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Gear hobbing is one of the most productive manufacturing processes for cylindrical gears. The macro geometry of the 
cutting edge of a hob is decisively designed on the tool angle. The tool angles are defined as rake angle, wedge angle and 
clearance angle. In the process, the tool angles change to the working angles as a result of the resulting velocity. The goal 
of this report is to calculate and optimize the working angles at the hob. First, the tool angles and the working angles along 
the cutting edge at the hob are explained in detail. A calculation method is developed with the support of the production 
simulation SPARTApro. As the free choice of tool angles is especially possible for hobs with indexable inserts, the simulation 
of indexable inserts in gear hobbing is presented, as well. The method can be used to calculate the working angles in the 
hobbing process. Subsequently, the calculation method is applied, a simulation plan is set up, and the working angles are 
calculated for all variants. With the aid of the calculated working angles, an estimation of the tool wear can be given.

This paper was first presented at the 7th WZL Gear Conference USA, July 18–19, 2017 and is reprinted here with the permission of WZL.

Introduction and Motivation
One of the most productive processes 
for the manufacturing of external gears 
is gear hobbing (Refs. 1–4). The simplest 
design of a hob is the conventional hob, 
where the body is made from a single 
piece of cutting material. The shape of 
a conventional hob is defined by two 
categories: macro and micro geometry 
(Ref. 3). Parameters such as external 
diameter, tool length, chip flanks, chip 
gashes and the tool angles belong to the 
macro geometry category. The tool angles 
are defined as rake angle, wedge angle 
and clearance angle.

Until today, there are few scientific 
investigations regarding the free modifi-
cation of the tool angles in the gear 
hobbing process. Only Joppa (Ref. 5) 
investigated the influence of rake and 
clearance angles on tool wear in 1977 
(Fig. 1; Ref. 5). He varied the angles for 
HSS-tools in wet processing. As the 
results show, the tool angles have a signif-
icant influence on the wear behavior and 
the life time of the hob. Since (Ref. 5), 
coatings and alternative cutting mate-
rials such as cemented carbide tools have 
changed the wear behavior of hobs. In 
the field of bevel gears, several studies 

have shown that specific modifications 
in the tool angles can lead to an exten-
sion in tool life of cemented carbide tools 
(Refs. 6–7). This potential is also expected 
for gear hobs. However, the transfer of 
the research results from bevel gear to 
spur gears is not directly possible. This 
is due to the fundamental differences 
of kinematics between both processes. 
In gear hobbing each tooth experiences 
a load spectrum resulting from the 
different tool positions, the same does 
not occur in bevel gear plunging. Due 
to the indicated potential shown by 
manufacturing of bevel gears, a specific 

Figure 1 � Varied clearance angle (Ref. 5).
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modification in the tool angles for the 
hobbing process is promising. Thus, this 
report will analyze the influence of the 
tool angles in gear hobbing process.

Objective and Approach
In the hobbing process, critical wear can 
occur on the tool due to the resulting load 
spectrum at the cutting edge. Basic inves-
tigations must be conducted in order to 
explain basic causes of tool wear and make 
correlations to specific variables.

The objective of this report is to 
analyze the hob macro geometr y 
regarding the working angles (Fig. 2). 
The basis for this is a geometrical pene-
tration calculation taking the clearance 

and rake angles during machining into 
account. For this purpose, the method 
of penetration calculation developed at 
WZL, which is integrated in the software 
SPARTApro, will be further developed in 
order to enable the calculation of working 
angles during the entire machining 
process. In addition, the penetration 
calculation for application of indexable 
insert has to be developed because the 
tool angles can be varied by application 
of indexable inserts. The originality of 
the work lies in the complete consider-
ation of the influence of the defined tool 
angles as well as the working tool angles, 
set during the process, on the tool wear 
behavior. Previous wear tests of hobbing 

processes proved the significant influence 
of the working clearance and rake angles 
at the tool cutting edge (Ref. 5). These 
changes, however, are not only caused 
by kinematics, but also a function of the 
generating position. In order to provide 
a complete understanding of the process 
and a scientifically and comprehensible 
analysis of the machining process, the 
knowledge of the effects of these angles 
on tool wear is imperative. The scien-
tific contribution of this research is the 
fundamental investigation of the cutting 
mechanisms and their effect on the wear 
behavior. Based on the results obtained, 
the objective is to achieve an improve-
ment in the machining conditions by 

Figure 2 � Objective and approach.

