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THERMAL SYSTEM FOR AN ELECTRIC OR
HYBRID VEHICLE, ELECTRIC OR HYBRID
VEHICLE, METHOD FOR OPERATING A
THERMAL SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C. §
119 from German Patent Application No. 10 2019 107
191.7, filed Mar. 20, 2019, the entire disclosure of which is
herein expressly incorporated by reference.

BACKGROUND AND SUMMARY OF THE
INVENTION

[0002] The present subject matter relates to a thermal
system for an electric or hybrid vehicle, as well as to any
other corresponding vehicle having such a thermal system.
The present subject matter further relates to a method for
operating the thermal system.

[0003] An electric or hybrid vehicle has an electric drive-
train for propulsion which is supplied with electric energy
from a high-voltage accumulator (HVA). The high-voltage
accumulator is likewise a component part of the vehicle and
alternatively is also referred to as an electric accumulator or
as a battery. The high-voltage accumulator is correspond-
ingly dimensioned in order for the drivetrain to be
adequately supplied. The temperature-controlling of the
high-voltage accumulator is important in terms of an opti-
mum operation of the vehicle. The high-voltage accumulator
for temperature-controlling is incorporated in a thermal
system of the vehicle, for example. The thermal system
typically carries out various temperature-controlling tasks in
the vehicle, such as supplying or discharging heat to and
from various vehicle components, the latter being connected
to the thermal system.

[0004] A thermal system in which a high-voltage accu-
mulator is disposed conjointly with a chiller in an HVA
circuit is described in DE 10 2015 220 623 Al. The HVA
circuit in a first HVA cooling operation is separated from a
cooling circuit such that heat from the high-voltage accu-
mulator is discharged into a refrigeration circuit by way of
the chiller. By contrast, the HVA circuit in a second HVA
cooling operation is connected to the cooling circuit such
that heat from the high-voltage accumulator is discharged to
the environment by way of a cooler in the cooling circuit,
while bypassing the chiller. Heating of the high-voltage
accumulator in an HVA heating operation is implemented in
that the HVA circuit is able to be connected to a heating
circuit in which a booster heater is disposed. The booster
heater actually serves for supplying heat on demand into the
heating circuit for the purpose of heating the cabin, but on
account of a direct connection of the heating circuit to the
HVA circuit can also be used for heating the high-voltage
accumulator. A cross connection which connects the heating
circuit downstream of the booster heater to the HVA circuit
upstream of the high-voltage accumulator is configured.
[0005] A cooling system, likewise having an HVA circuit,
having a high-voltage accumulator and a chiller, as well as
furthermore having a cooling circuit, having a cooler is
described in the unpublished German patent application 10
2017 220 376. The HVA circuit in a first operation is
fluidically separated from the cooling circuit, and discharg-
ing of heat from the high-voltage accumulator into a refrig-
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eration circuit takes place by way of the chiller. By contrast,
the HVA circuit and the cooling circuit in a second operation
are connected in such a manner that the high-voltage accu-
mulator, the chiller, and the cooler are connected in series,
and heat from the high-voltage accumulator is able to be
discharged by way of said two components. By contrast to
the second operation, a heat source, the chiller, and the
cooler in a third operation are connected in series such that
heat from the heat source is able to be discharged by way of
the chiller and the cooler, while there is no flow through the
high-voltage accumulator and no exchange of heat thus
takes place with the latter.

[0006] Against this background, it is an object of the
present subject matter to specify an improved thermal sys-
tem. Furthermore to be specified is an electric or hybrid
vehicle having such a thermal system as well as a method for
operating the thermal system. Temperature-controlling of a
high-voltage accumulator of the electric or hybrid vehicle
that is as efficient as possible is to be achieved by means of
the thermal system. The thermal system is to enable the
largest possible number in terms of operating modes by way
of an ideally minor constructive complexity.

[0007] The object is achieved according to the present
subject matter by a thermal system having the features
according to claim 1. The object is furthermore achieved by
an electric or hybrid vehicle having the features according to
claim 16, as well as by a method having the features
according to claim 17. Advantageous design embodiments,
refinements, and variants are the subject matter of the
dependent claims. The explanations in the context of the
thermal system apply in an analogous manner also to the
electric or hybrid vehicle as well as to the method, and vice
versa.

