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(57) Abstract: The present invention relates to a method for controlling the temperature of a traction battery in a hybrid vehicle,
where said hybrid vehicle comprises an internal combustion engine and an electric motor for traction power, comprising the steps
of: providing a first temperature regulating circuit for the internal combustion engine, providing a second temperature regulating
circuit for the traction battery, heating the traction battery by an electrical heater provided in said second temperature regulating
circuit in series with a pump, a radiator and said traction battery, transferring power to said heater via a DC/DC converter in said
second temperature regulating circuit from the electrical motor, which electrical motor is driven by said internal combustion en-
gine, while said battery is below a predetermined temperature interval.
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DESCRIPTION

Apparatus and method for controlling the temperature of a
battery in a Hybrid Electric Vehicle.

TECHNICAL FIELD
The invention relates to a hybrid vehicle battery temperature control method and
apparatus according to the preambles of the independent claims.

BACKGROUND OF THE INVENTION

Hybrid electric vehicles comprise an internal combustion engine and an electric
machine. The electric machine is supplied with traction power at least partly from a
battery. |

It is known that temperature has an influence over battery performance. As the
battery is being charged, the temperature of the battery may increase due to a
chemical reaction of the battery solution. The temperature increase during
charging may accelerate corrosion and degradation of the positive electrode.
Therefore, a too high temperature of the battery may lower its performance and
shorten its lifetime. Similarly, a too low temperature of the battery may also
decrease its performance and lifetime. A desired operating temperature for a lead
acid battery is 25°C -40°C while a lithium ion battery may have a desired operating
temperature range of 0°C-40°C.

In view of the above it is desired to control the temperature of the battery in a
hybrid vehicle in order to extend the lifetime of the battery.

In US 7147071 it is disclosed a hybrid electrical vehicle with a battery temperature
regulating device. The device comprises an internal combustion engine coolant
circuit and a battery coolant circuit. Heat is transferred between the circuits via a-

heat exchanger.
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A problem with the solution proposed in US 7147071 is the high cost for the heat
exchanger and that the coolant circuit for the engine must be redesigned.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a method for controlling the temperature
of a traction battery in a hybrid vehicle which overcomes the above mentioned
problems. '

The objects are achieved by the features of the independent claims. The other
claims and the description disclose advantageous embodiments of the invention.

In a first example embodiment according to the invention it'is provided a method
for controlling the temperature of a traction battery in a hybrid vehicle, where said
hybrid vehicle comprises an internal combustion engine and an electric motor for
traction power, comprising the steps of: providing a first temperature regulating
circuit for the internal combustion engine, providing a second temperature
regulating circuit for the traction battery, heating the traction battery by an
electrical heater provided in said second temperature regulating circuit in series
with a pump, a radiator and said traction battery, transferring power to said heater
via a DC/DC converter in said second temperature regulating circuit from the
electrical motor, which electrical motor is driven by said internal combustion

engine, while said battery is below a predetermined temperature interval.

An advantage with this example embodiment is that the power for heating the
battery is provided from the internal combustion engine via a DC/DC converter and
said electrical motor.

In another example embodiment according to the present invention said method
further comprising the step of using said battery for traction power only
when said battery has a temperature within said predetermined temperature
interval.
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An advantage with this example embodiment is that the lifetime of the battery may
be extended.

In another example embodiment according to the present invention said method
further comprising the steps of providing a bypass circuit for said radiator in
said second temperature regulating circuit, regulating a flow of liquid
coolant into the radiator or into the bypass circuit by a valve.

An advantage with this example embodiment is that the time for reaching a
working temperature of the battery may be decreased.

In another example embodiment of the present invention said method further
comprising the step of: controlling said electric motor by a voltage target
value for feeding power to the heater when said battery is below said
predetermined temperature interval.

An advantage with this embodiment is that the electrical components life time may
be increased and its performance may be secured.

In another example embodiment according to the present invention said method
further comprising the step of: isolating said second temperature regulating
circuit from said first temperature regulating circuit.

An advantage of this example embodiment is that the first end second temperature
regulating circuits can be controlled independently of each other.

The invention also relates to a system for controlling the temperature of a traction
battery in a hybrid vehicle, where said hybrid vehicle comprises an internal
combustion engine and an electric motor for traction power, said system
comprising: a first temperature regulating circuit for the internal combustion
engine, a second temperature regulating circuit for the traction battery, a heater, a
pump and a radiator provided in said second temperature regulating circuit, said
heater is provided with power via a DC/DC converter from the electrical motor,

which electrical motor is driven by said internal combustion engine.
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An advantage with this example embodiment is that the power for heating the -
battery is provided from the internal combustion engine via a DC/DC converter and

said electrical motor.

In another example embodiment of the present invention said system further
comprising a bypass circuit for said radiator in said second temperature regulating
circuit, a valve for regulating a flow of liquid coolant into the radiator or into the

bypass circuit.

