The. invention relates to a self-tapping- drill screw with a nmaxi num thread
diafmeter of approximately 6 mmfor screwing into a netal sheet with a

maxi mum t hi ckness of approxi-mately 1 mm conprising a head having a tool
hol der, a threaded shank and a cylindrical portion connected thereto which
has a smaller diameter than the effective dianmeter of the threaded shank
and which nerges into a tapering drilling portion. A screw of this kind is
known from DE-C-25 37 446. In this screwt referred to as a sel f-tappi ng
screw, the drilling portion serves to drill the hole |ater receiving the
scréw by machining, to which end the drilling portion narrows into a sharp
péint which forms the vertex of a pyranid, the edges of which serve to
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penetrates 1nto the“material o eet via arp point of its conical
drilling portion and drills a guide channel therein. The drilling portion
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portion serves to drill the hole later receiving the screw by
machining, to which end the drilling portion narrows into a
sharp point which forms the vertex of a pyramid, the edges of
which serve to machine the relevant sheet portion. According
to Figure 18 of this patent specification, a cylindrical
portion the diameter of which is equal to or smaller than the
effective diameter of the threads is arranged between the
completely cylindrical threaded shank and the drilling portion
shaped like a pyramid. The function of this cylindrical
portion is to adapt the hole drilled to the cylindrical shape
and to align it so that it is axially perpendicular to the hole
so that the threaded shank can be introduced into the sheet
without canting. |

A further self-tépping drill screw is known from DE-C-27 32
695. This screw is also based on the principle that it first
penetrates into the material of the sheet via a sharp point of
its conical drilling portion and drills a guide channel
therein. The drilling bortion_of this screw is moreover
provided with a thread of ;arge pitch, by means of which the
guide channel first drilled‘bywthe sharp point is supposed to
be enlarged to open into the form of a protuberance as the



-2-~ screw penetrates further into the material of the sheet. In this screw,
te-thread of the threaded shank merges directly into the drilling portion.
Vari ous di sadvantages arise as a result of the fine nachining of the sheet
mat erial when screwing in the known screws. Fine netal chips are deposited
in the interior of housings and the |ike, where, e.g. in the case of

el ectrical. apparatus, they may form undesired and dangerous contact

bri dges. Moreover, fine chips are di ffi cGPT to renove and, particularly in
the case of the access of noisture or humd air, |lead to undesired :
corfosion. It is furthermore known fromFR-A 1 581 931 to provide a self-
tapping drill screw at its front end with a sharp conical point which is
driven i ntscrewhpenetratiesn funkher nbnto | bher aterdalorof t Bhehsheether eln.
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hol e created, so that the thread, produced when the threaded portion of t
screw i s stREQeBhendrddlingorartdPRy tears which have a considerabl e
i nfluence on the hol ding power of the sheet acting on the screw. The ai m of
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_ form undesired and dangerous contact bridges. Moreover, fine

Y chips are difficult to remove and, particularly in the case of
the access of moisture or humid air, lead to undesired
corrosion. '

It is furthermore known from FR-A 1 581 931 to provide a self-
tapping drill screw at its front end with a sharp conical point
which is driven into a sheet portion like a nail in order to
form the hole therein. However, there is then a risk that the
sheet will tear in the region of the hole created, so that the
thread produced when the threaded portion of the screw is
-screwed in may also display tears which have a considerable
influence on the holding'.power' of the sheet acting on the
screw.

The aim of the invention is to design the screw described at
the outset in such a manner that the problem of chips is
eliminated and the screw is screwed into the metal sheet with a
particularly firm seat.

This is effected according to the invention in that the
threaded shank merges via a taper extending as a component of
the threaded shank over approximately four threads into the
cylindrical portion, the length of which corresponds



