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Abstract

The invention concerns a method of machining a workplece,
wherein an end-facing tooth edge of a gear profile of the
workpiece that was generated by a chip-removing machining
process 1s reworked at a first location into a chamfered edge
by way of a plastic forming coperation. The material which 1in
the plastic forming operation was displaced towards the end
surface of the gear profile is pushed outward as a material
protrusion in the end surface of the tooth, while the material
displaced towards the flank of the tooth is pushed outward as
a material protrusion on the flank side of the chamfer, and
the resulting material protrusions in the end surface and on
the flank side are removed. The workpiece, while still
carrying the material protrusion on the end surface of the
gear profile, is transferred to a second location where the

protrusion on the flank side of the chamfer 1s removed.

(Figure 1)



CA 02875915 2014-12-05

Method for Processing a Workpiece and Hobbing Machine

Suitable Therefor

gr—

The invention concerns a method of machining a workpiece,

wherein the edge at the end of a tooth flank of a gear profile

which has been formed on the workpiece by a chip-removing

machining process is changed by way of a plastic forming

operation into a chamfered edge, wherein the material

displaced towards the end face of the gear profile 1in the

plastic forming operation is pushed outward as an end-facing

material protrusion, while the material displaced towards the

tooth flank of the gear profile is pushed outward as a

material protrusion in the tooth flank, and wherein the

resulting material protrusions in the end face and in the

flank are removed by the machining method. In addition, the

invention also concerns a gear-cutting machine of a suitable

design and with the requisite control capabilities to perform

the method.
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Methods of this kind belong to the known state of the art

which includes for example EP 1 270 127 Al. Thus, there are a

number of reasons for removing the burr which occurs at the

F

edge at the end of a tooth flank as a result of chip-cutting

machining operations. These reasons, which are familiar to

practitioners, are summarized for example in the introductory

+]

paragraphs of DE 10 2009 018 405 Al, which is hereby named as

a reference. But in addition to burrs caused by cutting

operations, the material protrusions or ridges produced 1in the

plastic forming of the tooth edge, also referred to 1in the

literature as secondary burrs, likewlse prove to be

disadvantageous for the further work operations on the gear

profile, and they are therefore also normally removed.

To remove these secondary burrs, it has been proposed for

example in EP 1 270 127 Al to smooth out the protrusion
(secondary burr) in the tooth flank through subsequent
pressure-rolling. In DE 10 2009 018 405 Al, on the other

hand, it is proposed to remove the secondary burr in the tooth

e

hede

“rom the tooth

flank through the cutting action resulting

engagement of a tool wheel that carries a cutting edge on a

tooth flank.

In regard to the tools for the plastic reshaping of the tooth

edge into a chamfer, the state of the art offers tools and

methods whereby the ridge thrown up at the end surface (end-

facing secondary burr) can be removed simultaneously with the

reshaping itself by using a chamfering disk and a cutting tool

together, in particular combined as an integral tool. Using

such integrated tools, which are disclosed for example 1n

EP 2 066 473 Bl, not only can the overall design of the

machine tool be simplified, but also the total machining time

for the work piece can be reduced.
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The present invention has the objective to provide a high

ﬁ

surface quality of the tooth flanks particularly in the area

of the tooth edges which are reshaped by the method described

above.

From a method-oriented point of view, this objective 1s met by
the invention through a further development of the work
process described hereinabove, wherein the 1mprovement
essentially entails the concept that the workpiece, while
still carrying the end-facing material protrusion, 1s

transferred to a second location where the removal of the

protrusion on the flank side of the chamfer is performed.

Based on this procedural arrangement according to the
invention, the workpiece leaves the first location with the

tooth edge already reworked into a chamfer, but still carrying

the material protrusions (secondary burrs) pushed up on the

end-facing side and the flank side of the chamfer as a result

of the plastic forming operation. In the course of the

invention, it was found that while the dwell time of the

workpiece at the first location is minimized when the forming

-t

of the chamfer on the tooth edge is combined with the

simultaneous cutting of the end-facing material protrusilon,

this entails the risk that material which 1is already beginning

to cold-harden as it is being cut off the end surface enters

into the working zone of the reshaping tool and, as a result,

is pressed in several places into the cold-hardened partially

chamfered tooth flank, whereby the surface quality of the

tooth flank is compromised at the affected locations.

By performing the method in the order prescribed by the

invention, this risk is completely eliminated, as the

reshaping of the tooth edge into the chamfer 1s already

completed before the protrusions on the end surface are

- 3 -
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removed. Also, the workpiece can quickly be moved out of the

first location for further processing.

