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(57) Abrégé/Abstract:

The method for producing a thread in a workpiece comprises the following method steps:

a) renerating a number n 2 1 of twisted grooves (22, 24) in a wall (21) of the workpiece (2) encircling a thread axis (M)

or

generating a wall of the workpiece which has a number n = 1 of twisted grooves and encircles a thread axis,

b) respectively inserting a thread generating region (32, 34) of atool (3) which is twisted to match the twisting of the twisted grooves
into each of the twisted grooves (22, 24) in a twisted insertion movement matched to the twisting of the associated groove,

c) generating a thread (36) in each wall sub-region (23, 25), adjoining the groove(s) (22, 24), of the wall of the workpiece by
rotating the tool (3) about the thread axis (M) and with a simultaneous axial feed motion of the tool coaxially with respect to the
thread axis with an axial feed speed adapted to the rotational speed of the rotational movement and to the thread pitch, wherein,
during the rotation and the simultaneous axial feed movement, each thread generating region engages into the associated wall sub-
region and generates an associated part of a thread flight, and after the rotation projects into the same groove again or into another
groove in the wall,

d) moving each thread generating region (32, 34) of the tool out of the associated groove (24, 22) in a twisted removal movement
matched to the twisting of the associated twisted groove.
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Abstract

The method for producing a thread in a workpiece comprises the following
method steps:

a) generating a number n = 1 of twisted grooves (22, 24) in a wall (21) of
the workpiece (2) encircling a thread axis (M)
or
generating a wall of the workpiece which has a number n = 1 of twisted
grooves and encircles a thread axis,

b) respectively inserting a thread generating region (32, 34) of a tool (3)
which is twisted to match the twisting of the twisted grooves into each of
the twisted grooves (22, 24) in a twisted insertion movement matched to
the twisting of the associated groove,

c} generating a thread (36) in each wall sub-region (23, 25), adjoining the
groove(s) (22, 24), of the wall of the workpiece by rotating the tool (3)
about the thread axis (M) and with a simultaneous axial feed motion of
the tool coaxially with respect to the thread axis with an axial feed speed
adapted to the rotational speed of the rotational movement and to the
thread pitch, wherein, during the rotation and the simultaneous axial feed
movement, each thread generating region engages into the associated
wall sub-region and generates an assoclated part of a thread flight, and
after the rotation projects into the same groove again or into another
groove in the wall,

d) moving each thread generating region (32, 34) of the tool out of the as-
sociated groove (24, 22) in a twisted removal movement matched to the
twisting of the associated twisted groove.

[FIG. 5]
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METHOD AND TOOL FOR PRODUCING A THREAD IN A WORKPIECE

The invention relates to a method and to a tool in each case for generating a

thread in a workpiece,

For thread generation or thread reworking, both cutting and also non-cutting
processes and threading tools are known. Cutting thread generation is based
on material removal from the warkplece in the region of the thread flight.
Non-cutting thread generation is based on deformation of the workpiece and
generation of the thread flight in the workpiece by pressure. An overview of
thread generating tools and working methods in use is given in Handbuch der
Gewindetechnik und Frastechnik [Manual of threading practice and mifling
practice], publisher. EMUGE-FRANKEN, publishing firm: Publicis Corporate Pub-
lishing, year of publication: 2004 (ISBN 3-89578-232-7), designated below on-
ly as "EMUGE manual".

Falling within the scope of cutting thread generation are taps (cf. EMUGE
manual, chapter 8, pages 181 to 298) and thread milling cutters (cf. EMUGE
manual, chapter 10, pages 325 to 372) and also, only for external threads,
thread-cutting dies (cf. EMUGE manual, chapter 11, pages 373 to 404).

A tap is a thread-cutting tool whose cutting edges or thread-cutting teeth are
arranged along an external thread beneath the thread pitch of the thread to
be generated. During the generation of the thread, the tap is moved with a
feed motion axially with respect to the tool axis, and whilst being rotated
about its tool axis with a rotational speed which is dependent on the axial feed
speed in accordance with the thread pitch, into a cylindrical core hole in a
workpiece, wherein the tool axis of the tap is oriented coaxially with respect to
the central axis of the core hole, and the cutting edges of said tap are perma-
nently in engagement with the workpiece at the core hole wall (continuous
cutting), such that a continuous thread flight is generated on the core hole

wall.
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Falling within the scope of non-cutting thread generating tools are so-called
cold-forming taps (cf. EMUGE manual, chapter 9, pages 299 to 324) and, only
for external threads, thread-rolling tools (cf. EMUGE manual, chapter 11, pag-
es 373 to 404).

Cold-forming taps are threading tools with an approximately spirally or helical-
ly encircling thread profile, élong which are arranged a plurality of pressing
lobes (also referred to as shaping teeth, cold-forming teeth or shaping wedg-
es) which are formed by generally rounded polygon corner regions, which are
offset with respect to one another and project further outward, of an approxi-
mately polygonal cross section of the cold-forming tap. During the generation
of the thread, the cold-forming tap is, similarly to the tap, moved with a feed
motion axially with respect to the tool axis and whilst being rotated about its
tool axis Into a cylindrical core hole in a workpiece, wherein the tool axis of
the tap is oriented coaxially with respect to the central axis of the core hole.
The rotational speed and axial feed speed are coordinated with one another in
accordance with the thread pitch. The pressing lobes of the cold-forming tap
are permanently in engagement with the workpiece at the core hole wall, and
press the thread flight into the core hole wall by plastic deformation, such that
a continuous thread flight is generated on the core hole wall.

Furthermore, combination tools which operate exclusively by cutting processes
and which are composed of drills and thread milling cutters are known, specif-
ically so-called drill thread milling cutters (cf. EMUGE manual, chapter 10,
page 354) and so-called circular drill thread milling cutters (cf. EMUGE manu-
al, chapter 10, page 355), by means of which firstly the core haole for the
thread can be generated, and then the thread can be generated in the core

hole.

The tool shank of the specified thread generating tools is generally of at least
approximately cylindrical form about its longitudinal axis and/or is received
and held with its end facing away from the workpiece in the chuck of a ma-
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chine tool. The direction of rotation of taps and cold-forming taps during the
generatlon of the thread corresponds to the turning direction of the thread to
be generated. The known screws or screw threads screwed into the generated
internal thread comprise continuous helical external threads which are com-

plementary to the internal threads.

DE 1 176 450 discloses a method for producing internal threads in sheet metal
or similar workpieces, said method comprising the following method steps:

1. punching out a hole which is round per se and has a plurality of uni-
formly distributed cutouts,

2. inserting a tap, the number of cutting ridges of which corresponds to
the number of cutouts,

3. rotating the tap through an angle which corresponds to the angle be-
tween two cutouts,

4, pulling out the tap.

In this known method, as Indicated in DE 1 176 450, a tap, a non-cutting tap
or a similar tool produces the thread by only partial rotation. When using a
composite tool, it is possible in accordance with DE I 176 450 to already form
these internal threads as the part is being punched, it being possible for a plu-
rality of internal threads to be produced at the same time even with different
outer diameters and pitches. Production by a separate operation can be per-
formed manually using a punching tool or a simple apparatus.

Us 3,358,581 discloses a method for producing threads in which a workpiece
has one or two axial grooves and a thread generating tool has axial thread
generating regions which are inserted coaxially into the grooves of the work-
piece. Then, a thread is generated in the workpiece between the grooves by
rotation through one turn in the case of one groove and through a half turn in
the case of two grooves with the thread generating regions of the thread gen-
erating tool, and the thread generating tool is then axially removed again from
the workpiece. The workpiece can have a core hole with two diametrically pro-
truding grooves or else can be a cylindrical bolt with two diametric grooves. In
the first case, the thread generating tool is a tap or thread-cutting tool having
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two thread-cutting ridges running axially diani&trifiélli} opposite one another,
and in the second case is 3 thread- -cutting toal similar to a ‘Lhread -cutting die
having axially opposing, lnwardly protrudmg thread-cutting ridges.

EP 2 218 536 A1 discloses a method for forming an internal thread on a main
body, wherein firstly a threading tool having at least one portion with thread-
forming means in certain regions is inserted into an opening in the main body,
and then the entire internal thread is formed in the main body by a rotation of
the threading tool through at most 360°. The threading tool has a plurality of
portions with thread-forming means arranged in a symmetry of rotation of an
integral order, and the threading tool is rotated through an anglep:f rotation
which corresponds to the value of the quotient of a full circle divided by the
number of portions with the thread-for_ming means of the threadmg: tool. Ba-
fore the threading tool is inserted, provision is made of recesses which are
arranged in the inner wall of the main body in a symmetry of rotation of an.
integral order, the number of sald recesses corresponding to the number of
portions with the thread-forming means on the threading tool and the design
of said recesses being courdi’hater:i with the design of the portions with the
thread-forming means on the threading tool. In particular, provision is made
of four recesses and four correspondingvthread rv’id"ges' bn the threading tool.

It is therefore an object of the invention to specify a new method and a new
tool in each case for generating a thread.

This object is achieved in terms of the method and tool hereinafter descrlbed
by the features hereinafter deseribed. Advantageous embodiments and refine-
ments of the method or tool according to the invention, respectively, emerge
from the application as follows.

Accerding to one embodiment, a method for producing a thread ll’l a workplece
comprises the following method steps

CA 2880352 2019-12-09
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a) generating a number n = 1 of twisted grouves in a wall of the Workpiece
encireling a thread axis |
or o
generating a wall of the WDrkpiece which has_'a nur;nbef n 2 1 of twisted-
grooves and encircles a thread axis,

b) respectively inserting a thr‘éad generating région of a tool which is twist-
ed to match the twisting of the twisted grooves into each of the twisted
grooves in a twisted insertion movement matched to the twistin}g of the
associated groove, v ‘ |

¢) generating a thread in each wall sub-region, adjoining the groove(s), of
the wall of the workpiece by rotating the tool about the thread axis and
with a simultaneous axial feed motion of the tool coaxially with respect to
the thread axis with an axual feed speed adapted to the rotatmnal speed
of the rotational movement and o the thxead pitch, wherein, durmg the
rotation and the simultaneous axial feed movement aach thread generat-
ing region engages into the associated wall sub- region and generates an
associated part of a thread flight and after the rotation projects into the
same groove again or inte another groavL in the wall,

d) moving each thread generating reglon of the tool out of the assocnated
groove In a twisted removal movement matched to the twisting of the as-
sociated twisted groove.

The tool, according to ene.emquiment; for producing a thread in a workpiece,
comprises the following features: B

a) the tool is rotatable about a tool axis, _

b)Y  the tool has a number n1of groove generating regions twisted about
the tool axis for generating a respective groove in the WOrkpiece and a
number m = 1, where in particular n = m, of preferably helical thread
generating regions twisted about the tool axis for generating the thread
in the workpiece, | |

¢) the twisting of the groove generatmg region(s) and the twmtmg c:f the
thread generating regmn(s) are matched to one another,

CA 2880352 2019-12-09
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d) each of the m thread generating rég’i;ms is arranged downstream of one of the

n groove generating regions, fullowing the twisting of this groove generating
region. ‘

Compared to conventional tapping and thread cold-forming, this method and tool
according to the invention can conSIderany reduce the times for producing the
thread. Furthermore, owing to the twisted msertion movement through the grooves,
the tocl can be guided very qu1ckly from the outside into its working position on the
wall of the workpiece, and the thread can then be produced with a significantly
smaller angle of rotation or with mgmﬂcantly fewer revolutions, and finally, after
the generation of the thread, the threa-d;ing tobl can, owing to the removal
movement through the grooves, pe guf‘ded very.quickly td the outside away from
the wall of the workplece. In thev case of tapbihg or thread cold-forming according
to the prior art, it is always the case that multiple revolutions of the tap or of the
cold-forming tap are required, specifically ‘ﬁrstiy during the turning-in pro:(:;ess and
then once again during the turning-back_process of the tool. In the case of the
method and tool according to the invention, one revolution, or aven only part of
ane revolution, is sufficient, corresponding to the number and arrangement of the
grooves in combination with the twisted feed and removal movements. Hene the
additional time required for the generatlon of the grooves is considerably shorter
than the time saved during the thread generation. Furthermore, according to the
invention, the thread can be formed accurately ih terms of"itis‘axial position and
with regard to the start of the thread. The grooves constituté definad positions for
the thread. - |

CA 2880352 2019-12-09
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The combined tool according to the invention is intended with preference for
use In the method according to the invention. It allows for grooves and
threads to be produced in ane working step or using only one too!l, and this

reduces the process times further,

The grooves and the thread can also be generated using separate tools in suc-

cessive working steps, however.

