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(57) Abstract: Contact pin, connector comprising
a contact pin and method for manufacturing a con-
tact pin The invention relates to a contact pin (1)
with a first and a second end portion (10, 20) and
a bending portion (30) located between the end
portions, wherein the cross section of at least one
end portion (10, 20) has a preferred bending direc-
tion (V1) and at least one bending resistance dir-
ection (R1) and wherein the moment of inertia of
the cross section of the at least one end portion
(10, 20) is smaller in the preferred bending direc-
tion (V1) than in the bending resistance direction
(R1). If such contact pins are bent perpendicular
to their longitudinal extension (Z) by a bending
force in one direction (F), then the direction of the
actual bending (X) deviates from the direction of
the bending force (F). In order to eliminate or re-
duce this deviation it is provided according to the
invention that the difference between the moments
of inertia in the preferred bending direction (V1)
and in the bending resistance direction (R1) in the
cross section of the bending portion (30) is smaller
than in the at least one end portion (10, 20). Fur-
thermore, the invention relates to a connector (70),
which comprises a contact pin (1) according to the

invention as well as a method for manufacturing a contact pin (1) according to the invention. (Fig. 1A)
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CONTACT PIN, CONNECTOR COMPRISING A CONTACT PIN AND METHOD FOR
MANUFACTURING A CONTACT PIN

The invention relates to a contact pin with a first and a second end portion and a bending
portion located between the end portions, the cross section of at least one end portion having a
preferred bending direction and at least one bending resistance direction and the moment of
inertia of the cross section of the at least one end portion, being smaller in the preferred
bending direction than in the bending resistance direction. The invention also relates to a
connector with a contact pin of this type. Furthermore, the invention relates to a method for

manufacturing such a contact pin.

Contact pins are used in many fields of electrical equipment and electronics. Usually, contact
pins with polygonal, usually substantially rectangular cross sections are used in these fields. In
many applications these contact pins must be bent at a bending portion, which is located
between two end portions. In a preferred bending direction perpendicular to the longitudinal
extension of the contact pin and perpendicular to a preferred bending axis, which is
perpendicular to the longitudinal extension of the contact pin, bending is relatively easy. Along
at least one bending resistance direction perpendicular to the longitudinal extension of the
contact pin and perpendicular to a bending resistance axis, which is perpendicular to the
longitudinal extension of the contact pin, bending is more difficult. A measurement of how
difficult or easy the contact pin can be bent along a bending direction is the moment of inertia,
especially the axial moment of inertia, in the bending direction or bending axis respectively. The
moment of inertia for a bending axis is defined as the integral over the square of the distance of
a point to the bending axis integrated over the cross-sectional area. If the moment of inertia
relating to a bending axis or a bending direction, which direction is perpendicular to the bending
axis and perpendicular to the longitudinal extension of the contact pin, is high then bending
about this axis or in this direction is difficult.

Contact pins are often inserted into pin sockets with a complementary form and then bent over
an edge. Due to production tolerances, however, the contact pin and socket do not usually fit
together precisely, so that the contact pin twists about its longitudinal axis when it is received
into the socket and is locked. If in a subsequent stage a bending force is exerted onto the
contact pin, this does not act along the preferred bending direction but in a different direction.
The contact pin deflects towards the preferred bending direction when it is bent so that the
contact pin is not bent along the direction of the bending force but rather in a different direction.
The direction of the contact pin must then be corrected in an additional step, which leads to a
high outlay in production.
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The problem addressed by the present invention is to provide a contact pin, the processing of
which does not require such an additional corrective step.

This is achieved according to the invention with a contact pin in which the difference between
the moments of inertia in the preferred bending direction and in the bending resistance direction
in the cross section of the bending portion is smaller than in the at least one end portion. By
means of the solution according to the invention the contact pin acts with the bending force
better and more accurately when the bending portion is bent. Thereby an additional corrective
step to align the contact pin after the bending process can be avoided.

