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A device (1) Intended for heating the coolant of a motor driven vehicle In order to heat the engine of the vehicle, which device
comprises a connection arrangement (3) arranged to allow electrical connection of the device to a current source and a heat-
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generating element (5) comprising an electrical conductor (/) designed to generate heat when a current flows through the con-
ductor, which heat-generating element (5) Is designed to be In contact with and transfer the generated thermal energy to the
coolant water, wherein the electrical conductor (/) Is designed In such a way that the conductor is destroyed If the heat transfer
from the heat-generating element substantially decreases during a time period, wherein the current through the conductor Is inter-
rupted.



10

15

CA 02569930 2006-11-30

18

ABSTRACT

A device (1) intended for heating the coolant of a motor driven
vehicle in order to heat the engine of the vehicle, which device
comprises a connection arrangement (3) arranged to allow elec-
trical connection of the device to a current source and a heat-
generating element (5) comprising an electrical conductor (7)
designed to generate heat when a current flows through the con-
ductor, which heat-generating element (5) is designad to be in
contact with and transfer the generated thermal energy to the
coolant water, wherein the electrical conductor (7) Is designed in
such a way that the conductor is destroyed if the heat transfer
from the heat-generating elemeant substantially decreases during

a time period, wherein the current through the conductor is inter-
rupted.
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A DEVICE FOR HEATING VEHICLE COOLANT WITH
OVER-TEMPERATURE PROTECTION

TECHNICAL FIELD

The present invention relates to a device intended for heating
the coolant in a motor driven vehicle, in order to heat the engine
of the vehicle. The device comprises a connection arrangement
arranged to allow electrical connection of the device to a current
source and a heat-generating element comprising an electrical
conductor designed to generate heat when a current flows
through the conductor. The heat-generating element is designed

to be in contact with and transfer the generated thermal energy
to the coolant.

PRIOR ART

Engine heaters comprising a heat-generating element having an
electrical conductor, which is heated and transfers thermal en-
ergy to the coolant of the vehicle when a current passes through
the heat-generating element are known in the art. One problem
with such devices is that the device may catch fire or set fire to
other components of the vehicle in the event of an error. One
example of such an error is if the coolant water does not cover
the heat-generating element sufficiently for some reason, for
example, due to that some of the coolant has leaked out or that
the coolant level has decreased in some other way. This prob-
lem has been alleviated in that the electrical conductor has been
designed so that the heating power generated in the conductor
is sufficient to burn off and destroy the conductor if the heat
transfer from the heat-generating element decreases substan-
tially during a time period. The conductor is destroyed in that
the conductor becomes heated by the excess heat generated by
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the conductor, until the conductor melts, wherein the current
through the conductor is interrupted.

Another example of an engine heater is a device comprising a
heat-generating element in contact with the coolant, and which
comprises a thermostat for sensing the temperature of the cool-
ant, and for controlling the current through the device in re-
sponse to the temperature of the coolant. Hence a control of the
engine heater is achieved so that the engine heater does nhot
heat the engine to an unnecessary degree, which saves electric
energy. The thermostat is in direct contact with the coolant wa-

ter so that the thermal energy effectively is conducted to the
thermostat.

SUMMARY OF THE INVENTION

One object of the present invention is to indicate a device in-

tended for heating the coolant of a motor driven vehicle, which
has a high level of safety.

The device comprises a thermostat arranged to interrupt the cur-
rent through the device when the thermostat senses a tempera-
ture exceeding a first limit temperature. Preferably the thermo-
stat is positioned so that it senses the temperature in the sur-
roundings of the heat-generating element and/or the device.
Thus the device is designed with an additional safety system, on
one hand, the first safety system with the self-destructive elec-
trical conductor, and, on the other hand, the second safety sys-
tem with the thermostat interrupting the current at high tempera-
tures.