An advantage with this example embodiment is that the time for reaching a
working temperature of the battery may be decreased.

In yet another example embodiment according to the present invention said
system further comprising a controller for controlling said electric motor
by a voltage target value for feeding power to the heater when said
battery is below said predetermined temperature interval.

An advantage with this embodiment is that the electrical components life time may
be increased and its performance may be secured.

In still another example embodiment of the present invention said first and second

temperature regulating circuits are isolated from each other.

An advantage of this example embodiment is that the first end second temperanre

regulating circuits can be controlled independently of each other.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention together with the above-mentioned and other objects and
advantages may best be understood from the following detailed description of the
embodiments, but not restricted to the embodiments, wherein is shown

schematically:
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Fig. 1 depicts a schematic representation of an example embodiment of a
temperature regulating circuit for regulating a temperature of a
traction battery in a hybrid vehicle according to the present invention

Fig, 2 depicts a schematic representation of a parallel hybrid vehicle according to
an example embodiment according to the present invention.

In the drawings, equal or similar elements are referred to by equal reference
numerals. The drawings are merely schematic representations, not intended to
portray specific parameters of the invention. Moreover, the drawings are intended
to depict only typical embodiments of the invention and therefore should not be

considered as limiting the scope of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE
INVENTION

Figure 1 depicts an example embodiment of a temperature regulating circuit 100
for regulating a temperature of a traction battery in a hybrid vehicle according to
the present invention. Said temperature regulating circuit 100 comprises a heater
102, an optional valve 104, an optional by pass liquid coolant circuit 106, a radiator
108, a traction battery 110, a pump 112 and a main liquid coolant circuit 116.

In the main temperature regulating circuit 116 (solid lines in figure 1) a liquid
coolant is transportable with the help of the pump 112. The liquid coolant may be
water blended with ethylene glycol, ammonia, dichlorodifluoroethane, or any other
suitable liquid coolant. The pump 112 may be electrically driven and/or driven by a
belt or hydraulically from an internal combustion engine. Liquid coolant is
transported by the pump 112 to the heater 102. Said heater is an electric heater
which uses the same line voltage as the other electric equipment in the vehicle,
which line voltage is usually 24 V for trucks, busses and construction equipments

and 12V for passenger cars.
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Liquid coolant is transported from the heater 102 to the radiator or a heat
exchanger 108. Said heat exchanger 108 may be equipped with a fan for
transporting away heat from the heat exchanger 108. Alternatively no fan is used
which means that only wind speed or the environmental temperature difference is
used to cool off the heat exchanger 108.

Liquid coolant is transported from the heat exchanger 108 to the traction battery
110 and then back to the pump 112. The traction battery 110 may have a line
voltage of 400V, 600V or any other suitable line voltagé. Said traction battery may
be of the lead acid type, lithium-ion type, nickel metal hydride type or any other
suitable battery type.

In figure 1 it is also illustrated an optional by pass liquid coolant circuit 106
(dashed line) together with a valve 104. The valve may be used to bypass the
radiator 108. The radiator 108 may be bypassed when heating the traction battery
110 to a suitable temperature, which will speed up the time required for the battery
to reach said suitable temperature compared to when the liquid coolant is forced to
pass through the radiator 108.

In figure 2 it is illustrated a schematic representation of a parallel hybrid vehicle
200 according to an example embodiment according to the present invention. Said
parallel hybrid vehicle comprises an internal combustion engine 228, a
transmission 227, en electric machine 226, a DC/DC converter 229, the traction
battery 210, a switch 224 and said heater 202.

The internal combustion engine 228 may be a diesel engine, a gasoline engine or
a multi fuel engine. The transmission 227 comprises mechanical connection
between the internal combustion engine 228 and the electric machine 226. Said
transmission may inter alia comprise a clutch, a gear box, drive shaft etc. The
electric machine 226 has a dual functionality, providing torque or power to the
transmission for propelling the vehicle, i.e., as a motor, or in the reverse direction
during regeneration, for instance when the vehicle is braking, converting
mechanical energy from the wheels into electrical energy, i.e., as a generator. The
regeneration may also be performed in combination with the internal combustion

engine for delivering charging current to the battery.
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The electric machine may be of AC type or DC type of known alternative
configurations which is well known in the art and therefore need no further
explanation in this context.

The DC/DC converter is used to transform the voltage generated from the battery
and/or the electric machine, which is usually in the range of several hundreds of
volts, to a suitable line voltage for all the electrical equipment in the vehicle which
is usually in the range of 6-50 volts. The DC/DC converter is arranged between the
electrical machine/traction battery and the electrical system in the vehicle
comprising for instance the heater 202, radio, internal combustion engine
management system, bulbs, electronics etc.

The traction battery is arranged in the hybrid vehicle 200 via a switch 224. Said
switch may be used for different purposes. Firstly it may be a security switch for
disconnecting the high voltage provided from the battery to the hybrid vehiclé and
secondly it may be used when in the charging management strategy for said
battery.