[0008] The thermal system is configured for use in an
electric or hybrid vehicle. The electric or hybrid vehicle will
also be referred to for short as vehicle. The thermal system
has a comprehensive cooling circuit as well as a refrigera-
tion circuit. The thermal system furthermore has a plurality
of switched states. The comprehensive cooling circuit has a
cooling circuit to which a heat source of the electric or
hybrid vehicle is connected. The comprehensive cooling
circuit furthermore has an HVA circuit to which a high-
voltage accumulator for supplying an electric drivetrain of
the electric or hybrid vehicle is connected. A first ambient
cooler for exchanging heat with the environment is con-
nected to the cooling circuit downstream of the heat source.
A chiller which for transmitting heat from the HVA circuit
into the refrigeration circuit is also connected to the refrig-
eration circuit is connected to the HVA circuit. A first
switched state in which the HVA circuit downstream and
upstream of the heat source is connected to the cooling
circuit is able to be set such that an extended HVA circuit in
which the high-voltage accumulator and the heat source for
heating the high-voltage accumulator by means of the heat
source and at the same time also for cooling the heat source
are connected in series is configured.

[0009] Since the thermal system has a plurality of
switched states, at least one further switched state is able to
be set in which the high-voltage accumulator and the heat
source are not connected in series, in that the HVA circuit
and the cooling circuit are mutually separated, or in that the
HVA circuit and the cooling circuit are connected to one
another in such a manner that the high-voltage accumulator
is switched in parallel with the heat source.
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[0010] The first switched state is characterized by switch-
ing in series the high-voltage accumulator, the heat source,
and also the chiller. A substantial advantage of this first
switched state is that the high-voltage accumulator is able to
be heated using heat which in the operation of the heat
source is automatically generated by the latter. Instead of
discharging this exhaust heat to the environment, for
example, the exhaust heat is utilized for heating the high-
voltage accumulator. On account thereof, electric energy
which otherwise would have to be used, for example, for
operating an electric heating element for heating the high-
voltage accumulator and would no longer be available for
propulsion, is saved. A separate booster heating, for example
by means of an electric heating element, is initially not
required and is advantageously dispensed with. The special
circuitry of the thermal system in conjunction with the
possibility of setting at least one further switched state,
furthermore enables various operating modes for the thermal
system and thus a flexible thermal management.

[0011] The afore-mentioned connection in series consist-
ing of the high-voltage accumulator, heat source, and the
chiller moreover represents a substantial difference in com-
parison to the unpublished German patent application 10
2017 220 376 mentioned at the outset, in which the con-
nection of the HVA circuit and of the cooling circuit is
implemented only downstream of the heat source but not
additionally upstream of the heat source such that utilizing
the exhaust heat of the heat source for heating the high-
voltage accumulator is not possible. A connection in series
of the high-voltage accumulator and the heat source is also
not possible in DE 10 2015 220 623 A1 cited likewise at the
outset; rather, only a connection in parallel is implemented
therein.

[0012] The comprehensive cooling circuit is configured
for circulating a coolant and has corresponding lines as well
as at least one pump. The coolant is a water/glycol mixture.
The cooling circuit and the HVA circuit form in each case a
sub-unit of the comprehensive cooling circuit, and all of the
component parts of the cooling circuit and of the HVA
circuit are also component parts of the comprehensive
cooling circuit. The comprehensive cooling circuit, the
cooling circuit, and the HVA circuit are in each case also
referred to as “circuit” for short.

