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DESCRIPTION

[0001] The present invention relates to a screw, particularly designed for terminals of electric
starters used in vehicles, boats and aircrafts, and a method of its manufacture.

[0002] From patent No. EP 1995745 a screw is known designed for the same purpose, the
said screw having the main part made of material other than copper or copper alloys, mostly of
steel, and provided with a thread and a head with a bore which is positioned coaxially within
the screw and has side walls convergent towards the bore inlet, and a bottom in the form of a
convex truncated cone. In the head bore an insert made of copper or copper alloy is seated in
such a way that it remains in close contact with the bore walls and it is also seated in a
circumferential groove located at a certain distance from the bore inlet in the top surface of the
head. Preferably, the top surface of the insert is provided with grooves.

A method of manufacturing the screw consists in that the main part and the head of the screw
are formed from a bar stock, a rolled wire rod or an extruded wire rod made by cold forging,
and further the bore is produced which extends along the screw axis and has the bottom in the
form of a convex truncated cone. Then the insert made of copper or copper alloy is introduced
into the bore and, upon the action of appropriate pressure, the insert is seated in the bore in
such a manner that the insert material fully fills the entire bore, and grooves are formed in the
top surface of the insert. The element shaped in such a way is subjected to plastic working
using a suitable tool which forms a bore with side walls convergent towards the bore inlet and a
circumferential groove in the top surface of the head at a certain distance from the bore inlet.
Admittedly, the screw obtained in the process described above ensures permanent seating of
the copper or copper alloy insert in the head of the screw whose remaining part is basically
made of steel; however, the electrochemical corrosion caused by the difference in
electrochemical potentials between copper or copper alloys and steel cannot be avoided and,
therefore, electrical properties of electric contact between the insert and the head
progressively worsen during the use of the screw mounted in the starter.

[0003] The purpose of the invention is to provide a solution which eliminates this
disadvantage, i.e. designing a screw which features electric current conductivity constant with
time and, also, whose production costs are relatively low.

[0004] A screw according to the invention comprises a threaded part with a head, the said
threaded part having an upset central pin, preferably barrel-shaped, which is surrounded by a
cylindrical bore having a conical bottom with an inclination angle of a from 10° to 30°, and a
cylindrical insert with an axial through hole which is made of copper, aluminium, copper alloy or
aluminium alloy and is permanently seated in this cylindrical bore, and the top surface of the
central pin is lowered by d from 0.1 mm to 0.6 mm below the top surface of the head.
Preferably, the top surface of the cylindrical insert with the axial through hole is provided with
grooves concentric with the screw axis.

[0005] Preferably, the outer surfaces of the cylindrical bore are parallel to the screw axis.
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[0006] Preferably, the bottom of the cylindrical bore has the form of a circular sector with the
radius of R from 0.8L to 1.2L, where L is equal to the difference between the bore diameter
and the pin diameter.

[0007] Preferably, the top surface of the pin has a concave shape. The pin walls are convex
towards the insert.

[0008] A method according to the invention comprises forming, using the known plastic
working and machining methods, a threaded part together with a head with cylindrical recess
which has a cone-shaped bottom with an inclination angle of a from 10° to 30° surrounding a
cylindrical central pin, whereas the surface of the head and the surface of the pin are coplanar.
In a separate machining operation a cylindrical insert with an axial through hole made of
copper, aluminium, copper alloy or aluminium alloy is produced which terminates at one end
with a bevel with an inclination angle of a from 10° to 30° and whose inner diameter and outer
diameter correspond to respective diameters of the cylindrical bore in the head. Preferably, the
insert with the axial through hole is equipped with a flange positioned at the end of the insert
which is opposite to the conical end. In next operation the insert is introduced into the
cylindrical bore and the upper part of the insert which protrudes from the screw head is pre-
shaped. Then, in one plastic working operation, the pin is upset using an appropriate tool and
the top surface of the pin is lowered below the top surface of the head, and the final shape of
the upper part of the insert protruding from the head is formed together with grooves recessed
in its top surface concentrically with the screw axis.