Furthermore, the method according to the invention eliminates

the situation where the reshaping of the tooth edge 1in the
first location is necessarily accompanied by a stream of chips
which requires expensive chip-removal measures particularly 1in

cases where the workpiece axis is oriented vertically.

The expressions incorporating the words “tooth” or “gear” used

P

herein refer to any kind of internally or externally toothed

profile. 1In particular, such toothed profiles can be

cylindrical or conical.

pr—

Concerning the removal of the material protrusion on the flank

side, there are several conceivable possibilitilies. With

particular preference, this operation 1s performed through a

chip-cutting engagement of a machining tool.

In principle, the method can be used for workpleces which
already have the gear profile with the tooth edge that 1is to

be reworked. However, the machining of the gear profile

itself from a workpiece blank or from a rough-machined gear

profile can be a preliminary step of the method. 1In this
case, it is specifically envisioned that the gear profile with
the tooth edge that is to be reworked is machined in a third

location, wherein in particular the third location coincides

with the second location.

TIf the third location does not coincide with the second

location, the latter itself being different from the first

location, then the third location nevertheless 1s preferably a

location other than the first location. This creates the
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conditions that also allow several work pieces to be processed

in parallel.

In a particularly preferred version of the method, the gear

profile with the tooth edge that is to be subsequently
reworked is produced through a chip-cutting engagement between
the tool and the workpiece, in particular a cutting engagement

fr—

of the same kind as is used for the removal of the material

protrusion and employing in particular the same tool. For

example, i1f the gear profile of the workpiece 1is generated Dby
hobbing with the required machine axes and their prescribed

settings, the machine axes and their settings for the hobbing

process are also used for the removal of the material

F

protrusion on the flank side. The tool 1itself could be

different, so that the generation of the gear profile with the

tooth edge that is to be reworked 1s performed by a rough-

cutting tool, and the removal of the material protrusion on

the flank side is performed by a finishing tool. However, 1in
a particularly simple version of the method, the same

machining tool 1s used.

In principle, two variations of the method are conceivable.

Under a first variant of the method, the operation of removing

the material protrusion on the flank side relilies on the

assumption that the generated gear profile with the tooth edge

to be reworked already conforms to the desired geometry of the

tooth flanks, so that in the removal of the protrusion on the

flank side essentially nothing but the protruding material 1s

| ——

removed and no further cutting engagement takes place 1n other

parts of the tooth flank. The infeed depth for the removal of

the material protrusion on the flank side 1s thus the same as

f—

the deepest infeed setting for the generation of the gear

profile with the tooth edge that is to be reworked.



CA 02875915 2014-12-05

Under another variant of the method however, the infeed depth

for the removal of the material protrusion on the flank side

is set deeper than the maximum infeed in the generation of the

tooth. Thus, even after the gear profile has been generated,

additional material is removed from the entire tooth flank,
for example in a finishing step. This last operation does not

produce a new primary burr which would require another

reworking of the edge.

Several kinds of machining processes are conceivable for

generating the gear profile with the tooth edge that 1s to Dbe

reworked. However, the preferred choice is hobbing, which 1is

distinguished by short machining times, particularly 1f the

method i1s used in the parallel processing of two or more

workplieces.

In a preferred version of the method, which has the purpose of
limiting the amount of material that is subjected to plastic

forming in the reworking of the tooth edge, material 1is

removed at least from an end surface of the generated gear

profile, in particular from a lower end surface, already Prior
to the reworking of the tooth edge and in particular at the

third location. Particularly if the workpiece axis 1s

oriented vertically, it is a preferred practice at least at

the lower end surface to remove material protruding axially

beyond the end surface already prior to the reworking of the
tooth edge. Depending on the design of the machine tool, the

same operation could also be performed at the upper end

surface. On the other hand, considering that the effect will
be smaller than at the lower end surface, one dismisses the

option of an advance removal of material from the upper end

surface in favor of gaining a broader range of possibilities

in the constructive implementation of the method. The removal

g

of material can be performed through a shaving operation with

....6_
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a cutting tool, wherein the latter itself is not being driven.

On the other hand, it is also conceivable to arrange a large

number of small geometrically defined cutting edges on the

cutting tool and to use a driven tool.