This is advantageous due to that the self-destructive electrical
conductor runs the risk not to be destroyed and interrupting the
current when the voltage applied over the heat-generating ele-
ment is too low. A self-destructive conductor, for example, de-
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signed for a normal voitage of 230 V, is normally not destroyed
if the voitage decreases below about 180 V, even If the heat
trangfer has been decreased due to that the coolant level has
dropped. in this case the thermostiat interrupts the current, so
that the device is turned off in the event of an error, even when
there is a possible voltage drop. In turn the thermostat runs the
risk of being too slow in the event of an error when there is a
normal voltage applied over the heat-generating element, since
the thermostat then no longer is in contact with the coolant and

thus is not heated as quickly as usual. In this case the self-
destructive conductor interrupts the current in case of an error,
since the conductor has the abliity to react quicker to changes in
the heat transfer from the heat-generating element. Thus a de-
vice is achieved, which has more than double safety in compari-
son with the devices according to the prior art.

Preferably, said first {imit temperature is in the range between
50-120 *C, more preferably between 70-100 °C and most pref-
erably in the range between 80-90 °C. Hence the current is in-

terrupted by the thermostat in good time before any component

runs the risk of being set on fire, without the thermostat effect-
ing the heating of the coolant water under normal conditions.

Alternatively the thermostat may instead also be used for con-
trolling the heating. '

According to another embodiment of the invantion the thermo-
stat is designed to interrupt the current through the device at
least until the temperature sensed by the davice decreases be-
low a second limit temperature, which is lower than the first limit
temperature. Preferably sald second limit temperature is in the

range between 30-70 °C, more preferably between 30-50 °C.
Thus it is ensured that the device does not resume the heating

- directly after the thermostat has interrupted the current. In that

the thermostat resumes a non interrupting state only after the
thermostat senses a much lower temperature, it takes a longer
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time before the device resumes the heating, giving an Iﬁcreased
time of disconnection of the device from the current source.

According to a preferred embodiment the device comprises a
wall portion arranged to be in contact with the thermostat and
the heat-generating element such that the wall portion conducts
the thermal energy from the heat-generating element to the
thermostat. When the heat transfer from the heat-generating
element decreases substantially due to an error, for example,
due to that the coolant no longer covers the heat-generating
element, the tempearature of the heat-generating element in-
creases, The wall portion thus conducts thermal energy to the
thermostat, which senses a higher temperature and cuts off the
current supply. Due to the wall portion, It is ensured that the

heat conduction capacity to the thermostat remains the same
regardless of the coolant tevel.

Preforably the wall thickness between the heat-generating ele-
ment and the thermostat Is smaller than 5 mm, more preferably
smaller than 3,56 mm and most preferably smaller than 2,6 mm.
Thus, the heat does not need to be conducted a long distance
through the wall portion, which increases the ability of the ther-
mostat to sense an slevated temperature and also decreases

the reaction time of the thermostat, slnqe it takes a shorter tlmel

to heat the wall portion.

According to a preferred embodiment the wall portion is made of
metal. Metal is a good conducior of heat, which decreases the
reaction time of the thermostat, and metal also withstands high
temperatures without breaking. Metal is also resistant against
catching fire. Preferably the heat-generating element is con-
nected with the wall portion by soidering. Hence a good contact

with good heat conduction between the heat-generating elemeant

and the wall portion is achieved.
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According to a preferred embodiment the device comprises a
housing comprising 2 firat and a second chamber, and a wall ar-
ranged between the first and the second chamber for separating
them from each other, wherein the first chamber is designed to
accommodate the heat-generating element and to allow a flow of
coolant through the first chamber, and the second chamber is
designed to accommodate the connection arrangement. Thus
the house protects the heat-generating element, and the con-
nection arrangement with the thermostat, respectively. Further-
more the house Is arranged to ¢conduct the coolant through the
device, wherein the device is positionable outside the engine.
Furthermore the house separates the connection arrangement
from the coolant, which both decreases the risk of corrosion and
of short circuiting of the connection arrangement. A short circuit
could otherwijse lead to that a current passes through the de-
vice. Furthermore the risk that the thermostat Interrupts the cur-

rent by mistake during normal operation, due to that the thermo-
stat is too hot, is decreased.

According to a preferred embodiment of the invention the ther-
mostat is a part of the connection arrangement, wherein the
thermostat Is arrangad inside the first chamber, and the wall be-
tween the chambers comprises said wall portion. Hence the
thermostat is protected from the coolant at the same time as the
heat conduction between the heat-generating element and the
thermostat is ensured through the wall portion. Preferably the
wall is designed so that the wall portion Is thinner than the rest
of the wall. Hence a good durability of the wall is ensured at the
same time, as the heat only needs to be conducted a short dis-
tance in order to reach the thermostat.