Figure 3 � Process kinematics at the idealized cutting wedge.
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modifying the working tool angles in the 
hobbing process.

Process Kinematics at the 
Idealized Cutting Wedge
Definitions, nomenclatures and descrip-
tions for the geometry of a tool cutting 
wedge are specified in the DIN 6581 
(Ref. 8). The ideal cutting wedge is repre-
sented in Figure 3, which is composed of 
tool clearance angle φ, wedge angle β and 
rake angle σ. The correlation between 
the clearance, tool and rake angles is 
described in Equation 1.

(1)φ + β + σ = 90°
φ	 [°]	Clearance angle
σ	 [°]	Rake Angle
β	 [°]	Wedge angle

The clearance angle influences crucially 
the heat input into the tool. The larger the 
clearance angle, the smaller is the wedge 
angle, which leads to a reduction of the 
tool tip’s stability. If the clearance angle 
is too large, the input of heat can be too 
great, increasing the tool temperature and 
leading to a disturbance or loss of the tool 
hardness (Ref. 9). A small clearance angle 
improves the heat transfer through the 
tool. However, if the angle is too small, the 
contact between the tool clearance surface 
and the workpiece surface increases. The 
friction from this contact leads to abrasive 
wear with negative effect on the tool life 
(Refs. 6–7).

The rake angle influences the material 

forming, which occurs during the cutting 
process (Ref. 6). The larger the rake 
angle, the smaller is the chip deforma-
tion during cutting. On the other hand, 
the increase of the rake angle reduces the 
tool stability. The smaller the rake angle, 
the larger is the chip deformation. In this 
case, the chip experiences a larger curva-
ture than usual. It is for this reason that 
the rake angle influences the resulting 
cutting forces as well as the tempera-
ture along the cutting edge and the rake 
surface (Ref. 7).

In order to have a clear description 
of location, position and movement 
direction of a cutting wedge, a refer-
ence system is used, where character-
istic planes are defined and applied to 
all process variants. The two reference 
systems used are the tool-in-hand system 
and the tool-in-use system. The tool-in-
hand system is used for tool design, as 
well as for the manufacturing and testing 
of cutting tools. In this system, the tool 
angles are measured without consid-
ering the process kinematics. During the 
machining process, the working clear-
ance and rake angles may differ from the 
designed angles due to the process kine-
matics. The tool angle remains unmodi-
fied. For this reason, the tool-in-use 
system was created (Ref. 9).

Figure 3 presents the tool-in-use system 
defined by the effective velocity, which 
is the result of the vectorial summation 
of the cutting velocity and the feed rate 

velocity. The working clearance angle φw 
calculated in the tool-in-use system is 
smaller than the tool clearance angle φ. 
The wedge angle β remains unmodified. 
Since the relationship stipulated (Eq. 1) is 
also valid for the tool-in-use system, the 
variation between the designed rake angle 
σ and the working rake angle σw is the 
same amount as the variation of the clear-
ance angle — but in a positive direction. 
In this case, the working rake angle σw is 
larger than the designed rake angle σ.

Tool Angles in Gear Hobbing in 
the Tool-In-Hand System
The magnitude of the tool angles of a 
hob has a direct influence on the chip 
formation, the cutting force and the tool 
wear. Partly they have a connection to 
vibrations and chattering during the 
process (Ref. 1). For the hob, the designed 
angles follow the same rules described 
in the ideal cutting wedge regarding 
clearance, wedge and rake angles. The 
designed tool angles are altered along the 
cutting edge of the hob. This leads to a 
distinction between the designed angles 
in the tip and flank of the tool (Fig. 4), 
which are described with the symbols φa 

for designed tip clearance angle and φf 

for designed flank clearance angle. The 
designed clearance angle for a specific 
point P of the cutting edge is defined as 
the angle between the plane tangential to 
the hob clearance surface and the plane 
tangential to the hob thread, in the same 

Figure 4 � Process kinematics at the idealized cutting edge.
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point P (Ref. 1).
The designed clearance angle is manu-

factured along the tool cutting edge in 
circumferential direction according to a 
logarithmic spiral (Refs. 1, 10). As a result, 
the designed clearance angle is manu-
factured. In the case of a conventional 
hob, there is a relation between the tip 
clearance angle φa and the flank clearance 
angle φf, stated by Equation 2:

(2)tan φf = tan φa  ∙ tan ∙ α0

φf	[°]	Flank clearance angle
φa	[°]	Clearance angle
α0	[°]	Clearance angle

Equation 2 contains the tool profile 
angle α0 (Ref. 11). This relation must 
exist in order to avoid that a re-grinding 
process in tool modifies the clearance 
angle along the tool flank as well as the 
tool profile (Ref. 12). The state of the art 
for hobs defines tip clearance angle values 
between 8° ≤ φa ≤ 12°, and in special 
occasions the value can vary between 
12° ≤ φa ≤ 20°. In case of indexable 
inserts that are changed after reaching 
the wear criterion this dependency can 
be neglected. The geometry of different 
inserts along the profile can be chosen 
independently.

For designed rake angles there is also 
a distinction between the designed tip 
rake angle σa and the designed flank 
rake angle σf. The designed rake angle 
for a specific point P localized on the 
cutting edge is defined as the angle 
between the plane tangential to the hob 

rake surface and the plane through point 
P which contains the hob axis (Ref. 1). 
The rake angle is positive when the plane 
containing the hob axis touches the 
cutting wedge in P. The angle is nega-
tive when the plane intersects the cutting 
wedge.

The designed flank rake angle can be 
realized by modifying the tool gash angle. 
For the case of tools gashed parallel to 
the hob axis (gash angle of γN = 0°), the 
designed flank rake angle is σf = 0°. If 
the gash angle is γN > 0°, a negative flank 
rake angle σf on the right cutting edge 
is obtained while a positive flank rake 
angle is obtained on the opposite edge. 
If γN < 0°, the sign of the angles would be 
inverse.

(3)
φa = arctan ( 2 ∙ u )da

σa	 [°]	 Tip rak angle
da	 [mm]	 Tool external diameter
u	 [mm]	 Rake surface offset

The designed tip rake angle can be 
obtained by a face offset “u” in the rake 
surface position. If the rake surface offset 
is shifted toward its original position with 
respect to the hob axis, the tip rake angle 
σa is positive. If the offset is performed in 
the opposite direction, the tip rake angle 
is negative. From the amount of offset 
of the rake surface, the tip rake angle is 
determined, according to Equation 3.

Working clearance angle at the hob 
in the tool-in-use system. Due to the 

resulting velocity on the hob blade in 
the cutting process, the working clear-
ance angle differs from the designed 
clearance angle. This modified clearance 
angle is referred to as working clearance 
angle φfW. The direction and magnitude 
of the difference between designed and 
working clearance angle is particularly 
interesting on the flank cutting edges. 
The clearance angles in the flank cutting 
edges are smaller compared to the angle 
in the tip cutting edge. Under inconve-
nient circumstances, the working clear-
ance angle at the flank edges can reach 
values close to below 0°. The definition 
of the working flank clearance angle φfW 
is shown (Fig. 5). The center of Figure 5 
highlights one tooth of a hob. A random 
point P on the cutting edge of the tooth 
is selected. From the point P, a normal 
vector nF is drawn, perpendicular to the 
tangential surface τF of the flank surface. 
The vector V represents the velocity in the 
point P, combining three velocity compo-
nents Vr0, Vr2 and VS, (Eq. 4). The velocity 
component Vr0 represents the tool rotation 
around the hob axis, while Vr2 represents 
the component for the workpiece rota-
tion. The third component VS represents 
the feed motion of the hob relative to the 
workpiece. The individual components of 
velocity V take different positions from 
each other for different angular positions 
of the hob. This causes the resultant vector 
V to change its position with respect to the 
hob according to the angular position of 

Figure 5 � Working clearance angle in gear hobbing.
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this same hob.
(4)V


 = V



r0 + V


r2 + V


s
 V	 [m/s]	 Relative velocity
Vr2	[m/s]	 Velocity component resulting 

from work piece rotation
Vr0	[m/s]	 Velocity component resulting 

from rotation around the hob 
axis

Vs	 [m/s]	 Velocity component resulting 
from tool feed motion

The vectors V and nF build the plane εF. 
The intersecting line between the planes 
εF and τF is called GF. The working clear-
ance angle φfW in the point P is defined 
as the angle between vector V from the 
relative velocity and the intersecting 
line GF. The working flank clearance 
angle depends on the process operating 

conditions. The velocity component 
Vr0 depends on the distance to the hob 
axis, which means that Vr0 changes for 
different points on the tool cutting edge.