The same machining tools, or tools of the same or a similar

design, can also be used for removing the pushed-out material

protruding from the end surface. Thus, it is belng envisioned

in a version of the method, that the removal of the end-facing

material protrusion on at least one end surface 1s performed

at the second location, in particular through a shaving

operation with a cutting tool, or with a driven cutting tool

of the kind of a face-milling cutter. Thus, 1f both end

surfaces of the workpiece are machined in this way, all of the

chips generated in this work operation can be collected while

the workpiece is at the second location. If the cutting

operation is performed for example only at the lower end
surface (with vertical orientation of the rotary axis of the

workpiece), at least a part of the chips generated 1in the

removal of the end-facing protrusion can be collected at the

second location. If the second location and the third

P

location are identical, the generation of chips 1s thus mostly

or even entirely concentrated at the second location. This

simplifies the design measures that are required for the

P

disposal of the chips.

In an additional preferred step of the method, 1t 1s

envisioned, after the material protrusion on the flank silde

has been removed, to move the workpiece to a fourth location,

where the workpiece is taken off the machine tool. This can

P

be advantageous if there is not enough space available at the

second location to allow access for a workpiece changer, or 1if

the change of the workpiece in any event has to take place at

another location, in particular for a suitable organization of

-] -
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F
p—

the process i1f several workpieces are machined in parallel.

After taking the workpiece off, which includes unclamping the

workpiece from the associated workpiece spindle, a new

workpiece can be clamped to the same workpiece spindle.

In a further version of the method, the removal of the end-

facing material protrusion on at least one end surface, 1in

particular on both surfaces, can be performed at a fourth

location, in particular as the last operation before taking

P
p—

the workpiece off the machine. This provides more freedom for

P

the design and arrangement of the machining tools as well as

their support structures at the second location. 1In

#

particular under a variation of the method that is likewise

considered advantageous, even 1f suitable machining tools for
the removal of the end-facing protrusions are present at the

second location for the purpose of removing axial projections

prior to reworking the tooth edge, the removal of the end-
facing material protrusions 1is not performed by those tools,

but rather (by other suitable machining tools) at the fourth

location. This ensures that degradations of the machining

tool from the operation ot removing axial projections prior to

the forming of the chamfer are not transmitted back to the

”

workpiece after the formation of the chamfer, so that as a

result the surface quality of the workpiece 1in the area of the

chamfer is further improved. As a machining tool, one could

[ —_—

again use, for example, a shaving cutter or also a driven

face-milling cutter tool.

As indicated previously herein, the method according to the

invention is particularly well suited for the parallel

F P
-

machining of a plurality of workpieces. In particular, one

could envision that while the tooth edge of a first workpilece

is reworked at the first location, a gear profile of a further
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workpiece (whose tooth edge is to be reworked subsequently) 1s

being generated at the third location.

In addition, the further workpiece can in particular, with a

time shift, pass through the same machining steps at the same

locations as the first workpiece (which, in the foregoing

versions of the method, was treated as the only workpiece 1n

process) and furthermore, a yet additional, third workpiece

can be introduced into the machining process at the fourth
location, while the further workpiece 1s at the second
location.

[ ] i

For example, 1f the third location according to the method 1is

..

different from the second location and the fourth location 1s

different from the first location, a corresponding gear-

cutting machine would have at least four workpiece spindles

and would be capable to machine at least four workpileces 1n

parallel. As an example, a first workpiece 1in the form of a
blank could be clamped to a workpiece spindle at a workpiece-
changing position (fourth location). Through a suitable

P

transport movement of its carrier, this workpiece spindle 1s

brought to a pre-milling position (third location) where, for

example, the gear profile with the tooth edge that will

subsequently be reworked is generated by a hobbing operation.

Next, the first workpiece is brought to a chamfering station

(first location) where the reworking of the tooth edge takes

place. The first workpiece leaves the chamfering location

with the end-facing material protrusion still in place and 1s

—

brought to a fine-milling station (second location), where for

example a fine-milling operation takes place with a hobbing

tool which also removes the end-facing material protrusions 1n

the same fine-milling operation. The workpiece 1s

subsequently returned from the fine-milling station to the
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workpiece-changing position, where the workpiece 1s taken out

and a new workpiece is clamped to the workpiece spindle.

In this version of the method, a second workplece can be

clamped to a second workpiece spindle which 1s 1in particular

supported by the same carrier, while the first workpiece 1is

being pre-milled. While the first workpiece 1s 1in the

chamfering position, the second workpiece 1is pre-milled in the

pre-milling position, and a third workplece 1s clamped to a

third workpiece spindle in the workpiece-changing position.