The solution according to the invention can be improved in accordance with the following
developments, each of which is advantageous and freely combinable.

The bending portion can be arranged differently in comparison to the at least one end portion. It
can have a different cross section, i.e. a different cross-sectional shape and/or a different cross-

sectional area.

The preferred bending direction can be the direction in the cross-sectional plane, which has the

smallest moment of inertia.

The bending resistance direction can be the direction in the cross-sectional plane, which has

the largest moment of inertia.

The at least one end portion, can have more than one bending resistance direction. For
example, an end portion with a rectangular cross section can have four bending resistance
directions, which each extend from the centre of the rectangle to a corner. The values of the
associated moments of inertia for bending along the different bending resistance directions can
be equal or different. In particular, in the cross section of the bending portion the difference
between the moment of inertia in the preferred bending direction and the bending resistance
direction with the largest moment of inertia can be smaller than in the at least one end portion.

In a preferred embodiment the moment of inertia in the bending portion in the direction
transverse to the longitudinal extension of the contact pin is constant. The longitudinal extension
of the contact pin can be the longitudinal axis in the case of a straight or bent contact pin.

In another embodiment, the moment of inertia in the bending portion transverse to the
longitudinal extension of an end portion is constant. In both cases if there is a plurality of
bending resistance directions it can be sufficient for the moment of inertia to be constant in the
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direction transverse to the longitudinal extension of the contact pin in the region between the
bending resistance directions.

The cross section of the bending portion can be circular. In such an embodiment the bending
portion can be bent in any direction. The preferred bending direction can therefore comprise all
directions, which extend transverse to the longitudinal extension. The difference in the moments
of inertia between the preferred bending direction and the bending resistance direction can be
zero or nearly zero. The preferred bending direction can match with the bending resistance
direction. In the case of a circular embodiment of the cross section the actual bend can follow
the bending force exactly. A correction of the direction of the contact pin can therefore become
totally superfluous.

It can also be sufficient for the cross section of the bending portion of the contact pin to be only
partially curved. For example, the bending portion can be curved on only one longitudinal side.
Alternatively or additionally, the cross section can have a circle-segment, for example semi-
circular, contour, at least in places. There can be angles on the rest of the contour or the circle-
segment can be closed with a straight line. Alternatively or additionally, the cross section in the
bending portion can have regions in which the contour is curved. These curved portions do not
have to extend like a circle-segment, but can also have other forms. For example, they can be
partly elliptical, parabolic or extend along a curve of a polynomial function. The cross section of
the bending portion can have convex outer contours, meaning that in the region between two

points the distance to the centre is greater than at the two points.

The at least one end portion, can have a polygonal cross section. For example, the end portion
can have a rectangular, preferably square cross section. In particular, the end portion can have
a cross section, which is substantially square but has rounded corners. The cross section can
also be polygonal only in part. In this way, one side can have angles whereas another side is

curved.

Between the at least one end portion, and the bending portion there can be a junction portion,
where the cross section of the end portion joins the cross section of the bending portion. This
junction portion can be stepped. Alternatively, the junction between the end portion and bending
portion can be fluent, meaning that the junction portion does not have any steps or edges.

In a preferred embodiment the difference between the moments of inertia in the preferred
bending direction and in the bending resistance direction in the cross section of the bending
portion is smaller than in the two end portions. The second end portion can have the same
preferred cross sections as the first end portion. In particular the second end portion can have
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the same cross section as the first end portion. It can therefore have the same cross-sectional
shape, size and/or area. In particular, the cross section of the second end portion can have the
same alignment as the cross section of the first end portion, at least in the non-bent state. If, for
example, both end portions have a square cross section, then the two squares can be
superimposed congruently in the unbent state, when viewed along the longitudinal extension of
the contact pin. In the bent state the two squares can, however, be twisted against each other.
Alternatively, cross sections with the same form with the same cross-sectional areas can be
orientated differently. For example, both end portions can have a square cross section with the
corners of the squares in the two end portions pointing in different directions.

