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Introduction
The manufacturing of spiral bevel and hypoid gears can be con-
ducted in several ways. The following methods are commonly 
known:
A. Face hobbing with a circular face cutter that rotates while the 

work rotates in the opposite direction (continuous indexing).
B. Face hobbing with tapered hob (peripheral cutter) that 

rotates while the work rotates as well (continuous indexing).
C. Planing method with one or two tools that move linearly, 

while the work either is performing a roll rotation or a com-
bination of roll rotations and an additional rotation for a 
spiral-shaped flank line (single indexing).

D. Face milling with circular face cutter that rotates while the 
generating gear is not rotating, the work only performs a roll, 
but no indexing motion (single indexing).

E. Universal 5-axis milling with pencil-shaped end mill or disk-
shaped cutter (single slot manufacturing).

Methods A through D are well known and have been per-
formed for more than 70 years. Method E became available 
with the possibility to enter complex free-form surfaces into the 
control of 5-axis universal milling machines. While the manu-
facturing time is between 10 and 100 times that of the processes 
A through D, the accuracy might generally be lower than that of 
the dedicated machines used to perform methods A through D. 
The advantage of 5-axis bevel gear machining is the flexibility; 
no special cutting tool is required and the bevel gear size is only 
limited by the size of the 5-axis machines available (Refs. 1–2).

Five-axes machining uses a spherical- or cylindrical-shaped 
mill to shape the flank surfaces. The data post-processing uses 
flank surface points and, in some cases, normal vectors to cal-
culate the machining paths. The machining paths must be close 
enough to achieve enveloping paths that approximate the target 
surface with sufficient precision. The orientation of the envelop-
ing paths (flats) is linked only to the machining strategy in order 
to minimize the machining time and the deviation from the 
target flank surface. It has to be considered in manufacturing of 
bevel gears with machining centers that a generated bevel gear 
tooth consists of up to 7 different areas:
1. Flank surface — first flank
2. Flank surface — second flank
3. Root fillet radius — below first flank
4. Root fillet radius — below second flank
5. Slot bottom — between both root fillet radii
6. Undercut section — below first flank and above root fillet
7. Undercut section — below second flank and above root fillet

The true profile and lead generation, according to the gear-
ing law, only works within the flank surface and in the root fil-
let area, i.e. — from the flank transition down towards the root 
bottom, ending in the area of the 30° tangent point. Depending 
on the severity and character of the undercut, it is impossible to 
generate this area precisely with correct normal vectors. Also 

the slot bottom — connecting the fillet region from the 30° tan-
gent through the deepest bottom land to the opposite side root 
radius at the 30° tangent — cannot be generated using the com-
mon surface-generating algorithm for bevel and hypoid gears.

In regards to face-hobbed gears with extended toe or heel 
ends, it is also equally difficult or impossible to generate the 
extension of the flank surface, which in many cases does not 
consist of a true flank surface according to the gearing law. One 
typical example is slotted nose pieces that represent flank sur-
face extension far behind the heel of the pinion to be clamped 
in front of the nose piece. However, those problem areas are 
formed with a face cutter head that represents one tooth of the 
generating gear. The generating gear (Fig. 1) will form them as: 
an undercut section, as root bottom area, or as enveloping form 
cuts beyond the theoretical face width. If the undercut, root 
bottom area, etc. are formed by the generating gear, then it is 
assured that rolling without disturbances between pinion and 
gear can occur. Undercut, for example, is not an “evil” caused by 
the manufacturing process; rather, it is a geometrical necessity 
in order to assure correct rolling without interferences (Ref. 3).

But the solution for the problem areas is not a substitution of 
those sections with plane, cylindrical or parabolic surface ele-
ments, because of the risk of either weakening the teeth or caus-
ing rolling disturbances.

Figure 1  Face cutter representing one tooth of a generating gear.
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Universal Method Derived from Face Cutting Process
The face milling method defines flank surfaces dependent on 
basic settings that define the relative location between a face 
cutter head, a generating gear axis and a work axis — as well 
as a kinematic relationship between those three components. 
A spread blade face milling cutter envelopes both an outside 
cone and an inside cone which in turn form a circular channel. 
Cup-shaped grinding wheels are dimensioned to duplicate the 
cutting channel for one particular gear design (with stock allow-
ance taken into account).

