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Abstract

The problem of calculating the geometry of the knives used for toothing conical gears with
curved teeth is the following: having been given the generating curve of the plane wheel, the profile of
the knife’s chipping edge and the profile of the abrasive tool used for relieving must be determined so
that there is a minimum amount of errors during the resharpening process. The optimum shape of the
positioning surfaces of the knife, as a mathematical expression of the conditions imposed on the tools,
is an Archimedes’s helix. The chipping edge’s profile in the calculus section is determined by the
intersection of the chip bearing surface of the knife with the generating surface. The paper determines
the normal line to the helically relieved surface with the purpose of using it on simulating the
kinematics of the technology of processing knives used for toothing conical gears with curved teeth.
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INTRODUCTION

In this paper, the tangent vector to the lateral positioning surface of
knives used for toothing conical gears with curved teeth (profiled surface) is
determined with the purpose of using it on simulating the kinematics of the
processing technology of the profile of toothing knives. The problem of
calculating the geometry of the toothing knives used for milling conical
gears with curved teeth is the following: knowing the generating curve of
the plane wheel it is required to determine the profile of the chipping edge
of the knife and the profile of the abrasive tool used for relieving that would
ensure a minimal amount of errors on resharpening. The optimal form of the
positioning surfaces of the knife, as a mathematical expression of the
conditions imposed upon the tool, is Archimedes’ helix. The profile of the
chipping edge in the calculus section is determined by intersecting the
relieving surface plane and the generating surface.

MATERIAL AND METHODS

The generating curves of the flanks of the plane generating wheels are
defined through the parametric equations (Pantea 1., 2002):

(D
where p is an independent parameter.
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The toothing knife is positioned with the definition section of the
generating curve in an axial plane. The Mgy, matrix (Pantea I., 2004) is
considered and it represents the transfer from the system linked to the
generating curve to the system linked to the relieving device. The position
vector of the Sy surface (figure 1) is:

xd(p,v,g)
X;=M, X, = yd(P:Vag) )
zs(p.v.)

where p and v are the independent parameters of the Sy surface and € is an
angular parameter that positions P, in Sy

E

Fig. 1 Tangent to edge producer and relative speed in detalonarli process

By definition, the exact chipping edge M, is the intersection curve
between the generating surface of the Sy device and the liberation plane of
the P, knife. Taking into consideration that the P, liberation plane passes
through a point in which the director parameters A, B, C of the N, normal
line to it are defined, its expression is:

Ax+By+Cz+D=0 3)

The intersection between (2) and (3) is written:
A-xq+ Byd +Cze3+D=0 (4)

or:
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fi(p, v, e)=0 )

For an imposed € and discrete values of the p parameter, the v rotation
parameter is determined and the M, exact chipping edge’s equation is:

(p-¢)
(p-e)|=x,(p.e) ©)

(p.g)

RESULTS AND DISCUSSIONS

xa
X, =Y,
Z[J

The normal line to the chipping edge is determined from the vector
perpendicularity condition of the tangent to the chipping edge and the
relative speed in the relieving process:

N =txy (7)

or under component form:

n, L,-v.—1.-v,
N=| o T ®)
n, Loev,—t,-v,

In order to obtain the equations of the theoretical profile of the disk and
of the normal line to the relieving surface in the contact points of the
chipping edge with the disk’s surface, that define the contact conditions
(Pantea I., 2004), the projections of the relative displacement speed vector in
the xjyizi system must be determined and, for the profile of the chipping
edge with various degrees of resharpening, the projections of the vector in
the xxykzx system (fig.1).

The projections of the v; vector will be proportional to the partial
derivatives, found from the equations of the coordinate systems’
transformation after the 6 parameter.
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04 i
—y. +—=cos(0
v, Y 560 (0)
A
Vyi X, +—=sin(@
v} -| Yt 5 0)
0 20
- 0 .

©)

The projections of the v; vector in the Xyz system are obtained using

the coordinate transformation matrixes (Pantea 1., 2002):

% + oA,
xi y i a 0
v_vi _ X
vzi — %
00
0 I 0 |

(10)

The t; tangent to the chipping edge is obtained as an intersection line
of the P, relieving plane determined by the n, vector and the P. tangent plane
to the positioning surface determined by the n. vector in the considered
point of the profile. In the xi1yiizi; coordinate system, the N, normal line to
the relieving plane and the N; normal line to the generated surface are

situated in a plane normal to the chipping edge.
The tangent to the edge is given by the expression:

t = n,Xn,

1

or under component form on the coordinate axes:

Ly n,n;—n:n,;

f = L, _ n.n,—n;n,

l tzi nxynyi - nxinyy
0 0

for the helical surface which will be noted with the e index;
Yx 1s the relieving angle in the considered M point.
yx = yh +v
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(12)
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zil

(14)

(15)

The projections of the tangent to the chipping edge in the X,y z,,

are:
cos
il 7. tan(ar)
t, = b | | = sin(y ,) ! +tan(y,)cos(y,)
! - tan()
. —cos(y,)
i 0

(16)

The projections of the tangent to the chipping edge in the xyz system
are obtained by replacing the 0 parameter with u.

with :

cos(u+y.)
—sin(u+y,)
1
—cos(y,)
| 0
u=0-v

! +sin(u) cos(y, ) tan(y,)
a;)

) +cos(u)cos(y, ) - tan(y,)

(17)

(18)

By introducing in (8) the tangent values from (17) and the relative

speed ones form (9), the following normal line is obtained:
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cos(u+y,) +sin(u)cos(y, ) tan(y )
tan(a) —y
N= sin(u+7y.,) tanl(a) +cos(u)cos(y, ) tan(y,) | x| x (19)
—cos(y,) :
CONCLUSIONS

For the modeling of the assembly made up of a I order tool and a II
order tool, after establishing the axes system for determining the generating
surface, the chipping edge, it is necessary to calculate the normal line, the
tangent and the relative speed on relieving, so that the motion equations
obtained under a matrix form lead through solving to determining the
abrasive tool’s surface, the real positioning surface and the real chipping
edge.
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