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(57) ABSTRACT

The invention relates to a glow plug control device compris-
ing a power transistor for switching the heating current on and
off, a control unit for controlling the power transistor, a mea-
suring resistor connected in series with the power transistor
for measuring the intensity of a heating current, and a circuit
board, which carries the power transistor, the control unit and
the measuring resistor. The measuring resistor is connected to
the circuit board via pins which are pressed into circuit board
holes and which are made of an alloy that has a copper content
of at least 80% by weight and a nickel content from 4 to 12%
by weight. This disclosure also relates to the use of an alloy
having a copper content of at least 80% by weight and a nickel
content from 4 to 12% by weight for a pin of a press-in
connection in a glow plug control device.
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GLOW PLUG CONTROL DEVICE

RELATED APPLICATIONS

[0001] This application claims priority to DE 102013 103
090.4, filed Mar. 26, 2013, the entire disclosure of which is
hereby incorporated herein by reference in its entirety.

BACKGROUND

[0002] The invention relates to a glow plug control device.
Modern glow plug control devices generate an effective volt-
age for each glow plug from an on-board power supply volt-
age of a motor vehicle by means of pulse-width modulation.
Glow plug control devices therefore contain a power transis-
tor, with which the heating current is switched on and off and
is thus pulse-width-modulated.

[0003] Glow plug control devices can control the tempera-
ture of a glow plug by adapting the duty cycle of the pulse-
width-modulated effective voltage. A precise control of the
fed power is necessary for precise temperature control. For a
closed-loop control of the temperature, the present tempera-
ture of the glow plug is established from a resistance mea-
surement. Both for open and closed-loop control a precise
measurement of the intensity of the heating current is of great
significance. Many modern glow plug control devices there-
fore contain a measuring resistor for measuring the strength
of the heating current.

[0004] A constant objective when developing glow plug
control devices is to bring a glow plug as quickly as possible
to a desired temperature and to keep it there with great accu-
racy. Excessively high temperatures of a glow plug lead to the
premature failure thereof. Too low temperatures lead to a
sub-optimal combustion of the fuel.

SUMMARY

[0005] The present invention provides a way in which the
temperature of a glow plug can be controlled more accurately
with a glow plug control device.

[0006] With conventional glow plug control devices the
measuring resistor is soldered to the circuit board. Within the
scope of'this disclosure it has been found that the temperature
dependency of the electrical resistance of such a soldered
connection constitutes a significant error source for an accu-
rate power or temperature control of the glow plug, since the
temperature-dependent resistance of the soldered connection
adds to the resistance value of the measuring resistor.

[0007] Press-fit connections are known as alternatives to
soldered connections. Press-in pins for this purpose are made
of bronze, brass or copper irons. However, these materials
also have a significant temperature-dependent resistance, and
therefore the problem of a temperature-dependent interfer-
ence signal cannot be effectively solved in this way.

[0008] Inaccordance with this disclosure the press-fit con-
nection is formed by pins that are made of an alloy which has
a copper content of at least 80% by weight and a nickel
content from 4 to 12% by weight. Copper-nickel alloys of this
type have a low temperature-dependence of the resistance in
combination with very good mechanical properties, in par-
ticular a resilient elasticity, which enables good press-fit con-
nections.

[0009] In accordance with an advantageous refinement of
this disclosure the alloy used for the pin has a copper content
of at least 85% by weight. For example, the alloy can have a
copper content of 88% by weight or more.
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[0010] In accordance with a further advantageous refine-
ment of this disclosure the alloy used for the pin contains less
than 10% by weight, preferably less than 5% by weight, in
particular less than 3% by weight, of other alloy constituents.
For example, copper-nickel alloys that contain no more than
2% by weight of other alloy constituents are well suited.
[0011] In accordance with a further advantageous refine-
ment of this disclosure the alloy has a nickel content from 6 to
10% by weight, preferably from 8 to 10% by weight.

[0012] Should the alloy contain further constituents besides
copper and nickel, these further constituents should account
for only a small proportion. The alloy, apart from copper and
nickel, preferably does not contain any alloy constituent that
accounts for a proportion of more than 2% by weight.
[0013] Tin for example, preferably no more than 2% by
weight, or other metals, for example iron and/or manganese,
may be contained as further alloy constituents besides copper
and nickel. Should the alloy contain elements other than
nickel, copper or tin, each of these other elements preferably
accounts for a proportion of no more than 1% by weight.
[0014] The pin used for the press-fit connections may have
an opening. Pins of this type have an eye, similar to a needle,
and can be easily compressed as the pins are pressed in. Solid
pins can also be used alternatively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Further details and advantages of these teachings
will be explained on the basis of an illustrative embodiment
with reference to the accompanying drawings, in which:

[0016] FIG. 1 shows a schematic illustration of a glow plug
control device;

[0017] FIG. 2 shows an illustrative embodiment of a press-
in pin; and

[0018] FIG. 3 shows a further illustrative embodiment of a
press-in pin

DETAILED DESCRIPTION

[0019] The embodiments described below are not intended
to be exhaustive or to limit the invention to the precise forms
disclosed in the following detailed description. Rather, the
embodiments are chosen and described so that others skilled
in the art may appreciate and understand the principles and
practices of this disclosure.