According to a further embodiment of the invention the device

- comprises a cast compound of a polymer material arranged to at

least partly fill the second chamber. Preferably the polymer ma-
terial is polyurethane. The polyurethane cast compound func-

- tions as an electrical insulator inside the device, and the cast
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compound also protects the device against condensate water.
The elactrical conductors may therefors be mounted closer to
each other, due to the decreased hazard of short-circuiting,
which decreases the size of the device. According to one em-
bodiment the device comprises a house comprising at least two
units arranged to define the second chamber, wherein the cast
compotnd is arranged to hold the two units together.

According to one embodiment of the invention the device com-
prises a house comprising at least two units adapted to be
snapped together. According to one embodiment of the invention
the device comprises a spring arranged to lock the units to each
other. Preferably said spring is an annular ring. Hence it Is sim-
ple and quick to assemble the device. Preferably one of the
units comprises a cone shaped surface adapted to be inserted
Into and press the annular ring open during the assembly of the
units to each other. Thus the cone shaped part may simply be
insorted into and passed through the annular ring. Preferably,
the units are shaped to form a graove in connection with the lar-
ger diameter end of the cone shaped surface, wherein the annus-
lar spring i adapted to be snapped into the groove so that the
spring locks the units to each other. Hence it is very quick to as-
semble the device by simply pressing the units together. Fur-
thermore the units become permanently attached to each other
so that it is no longer possible to open the units after assembly.
Preferably the device also comprises a seal arranged betweean
the first and the second units to seal against leakage. Preferably
the seal Is an O-ring. According to one embodiment the first unit

is arranged to define the lower part of the first chamber. and the
second unit comprisas salid wall between the chambers.

According to one embodimaent of the invention the thermostat Is
a bimetal thermostat. Such a thermostat is inexpensive and can

easily be designed with required temperature sensitivity. Fur-
thermore, the bimetal thermostat may easily be designed with
hyateresis so that the bimetal thermostat remains In a current-
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interrupting state even after that the temparature has decreased
below the first limit temperature.

According to one sesmbodiment of the invention the heat-
generating element is a burnout element. Such a burnout ele-
ment is present on the market, Inexpensive to produce, and is
easy to adapt for the desired voltage, so that the burnout ele-
ment interrupts the current through the burnout element, in the
case when the heat transfer from the burnout element decreases

due to that it is only effected by thermal radiation or by heat
convection by air.

SHORT DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a front view of a device In cross section according
to one embodiment of the invention.

Fig. 2 shows a side view of the device in cross section accord-
ing to the same embodiment of the invention.

DETAILED DESCRIPTION

| In fig. 1 and 2 a cross section of a device 1 is shown, which de-

vice Is Intended for heating the coolant of a motor driven vehicle
in order o heat the engine of the vehicle. The device 1 com-
prises a connection arrangement 3 arranged to allow eleotrical
connaction of the device 1 to an external current source. The
device 1 further comprises a heat-generating element 5, com-
prising an elactrical conductor 7, designed to generate heat
when a current flows through the conductor. The device 1 fur-
ther comprisaes a housing 9 comprising a flrst chamber 11 de-
signed to accommodate the heat-generating element 5 and a
second chamber 13 arranged to accommodate the connection
arrangement 3.- |
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The first chamber 11 is designed with an inlet opening 15 ar-
ranged to be connected with a first fluid conductor in order to
allow an inflow of coolant water to the first chamber 11, and an
outlet opening 17 arranged to be connected with a second fluid
conductor in order to allow an outflow of coolant water from the
first chamber 11. The first chamber 11 is thus designed to aliow
a flow of coolant water through the chamber 11. The inlet open-
ing 15 is arranged in the lower part of the first chamber 11
wherein, when the heat-generating element 5 heats the coolant
water in the first chamber, the water rises upwards and out
through the outlet 17 arranged in the upper part of the chamber
11. Thus there is no need of a pump to circulate the coolant wa-
ter. Of course, the inlet and the outlet may be interchanged with
each other so that the direction of the fluid flow through the de-
vice is changed, by simply turning the device upside down or in
some other direction. '

In turn, the second chamber 13 comprises an opening to allow
the passage of three electrical conductors 21, belonging to the
connection arrangement 3. The first and the second of these
three conductors 21 are arranged to connect the device to an
external current source, for example a vehicle battery or house-
hold electricity. The third conductor is a grounding conductor to
increase the safety in case of an overload.