During the fine-milling of the first workpiece 1n the fine-

milling position, the second workpiece is 1n the chamfering
position, the third workpiece 1s being pre-milled, and a

fourth workpiece is being clamped to a fourth workpiece

spindle in the workpiece-changing position. In this variant

of the method with four workpiece spindles, the removal of the

end-facing material protrusions takes place either 1n the

fine-milling position (at the second location) or 1n the

workpiece-changing position prior to taking out the workpiece

(at the fourth location).

P

If the inventive method of parallel processing 1s carried out

by using for example two workpiece spindles, one would let the
third location coincide with the second location and the

fourth location with the first location. As a result, one

obtains one machining position where the gear profile with the

tooth edge that is to be reworked is generated for example

with a hobbing tool and where the removal of the material

protrusions on the flank side takes place. The other

machining position is used for reworking the tooth edge into a
chamfer and for the exchange of the workpiece. Thus, every

workpiece is moved twice from the workpiece-changing position

to the milling position and back, before it is replaced with a

new workpiece. In this version of the method, if the removal

_10.._
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of the end-facing material protrusions is performed only 1in

the milling position, no chips are produced in the workpiece-

changing position. However, for the reasons explained above,

it can nevertheless be advantageous if the removal of the end-

facing material protrusions is performed in the workpilece-

changing position and prior to taking the workpiece out of the

machine. This is a particularly preferred version of the
method, as the technical complexity of the gear-cutting

machine is reduced (only two workpiece spindles).

In this context, one could envision that in the fourth

location, which coincides here with the first location, a

space that accommodates a device for removing the workplece

and/or delivering a new workpiece overlaps with the space used

for a device for the removal of end-facing material

protrusions. This be realized for example with an arrangement

where a tool that is not connected to a carrier of the

workpiece spindle shafts and is designed to be movable
relative to the workpiece occupying that location 1is advanced
into a machining position for the removal of the end-facing
material protrusions and 1s subsequently returned to a
retracted position in order to make room for a workpilece

changer to move 1into action.

From a device-oriented point of view, the invention provides a
gear-cutting machine for the generating and/or finishing of

gear profiles, wherein the gear-cutting machine includes: a

carrier that is movable between at least two positions and

supports at least one workpiece spindle which 1s connected to

a rotary drive source; a device for the reworking of an end-

facing tooth edge of a gear profile of a workpiece that 1s
clamped to the workpiece spindle and is positioned in a place

defined by a position occupied by the carrier; and a control

device directing at least the movement of the carrlier, whereiln

- 171 -
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#

the control device directs the movement of the carrier 1nto

another position, if the workpiece still has the end-facing

protrusion resulting from the displacement of material towards

P

the end surface of the toothed profile which occurs in the

reworking operation.

P

The advantages of the machine according to the invention

derive from the advantages of the inventive method as
described hereinabove. It is envisioned in particular that
the gear-cutting machine includes a tool spindle that 1s

connected to a rotary drive source and designed to hold a

tool, specifically a hobbing tool which serves to generate the

gear profile on the workpiece which is held by a clamp and

positioned at a location defined by the at least one other

position occupied by the carrier.

The machine can further include a device, specifically 1n the

form of a non-driven shaving cutter or a driven tool such as a

P

kind of face-milling cutter, to remove material from at least

one or both of the end surfaces of the gear profile at the

P
p—

location that 1s determined by one and/or the other of the

carrier positions.

In view of the advantages of performing work operations 1n

parallel, the gear-cutting machine can be equipped with at

least one further workpiece spindle that 1s rotatably
supported on the carrier and connected to a drive source,
wherein of the two workpieces clamped on two spindles one 1s

at a first location while the other is at a second location,

and wherein the positions of the two workpieces can be
switched through a movement, in particular a rotation, of the

carrler.
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In a particularly preferred embodiment, the device for the

reworking of an end-facing tooth edge and the device for the

removal of axial projections and/or end-facing material

protrusions is movably supported with a component of linear

mobility parallel to thé workpiece axis, with the ability to

operate at different working heights (assuming a vertical

orientation of the workpiece axis) and in particular to work

on gear profiles of workpieces that have the form of a rotary

shaft. This concept of supporting a chamfering tool with

——

mobility parallel to the rotary axis of the workplece, 1n

combination with a revolving carrier holding one, two, Or more
workpiece spindles is being disclosed here as a subject that

is in itself worthy of protection, independent of the nature

and sequential order of the chamfering and deburring

processes.

As a further facet of the invention, the controller of the

gear-cutting machine is designed and operable to govern the

machine tool in performing a method in accordance with one of

the aspects of the method explained hereinabove.