[0013] The refrigeration circuit is configured for circulat-
ing a refrigerant. The comprehensive cooling circuit and the
refrigeration circuit are fluidically mutually separated. The
refrigeration circuit has a compressor for compressing the
refrigerant, one or a plurality of evaporators for absorbing
heat in the refrigeration circuit, as well as one or a plurality
of condensers for dispensing heat from the refrigeration
circuit. An expansion valve for relaxing the refrigerant is
disposed upstream of at least one evaporator, usually all
evaporators. The chiller, which is connected to the compre-
hensive cooling circuit as well as to the refrigeration circuit,
in the refrigeration circuit is an evaporator, thus receives
heat from the coolant and transfers said heat to the refrig-
erant. The amount of heat which is transmitted from the
chiller into the refrigeration circuit is achieved by corre-
spondingly controlling an expansion valve which in the
refrigeration circuit is disposed upstream of the chiller, and
also by correspondingly controlling the compressor. The
chiller is able to be deactivated by completely closing the
expansion valve and then no longer transmits any heat. The
chiller is able to be activated by opening the expansion
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valve. The expansion valve ahead of the chiller is regulated
as a function of the suction pressure and also of the tem-
perature of the refrigerant upstream of the compressor. The
suction pressure is measured by means of a corresponding
pressure and temperature sensor. Monitoring of the com-
pressor takes place as a function of the pressure and tem-
perature of the refrigerant downstream of the compressor,
that is to say as a function of the high pressure and the hot
gas temperature. The high pressure and the hot gas tempera-
ture are measured by means of a pressure and temperature
sensor downstream of the compressor. Regulating of the
compressor takes place as a function of a cooling demand for
the cabin or for the high-voltage accumulator, wherein a
corresponding temperature is used as the control variable.

[0014] The chiller in one variant is configured in multiple
parts, thus has at least two chiller units which in the HVA
circuit are connected in parallel or in series and overall act
as a single chiller. The subdivision into a plurality of chiller
units however has the advantage that each chiller unit can be
connected to a separate refrigeration circuit and in an
embodiment is also connected thereto. The refrigeration
circuits can advantageously be dimensioned so as to be
smaller on account thereof, in terms of the output of the
respective compressor. Heat is initially discharged only by
means of a single chiller unit. A further refrigeration circuit
by way of the associated chiller unit is then activated in the
event of a corresponding demand and is switched in tandem,
so to speak. Moreover, in the case of a plurality of refrig-
eration circuits, the discharging of heat from said plurality of
refrigeration circuits can be implemented in a variable
manner so as to meet demand.

[0015] Further suitable variants of the refrigeration circuit
are derived in combination with one or a plurality of internal
heat exchangers. A respective internal heat exchanger serves
for thermally coupling a no-pressure line of the refrigeration
circuit to a high-pressure line of the refrigeration circuit and
leads to an increase in terms of efficiency and output. In the
case of a plurality of evaporators that are connected in
parallel in the refrigeration circuit, and an embodiment in
which one internal heat exchanger is correspondingly pres-
ent for each one of the evaporators is suitable.

[0016] Heat which is transmitted into the refrigeration
circuit is expediently discharged by means of the condenser.
The condenser discharges heat, for example to the environ-
ment or to a separate condenser cooling circuit. However, an
embodiment in which the condenser is connected to the
comprehensive cooling circuit so as to feed the heat which
is discharged from the chiller back to the comprehensive
cooling circuit at another location and therein advanta-
geously utilize said heat for heating, or discharge said heat
to the environment, is expedient. For the purpose of the latter
it is especially expedient for the condenser to be connected
in series with the first ambient heat exchanger.

[0017] The thermal system overall serves for meeting
various temperature-controlling requirements of compo-
nents of the vehicle. “Temperature-controlling” is under-
stood to be cooling or heating. Components of the vehicle
are also referred to as “vehicle components”. The thermal
system serves for exchanging heat with the vehicle compo-
nents which are connected to the comprehensive cooling
circuit or the refrigeration circuit. Herein, the wording that
a respective vehicle component is “connected” to the com-
prehensive cooling circuit or the refrigeration circuit, or is
“disposed” therein is used hereunder for simplification, this
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meaning that the vehicle component is connected to a
suitable heat exchanger or is equipped with the latter, and
said heat exchanger in this instance is connected to the
comprehensive cooling circuit or the refrigeration circuit,
respectively, and for temperature-controlling the vehicle
component in question is passed through by a flow of the
coolant or refrigerant, respectively, such that an exchange of
heat with the vehicle component takes place.