-3-. approxi mately to four times the sheet "t hi ckness, that the drilling
pqgtlon ends in a spherical friction surface which softens t he sheet by
rofati on and which has a radius of approximately 0.5 nmmand that the entire
screw is made in one piece fromquenched and tenpered steel with a tensile
strength of up to approximately 1400 NN m®2 or from case-hardened steel. The
screw according to the invention provides the hole in the nmetal sheet by
friction of the spherical friction surfaté™with respect to the netal sheet,
which is heated in this manner - to such an extent that the material is
converted into its plastic range, in which it is.so flexible radially that
the hole is enlarged in the desired manner with displacenent of the
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facilitated by the taper. The cylindrical portion therefore allows to a
certain extent for progression of the rotational speed of the screw to be
screwed i nThassgreWhaceeridingy tq fhe iaventien| prpu¥idess theqlialel inr thae
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such an extent that the material is converted into its plastic
range, in which it is so flexible radially that the hole is
enlarged in the desired manner with displacement of the
material to form a throat. It has been found that a radius of
approximately 0.5 mm for the sphericity of the friction surface
gives advantageous centring, sufficiently rapid generation of
heat at a high penetration rate and good heat flow through the
screw. The cylindrical portion of the screw then penetrates
into the throat as the screw is screwed in further, thereby
completing the formation of the hole with the throat. The
taper of the threaded shank then engages the hole, as a result
of which the internal thread is formed in the hole, this being
correspondingly facilitated by the taper. The cylindrical
portion therefore allows to a certain extent for progression of
the rotational speed . of the screw to be screwed in, as a
substantially higher rotational speed is required for the
initial formation of the hole as a result of friction than for
the formation of the thread. This prevents the threads of the
taper of the threaded shank already having to be engaged, e.g.
during the forming process for the hole.

The heating of the metal sheet by the friction produced by the



taper of the threaded shank al ready having to be engaged, e.g. during the
f~Qrim ng process for the hole. The heating of the netal sheet by the
friction produced by the -4- spherical friction surface is dependent on
the contact pressure by neans of which the friction surface is pressed
agai nst the netal sheet. The pressure required for sufficient heating can
be reduced by providing the netal sheet with a tapered countersink instead
of form ng the hole. In this case, and~®fth an opening in the outer
surface of the cone such that the zone of contact with the spherical
Cthﬂ surface is situated only in the region of the outer surface of the
co the spherical friction surface is designed in such a nmanner that it
has a radisphefieamrﬂriaﬁiehysﬁrﬁace ismiep#¥hdaenpr onethengontaat, préssare
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has a radlus of approx1mate1y 0.5 to 1 mm.

When processing metal, it is generally first necessary to cut
it to specific dimensions, punch marks also often having to be
provided for bores to be added later. The addition of a
tapered countersink therefore does not constitute any special
expenditure within the context of preparatory measures of this
kind, particularly as the taperéd countersink is not a through
'hole, i.e. it does not require a puriching process with the
formation of waste. By virtue of the tapered countersink, the
contact zone required for heating can be considerably expanded,
i.e. in an annular manner into the region of the outer surface
of the cone, compared to the case described hereinabove of
placing the screw via its sphefical friction surface on the
flat metal sheet, as a result of which a substantial reduction
of the required contact pressure of the screw with respect to a
metal surface becomes possible compared to placing the screw on
a flat metal surface. This reduction in the contact pressure
is also favourably influenced by the increase in the radius of
the spherical friction surface, as by this means the radius of
the annular contact 2zone and' thus 1its 1length are
correspondingly increased.



netal surface becones possible conpared.to placing the screwon a flat
met/al surface. This reduction in the contact pressure is also favourably

i nfluenced by the increase in the radius of the spherical friction surface,
as by this neans the radius of the annular contact zone and thus its |length
are correspondi ngly increased. -5- This design of the screw according to
the invention gives a particularly high |oosening turning noment as the
heated throat shrinks around the col der TBreaded shank at the end of the
screwi ng process. This gives a particularly desirable | ocking effect for
the screwed-in screw. Tools for formng a hole in a netal sheet which heat
thée sheet by friction and produce a hole with throat-|ike extensions by
virtue of Thist dlesrieph defi gheofsdresi raeodrfiings tar ethkeoinveatdonf rgines a
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of the tool;sihbkbRIthBetapeebaaekighead Eﬂei?eeﬁBSEaEEs are known, e.g.
W from DE~A-25 52 665 and DE-A-28 02 229. These tools consist of
a mandrel which can rotate rapidly about its axis and is
applied to the sheet via a centre point or mandrel point and
the material of the sheet is plasticised as a result of the
frictional heat to such an extent that the tapered part of the
tool adjoining the point can enlarge the hole up to the maximum
diameter of the cone, to which a cylindrical mandrel portion is
then connected. It is also known from FR-A 1 189 384 to round
off the foremost point of a cone of this kind.