Compared to the straight grooves known from the cited prior art documents
DE 1 176 450, UJS 3,359,581 and EP 2 218 536 Al, the generation of twisted
groaves has the advantage that the axial farces required for generating the
groaves are reduced. Owing to the twisting, a torque is superposed on the ax-
ial force, and this has a damping effect on the axial loading of a tool spindle
with which the tool is driven. In the generation of grooves by cutting, it is
moreover the case that the chips generated can be carried away more effec-
tively forward into the twisted grooves.

The groove twist pitch of the grooves is preferably chosen to be considerably
greater than the thread piich, generally at least four times greater, in particu-
lar at least six times greater, preferably at feast eighteen times greater or
even at least thirty-six times greater.

As an alternative or in addition, the thread pitch angle is chosen to be consid-
erably greater than the groove twist angle, in particular more than two times
greater and preferably more than four times greater than the groove twist an-
gle, the angles being measured with respect to the thread axis and tool axis,
respectively. It is usually the case that the thread pitch angle is considered in
relation to the normal piane with respect to the axis, but for the sake of better
comparability the groove twist angle and the thread pitch angle are defined in
relation to the same reference axis in the present application,

It is thereby possible to ensure & considerable reduction in process time com-
pared to conventional tapping or thread cold-forming, with a simultaneous re-

duction of axial forces during the groove generation.
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The groove twist angle preferably lies in absolute terms in a range between 2°
and 70°, in particular between 5% and 45° and preferably between 7° and 25°.

The thread pitch angle generally lies between 80° and 89.5°, preferably be-
tween 85° and 89°.

The twisting directions or turning direction of grooves and threads about the
thread axis can be the same, i.e. both to the right or both to the left about it,
or else can be opposite to one another, i.e. one to the right and one to the
left about it.

If the thread is generated with a feed motion of the combined tool in a direc-
tion toward the workpiece, i.e. in the forward movement, an identical turning
direction of thread and aroove is advantageous, and if the thread is generated
with a feed motion of the tool in a direction away from the workpiece, i.e. in
the backward movement, an opposing turning direction of thread and groove is
advantageous, since then in both cases the tool can be rotated in the same
direction of rotation during groove generation and during thread generation.

In a particularly advantageous embodiment of the method, the tool is rotated

about a predefined angle of rotation during the generation of the thread, this

angle of rotation being chosen or set in accordance with one of the following
provisions or a combination thereof:

a) as a sum of an angular interval between two grooves, preferably two di-
rectly adjacent grooves, on the one hand and a correction term which is
proportional to the quotient of the thread pitch of the thread to be gen-
erated and the difference between the twist pitch of the grooves and the
thread pitch of the thread to be generated, the thread pitch and the twist
pitch preferably being chosen to be positive in the case of a right-handed
thread or a right-handed twist and to be negative in the case of a [eft-
handed thread or left-handed twist, on the other hand,

b) to such a value that after the rotation each thread generating region pro-
jects into a groove which is directly adjacent to the groove into which the
thread generating region projects before the rotation,
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¢) given an équidistant arrangement or generation of the n grooves in the
same angular interval of 360°/n in relation to one another, Is obtained as
an integral multiple of the sum of 360°/n on the one hand and a correc-
tion term which corresponds to the product of 360%/n on the one hand
and the quotient of the thread pitch of the thread to be generated and
the difference between the twist pitch of the grooves and the thread
pitch of the thread to be generated, on the other hand, the thread pitch
() and the twist pitch (PN) preferably being chosen ta be positive in the
case of a right-handed thread or a right-handed twist and to be negative
in the case of a left-handed thread or [eft-handed twist.

The angle of rotation correction term corrects the longer {or shorter) path of ‘
rotation for the thread generation in the case of twisted grooves compared to

straight axial grooves,

In a preferred and expedient embodiment, each twisted groove or each thread
generating region runs substantially helically about the thread axis during the
generation of the thread, preferably on a cylindrical surface or else a cone.

Furthermore, each groove and each thread generating region preferably have
the same twisting both with respect to the direction in which they turn about
the thread axis or tool axis and with respect to the twist pitch or the twist an-

gle.

The groove(s) can be generated by cutting processes or else by non-cutting
processes using correspondingly cutting or non-cutting groove generating tools
or groove generating regions of the combined tool.

In a preferred variant, at least some of the n groove generating regions of a
groove generating tool or of the combined tool are formed as cutting groave
generating regions with groove generating cutting edges, wherein the groove
generating cutting edges are formed in particular as reaming cutting edges
and/or are arranged on a face side of the tool,
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At least some of the cutting groove generating regions and/or groove generat-
ing cutting edges may have, in an axial direction or twisting direction and/or
in a circumferential direction, in each case at least one step or edge which is

provided in particular as a chip-splitting step or edge.

In a preferred variant, the or each groove generating region has a groove cut-
ting edge or face cutting edge oriented toward or situated on the face side,
wherein said groove cutting edges are generally the radially furthest outward
projecting parts of the toal, at least in the front portion thereof.

In one embodiment, the groove cutting edges are of at least approximately
circular form and/or the outer radius of the groave cutting edges is greater
than the radius of the first thread generating sub-region or of the thread gen-
erating region as a whole,

In one embodiment, the or each groove cutting edge is adjoined laterally in a
circumferential direction by a side cutting edge, which is at the front in the
direction of rotation about the tool axis, and preferably also by a side region
which is at the rear in the direction of rotation about the tool axis. During the
rotation of the tool in the direction of rotation which takes place for the gen-
eration of the thread, the front side cutting edge cuts laterally into the work-
piece, wherein there adjoins preferably in a radially inward direction a lateral
rake surface. The rear side region is, by contrast, generally at an obtuse an-
gle, that is to say does not have a cutting action and is preferably of convex

form.

Axially or in the twisting direction behind the groove cutting edge there gener-
ally adjoins a free surface which preferably slopes downward, in particular in a
linear or conical fashion, from the outer radlus at the groove cutting edge to a
radius which is smaller than the radius of the first pressing lobe or of the first
thread generating sub-region.
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The groove cutting edge is adjoined in a radially inward direction by a face-
side rake surface which runs axially or in the twisting direction rearward in a
linear or eise concave fashion and on which chips produced during the genera-
tion, in particular reaming, of the groove with the groove cutting edge are dis-
charged. The face-side rake surface runs preferably from a lowest point axially
or in the twisting direction forward again to a planar central region oriented
perpendicular to the tool axis, which central region surrounds a central open-
ing of a central duct of the tool, by which central duct coolant and/or [ubricant

can be supplied.

In a further embodiment, at least some of the n groove generating regions are
formed as groove generating regions which operate in a non-cutting manner
and/or which operate by plastic deformation or impression of the workpiece
material, Each groove generating region preferably has a shaping spine {or:
shaping ridge, pressing ridge) which runs substantially in a circumferential di-
rection around the tool axis and which, as viewed in an axial direction or
twisting direction, is the radially highest elevation of the groove generating
region and/or projects radially furthest outward, and'generally also a front
surface which is situated in front of the shaping spine in an axial direction or
in the twisting direction and which serves as a run-on surface by means of
which the groove generating region presses into the workpiece surface for the
flrst time and with slowly increasing deformation force. The front surface con-
nects a front profile, which is situated radially further inward than the shaping
spine and which is arranged in particular on the face side of the tool, to the
shaping spine in an axial direction. Axially or in the twisting direction behind
the shaping spine, each groove generating region has a back surface which
slopes downward from the shaping spine in an axial direction or twisting direc-
tion and which provides a free space for the flow of workpiece material.

The shaping spine preferably has a maximum which projects radially furthest
outward, and said shaping spine slopes downward radially from the maximum
in one flank to a first end point which is situated radially further inward than
the rhaxfmum, and in a further flank to a secand end point which is situated
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radially further inward than the maximum. It is preferably aiso the case that
one end point is situated radially further inward than the other end point

“and/or one flank of the shaping sping is shorter than the other flank.

The front profile generally has a similar shape to the shaping spine with a
maximum and two flanks sloping downward from the maximum to end points,
wherein in this case the front surface preferably connects corresponding points
and lines, such as corresponding maxima and/or corresponding end paoints
and/or corresponding flanks of the front profile and of the shaping spine, to
one another. The front surface preferably runs between the front profile and
the shaping spine in an axial direction in a substantially linear or convexly in-
wardly or outwardly curved manner, or following an arbitrary continuous func-
tion.

The grooves can be made subsequently in the wall of the workpiece or else
can already be generated together with the wall of the workpiece.

In a preferred embodiment, at ieast one, preferably each, of the m thread
generatin‘g regions has, in cross section, a smaller extent in a projection fol-
lowing the twisting than the groove generating region arranged in front of it
or upstream. As a result, each thread generating region is at a spacing or a
clearance from the groove rim, in particular from the groove base, and can be
moved, in particular inserted or removed, in a substantially free manner and
with little friction through the groove generated in the workpiece by the
groove generating region situated in front.

Particularly upon insertion into the associated groove, the thread generating
region projects in a radial direction in relation to the thread axis into the asso-
ciated groove, maintaining a radial spacing from the groove base and prefera-
bly also a spacing from the groove flanks.

In a particular embodiment, however, at least ane or each of the m thread
generating regions can have, in cross section, at least in part an identical or
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greater extent in a projection foilawing the twisting than the groove generat-
Ing region arranged in front of it.

This is particularly expedient when the thread generating region(s) is or are
intended to further rework or generate the groove generated by the groove
generating region, in particular by non-cutting forming.

A further tool according to the invention which can be combined with all other
embodiments is rotatable about a tool axis and has a number m = 1 of thread
generating regions twisted about the tool axis for generating a thread in a
workpiece, and comprises a shank, which has a rear portion, which is for ex-
ample of cylindrical form, and a front portion, which is narrowed in diameter
adjacent to the rear portion, and through which the tool axis centrally runs. At
the end of the rear portion there is formed a clamping region for the clamping
of the shank. The front portion has, toward the face side which faces away
from the rear portion or which is arranged at the front, the m thread generat-
ing regions. The m thread generating regions are in the form of twisted rows,
running in each case in a manner twisted about the tool axis, of thread gener-
ating ridges which, in the case of m = 2, are arranged preferably diametrically
with respect to one another on opposite sides of the tool axis. The thread

‘generating ridges run along the thread pitch of the desired thread and have in

each case one pressing lobe, which projects radially furthest outward in rela-
tion to tHe tool axis, for the plastic impression of the thread flight into the
workpiece. The outer radii of different thread generating ridges or pressing
lobes of the two thread generating regions are equal to one another over the
entire length. The thread generating regions are separated by interposed outer
surfaces which have a smaller outer radius than the thread generating regions,
that is to say are recessed radially with respect to said thread generating re- -
gions, and/or form free spaces between the thread generating regions, The
thread generating regions preferably cover in each case a first angle range
and the outer surfaces cover in each case a second angle range, wherein pref-
erably the first angle range lies in an interval from one to 2.5 times the sec-
ond angle range and/or wherein the pressing lobes are situated preferably
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centrally in the respective angle ranges. The outer surfaces have a convex,

outwardly directed bulge.

In ong embodiment, the n groove generating regions are arranged at uniform
angular intervals of 360°/n relative to one another about the tool axis, that is
to say they are uniformly distributed. A non-uniform distribution is however

also possible,

In one variant of the invention, the angle component of one or each groove
generating region and of the thread generating regions, situated therebehind,
about the tool axis is between 7.2° and 45°, in particular between 13° and 40°
and preferably between 27° and 36°.

