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(57) Abrege/Abstract:
A screw (60) Is described, having a shaft (32) and a head (66) for fastening a component onto a substructure by means of tightly
pressing a conical sealing disk (50) onto the component. The screw head (66) Is configured at the bottom (64) thereof around the
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(57) Abrege(suite)/Abstract(continued):
shaft (32) as a cone that Is tapered in the direction of the top (68) of the screw head (66). The cone angle of the conical sealing disk

(50) measured against a perpendicular line to the disk axis is equal to, or larger than the cone angle (alpha) of the screw head (66)
measured against a perpendicular line to the screw axis. VWWhen the screw (60) Is tightened, the conical bottom (64) of the screw
head (66) and the conical top (58) of the sealing disk (50) are in mutual surface contact with each other. This maintains a sealing
connection. By means of the conical configuration of the bottom (64) of the screw head (66) the so-called ~cupping~ of the sealing

disk (50) Is prevented when the screw (60) is tightened.
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(54) Title: SCREW AND ITS COMBINATION WITH A CONICAL SEALING DISK

(54) Bezeichnung: SCHRAUBE UND DEREN KOMBINATION MIT EINER KONISCHEN DICHTSCHEIBE

(57) Abstract: A screw (60) is described, having a shaft (32) and a head (66) for fastening a component onto a substructure by
means of tightly pressing a conical sealing disk (50) onto the component. The screw head (66) is configured at the bottom (64)
thereof around the shaft (32) as a cone that is tapered in the direction of the top (68) of the screw head (66). The cone angle of the
conical sealing disk (50) measured against a perpendicular line to the disk axis is equal to, or larger than the cone angle (alpha) of the
screw head (66) measured against a perpendicular line to the screw axis. When the screw (60) is tightened, the conical bottom (64)
of the screw head (66) and the conical top (58) of the sealing disk (50) are in mutual surface contact with each other. This maintains
a sealing connection. By means of the conical configuration of the bottom (64) of the screw head (66) the so-called “cupping” of
the sealing disk (50) is prevented when the screw (60) is tightened.

[ Fortsetzung auf der niichsten Seite]
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Erklarung gemall Regel 4.17: Veroftfentlicht:
—  Erfindererkiliirung (Regel 4.17 Ziffer iv) —  mit internationalem Recherchenbericht

(57) Zusammenfassung: Beschrieben ist eine Schraube (60) mit einem Schaft (32) und einem Kopf (66) zum Befestigen eines
Bauteils auf einer Unterkonstruktion unter dichtem Anpressen einer konischen Dichtscheibe (50) an das Bauteil. Der Schrauben-
kopt (66) ist an seiner Unterseite (64) um den Schaft (32) als ein Konus ausgebildet, der sich in Richtung zu der Oberseite (68) des
Schraubenkopies (66) verjiingt. Der gegen eine Senkrechte zur Scheibenachse gemessene Konuswinkel der konischen Dichtscheibe
(50) ist gleich dem oder groBer als der gegen eine Senkrechte zur Schraubenachse gemessene Konuswinkel (alpha) des Schrauben-
kopfes (66). Bei angezogener Schraube (60) sind die konische Unterseite (64) des Schraubenkopfes (66) und die konische Oberseite
(58) der Dichtscheibe (50) in gegenseitiger Flachenberiihrung. Dadurch wird eine dichte Verbindung aufrechterhalten. Durch die
konische Ausbildung der Unterseite (64) des Schraubenkopfes (66) wird das sogenannte,,Schiisseln" der Dichtscheibe (50) bei dem
Anziehen der Schraube (60) vermieden.
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SCREW AND ITS COMBINATION WITH A CONICAL SEALING DISK

The invention relates to a combination of a screw, with a shaft and a head, having a

circular conical sealing disk that 1s guided or can be guided on the shaft up to the

bottom of the screw head.