The technology of these tools has not hitherto been applied to
self-tapping drill screws. The reason for this is obviously
: that it was feared that the considerable heating of the part of
~ the tool striking the sheet would lead to the risk of
destruction of the tool. For this reason, the tools that have
become known in practice, referred to as flow drills, are made
of heat—resistant. materials, in particular hard metal.
Materials of this kind cannot be used for the screws in
question here for both financial and technical reasons, as
these screws are subject above all to considerable tensile
stresses for which hard metal in particular is not suitable.
It has now been found that holes can be formed in metal sheets,
in particular steel sheets, with a maximum thickness of 1 mm



destruction of the tool. For this reason, the tools that have becone known
ixgpractice, referred to as flowdrills, are made of heat-resistant '
materials, in particular hard netal. Materials of this kind cannot be
used for the screws in question here for both financial and technical
reasons, as these screws are subject above all to considerable tensile
stresses for which hard netal in particular is not suitable. It has now
been found that holes can be forned in nEPal sheets, in particul ar steel
sheets, with a maxi mumthickness of 1 mm -6- using a drilling portion
(th the aforenentioned spherical friction surface using the considerable
frictional heat produced in this manner if quenched and tenpered steel wth
a tensil e wsinggta cfriddimg apprbtiematelth 1406 Naferepentionednasgharical
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accumulation of heat in the metal sheet, promoting
plasticisation thereof. There is still virtually no mechanical
damage to the spherical friction surface as a result of the
relatively small thickness of the metal sheet, so that the hole
is formed at such a speed that the friction surface is
virtually preserved. Even if the friction surface is affected,
this plays virtually no role in the penetration of the screw,
as the hole only has to be formed one single time with the
sérew, after which the substantially problem-free forming of

the thread is effected.

The drilling portion is advantageously shaped like a cone. As
~ a result of its geometry, the cone ensures continuous material
feed both in the radial and in the axial direction.

It may be desired to prevent friction of the cone surface with
respect to the material of the sheet, this being effected in
that the cone is provided with a plurality of symmetricélly
arranged flattened portions which in cross section merge into
one another in a tapering rounded manner. This facilitates
deformation of the sheet material.



screw, after which the substantially problemfree forning of the thread is
e{fected. The drilling portion is advantageously shaped |ike a cone. As a
result of its geonetry, the cone ensures continuous nmaterial feed both in
the radial and in the axial-direction. It my be desired to prevent
friction of the cone surface with respect to the material of the sheet,
this being effected in that the cone is provided with a plurality of
symmetrical ly arranged flattened'portion§7ﬁhich in cross section nerge into
one another in a tapering rounded nanner. This facilitates deformation of
t e, sheet materi al . -7- The material deformation can be further
facilitated in that the cone and the flattened portions nerge into the
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col Il ar when tightening '

U/ By virtue of the design of the throat formed by plastic
deformation, internal threads having a pitch which is
substantially smaller than the conventional pitch of known so-
called self-tapping screws can be formed in the throat.

The screw can therefore advantageously be designed in such a
manner that the pitch P of the thread in relation to its outer
diameter d corresponds to the formula P = 0.15 to 0.20 d.

If it is desired not to press in this collar when tightening
the screw, the head of the screw is advantégeously designed in
such a manner that it has an annular groove on its underside
directed towards the'threaded shank, the inner wall of said

— annular groove having a radius eSsentially corresponding to the
radius of the thread flanks and receiving the front end of a
throat formed when the screw penetrates into the metal sheet,
i.e. the collar mentioned hereinbefore.

Pressing in the collar with a screw via thé smooth underside of
its screw head often results in the fact that the collar is
machined to a certain circumference. Metal chips of this kind
are undesired on account of contamination and subsequent
corrosion,.and when the screw is used in connection with



t he screw, the head of the screw is advantageously designed in such a
manner that it has an annular groove on its underside directed towards the
t hreaded shank, the inner wall of said annul ar groove having a radi us
essentially corresponding to the radius of the thread flanks and receiving
the front end of a throat fornmed when the screw penetrates into the netal
sheet, i.e. the collar nentioned hereinbefore. Pressing in the collar with
a screw via the snmooth underside of its 38Few head often results in the
fact that the collar is machined to a certain circunference. Metal chips of
tQis kind are undesired on account of contanination and subsequent
corrosion, and when the screwis used in connection with el ectrical
appar at us, elrectirichil papparaiiusq Imslithl oclripst canalalsonpleasht tonelechrical
parti cul ar caiigi iehkibhL} inBAr2IBHIAF BhBPKCCEPRuRESY! ven A rect angul ar
cross sectiron. To this éné, e annul ar groove 1s pressed into the screw
head during the manufacture of the screw. It is also possible to allow the
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case, the iloggmg an ukg#ﬁgroov can press the collar inwards when it is
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parti cul ardpring thei mahufhettubecafl, the sbreWw.end t he annul ar groove is
given a depth such that the front end of the throat is pressed in the