The thread generating regions generally project radially further outward than

the other outer surfaces of the thread generating tool.

In one variant of the invention, at least one thread generating region is a
thread forming (or: cold-forming) region and generates its part of the thread
flight by a forming and thus non-cutting process, and/or at least some of the
thread generating regions of the thread generating tool hava thread pressing
lobes arranged on a helical line, which corresponds in terms of thread pitch
and turning direction to the thread to be generated, about the tool axis, which
thread pressing lobes project radially furthest outward within the thread gen-
erating region but project radially outward to a lesser extent than the groave
generating region(s). The thread generating regions are in this case in particu-
lar derived, in terms of function, from a cold-forming tap.

In a preferred embodiment, at least one thread generating region is a thread
cutting region and generates its part of the thread flight by a cutting process.
At least some of the thread generating regions of the thread generating tool
have thread-cutting teeth arranged on a helical line, which corresponds in
te‘rms of thread pitch and turning direction to the thread to be generated,
about the tool axis, which thread-cutting teeth project radially furthest out-
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ward within the thread generating region but project radially outward to a
jesser extent than the groove generating region(s), wherein the thread-cutting
teeth are adjoined in a direction opposite to the cutting direction or direction
of rotation by preferably outer free surfaces. The thread-cutting teeth have
thread cutting edges or a cutting profile which reflect or reflects the cross sec-
tion of the thread profile of the thread flight to be generated.

In one embodiment, the thread-cutting teeth are arranged and formed so as to
cut In the turning direction of the thread to be generated and of the helical
line running about the tool axis on which the thread-cutting teeth are ar-
ranged. This means that, if the thread to be generated is a right-handed
thread, the thread-cutting teeth also cut in a right-handed sense or are like-
wise right-handed, and if the thread to be generated is a left-handed thread,
the thread-cutting teeth also cut in a left-handed sense or are left-handed.

A thread is referred to as being a right-handed thread or right-handed if, as
viewed in the direction in which it runs into the workpiece or toward the work-
piece, that is to say from the outside to the inside, or away from the viewer, it
turns clockwise, that is to say if the turning direction is clockwise or corre-
spands to a right-handed rotation, and is referred to as being a left-handed
thread or left-handed if it turns counterclockwise or in a left-handed rotation,
that is to say if the turning direction is counterclockwise. The same nomencla-

ture generally applies to a helical line or helix,

The direction of rotation of the tool and of its thread generating regions dur-
ing the generation of the thread thus corresponds to the turning direction of
the thread, or in other words, in the case of an internal thread, the tool is ro-
tated in the same way as a screw being rotated or screwed into the thread, or
in the case of an external thread, the tool is rotated in the same way as a nut
being rotated or screwed onto the thread.

In one embodiment, the thread-cutting teeth are arranged and formed so as to
cut in the turning direction of the thread to be generated and of the helical
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line running about the tool axis on which the thread-cutting teeth are ar-
ranged. This means that, if the thread to be generated is a right-handed
thread, the thread-cutting teeth also cut in a right-handed sense or are like-
wise right-handed, and if the thread to be generated is a left-handed thread,
the thread-cutting teeth also cut in a left-handed sense or are left-handed.
The direction of rotation of the tool and of its thread generating regions dur-
ing the generation of the thread thus corresponds to the turning direction of
the thread, or in other words, in the case of an internal thread, the tool is ro-
tated in the same way as a screw being rotated or screwed into the thread, or
in the case of an external thread, the tool is rotated in the same way as a nut
being rotated or screwed onto the thread. This corresponds to the direction of

rotation of a known tap.

In a special alternative embodiment of the invention, the thread-cutting teeth
are however arranged and formed so as to cut oppositely to the turning direc-
tion of the thread to be generated and of the helical line about the tool axis
on which the thread-cutting teeth are arranged.

This is possible owing to the special form of the tool according to the inven-
tion, because the thread-cutting teeth can firstly be moved into the workpiece
or onto the workpiece through the grooves in the workpiece wall without en-
gaging into the workpiece wall, and can then cut the thread only during the
turning-out process, by contrast to known taps which aiways cut the thread
during the turning-in process.

This means, therefore, if the thread to be generated is a right-handed thread,
the thread-cutting teeth cut In a left-handed sense or left-handedly, and if the
thread to be generated is a left-handed thread, the thread-cutting teeth cut in
a right-handed sense or right-handedly. The direction of rotation of the tool
and of its thread generating regions during the generation of the thread is
therefore specifically opposite to the turning direction of the thread, or in oth-
er words, in the case of an internal thread, the tool is rotated in the same way
as a screw being screwed out of or unscrewed from the thread, or in the case
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of an external thread, the tool is rotated in the same way as a nut being
screwed off or unscrewed from a thread.

An advantage of the tool according to the invention in relation to known
thread-cutting or thread cold-forming tools consists in that the thread generat-
ing tool need no longer have a run-on cone or cut-starting region, such as is
conventionally provided in the case of taps or cold-forming taps, in which the
maximum radial spacing of the thread teeth or pressing lobes increases along
a conical surface proceeding from the end of the tap or cold-forming tap. In
this way, even in the case of a blind hole, it is possible for a complete thread
flight to be generated axially along a greater thread length, because the in-
complete thread flight which would arise over the length of the cut-starting
region or run-on cone Is eliminated. Furthermore, the thread generating tools
may be designed to be shorter, which, aside from other advantages, has a
pasitive effect in particular even in the case of small working heights.

In general, the outer profile of only one thread-cutting tooth or thread shaping
wedge already defines the final thread profile of the thread flight portion gen-
erated by said tooth or wedge.

In a speclal refinement, each thread generating region is divided into at least
two offset thread generating sub-regions with different thread auter profiles,
wherein in particular any desired thread outer profiles may be combined in any
desired sequence. In this way, it is possible in particular to set different
clamping forces for the screw, which is screwed into a thread generated by
means of said thread generating tool, in the different thread sub-regions
which correspond to the different thread generating sub-regions. In particular,
it is possible to set a greater clamping action for the screwed-in screw in the
thread sub-region with the smaller thread profile.

In one advantageous embodiment, a first thread generating sub-region, pref-
erably a front thread generating sub-region, which is situated in front of a rear
thread generating. sub-region axially or in a direction toward the face side, has
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a thread outer profile with at least partially smaller dimensions or outer di-
mensions, in particular at the profile tip but if appropriate also at the profile
flanks, than a second thread generating sub-region, preferably the rear thread
generating sub-region.

It is then preferably possible for the screw to be screwed initially with a lower
clamping action, or mare loosely, into the rear thread sub-region generated by
the rear thread generating sub-region, before said screw is then screwed fur-
ther into the front thread sub-region, generated by the front thread generating
sub-region, with a greater clamping action or more tightly with a firmer fit.

In one special refinement, each first thread generating sub-region, in particu-
lar front thread generating sub-region has, in its thread outer profile, a flat-
tening at the profile tip and/or each second, in particular rear, thread generat-
ing sub-region has a thread outer profile which has a radially further outward-
ly projecting profile tip than the thread outer profile of the first thread gener-
ating sub-region, in particutar front thread generating sub-region.

In one advantageous embodiment, the diameter of a thread generating sub-
region, in particular of the first thread generating sub-region or of the front
thread generating sub-region, Is smaller than the diameter of another thread
generating sub-region, in particular of the second thread generating sub-

region or of the rear thread generating sub-region.
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such refinements of the invention would not be technically possible in the case

of a known cold-forming tap or tap.

The wall of the workpiece in which the thread is generated is preferably a core

hole wall of a core hole, in particutar of a blind hole or of a through hole, in

the workpiece, such that the thread is an internal thread. The generation of an

external thread on an outer wal! of the workpiece is however also possible.

The groove generating regions and/or the thread generating regions are fas-
tened, preferably de'tachably or exchangeably, to a tool carrier or tool shank,

preferably as prefabricated parts.

The invention will be explained in more detail below on the basis of exemplary

embodiments. Here, reference is also made to the drawing, in which, in each

case schematically:

figure 1
figure 2

figure 3

figure 4

figure 5

shows a sectional illustration of a core hole in a workpiece,
shows a sectional illustration of the core hole as per figure 1
with two grooves generated in a first method step,

shows a sectional illustration of the core hole as per figure 2
with a tool, having two thread generating regions situated in
the grooves, inserted in a second method step,

shows a partially sectional illustration of the core hole as per
figure 3 with the tool inserted therein, which tool, in a third
method step, is rotated through an angle of rotation and
moved with an axial feed motion, wherein the thread generat-
ing regions have generated a part of a thread flight,

shows a partially sectional illustration of the core hole as per
figures 3 and 4 with the tool inserted therein, which tool, in
the third method step, has been rotated through the full angle
of rotation and moved with an axial feed motion, wherein the
thread generating regions have generated the complete thread
flight,
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figure 8
figure 9
figure 10
figure 11
figure 12
figure 13

figure 14

figure 15

figure 16
figure 17

figure 18
figure 19

figure 20
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shows a perspective illustration of a workpiece having a core
hole with two twisted grooves and having a finished thread be-
tween the grooves,

shows a plan view of the core hole as per figure 6, and

shows a sectional illustration of the core hole as per figure 7
alang the line VIII-VIII in figure 7,

shows a thread generating tool which operates in a noen-cutting
manner and which has two thread generating regions,

shows an end view of a thread generating tool which operates

in a non-cutting manner,

~shows a perspective view of a combined tool having two thread

generating regions and, in front thereof, groove generating re-
gions,

shows a perspective side view of the tool as per figure 11,
shows an end view of the tool as per figure 12,

shows & front part of the tool as per figures 11 to 13 in a longi-
tudinal section along XV-XV in figure 14,

shows a front region of the thread generating tool as per fig-
ures 11 to 14 in a section, inclined obliquely along the thread
pitch, through the front thread teeth in a view toward the front
along the line XV-XV in flgure 14,

shows a perspective side view of a further combined tool,
shows a perspective illustration of a workpiece with a blind
hole having two twisted grooves and having & finished thread
between the grooves, wherein the grooves and the thread have
been generated preferably by means of a tool as per figures 11
to 15,

shows a plan view of the blind hole as per figure 17,

shows a sectional illustration of the blind hole as per figure 17
along the line XIX-XIX in figure 18, ‘

shows a perspective view of a further embodiment of a com-
bined tool having two thread generating regions and, in front
thereof, non-cutting groove generating regions,
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figure 21 shows an end view of the tool as per figure 20, and
figure 22 shows a perspective view of a groove generating tool.

Corresponding parts and dimensions are denoted by the same reference signs

in figures 1 to 22.

Figure 1 shows a core hole 20 in a workpiece 2 in a section, wherein the core
hole 20 has a cylindrical core hole wall 21 which encircles a central axis M and
which has the diameter D. The direction radial with respect to the central axis
M is denoted by an arrow and the reference sign r.

According to figure 2, there are then generated in the core hole wall 21 two
twisted, preferably helical or helix-shaped grooves 22 and 24 which are formed
and arranged on opposite sides diametrically with respect to the central axis
M, that is to say in particular so as to be offset by 180° with respect to one
another. The twisting or the helicity of the grooves 22 and 24 is not actually
visible in the pure sectional illustrations as per figure 2 and figures 3 to 5, but
is in fact indicated graphically in figure 5 and can be readily seen, for exam-
ple, in figures 6 and 8 and also figures 17 and 19, and will be explained in
more detail,

The depths of the grooves 22 and 24 measured from the outer diameter or
from the original cylindrical core hole wall 21 of the core hole 20 are denoted
by t, and are preferably identical in both grooves 22 and 24. The radially outer
groove base of the groove 22 is denoted by 22B, and correspondingly, the
groove base of the groove 24 is denoted by 24B. A wall sub-region of the core

“hole wall 21 running counterclockwise between the grooves 22 and 24 in fig-

ure 2 is denoted by 23, and a wall sub-region situated on the ather side be-
tween the grooves 22 and 24 is denoted by 25.