Working rake angle at the hob in the 
tool-in-use system. The working rake 
angle mainly depends on two factors: 1) 
the designed angles and 2) the relative 
velocity in the considered point. Figure 
6 shows a single blade of the hob, where 
the working rake angle is illustrated. The 
working rake angle is not constant along 
the cutting edge. The relative velocity 
changes through the different velocity 
components along the cutting edge, as 
shown Eq. (4). Figure 6 examines point 
P in more detail. The velocity in point P 

is indicated by the vector V, and τS is the 
plane tangential to the rake surface. The 
normal vector ns is perpendicular to the 
tangential plane τS. The velocity V and 
the normal vector ns build the plane εS. 
Vector V* has the same module of vector 
V, but it is rotated by 90° to the vector V 
in the plane εS. The plane εS is perpen-
dicular to plane τS, and the intersecting 
line between both planes is called GS. The 
working flank rake angle σfw is measured 
between the vector V* and the cutting 
line GS.

Figure 6 � Working rake angle in gear hobbing.

Figure 7 � Manufacturing simulation software SPARTApro.
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Further Development of the 
Penetration Calculation 
SPARTApro
The Laboratory for Machine Tools and 
Production Engineering in Aachen 
(WZL) developed specific software to 
simulate the process of gear hobbing, 
i.e. — SPARTApro (Fig. 7; Refs. 13–15). 
Based on the input information regarding 
tool geometry, workpiece geometry 
and process parameters the tooth gap is 
generated with the assistance of a numer-
ical penetration calculation. During 
simulation, the final chip geometry is 
determined. With the chip geometry 
characteristic values such as maximum 
chip thickness hcu,max, maximum chip 
length lmax and machined volume V´ can 
be calculated. These characteristic values 
are important for the determination of 
mechanical and thermal loads at the 
cutting edge of the tool.

Applications of indexable inserts. 
The difference between indexable insert 
tools and conventional tools exists 
in the division of the tool profile into 
different cutting sections. Each cutting 
section consists of one indexable insert; 
the number of cutting sections increases 
according to the module of the tool. For 
small-module hobs the profile is divided 
into two sections — each with one index-
able insert. One indexable insert cuts the 
left side of the gap and one indexable 
insert cuts the right side of the gap. For 
large-module hobs the profile is divided 

into more than two sections. Especially 
the tip area of the tool can consist of 
several indexable inserts as this area 
shows the maximum chip thickness that 
can be reduced by an overlap.

In addition to the distribution of the 
profile, the cutting sections are also 
distributed along the tool circumfer-
ence in order to create cutting edges for 
all hob gashes. In most cases, the angles 
between the individual cutting sections are 
constant. This results in equal loads for all 
indexable inserts. But also changing angles 
between the cutting sections are used to 
distribute the load on different cutting 
sections and, therefore, on the different 
indexable inserts. This can be taken into 
account in the extended model (Fig. 8).

The tool profile is divided into several 
cutting sections. The individual indexable 
inserts successively penetrate the work-
piece body and, therefore, it is possible 
to calculate the formation of non-
deformed chip geometries for each index-
able insert. In order to define the cutting 
sections the position with its upper and 
lower geometrical limitations needs to 
be known. The position of each cutting 
section along the tool circumference can 
be described by the angle δφi. By this 
parameter also different angular positon 
of the cutting sections can be considered.

For a better understanding of the 
tool concept, a hobbing process with an 
indexable insert tool typically used in the 
wind power industry is considered. The 

tool has a tip diameter of da,0 = 300 mm 
(Fig. 9). The tool profile is represented 
by six cutting sections. The division of 
the cutting sections is symmetrical to 
the profile center line. The tip area of 
the tool profile is represented by one left 
and one right tip indexable insert, as well 
as by one left and one right indexable 
insert at the flank. In the lower area of the 
profile, straight-sided indexable inserts 
are located. The combination of one right 
and one left tip indexable insert results 
in an effective number of tip cutting 
edges Zeff. Therefore the flank’s indexable 
inserts are not considered in the defini-
tion of the effective tip cutting edges. 
The cutting loads in the flank area are 
significantly lower than at the tooth tip. 
The tool has in total 8.5 groups of index-
able inserts along the tool circumference, 
therefore, Zeff  = 17 effective tip cutting 
edges. The tool profile contains a protu-
berance that creates a clearance in the 
tooth root area.