direction of the threaded shank when the screw is tightened. This results,
on the onelhard® akspapossible \tgosdlowalthy puteEeWalbke: ffr ddie aapnujar
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placed on the sloping wall. By virtue of this design, the
collar can in particular press against the thread, to which end
the annular groove is given a depth such that the front end of
the throat is pressed in the direction of the threaded shank
when the screw is tightened. This results, on the one hand, in
particularly good sealing between the throat and the thread of
the screw and, on the other hand, in locking of the screw, by
means of which its loosening turning moment can be considefably

increased.

One embodiment of the invention is 1illustrated 1in the
accompanying drawings, in which:

Figure 1 is a side view of the screw according to the
invention; '
Figure 2 is a section along the line A-A of Figure 1

on an enlarged scale;

Figures 3 to 5 show individual phases of screwing a screw
into a metal sheet:; '



I ncreased. One enbodi nent of the inverition is illustrated in the

acconpanyi ng draw ngs, in which: Fi'gure 1 Is a side view of the
screw according to the invention; Figure 2 . " is a section along the
line A-A of Figure 1 on an enlarged scale; Figures 3 to 5 show

I ndi vi dual phases of screwing a screwinto a netal sheet; -9- Figure 6
iIs a side view of the screw wth a rect angul ar annular groove in
its head; Figure 7 is a sectiof%3long the line B-B of Figure 1;
Figure 8 shows the screw screwed into.a sheet; Figure 9

shows the screw screwed into a sheet with the front end of the throat
pressed agai nst the thread; Figures 10a and b . show the screw opposite
a netal sRégurerévided with astaper eddmuntiewi ngf Ftherestrew with a

shows the cooperation betmeenrgggaﬁ iﬁ%aﬂﬂnhgﬁ nggggg GRUE EErﬁbQ& and

Fi gure 12 shows a tapered Countersin led to t e centre of a
~recess. The screw shown in Figure 1 has the head 1, which in this case is

provi ded wrigui-Bezcross recesiszawbééhiéﬁraiéngstﬁetQQhehBLéebf Fligure 1;
t hreaded shank 3 is connected to the head 1 and has the taper 4 on its side

renote fromthe head 1. This taper extends in this case over four threads.
It is of cBigareaBso - shows the screw screwed into a sheet;

Figure 9 shows the screw screwed into a sheet with
the front end of the throat pressed against
Y the thread;

Figures 10a and b show the screw opposite a metal sheet
provided with a tapered countersink;

- Figure 11 shows the cooperation between the screw and
the tapered countersink, and

Figure 12 shows a tapered countersink applied to the
centre of a recess.

The screw shown in Figure 1 has the head 1, which in this case

: is provided with the cross recess 2 which serves as a tool

-/ holder. The threaded'shank 3 is connected to the head 1 and

'~ has the taper 4 on its side remote from the head 1. This taper

extends in this case over four threads. It is of course also

possible to slightly increase or reduce the number of threads.:

The taper is produced by reducing the outer diameter of the

relevant threads. The thread of the threaded portion 3 is
preferably rolled. |

The cylindrical portion 5 is connected to the threaded shank 3
via the taper 4, its diameter corresponding to the core



possible to slightly increase or reduce. the nunber of threads. The taper is
produced by reducing the outer diarfeter of the rel evant threads. The
thread of the threaded portion 3 is preferably rolled. The cylindrical
portion 5 is connected to the threaded shank 3 via the taper 4, its

di aneter corresponding to the core -10- dianeter of the threaded shank
3. The diameter of the cylindrical portion 5 can also be selected to be
slightly greater or snaller. However, =1Pt should be | ess than the

effective dianeter of the threaded portlon 3. The axial length of the

c%rlndrlcal portion 5 corresponds approximately to four tinmes the sheet
ckness if it is assuned that the screwis to be introduced into two
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sheet 12 (sRebtJUtRE Beh§th) of PWARCAA¥ also in the region of 1 mm.
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The drilling portion 6 is connected to the cylindrical portion
5, and ends in the spherical friction surface 7, the sphericity
of which has a radius R of approximately 0.5 mm.