[0018] The thermal system furthermore has a plurality of
switched states which are mutually exclusive. One or a
plurality of operating modes can be implemented in each
switched state. A respective operating mode is set so as to
temperature-control a specific component. In order for a
plurality of components to be simultaneously temperature-
controlled, the respective operating modes are set simulta-
neously. Which operating modes are able to be set at a given
point in time, that is to say which temperature requirements
are able to be met at a given point in time, depends on the
current switched state of the thermal system. The setting of
a switched state and optionally of one or a plurality of
operating modes takes place by means of a control unit
which in the operation of the thermal system sets a respec-
tive switched state or operating state. The control unit is
configured for switching between different switched states
and for setting one or a plurality of operating modes, that is
to say switch on or switch off the latter. The control unit is
connected to and controls corresponding actuators, pumps,
components, or other component parts of the thermal sys-
tem. The term “control” as a special case also comprises
“regulate” (closed-loop control). The control unit is part of
the thermal system. Alternatively or additionally, the thermal
system is controlled by an external control unit.

[0019] The heat source is a vehicle component. In general,
the heat source in operation generates exhaust heat which is
discharged by way of the thermal system. In an embodiment,
the heat source is a power electronics unit, an electric
machine, an internal combustion engine, a rear vent, or the
like. The power electronics unit controls the supply of the
electric machine with electric energy from the high-voltage
accumulator of the vehicle. The electric machine serves for
driving the vehicle. In one variant, the electric machine is
also utilized as a generator, for example for recuperating and
for charging the high-voltage accumulator. To the extent
present, the internal combustion engine serves for driving
the vehicle in a non-electric manner or as a range extender.
The electric machine and the power electronics unit are parts
of an electric drivetrain of the vehicle. The heat source is not
necessarily a single vehicle component but is alternatively a
combination of a plurality of vehicle components which in
the cooling circuit are connected in parallel or in series, or
a combination thereof.

[0020] The first ambient cooler serves for exchanging heat
with the environment and is an air/coolant heat exchanger.
The first ambient cooler is disposed in an ambient air path
and in operation is typically impinged with ambient air, in
the driving operation of the vehicle especially by the air
stream. A fan for suctioning ambient air is disposed in the
ambient air path, downstream of the first ambient cooler. A
number of air flaps for controlling the supply of ambient air
into the ambient air path are suitably disposed in the ambient
air path upstream of the first ambient cooler. The fan and the
air flaps are controlled by the control unit so as to set the
extent of the heat exchange with the environment.
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[0021] The high-voltage accumulator serves for supplying
power to the electric drive of the vehicle with electric energy
and is correspondingly configured to this end. The high-
voltage accumulator usually has a multiplicity of cells which
are electrically interconnected. Additionally, it is also pos-
sible for electric energy from the high-voltage accumulator
to be retrieved for supplying power to other vehicle com-
ponents. The high-voltage accumulator is alternatively also
referred to as an electric accumulator or as a battery.
[0022] The first ambient cooler and the heat source are
connected in series in any switched state of the thermal
system. Likewise, the high-voltage accumulator and the
chiller are connected in series in any switched state of the
thermal system.

[0023] A cooling circuit pump for conveying or recircu-
lating the coolant in the cooling circuit is expediently
disposed in the cooling circuit. The cooling circuit pump is
disposed downstream of the first ambient cooler and
upstream of the heat source. Positioning of the cooling
circuit pump at that location of the cooling circuit where the
coolant has the lowest temperature is advantageous. On
account thereof, cavitations are avoided and an improved
efficiency and longer service life of the cooling circuit pump
are guaranteed. However, another positioning can likewise
be advantageous, for example for reasons of installation
space or geometry.

[0024] Accordingly, an HVA pump for conveying or recir-
culating the coolant in the HVA circuit is expediently
disposed in the HVA circuit. The HVA pump is disposed
downstream of the chiller and upstream of the high-voltage
accumulator. The HVA pump and the cooling circuit pump
are in each case generally also referred to as “pump”. The
two pumps are able to be controlled in a mutually indepen-
dent manner. Various operating modes can be set in com-
bination with the various switched states by suitably acti-
vating and deactivating the two pumps.