The angle component B, corresponding to the circumferential component, of a
groove 22 or 24 in relation to the averall circumference of the core hole 20
and the core hole wall thereof, that is to say in relation to 360°, is between
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2% and 12.5%, preferably between 7.5% and 10% or, expressed in degrees,
between 7,2° and 45°, preferably between 27° and 36°. The angle component
y, corresponding to the remaining circumferential component) of each wall
sub-region 23 and 25 is then (360° - 2B)/2 = 180° - B.

The core hale 20 as per figure 1 is preferably generated by a cutting process,
in particular by means of a drilling tool or a milling tool, and the grooves 22
and 24 are then generated in the core hole 20 as per figure 2 by means of a

- separate tool. To generate the two grooves, use can then be made either of a

separate groove generating tool or a combined groove and thread generating
tool, as will be explained below.

Figure 22 shows an exemplary embodiment of a groove generating tool 10
having twisted groove generating regions 142 and 144, by means of which the
twisted grooves 22 and 24 can be generated in the core hole 20 by a shaping
and non-cutting process. '

Alternatively, however, it is also possible to equally generate the core hole 20
with the grooves 22 and 24 as per figure 2 by means of one tool, for example
a milling tool or in the case of thin workpieces such as metal sheets also by
means of a punching tool moved with a twisting motion, or in one working
step, and therefore the core hole 20 as per figure 1 is dispensed with.

The generation of a thread In the core hole 20 provided with the grooves 22
and 24 as per figure 2 will now be explained with reference to figures 3 to 5.

According to figure 3, a tool 3 which is rotatable about its tool axis A is insert-
ed, with its tool axis A coaxial with respect to the central axis M of the core
hole 20, into the core hole 20, The tool 3 has two thread generating regions
32 and 34 arranged diametrically with respect to the tool axis A or offset with
respect to one another by 180°, and has two, here in particular cylindrical,
outer surfaces 33 and 35 between the thread generating regions 32 and 34.
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During the insertion of the thread generating regions 32 and 34 into the
grooves 22 and 24, the thread generating regions 32 and 34 follow the twist-
ing or the helicity of the grogves 22 and 24, preferably by the control of
movement through a correspondingly helical movement by the superposition of
axial feed motion and rotational movement. The feed speed of this axial feed
movement during the insertion of the tool 3 and the thread generating regions
32 and 34 thereof into the grooves 22 and 24 of the core hole 20 is adapted to
the rotational speed of the rotational movement and the twist pitch or pitch of
the helix of the grooves 22 and 24, in such a manner that, in the same amount
of time as that which the tool 3 would take to perform one full revolution, the
axial feed or the axial travel would correspond precisely to the twist or helix
pitch. The axial feed speed of the tool 3 during insertion into the twisted
grooves 22 and 24 thus corresponds to the product of the twist pitch of the
grooves 22 and 24 and the rotary frequency of the tool 3.

It is also conceivable, however, to allow the grooves 22 and 24 to guide the
thread generating regions 32 and 34 in the helical movement in the event of a
purely axial feed motion and when the tool 3 is simultaneously permitted to
rotate to a certain extent in a manner opposite to the twisting of the grooves
22 and 24.

The rotation of the tool 3 during the twisted or helical insertion movement into
the twisted grooves 22 and 24 is adapted in terms of its direction of rotation
to the twisting direction or the direction of rotation of the helix of the grooves
22 and 24, and can correspond to the direction of rotation S shown (for the
thread generation) or also to the opposite direction of rotation.

The thread generating regions 32 and 34 project radially further outward than
the outer surfaces 33 and 35. The diameter of the thread generating tool 3
from the outer surface 33 to the outer surface 35 is denoted by d.

The thread generating regions 32 and 34 have thread-cutting teeth 32A and
34A (of which in each case only one Is visible in section in figure 3) arranged
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on a spiral or helical line ar helix, which corresponds in terms of thread pitch
to the thread to be generated, about the tool axis A, and said thread generat-
ing regions have outer free surfaces 32B and 34B which adjoin the thread-
cutting teeth 32A and 34A. In figure 3, the thread-cutting teeth 32A and 34A
are arranged at the front as viewed in a direction of rotation $ about the taol
axis A, and the free surfaces 328 and 34B run in each case rearward from the
thread-cutting teeth 32A and 34A. The thread-cutting teeth 32A and 34A are
the radially furthest outward projecting regions of the thread generating re-
gions 32 and 34 of the thread generating tool 3. The radial height of the
thread-cutting tooth 32A or 34A in relation to the rest of the outer circumfer-
ence of the thread generating toal 3, that is to say in particular in relation to
the outer surfaces 33 and 35 thereof, is denoted by h, and is preferably Iden-
tical for both thread generating regions 32 and 34.

The radial spacing of the thread-cutting teeth 32A and 34A to the respective
groove base 22B and 24B of the respective groove 22 or 24 is denoted by Ar,
and is preferably likewise identical for both grooves 22 and 24. Said radial
spacing Ar is typically chosen to be between 1/20 and 1/5 of the groove depth
t.

The thread generating region 32 projects in a radial direction r into the groove
22, and the thread generating region 34 projects into the groove 24. The fol-
lowing thus applies for the respective dimensions: d < D and d/2 + h < D/2 +
t.

The radial spacing or the gap width between the wall sub-region 23 of the
core hole wall 21 and the facing outer surface 33 of the thread generating tool
3, and between the wall sub-region 25 of the core hole wall 21 and the facing
outer surface 35 of the tool 3 is denoted by g and corresponds to g = (D - d) /
2. Said gap width g and also the radial spacing Ar between the free surface
32B or 34B and groove base 22B or 24B respectively are illustrated in each
case on an exaggerated scale.in order to provide a clearer illustration. The
clearance between the thread generating tool 3 on the one hand and the core
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will generally be smaller. It is preferably the case that 0.01 < g/D < 0.1,
though other parameter relationships may also be selected.

The respéctive angle component (or extent in the circumferential direction or
opening angle) B’ of each thread generating region 32 and 34 is, as shown in
figure 3, smaller than the angle component B of the associated groove 22 or
24, in order to allow for a clearance in the circumferential direction between
the thread generating region 32 and 34 and the groove 22 and 24 and for the
low-friction insertion of the thread generating reglons 32 and 34 into the
grooves 22 and 24, and to avoid damage to the tool or workpiece,

As a deviation from the illustration, the thread generating region can also be
chosen to be narrower, i.e. with a smaller angle component B’, and so too

preferably the groove in a corresponding manner.

Figure 4 then shows the tool 3, which has been rotated during the thread gen-
eration in the direction of rotation S by an angle o in relation to the position
shown in figure 3, in the core hole 20 of the warkpiece 2.

In addition to the rotational movement in the direction of rotation S, during
the thread generation the tool 3 is moved inward into the core hole 20 coaxial-
ly Mth respect to the tool axis A and also with respect to the central axis M by
means of an axial or linear feed movement, which cannot be seen in the sec-
tion in figure 4. The feed speed of this axial feed movement is adapted to the
rotational speed of the rotational movement in the direction of rotation S and
the deslred thread pitch P and also the twisting of the grooves 22 and 24.

As a result of the rotational movement through the angle of rotation o of the
thread generating tool 3, with simultaneous axial feed movement, a part of the
thread flight 36 of the thread has been generated in the core hole wall 21 of
the core hole 20, specifically proceading from the groove 22 in the wall sub-
region 25 and proceeding from the groove 24 in the wall sub-region 23. For
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illustration, the entire sub-region already generated in a turn of the generated
thread flight 36 is also shown in the illustrated section in figure 4, even if
strictly speaking this would be hidden in the section.

A plurality of thread-cuiting teeth 32A and 34A arranged offset with respect to
one another in a helical row corresponding to the twisting of the grooves 22
and 24 are preferably arranged in each thread g'j’enerating reglon 32 and 34.
Corresponding to the number of thread-cutting teeth 32A and 34A of each
thread generating region 32 and 34, during half of one revolution, through o =
180°, of the thread generating tool 3 with a simultaneous feed movement by
P/2, a number of thread turns of the thread flight 36 are generated corre-
spanding to the number of thread-cutting teeth in the helical row, said thread
turns being interrupted In each case by the grooves 22 and 24. Here, the
thread-cutting teeth 32A and 34A, which are situated diamétricaliy directly op-
posite one another, are arranged offset in each case by P/2 in order that the
two separately generated half-turns of the thread flight 36 in the wall region
23 and in the wall region 25 then merge into one another, after the groove 22
and 24, along the desired thread profile on the helical line with the thread

‘pitch P.

Here, the radial height h of the thread-cutting tooth 32A or 34A determines
the spacing of the thread base 36B of the thread flight 36 from the core hole
wall 21, '

A functionally complete rotation of the toal 3 such that each thread-cutting
tooth 32A and 34A lands in the next groove 24 or 22, respectively, proceeding
from the groove 22 or 24, respectively, in this case covers the entire inter-
posed wall sub-regions 23 and 25, such that the thread flight 36 is generated
entirely therein.

The state after such a functionally complete rotation is shown in figure 5. The
thread generating region 32, which previously projected into the groove 22,
now projects into the diametrically opposite groove 24, and the thread gener-
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ating region 34, which previously projected into the groove 24, now projects
into the groove 22, in each case with the radial spacing Ar to the groove base

24B and 22B respectively.

As a result, in a further step the thread generating tool 3 can then be removed
from the core hole 20 again in a helical extraction movement about the central
axis M corresponding to the twisting of the twisted grooves 22 and 24, since
the thread generating regions 32 and 34 can be moved outward again in a hel-
ical or twisted extraction movement along the twisted grooves 24 and 22 with-
out damage being caused to the thread flight 36 generated.

On account of the twisting of the grooves 22 and 24, the angle of rotation «
for such a functionally complete rotation of the tool 3 between the two
grooves 22 and 24 is thus not just 180°, as would be the case for straight axi-
al grooves, but rather is to be corrected by an angle of rotation correction Aa,
which depends on the twist pitch of the grooves 22 and 24 on the one hand
and on the thread pitch on the other hand.

Given commonly a number n >= 1 of grooves and in the case of an equidistant
or uniform distribution of the grooves in the core hole wall 21, i.e. a spacing
angle of 360°/n, the angle of rotation a for a functionally complete rotation of
the tool 3 between the two grooves 22 and 24 is

o = 360°/n +Ac
where

Aa = 360°/n - P/(PN-P)

or expressed differently

a = 360°/n (1 +P/(PN-P))
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with the thread pi.tch P of the thread to be generated and the twist pitch PN of
the grooves, i.e. the axial travel for a complete turn of the groove 22 or 24
about the central axis M, P and PN being chosen to be paositive in the case of a
right-handed thread ot a right-handed twist and to be negative in the case of
a left-handed thread or left-handed twist. The correction is thus determined

according to the quotient P / (PN - P) from P and PN - P,

In the case of a non-equidistant arrangement or non-uniform distribution of
the grooves, a complete rotation through at least 360° is generally necessary
in order to bring the thread generating regions into the grooves again and to
be able to pull the tool out, unless axial symmetry is present or n-fold rota-
tional symmetry is present whereby each thread generating region projects
into an associated groove again already with a smaller angle of rotation. The
aforementioned angle of rotatian correction Aq is also applicable In the non-
equidistant case or in the case of non-uniform distribution.

The twisting direction or turning direction of the grooves is preferably the
same as the twisting or turning direction of the thread, i.e. both are twisted
around to the right or to the left, since then the direction of rotation of the
tool does not have to be changed between groove generation and thread gen-

‘eration. It is also possible, however, to choose opposite twisting or turning

directions, i.e. a right-hand twist for threads and a left-hand twist for grooves,

or vice versa.

One advantage is that the tool 3, which is ultimately a modified tap, need not
have a run-on cone or cut-starting region in which the maximum radial spacing
of the thread-cutting teeth increases along a cone surface proceeding from the
end of the tap in order to attain a corrasponding growth of the chip and of the
penetration depth of the thread-cutting teeth into the workpiece surface and
in order to prevent the cut pressure from becoming too high.

