4269 14.9399 | 0.0000 | 0.1929

17.6172 15.7827 17.6166 15.7800 | 0.0028 | 0.1932

N N N N N N

17.7823 22.7256 17.7944 22.7231 | 0.0123 | 0.2005

10| 17.6438 23.5943 17.6438 23.5943 | 0.0000 | 0.2020
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Table4.
| Approximated tool Theoretical tool Error J
profile profile [mm] | [rad]
X [mm] h [mm] X [mm] h [mm]

0.0 13.5372 7.1565 13.5372 7.1565 | 0.0000 | 0.1810

14.0846 7.8609 14.0867 7.8634 | 0.0033 | 0.1832

N N N N N N

16.2983 11.6531 16.2959 11.6478 | 0.0059 | 0.1895

0.333 | 16.5243 12.1824 16.5243 12.1824 | 0.0000 | 0.1904

16.6283 12.4410 16.6304 12.4468 | 0.0062 | 0.1900

M M M M M M

17.8906 17.5162 17.8900 17.5123 | 0.0040 | 0.1955

0.666 | 17.9181 17.7753 17.9181 17.7753 | 0.0000 | 0.1950

17.9679 18.3641 17.9684 18.3727 | 0.0086 | 0.1959

M M M M M M

17.7943 22.7240 17.7944 22.7231 | 0.0009 | 0.2005

1.0 17.6438 23.5943 17.6438 23.5943 | 0.0000 | 0.2020

In following is showed another numerical example for a circular profile,
for rack-gear tool reciprocally enveloping with an circle arc defined between

points A[-95;-10] and B[-105;5], with characteristics: r =15mm;

profile associated with a circular centrode with radius R, =100mm.

4. Conclusions

1. The presented method, although approximately, assure a good
representation of the rack-gear tool’s profile reciprocally enveloping with a
circular profile, which may be part of a composed profile to be generated.

2. The method is simple, used a limited points number on the profileto be
generated, so the calculustimeis reduced.

3. Software dedicated to this algorithm is an instrument which helps to
apply this method.

4. In order to increase the profiling precision is necessary to increase the
Bezier polynomials degree.
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PROFILAREA APROXIMATIVA PRIN POLINOAME BEZIER
A SCULEI-CREMALIERA

(Rezumat)

Tn lucrare, se prezinta un agoritm de profilare a sculei-cremdiers, in baza reprezentrii
prin polinoame Bezier, destinat generarii prin infasurare prin metoda rularii a profilurilor Tn arc
de cerc.

Metoda aproximativa, utilizeaza un numar redus de puncte de pe profil (3 sau 4 puncte in
functie de gradul polinomului utilizat).

Sunt prezentate exemple numerice care atesta calitatea metodei, in comparatie cu algoritmi
bazati pe teoremele fundamental e de infasurarii suprafetelor.
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