[0025] As has already been described, the high-voltage
accumulator and the heat source in the first switched state
are connected in series. On account thereof, a first HVA
heating operation in which the high-voltage accumulator is
heated by means of the heat source is enabled as an
operating mode. To this end, the HVA pump in the first HVA
heating operation is activated, but the cooling circuit pump
is deactivated such that coolant is recirculated only in the
extended HVA circuit. The first HVA heating operation is
simultaneously also a cooling operation for the heat source.
Heating the high-voltage accumulator is meaningful at low
ambient temperatures, for example in winter, and generally
when the high-voltage accumulator is to be brought to a
specific operating temperature. In the event of a correspond-
ing demand, the first HVA heating operation in this instance
is set and the HVA pump is activated to this end. The chiller
and the cooling circuit pump however are deactivated. In
one variant, the chiller or the cooling circuit pump, or both,
however are activated so as to discharge excess heat from
the HVA circuit, for example should the heat source generate
more heat than is required for heating the high-voltage
accumulator, or should heat be required for heating the
cabin.

[0026] In order for the connection in series to be imple-
mented, the HVA circuit upstream of the heat source in an
embodiment is connected to the cooling circuit by means of
a first connecting line, and downstream of the heat source by
means of a second connecting line. The first connecting line
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herein is connected to the HVA circuit at a first connector
point, and to the cooling circuit at a second connector point.
The second connecting line is connected to the HVA circuit
at a third connector point, and to the cooling circuit at a
fourth connector point. The first connector point and the
third connector point in the HVA circuit are both disposed
downstream of the high-voltage accumulator and upstream
of the chiller, wherein the third connector point is disposed
downstream of the first connector point. The second con-
nector point in the cooling circuit is disposed upstream of the
heat source and expediently downstream of the first ambient
cooler. The fourth connector point in the cooling circuit is
disposed downstream of the heat source and expediently
upstream of the ambient cooler.

[0027] The coolant in the first HVA heating operation
flows from the high-voltage accumulator to the first con-
nector point, and by way of the first connecting line to the
heat source, from there by way of the second connecting line
to the third connector point and to the chiller, and finally
back to the high-voltage accumulator. An extended HVA
circuit, so to speak, is configured in the first HVA heating
operation on account of the heat source thus being incorpo-
rated by means of the two connecting lines. The extended
HVA circuit differs from the HVA circuit in that the HVA
circuit has a line portion which extends between the first and
the third connector point, and in that the extended HVA
circuit instead of said line portion comprises the two con-
necting lines and an intervening line portion of the cooling
circuit.

[0028] The connection in series of the high-voltage accu-
mulator and the heat source in the present thermal system is
however expediently not fixed but in other switched states is
cancelled in favor of other operating modes. Accordingly,
there is at least one switched state in which the high-voltage
accumulator and the cooling circuit are not connected in
series. Instead, the HVA circuit and the cooling circuit in a
first variant are mutually separated such that no exchange of
coolant between the two circuits takes place in the corre-
sponding switched state, and said two circuits are able to be
operated in an autonomous mannet, so to speak. In a second
variant, the HVA circuit and the cooling circuit are con-
nected to one another in such a manner that the high-voltage
accumulator is connected in parallel with the heat source, the
HVA circuit and the cooling circuit thus being connected to
different sub-branches of the comprehensive cooling circuit.
[0029] A connection of two components “in series” is
generally understood as the one component in terms of the
flow direction of the coolant being disposed upstream or
downstream of the other component, thus that the coolant
successively flows through both components. By contrast, a
connection of two components “in parallel” is generally
understood as two junctions being configured in one circuit,
wherein the coolant at the one junction is divided among two
sub-branches and is converged again at the other junction
such that the two components which are disposed on dif-
ferent sub-branches are passed through by the flow of the
coolant in parallel. The same applies in an analogous manner
for circuits, branches, and the like that are connected in
series or in parallel.

[0030] The various circuits of the comprehensive cooling
circuit are in principle fluidically, i.e. hydraulically, con-
nected to one another by way of a number of lines such that
an exchange of coolant between the different circuits takes
place depending on the operating mode. “Separate” in this
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instance is understood that the respective circuit in the
corresponding switched state is only shut off, by means of a
suitable actuator, such that no exchange of coolant between
the separated circuit and the other circuit takes place.
Nevertheless, in principle a connection does exist by way of
corresponding lines. “Connected” in this instance is usually
understood that an exchange of coolant between two corre-
sponding circuits is possible in the corresponding switched
state and also takes place in operation. Connecting and
separating takes place by means of suitable actuators which
shut off two circuits in relation to one another or connect
said two circuits for the purpose of an exchange of coolant.
The terms “coupled” and “decoupled”, respectively, are also
used instead of the terms “connected” and “separated”.