The test gear is a planetary gear with a 
module of mn = 16 mm; a pressure angle 
of αn = 20°; a helix angle of β = 7.5°; and a 
tip diameter of da,2 = 615 mm. The gear is 
made of the steel alloy 18CrNiMo7-6 and 
has z = 35 teeth and, therefore, for this 
gear size both hobbing and form milling 
processes are efficiently used.

With the geometry data from the tool 
and the workpiece as well as process 
parameters like axial feed rate, the model 
calculates the non-deformed geometry 

Figure 8: � Further development of penetration calculation for application of indexable inserts.
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of the intermittent chips. Through the 
evaluation of the chip geometry, different 
characteristic values, such as intermit-
tent loads during the process, can be 
calculated. Currently, the model is able to 
provide the maximum hcu,max and average 
chip thickness hcu,mit, the related chip 
volume V' and the maximum and average 
cutting length, lmax and lmit, during the 
process. These characteristic values are 
output parameters for the entire process 
as well as individually for each index-
able insert over the unrolled tool profile. 
Hence, the loads at each point of the 
cutting edge can be determined and eval-
uated. For the process described above, 
examples of maximum chip thickness 
hcu,max, maximum cutting length lmax and 

related volume V' for individual indexable 
insert over the unrolled tool profile are 
presented in Figure 10. The course of the 
maximum chip thickness is divided onto 
the different indexable inserts. The lower 
flank indexable inserts Nos. 3 and 6 cut 
the material with a maximum chip thick-
ness of hcu,max = 0.14 mm. The course of 
the upper flank indexable inserts Nos. 1 
and 4 can be divided into two sections. 
The first section has a linear increase that 
occurs during the flank machining; the 
second section has a parabolic increase 
that occurs during the tip machining. 
The maximum chip thickness is obtained 
at the upper flank indexable inserts in 
the tip area of the tool with a value of 
hcu,max = 0.34 mm. The tip indexable insert 

Nos. 2 and 5 cut exclusively in the tip area 
of the tool. The progress of the maximum 
chip thickness is similar to that of the 
upper flank indexable inserts in the tip 
area. The parabolic profile increases to 
a maximum value of hcu,max = 0.34 mm. 
With the additional application of the 
tip indexable inserts, the loads in the tip 
area are distributed over the upper flank 
and tip indexable inserts. The index-
able inserts allocated in the tip area of 
the tool are evenly distributed over the 
tool circumference. Because of this, 
uniform distribution and the same value 
for the maximum chip thickness of 
hcu,max = 0.34 mm can be found at all tip 
indexable inserts.

Method of the calculation of the 

Figure 9 � Tool and gear parameters for indexable insert hobbing.

Figure 10 � Calculated characteristics values.
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working angles. The working angles 
occurring during the process through 
the variable velocity components along 
the cutting edge and the rotation angles 
of the hob can only be reasonably calcu-
lated by means of computer support. 
SPARTApro was further developed in 
order to calculate the working angles 
along the cutting edge. In the software, 
the cutting edge is defined by individual 
points and the number of these points 
is specified in the SPARTApro interface. 
For each point at the cutting edge, the 
resultant velocity vector V, the normal 
vector N and the clearance normal vector 
KN are calculated (Fig. 11). The velocity 
vector gives the information regarding 
the direction of the motion of the point. 
The normal vector is localized perpen-
dicular to the cutting edge, in the plane 
of the rake surface. The clearance normal 
vector is perpendicular to the clearance 
surface. From the cross product of the 
normal vector and the clearance normal 
vector, the Pne plane is calculated. The 
Pne plane is the plane where the working 
clearance angle is measured. The vector 
Pne is perpendicular to the Pne plane, 
in the direction of the cutting edge. The 
cross product between Pne vector and 
velocity vector generates a plane called 
Pse. The Pse plane is tangential to the 
cutting edge, in the direction of the resul-
tant velocity. With the cross product 
between Pse vector, the vector perpen-
dicular to the Pse plane, and the clearance 
normal vector, the Aα plane is generated. 
The plane Aα and the clearance surface 

are localized in the same plane. The 
working clearance angle φfw is the angle 
measured between the Pse and the Aα 
plane in the Pne plane.