The bending section can be produced by means of cross-sectional reshaping. For example, an
already existing bending portion can be reshaped so that the contact pin becomes a contact pin
according to the invention. Alternatively, the bending portion can originate only through a
reshaping of the cross section, for example another portion, which was originally not a bending
portion, can be reshaped into a bending portion. Thus a contact pin, which has a first and a
second end portion, can be reshaped into a contact pin according to the invention in that parts
of the first and/or second end portions are reshaped into a bending portion. This is possible by
means of cross-sectional reshaping. In a preferred embodiment, a contact pin with two end
portions, which each have a polygonal cross section, is reshaped into a contact pin according to
the invention in that parts of the first or second end portion are reshaped into a curved,
preferably circular cross section.

Cross-sectional reshaping is possible, for example, by means of compression. The cross-
sectional reshaping process can in particular be a cold-forming process. The cross section can
be reshaped in the process simply by exerting pressure without an increase in temperature.
This can, for example, occur with the aid of a die or mould, which predetermines the future
cross section. Free reshaping without a set mould is also possible. Reshaping by means of
rolling in the longitudinal or transverse direction is also possible. In any case the length of the
contact pin can change as a result of the reshaping process; in particular the contact pin can
lengthen as a result. The cross-sectional area in the bending portion can change as a result of
the reshaping process; in particular the cross section can become smaller. Reshaping, which
only changes the cross-sectional shape but not the cross-sectional area, is also possible. In this
case the contact pin cannot lengthen.

In a preferred embodiment a contact pin has a first and a second end portion before the
reshaping process, which each have the same cross-sectional shape and area.
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During reshaping of the bending portion an end portion can also be reshaped at the same time.
In particular, at least one end portion can be reshaped at least in part into a bending portion.
The length of the reshaped end portion can change as a result.

A contact pin can have a plurality of bending portions, in particular a plurality of bending
portions according to the invention.

A contact pin can have additional functional portions. For example, there can be junction
portions between the end portions and the bending portion.

A contact pin according to the invention can be bent in the bending portion. In this way the two
end portions can extend in different directions. The two directions can intersect in particular at
one point. A contact pin according to the invention can be arranged inside a connector. In
particular, the first end portion can be inserted positively into a pin socket with a complementary
cross-sectional form. The first end portion can be arranged completely or just in part inside the
socket. A positive lock can only act transverse to the longitudinal extension of the inserted end
portion, so that the contact pin can be moved along the longitudinal extension of the inserted
end portion.

A connector can have various contact pins according to the invention. For example, there can
be various contact pins, which each have the same cross section in at least one end portion and
the bending portion but have different lengths. Thus the ends of the contact pins can lie in the
same plane in the bent state.

Examples of advantageous embodiments of the invention are described in the following with
reference to the drawings. The described embodiments only represent possible embodiments,
in which, however, the individual characteristics as described above can be combined
independently of one another or omitted. The same reference numerals in the various drawings

each denote the same objects.
In the drawings:

Fig. 1A is a schematic perspective view of a first embodiment of a contact pin according to the

invention;

Fig. 1B is a schematic cross section through an end portion of the contact pin shown in Fig. 1A
along a transverse plane perpendicular to the longitudinal extension of the contact pin;
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Fig. 1C is a schematic cross section through a bending portion of the contact pin shown in Fig.
1A along a transverse plane perpendicular to the longitudinal extension of the contact

pin;

Fig. 2 is a schematic perspective view of a second embodiment of a contact pin according to

the invention;

Fig. 3 is a schematic perspective view of a contact pin according to the invention in a pin
socket;

Fig. 4 is a schematic front view of the contact pin and the pin socket shown in Fig. 3;

Fig. 5 is a schematic perspective view of a third embodiment of a contact pin according to the

invention;

Fig. 6 is a schematic perspective view of the contact pin shown in Fig. 5 from a different line

of vision;
Fig. 7 is a schematic perspective view of a connector according to the invention.