A first temperature regulating circuit may be used for the internal combustion
engine. A second temperature regulating circuit 100 may be used for the traction
battery. The traction battery may be heated by an electrical heater 102 provided in
said second temperature regulating circuit 100 in series with 2 pump 112, a
radiator 108 and said traction battery 110. Power may be transferred to said
heater via a DC/DC converter 229 in said second temperature regulating circuit
100 from the electrical motor 226, which electrical motor 226 may be driven by
said internal combustion engine 228, while said battery 210 is below a

predetermined temperature interval.

During the heating of the battery 210 said battery 210 may be disconnected by
opening the switch 224. The electrical motor 226 may generate a high electric
voltage in the range of 300-800V. The DC//DC converter may convert said high
electric voltage to an electric voltage in the range of 6-50V. When the battery is
cold the valve 104 may be set so that liquid coolant is bypassed the radiator 108.
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This may increase the efficiency and reduce the warm up period for the battery
110, 210. When the battery is warm enough, i.e., within a temperature range ‘that
is specific for the type of battery used, said switch 224 is closed so that the battery
is connected for giving traction power to the vehicle. By ensuring that the battery is
having a temperature within said temperature interval, the battery may be used
without violating the life time of the battery. When the switch is closed and the
battery is used for traction power its temperature may still be regulated by the
temperature regulating circuit for ensuring as long as possible life time of the
battery, i.e., the heater 102, 202 may be active while the battery is providing
traction power to the electrical motor. While the battery is heated (and
disconnected) said electrical motor is voltage controlled, i.e., a voltage range is
predetermined for ensuring that sufficient and not too much voltage is delivered to
the electrical components while the battery is disconnected. The electrical motor is
working as a regulator, braking or not braking, for keeping the system voltage
within said predetermined voltage range. When the battery is connected one is
instead regulating the current in and out from the battery in a manner well known
in the art.

The battery is only used, i.e., providing traction power to the vehicle via the
electrical motor, when the temperature of the battery is within a given temperature
interval, whiéh is specific for the type of battery used. Said temperature interval for
the battery can be found in the technical date for the battery type used.

The above disclosed invention is described with a parallel hybrid vehicle. With
appropriate amendment o the setup the present invention is equally applicable for

a serial hybrid vehicle.

It is to be understood that the present invention is not limited to the embodiments
described above and illustrated in the drawings; rather, the skilled person will
recognize that many changes and modifications may be made within the scope of
the appended claims.
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CLAIMS

A method for controlling the temperature of a traction: battery in a hybrid
vehicle, where said hybrid vehicle comprises an internal combustion engine
and an electric motor for traction power, comprising the steps of:
a. providing a first temperature regulating circuit for the internal
combustion engine,
b. providing a second temperature regulating circuit for the traction
battery |
c. heating the traction battery by an electrical heater provided in said
second temperature‘regulating circuit in series with a pump, a
radiator and said traction battery,
characterized in that said method further comprising the step of:
d. transferring power to said heater via a DC/DC converter in said
second temperature regulating circuit from the electrical motor, which
electrical motor is driven by said internal combustion engine, while said

battery is below a predetermined temperature interval.

The method according to claim 1, further comprising the step of:
- e. using said battery for traction power only when said battery has a
temperature within said predetermined temperature interval.

The method according to claim 1 or 2, further comprising the steps of:
f. providing a bypass circuit for said radiator in said second
temperature regulating circuit,
g. regulating a flow of liquid coolant into the radiator or into the bypass

circuit by a valve.

The method according to any one of the preceding claims, further
comprising the step of:
h. controlling said electric motor by a voltage target value for feeding
power to the heater when said battery is below said predetermined

temperature interval.
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5. The method according any one of the preceding claims, further comprising
the step of:
i. isolating said second temperature regulating circuit from said first

temperature regulating circuit.

6. A system for controlling the temperature of a traction battery in a hybrid vehicle,
where said hybrid vehicle comprises an internal combustion engine and an electric
motor for traction power, said system comprising:

a first temperature regulating circuit for the internal combustion engine,

a second temperature regulating circuit for the traction battery,

a heater, a pump and a radiator provided in said second temperature
regulating circuit, characterized in that said heater is provided with power via a
DC/DC converter from the eléctrical motor, which electrical motor is driven by said

internal combustion engine.

7. The system according to claim 6, further comprisingﬁ
a bypass circuit for said radiator in said second temperature regulating
circuit,
a valve for regulating a flow of liquid coolant into the radiator or into the

bypass circuit.

8. The system according to claim 6, further comprising:
a controller for controlling said electric motor by a voltage target value
for feeding power to the heater when said battery is below said

predetermined temperature interval.

9. The system according to claim 6, wherein said first and second temperature
regulating circuits are isolated from each other.
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