A typical cutting or grinding channel is shown (Fig. 2). 
Particularly for large spiral bevel gear sets, it is common to use 
pressure angles of 20° for concave and convex flanks. In such 
cases, outside and inside silhouettes of the cutting channel are 
cones with angles of +20° and –20° relative to the axis of rota-
tion. A tapered milling tool with a cone angle of 20° and a tip 
diameter with the value of the point width compared to the face 

mill cutter head (Fig. 3) would fit into the cutting channel.
If the milling tool has an edge radius and a straight or curved 

profile with additional features, then the cross- sectional view 
of the milling tool can exactly duplicate the cross-section of the 
cutting channel. Such a milling tool can be positioned in the 
cutting spindle of a free-form bevel gear cutting machine. If the 
cutting machine axis would perform the regular cycle of move-
ments as it is applied to generate a bevel gear in the conven-
tional face cutter head process, then the pencil-shaped milling 
tool would not form the correct tooth geometry.

However, the milling tool would in this case be located in the 
center of the face milling cutter. In order to duplicate the flank 
surface forming action (cutting and generating), two additions 
to the standard setup and cutting cycle are necessary to accom-
modate the pencil milling tool. First, the milling tool is required 
to be moved from the face mill cutter center to an offset loca-
tion (“a” in Fig. 4). The offset vector is identical to the average 

 

Figure 2  A typical cutting or grinding channel.

Figure 3  Conical milling tool.

Figure 4  Pencil milling tool moved to offset location.
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cutter point radius vector and can be located in the center of the 
tooth face width (point “a” in Fig. 4). Second, the milling tool 
has to follow a circular arc in the plane of the face milling cutter. 
Figure 4 shows the case where the face milling cutter rotational 
plane is identical to the plane X-Z.

The conventional cutting machine setup positions the cut-
ter center at the tip of the vector Ex (Fig. 4). To enable use of 
a tapered milling cutter, the center of the cutter spindle must 
be positioned along the path of the arc b-a-c (Fig. 4) and also 
move between the positions b-a-c (and reverse), while the cut-
ting machine is in one roll position. In the next roll position the 
movement along b-a-c must repeat. It is also possible to use a 
continuous slow roll motion, while the machine axes perform a 
fast pendulum motion of the tool center between b-a-c.

The cycle described can utilize a standard free-form bevel cut-
ting machine with a modified cutting cycle. The only change vs. 
the conventional part program is the additional term shown in 
the formulas below:

Milling Cutter 
Location

Conventional Face 
Cutter Center Additional Term

b: EX + RW × {sin (–q0 + α0 +
AF )}2

0
cos (–q0 + α0 +

AF )2

a: EX + RW × { sin (–q0 + α0) }0
cos (–q0 + α0)

c: EX + RW × { sin (–q0 + α0 –
AF )}2

0
cos (–q0 + α0 –

AF )2

In order to generate the profile of a tooth, the generating gear 
must rotate. This rotation is equal to a rotation of the vector Ex 
(Fig. 4) about the axis Y (perpendicular to the drawing plane).

The introduced, proprietary new process is called UNIMILL. 
The infrastructure and accuracy level of the free-form bevel gear 
machine are a desirable platform for bevel gear cutting with the 
UNIMILL process.

One advantage of the UNIMILL method is the fact that it 
produces identical bevel gear geometries as produced with face 

milling cutters. Even the generating flats have the same charac-
teristics and angular orientation between the presented method 
and the face milling cutter method. Figure 5 (left) shows a 
three-dimensional representation of the conical milling tool 
as it simulates the face cutter in one instantaneous roll posi-
tion. Since the face cutter would produce in this roll position 
one generating flat-per-flank (indicated on the outside silhou-
ette, Fig. 5), the tapered milling tool will produce the identical 
flat. As the rolling motion progresses, further flats will be pro-
duced. Figure 5 (right) shows how the generating flat sections 
of the tool silhouette relate to the real generating flats on a flank 
surface.