In the case of the tool 3 according to the invention, which engages with its
thread generating regions 32 and 34 into the previously generated grooves 22
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and 24, the thread flight can moreover be generated uniformly with the full
thread profile depth as per the radial height h of the thread-cutting teeth 32A
and 34A, and, as viewed over the axial thread length of the thread, there is no
loss, even in the case of a blind hole as a core hole 20, of a sub-region with
an incomplete thread flight such as would otherwise be generated in the case
of conventional taps by the cut-starter or run-on cone of the tep. The thread
flight 36 which is generated also over a partial rotation is thus compiete, spe-
cifically over its entire axial thread length. This is an advantage which can
more than compensate for the certain strength disadvantage as a result of the
interruptions of the thread flight 36 in the region of the two grooves 22 and
24,

Furthermore, despite the additional step of the generation of the grooves 22
and 24, the actual thread geherating process can be performed in a shorter
time than is possible with conventional taps in a circular core hole without
grooves 22 and 24, |

Compared to the straight grooves known from the prior art, the twisted
grooves have the advantage that the axial forces required during groove gen-
eratian are reduced. Owing to the twisting, a torque is superpased on the axial
force, and this has a damping effect on the axial loading of a tool spindle. In
the generation of grooves by cutting, the chips generated can be carried away

more effectively forward into the twisted grooves.

Furthermore, it is advantageously pessible for coolant and/or lubricant, in par-
ticular in the form of oil or oil aerosol, to be guided or conducted through the
grooves 22 and 24 to the location of the thread generation, and said grooves
can also be used for the discharge of chips. Furthermore, it is also possible for
at least the last chips generated to be introduced by the thread-cutting tooth
into the respective groove 22 or 24 and discharged there with a relatively

~large volume with the coolant and/or lubricant,
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For the transport of coolant and/or lubricant to and from the thread generat-
ing regions 32 and 34 and/or for the discharge of chips from cutting thread
generating regions 32 and 34, the thread generating tool 3 may also have out-
er grooves and/or inner ducts (not illustrated) which run on or to the thread

generating regions 32 and 34.

The core hole 20 in figures 1 to 5 may be either a through hole or a blind
hole. The wall of the workpiece may thus, as illustrated, be the inner wall of a
continuous or non-continuous hole in the workpiece for the production of an
internal thread. The tool may however likewise be used for producing an ex-
ternal thread, wherein then, the grooves and subsequently the thread are
generated in the outer wall of a shank or bolt or the like, and the thread gen-
erating regions of the thread generating tool are correspondingly arranged on
an inner surface or directed inward and engage from the outside inta the outer
wall of the workpiece. The thread generating tool is then also of greater diam-
eter than the wall of the workpiece, whereas in the case of an internal thread,
said thread generating tool is of smaller diameter.

Figures 6 to 8 show a thread, generated by means of the tool according to the
invention, in a through hole as a core hole 20, with the thread generating tool
3 already having been pulled out.

The thread flight 36 has been fully generated in the wall sub-regions 23 and
25 of the core hole wall 21 of the core hole 20 and is interrupted only in the
region of the grooves 22 and 24, The central axis M of the core hole 20 is then
the thread axis of the generated thread with the (intefrupted) thread flight 36.

Figure 8 also shows the thread pitch P and the thread pitch angle ¢ (with re-
spect to the cross-sectional plane perpendicular to the central axis M) of the
thread flight 36 and also, for comparison, the groove twist pitch PN, of which
half PN/2 is shown, and the groove twist angle 6 (with respect to the cross-
sectlonal plane perpendicular to the central axis M) of the twisted groove 24
visible in this respect.
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The helix of the grooves is generally chosen to be significantly wider and
steeper than the helix of the thread, in order to be able to attain and retain
the time advantage in the process, which has already been described and is
particularly great in the case of straight grooves as in the prior art, compared
to conventional tapping or thread cold-forming even in the case of twisted

grooves,

This means that the thread pitch P, which corresponds in particular to the
spacing or the pitch of two thread teeth of thread generating regions 32 and
34 of the tool 3, is chosen to be considerably smaller than the groove twist
pitch PN, which preferably corresponds to the pitch of the twisted thread gen-
erating regions 32 and 34 of the tool 3, generally PN > 4 P, in particular PN >
6 P, preferably PN > 18 P, it also being possible for PN > 36 P to be chosen,
and/or the thread pitch angle ¢ of the thread flight 36, corresponding to the
angle from one thread tooth lying on the thread line to the next thread tooth
lying on the thread line, as measured in relation to the central axis M or tool
axis A, is considerably greater than the groove twist angle 8, which corre-
sponds in particular to the twist angle of the twisted thread generating regions
32 and 34 of the tool 3 and is likewise measured in relation to the central axis
M or tool axis A, In particular ¢ > 2 8, preferably ¢ > 4 6.

Preferred absolute values for the groove twist angle 6 are generally between
2° and 70°, in particular between 5° and 45° and preferably between 7° and
25°,

Preferred absolute values for the thread pitch angle ¢ are generally between
80° and 89.5°, preferably between 85° and 89°,

In a further embodiment, as a thread generating todl, instead of a tap modi-
fied according to the invention such as is shown in figures 3 to 5, there may
also be provided a cold-forming tap modified according to the invention, in
which the thread generating regions have radially outwardly projecting press-
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ing lobes or cold-forming teeth instead of thread-cutting teeth. The pressing
lobes or cold-forming teeth generate the thread flight in a non-cutting manner,
by plastic impression into the core hole wall 21, during the rotational move-
ment and simultaneous axial feed movement of the thread generating tool.
The pressing lobes may in particular be arranged in the center of the thread
generating regions, again with a radial spacing to the respective groove base

of the grooves,

With regard to the working movements and geometry, the statements made
above largely apply analogously if the thread-cutting tooth 32A and 32B is re-

placed with & thread shaping tooth or pressing lobes.

Figures 9 and 10 show an exemplary embodiment of such a threading tool 3
according to the invention which is in the form of a non-cutting cold-forming
tap, has no groove generating region and is used to generate a thread in a
care hole 20 with twisted grooves 22 and 24 which have already been gener-
ated.

The threading toal 3 comprises a shank 5 which has a rear portion 9, which is
for example of cylindrical form, and a front portion 8 which is narrowed in di-
ameter adjacent to the rear portion 9 and centrally through which the tool axis
A extends. At the end of the rear portion 9 there is formed a polygon 7 or a
clamping region of some other form for the clamping of the shank 5in a
clamping means, in particular a chuck or clamping jaw, of a machine tool for
driving the threading tool 3, in particular for rotating the latter about the taol

-axis A.

The front portion 8 has, toward the face side 6 which faces away from the rear
portion 9 or which is arranged at the front (or: toward the free end), two
thread generating regions 32 and 34, which are in the form of rows of thread
generating ridges each running twisted about the tool axis A and are arranged
diametrically in relation to one another on opposite sides of the tool axis A.
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The thread generating ridges run along the thread piich of the desired thread and
are thus inclined by the thread pitch angle relative to a plane orthogonal with
respect to the tool axis A, and have.in each case one _pressing lobe or shaplng

wedge, which projects radially furthest outward with respect to the tool axis A, for
the plastic impression of the thread flight into the workpieca:

The pressing lobes of the first three thread generating ridges of the thread
generating region 32 proceeding from the face side 6 are denoted in figure @ by 32-
1, 32-2 and 32-3, and those of the thread genérating region 34 are denoted by 34-
1, 34-2 and 34-3. In figure 10, only the foremost pressing lobes 32-1 and 34-2 are
visible.

The radii or spacings of the thread generating ridges Df the two thread generating
regions 32 and 34 from the tool axis A are constant or equal to one anothar. In this
way, even the radii of the shaping wedges or préssing lobes 32-1, 32-2 and 32-3
and 34-1, 34-2 and 34-3 situated furthest forward at the face side 6 are équai to
one another, The cold-forming tap or the thread generating tool 3 both asbpar
figure 9 and also as per figure 10 thus has no initial-forming cone and thus no
increasing radius over the first thread shaping wedges. Rather, the radii of the
pressing lobes of all of the thread generatmg rndges in each of the thread
generating regions 32 and 34 are equal or constant over the entire axial length.
The furthest outward projecting shaping wedges or pressing lobes, including the
pressing lobes 32-1, 32-2 and 32-3 of the thread generating ridges, thus lie on a
lobe axis B which runs parallel, or with constant radial spacing, to the toal axis A.
The same applies to the thread generéting ridges with the pressing lobes 34-1 to
34-4 of the thread generating region 34, |

The two thread generating regions 32 and 34 are separated by mterposed outer
surfaces 33 and 35 which have a smaller radius from the tool axis A or a smaller
outer diameter than the thread generating regions 32 and 34, that is to say are
recessed radially with respect to said thread generating regions, The thread
generating regions 32 and 34 are thus the radially furthest outward

CA 2880352 2019-12-09



10

15

20

25

30

CA 02880352 2014-12-11

34

projecting parts in the front portion 8 of the thread generating tool 3, and the
outer surfaces 33 and 35 form free spaces between the thread generating re-

gions 32 and 34.

Each outer surface 33 and 35 of the thread generating tool 3 between the
thread generating regions 32 and 34 thereof has a special shape and bulges
convexly outward into bulges 52 and 54. Good rigidity is attained as a result of
the convex bulges 52 and 54.

The diameters or radii of the thread generating ridges of the two thread gen-
erating regions 32 and 34 are constant, that is to say the outer radii of the
outwardly projecting shaping wedges 32-1, 32-2 and 32-3 which are situated
furthest forward at the face side 6 are in each case identical, The cold-forming
tap or the thread generating tool 3 thus has no initial-forming cone or run-on
region with an increasing outer radius over the first thread shaping wedges for
the successive deepening or working-in of the thread flight at the thread base.
Rather, the radii of all of the thread generating ridges and the shaping wedges
thereof in each of the thread generating regions 32 and 34 are identical or
constant over the entire axial length, as shown on the basis of the first three
thread generating ridges 32-1, 32-2 and 32-3. The furthest outward projecting
shaping wedges or pressing lobes of the thread generating ridges thus lie on a
lobe axis B which runs parallel or with a uniform radial spacing to the tool axis
A. The same applies to the thread generating ridges of the thread generating
region 34 (not illustrated in figure 9). The special shape of the free spaces 52
and 54 and of the thread generating region 32 and 34 permits the use of the
thread cold-forming tool 3 as per figure 9 or figure 10 for thread generation
according to the invention or else as per figures 1 to 8, wherein the thread
generating regions 32 and 34 are inserted with twisting into the previously
generated grooves 22 and 24 in the workpiece 2, and the thread generating
tool 3 is then rotated in the described manner until the thread generating re-
gions 32 and 34 come to rest again in the associated grooves or in the oppo-
site grooves 22 and 24 or 24 and 22, whereafter the tool 3 can be pulled with
twisting out of the workpiece 2 again.
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Figures 11 to 15 show various illustrations of a combined tool 4 according to
the Invention, in which, in the front portion 8 of the tool 4, In addition to two
cutting thread generating regions 32 and 34, a groove generating region 42 is
also positioned with twisting in front of the thread generating region 32 on the
face side 6 and a groove generating region 44 is positioned with twisting in
front of the thread generating reglon 34. |

Fach groove generating region 42 and 44 has a groove cutting edge 42A or
44A which is directed axially forward and situated on the face side 6. The
groove cutting edges 42A and 44A are the radially furthest outward projecting
regions, and the axially furthest forward situated regions of those regions
which are situated radially at the outside, of the tool 3 in the front portion 8

thereof,

The groove cutting edges 42A and 44A may in particular be of at least approx-
imately circular form. As shown in figure 15, the radius r0 of the groove cut-
ting edge 42A is greater by a differentlal radius Ar than the radius r1 of the
first thread generating sub-region 321 and than the radius r2, which in figure
15 is identical to radius r1, of the second thread generating sub-region 321.

Each groove cutting edge 42A and 44A is adjoined laterally in a circumferential
direction by a side cutting edge 42D and 44D, which is at the front in the di-
rection of rotation S about the tool axis A, and by & side region 42E or 44E
which is at the rear in the direction of rotation S about the tool axis A.