It is clear from Figure 1 that the drilling portion is shaped
like a cone which merges into the cylindrical portion 5 in an
axial curvature 9.

It is clear from Figure 2, which shows a section along the line
A-A of Figure 1, that four symmetrical flattened portions 10
extend along the drilling portion 6, so that more sharply
_ defined curvatures 11 are produced with respect to the
[ flattened portions 10, which,'when-the drilling portion 6 is
screwed into a metal sheet 12 (in Figures 3 to 5), push away
its material both in the radial and in the axial direction.

Screwing the screw into a metal sheet 12, e.g. a steel sheet,
will now be described with reference to Figures 3, 4 and 5.

- The drilling portion 6 is first pressed via its friction
surface 7 against the sheet 12 and is rotated at a speed of
approximately 4000 rpm. It is assumed that the metal sheet 12



its material both in the radial and in the axial direction. Screwing the
screw into a netal sheet 12, e.g. a steel sheet, will now be described with
reference to Figures 3, 4 and 5. The drilling portion 6 is first pressed
via its friction surface 7 against the sheet 12 and is rotated at a speed
of approximately 4000 rpm It is assunmed that the netal sheet 12 has a
t hi ckness of 1 mmand the screw has a cylindrical portion with a dianeter
of 5 nm As a result of the pressure of “&h& friction surface 7 on the sheet
12 and the high rotational speed, such considerable frictional heat is
produced between the friction surface 7 and the surface of the sheet 12
\ﬁtacted that the material of the sheet 12 is plasticised, yielding both
i n the dirhasi anthickndsasway irmm a&ahd theeaprewdh&snalbylladribammpontlon

Figure 4, g i ch t o hogb
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of the screw in the region of the axigl curvature 5 a
W] the drilling portion 6 1s 1in this case 35 With this angle

the lengths of the throat 13 formed above and below the sheet
12 differ in such a manner that the length below the sheet 12
is approximately double the length above the sheet 12.
Consequently, with a decreasing taper angle, the length of the
throat 13 below the sheet 12 is further extended with respect
to the length above the sheet 12.

The process of plastic deformation of the sheet 12 with the
throat 13 then continues until the throat 13 has reached the
cylindrical portion 5, where the taper 4 of the threaded shank
3 then penetrates into the throat 13. A sharply increasing
. turning moment is already produced for the further penetration
\*’ of the screw in.the region of the axial curvature 9, so that
with an appropriately dimensioned driving element for the
turning tool the latter reduces its rotational speed and then
the taper 4 of the threaded shank 3 penetrates into the throat'
13 and cuts the corresponding thread therein. This process
leads to further penétration of the threaded shank 3 into the
throat 13 (Figure 5) until finally (not shown) the throat 13
runs against the head 1 shown in Figure 1. The screw is thus
completely screwed into the sheet 12 with its throat 13. The
head 1 thus forms a seal with respect to the throat 13, as the



wi-t h an appropriately dinensioned driving elenent for the turning tool the
igtter reduces its rotational speed and then the taper 4 of the threaded
shank 3 penetrates into the throat 13 and cuts the correspondi ng thread

t herein. This process leads to further penetration of the threaded shank
3into the throat 13 (Figure 5) until finally (not shown) the throat 13
runs agai nst the head 1 shown in Figure 1. The screwis thus conpletely
screwed into the sheet 12 with its throat2t3. The head 1 thus forns a seal
with respect to the throat 13, as the -12- latter. can be deforned
relatively easily by the underside of the head 1 and is correspondingly
abépted to the head. The screw shown in Figure 6 has the head 1, which in
this case latdesi gsaed be defoxmgdnalelatddely Ieasrue;sebgnmmi nederside bfad

I has the sfigubdeh 14aphi8 ERE-UBHSAL A5 62a8LoUlhCRol bRecHAbET 07 cOVE 19

I s wor ked. age y pressed 1 nfo the
shoul der 14 and in this case it has a rectangul ar. cross section. The thread

3is Conne‘ﬁlédsizi?e{vhﬁhﬁjmu|1ﬁe"F1%ret Rethdss i |Ii%’&lj Py ﬁl*i'fclfi Ufhhehis case
conmponent s shown in Figure 6 the main gatent g o shows a section
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\,9 the shoulder 14, then is followed by the further components

shown in Figure 6 of the main patent.