[0009] Preferably, in the first stage of screw manufacturing the threaded part is formed
together with the head with cylindrical recess which has the bottom in the form of a circular
sector with the radius of R from 0.8L to 1.2L, where L is equal to the difference between the
bore diameter and the pin diameter, and in separate operation the cylindrical insert with the
axial through hole is produced which has the chamfer with the radius of R from 0.8L to 1.2L
provided at one end.

[0010] Screws produced according to this method feature a permanent and corrosion-
resistant connection of the upper insert made of copper, aluminium, copper alloy, or aluminium
alloy, with the remaining part of the screw made of steel, and the method itself is simple.
Moreover, due to a quantitatively lower fraction of relatively expensive metals such as copper,
aluminium, copper alloys and aluminium alloys, the production cost of these screws is lower
when compared with screws known from previous solutions.

[0011] The invention will be presented in more detail with reference to exemplary
embodiments presented in the drawing, where Fig. 1 depicts the cross-section and top view of
the screw, Fig. 2 presents detail "A" indicated in Fig. 1, Fig. 3 depicts the cross-section of the
cylindrical insert, Fig. 4 presents the cross-section of the cylindrical insert with flange, Figures 5
to 8 illustrate the consecutive phases of manufacturing the screw using plastic forming method,
and Fig. 9 presents the screw in an alternative version which has the bottom with the radius R



DK/EP 3084792 T3

and parallel outer surfaces of the bore.

[0012] Example 1. Using known methods of plastic working and machining, the threaded part
1 is produced together with the head 2 in which the cylindrical recess 3 with a cone-shaped
bottom having the inclination angle of a = 20° surrounding the cylindrical central pin 4, and
where the surface of the head 2 and the surface of the pin 4 are coplanar. In a separate
machining operation the cylindrical insert 5 with the axial through hole_is produced from a
copper alloy, the said insert terminating at one end with a bevel with an inclination angle of a =
20° and having the inner diameter and outer diameter corresponding to the respective
diameters of the cylindrical recess 3 in the head 2. Next, in operation A the insert 5 is
introduced into the cylindrical recess 3. Then in operation B the upper part of the insert 5 is
pre-shaped which protrudes above screw head 2. Further, in one plastic working operation C,
the pin 4 is upset using an appropriate tool, the top surface of the pin 4 is lowered below the
top surface of head 2 and the final shape of the upper part of the insert 5 is formed together
with grooves 6 recessed in the top surface concentrically with the screw axis.

[0013] The screw produced in this method has the cylindrical copper alloy insert 5
permanently seated in the head 2 with top surface of central pin 4 lowered by d = 0.3 mm
below the surface of the head 2.

[0014] Example 2. An identical screw is produced using the method described in Example 1,
but the insert 5 is made of aluminium alloy and provided with a flange 7.

[0015] Example 3. Using known methods of plastic working or machining, the threaded part 1
is produced together with the head 2 in which the cylindrical recess 3 is provided, surrounding
the cylindrical central pin 4, the said recess having the bottom in the form of a quadrant sector
with the radius R between 1.2L and 0.8L, and where the surface of the head 2 and the surface
of the pin 4 are coplanar. Moreover, the top surface of the pin 4 has a concave shape. In a
separate machining or plastic working operation, the cylindrical insert 5 is produced from
copper alloy, the said insert having the inner diameter and outer diameter corresponding to the
respective diameters of the cylindrical recess 3 in the screw head. Next, in operation A the
insert 5 is introduced into the cylindrical recess 3. Then in operation B the upper part of the
insert 5 is pre-shaped which protrudes above the screw head 2. Further, in one plastic working
operation C, the pin 4 is upset using an appropriate tool, and simultaneously the top concave
plane of the pin 4 is lowered below the top surface of head 2 and, as a result, the walls of the
pin 4 slightly draw aside towards the insert 5 and the final shape of the upper part of the insert
5 is formed together with grooves 6 recessed in the top surface concentrically with the screw
axis.
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PATENTKRAV