The generating flat orientation of the 5-axis methods E differ 
from the face milling or face hobbing cutting methods, which 
will introduce in many cases different roll conditions. A surface 
structure identical to the original face cutter process is a sig-
nificant advantage of the UNIMILL process. A second advantage 
of this method is the fact that standard cycles can be applied 
(super-imposed by said pendulum motion); e.g. — for soft cut-
ting that leads to manufacturing times of 10-to-50 times that 
of the processes A and D — and is, in most cases, only 50% of 
the manufacturing time of a 5-axis machine using an end mill 
according to process E. At the same time, the gear accuracy of 
the UNIMILL method is comparable to the A and D process, 
due to the use of a gear machine tool concept.

A third advantage of UNIMILL is the unlimited compat-
ibility to the cutting and grinding with face cutters; all existing 
design and optimization computer programs can be used. Also 
the nominal data calculations and correction matrixes that are 
well established and proven in correction software tools such as 
G-AGE can be applied without limitation. Yet another advantage 
of UNIMILL is the fact that undercut conditions and root fil-
let geometry are identical to the original geometry, generated 
by the face cutter process. As already noted, the elimination of 
undercut in an existing design is not an option because of the 
roll disturbances this will cause.

Even with unequal inside and outside blade angles of the ana-
logue face cutter process, a tapered milling cutter with half the 
included blade angles (αIB + αOB)/2 as cone angle can be used if 
the milling tool will be inclined by κmill-tool = –(αIB – αOB)/2.

The calculation of the position of a tapered milling tool 
in the general case can be achieved based on the geometric 

Figure 5  Cutter blade silhouette and generating flats.
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relationships of Figures 6 and 7, as follows:
Input:

• Cutter tilt = Wx
• Cutter swivel = Wy
• Mean cutter radius = Rw
• Cutter phase angle reference value = αo
• Cutter phase angle = αx = Swing Angle
• Roll position = q
• Blade reference height = HR
• Sliding base position = XB
• Additional milling tool inclination = κMill_Tool
• Radial Setting = S
• Cutter Radius vector at reference position = Rw 

(α0)
After performing the transformations from con-

ventional basic settings to the settings of a tapered 
mill cutting tool, the following steps can be applied 
in order to prepare all data for the UMIMILL 
process:
▪ Choose a number of roll positions that split qstart 

and qend in 50 increments:
→ q1, q2, q3 … q51

where:
q1 = qstart; q2 = qstart + Δq; q3 = qstart + 2Δq; 

q51 = qstart + 50Δq
Δq => Δq = (qend–qstart)/50
▪Apply for each roll position the formulas for the 

tool position, e.g. — for 200 increments:
→ α1, α2, α3 …α201

where:
α1 = α0–AF/2;α2 = α1 + Δα; α3 = α1 + 2Δα; 

α201 = α1 + 200Δα
Δα = AF/200

Data Processing for Generation and 
Swing Motion
While the described method was shown and 
explained for the single indexing process, it can also 
be applied to the continuous indexing process. The 
cutter rotation ɷ is in a timed relationship with the 
work rotation, superimposed to the roll motion on 
the work (in a continuous mode) or applied in dis-
crete roll positions. This is similar to the previous 
explanations, where either roll and/or cutter rota-
tion angle (equal tapered mill position) have been 
observed in discrete increments:

ωwork = ΩCradle/RA + ω ZTool/ZWork

or
δwork,i,j = δwork,start + qi/RA + αjZtool/Zwork

However, the discrete observation and the pro-
cessing of the roll positions lead to a looped data 
and position processing:

Figure 6  Inclination of tapered milling tool.

Figure 7  Triangular vector for generating bevel gears with tilted end-mill.
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In both cases — continuous or single 
index — machining, the last presented formu-
las are valid and can be applied. Those formu-
las can be applied for an asymmetrical cutting 
channel (Fig. 6), as well as for a symmetrical 
cutting channel (Fig. 2). The symmetrical cut-
ting channel only presents a special case of the 
more general asymmetrical cutting channel 
(κmill_tool = 0).