In Fig. 1A a contact pin 1 according to the invention is shown. It has a first end portion 10 and a
second end portion 20 as well as a bending portion 30 located between the first end portion 10
and the second end portion 20. The length L1 of the first end portion 10 in the direction of the
longitudinal extension Z of the contact pin 1 is smaller than the corresponding length L2 of the
second end portion 20. The length L3 of the bending portion 30 is independent of the lengths of
the two end portions L1, L2. In this case the length L3 of the bending portion 30 is about 20 %
of the total length L of the contact pin 1 in the direction of the longitudinal extension Z. The
length L3 of the bending section 30 can, however, differ from this value and be adapted to the
respective intended purpose.

In this case the length L of the contact pin 1 is made up of the lengths L1, L2, L3 of the first end
portion 10, the second end portion 20 and the bending portion 30. In alternative embodiments
there can be additional portions as well as the two end portions 10, 20 and the bending portion
30. In particular, there can be additional bending portions, for example a second bending
portion according to the invention.

The end portions 10, 20 shown here both have insertion portions 11, 21, in which the end
portions taper in order to facilitate insertion into a pin socket.
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The cross sections of the first end portion 10 and of the second end portion 20 in a cross-
sectional plane T, which extends perpendicular to the longitudinal extension Z of the contact
pin, are the same. In this case they have the same shape, area and orientation.

In Fig. 1B such a cross section of the first and second portion 10, 20 is shown. The outer
contour U1, U2 is substantially square but has chamfered corners 3. The contour U1, U2 is
therefore polygonal, in this case octagonal. The corners can also be rounded. The end portion
shown 10, 20 has a first preferred bending direction V1 and a second preferred bending
direction V2. The end portion 10, 20 can be bent along and against these preferred bending
directions V1, V2 with the slightest resistance. In the process bending occurs about a bending
axis B1 in the direction of the preferred bending direction V1. The moment of inertia, in
particular the axial moment of inertia, about this bending axis B1 is smaller than in other
directions, which deviate slightly from the preferred direction V1. In the example shown here the
preferred bending direction V1 represents the bending direction with the smallest moment of
inertia. The moment of inertia is, as is customary, defined as the surface integral over area A of
the cross section over the square of the distance from the bending axis, the bending axis
extending through the central point M of the area A.

In the case of the cross section shown here there is still a second preferred bending direction
V2, along which bending is just as easy as along the preferred bending direction V1.

Furthermore, the end portion 10, 20 shown has a bending resistance direction R1, in which
direction bending is difficult; the moment of inertia relating to the bending resistance direction
R1 and relating to bending axis W1 belonging to the bending resistance direction R1 is
increased here. The end portion 10, 20 shown here has a plurality of bending resistance
directions, for example a second bending resistance direction R2 is drawn in. In the case of the
symmetrical embodiment shown here the moment of inertia relating to bending along the
second bending resistance direction R2 is equal to the moment of inertia relating to bending
along the bending resistance direction R1.

If an attempt is made to bend the end portion 10, 20 along a bending resistance direction R1,
that is to say with a bending force F, which points in the direction of the bending resistance
direction R1, then even small deviations lead to the bending not taking place along direction R1,
but rather along a direction X of actual bending, which is turned towards a preferred bending
direction V1.

In Fig. 1C a cross section of the bending portion 30 of the contact pin 1 shown in Fig. 1 is
shown. In this case the cross section is circular. The bending portion 30 has the same bending
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resistance along all directions, which are located in this cross-sectional plane, that is to say the
moments of inertia relating to all directions in the cross-sectional plane are equal. At the same
time all directions are bending resistance directions R1. The difference in the moments of inertia
relating to the preferred bending direction V1 and the bending resistance direction R1 is
therefore zero. In the case of the circular embodiment of the bending portion 30 shown here, a
bending force F in any direction which is in the cross-sectional plane leads to bending in this
bending direction. The direction X of the actual bending therefore matches with the direction of
the bending force F. The bending portion 30 with a circular profile shown in Figs. 1A and 1C can
be produced from another cross section by reshaping. For example, a bending portion 30 with a
cross section, which resembles the cross section of the end portions 10, 20, can be reshaped
into a cross section according to the invention. This can, for example, be carried out through
rolling or compression. As a result of this reshaping process the length L of the contact pin 1
can change depending on the reshaping process or even remain the same. In particular,
therefore, the area A3 of the bending portion 30 shown in Fig. 1C can be the same as area A of
the first and/or second end portion 10, 20.