1. En skrue omfattende en gevinddel og et hoved, hvor en indsats fremstillet af kobber
eller aluminium eller kobberlegering eller aluminiumlegering er permanent anbragt med
riller tilvejebragt i hovedets overflade koncentrisk med skrueaksen, kendetegnet ved,
at den omfatter et seet centralt pin (4), fortrinsvis tendeformet, omgivet af en cylindrisk
boring (3) med en konisk bund med en haldningsvinkel pa a fra 10° til 30°, idet skruen
har en cylindrisk indsats (5) med et aksialt gennemgaende hul, der er fremstillet af
kobber, aluminium, kobberlegering eller aluminiumlegering og er permanent anbragt i
det cylindriske hul (3), hvor den gverste overflade af den centrale pin (4) seenkes med d

fra 0,1 mm til 0,6 mm under hovedets overflade (2).

2. En skrue ifolge krav 1, kendetegnet ved, at de ydre overflader (3', 3") af den
cylindriske hulet (3) er parallelle med skrueaksen.

3. En skrue ifglge krav 1 eller krav 2, kendetegnet ved, at bunden af den cylindriske
hulet (3) har form af en cirkuleer sektor med radiusen R fra 0,8 L til 1,2 L, hvor L er lig

med forskellen mellem borediameteren (L1) og stiftdiameteren (L2).

4. En skrue ifglge krav 1 eller krav 2 eller krav 3, kendetegnet ved, at pins (4)

overflade har en konkav form.

5. En skrue ifglge krav 1, kendetegnet ved, at pins (4) vaegge er konvekse mod den
cylindriske indsats (5) med det aksiale gennemgaende hul.

6. En metode til fremstilling af en skrue ved anvendelse af plastbearbejdning og
bearbejdningsteknikker, kendetegnet ved, at i den forste operation fremstilles en
gevinddel (1) sammen med et hoved (2) med en cylindrisk boring (3) med en
kegleformet bund med en haeldning vinkel pa a fra 10° til 30° omkring en cylindrisk
centrale pin (4), hvor overfladen af hovedet (2) og pin (4) er overlappende og i separat
drift en cylindrisk indsats (5) med et aksialt gennemgéaende hul er fremstillet af kobber,
aluminium, kobberlegering eller aluminiumlegering, hvor naevnte indsats (5) afsluttes
ved en ende med en skraning med en heeldningsvinkel pa a fra 10° til 30° og har den
indre diameter og den ydre diameter svarende til respektive diametre af den cylindriske
fordybning (3) i skruens hoved (2) og derefter i indsats A indfgres indsatsen (5) med det
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aksiale gennemgéaende hul i den cylindriske boring (3) og efterfglgende i drift B er den
gverste del af det cylindriske indsats (5) er forformet, som rager over skruehovedet (2),
og yderligere i en plast forarbejdning operation C er pin (4) forstyrret ved anvendelse af
et passende veerkigj, og pins (4) overflade samtidig saenkes under toppen hovedets
overflade (2) og den endelige form af den cylindriske indsats (5) ovre del er dannet

sammen med riller (6) forsaenket i sin overflade koncentrisk med skrueaksen.

7. En metode ifolge krav 6, kendetegnet ved, at den cylindriske indsats (5) med det
aksiale gennemgéende hul er forsynet med en flange (7).

8. En metode ifolge krav 6, kendetegnet ved, at den gevindskarne del (1) i det forste
trin af skrueproduktionen fremstilles sammen med hovedet (2) med den cylindriske
boring (3), som har bunden i form af en cirkulaer sektor med radius af R fra 0,8 L til 1,2
L, hvor L er lig med forskellen mellem borediameteren (L1) og stiftdiameteren (L2), og i
en separat operation fremstilles den cylindriske indsats (5) med det aksiale
gennemgaende hul som har afskaeringen med radiusen R fra 0,8 L til 1,2 L tilvejebragt i

den ene ende.
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DRAWINGS
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Operation A

Operation C
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Fig. 9.
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