There are a multitude of possibilities to 
derive the formulas in order to position and 
move the tapered milling tool. However, trigo-
nometric calculations would in their solution 
show intrinsic function depending on roll, 
tool rotation, and work rotation angles, as well 
as linear constants. The derivations shown 
here use the basic machine settings that relate 
to the generating gear. The resulting vectors 
Exmill and Ycutmill can be converted to basic 
settings:
Si = √ Ex2

mill,x + Ex2
mill,y   Radial Distance

 qi = arctan (Exmill,x/Exmill,y)  Roll Position
 XB,i = Exmill,y  Sliding Base
 Wx,i = arccos (Ycutmill,y)  Tilt
 Wy,i = arctan (Ycutmill,x/Ycutmill,z)–qi  Swivel
Additional basic settings, such as:

XP… Head Setting
EM… Machine Offset
γM… Machine Root Angle
RA… Ratio of Roll

do not change during the conversion from 
conventional tool to tapered mill. The basic 
settings, as shown above, can be converted 
into a 6-axes Phoenix coordinate system.

Expanding to a Variety of Highly 
Efficient Tools
The UNIMILL machining method can be 
expanded to use a milling tool which is, for 
example, cylindrical and only machines one 
flank surface at a time (like outside flank 
shown in Fig. 8). The tool inclination angle 
in this case is –αOB. The maximal diameter 
of such a tool is limited (Fig. 8). A diameter 
larger than shown in Figure 8 causes mutila-
tion of the opposite flank (inside flank). It is 

Figure 8  Cylindrical tool, machining outside profile only.

Figure 9  Cylindrical tool with conical inside profile.
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possible with such a cylindrical tool to machine 
the opposite flank in a second set of machining 
passes, if the sign of the tool inclination angle is 
changed (+αOB). For correct definition, it should 
be stated that the vector RW2 points to the cen-
terline of the reference profile. Its preferred loca-
tion is in the center of the face width; in cases of 
asymmetric pressure angles it is located radially 
in order to split the point width of the reference 
profile in two equal parts. The point width is 
the width of the bottom of the reference chan-
nel — in an axial plane in case of face milling cut-
ters, and in the offset plane in case of face hob-
bing cutters.

If the tool diameter is increased to a certain 
extent, it then becomes possible to machine the 
second flank (IB) simultaneously to the first 
(OB-flank; Fig 9).

However, in order to machine a flank without 
mutilation, the requirement regarding the curva-
ture radius is as follows:

ρOB Tip ≤ ρminOB (given in Fig. 9)
ρOB Flank ≤ ρmaxOB (given in Fig. 9)
ρIB Tip ≥ ρmaxIB (not given in Fig. 9)
ρIB Flank ≥ ρminIB (not given in Fig. 9)

The diameter of the cutting tool in Figure 
9 must be increased until the axis of rota-
tion crosses the origin of ρminOB (intersection 
with original cutting tool axis). In such a case, 
ρIB Tip = ρmaxIB and ρIB Flank > ρminIB applies (Fig. 10). 
κmill_tool in Figure 10 is still -αOB, as with Figure 8. 
Different angles of κmill_tool can be realized if the 
axis of rotation intersects with the original tool 
axis in point Pρ. Pρ is determined as the ori-
gin of ρminOB. ρIB > ρmaxIB is always given in such 
a case. Figure 11 shows machining tool geom-
etries based on κmill_tool = –60º, –70º and –90º. 
κmill_tool = –90º is an interesting, special case of a 
peripheral tool.

In every case in Figure 11 (vector designations 
5, 6, and 7) the vector ρminOB was constructed 
first. It has an intersection with the face cut-
ter tool axis in point Pρ. The chosen milling 
tool inclination angle κmill_tool leads in Figure 
11 to a tool axis, which crosses the face cutter 
tool axis in point Pρ. This leads to the smallest 
possible milling tool diameter which fulfills the 
requirements:

ρOB Tip ≤ ρminOB (Figure 11 — ρOB Tip = ρminOB)
ρOB Flank ≤ ρmaxOB (given in Figure 11)
ρIB Tip ≥ ρmaxIB (given in Figure 11)
ρIB Flank ≥ ρminIB (given in Figure 11)

Figure 10  Cylindrical tool with conical inside profile and larger diameter in order 
to avoid mutilation.