Such combinations of a screw with a conical sealing disk are known, for example,
from the company brochure topform screw fastener: Technical Specification
(Technische Dokumentation), SFS Stadler Befestigungstechnik Bau, CH 9435
Heerbrugg, BB.3.27.88.D, 1986. On the screw of this combination, the circular
bottom of the screw head has a surface perpendicular in reference to the axis of the
screw. Such combinations serve to fasten components to a thin steel or aluminum
substructure or generally for fastening sheet metal to sheet metal or sheet metal to
wood. A screw as used in the above-mentioned company brochure is also shown in
US 6,854,942 B1 differing from the screw shown in the brochure only in that below
the screw head a special additional thread is provided on the shaft, by which the

sealing disk 1s held below the screw head perpendicularly in reference to the axis of

the shatft.

Prior art also includes combinations of a screw in which the bottom of the head is
embodied concavely so that a rubber gasket can be held more securely between the
screw head and the support. Such combinations of a screw with a rubber gasket are
known, for example form US 4,875,818, EP 140991 B1, or US 6,789,989 B2. A
tapping screw with a concave bottom of the screw head is known from EP 0243526
B1. By the concave embodiment of the bottom of the screw head space is created to
accept a circular bead, which 1s provided around a receiving bore in a cover sheet or

the like, into which the screw can be driven.
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Combinations of the type of screw and circular conical gasket of the type mentioned
at the outset 1s preferably used for the assembly of profiled steel sheets for roof,
wall, and ceiling construction, such as known e.g., from the IFBSINFO guideline
8.01 by the Industrieverband zur Foerderung des Bauens mit Stahlblech e.V.
(Industrial Association for Promoting Construction with Steel Sheet-metal), Issue
April 2002. According to the brochure, page 10, the gaskets comprise a metal back
onto which an elastomer layer made from EPDM i1s vulcanized in an undetachable
manner. The metal back 1s usually 1.0 mm thick and comprises stainless steel,
aluminum, or galvanized steel. The elastomer layer EPDM 1s 2.0 or 3.0 mm thick.
When the screws are tightened, these gaskets form an i1nterior seal at the shaft of
the screw and an exterior seal at the point where the movements of sheet metal or
the like have to be compensated. Temperature related expansions of the structural
elements and traffic load of a building are compensated according to specifications.
The large sealing surface simultaneously prevents any metal/metal contact
(galvanic corrosion) and protects the components from mechanic damage by
assembly tools. This can only work flawlessly when the combination of screw and
gasket has been correctly placed with a precisely adjusted depth of insertion (path-
related screw devices.) The gaskets are assembled on the screws such that they
cannot be lost. The screws reach the construction site ready for use as a
screw/gasket combination. In this context, the above-mentioned guideline requires
(at page 25) that screws with gaskets are to be screwed in according to a depth stop.
Any improper deformation of the gasket (washer with elatomer seal) shall be
prevented by the depth stop on the screw. The screw may only be tightened to such
an extent that the washer and the elastomer seal are compressed according to the
specifications of the manufacturer. Unfortunately, in practice such screws with
gaskets are used without any depth stop, contrary to the guideline. This leads to
the screws being screwed-in either too loosely or too tightly. In the above-
mentioned company brochure this 1s shown on page 10 and in the above-mentioned

guildeline on page 25.
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A particular problem 1s given when the screw is over-tightened. This can be clearly
illustrated 1n the combination of screw and gasket shown in the attached Fig. 5
(prior art.) In Fig. 5 the screw in its entirety is marked with the reference character
10 and the gasket in its entirety with the reference character 20. According to the
illustration in Fig. 5b, the gasket 20 1s guided on a shaft 12 of the screw to the
bottom 14" of the screw head 16 and comes 1nto a linear contact with the bottom 14’
at a circle at the interior perimeter of the circular gasket 20. In this position the

gasket 20 1s held on the shaft 12 of the screw 10 by an elastomer seal 22.