Analysis of the Working Tool 
Angle in Machining
The following section about the anal-
ysis of working angles during machining 
includes the description of these angles 
for each individual test point. The simu-
lation with the software SPARTApro 
(Refs. 14–15) gives an estimation of 
the influence of the working angles on 
tool wear behavior. In addition, also 
presened is the scheduled simulation 
plan for further KL500/134-1 project 
developments.

Design of experiments. In order to 
investigate the influence of the working 
angles on the tool wear during hobbing, 
the simulation plan is shown (Fig. 12). The 
adjustment of the tool angles is performed 
through the relative velocity, shown in 
Equation 4 and the designed tool angles; 
the latter can be held in the tool. In order 
to cover a wide range of parameters it is 
necessary to vary the designed tool angles. 
At the starting point of the experimental 
plan the flank rake angle is σf = 0°, the 
clearance angle of φf = 6° and a maximal 
chip thickness of hcu,max = 0.25 mm. The 
values established in the experimental 
plan correspond to the current state of 
the art. From the base point the designed 
flank clearance angle φf is varied to 2°, 
10° and 15°. The designed flank rake 
angle is varied in the range of -15°, -5°, 

0°, 5°, 15°. The chip thickness plays a 
decisive role on the wear behavior of the 
hob (Refs. 16–18) and, therefore, a varia-
tion of the chip thickness is taken into 
consideration in the experimental plan. 
The values extend from the base point 
(hcu,max = 0.25 mm) upwards to a maximum 
of hcu,max = 0.35 mm and downwards to a 
minimum of hcu,max = 0.15 mm. The gear 
considered for this experimental plan is a 
large gear with a module of mn = 10 mm, 
number of teeth z = 53, helix angle β = 10° 
and a pressure angle of α = 20°.

In order to characterize the tests 
variants, characteristic values such as 
maximum chip thickness hcu,max, average 
chip thickness hcu,max, number of cuts 
and chip length are calculated with 
SPARTApro. These characteristic values 
are presented (Fig. 13) as a function of 
the unrolled tool profile. The curves 
of the maximum chip thickness have 
a peak beginning on the tip left flank 
of the tool. The maximum values are 
detected in the tip area of the blade for 
the respective values hcu,max = 0.15 mm, 
hcu,max = 0.25 mm and hcu,max = 0.35 mm. 
In the right flank, the curve also drops 
from tip to root. In the curve for 
maximum chip thickness, the values of 
the left flank are smaller than the values 
of the right flank. It is expected that the 
variant with the maximum chip thickness 
of hcu,max = 0.35 mm generates the most 
wear. The cutting forces increase with the 
increase of the chip thickness, inducing 
higher loads at the cutting edge.

The curves of the number of cuts 

Figure 11 � Calculation method of the working clearance angle in SPARTApro.
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rise on the flank towards the tip. The 
maximum values are found in the transi-
tion area between the left flank and the 
tip, reaching the value of 27 cuts. In the 
tip area, the curves drop again, reaching 
values from 12 to 15 cuts. In the transi-
tion area between tip and right flank, the 
curves rise again.

Analysis of the working clearance 
angles. According to the experimental 
plan presented, the clearance angle is 
varied between the values φf = 2°, 6°, 10° 
and 15°. The designed clearance angle 
and the maximum working clearance 
angle calculated by the simulation are 
shown (Fig. 14). The clearance angle 
calculated for each case is plotted over 

the unrolled tool profile. The process 
parameters remain the same for all cases, 
such as a cutting velocity of vc = 120 
m/min, a maximum chip thickness of 
hcu,max = 0.25 mm and designed tip rake 
angle of σa = 0°. In Figure 14 the designed 
clearance angle is represented by a 
dashed line while the working clearance 
angle is designated by a solid line. For 
the case with a designed clearance angle 
of φf = 2° the working clearance angle on 
the left flank reaches the value φfw = –3°. 
In the tip area the curve for the working 
clearance angle reaches its maximum, 
which is identical to the designed clear-
ance angle φf = φfw = 20°. In the right flank 
the working clearance angle is established 

in φfw = 7°. Thus, the maximum working 
clearance angle alteration for both left 
and right flank is the same — only in 
different directions. The negative value 
of the working clearance angle on the 
left flank causes the contact between 
the left clearance surface and the work-
piece tooth flank surface. The resulting 
mechanical and thermal stresses gener-
ated in the tool clearance surface cause an 
increase of the tool wear.