Further details, distinguishing features and advantages of the

invention will become evident from the following descriptilon

which refers to the attached drawings, wherein

Figure 1 schematically illustrates the method according to

the invention in a first version with four diffterent

operating locations, and

Figure 2 schematically illustrates the method according to

the invention with only two operating locations.

The upper part of Figure 1 shows a schematic top view of a

carrier 100 which is rotatable about its vertical rotary axis

70. The carrier 100 supports four rotatable driven workpilece

_13_
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spindles 1, 2, 3 and 4 spaced at equal angles from each other.
Thus, when the carrier 100 is turned by 90°, each workpiece

spindle moves to the position which was previously occupied Dy

the spindle preceding it in the direction of the rotation.
For example, when the carrier 100 is turned by 90° in the
direction indicated in Figure 1, the workpiece spindle 1 takes
the position that was previously occupied by the workpiece

spindle 2. The carrier 100 in this example can thus take on

four different operating positions, i.e. the position shown 1in

Figure 1 and three further positions rotated from the position

of Figure 1 by 90°, 180° and 270", respectively.

In the rotary position of the carrier 100 that is shown 1n

Figure 1, a processing position o is given, where a workpiece

clamped to the workpiece spindle 1 can be processed at a

schematically illustrated operating station 10. 1In this

example, the operating station 10 is equipped with a hobbing
tool which can generate a gear profile on the clamped
workpiece in accordance with prescribed parameters. The
processing position o is thus assigned to the operating

station 10. Also at the operating station 10, a cutting tool

is arranged which removes from the lower end surface of the
workpiece the material projecting axially as a result of the
hobbing process, for example through a shaving operation with
a cutting tool. However, a driven rotating tool resembling a
face-milling cutter can likewise be used for thls purpose. In
the foregoing representation, the processing position «

corresponds to the third location.

In a further processing position f$, a workpiece which, 1in the

—

operating position of the carrier 100 as shown 1in Figure 1, 1s

seated on the workpiece spindle 2 can be worked on by an

operating station 20. The operating station 20 1is equilpped

with a chamfering tool, for example a chamfering wheel,

- 14 -
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ﬁ

whereby the tooth edges of the gear profile that was generated

at the processing position o are converted into a chamfer.

The chamfer is produced by a plastic displacement which causes

material protrusions, referred to as secondary burrs, to be

pushed outward on the axially facing side as well as on the

flank side of the chamfer.

In a yet further processing position y, a further operating

station 30 is available to process the workpiece which, 1n the

operating position of the carrier 100 as shown in Figure 1, 1S
seated on the workpiece spindle 3. The operating station 30

is likewise equipped with a hobbing tool which removes the

material protrusions (secondary burrs) on the flank side 1in a

single pass. This can be part of a finishing pass 1in which

additional material is removed over the entire flank of the

gear profile that was generated in the processing position «.

However, one could also select the same infeed depth as for

the hobbing tool at the operating station 10, so that 1in

essence only the material protrusions on the flank side are
being removed. Furthermore, the operating station 30 1in this
example is also equipped with cutting tools to remove the
material protrusions (secondary burrs) on the end surface.
This step can again be performed, e.g., through a simple

'

shaving operation, or with cutting tools of the same kind as a

face-milling cutter, performing their own, driven movement.

In this example, a workpiece that has gone through the
operating stations «, B, y is thus completed in regard to the

soft machining operations and, after the next change of the

working position of the carrier 100 to a further location 0o,
the workpiece can be taken out by a workpiece changer 40,
whereupon a new workpiece blank can be clamped to the
workpiece spindle that is currently at the location & (1.e.

the workpiece spindle 4 in the representation of Figure 1).

_15_.
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In this example, no actual work is performed on the workplece
at location &. However, the removal of the end-facing
material protrusions (secondary burrs) could also be changed

from the processing position y to the processing position oO.

The position & according to the nomenclature introduced above

thus corresponds to the fourth location, while the processing
position B corresponds to the first location, and the

processing position y corresponds to the second location.

g

The passage of individual workpieces A, B, C, D, E, F through

the processing positions o, B, Yy, & 1s represented

=

schematically in the lower half of Figure 1. According to the

first two rows of this tabulation, a workpiece B 1s beilng
installed by the workpiece changer 40 on the fourth workpiece

spindle 4, while a workpiece A has already been 1installed on

the first workpiece spindle 1 before a 90° turn of the work
table 100. Accordingly, the workpiece A 1is currently 1n the

processing position .