When placing the screw 10, based on the linear contact between the screw head 16
and the gasket 20, first pressure i1s applied to the gasket in the proximity of its
center. Then, starting from this linear contact, increasingly a circular planar

contact develops between the screw head 16 and the gasket 20.

When 1nstallation occurs without any depth stop, unfortunately a common practice,
the pressure of the screw head 16 acting upon the gasket 20 causes the gasket to be
finally brought into a planar shape from which it further converts into a conical
shape 1n a snapping motion, with its cone tapering downwards, contrary to the
original cone which was tapering upwards. This process is called “cupping”,
because the gasket accepts a cup-shape. In this position of the gasket 20 a tight
connection 1s not ensured because the screw head 16 contacts the upper side of the
gasket 20 only at the exterior perimeter of its collar 17 and because the elastomer
seal of the gasket has been improperly deformed such that it bulges out underneath
the gasket and no longer sufficiently seals the exterior perimeter of the shaft.
Water will collect in the cup-shaped gasket and finally finds its way to below the
screw head and extends along the shaft downwards, because as already stated the

elastomer seal no longer seals properly at the shaft.

It 1s particularly problematic that the force to be applied maximally to the screw

head 1s almost precisely equivalent to the one at which a trend for cupping develops.

23 -
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For this trend, the existence of an elastomer seal 22 between the support and the
gasket 20 1s of major importance. The displacement of the elastomer seal 22 beyond
the exterior perimeter of the gasket 20 enhances the trend for cupping even more,

because the support at the i1nterior perimeter of the gasket 20 becomes

correspondingly smaller.

US 4,292,876 states that 1n a combination of a screw and a gasket the trend for
“‘cupping” can be reduced by the use of a conical gasket comprising a steel ring and

an elastomer seal, able to withstand higher torque.

In EP 0760431 Al problems are discussed which occur when in a combination of a
screw and a rubber gasket either insufficient or excessive pressure 1s applied to the
rubber gasket when the screw i1s placed. As one solution for this problems it is
suggested to adjust the torque or the depth stop of the placement tool such that a
certain pressure to the rubber gasket 1s not exceeded. It 1s suggested in another

solution to hold the rubber gasket back by way of flanges.

From US 5,156,509 1t 1s known to ensure tightness in a combination of a screw and
a gasket comprising a metal part and an elastic seal such that the metal part and

the seal are arranged 1n a recess.

Finally, from US 2,982,573 it is known to use a metal gasket, which in its original
state 1s conical, made from metal and a rubber seal mounted thereto, which are
compressed flat when the screw 1s tightened. For achieving a better seal the
metallic gasket has a flange at its exterior perimeter by which the rubber seal is

held back when the metallic gasket 1s compressed flat.

The object of the invention 1s to provide a combination of the type mentioned at the
outset such that a tight connection below the screw head can be ensured securely

and that particularly the trend for cupping is reduced.

4 -
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According to the present invention, there is provided a fastener combination comprising a
screw, having a shaft and a head, and a separate circular conical gasket on the shaft that can
rotate relative to the head and is or can be guided to a bottom of the screw head for fastening a
component on a sub-structure under a tight compression of the conical gasket to the
component, the gasket comprises a conical flat metal ring having a cone angle (a,) measured in
reference to a line perpendicular to an axis of the gasket and a bottom facing the component to
be fastened, the bottom conically expands and includes an elastomer seal connected thereto,
the screw head (36, 66) is embodied at a bottom (34, 64) thereof around the shaft (32) as an
upwardly directed cone-shaped recess having a cone angle (a,) measured in reference to a line
perpendicular (31) in reference to the screw axis (33) tapering in a direction of a top (38, 68) of
the screw head (36, 66) and the cone angles (a4, a,) are equal such that the bottom (34, 64) of

the screw head (36, 66) and the conical metal ring (41, 51) are mutually in planar contact.