[0031] Inan embodiment, the first switched state is able to
be set by means of a first actuator which in the HVA circuit
is disposed downstream of the high-voltage accumulator and
which has two switched positions, specifically a first
switched position in which the HVA circuit for setting the
first switched state is connected to the cooling circuit
upstream of the heat source, by way of the first connecting
line, and a second switched position in which the HVA
circuit is separated from the cooling circuit or is connected
to the latter downstream of the heat source such that another
switched state is set. The first actuator is set to the first
switched position only in the first switched state, and in all
other switched states is set to the second switched position.

[0032] The first actuator is a valve. The first actuator is
disposed in the HVA circuit and has an inlet which is
disposed downstream of the high-voltage accumulator and a
first outlet which is connected to the cooling circuit
upstream of the heat source, by way of the first connecting
line. The actuator furthermore has a second outlet which
leads to the second connecting line and is disposed upstream
of the chiller. Depending on the switched position, the
coolant thus either flows by way of the first outlet initially
to the heat source and thereafter to the chiller, or by way of
the second outlet specifically not to the heat source but, for
example, to the chiller or to the cooling circuit downstream
of the heat source. Proceeding from the extended HVA
circuit described above, a bypass for bypassing the heat
source is configured in the second switched position. The
first actuator in an embodiment forms the first connector
point. The first actuator in an embodiment is configured as
a 3/2-way valve.

[0033] The heat source is able to be operated at a reduced
efficiency, and thus, in a sub-optimal manner and is accord-
ingly operated using a “trimming” operation. Stated differ-
ently, by trimming the heat source, the latter in a targeted
manner is ineffectively operated so as to generate more
exhaust heat for heating the high-voltage accumulator than
in the absence of trimming. In the case of the heat source
generating insufficient exhaust heat for heating the high-
voltage accumulator, the trimming operation is expediently
set in the first switched state. To this end, the heat source is
a component of an electric drivetrain of the electric or hybrid
vehicle, and the component for heating the high-voltage
accumulator in the first switched state by trimming is
configured for generating additional heat. The electric
machine for driving the vehicle is most suitable for trim-
ming. Trimming is advantageously also possible in a sta-
tionary operation of the vehicle; the vehicle thus does not
mandatorily have to be in motion to this end.
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[0034] Conversely, in the case of the heat source gener-
ating more exhaust heat than is required for heating the
high-voltage accumulator, and should there additionally be
a heating demand for the cabin of the vehicle, the chiller is
expediently activated and a corresponding excess of heat by
means of said chiller is transmitted from the extended HVA
circuit into the refrigeration circuit. The heat is otherwise
dissipated to the environment, and the refrigeration circuit is
deactivated, on account of which energy is correspondingly
saved.

[0035] In an embodiment, as a further switched state, a
second switched state in which the HVA circuit and the
cooling circuit for temperature-controlling the heat source
and the high-voltage accumulator in a mutually independent
manner are mutually separated such that the chiller is
separated from the cooling circuit and such that the first
ambient cooler is separated from the HVA circuit is able to
be set. The second switched state, by virtue of the separation
of the HVA circuit and the cooling circuit, offers the possi-
bility of various operating modes to be chosen and set for the
high-voltage accumulator and the heat source in a mutually
independent manner. Potential and advantageous operating
modes are: a first HVA cooling operation, a homogenization
operation, a second HVA heating operation, a first heat-
source cooling operation.

[0036] In the first HVA cooling operation, the chiller is
activated and coolant is conveyed in the HVA circuit in that
the HVA pump is activated such that the high-voltage
accumulator is cooled by means of the chiller. The coolant
in the first HVA cooling operation flows from the high-
voltage accumulator by way of the first connector point
directly to the third connector point, and thereafter to the
chiller and back to the high-voltage accumulator, that is to
say not by way of the heat source as in the extended HVA
circuit.

