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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: 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 will ensure a minimal
amount of errors on resharpening. The optimal shape of the positioning surfaces of the knife, as a mathematical
expression of the conditions imposed upon the tool, is Archimedes’s helix.

1. 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.
2. The positioning surface and the chipping edge
The generating curves of the flanks of the plane generating wheels are defined through
the parametric equations [4]

 x p ( p )


X p =  y p ( p )
 z p ( p )



(1)

where p is an independent parameter.
The toothing knife is positioned with the definition section of the generating curve in an
axial plane. The Mdp matrix [3] 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 Sd surface (figure 1) is:
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 xd ( p, v, ε )
X d = M dp X p =  y d ( p, v, ε )
 z d ( p, v, ε )

(2)

where p and v are the independent parameters of the Sd surface and ε is an angular
parameter that positions Pγ in Sd.

Fig. 1

By definition, the exact chipping edge Ma is the intersection curve between the
generating surface of the Sd device and the liberation plane of the Pγ knife.
Taking into consideration that the Pγ liberation plane passes through a point in which the
director parameters A, B, C of the Nγ normal line to it are defined, its expression is:
A⋅x + B⋅y + C⋅z + D = 0

(3)

The intersection between (2) and (3) is written:
A⋅xd + B⋅yd + C⋅zd + D = 0

(4)

f1(p, v, ε ) = 0

(5)

or:

For an imposed ε and discrete values of the p parameter, the v rotation parameter is
determined and the Ma exact chipping edge’s equation is:
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 xa ( p, ε )
X a =  ya ( p, ε ) = X a ( p, ε )
 za ( p, ε )

(6)

3. The generated surface
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:
(7)

N = t ×v
or under component form:

 n x  t y ⋅ v z
n   t ⋅ v
N =  y =  z x
 n z  t x ⋅ v y
  
0 

− tz ⋅ vy 
− t x ⋅ v z 
− t y ⋅ vx 

0


(8)

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 [2], the projections of the relative displacement speed vector in
the xiyizi system must be determined and, for the profile of the chipping edge with various
degrees of resharpening, the projections of the vector in the xkykzk system (fig.1).
The projections of the vi vector will be proportional to the partial derivatives, found from the
equations of the coordinate systems’ transformation after the θ parameter.
∂A


− y i + x cos(θ ) 

v xi 
∂θ

v  
∂Ax


+
sin(
)
x
θ
yi
i
 =
∂
θ


 v zi 
∂Az

  
−


0
 
∂θ


0



(9)

The projections of the vi vector in the xyz system are obtained using the coordinate
transformation matrixes [4].
The ti tangent to the chipping edge is obtained as an intersection line of the Pγ relieving
plane determined by the nγ vector and the Pe tangent plane to the positioning surface
determined by the ne vector in the considered point of the profile. In the xi1yi1zi1 coordinate
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system, the Nγ normal line to the relieving plane and the Ni 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 [2]:

ti = nγ × nie

(10)

cu : u = θ - v

(11)

By introducing in (8) the tangent values from (10) and the relative speed ones form (9),
the following normal line is obtained:

1


cos(u + γ x ) tan(α ) + sin(u ) cos(γ h ) tan(γ v ) 

 − y 
1
+ cos(u ) cos(γ h ) tan(γ v )  ×  x 
N = sin(u + γ x )


tan(α )

  Az 
− cos(γ x )





(12)

The obtained generated surface will be:
[ x( p) cos(ϕ ) + z ( p ) sin(ϕ ) + r ] cos(v)
[ x( p ) cos(ϕ ) + z ( p) sin(ϕ ) + r ] sin(v) 

Xg= 


z ( p) cos(ϕ ) − x( p ) sin(ϕ ) + 1


1



(13)

4. 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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