The curves for the working clearance 
angle variation of φf = 6°, 10° and 15° are 
similar to the variation of the φf = 2°, but 
with a shift upwards according to the 
respective angle variation amount. The 
case of φf = 6° shows a working clearance 

Figure 12 � Workpiece and design of experiments.

Figure 13 � Calculated characteristic values with SPARTApro.

64 GEAR TECHNOLOGY  |  January/February 2018
[www.geartechnology.com]

technical



angle of φfw = 1° on the left flank. A small 
clearance angle leads to a larger contact 
area and, therefore, an increase the heat 
flow to the tool substrate. The increase of 
temperature in the cutting process causes 
a progressive increase of wear (Ref. 3).

Analysis of the working rake angles. 
Figure 15 shows the designed and working 
rake angles for each case presented in the 
experimental plan for the rake angles. As 
already established in early diagrams, the 
designed rake angle is represented by a 
dashed line, while the working rake angle 
is a solid line. The process parameters 
used for the tests are the same used in 
the tests with the clearance angle. The 
designed rake angles vary between the 

values σf = –15°, –5°, 5° and 15°. For all 
four variants, the designed flank clear-
ance angle is established with φf = 6° and 
the designed tip rake angle with σa = 0°. 
During the cutting process, the tool rake 
angles of the left flank are different from 
the rake angles of the right flank. The 
magnitude of the angles in both flanks are 
the same, but with an opposite sign. This 
characteristic is shown in the curve of the 
designed rake flank angle in Figure 15. For 
the variant σf = –15°, a minimum working 
flank rake angle of σfw = –19° is established 
on the left flank during the process. The 
large negative rake angles lead to a skive 
during the cutting process. In addition, 
the cutting forces will increase and the 

following chip will be in contact with the 
rake surface, causing friction. Due to the 
large wedge angle of β = 99°, the cutting 
edge is strengthened.

The working rake angle in the tip area 
of the tool is σfw = 0°. In the transition areas 
between left flank and tip and between 
tip and right flank the working flank rake 
angle increases. The right flank exhibits 
a maximum working flank rake angle 
of σfw = 22°, which decreases the cutting 
forces. In this case, the cutting is sharper 
and the chip can flow away better from the 
tool. However, in the same time the wedge 
angle is reduced to β = 69°. Small wedge 
angles decrease the tool stability and can 
cause cutting edge breakage.

Figure 14 � Calculated working clearance angle.

Figure 15 � Calculated working rake angle.
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For the case where σ f = –5°, the 
maximum working rake angle on the left 
flank is σfw = –10° and on the right flank 
the same angle is σfw = 10°. In order to be 
able to analyze the effect of the angle on 
both leading and trailing flank of the tool, 
the working rake angle is mirrored in the 
center of the tooth tip, as shown in the 
diagrams of σf = 5° and 15°.

Summary and Outlook
In this report the working tool angles for 
an ideal cutting edge and a hob cutting 
edge were described and analyzed. For 
optimized hob design, the influence on 
the tool wear by means of working tool 
angles is important. Due to the variation 
of the velocity at the cutting edge and the 
tool rotation, the working tool angles can 
be determined only by computer-based 
calculations. For this purpose SPARTApro 
was further developed, now including a 
method that can calculate the working 
tool angles along the cutting edge. A test 
model was designed for the case of a large 
gear with a module of mn = 10 mm. For 
the test model, an experimental setup was 
defined, in which the designed rake and 
clearance angles as well as the chip thick-
ness were varied. The working tool angles 
were calculated for each point in the 
experimental setup and an estimation of 
the influence on the tool wear was given. 
As the design of tool angles has the highest 
degree of freedom for hobs with index-
able inserts, SPARTApro furthermore was 
enhanced by a method for consideration 
of split tool profiles with overlap sections.

For further steps experimental tool 
wear investigations based on the test 
model are planned. Tools with the angles 
from the experimental setup will be 
used, and wear measurements will be 
performed in constant intervals. From 
these tests the influence of the working 
tool angles on the tool wear can be deter-
mined more precisely. The developed 
calculation method can be applied in the 
wear tests and can give a better under-
standing for wear phenomena.
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