Figure 11  Variety of tools by increasing tool inclination angle, leading to a pure 
peripheral cutting tool.
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Figure 12  Variety of UNIMILL tools.

 

Figure 13  Milling of a face hobbed hypoid pinion (left) and a slotted nose piece (right).

Tools and Examples
If UNIMILL is utilized as a prototyping method, the use of disk 
cutters is most productive; but the use of tapered end mills 
requires the lowest tool investment (Fig. 12, right and middle). 
Due to the use of standard inserts (Fig. 12, left), multi-start fly 
cutters similar to bevel gear chamfer cutters present certain 
restrictions regarding blade point width and edge radius. Flared 
disc cutters that use stick blades (PentacSlimLine) are also avail-
able (Ref. 4). The advantage of tapered end mills is that most 
gear manufacturers can find nearby local tool shops that can 
manufacture a new milling tool from carbide material — includ-
ing coating — in less than two weeks. The basic dimensions of a 
tapered end mill are point width, edge radius, and the included 
angle of the taper.

The cutting scenario of a face-hobbed hypoid pinion is shown 
(Fig. 13, left). The end mill moves from heel to toe while it is 
milling one generating flat at the convex pinion flank. After the 
end mill exits the slot at the toe, the machine axes set over to the 
concave side in order to machine the corresponding drive side 
generating flat.

The movement along the face width is called “swing motion.” 
Changing the swing motion between start and end roll position 
is possible in three sections, depending on the different chip 
load in the different areas. After a part is finished, a coordinate 

measurement is conducted and, in case of significant deviations 
between nominal and actual flank, G-AGE corrections are cal-
culated and sent via network to the Phoenix machine control. 
Similar to the procedure in conventional bevel gear manufactur-
ing, the corrections are applied in a menu to the basic settings 
and the UNIMILL software converts the basic settings to a part 
program with axes motion commands.

In Figure 14 the scenario of a nose piece milling with a disk-
shaped HSS cutter is shown. In the case of nose pieces, disk 
cutters are very beneficial; the slots are normally very wide and 
the root fillet radius can be standardized, because root bending 
strength is not a criterion for those parts.

Today, all the UNIMILL software is implemented in the 
machine control. The control computer receives a download file 
that includes basic settings with gear blank data — very similar 
to regular bevel gear machining. The operator screen allows the 
entering of speeds and feeds, as well as the number of generat-
ing flats and over travel amounts, etc. In order to utilize existing 
experiences in bevel gear manufacturing, the basic settings are 
calculated by the machine control and displayed to the opera-
tor. The basic settings can be changed not only with G-AGE 
corrections, but also by adding or subtracting delta values. The 
“Master Summary” feature allows return from the developed 
summary to the original summary at any time.
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A variety of different parts manufactured with UNIMILL is shown 
(Fig. 15). In addition to spiral bevel and hypoid gears, the milling of 
straight bevel gears has also been developed. Figure 15 (right) shows a 
large spiral bevel gearset that was soft cut with UNIMILL and then hard 
skived after heat treatment. The UNIMILL process has shown to be suit-
able for a hard skiving process, which replaces either grinding or skiving 
with a dedicated face cutter. Just like in soft cutting, the UNIMILL hard 
skiving process also applies to small quantities as, for example, proto-
types, in order to minimize the cost of required equipment and tooling.

Figure 14  Milling of slotted nose piece with HSS disk cutter.

 

Figure 15  Different gear types machined with the UNIMILL process.
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Practical Experience with Straight Bevel Gears
With straight bevel gears — in addition to prototype manufactur-
ing — the possibility of machining parts with a front bearing hub 
is an attractive application for UNIMILL. These parts have been 
manufactured in the past with two-tool generators, which only 
deliver medium quality in a rather slow process. Often, the mate-
rial of solid parts with an integrated front hub was difficult to 
machine because of a high strength requirement. The possibility 
to use coated carbide tools in UNIMILL gives manufacturers an 
incentive to replace their aged two-tool generators with modern 
CNC equipment, allowing for state-of-the-art closed-loop manu-
facturing. The straight bevel gear (Fig. 16) requires a manufactur-
ing time of 2 hours, with a tool life of 4 parts. The tools can be re-
sharpened up to 10 times before requiring replacement.