During the rotation of the tool 4 in the direction of rotation S which takes
place for the generation of the thread, the front side cutting edge 42D and
44D cuts laterally into the workpiece, and said front side cutting edge is corre-
spondingly ground so as to be adjoined in a radially inward direction by a rake
surface 42F or 44F for the discharge of chips. The rear side region 42E and
44E is, by contrast, at an obtuse angle and is preferably of convex form, since
it merely follows but need not perform any cutting.
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Axially behind the groove cutting edge 42A and 44A there adjoins a free sur-
face 42B and 44B which, as shown in figure 15, slopes downward, in particular
in a linear or conical fashion, from the radius r0 to a radius smaller than the

radius r1 of the first pressing lobe 32-1.

The groove cutting edge 42A is adjoined in a radially inward direction by a
face-side rake surface 42C, and the groove cutting edge 44A is correspanding-
ly adjoined in a radially inward direction by a rake surface 44C, which rake
surface in each case runs axially rearward in a linear or else concavely curved
fashion and on which chips produced during the reaming of the groove with
the groove cutting edge 42A or 44A are discharged. The rake surface 42C or
44C runs from a lowest point axially forward again to a planar central region
51 oriented perpendicular to the tool axis A, which central region surrounds a
central opening of a central duct 50 of the tool 4, via which central duct cool-
ant and/or lubricant can be supplied..

The two thread generating regions 32 and 34 in the combination tool 4 accord-
ing to figures 11 to 15 are preferably designed to impart a cutting action and
have a plurality of thread-cutting teeth 32A and 34A arranged at the front in
the direction of rotation S about the toocl axis A, the outer cutting edges of
which thread-cutting teeth are matched to the shape of the thread profile to
be generated. A radially inwardly running rake surface for the chips generated
by the thread-cutting teeth 32A and 34A is denoted by 32C and 34C respec-
tively. On the outside, the thread-cutting teeth 32A and 34A are adjoined, op-
positely to the direction of rotation S, by an outer free surface 32B or 34B
which ends at a side region 32E or 34E which is at the rear in the direction of
rotation $ and which is slightly bulged convexly outward.

As viewed proceeding from the face side 6, the first three thread generating
sub-regions of the thread generating region 32 with in each case one thread-
cutting tooth are denoted by 32-1 to 32-3 in figure 15.



10

13

20

25

30

CA 02880352 2014-12-11

37

The thread-cutting teeth 32A and 34A are the radially furthest outward pro-
jecting regions of the thread generating regions 32 and 34. The groove gener-
ating regions 42 and 44 project radially still further outward than the thread
generating regions 32 and 34, as can readily be seen in figure 15.

The two thread generating regions 32 and 34 are separated from one another
by interposed outer surfaces 33 and 35 of the tool 4, and the groove generat-
ing regions 42 and 44, which are situated in front of said thread generating
regions, are separated from one another by interposed outer surfaces 43 and
45 of the tool 4. The outer surfaces 33 and 35 and also 43 and 45 have a
smaller radius from the tool axis A or a smaller auter diameter than the thread
generating regions 32 and 34 and the groove generating regions 42 and 44,
and form free spaces between the cutting thread generating regions 32 and 34
and the groove generatmg regions 42 and 44, which free spaces also serve for

the discharge of chips.

It is preferable, in particular for reasons of simple production, for the shape
and contour of the lateral regions, which are at the front and at the rear in the
direction of rotation S, of the thread generating regions 32 and 34 and of the
groove generating regions 42 and 44 and of the outer surfaces 33 and 35 and
also 43 and 45 to be adapted to one another, in particular situated one above
the other or congruent in the perpendicular projection along the tool axis A,
that is to say for example the rake surfaces 32C and 42F and the side regions
32E and 42E and the outer surfaces 33 and 43 and also 35 and 45 are adapted

to one another, in particular are ground together.

Each outer surface 33 and 43 and also 35 and 45 of the combined tool 3 ini-
tially forms concavely inwardly running portions directly adjoining the cutting
edges, that is to say the groove cutting edges 42D and 44D and the thread-
cutting teeth 32A and 34A, which portions form the rake surfaces 32C and 34C
and 42F and 44F respectively and then bulge convexly outward into bulges 52
and 54, before then running outward on the other side into the convex side
regions 32E and 34E and also 42E and 44E. As a result of the convex bulges
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52 and 54, good rigidity and stability of the tool with respect to torques is

achieved.

During the axial feed movement of the tool 4 and the axial reaming or cutting
process, the contours of the groove cutting edges 42D and 44D are reflected
in the groove contour of the groove 22 and 24 respectively. The thread-cutting
teeth 32A and 34A generate the thread flight 36 during the subsequent rota-

tional movement.

In the embodiment illustrated in figures 11 to 15, the groove cutting edges
42A and 44A lie in a common plane which is oriented perpendicular to the tool
axis A, that is to say are situated axially at the same height. In this way, the
back sides of the cutting edges or free surfaces 42B and 44B, situated behind
said groove cutting edges, of the groove generating regions 42 and 44 are of
different lengths corresponding to the thread pitch. In an embodiment which is
not illustrated, the groove cutting edges 42A and 44A may however also be
arranged axially offset with respect to one another by the thread pitch in order
to permit an equal axial length of the groove generating regions 42 and 44.

According to the invention, the thread generating regions work the thread in
merely by means of a small rotation between one groove (for example 22 or
24) and the next groove (for example 24 or 22), wherein individual thread
flight portions are generated which form parts of the helix of the thread and
which are interrupted or separated from one another by the grooves. Each
thread generating region and each thread-cutting tooth or thread shaping
tooth or wedge therein thus generates an associated individually generated
thread flight portion which, during a rotation only to the next groove, is
passed through and generated only once and only by said thread generating
region and its thread-cutting tooth or thread shaping wedge. During a rotation
of each thread generating region to the next but one groove, the thread flight
portion between two grooves is generally run through and worked in jointly in
succession only by two successive thread generating regions and their thread-
cutting teeth or thread shaping wedges. Considered conversely, each thread
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generating region and each thread-cutting tooth or thread shaping tooth or
wedge therein machines the workpiece surface in two successive individual
thread flight portions, one between the first groove withi = 1 where 1 £ <n

n

and the next groove with i = 2 and one between the next groove (i = 2) and

3 ori = 1 again if n = 2). In the general case of

the next but one groove (i
m further revolutions up to the m-th successive groove, where m is a whole
number, m thread-cutting teeth or thread shaping wedges situated one behind
another work in the same thread flight portion. Although, in extremely rare
situations, m is selected to be greater than 2 or at mast 3, m = 1 will always

suffice,

The outer profile‘of only one thread-cutting tooth or thread shaping wedge (or
at most m thread-cutting teeth or thread shaping wedges) thus already defines
the final thread profile of the thread flight portion generated by said tooth or

wedge.

It is thus possible according to the invention for the thread to be composed of
individual thread flight portions with practically arbitrarily predefined thread
profiles, wherein the thread profile of each thread flight portion is, on its own
and independently of the other thread flight portions, reflected by or formed
50 as to be complementary to the outer profile of the thread-cutting tooth or
thread shaping wedge assigned during the rotation to the thread flight portion.

In the case of the known taps or cold-forming taps, said individual assignment
of tooth to thread flight portion is not possible. Mareover, in the case of said
tools according to the prior art, the axially foremost thread-cutting tooth or
thread shaping tooth situated axially at the front closest to the face side is,
during the rotational movement, guided through the entire thread flight over
the entire thread length, and in the process generates a pilot thread flight,
corresponding already in terms of length to the final thread, with a pilot
thread profile. Said pilot thread flight and its pilot thread profile is then fur-
ther worked in or reworked, in particular at the thread base and/or at the
thread flanks of the thread profile, by the subsequent thread-cutting teeth or
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thread shaping teeth. For example, the next, second-to-foremost thread-
cutting tooth or thread shaping tooth runs through the pilot thread flight gen-
erated by the foremost thread-cutting tooth or thread shaping tooth, likewise
over at least a length corresponding to the overall length of the pilot thread
minus the distance between the foremost thread-cutting tooth or thread shap-
ing toath and the second-to-foremost thread-cutting tooth or thread shaping
tooth. The thread profile of the thread flight with thread flanks is thus worked
successively into the workpiece by thread-cutting teeth or thread shaping
teeth which are arranged along the thread helix and which successively per-
form work on the same points on the workpiece. This working sequence is par-
ticularly pronounced in the run-on region of said known threading tools,

The invention thus permits an axial division of the thread over its thread
length, which has hitherto not been possible in the case of a tap or cold-
forming tap, into different thread portions in which, in principle, any desired
thread profiles may be generated in any desired sequence or combination.
Here, it Is even possible to generate threads in which first thread flight por-
tions which are situated in front of second thread flight portions in the forward
direction of the tool, or in a direction into the thread, have a thread profile
with smaller dimensions or outer dimenslons, in particular at the thread base
but if appropriate also at the thread flanks, than the second thread flight por-
tions, which would he technically Impossible in the case of a known tap or

cold-forming tap.

In a further embodimént of a thread generating too! which is not shown, tak-
ing a thread generating tool 4 as per figure 9 as a starting point, the thread
generating region 32 behind the groove generating region 42 and the thread
generating region 34 behind the groove generating region 44 can be divided in
each case into two thread generating sub-regions arranged offset with respect
to one another in the twisting direction, In the front thread generating sub-
region arranged toward the face side 6 and directly adjacent to the assaciated
groove generating region 42 or 44, it is now the case, by contrast to figure 9,
that the thread-cutting teeth 32A and 34A are provided, in their thread cutting



10 -

15

20

25

30

CA 02880352 2014-12-11

41

profile ar auter profile, with in each case one flattening in the tooth tip region,
which flattening is reflected in the thread base in the complementarily gener-
ated thread flight in the workpiece. By contrast, in the rear thread generating
sub-region facing away from the face side 6 and situated behind the front
thread generating sub-region, the thread-cutting teeth 32A or 34A are provid-
ed with a thread cutting profile or outer profile which corresponds to the com-
plete thread profile of the generated thread, and for example have a tooth tip
which is more pointed or merges into an outer edge or a spine, which tooth tip
is reflected in a correspondingly formed thread hase of the thread flight in the

workpiece,

Each thread flight portion thus generated then has a thread profile which cor-
responds exactly to the outer profile of the associated thread-cutting tooth
32A or 34A, e.g. a trapezoidal interference-fit thread, in which the outer flat-
tenings of the thread-cutting teeth are reflected in a correspondingly fiattened
or less deep thread base of the thread flight portions and a complete thread
profile of a metric thread in other thread flight portions. All thread flight por-
tions having different thread profiles generated in this way lie on a common
thread helix with the thread pitch P. |

In one exemplary embodiment, the diameter of the front thread sub-region is
smaller than the diameter of the rear thread sub-region. In this way, a clamp-
ing action for a screw or a threaded bolt can be attained in the front thread
sub-region, whereas no such clamping action arises in the rear thread sub-
region which is formed as a full thread. By contrast to the illustrated exempla-
ry embodiment, It is possible for a thread with some other, practically arbitrary
axial distribution of its thread profile to be generated. For example, it would
also be possible for the thread profiles in the front thread sub-region and in
the rear thread sub-region to simply be reversed, such that the clamping ac-
tion arises in the rear thread sub-region.

Instead of or in addition to cutting thread generating regions 32 and 34 with
thread-cutting teeth 32A and 34A, provision may also be made, in all embodi-
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ments, of thread generating regions 32 and 34 which impart a shaping action
or which press inta the workpiece so as to cause plastic deformation of the
latter and which have thread pressing lobes, for example as shown in figure 9

or figure 10.

Furthermore, it is also possible for more than two, for example three or four,
thread generating regions, in each case with a groove generating region situ-
ated in front thereof in the case of the combination tool, to be provided, which
thread generating regions may be arranged in a uniformly distributed manner,
that is to say at uniform angular intervals, or else with a non-uniform distribu-

tion.