The electrical conductor 7 in the heat-generating element 5 is in
this example designed so that at least one portion of the con-
ductor 7 has a cross sectional area and a conducting material
adapted so that the conductor 7 is destroyed if the heat transfer
from the heat-generating element 5 decreases substantially for a
period of time. The conductor is destroyed due to that the con-
ductor 7 is heated by the generated excess thermal energy so
that the conductor eventually is burned off. When the conductor
7 is destroyed the current through the conductor is interrupted,
wherein the heat generation terminates. The heat transfer may
decrease substantially if, for example, the amount of coolant wa-
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ter in the first chamber 11 for some réason has decreased, since
the heat conduction between the water and the haat-generating
alement is higher than the heat conduction batween air and the

heat-generating element. Another example ls If the circulation of
the coolant water for some reason has been blocked, wherein

the coolant water no longer has the ability to remove thermal
energy transferrad to the coolant water. In that the conductor 7
is destroyed, If the coolant water for some reason has leaked
out of the coolant system or if the level of the coolant for some

other reason is too low the risk that the device 1 catch fire or set
fire to other objects is decreased.

When the voitage over the heat-generating element $ is low
there is a risk that the siectrical conductor 7 is not burned off
and destroyed despite a possible substantial decrease of the

-~ heat transfer. In this example the connection arrangement 3

therefore comprises a thermostat 23 arranged to interrupt the
current through the device 1 when the thermostat 23 senses a
temperature exceeding a first limit temperature. in this example
the thermostat 23 Is arranged to interrupt the current through
the device 1 when the temperature has increased over a first
limit temperature due to that the heat transfer from the heat-
generating element for some reason has decreased substantially

according to the examples above. The thermostat 23 is hence
arranged to interrupt the current in the event of an error occur-
ring at the same time, as the voitage over the heat-generating

element 5 is low. The safsty of the device 1 therefore increases
substantially.

In this example the thermostat 23 is a bimetal thermostat. The
thermostat 23 is arranged to interrupt the current when the

thermostat 23 sensas a temperature exceeding a first limit tem-
perature being in the range between 80-90 °C. In another exam-

ple the thermostat 23 may instead be arranged to interrupt the
current when the thermostat 23 senses a temperature exceeding
a first limit temperature being in the range batween 50-120 °C,



10

15

2%

30

CA 02569930 2006-11-30

10

or more preferably between 70-100 °C. Thus the first limit tem-
perature is sufficiently high that the thermostat 23 only inter-
rupts the current in the event of an error, and sufficiently low for
the current to be interrupted before anything can be set on fire.

The thermostat 23 is further designed to interrupt the current
through the device 1 at least until the temperature has falien be-
jow a second limit temperature, which is lower than the first limit
temperature. In this example the second limit temperature is in
the range between 30-40 °C, but in another example it may be
between 30-70 °C. Hence the current is Interrupted for a longer
time after that the thermostat 23 has registered an error,
wherein the probability that the error is noticed and can be cor-
rected before the current is reapplied increases.

The house 9 comprises a wall 25 separating the first 11 and the
second chamber 13 from each other. In turn, the wall 25 com-
prises a wall portion 27 arranged to be in contact with the ther-
mostat 23 and with the heat-generating element 5 so that the
wall portion 27 conducts thermal energy from the heat-
generating element 5 to the thermostat 23. Hence It is ensured
that heat is conducted to the thermastat even if the coolant wa-
ter isvel is dropping.