[0020] A simplified illustration of a glow plug control
device is illustrated in FIG. 1, said glow plug control device
comprising a plug connector connection 1 for connection of a
glow plug, a power transistor 2 as a semiconductor switch for
switching a heating current on and off, a control unit 3 for
controlling the power transistor 2, and a measuring resistor 4
for measuring the intensity of the heating current. The plug
connector connection 1 is attached to a housing, which is not
illustrated in FIG. 1 and in which the power transistor 2, the
control unit 3 and the measuring resistor 4 are arranged. The
housing additionally has a connection in order to connect the
glow plug control device to the on-board power supply of a
vehicle.

[0021] The glow plug control device actually has a plurality
of connections for connection of a glow plug, however these
are not illustrated for reasons of clarity. Each of these plug
connector connections 1 is connected in series with a power
transistor 2, for example a field-effect transistor. Each of the
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power transistors 2 is connected in series with a measuring
resistor 4 for measuring the heating current flowing through
the power transistor.
[0022] All power transistors 2 are controlled by the control
unit 3, which for example may be an ASIC or a microcontrol-
ler. The control unit 3 measures the electric potential before
and after the measuring resistor 4 in order to establish the
voltage drop across the measuring resistor 4. From this volt-
age drop and the resistance value of the measuring resistor 4,
the control unit 3 can measure the intensity of the current
flowing through the measuring resistor 4 and therefore the
intensity of the heating current.
[0023] The power transistor 2, the control unit 3 and the
measuring resistor 4 are arranged on a circuit board 5. Circuit
boards are sometimes referred to as circuit carrier plates.
[0024] The measuring resistor 4 is connected via pins to the
circuit board 5, said pins being pressed into the circuit board
holes. [llustrative embodiments of such pins are illustrated in
FIG. 2 and FIG. 3. The heating current thus flows through two
press-fit connections and the measuring resistor 4. The pins
each have a bulged middle part. In the example of FIG. 2 the
middle part has an opening 6. In the example of FIG. 3 both
the width and the thickness of the pin are increased in the
middle part.
[0025] The pins with which the measuring resistor 4 is
fastened to the circuit board 5 are made of an alloy that has a
copper content of at least 80% by weight and a nickel content
from 4 to 12% by weight. The pins may consist, for example,
of CuNi6, CuNil10, CuNilOFelMn or CuNi9Sn2.
[0026] While exemplary embodiments have been disclosed
hereinabove, the present invention is not limited to the dis-
closed embodiments. Instead, this application is intended to
cover any variations, uses, or adaptations of this disclosure
using its general principles. Further, this application is
intended to cover such departures from the present disclosure
as come within known or customary practice in the art to
which this invention pertains and which fall within the limits
of the appended claims.

What is claimed is:

1. A glow plug control device, comprising:

apower transistor for switching heating current on and off;

a control unit for controlling the power transistor;
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a measuring resistor connected in series with the power
transistor for measuring the intensity of a heating cur-
rent; and

a circuit board, which carries the power transistor, the
control unit and the measuring resistor;

wherein the measuring resistor is connected to the circuit
board via pins which are pressed into circuit board holes
and which are made of an alloy that has a copper content
of at least 80% by weight and a nickel content from 4 to
12% by weight.

2. The glow plug control device according to claim 1,
wherein the alloy has a copper content of at least 85% by
weight.

3. The glow plug control device according to claim 1,
wherein the alloy has a copper content of at least 88% by
weight.

4. The glow plug control device according to claim 1,
wherein the alloy contains less than 10% by weight of other
alloy constituents.

5. The glow plug control device according to claim 1,
wherein the alloy contains less than 5% by weight of other
alloy constituents.

6. The glow plug control device according to claim 1,
wherein the alloy contains less than 3% by weight of other
alloy constituents.

7. The glow plug control device according to claim 1,
wherein the alloy has a nickel content from 6 to 10% by
weight.

8. The glow plug control device according to claim 1,
wherein the alloy has a nickel content from 8 to 10% by
weight.

9. The glow plug control device according to claim 1,
wherein the alloy is CuNi6, CuNil0, CuNilOFelMn or
CuNioSn2.

10. The glow plug control device according to claim 1,
wherein the alloy does not contain any alloy constituent in an
amount greater than 2% by weight other than copper and
nickel.

11. The glow plug control device according to claim 1,
wherein the pins have an opening that is compressed as the
pins are pressed in.