[0037] By contrast, the chiller in the homogenization
operation is deactivated, but coolant continues to be con-
veyed in the HVA circuit, by means of the HVA pump, such
that a temperature spread within the high-voltage accumu-
lator is reduced. The homogenization operation therefore
differs from the first HVA cooling operation only in that the
chiller is deactivated such that no discharge of heat from the
HVA circuit takes place but heat is indeed preserved in the
latter. On account thereof, an advantageous homogenization
of the temperatures of the individual cells of the high-
voltage accumulator is achieved in a simple way. The
homogenization operation thus serves for homogenizing the
temperature within the high-voltage accumulator. The high-
voltage accumulator has a multiplicity of cells which are
potentially temperature-controlled in a non-homogeneous
manner and on account thereof have dissimilar tempera-
tures. On account thereof, when viewed across the entire
high-voltage accumulator, a disadvantageous temperature
spread results which is advantageously reduced by way of
the homogenization operation. An internal redistribution of
heat, so to speak, takes place in terms of the high-voltage
accumulator in that warmer than average cells dissipate heat
to the coolant and are cooled on account thereof, and in that
the coolant then in turn dissipates said heat to colder than
average cells and on account thereof heats the latter.
[0038] In the second HVA heating operation, an HVA
booster heater in the HVA circuit is activated, and coolant in
the HVA circuit is conveyed by means of the HVA pump
such that the high-voltage accumulator is heated. To this
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end, in an embodiment, an HVA booster heater for supplying
additional heat into the HVA circuit is connected down-
stream of the high-voltage accumulator and upstream of the
chiller in the HVA circuit. The HVA booster heater is
however advantageously also able to be utilized for other
temperature-controlling tasks, for example for heating the
cabin.

[0039] In the first heat source cooling operation, exhaust
heat from the heat source is discharged by way of the cooling
circuit and is dissipated to the environment by way of the
first ambient heat exchanger, for example. The first heat
source cooling operation is advantageously able to be set
independently of the first HVA cooling operation, of the
homogenization operation, and of the second HVA opera-
tion, such that the heat source is thus cooled in an optimal
manner independently of the temperature-controlling
demand in terms of the high-voltage accumulator. If the first
heat source cooling operation as well as the first HVA
cooling operation are set, the heat source in this instance is
cooled by way of the ambient cooler but not by way of the
chiller, and the high-voltage accumulator is conversely
cooled by way of the chiller but not by way of the ambient
cooler.

[0040] In an embodiment, as a further switched state, a
third switched state in which the HVA circuit for cooling the
heat source by way of the chiller on the first ambient cooler,
or both, is connected to the cooling circuit upstream and
downstream of the chiller such that the heat source, the
chiller, and the first ambient cooler are connected in series
in such a manner that the heat source is disposed upstream
of the chiller and the first ambient cooler is disposed
downstream of the chiller is able to be set. The third
switched state by virtue of the connection in series of the
heat source, the chiller, and the first ambient cooler, offers
the advantageous possibility of cooling the heat source in a
effective manner by way of different heatsinks, specifically
the chiller and the first ambient cooler. In the heat pump
operation, thus in the event of an activated heat pump,
absorbing heat from the environment is moreover advanta-
geously enabled should the chiller cool the coolant to below
the ambient temperature.

[0041] The connection in series of the heat source, the
chiller, and the first ambient cooler is suitably implemented
in that the HVA circuit and the cooling circuit are connected
by means of a third connecting line which in the HVA circuit
commences downstream of the chiller and upstream of the
high-voltage accumulator at a fifth connector point, and at a
sixth connector point downstream of the heat source and
upstream of the ambient cooler opens into the cooling
circuit. In this way, a line portion of the cooling circuit
between the fourth connector point and the sixth connector
point is configured as a chiller bypass. The coolant in the
third switched state, downstream of the heat source can now
either be guided to the ambient cooler by way of the chiller,
or in another switched state by way of the chiller bypass be
guided past the chiller directly to the ambient cooler. In the
third switched state, the chiller and likewise the cooling
circuit pump are expediently activated for cooling the heat
source.

