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Abstract. The cutting wedge of disk shaver at gear shaving has not fully satisfactory geometry: clearance 
The cutting wedge of  the disk shaver when gear shaving is not fully geometrically satisfactory. The 
clearance on cutting edges are practically equal to zero. We would suggest this is the reason that the disk 
shavers machining of gear-wheels with large allowance  is  not possible. The construction of a worm-type 
tool is known also for clean machining of points of involute of gear-wheels made with continuous spiral 
cutting edges. The difference of this construction from the construction of N. Chemborisov is that a cutting 
wedge has the structurally made clearance α  (Authors: N. Smorkalov, V.Skripin, V.Ptitcin, IU.Belugin). 
Polishing of side of coil is the most responsible and labor intensive operation when making   a worm-type 
tool with the continuous spiral cutting edges of construction of N.Smorkalov and other.Dependences 
allowing to define the coordinates of key points of axial section of side of coil of the worm-type tool were 
obtained. These coordinates will allow to define the parameters of setting of abrasive disc in relation to the 
worm-type tool. 

One of the variants of the machining of gear teeth, used 
in engineering, involves the use of gear shaving as a 
semi-finishing operation before thermal machining and 
gear honing [1-5]. 

 Gear shaving pertains to the methods of machining 
on the principle of so-called "free" rolling, in which 
there is no rigid kinematic connection between the tool 
and the gear wheel.  This feature of the pro gear shaving 
process positively influences its dynamics, since there 
are no additional sources of vibrations inherent in the 
chain of rolling.  At the same time, the absence of a rigid 
kinematic connection between the tool and the wheel 
leads to a significant decrease in the radial runout of the 
gear ring, the difference in adjacent circumferential 
steps, the accumulated error of the circumferential pitch 
at the angle of 180 °, no oscillation of the measuring 
interaxial distance after the gear shaving occurs [6-13]. 

The cutting wedge of the disk shaver during gear 
shaving has a not quite satisfactory geometry: the 
clearance angels on the cutting edges are almost equal to 
zero.  For this reason, the machining of gear wheels by 
rotary gear shaving tool with large allowances for 
machining (for example, after pre-rolling the teeth) is 
impossible.  It should also be taken into account the high 
laboriousness of making gear shaving tools, the piece-
time for gear grinding reaches 5 ... 6 hours.  

For clean treatment of points of gear-wheels can be 
used multishank tools allowing to use  technology of 
Power Skiving (Fig. 1).  

 

 
Fig. 1. Scheme of technology of Power Skiving. 

However for  using this technology the special 
expensive equipment is needed. 

There are known the design of tools for finishing the 
teeth of involute gears with spiral-screw cutting edges 
made on one side of the turns [14, 15].  The gears are 
machined with the coordinated rotation of the tool and 
the workpiece around their axes and moving them 
relative to each other in the axial direction of the 
workpiece, the processing of the right and left side of the 
profile of the teeth possible only after the wheel is 
reinstalled. 

The drawback of these tools is the complexity of the 
design and manufacturing technology.  A worm-type 
tool for finishing involute gear teeth is known with a 
continuous helical cutting edge, while its helical surface 
has a rectangular profile [16] [Fig. 2].   
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Fig. 2. Construction of  the worm-type  tool with spiral cutting 
edges (Authors: N. Chemborisov, R. Khisamutdinov, V. 
Avdeev). 

The disadvantage of this tool is that the cutting 
wedge during its operation has a not quite satisfactory 
geometry: the clearance at the cutting edges is practically 
zero.  

Also known is a worm-type tool for finishing the 
teeth of involute gears made with continuous screw 
cutting edges, different from the design of N. 
Chemborisov and others [16] in that the cutting wedge 
has a structurally executed rear angle α [17] (Fig. 3). 

 
Fig. 3. Construction of a worm-type tool with spiral cutting 
edges (Authors: N. Smorkalov, V. Skripin, V. Ptitcin, IU. 
Belugin). 

 The machining is carried out with the coordinated 
rotation of the tool 1 and the wheel 2 (Fig.4,5,6,7).  

 

 
Fig.4. 3D model of a worm-type tool. 

 

Fig. 5. Scheme of work of a worm-type tool with spiral cutting 
edges. 

 
Fig. 6. Scheme of work of a worm-type tool with spiral cutting 
edges. 

 
Fig.7. Visualization of adjustment of the worm-type tool on the 
machine in the module “Assembly” of the NX system. 
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The cutting wedge element has a front surface 
coinciding with the outer surface of the tool and moves 
in relative motion from the head of the wheel to the leg. 

The most important and time-consuming operation 
for the production of a worm-type tool with solid screw 
cutting edges is the grinding of the lateral surface of the 
winding.  The lateral surface profile is specified initially 
in a section perpendicular to the screw cutting edge (Fig. 
8). 

 
Fig. 8. The normal section of the profile coil of the worm-type 
tool. 

The working section of the profile, which acts as the 
back surface of the cutting wedge, is formed in the form 
of a straight line segment.  It is convenient to construct 
the solution of the inverse problem by comparing a 
theoretically accurate profile in the axial section and a 
profile obtained by numerical simulation.   