The wall 25 is designed in such a way that the wall 25 is pro-
vided with a notch, ineide which the thermostat 23 is attached.
The wall portion 27 Is thus designed thinner than the rest of the
wall 25, which decreases the distance that heat must be con-
ducted from the heat-generating element 5 to the thermostat. In
this example the wail 25 and the wall portion 27 are designed so
that the wall thickness between the thermostat 23 and the heat-
generating element is smaller than or equal to 2,5 mm. In an-
other example of the invention the wail thickness between the
thermostat and the first chamber may instead be smaller than or

equal to 5 mm, or, more praferably, smaller than or equal to 3,5
mm.
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In this example the house 9 comprises three separate units 29,
31, 33, which are assembled to form said first 11 and second
chamber 13. The first unit 29 is arranged to define the lower part
of the first chamber 11 and comprises the inlet 15 and the outlet
17 to the first chamber. The second unit 31 of the house com-
prises said separating wall 25, and is designed to be attached to
the upper part of the first unit 29. The second unit 31 is thus ar-
ranged to define the ceiling of the first chamber 11. Since the
first 29 and the second unit 31 will be in contact with the heated
coolant water the first 29 and the second unit 31 are made in a
metal. The third unit 33 is arranged to define the walls and ceil-
ing of the second chamber 13, and is, in this example, designed
to be attached to the first unit 31. Furthermore the third unit 33
comprises the opening for the conductors 21 of the connection

arrangement 3 to the external current unit. The third unit 33 is
manufactured in a thermosetting plastic.

The heat-generating element 5 is connected with the second
unit 31 in such a way that the heat-generating element, on one
hand, passes through two openings through the second unit to
allow electrical connection between the heat-generating element
5 and the connection arrangement 3, and, on the other hand, is
soldered onto the underside of the wall portion 27 to allow heat
transfer to the thermostat 23. The heat-generating element 5 is
bent to follow a path in the first chamber 11. The heat-
generating element first extends downwards towards the inlet,
then turns upwards until the heat-generating element 5 touches
the wall portion 27 arranged in the wall 25 of the second unit,
then turns downwards towards the inlet again and then once
again turns upwards and passes through the wall 25 of the first
chamber and to the connection arrangement 3. The heat-
generating element 5 is soldered to the wall portion 27 in the
noint in which the heat-generating element 5 touches the wali
portion 27. By bending the heat-generating element 5 a large
area between the heat-generating element 5 and the coolant wa-
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ter is obtained, and the distance between the heat-generating
element 5 and an arbitrary point inside the first chamber 11 also

becomes small, which allows an even and efficient heating of
the coolant water.

The first 29 and second units 31 are arranged to be attached
with each other by snapping to each other. In this example the
house 9 comprises an annular spring 35 arranged to connect the
first 29 and the second unit 31 with each other. The first 29 and
the second unit 31 therefore each comprises a groove 37a, 37b
in which the annular spring is arranged. The annular ring 35
thus locks the first 29 and the second unit 31 against displace-
ment of the units away from each other. The house 9 further
comprises a seal 39, in this example in the form of an O-ring,
arranged between the first 29 and the second unit 31 for sealing
against leakage. In this example the O-ring is arranged inside a

space running around and along the interface between the first
29 and the second unit 31.

In this example the second unit 31 comprises a cone shaped
and beveled surface. During manufacturing of the device 1 the
cone shaped part of the second unit 31 is simply pressed into
the first unit 29, wherein the annular spring 35 is pressed out-
wards by the cone shaped surface and is then contracted inside

the groove 37a, 37b. Hence the spring 35 locks the second unit
31 inside the first unit 29.

The second chamber 13 is in this example filled with a cast
compound, in this example polyurethane plastic, in order to pro-
tect the connection arrangement 3. The polyurethane cast com-
pound insulates the connection arrangement so that the risk of
electrical short circuit is decreased. The third unit 33 further
comprises a protective wall arranged in connection with the
opening to block the entering of unwanted objects, such as dust
or dirt, or of fluids, such as oil or water, into the second cham-
ber 13. The protective wall is provided with three openings to
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allow passage of the electrical cables and of the grounding ca-
ble. The protective wall is further provided with two further open-

ings 45 shaped to allow insertion of said polyurethane cast
compound.