Figure 7 shows a section through the screw according to Figure
6 along the line B-B. It is clear from Figure 7 that the inner
wall 23 of the annular groove 15 has a radius lying in this
case between the radii of the base 24 and the crest 25 of the
thread 3, shown in Figure 7 by a dash-dotted line, i.e.
corresponding to the radius of the thread flanks.

Figure 8 shows the screw with the head 1 tightened with respect
. to the sheet 12, the front end 18 of the throat 13 being
o completely received by the annular groove 16. The front end 18
./ is thus preserved when the head 1 of the screw is tightened.
The annular groove 16 has a wall 17 sloping outwards from its
base. By virtue of this design of the wall 17, in the case of
contact between the front end 18 and the wall 17, the front end
18 tends to press inwards in the direction of the thread.

This effect is shown in Figure 9. In the embodiment according
to Figure 9, the annular groove 16 is not pressed as far into
the head 1, so that the front end 18 of the throat 13 runs
against the sloping wall 19 when the head 1 is tightened and



eonpl etely received by the annul ar groove 16. The front end 18 is thus
preserved when the head 1 of the screw is tightened. The annul ar groove 16
has a wall 17 sloping outwards fromits base. By virtue of this design of
the wall 17, in the case of .contact between the front end 18 and the wall
17, the front end 18 tends to press inwards in the direction of the thread.
This effect is showmn in Figure 9. In the enbodi nent according to Figure 9,
t he annul ar groove 16 is not pressed as—Ra3r into the head 1, so that the
front end 18 of the throat 13 runs against the sloping wall 19 when the
head 1 is tightened and -13- thus is squeezed radially inwards towards
t e thread, as a result of which the front end 18 rests firmy against the
thread, sothfstdgreyudezadsanidiriidyniawaetst Neowdrdyy ithel othedadp tdie a

throat 13. _The.enbodi pent . acgcor di o Figure 9 _shows a } nat ee
consi sti ngrS?uE‘ﬁe ?ﬂo%&fg‘r Swav fnﬁg’réi ﬁﬂlgcrfq [ £%§%ytso%‘t%ﬁ%n%g§§&%%er£h en
t he screw threadewsb i asarttb | prowide a t beadghandr awred¥exn tbhe fsanew ehd

18 is fornmpdckBat Bf SRBE+HRPBAEN 18S in the enbodi nent according to Figure 8,
i n which Pﬁecnaterﬁal g?Oﬂlt e two layers 20 and 21 nerges together. When

form ng the screw hole in superinposed sheets, it is possible to increase
the over al PhkhictibtREmeilt Hddordind €6sFatfuried 9 hehblisClnebemta®éd sheet

accor di ng. CORERELEATORE SRS FEoHAYaRR ROy A A8 IR (116 2 "EORopg one
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in the embodiment according to Figure 8, in which the material
from the two layers 20 and 21 merges together. When forming
the screw hole in superimposed sheets, it is possible to
increase the overall.thickness slightly with reépect to the

thickness of an individual sheet to be worked, e.g. to 1.8 mm.

The use of the screw according to the invention in connection
with screwing it into a metal sheet with a tapered countersink
will now be described with reference to Figures 10 to 12.

'~ Figure 10a shows the cylindrical portion 5 with the adjoining
drilling portion 6 and the spherical friction surface 7 of the
self-tapping screw, in which the radius R is in the region of

— approximately 0.5 to 1 mm. This screw cooperates with the
metal sheet 12 provided with the tapered countersink 26
according to Figure 10b. The taper angle o¢ of the countersink
26 is in this case 54°. The spherical friction surface 7 is
introduced into this countersink 26 and thus forms the contact
zone 27 which can be seen in Figure 11, enclosing the spherical
friction surface 7 in an annular manner. The front end 28 (see
Figure 11) of the spherical friction surface 7 is held at a
short distance from the base 29 of the countersink 26, so that
there is contact with the metal sheet 12 only in the region of



deilling portion 6 and the sphertcal friction surface 7 of the self-tapping
gcrew, in which the radius Ris in'the region of approximately 0.5 to 1 nm
This screw cooperates with the netal sheet 12 provided with the tapered
countersink 26 according to Figure 10b. The taper angle [err] of the
countersink 26 is in this case [err]. The spherical friction surface 7 is
I ntroduced into this countersink 26 and thus forns the contact zone 27