In a further embodiment which is not illustrated, it is also possible, as in the
case of a known cold-forming tap ar tap, for the thread pressing lobes or the
thread-cutting teeth in a run-on cone region to grow in terms of their radial
outer dimension up to the maximum outer dimension corresponding to the fi-
nal thread depth, in order to generate the depth of the thread flight in succes-
sive passes during multiple rotations of the tool. This embodiment is suitable
in particular for relatively large thread lengths, and reduces the torque acting
on the tool during the thread generation process.

Finally, instead of or in addition to cutting or chip-removing‘groove generating
regions of the tool, it is also possible for groove generating regions to be pro-
vided which operate In a non-cutting manner and which work the grooves into
the material in particular by plastic deformation or impression.

One exemplary embodiment for a combined tool 4 with such groove generating
regions 42 and 44 which operate in a non-cutting manner is illustrated in fig-
ures 20 and 21.

Each groove generating region 42 and 44 has a central shaping spine (or:
shaping ridge, pressing ridge) 42G and 44G which runs substantially in a cir-
curmnferential direction around the tool axis A and which, as viewed axially with
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" respect to the tool axis A, is the radieily highest elevation of the groove generating

region 42 and 44, thatf is to say has the greatest radial spacing to the tool axis A or
projects furthest cutward.

Axially in front of the shaping spine 42G or 44G, each groove generating region 42
and 44 has a front surface 42F and 44F which rises axially to the shaping spine 42G
or 44G from a front profile 42G' or 44@, situated radially further Inward than the
shaping spine 42G and 44§, on the face side 6 of the tool 4 and which forms a run-
on surface by means of which the groove generating region 42 and 44 presses into
the waorkplece surface for the first time and with slowly increasing deformation
force.

Behind the shaping spine 42G or 44G there adjoins, in an axial direction, a back
surface 42H or 44H of the groove generating region 42 and 44, which back surface
slopes downward from the shaping spine 42G or 44G in an axial direction.

The shaping spine 42G or 44G itself has, as viewad in a circumferential direction,
an elevation which projects radizlly furthest outward, specifically a maximum 421 or
44], and said shaping spine sjopes downward radially from the maximum 421 or 441
in both circumferantial directions, specifically in one flank 42) or 44] to & rear end
point 420 or 44L which is situated rédially further inward than the maximum 421 or
441, and in a further flank 42K or 44K to a front end point 42M or 44M which is
situated radially further inward than the maximum 421 or 441, In the example
shown in figure 21, the end point 42M or 44M is situated radially further inward
than the end point 42L or 44L and the flank 421 or 44] is shorter than the flank 42K
or 44K, and therafore the maximum 421 or 441 is situated closer to the rear side
region 42E or 44E and rear end point 421 or 44L of the groove generating region 42
and 44. This asymmetric shape of the groove generating regions 42 and 44 leads to
greater rigidity of the tool during the shaping of the grooves and/or is adapted to
the following thread generating regions 32 and 34, A symmetric shape is howeaver
also possible,
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The front profile 42G' or 44G' has & similar shape to the shaping spine 426G or 446G
with a maximum 421' or 441" and two flanks 423 or 44J], Qrf%zi{ or 44K,
respectively, sloping downward from the maximum to end points 42L* or 44L", or
42M' or 44M', respectively. The front .surface*42>F_ or 44F connects corresponding
maxima 421 and 421' and also 441 and 441", and corresponding end points 42L and
421" and also 44L and 44L', and self-evidently the interposed flanks 427 and 427
and also 44J and 447" and 42K and 42K’ and 44K and 44K,

In the exemplary embodiment of fig‘u‘re 22, the fronthsurface 42'F or 44F funs
between the front profile and the shép'Ing spine in.an éx_i_al direction in a
substantially linear manner, or by contrast in a cdnvex!y inWardly curved mannér in
the exemplary embodiment of figure 25, These and numerous other different .
shapes of the front surface 42F or 44F are-:po_ssible depending on thédeéﬁff‘rfed
growth or axial gradients of the deformayiﬁian force. X

The wedge-like shape, sloping downward in both circumferential directions, of tha
shaping spine 42G or 44G and of the front surface 42F or 44F permits a flow of the
workpiece material also to the side or in a circumferentlal direction when the

groove generating region 42 or 44 is moved axially into the workpiece,

In these exemplary embodiments as pei' figures 20 to 21,'thé‘thread generating
regions 32 and 34 of the tool 4 can have a cutting or else non-cutting action. ’

Preferred materials for the workpiece are metais, in particular aluminum alloys and
magnesium alloys and other light metals, though the invention is not restricted to
these materials. Furthermore, as workpieces, use may be made of both thick-walled
or solid workpieces and also thin-walled components or metal sheets, composed in

particular of steel or other materials.

CA 2880352 2019-12-09
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List of reference signs

2 Workpiece

3 Tool

4 Thread generating tool
5 Shank

6 Face side

7 Polygon

8 Front portion

9 Rear partion

10 Groove generating tool
14 Thread generating tool
20 Core hole

21 Core hole wall

22, 24 Groove

228, 24B  Groove bhase

23, 25 Wall region

32, 34 Thread generating region
32-1, 32-2 Pressing lobe

32-3 Pressing lobe

32A, 34A  Thread-cutting tooth
32B, 34B  Free surface

32C, 34C  Rake surface

32E, 34E Side region

32F, 34F Flattening

32G, 349G Tooth tip

33, 35 Outer surface
36 Thread flight
36F Thread base
42, 44 Groove generating region

42A, 44A  Groove cutting edge
42B, 44B Free surface

42C, 44C  Rake surface

42D, 44D  Front side cutting edge



42E, 44E
42F, 44F
42G, 44G
42G', 44G’
42H, 44H
421, 441
427, 441
42], 44]
427, 44)°
42K, 44K
42K, 44K’
42L, 44L
421, 441’
42M, 44M
42M’, 44M’
43, 45

50

51

52, 54

55

56

62, 64
142, 144
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Rear side region

Front surface
Shaping spine
Front profile
Back surface
Maximum
Maximum
Flank

Flank

Flank

Flank

End point
End point
End point
End point
Quter surface
Duct

Central region
Bulge

Drilled region
Cut region
Bulge |
Groove generating ridge

Tool axis

Lobe axis

Core hole diameter
Thread diameter
Tool diameter

Gap width
Direction of rotation
Central axis
Thread pitch
Groove twist pitch
Groove depth



r
rQ, r1, r2
h

Ar

L1, L2

Aa
B, B’

5, €
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Radius

Radius

Radial height

Radial spacing

Axial length

Angle of rotation

Angle of rotation correction
Angle component

Angle component

Angle

Groove twist angle

Thread pitch angle



Claims:

1. A method for producing a thread in a workpiece, said method comprising the
following method steps:
a) generating a number n > 1 of twisted grooves in a wall of the
workpiecs encireling a thread axié, | , » _ |
b) respectively ins&rti_ng a thread generating region of a tool-which
is twisted to match the twisﬁng of the twisted grooves into each of the twisted
grooves in a twisted itsertion movement matched to’the twisting of the

associated groove,

c) generating a thread in each wall sub-region, adjoining the
grooves, of the wall of the worl{;piecb by rotating the too] about the thread axis
and with a simultapecus axial T,fecd motion of the tool coaxially with respect
to the thread axis with an axial feed speed adapted to the rotaﬁonalf speed of
ths rotational movement and to the thread piioh, Mier'ein, during the rotation
and the simultaneous axial ‘feed movement, each thread generating region
engages into the associated wall sub-region and generates an associated part
of a thread flight, and after the rotation pmjccts into the same groove again or
into another groove in the wall, c

d) wherein thégrodvcus and the thread are generated using‘af@ingls
tool, ' ‘

&) the tool, for this purpose having additicnally at least one twisted
groove generating region in addition to the at least one twisted thread
generating regions, each groove gensrating ragi‘on and each thread generating
region have the same twisting both in the diréction in which they turn about

the thread axis or tool axis and in the twist pitch or in the twist angle,

f wherein either ‘exclusively the groove' generating regions
generates or generate the grooves or ¢lse the thread generating regions
additionally reworks or rework or also generates or also generate the grooves
generated by the groove generating regions,

g) moving each thread generating region of the tool out of the
associated groove in a twisted removal movement matched to the twisting of

the associated twisted groove.
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2. The method as claimed in claim 1 wherein the tool is rotated about a
predefined angle of rotation during the generation of the thread, and wherein one of:
a) the angle of rotation during the g@h@ratimn of the thread
corresponds to the sum of an gngular interval betweentwo grooves, on the
one hand and a correction term which is proportional to the quotient (P/(FN-
P)) of the thread pitch (P) of the thread to be generated and the difference
between the twist pitch (PN) of the grooves and the thread pitch of the thread
to be generated, the thread pitch (P) and the twist pitch (PN) being chosen to
be positive in the case of & right-handed thread or a right-handed twist and to
be negative in the case of a lefi-handed thread or lefi-handed twist, on the
other hand;

b) the angle of rotation during the generation of the thread is
chosen in such a way that after the rotation each thread generating region
prejects into a groove which is directly adjacent to the groove into which the

thread generating region projects before the rotation;
or

o) the n grooves are generated in the same angular interval of
360°/n in relation to one another, and in which the angle of rotation is
obtained from an integral multiple of the sum of 360°/n on the one hand and
a correction term which corresponds to the product. of 360°/n on the one hand
and the quotient (P/(PN-F)) of the thread pitch (P) of the thread to be
generated and the difference between the twist pitch (PN} of the grooves and
the thread piteh (F) of the thread 1o be generated, on the other hand, the thread
pitch (P) and the twist piteh (PN) being chosen to be positive in the case of a
right-handed thread or a right-handed twist and to be negative in the case of

a left-handed thread or left-ha.nded fwist.

3. The method as claimed in claim 1, in which, upon insertion into the associated
groove, the thread generating region projects in a radial direction in relation to the
thread axis into the associated groove, maintaining a radial spacing from the groove
base and also a spacing from the groove flanks.

4, The method as claimed in claim 1, characterized by at least one of the
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following:

a) at least some of the thread genersiing regioms of the thread
generating tool have thread pressing lobes arranged on a helical line, which
corresponds in terms of »thread pitch to the thread to be generated, about ﬁthe
tool axis, which thread pressing lobes project radially furthest outward within
the thread generating region;

b)  at least one thread generating region is a thread cutting region
and generates its part of the thread flight by a cutting process; and

) some of the thread generating regions of the thread generating
tool have thread-cutting teeth arranged on a helical line, which corréSponds
in terms of thread pitch to the thread to be generated, about the tool axis,
which thread-cutting teeth project radially furthest outward within the thread
generating region, wherein the thread-cutting teeth dre adjoined in a direction
opposite to the cutting direction or direction of rotation by outer free

surfaces.

3. The method as claimed in claim 1, in which the wall of the workpiece in

which the thread is generated is a core hole wall of a core hole in the workpiece.

6. The method as claimed in claim 1, ‘wherein one oft

a) the outer profile of only one thread-cutting tooth or thread
shaping wedge of the thread generating region already defines the final thread

profile of the thread flight portion generated by said tooth or wedge;

b) the thread is generated with at least two axially offset thread
sub-regions with different thread profiles, wherein any thread profiles can be

combined in any sequence;

&) a first thread sub-region has a thread profile with at least partially
smaller dimensiaons or outer dimensions than & second thread sub-region:

d) the first thread sub-region is a front thread sub-region and the
second thread sub-region is a rear thread sub-region, wherein the front thread
sub-region is situated in front of the rear thread sub-region axially or in the

feed direction;

&) in its thread profile, the first, thread sub-region has a flattening
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in the thread base;

) the second thread sub-region ha< . thread profile which has a
radially further outwardly e'tuated thread Base than the thread profile of the
first, thread sub-region; or |

2) the diameter of a thread sub-region is smaller than the diameter

of another thread sub-region.