This method is the most acceptable, since the use of a 
combination of the axial section of the worm-type tool 
and the cross-sections of the rotation surfaces (in this 
case cylindrical surfaces) considered in [18] makes it 
possible to obtain the Ls (line of shaping) in the form of 
a straight line parallel to the axis of the worm tool  type.  
In order to implement this scheme, it is necessary at the 
first stage to develop a methodology for calculating the 
coordinates of the nodal points of the profile of the 
lateral surface of the screw of the worm-type tool in the 
axial section.   

We introduce a coordinate system 222 ZYX   rigidly 
connected with a worm-type tool (Fig. 9), whose axis 

2Z  coincides with the axis 2X  of the worm-type tool, 
and the initial point of the screw cutting edge is located 
on the axis.  Index 2 of the specified coordinate system is 
related to the fact that the worm-type tool in this case 
serves as a detail. With the current point M  of the screw 
cutting edge, we connect the origin of the coordinate 
system, 222 ZYX ′′′  in which we describe a straight section 
of the profile of the lateral surface of a worm-type tool.  
The axis 2Z ′  of the coordinate system coincides with the 
tangent to the helical cutting edge and makes an angle 

2λ  with the end plane of the worm-type tool.  The angle 
of rise of the screw cutting edge can be calculated using 
the well-known expression: 

                                  2
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Where  2zp  - the axial movement of the helical 
cutting edge of the worm-type tool,  

2ar - the radius of the circumference of the worm-
type tool protrusions. 

 

Fig. 9. Transition scheme from the system  222 ZYX ′′′  to the 
system 222 ZYX .  

The coordinate axis 2X ′  lies in the end plane of the 
worm-type tool and crosses its axis.  Thus, the 
coordinate plane 222 YOX ′′′  coincides with the normal 
cross section.  Equations of the rectilinear portion of the 
lateral surface of the coil of the worm-type tool can be 
written in the following form (Fig. 8): 
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Where  2q - the parameter determining the position 
of the point under consideration on the generator,  

2α - the rear angle of the cutting wedge of the worm-
type tool.   

To calculate the coordinates of the node points of the 
axial section of the worm-type tool, it is necessary to 
make a transition from the coordinate system 222 ZYX ′′′  to 
the system 222 ZYX  .  We make this transition in three 
steps (Fig. 9):  

a) rotate the coordinate system 222 ZYX ′′′  around the 
axis 2X ′  by an angle equal to 22/ λπ − , then the 
coordinate system 222 ZYX ′′′  will take a position 

ввв ZYX 222 ′′′ , while the axis в2Z ′ is parallel 2Z ;  
 b) we transfer the origin of coordinates 2O′ in 2O due 

to its displacement in the direction of the axis вX 2′  by an 
amount 2ar  and in the direction of the axis вZ 2′ by the 
value of the segment  MN = 22ϑp ,where 2p - the 
parameter of the screw cutting edge.  In this case, the 
system ввв ZYX 222 ′′′  will move to the coordinate system 

ввв ZYX 222  ;   
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c) rotate the coordinate system ввв ZYX 222  around 
the axis 2Z  by an angle 2ϑ  , then the coordinate system 

ввв ZYX 222  will take the position 222 ZYX .   
Conversion of coordinates is realized by means of the 

following matrix equality: 

                          22222222 ′′′′= rМММr вввв , (3) 

Where 2r  and 2′r  - the column matrices of the 
corresponding radii of the vectors of the same point in 
the systems 222 ZYX  and 222 ZYX ′′′ ;   

22 ′′вМ - matrix of transition from system 222 ZYX ′′′ to 
system ввв ZYX 222 ′′′ ;  

ввМ ′22 - matrix of transition from system 

ввв ZYX 222 ′′′ to system ввв ZYX 222 ;   

вМ 22 - matrix of transition from system ввв ZYX 222 to 
system 222 ZYX .   

In the coordinate form, taking into account 
expression (3), the transition from the coordinate system 

222 ZYX ′′′ to the coordinate system 222 ZYX will be 
determined by equations that can be written: 

222222222 sin)cossin(cos)( ϑλλϑ zyrxx a ′+′−+′=  

222222222 cos)cossin(sin)( ϑλλϑ zyrxy a ′+′++′=  (4) 

2222222 sincos ϑλλ pzyz +′+′−=  

Equating the expression 2x for zero, we obtain the 
equation: 

     0sin)cossin(cos)( 22222222 =′+′−+′ ϑλλϑ zyrx a  (5) 

Substituting for this equation the expressions for 2x′ , 

2y′  and  2z′  from (2) after a simple transformation we 
obtain the equation from which we can obtain the 
formula for calculating the angle 2ϑ  : 
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If, for a fixed value 2q , we calculate 2ϑ by formula 
(6) and substitute the obtained value 2ϑ  into expressions 
(4) for 2y and  2z , then it is possible to determine the 
coordinates of the node point of the axial section of the 
lateral surface of the screw of the worm-type tool.   

The obtained coordinates of the node points of the 
axial section of the lateral surface of the turn of the 
worm-type tool allow to determine the parameters for 
setting the grinding wheel with respect to the worm-type 
tool.  These adjusting parameters will make it possible to 
carry out the most labor-intensive operation of 
manufacturing this tool, namely, grinding the lateral 
surface of the winding. 
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