Preferably, this object is attained according to the invention in a combination of the type
mentioned at the outset in that the screw head is embodied at its bottom around the shaft in
the form of a cone with a conical angle in reference to a line perpendicular to the axis of the
screw, which tapers in a direction towards the top of the screw head and that the cone angle is
selected such that the bottom of the screw head and the conical metal ring are largely

embodied complementary.

The screw of the combination according to the invention renders the seal more secure below the
head in the area of its interior seal because when the screw is tightened a planar contact develops
or is at least facilitated between it and the conical gasket faster than in prior art and, this is of
deciding importance, in an ultimately placed screw also maintained between its head and the
conical gasket. Due to the fact that a planar contact, once established between the screw head
and the conical gasket, does not convert or return to a linear contact between them, the trend for
cupping is considerably lower than in prior art. According to the invention, this simultaneously
prevents any inappropriate deformation of the metal ring and the elastomer seal of the gasket.
Furthermore, the force that can be applied by the screw head to the gasket until it begins cupping,

with this force being only irrelevantly smaller than the force causing cupping, is considerably
d
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higher in a screw of the combination according to the invention than in prior art. In the
combination according to the invention the seal between the gasket and the support as well as

between the gasket and the screw is still maintained when the screw is set at an angle. In the set
position of the screw between its head and the conical gasket the existing mutual planar contact

ensures even in this case that a reliable seal is provided and maintained at this point.

Preferably, in the combination of a screw and a conical gasket, in which according to Fig. 5 the
screw head is provided with a circular collar at its exterior perimeter radially projecting beyond
the exterior perimeter, when the diameter of this collar is enlarged a lever-effect developing
between the conical gasket and the collar of the screw head is reduced, rendering the trend for
cupping to become lower as well. The reason here should be that the lever action leading to

cupping becomes increasingly smaller when the exterior diameter of the collar grows.

Preferably, when in an embodiment of the combination according to the invention the cone
angle of the bottom of the screw head has a value in a range from 5° to 15°, the screw of the
combination according to the invention is suitable for common conical gaskets, usually having a

cone angle from 10° to 15°.

Preferably, when in an embodiment of the combination according to the invention the cone
angle of the gasket can be reduced by tightening the screw, the gasket finally adjusts to the
form of the bottom of the screw head when the screw is tightened and thus ensures the seal of

the tight connection to be produced.

Preferably, when in another embodiment of the combination according to the invention the cone
angle of the bottom of the screw head is equivalent to the cone angle of the gasket prior to the
screw being tightened, the combination is particularly suitable for the use of conical gaskets that

can be deformed when a screw is set, i.e. for example in gaskets made from aluminum.

Preferably, when in another embodiment of the combination according to the invention the

cone angle of the bottom of the screw head is smaller than the cone angle of the gasket prior to
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the screw being tightened, a planar contact and thus a tight connection is not created between

the screw head and the gasket until the screw is increasingly tightened.

Preferably, when in another embodiment of the combination according to the invention the
cone angle of the bottom of the screw head is smaller than the cone angle of the gasket by up
to 5° and preferably by less than 3°, the cone angle of the gasket can vary within a certain range.
In any case, when the screw is tightened the intended planar contact between the bottom of

the screw head and the top of the gasket will develop.

Preferably, when in another embodiment of the combination according to the invention the
cone angle of the gasket has a value ranging from 10° to 15° and preferably a value of 10° or 15°
it represents a gasket with a common cone angle that can be combined with a screw, with the

bottom of the screw head having a cone angle of a value ranging from 5° to 15°.

Preferably, when in another embodiment of the combination according to the invention the
metal ring is provided with an elastomer seal at its conically expanded bottom and represents
an elastomer seal made from a terpolymer elastomer (rubber) and preferably from an ethylene-
propylene-diene rubber (EPDM) or the like, a planar mutual contact between the bottom of the
screw head and the top of the gasket can safely be achieved in any case, regardless of the metal

that the conical metal ring of the gasket has been made from.