7. A tool for producing a thread in 8 workpiece having the following features:

a) the tool is rotatable about a tool axis,

b) the tool has a number n > 1 of groove generating regions twisted
about the tool axis for generating a respective groove in the workpiece and a
number m = 1 of helical thread generating regions twisted about the tool axis
for generating the thread in the workpiece,

d) each of the m thread generating regions is arranged

) the twisting of the groove generating regions and the twisting of
the thread generating regions ars matched to one apother, downstrears of one
of the n groove generating regions, following the twisting of this groove
generating region,

e) at least some of the thread generating regions of the thread
generating tool have at least one of thread pressing lobes and thread-cutting
teeth arranged on a helical line, which corresponds in terms of thread pitch
and turning direction to the thread to be generated, about the tool axis, wherein
the at least one of thread pressing lobes and thread-cutting teeth project

radially furthest outward within the thread generating region.

8. The tool as claimed in ¢laim 7, in which at least one or each of the m thread
gemerating regions has, in oross seciion, a smaller extent in 2 projection following
the twisting than the groove generating region arranged in front of it or in which at
least one or each of the m thread genarating regions has, in cross section, at least in
part an identical or greater extent in a projection following the twisting than the

groove generating region arranged in front of if.

. The teol as claimed in elaim 7, in which at least some of the n groove
generating regions are formed as cuiting groove generating regions with groove

-5] -
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generating cutting edges, wherein the groove genersting cutting edges are
characterized by at least one of: the groove geneiatine ~utting edges are formed as
reaming cutting edges and the groove generating cutting edges are arranged on a face

side of the tool.

10. The tool as claimed in claim 7, whearein cae of:

a) at least some of the n groove generating rcgioﬁs are characterized
by at least one of the following: the n groove generating regions are formed
as groove generating regions which operate in 2 non-cutting manner and the o
groove generating regions operate by plastic deformation or impression of the

wotkpiece material;

b) each groove generating region has a shaping spine which runs.
substantially in a circumferential direction around the tool axis and which, as
viewed axially or in a twisting direction, the shaping characterized by at lzast
one of: it is the radially highest elevation of the groove generating region and
it projects radially furthest outward; )

¢) i front of the shaping spine axially or in a twisting direction,
¢ach groove generating region has a front surface; '

d) the front surface rises in a twisting direction or axially to the
shaping spine from a front profile which {s situated radially further inward

than the shaping spine and which is arranged on the face side of the tool;

e) the front surface forms a run-on surface by means of which the
groove generating region presses into the workpiece surface for the first time

and with slowly increasing deformation force; -

f)  behind the shaping spine in 2 twisting direstion or axially, each
groove generating region has a back surface which slopes downward from the

shaping spine in a twisting direction or axially;

g)  the shaping spine has & maximum which projects radially furthest
outward, and said shaping spine slopes downward radially from the maxirmum
in one circumferential direction in one flank to a first end point which is
situated radially further inward thap the maximum, and in the other
circumferential dirgction in a further flank to a second end point which is

situated radially further inward than the maximum;
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h) at lsast one of the following: one end point is situated radially
further inward than the other end point and one flank is'shorter than the othier
flank: - | T

i) the front profile hias a similar shape 1o :fhe:_f‘si:u‘ipin;g spihe witvh‘ a
maximum and two flatks élopﬁig downward from the ﬁia:iimum to end points;

D the front surface connects corresponding maxima of the shaping
spine and front profile or the front surfacu connects corresponding end pomts
or the front surface mnnects corre:wpondmg ﬂanks or

k) the front surface runs bmwaen the froat profile and 1he shapmg
spine in a twisting direction or ‘axially in a substanually hnear or convexly

inwardly curved manner or followmg an arbﬁrary continuous radlal functmn

1. The tool as claimed in claim 7, ‘wh'é—:rein one of:

a)  the n groove ‘geme}réﬂ;ingj regions are arranged at unifbrm{":_ﬁ:ngular
intervals of 360°/n relative to one another about the tool axis; E

b) the angle CDmpOneﬁt f of one or each g:roove generating region
and of the thread generating regions, situated therebehind, about the tool axis

is between 7.2° and 4::“

¢) the thread generatmg regwns pIQJEC‘t ramall;y Iurthcr outward
than the other onter surfaces of the thread generating tool; or
d) at least one of the groove generating icgwns and the ﬂll'&d.d

generating regions are fastened detachablv or exchmgeaoly to a tool carrier.

12. The tool as claimed in claml 7 oharacterxzed by at least one of the

following:

a) at least one thread generating region is a thread shaping region
and generates its part of the thread flight by a shaping and thus nom-cutting
process, and | S . | -

b)  the thread pressing lobes project radially outward to a lesser

extent than the groove generating regions. -

13, The tool as claimed in claim 7, .

in which the thread-cutting teeth are arranged and formed so as to cut

)
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in the turning direction of the thread to be generated and of the helical line

about the tool axis on which the thread-cutting teeth are arranged,
or

in which the thread-cutting teeth are arranged and formed so as to:cut
oppositely to the turning direction of the thread 1o be generated and of the
helical line about the tool axis on which the thread-cutting testh are

arranged.,

14, The tool as claimed in claim 7, whérain one of:

a) at least one groove generating region has-a groove cutting edge
oriented toward or situated on the face side; B )
b) the groove cutting edges are the radially furthest outward

projecting regions of the tool, at least in the front portion thereof;

¢) the groove cutting edges are of at least approximately citcular
form; '

d) the radius of the groove cutting edges is greater by a differential
radius than the radius of the first thread generating sub-region; |

) the groove cutting edge is adjoined laterally in a circumferential
direction by a side cutting edge, which is at the front in the direction of
rotation about the tool axis, and by a side region which is at the rear in ths

direction of rotation about the tool éxis;

D during the rotation of the tool in the direction of rotation which
takes place for the generation of the thread, the front side cutting edge cuts
laterally into the workpiece, wherein there adjoins in & radially inward

direction a lateral rake surface;

&) the rear side region is, by contrast, at an obtuse angle, that 15 to
say does not have cutting action and is of convex form; '

h) behind the groove cutting edge in a twisting direction there
adjoins a free surface which slopes downward from the radius to a radivs
smaller than the radius of the first pressing lobe or of the first thread
generating sub-region,

i) the groove cuﬁing edge is adjoined in g radially inward direction

by a face~ side rake surface which runs axially or in a twisting direction
54

CA 2880352 2019-12-09



rearward in a linear or else concavely curved fashion and on which chips
produced during the gereration or reaming of the graove with the groove
cutting edge are discharged; or

i) the face-side rake surface runs from a lowest point axially or in
a twisting direction forward again toc a planar central region oriented
perpendicular to the tool axis , which central region surrounds a central
opening of a central duct of the tocl, via which central duct at least one of

coolant and lubricant can be supplied.

15. A tool as claimed in claim 7, wherzin one of:

a) the tool is rotatable about a tool axis and has a number m = 1 of
thread generating regions twisted about the tool axis for 'genera’cing a thread
in a workpiece;

b) the threading tool comprises a shank which has a rear portion,
which is for example of cylindrical form, and a front portion which is
narrowed in diameter adjacent to the rear portion and centrally through which

the tool axis extends:

¢) at the end of the raar portion there is formed a clamping region
for the clamping of the shank;

d) the front portion has, toward the face side which faces away from
the rear portion or which is arrangsd at the front, the m thread generating
regions;

e) the m thread generating regions are in the form of twisted rows,
running in each case in a manner twisted about the tool axis, of thread
generating ridges which, in the case of m = 2, are arranged diametrically with

respect to one another on opposite sides of the tool axis;

D the thread generating ridges run along the thread piteh of the
desired thread and have in cach case one pressing lobe, which projects
radially furthest outward in relation to the tool axis, for the plastic impression

of the thread flight into the workpisce:

) the outer radii of different thread generating ridges or pressing
lobes of the two thread generating regions are equal to one another over the
entire length; '
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h) the thread generating regions are senarated by interposed outer
surfaces which have e smaller outer radius than the thread generating regions,
the interposed outer surfaces having a0 least one of the following
characteristics: the interposed outer surfaces are recessed radially with
respect to said thread generating regions, and the interposed outer surfaces
form free spaces between the thread generating regions; |

) the thread generating regions cover in each case a ﬁrs’r angle
range and the outer surfaces cover in each case 2 second angle range, wherein
the first angle range has at least one of the following characteristies: it lies in
an interval from one to 2.5 times the second angle range and the pressmg !obvs
are situated centrally in the respective angle ranges; or

)] the outer surfaces have a convex, outwardly directed bulge.

16. The tool as claimed claim 7, wherein one of:

a) the outer profile of only ome thread-cutting tooth or thread
shaping wedge already defines the final thread profile of the thread flight

portion generated by said tooth or wedge;

b) the thread generating regions are divided into offset thread
generating sub- regions with different thread outer profiles;

¢) a first thread generating sub-region which is situated in front of
a rear thread generating sub-region in a direction toward the face side, has'a
thread outer profile with at least partially smaller dimensions or outer
dimensions than a second thread generating sub- region; '

d) gach first thread generating sub-region, in its thread _oufar
profile, a flattening at the profile tip; | "

&) each second thread generating sub-region has an outer profile
which has a radially further outwardly projecting profile tip than the first

thread generating sub-region; or

f) the diameter of a thread generating sub-region is smaller than

the diameter of another thread genérating sub-region.

17. The tool as claimed in claim 7, wherein at lsast one oft’

) at least one thread generating region is a thread cutting region

- 56 -
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and generates its part of the thread fiight by a cufting process, and R

b) the thread-cutting teeth project radially ontward 1o a lesser éxtent
than the groove generating regions, wherein *he thread-cutting tcétﬁ are
adjoined in a direction opposita fo the cutting direction or dircdtion of fofat_ion

by outer free surfaces.

18. A method for producing a thread in a workpiece, said method comprising
the following method steps: '
a) Uauera’cmg a number n = 1 of thsted gmoves in & wall of the

workpiece encircling a thread axis
or

generating = wall of the Workpmc}e which has 2 number nz1lof

twisted grooves and encircles a thread axis,

)] respectively inserting a thmad generatiﬁg ‘f@"gion of a tool which
is twisted to match the twisting of the twisted grooves inte each of the twisted
grooves in a twisted insertion movement matched to the twisting of the

asgociated groove,

o) generating a thread in sach wall sub-region, adjoining the
grooves, of the wall of the workpiece by rotating the tool about the thread axis
and with a simultaneous a:ﬁial feec_i motion of the tool coai‘;ially with respect
to the thread axis with an axial féed speed adapted to the rotational speed of
the rotational movement and to the tHrEad pitoh, wherein, durmg the rotation
and the simunltanecus axial feed movement, each thread gemerating region
engages into the associated wall sub-region and generates an assocmad part
of a thread flight, and after the rotation projects into the same groove mzam or

into another groove in the wall,.

d) wherein at least one groove is geneiatad by‘a noﬁ-cutting pfocé:ss,
using a groove generating tool or groove gensrating region of a tool which
moves in the direction of the desired groove and operates by a non-cu‘ttiiig
Process,

e) wherein at least one thread generating regionisa threa‘d forming
region and generates its part of the thread flight by a forming and thus non-

cufting process,
57 -
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1) moving each ihread generatmg xegmn of the tool out of the
associated groove in a tw1sted removal movement ma‘tched to the twisting of

the asscciated twisted Qroove

19, The method as claimed in claimv 18, wherein oné of:

a) each twisted groove is génerated substantially as a groove
running helically about the thread axis;

b} each thread genera’cmg regmn runs substantially hclwally about
the thread axis during the generation of the thread:

¢} the groove twist pitch (PN) is chosen to be cdnsidérably greater
than the thread pitch (P), geﬁamll‘jr» at least 'four times greater;

d) the groove twist zmgle is chosén to be con51derably greater thar
the thread pitch anglc the angles be:mg measured in each case with 135pec;|.
to the cross-sectional plane perpenmcular 0 the thr ead axis and torﬂ ax

respectively;

e)  the groove twist angle lies in a range between 2° and 70°; or
) the twisting directions ot turning direction of grooves and

threads about the thread axis are the same,

20. The method as claimed in claim 18, wherein the wall of the Workpiecé and
the grooves in the wall are generated tovether ina machmmff method step or using

one machining tool.
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