The machining method will now be described for the newly set

up workpiece (workpiece blank) B which, in 1ts installed state
on the workpiece spindle 4, is going to pass through the

processing positions «, B, y. The changes between the working
positions of the rotary carrier 100 are indicated 1n the lower

o~

part of the tabulation in Figure 1 by circular arrows that are

marked “+nr/2”. In addition, an arrow marked “t” 1s shown 1in

g

Figure 1 to indicate the flow of time, while the reference

symbol Zi; in the upper part of Figure 1 indicates the vertical

P

orientation of the individual workplece spindle axes.

After the next step of the turntable 100 to change to the next

working position by performing a 90° turn, the workpiece B

which is clamped to the workpiece spindle 4 is 1in the

_16_
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processing position «, where the gear profile 1is generated by

means of a hobbing operation. Further, material projecting

F

from the lower end surface of the generated gear profile 1s

removed as described above.

With the text step of the turntable 100, the workpiece B which

now carries the gear profile arrives at the processing

position B. At this location, the tooth edges of the gear

profile are being chamfered, whereby secondary burrs are

B

produced on both sides of the chamfer, i.e. on the side of the

end surface as well as on the flank side.

The continuation of the process is now controlled so that the

workpiece B steps ahead to the processing position y while

still carrying the material protrusions (secondary burrs) on

P

the end surface as well as on the flanks of the gear profile.

Thus, at least as far as the workpiece B 1s concerned, the

step advance can take place already after the chamfering, 1.e.

clearly faster than if a deburring operation for the secondary

burrs were to be performed directly after the machining
operation, i.e. still in the processing position . At the

same time, this avoids the risk which exists when the

secondary deburring is performed in parallel with the

chamfering operation, i.e. the risk that the cold-hardened

material that has been cut from the end surface could be

pressed into the cold-hardened partially chamfered flank edge.

Accordingly, the operation of removing the end-facing

secondary burrs is uncoupled from the chamfering itself and,
as described above, takes place in thilis example at the
processing position y or, possibly, at the position &. At the
processing position vy, the operating station 30 removes the
secondary burr on the flank side through the operation

described above.
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After another step movement, the workpiece returns to the

position &, where the end-facing secondary burrs can be
removed if this operation has not already taken place at the
processing position vy, and where the workpiece is taken out Dby

the workpiece changer 40 and replaced by a new workplece blank

F.

As the tabulation in the lower half of Figure 1 further

illustrates, workpiece A on spindle 1 - one step ahead 1in the

process sequence - undergoes the same operations at the
respective positions «, B, vy, & as the workpiece B which has

just been described to illustrate the method. As 1is further

evident, a workpiece C is processed running one step behind

workpiece B, a workpiece D 1s processed running two steps

behind workpiece B, etc. Of course, the turntable 100 1is
stepped ahead only after the respective work operation at
every one of the operating stations o, B, y as well as the
workpiece exchange at & has been completed. The 1indexing
(centering) which 1s necessary for the hobbing operation can
take place at the location O immediately after the workpiece

fr—

exchange or, alternatively, during the step movement of the

turntable 100 by way of an indexing device participating 1n

the movement, or also at the location «.

In the following, a further version of the method according to
the invention is explained, wherein on the one hand the
locations o and vy and on the other hand the locations B and ©
coincide with each other. The turntable 100 in this

embodiment is equipped with two workpiece spindles 1, 2 that

switch their mutual positions with a rotation of the turntable

100 by 180°. The reference symbols of the stations 10, 20 and

40 are the same as in Figure 1. Station 10 performs the

operations that were previously performed by the operating
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stations 10 and 30, in any event insofar as the machining of

the flanks of the workpiece 1s concerned.

pr—
—

As i1s evident from the table in the lower half of Figure Z,

only two workpieces A, B can be in process simultaneously with

this arrangement. The workpiece B installed on the workpilece

spindle 2 is moved a first time to the processing positlion v,

then returned to the processing position [ for the chamfering

e
p—

of the tooth edges, and subsequently moved again to the

processing position y with the secondary burrs on the end

surfaces and on the flank side still i1n place, whereupon the

material protrusions (secondary burrs) on the flank side are

in this example removed likewise by hobbing (finishing pass).

P

Concerning the removal of the end-facing secondary burrs,

there are two different options to choose from. As a first

possibility, the operating station 10 could be equipped with

suitable shaving tools, or also sultable driven tools 1n the

way of face-milling cutters. The tool carrier arrangement may

have to be of a more massive construction 1in order to provide

the necessary space for the face-milling tools without loss ot

stability and rigidity. In turn, thilis wvariation has the
advantage that chips are produced only in the processing
position y and that no additional expensive measures nave LO
be taken at the processing position B for the removal of the

chips.