whi ch can be seen in Figure 11, enclosiﬁ§4fhe spherical friction surface 7
in an annul ar manner. The front end 28 (see Figure 11) of the spheri cal
friction surface 7 is held at a short distance fromthe base 29 of the
countersink 26, so that there is contact with the netal sheet 12 only in

t he regi ontheé outers-surfacetdp off fthe gonef afhethencountersiokurder shdk

26 and, acgecakAnkOth' #btrel 110G CRIGIGR 95 ShoLR! Sarat! Lareadd

of the cone. However, it is also possjble to allowthe sp erlcal friction
surface 7 88 fsttha OMMeedgeHO¥EVEEyhoifghiBhiadsos BPSEHPIS fes@allow the
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t hread, theohaaee 2oneeher, Qbause AR F el Nede By | 6f 2ERé OMhtarehY 1
rrva srrall a@ﬁred OLTte erl‘.k 9 ,t hlewsrehl nv(rjlth relatively low contact
' pressure. In the case of a screw provided with an M5 thread, a

contact pressure of approximately 150 N is produced.

Particularly in the case of small screws, e.g. with an M3
thread, the large diameter of the tapered countersink 26 is
approximately 1 mm. A small tapered countersink of this kind
is in some cases difficult for the screw to be screwed into the
relevant sheet to find. Consequently, it may be advantageous
to provide the tapéred countersink at the end of a recess, as
shown in Figure 12. According to this figure, the recess 31 is
pressed into the metal sheet 12 and the tapered countersink 26
is pressed into the centre of its base without breaking through

A the metal sheet 12. A screw guided in the direction of the
recess 31 is then guided automatically into the countersink 26
by the wall of the recess 31, where it then works in the same
manner described with reference to Figure 11.

The heating of the material of the metal sheet produced via the
contact zone 27 then results in deformation as described
hereinabove with reference to Figures 3, 4 and 5.



i.,s in sone cases difficult for the screwto be screwed into the rel evant
sheet to find. Consequently, it may be advantageous to provide the tapered
countersink at the end of a recess, as shown in Figure 12. According to
this figure, the recess 31 is pressed into the netal. sheet 12 and the

t apered countersink 26 is pressed into the centre of its base without
breaki ng through the nmetal sheet 12. A screw guided in the direction of
the recess 31 is then guided automaticaFlP=into the countersink 26 by the
wal | of the recess 31, where it then works in the sane manner descri bed
with reference to Figure 11. The heating of the material of the netal sheet
produced via the contact zone 27 then results in deformation as described
~herei nabove with reference.to Figures 8razmsnd 5. CLAIM5 1. Sel f-tapping
drill screw with a maxi nrumthread di aneter of approximately 6 nm for
screwing into a netal sheet with a maxi mum thickness of approxi mately 1 nm
conprising a head (1) having a tool holder, a threaded shank (3) and a

cylindricaj, poé&l?“tﬁﬁblﬁ&“&%@iﬁidsEWEﬁﬁM"achud}?ﬁmﬁn selbosd dianBter bian

the effective di anet er t he t hreaded shank 531 d: whi ch _ner.ges |nto a
t apering dr|IIPB§rB§FFFBﬁ1¥6F W, ke t IFT e Pﬁﬁtatmgtﬁﬂféﬂﬁﬁﬂ:§%h 23)
merges via a taagimGh) thitRASB] oFS approRimatikil yofl e, tdsusmtlﬂﬁlm@askhéaai

over approxi na f our_t hreagds 0 e cyli i cal, port 5 t he

engt hof whi chidort Rt ae abRehi el Ry Y o  ShFeAnsBC heRs Ly [ Mha o
t hi ckness, thatylimdiri¢alnpopiriomn (66) eonnectes s’phered;azl whichi dras a
surface (7) Whiph 19 eRS e SPehdrd Dthe effective diameter of the

U threaded shank (3) and which merges into a tapering
| drilling portion (6), characterised in that the threaded
shank (3) merges via a tapef (4)-extending as a component
of the threadled shank (3) over approximately four threads
into the cylindrical portion (5), the length of which
corresponds approximately to four times the sheet
thickness, that the drilling portion (6) ends in a
spherical friction surface (7) which softens the sheet (12)
by rotation and which has a radius (R) of approximately
0.5 mm and that the entire screw is made in one piece from
quenched and tempered steel with a tensile strength of up
to approximately 1400 N/mm2 or from case-hardened steel.