In Fig. 2 a second embodiment of a contact pin 1 according to the invention is shown. This
contact pin 1 again has a first end portion 10, a second end portion 20 and a bending portion 30
located between the two end portions 10, 20. The contact pin 1 shown here is already bent at
the bending portion 30. The direction of the longitudinal extension Z1 of the first end portion 10
is different to the direction of the longitudinal extension Z2 of the second end portion 20. The
two directions Z1, Z2 of the longitudinal extensions intersect at a point and in this example form
an angle of about 90°. The cross sections of the first and second end portions 10, 20 in a plane,
which is perpendicular to the longitudinal extension directions Z1, Z2, are similar to the cross
section shown in Fig. 1B.

The bending portion 30 has a cross section through the curvature 31, which deviates from a
circle. In a junction portion 40, which is located between the bending portion 30 and the first end
portion 10, the cross section is still almost circular. Further on at the centre of the bending
portion 30 the deviation from the circular form can be greater. In a second junction portion 50,
which is located between the bending portion 30 and the second end portion 20, the cross

section is almost circular again.

The contact pin 1 shown here can be produced by bending a straight contact pin 1. For
example, a bending force F may have been exerted. Thanks to the circular bending portion 30
this force F leads to bending in the direction of the bending force F. The actual bending direction
X therefore matches with the direction of the bending force F.
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In Fig. 3 a contact pin 1 according to the invention is shown inserted into a pin socket 60. The
pin socket 60 can for example be part of a connector 70, which can also have additional pin
sockets 60 and additional contact pins 1. The first end portion 10 and the second end portion 20
again have a polygonal cross section, which is substantially square, but has chamfered edges
2. Between the first end portion and the second end portion 20 there is a bending portion 30,
which has a curvature 31. The two end portions 10, 20 therefore extend in different spatial
directions.

The pin socket 60 of the connector 70 has a cross section complementary to the second end
portion 20. The inner contour 61 of the pin socket 60 has a substantially square cross section.

The contact pin 1 can be inserted into the connector socket 60 along an insertion direction S,
which extends perpendicular to the surface of the connector.

The contact pin 1 shown was produced by bending a straight contact pin 1 according to the
invention. During the bending process the contact pin 1 was inside the pin socket 60. Despite
the arrangement of the outer contour of the contact pin and the inner contour 61 of the pin
socket 60 with complementary cross sections, the contact pin 1 can be rotated slightly about the
direction of the longitudinal extension Z2 of the second end portion 20, meaning in a rotation
direction T. As a result of the circular configuration of the cross section of the bending portion 30
such a rotation inside the pin socket 60 does not, however, lead to the actual bending direction
X deviating from the direction of the bending force F. Both directions F, X are therefore located
on top of each other. An additional alignment stage to correct the alignment of the end portion
10 is omitted in the case of such an embodiment.

In Fig. 4 the contact pin 1 and pin socket 60 shown in Fig. 3 are shown in a front view.

The second end portion 20 is twisted and locked in the pin socket 60. Although the direction of
the bending force F differs from the preferred bending direction V1 and has an element in the
direction of a bending resistance direction R1, the direction of the actual bending X is in the
direction of the bending force F. This is due to the circular cross section of the bending portion
30. If the bending portion 30 had the same cross section as the second end portion 20, then a
bending force F, which is not ideally located in a preferred bending direction V1 but rather has
elements along a bending resistance direction R1, would lead to an actual bending, the
direction X of which differs from the direction of the bending force F.