In another configuration, the tools for the removal of the

end-facing secondary burrs could also be placed at the

operating station 20, and the end-facing secondary burrs could
be removed after the return of the workpiece to the processing
position B, i.e. before the workpiece is taken out. With this

arrangement, there is again no risk that cold-hardened

material that is cut away in the removal of the end-facing

secondary burrs could be pressed back into the tooth edges as

- 19 =
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a result of the chamfering process, as the control sequence

dictates a position change of the workpiece that has been

chamfered but still carries the secondary burrs.

As indicated in the upper part of Figure 2, the chamfering

device (and, if applicable, the device for removing the end-

facing secondary burr) can be moved into and out of the

operating zone of the processing position [, while the

workpiece-changing device 40 can likewise be moved into and

v

out of this zone, so that these devices are not 1n each

other’s way as they perform their respective operations.

The variant described 1in Figure 2 has the further advantage

that the workpiece can also be machined on the flank side in a

P

one-step generating operation. With this version of the

method, after the first milling operation (milling out of the

full) in the processing position y and subsequent chamfering,
the workpiece is not subjected to any further work 1in the

processing position y. Rather, the workpiece passes through

P

this processing position only once and 1s taken off by the

workpiece changer 40 after the chamfering and, 1if applicable,
deburring. The operating station 20 could in this case be

functionally expanded in order to also remove secondary burrs

on the flank side, unless this step i1s not left to a further

operating station that 1s not shown here.

1]

Such an arrangement which is designed to perform the method o:

the invention is thus more versatile 1n 1ts application

—
fp—

because it additionally allows single-step milling, 1f

desired. Furthermore, a good combination is achieved of short

overall processing times and quality of the resultant gear

profile because with two-step milling (rough milling -

chamfering - fine milling), the workpiece which still carries

the secondary burrs is switched from the chamfering position

- 20 -
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to the milling position y through a rotary movement of the

turntable 100.



We claim:

1. Method of machining a workpiece (A, B, C, D, E, F) wherein
an edge at an end face of a tooth flank of a gear profile
which has been formed on the workpiece by a chip-removing
machining process is changed by way of a plastic forming
operation at a first location (P) into a chamfered edge,

whereln material displaced in the plastic forming
operation towards the end face of the gear profile gives
rise to an end-facing material protrusion, while material
displaced towards the tooth flank of the gear profile
causes a material protrusion on a flank side, and wherein
the resulting material protrusilons 1n the end surface and

on the flank side are removed by said method,

wherein the workplece, while still carrying the end-facing
material protrusion, 1s switched to a second location (v),
where the removal of the material protrusion on the flank

side takes place.

2. Method according to claim 1, wherein the removal of the
material protrusion on the flank side is performed through

a chip-cutting engagement of a machining tool.

3. Method according to claim 1 or claim 2, wherein the
process of generating the gear profile with the tooth edge

that 1s to be subsequently reworked occurs at a third

location (o).

4., Method according to claim 3, wherein the third location

() coincides with the second location (v).

5. Method according to any one of claims 1 to 4, wherein the

process of generating the gear profile with the tooth edge

— D -
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that is to be subsequently reworked 1s performed by way of

a chip-cutting engagement of a further machining tool.

6. Method according to claim 2, wherein the process ot
generating the gear profile with the tooth edge that 1s to
be subsequently rewocrked is performed by way of a chip-
cutting engagement of the machining tool, said chip-
cutting engagement being of the same kind as for the

removal of the material protrusion on the flank side.

7. Method according to any one of claims 3 to 6, wherein an
infeed depth for the removal of the material protrusion on
the flank side 1s set equal to a deepest infeed used in

the generation of the gear profile with the tooth edge
that 1s to be subsequently reworked.

8. Method according to any one of claims 3 to 6, wherein an
infeed depth for the removal of the material protrusion on
the flank side 1s set deeper than a deepest infeed used 1in
the generation of the gear profile with the tooth edge

that 1s to be subsequently reworked.

9. Method according to any one of claims 3 to 8, wherein the
gear profile with the tooth edge that is to be reworked is
generated by hobbing.

10. Method according to claim 1 or claim 2 wherein, still

prior to the reworking of the tooth edge, material is
removed from at least one end surface of the gear profile

that has been generated.