During manufacturing of the device 1 the third unit 33 is at-
tached to the second unit 31 in that the units are pressed to-
gether. The units 31, 33 are then held together by friction. In
another example the units 31, 33 may instead be heid together
by snapping to each other. Thereafter the protective wall is put
onto the three cables and is attached inside the opening and
thereafter the second chamber 13 is filled with the polyurethane
cast compound through one of the polyurethane openings. Dur-
ing the filling the second chamber 13 is emptied of air through
the second of the two polyurethane openings. Thereafter the
polyurethane cast compound is cured. The polyurethane cast
compound hence joins the second 31 and third units 33 perma-
nently to each other.

The invention can be varied and modified in a large number of
ways without departing from the invention. For example the
heat-generating element does not need to be a burnout element
and the thermostat does not need to be a bimetal thermostat,
but they may be other forms of heat-generating elements and
thermostats, respectively. The house can be designed as only
one chamber or as more than two chambers. Furthermore the
annular ring connecting the first and the second units of the
house to each other may instead connect the first and the third
unit, alternatively the second and the third unit, to each other.
The units may also be attached to each other in some other
way, for example through gluing, screwing, soldering, snapping
or riveting. Neither does the device need to comprise any hous-
ing at all but may be arranged directly inside the water passages

of for example the engine.
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Furthermore the device. may comprise several heat-generating
eclements and thermostats respectively. The device may also be
a part of a larger engine heater system in which other parts of

the vehicle are heated as well. Furthermore the materials men-
tioned may be substituted for other materials with corresponding

function and/or performance. The coolant heated by the device

may be used.to heat both the engine and/or the driver-compart-
ment.

The invention is not limited to the embodiments shown but may
be varied within the framework of the attached claims.
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CLAIMS

1.

A device intended for heating the coolant of a motor driven ve-

hicle in order to heat the vehicle before a cold start, the device com-
prising:

a connection arrangement arranged to allow electrical connec-
tion of the device to a current source:

a heat-generating element comprising an electrical conductor
designed to generate heat when a current flows through the
conductor, which heat-generating element is designed to be in
contact with and transfer the generated heat to the coolant; and

a thermostat arranged to interrupt the current through the de-
vice when the thermostat senses a temperature exceeding a
first limit temperature at a voltage below the voltage of the mo-
tor vehicle, thereby interrupting the current through the electri-
cal conductor before the electrical conductor is destroyed,

wherein the electrical conductor is destroyed at the first tem-

perature limit at the voltage of the motor vehicle if the heat
transfer from the heat-generating element is substantially de-

creased during a period of time, thereby interrupting the current

through the electrical conductor before the thermostat interrupts
the current through the conductor.

The device according to claim 1, further comprising:
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a wall portion arranged to be in contact with the thermostat and
with the heat-generating element so that the wall portion con-
ducts heat from the heat-generating element to the thermostat.

3. The device according to claim 2, wherein the wall portion is of
metal.

4. The device according to claim 2, wherein the heat-generating
element is connected with the wall portion by soldering.

5. The device according to claim 1, wherein a thickness of the wall

portion between the heat-generating element and the thermostat is
less than 5 mm.

6. The device according to claim 1, further comprising:

a housing comprising a first and a second chamber and a wall
arranged between the first and the second chamber, wherein

the first chamber accommodates the heat-generating element
and allows coolant to flow through the first chamber, and the
second chamber accommodates the connection arrangement.

7.  The device according to claim 6, wherein the thermostat consti-
tutes a part of the connection arrangement and wherein the wall

comprises a wall portion in contact with the thermostat and with the

heat-generating element such that the wall portion conducts heat
from the heat-generating element to the thermostat.

8. The device according to claim 7, wherein the wall portion is
thinner than a remaining portion of the wall.
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9. The device according to ciaim 6, further comprising:

a cast compound at least partially filling the second chamber.

10. The device according to claim 1, further comprising:

a housing comprising at least two units in which the connection
arrangement, the heat-generating element and the conductor
are arranged; and

a spring arranged to lock the at least two units together.

11. The device according to claim 10, wherein said spring is an an-
nular spring and wherein one unit of the housing comprises a cone
shaped surface designed to be inserted into and open the annular
spring during assembly of the at least two units together.

12. The device according to claim 11, wherein the cone shaped sur-
face comprises a groove, wherein the annular spring snaps into the
groove to lock the housing units together.

13. The device according to claim 1, wherein the heat generating
element is destroyed at a temperature below a temperature at which
the device would catch fire.
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