In the following, exemplary embodiments of the invention are shown with reference to the

attached drawings. Shown are:

Fig. 1 in Figs. 1a-1c, the screw of a first embodiment of the combination according to the
invention in a top view, in a partially cross-sectional, longitudinal side view, and in a
longitudinal side view,

Fig. 2 a cross-sectional view of a common conical gasket that can be used in combination with

a screw according to Fig. 1,
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Fig. 3 in Figs. 3a-3c, the screw according to Fig. 1 in combination with a conical
sasket in a top view, in a partially cross-sectional, longitudinal side view, and
1n a longitudinal side view,

Fig. 4 in a partially cross-sectional, partial longitudinal side view, a second
embodiment of the combination according to the invention with a gasket
according to Iig. 2, and

Fig. 5 in Figs. 5a-5¢, a combination of a screw and a conical gasket of the prior art
in a top view, in a partially cross-sectioned longitudinal side view, and 1n a

longitudinal side view.

Fig. 1 shows, in a top view (Fig. 1a) in a partially cross-sectioned longitudinal side
view (Fig. 1b) and in a longitudinal side view (Fig. 1c), the screw of a first
embodiment of the combination according to the invention, 1n its entirety marked
with the reference character 30. Except for the embodiment of the bottom 34 of the
screw head 36, the screw 30 1s in other aspects equivalent to the conventional screw
10 according to Fig. 5. In both cases it relates to a self-cutting, tapping screw,
commonly comprising stainless steel, galvanized steel, or aluminum. The screw
head 36 1s embodied at i1its bottom 34 as a cone around the shaft 43, which tapers 1n
the direction towards the top 38 of the screw head 36. The cone of the bottom 34 of
the screw head 36 has a cone angle o, measured 1n reference to a lne 31
perpendicular in reference to the axis 33 of the screw, having a value ranging from
5° to 15° and 1n the exemplary embodiment shown 1n Fig. 1b having a value of 10°.
The conical bottom 34 of the screw head 36 therefore forms the outer surface of a
frustum with a cone angle 8 measuring 160°. The screw head 36 has a radially

projecting collar 37 at 1ts exterior perimeter.

Additional details of the screw 30 are wrrelevant for understanding the invention
and thus are not described here. The screw 30 serves to fasten a component (not
shown) on a sub structure (not shown) by tightly compressing a conical gasket 40,

shown in a combination with the screw 30 1n Fig. 3, which 1s now being referred to.

-
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Simultaneously reference i1s made to Fig. 2, which shows a similarly conical gasket
as a detail marked 50. The conical gasket 50 has a cone angle o2 measured in
reference to a line 55 perpendicular to the axis 53 of the gasket. Before the
combination according to Fig. 3 1s discussed in greater detail the principle structure

of a conical gasket 1s described in greater detail using the example of the gasket 50.

The gasket 50 according to Fig. 2 1s a conical metallic ring 51, which on its conically
expanding bottom 54 facing the component (not shown) to be fastened is provided
with an elastomer seal 52. The elastomer seal 52 may comprise a terpolymer
elastomer (rubber) and preferably an ethylene-propylene-diene rubber (EPDM) or
the like. The gasket 50 has a central opening 56, circular in its cross-section, which
can receive the shaft of a screw such as the screw 30 according to Fig. 1. The
elastomer seal has been fixed to the bottom 54 of the metallic ring 51 by way of
vulcanization. The gasket 50 shown in Fig. 2 has a cone angle az of 10°. Instead, it
may also have a common cone angle a2 of 15°. The cone angle a2 may also have a
value ranging from 10° to 15° or a value slightly above or below said range. The
gasket 50 can be more or less deformed by tightening the screw depending on the
type of metal the metal ring 51 is made from, and depending on the force exercised
onto the gasket 50 by the screw head. In all figures, the screws and the gaskets are

shown 1n a state in which the screw 1s not tightened.