11. Method according to claim 10, wherein the material 1is
removed from the at least one end surface of the gear

profile at a third location.

- 73 =
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12. Method according to claim 3 or claim 4 wherein, still
prior to the reworking of the tooth edge, at the third
location, material 1is removed from at least one end

surface of the gear profile that has been generated.

13. Method according to claim 11 or claim 12, wherein the
material is removed from the at least one end surface by

shaving off with a cutting tool or removing with a driven

face-milling cutter.

14. Method according to any one of claims 11 to 13, wherein
the removal of the end-facing material protrusion on at
least one axially facing side 1s performed at the second
location (y), by shaving the protrusion off with a cutting

tool or removing 1t with a driven face-milling cutter.

15. Method according to any one of claims 11 to 14, wherein

after the material protrusion on the flank side of the
chamfered edge has been removed, the workpiece is moved to

a fourth location (&) where the workpiece is taken out.

16. Method according to claim 15, wherein the fourth location

(0) coincides with the first location (B).

17. Method according to claim 15 or claim 16, wherein the

removal of the end-facing material protrusion on said at

least one end surface, is performed at the fourth location

(O) .

18. Method according toc claim 17, wherein the removal of the
end-facing material protrusions on the at least one said

end surface 1s performed as a last operation prior to

taking the workpiece out.

- 24 -
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19. Method according to claim 17 or claim 18, whereln removal
of the end-facing materlial 1s performed by shaving wlth a

cutting tool or through a milling operation with a driven

face-milling cutter.

20. Method according to any one of claims 11 to 18, wherein 1in
parallel with the reworking of the edge of the work piece,
a gear profile having a tooth edge that 1is to be reworked

1s generated on a further workpiece at the third location

(o) .

21. Method according tco claim 20, wherein the same processing

steps are performed on said further workpiece with a time

shift and at the same locations (o, B, v, ©o; v, B) as on

sald workpiece.

22. Method according to any one of claims 15 to 19, wherein a

further workpiece 1s subjected to an operation at the

fourth location (o; () while the further workpiece is at

the second location (vy).

23. Method according to any one of claims 15 to 19 or 22,
wherein the fourth location (&) coincides with the first

location () and wherein a space used by a device serving
to take out the workpiliece and/or to set a new workpiece in

place overlaps with the space used by a device serving to

remove end-facing material protrusions.

24. Gear-cutting machine, operable to generate and/or finish
gear profiles, comprising a carrier (100) that is
switchable between at least two positions, supporting at

least one rotatable, driven workpiece spindle (1, 2, 3, 4;
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1, 295,

further comprising a device that serves to rework an end-
facing tooth edge of the gear profile of a workpiece that
is clamped to the workpiece spindle and 1s arranged at a

location (P) defined by a position assumed by the carrier

(100),

and further comprising at least one controller device

governing the movement of the carrier,

wherein the controller device (100) directs the carrier
(100) to move to another position when the workpiece still
carries the end-facing protrusion resulting from the

material being displaced towards the end surface of the

gear profile during the reworking of the tooth edge.

25. Gear-cutting machlne according to claim 24, further
comprising a rotating, driven tool spindle to hold a
machining tool, for the generation of the gear profile on
the workpiece 1n process which 1s arranged at a location
(«; y) defined by a position or by the other of two

positions assumed by the carrier (100).

260. Gear-cutting machine according to claim 25, wherein the

machining tool comprises a hob cutter.

27. Gear-cutting machine according to any one of claims 24 to
260, further comprising a non-driven shaving tool or a
driven tool of the kind of a face-milling cutter, for the
removal of material from at least one end surface of the
gear profile at the location determined by one and/or the

other carrler position.

......26_
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28. Gear-cutting machine according to claim 27, wherein the
non-driven shaving tool or the driven tool 1s for the

removal of material from both end surfaces of the gear

profile.

29. Gear-cutting machine according to any one of claims 24 to
28, comprising at least one further workpiece spindle (2,
3, 4; 2) that 1s supported on the carrier and connectable
to a rotary drive source, wherein of two workpileces (A, B)
that are clamped onto two spindles, one 15 arranged at a
first location and the other at a second location (y), and
wherein the positions of the two workpieces (A, B) 1is

switchable by a movement of the carrier.

30. Gear-cutting machine according to claim 29, wherein the

movement comprises a rotation of the carrier.

31. Gear-cutting machine according to any one of claims 24 to
30, wherein the controller device governs the machine in

performing the method according to any one of claims 1 to
23.
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