In Figs. 5 and 6 a third embodiment of a contact pin 1 according to the invention is shown.
Between a first end portion 10 and a second end portion 20 there is again a bending portion 30.
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The bending portion 30 shown here, however, does not have a circular cross section like the
examples shown so far, but rather only has a cross section which is curved in part. This leads to
a bending force in direction F leading to a bending along a direction X, which only differs slightly
from the direction of the bending force F. The direction of the bending force F and the actual
bending direction X therefore do not match exactly, although they are located closer together
than in the case of a contact pin 1, which has the same cross section in its bending section 30
as in the first end portion 10 and in the second end portion 20. The direction of the bending
force F and the actual bending direction X can be so close together that an additional corrective
step to correct the alignment of the bent contact pin 1 is not necessary.

The cross section of the bending portion 30 is curved on an inner side 32. On an outer side 33 it
has a plurality of angles.

In Fig. 6 the contact pin 1 shown in Fig. 5 is shown again from another perspective. The angular
configuration on the outer side 33 and the curved configuration on the inner side 32 make it
easier to bend the first end portion 10 towards the second end portion 20. The direction of the
actual bending X is therefore close to the direction of the bending force F.

In Fig. 7 a connector 70 according to the invention is shown. The connector 70 comprises a
plurality of pin sockets 60, into which the contact pins 1 according to the invention have been
inserted. Because of the configuration of the contact pins 1 according to the invention the first
end portions 10, which extend out of the connector, all point in the same direction Z1. The
individual end portions 10 of the various contact pins 1 are of different lengths so that all the
contact pins 1 end in one plane.
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Claims

Contact pin (1) with a first and a second end portion (10, 20) and a bending portion (30)
located between the end portions (10, 20), wherein the cross section of at least one end
portion (10, 20) has a preferred bending direction (V1) and at least one bending
resistance direction (R1) and wherein the moment of inertia of the cross section of the at
least one end portion, (10, 20) is smaller in the preferred bending direction (V1) than in the
bending resistance direction (R1), characterised in that the difference between the
moments of inertia in the preferred bending direction (V1) and in the bending resistance
direction (R1) in the cross section of the bending portion (30) is smaller than in the at least
one end portion (10, 20).

Contact pin (1) according to claim 1, characterised in that the moment of inertia in the
bending portion (30) is constant in the direction transverse to the longitudinal extension (L)
of the contact pin (1).

Contact pin (1) according to any one of claims 1 or 2, characterised in that the cross
section of the bending portion (30) is circular.

Contact pin (1) according to any one of claims 1 to 3, characterised in that the at least
one end portion (10, 20) has a polygonal cross section.

Contact pin (1) according to any one of claims 1 to 4, characterised in that the two end
portions (10, 20) have the same cross section.

Contact pin (1) according to any one of claims 1 to 5, characterised in that the bending
portion (30) is produced by means of cross-sectional reshaping.

Contact pin (1) according to any one of claims 1 to 6, characterised in that the contact
pin (1) is bent at the bending portion (30).

Connector (70) with a contact pin (1) according to any one of claims 1 to 7 characterised
in that the first end portion (10) is inserted positively into a pin socket (60) with a

complementary cross-sectional design.

Method for manufacturing a contact pin (1), which has a first and a second end portion
(10, 20) and a bending portion (30) located between the first and second end portions (10,
20), wherein at least one end portion (10, 20) has a preferred bending direction (V1) and
at least one bending resistance direction (R1) and wherein the moment of inertia of the at
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least one end portion (10, 20) in the preferred bending direction (V1) is smaller than in the
bending resistance direction (R1), characterised by a reshaping of the bending portion
(30) into a cross section, where the difference between the moments of inertia in the
preferred bending direction (V1) and in the bending resistance direction (V1) is smaller
than in the at least one end portion (10, 20).

Method for manufacturing a contact pin (1) according to claim 9, characterised in that
the contact pin (1) is bent, in particular that it is bent after reshaping.
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