Experience in the cutting of straight bevel gears with 
UNIMILL has been gained over the past few years. A variety 
of tool holder and coated-carbide cutting tools was applied. In 
some cases the manufacturers of these gears prefer using pre-
slotted parts in order to reduce the amount of chip removal and, 
subsequently, reduce the UNIMILL cutting time. The software 
was also expanded for stock division capability, vector feed and 
a Coniflex quick cycle.

Basic Milling Tool Data
The basic information is retrieved from the dimension sheet 
and from the blade profile grinding summary of the particu-
lar job. Figure 17 shows a section of the dimension sheet with 
the convex and concave pressure angles (highlighted yellow). 
Both added together (in the present case 20° + 20°) results in the 
included pressure angle (here equals to 40°). The end-mill cone 
angle must be less than half of the included pressure angle. In 
the present case, a cone angle of 15° is optimal.

The axial height of the end-mill can be retrieved from the 
Blade Profile Grinding Summary in Figure 18, item 16 “Axial 
Grind Depth.”

For the correct dimensioning of the edge radius RE, it is advis-
able to calculate first the maximum possible edge radius for the 
given dimensions. In addition to the cone angle αT, the end-mill 
point width PW is required. The end-mill point width should 
match the blade top width (item 09 in Fig. 18). A larger PW can 
be used within limits, but PW cannot be larger than the smallest 
point width of the gear slot (item 8 in Fig. 18, top). The formula 
(Fig. 19) is used to calculate the largest possible edge radius for 
the end-mill RE. In the present case, using PW = 1.84 mm, the 
largest possible edge radius is RE = 0.65 × PW = 1.2 mm. After RE 
is calculated, it has to be compared to the Edge Radius Pressure 
Angle Side (item 06 in Figure 18). If the result of RE is smaller 
than item 06 in Figure 18, then the calculated number of RE 
must be used for the end-mill.

In the present case, the summary item 06 in Figure 18 is 
0.51 mm, which is smaller than the calculated maximum 

Figure 16  Straight bevel gear with front hub.

Figure 17  Section of dimension sheet. Figure 18  Blade profile grinding summary.
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possible radius for RE. In this case, RE = 0.51 is the cor-
rect edge radius for the end-mill. In the present case, the 
end-mill design, according to the graphic (Fig. 20), will 
have a flat spot at the tip, connecting the two edge radii in 
the cross-sectional drawing (which of course is) only one 
edge radius of the rotationally symmetric end-mill.)

Measurement of the stock division probe reference 
height is shown (Fig. 21, left). The probe is placed in the 
milling tool holder and an electronic height measurement 
caliper on a granite plate, or any other precisely flat sur-
face, is used to determine the overall height (stock divi-
sion probe reference height) of the assembly. The same 
procedure (Fig. 21, right) is applied to determine the cut-
ter reference height. Both reference heights are entered 
into the machine summary. For the initial stock division 
teaching, the probe is inserted into the tool holder on the 
machine instead of the tool. The next step is performed 
manually by jogging the probe along a predetermined 
feed vector while the unclamped work is rotated back 
and forth until the probe sphere begins to contact both 
flanks (Fig. 22). Now the part is clamped and the auto-
matic stock divider teaching is done by simply running 
the teaching routine via menu. To begin the milling, the 
probe is now exchanged with the milling tool.

Coniflex cutting with UNIMILL uses basic settings 
from a AAA data file. Because the original Coniflex pro-
cess is not a completing, but a single side cutting method, 
it is recommended to use the standard UNIMILL cycle if 
the parts are not pre-slotted. The standard cycle mills a 
surface flat in one roll position on the lower flank (from 
heel to toe), and then a surface flat in the same roll posi-
tion on the upper flank in the return swing, as schemati-
cally explained (Fig. 23, left). This cycle, which constantly 
alternates between lower and upper flank, avoids double 
flank contact of the fast rotating tool — thus assuring a 

Figure 19  Fully rounded end-mill tip.