F1g. 3 shows a combination of the screw 30 according to Fig. 1 and a conical gasket
40 similar to the one shown in Fig. 2. Fig. 3 shows the combination in a top view
(Fig. 3a), in a partially cross-sectional, longitudinal side view (F 1ig. 3b), and in a
longitudinal side view (Fig. 3c.) The gasket 40 differs from the gasket 50 only 1n a
slightly different embodiment of the elastomer seal 42 which is not relevant for the
invention. In Fig. 3b the conical gasket 40 is brought to the bottom 34 of the head
and 1s held in this position by a mutual contact of the elastomer seal 42 to a thread

35 of the screw 30 until the combination is not in operation. The cone angle oz of

the conical gasket 40 and the cone angle o) of the bottom 34 of the screw head 36

_ 0.
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are equivalent so that according to the illustration in Fig. 3b the bottom 34 of the
screw head and the top 48 of the conical gasket 40 are mutually in planar contact.
This planar contact 1s essentially maintained when the screw 30 is tightened. This
1s conditional to the gasket 40 comprising a material, for example steel, that cannot

easily be deformed.

When strong forces are applied to a conical gasket or when the conical gasket, as
mentioned above, comprises metal allowing the gasket to be pressed into a slightly
flatter conical state during tightening, it is beneficial to use a screw in which the
cone angle o of the bottom of the screw head is smaller than the cone angle a2 of
the gasket. Here, an exemplary embodiment 1s shown in Fig. 4, which is now

explained in greater detail.

Fig. 4 shows a screw 60, its head 66 having a bottom 64, with its cone angle a1 being
smaller than the cone angle a3 of the gasket 50 according to Fig. 2, used in the
combination according to Fig. 4. The gasket 50 has a cone angle a2z of 10°.
However, the bottom 64 of the screw head 66 has a cone angle o; ranging from
approximately 5° to 7°. Therefore, the cone of the screw head 66 has an opening
angle B ranging from 166° to 170°. When the screw 60 is tightened the cone angle
oz of the gasket 50 1s reduced until the top 48 of the metal ring 51 of the gasket 50
and the bottom 64 of the screw head 66 mutually contact. In the original state
shown 1n Fig. 4, in which the screw 60 has not been tightened, the gasket 50 is in a
circular linear contact to the bottom 64 of the screw head 66. The cone angle as of
the gasket 50, which i1s greater than the cone angle o; of the bottom of the screw
head 66 prior to the screw head 60 being tightened, and becomes equivalent to the
cone angle o of the bottom of the screw head 66 when the screw 60 is tightened,

because it 1s reduced accordingly when the screw 60 is tightened.

- 10 -
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WHAT IS CLAIMED 1S:

1. A fastener combination comprising a screw, having a shaft and a head, and a separate
circular conical gasket on the shaft that can rotate relative to the head and is or can be guided
to a bottom of the screw head for fastening a component on a sub-structure under a tight
compression of the conical gasket to the component, the gasket comprises a conical flat metal
ring having a cone angle (a,) measured in reference to a line perpendicular to an axis of the
gasket and a bottom facing the component to be fastened, the bottom conically expands and
includes an elastomer seal connected thereto, the screw head (36, 66) is embodied at a bottom
(34, 64) thereof around the shaft (32) as an upwardly directed cone-shaped recess having a
cone angle (a4) measured in reference to a line perpendicular (31) in reference to the screw axis
(33) tapering in a direction of a top (38, 68) of the screw head (36, 66) and the cone angles (aj,
a,) are equal such that the bottom (34, 64) of the screw head (36, 66) and the conical metal ring

(41, 51) are mutually in planar contact.

2. A combination according to claim 1, wherein the cone angle (a;) of the bottom (34, 64)

of the screw head (36, 66) has a value ranging from 5° to 15°.

3. A combination according to claim 1, wherein the elastomer seal (42, 52) comprises a

terpolymer elastomer.

4. A combination according to claim 1, wherein the elastomer seal (42, 52) comprises an

ethylene-propylene-diene rubber.
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