&v/ 2. Screw according to claim 1 for scréwing into a metal sheet
with a tapered countersink, characterised in that given a
taper angle (o¢) of the countersink (26) of approximately
50° to 70° and a zone (27) of contact with the spherical
friction surface (7) situated only in the region of the
outer surface (30) of the cone, the said friction surface
has a radius of approximately 0.5 to 1 mm.

3. Screw according to claim 1 or claim-_'z, characterised in
that the drilling portion (6) is shaped like a cone.

A



by. rotation and which has a radius (R) .of approximately 0.5 nm and that the
entire screw i's nade in one piece fromquenched and tenpered steel with a
tensile strength of up to approximately 1400 N[err] or from case-hardened
steel. 2. Screw according to claim1 for screwing into a nmetal sheet with
a tapered countersink, characterised in that given a taper angle [err] of

t he countersink (26) of approximately [err] to [err].and a zone (27) of
contact with the spherical friction surf: &c (7) situated only in the region
of the outer surface (30) of the .cone, the said friction surface has a

. r;adi us of approximately 0.5 to 1 nm 3. Screw according to claim1 or
claim2, characterised in that the drilling portion (6) is shaped |like a
cone. - #6- Screwr agcerddng 9 tdadiimidn Tharacterised cin | thakatheheonene

is provided witlg appbvi@bat Witlh SWMBiGraRity a6f angAmdtridangd Rerangdd
(10) which in cro;g@sectlon mergg Gf 0 one anqQther in a ta grlng roundgéd
manner. 5. Scr &kRkteed PRGNS Q) oWhich Ay crass RecH R MERIeHANLhe
cone and the fbakt anethetr inoas taperifeg goundied maaneyl.i ndrical portion (5)
in an axial curvature (9). 6. Screw according to one of clainms 1 to 5,
characterised in that the taper angle is on average approximtely [err] to
400. 7. Scbhew 8crewdiagcoxding 60 ¢ldim 3 ©F &laimr 4t ccharacterised tihe

pitch P of theghGieathd Nebhbahh@n e | Falbbhiba IpatRiBhsd CU Y SREPHES ihRo
the formula P.= 0.15_to 0.20_d. ] ] ]
the cylindrical portion (5) in an axial curvature (9).

k_) 6. Screw according to one of claims 1 to 5, characterised in
that the taper angle is on average approximately 30° to
40°. '

7. Screw accordihg to one of claims 1 to 6, characterised in
that the pitch P of the thread in relation to its outer
diameter d corresponds to the formula

P. = 0.15 to 0.20 d.

8. Screw according to one of claims 1 to 7, characterised in
that the head (1) has an annular groove (15, 16) on its
underside (22) directed towards the threaded shank, the

k/_ inner wall of said annular groove having a radius
essentially corresponding to the radius of the thread
flanks and receiving the front end (18) of a throat (13)
formed when the screw penetrates into the metal sheet (12;
20, 21).

9. Screw according to claim 8, characterised in that the
annular groove (15) has a rectangular cross section.

10. Screw according to claim 8, characterised in that the outer

|



8. Screw according to one of clains 1,to 7, characterised in that the head
(1) has an annul ar groove (15, 16) ‘on its underside (22) directed towards
the threaded shank, the inner wall of said annular groove having a
radi us essentially corresponding to the radius of the thread fl anks and
receiving the front end (18) of a throat (13) forned when the screw
penetrates into the netal sheet (12; 20, 21). 9. Screw according to claim
8, characterised in that the annul ar grﬁﬁzé (15) has a rectangul ar cross
section. 10. Screw according to claim@8, characterised in that the outer
-17- wall (17, 19) of the annular groove (16) slopes outwards fromits
Saée. 11. Screw according to one of clains 8 to 10, characterised in that
the annul ar gredld (16) M) aofefphe AnmMmlantgraever dd6)erdlqpey outwards
throat (13) isgpsRsSsed baskhe direction of. the threaded shank (3) when the
screw i s tightened. :

11. Screw according to one of claims 8 to 10, characterised in
that the annular groove (16) has a depth such that the
front end (18) of the throat (13).is pressed in the
direction of the -threaded shank (3) when the screw is
tightened. '
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