Figure 20  Conical end-mill with edge radius smaller than the fully rounded 
radius.

 

Figure 21  Reference height measurement of stock division probe and milling cutter.
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smooth milling action.
If straight bevel gears are pre-slotted, the 

slotting can be done on a two-tool generator 
or on planers with an indexing head. For the 
case of pre-slotted parts, the “Optimized Roll 
Mode” is recommended. In the optimized 
roll mode the tool swings from heel to toe in 
one roll position (cutting the lower flank), 
and then returns from toe to heel in the next 
roll position, still milling the lower flank, as 
indicated in the right-side graphic in Figure 
23. The heel to toe swing is, for example, con-
ventional cutting, while the return swing is 
climb cutting. After finishing the complete 
lower flank, the milling tool changes to the 
upper flank and repeats the same cycle. With 
the described optimized cycle the constant 
change between lower and upper flank is 
avoided, which saves about 15% cycle time. 
The pre-slotting allows faster milling with a 
lower number of roll positions, which saves 
25% of the original cutting time. Both cycle 
time reduction elements together will reduce 
the cycle time for cutting pre-slotted parts 
down to about 40% of the original cycle time 
of cutting un-slotted parts.

An interesting observation is the fact that 
the optimized roll mode mills consecutive 
surface flats alternating between conventional 
and climb cutting; this results in a very good 
average surface finish and two completely 
equal flank surface structures. In the stan-
dard cycle that alternates after each swing 
between upper and lower flank, the lower 
flank is milled in conventional cutting, while 
the upper flank is milled in climb cutting. 
This leads to slightly different surface textures 
between the two flanks.

In order to allow for easy contact pattern 
development via roll tester, the UNIMILL 
MMC software was expanded to accept and 
process standard proportional changes. In 
addition, independent depth and slot width 
changes can be entered into the UNIMILL 
summary.

After setup and summary entry, the outer 
swing position on toe and heel can be tested 
for sufficient clearance in the start and end 
roll positions. If the clearance values appear 
too small or too large, corrections of the 
input items for swing over-travel as well as 
roll positions can be independently entered 
into the UNIMILL summary.

Before starting the cutting cycle, a hold-
back value can be entered for cutting of a 
first slot with some stock allowance. If cut-
ting surface finish, over-travel on toe and heel Figure 24  UNIMILL straight bevel gear milling.

Figure 22  Manual stock division of pre-slotted part.

Figure 23  Standard and optimized roll mode for straight bevel gears.
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and correct flank form have been verified, the 
hold-back can be cleared via soft key.

The cutting engagement of a tapered 
UNIMILL end-mill in the end-roll position of 
the lower flank is shown (Fig. 24). The surface 
speed of 250m/min is calculated in the mid-
dle of the whole depth of the tooth, which is 
at the blade dedendum point of the end-mill. 
The end-mill material is Alcona Pro coated 
tungsten carbide with a 10% cobalt content.

Summary
UNIMILL is a milling method for the manu-
facture of prototype bevel gears using end 
mills or disk cutters. The UNIMILL software 
requires basic settings in form of SPA of AAA 
files as an input. Additional input items — like 
speeds and feeds, number of generating flats, 
over travel amounts, etc. — are entered into 
the process parameter input screen directly 
on the Phoenix cutting machine. If high 
RPMs are required, as in the case of tapered 
end mills, it is possible to use Phoenix grind-
ing machines or cutting machines with high-
speed spindles.

In contrast to general multi-axes machin-
ing that utilizes surface coordinates and nor-
mal vectors, UNIMILL does not depend on 
certain grid specifications and definitions 
regarding undercut and root fillet (which are 
difficult to obtain). UNIMILL tools follow the 
path of a face cutter head silhouette, while 
the face cutter is performing a generating (or 
form cutting) motion. The result is a faster 
process with surface finish characteristics 
very similar to the traditional cutting process. 
UNIMILL is available on all Phoenix II cut-
ting and grinding machines, as well as on all 
later models. 
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