[0042] The third switched state moreover has the advan-
tage that indirect cooling of the high-voltage accumulator by
means of the first ambient cooler can be implemented in a
simple manner by activating the HVA pump, despite said
two components not being connected in series in the third
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switched state. To this end, in an embodiment, a junction is
in each case configured upstream and downstream of the
chiller such that two sub-branches, specifically an HVA
branch and a cooler branch, are configured, wherein the
high-voltage accumulator is connected to the HVA branch,
and wherein the heat source and the first ambient cooler are
connected to the cooler branch. The HVA branch and the
cooler branch in the third switched state, for cooling the
high-voltage accumulator by means of the first ambient
cooler by mixing coolant from the two sub-branches
upstream of the chiller, are then connected in parallel with
one another.

[0043] The third switched state thus advantageously
enables the following two operating modes: a second heat
source cooling operation in which the heat source is cooled
by means of the chiller and optionally additionally by means
of the first ambient cooler, as well as a second HVA cooling
operation in which coolant is conveyed in the HVA circuit as
well as in the cooling circuit, the coolant is cooled in the
cooling circuit, and in the HVA circuit is mixed with the
coolant such that the high-voltage accumulator is cooled
indirectly by way of the cooling circuit.

[0044] In the case of the coolant in the second heat source
cooling operation when flowing into the first ambient cooler
having a temperature which is lower than the ambient
temperature, absorbing heat from the environment by means
of the ambient cooler is possible. The absorption of heat at
the ambient cooler depends on the travelling speed of the
vehicle and optionally on the volumetric throughput of a fan
in the ambient air path. The heat absorbed from the envi-
ronment is then expediently used for heating, for example
for heating the cabin. A temperature sensor for measuring
the temperature of the coolant when flowing into the first
ambient cooler is expediently connected to the cooling
circuit upstream of said first ambient cooler.

[0045] The second HVA cooling operation is fundamen-
tally designed as the second heat source cooling operation
and corresponds to the latter to the extent that the heat
source, the chiller, and the ambient cooler are connected in
series. Additionally however, the HVA pump is now acti-
vated in the second HVA cooling operation. On account
thereof, coolant which flows from the high-voltage accumu-
lator to the chiller mixes with the coolant which flows from
the heat source to the chiller such that cooling of the
high-voltage accumulator is implemented as a result. The
mixing takes place at the third connector point at which the
coolant from the heat source is guided into the HVA circuit
by way of the second connecting line. In terms of the mixing
it is essential that the HVA pump is activated such that the
coolant is also guided through the high-voltage accumulator.
Moreover, the cooling circuit pump is also activated so as to
convey the coolant through the first ambient cooler. The
cooling of the high-voltage accumulator in this instance is
set by the ratio of the pump output of the HVA pump and that
of the cooling circuit pump.

[0046] In the second HVA cooling operation, exhaust heat
from the high-voltage accumulator is thus effectively guided
through the chiller to the ambient cooler and at the latter is
dissipated to the environment. In comparison to cooling the
high-voltage accumulator solely by way of the chiller, as in
the first HVA cooling operation, the refrigeration circuit in
the second HVA cooling operation is advantageously de-
stressed by the first ambient cooler as an additional heatsink,
and the chiller can accordingly be operated at a lower output
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or be entirely deactivated. Energy is accordingly saved on
account thereof. A partial or complete discharge of heat into
the refrigeration circuit by means of the chiller in compari-
son to a dissipation of heat to the environment is however
more advantageous when there is a heating demand, for
example for heating the cabin, which is then expediently
catered for by means of the exhaust heat from the high-
voltage accumulator.

[0047] Inanembodiment, a second actuator in the cooling
circuit is disposed upstream of the ambient cooler, said
second actuator having two switched positions, specifically
a first switched position in which the heat source for
bypassing the chiller by way of a chiller bypass, as has
already been described above, is connected in series with the
ambient cooler, and a second switched position in which the
HVA circuit downstream of the chiller is connected to the
cooling circuit such that the heat source, the chiller, and the
ambient cooler are connected in series in such a manner that
the chiller for setting the third switched state is disposed
upstream of the ambient cooler and downstream of the heat
source. By contrast, the first switched position is suitable for
setting the second switched state of the thermal system.

[0048] The second actuator is a valve. In principle, two
positions are suitable for the second actuator in the cooling
circuit, specifically either at the beginning or at the end of
the chiller bypass, that is to say at the fourth connector point
or at the sixth connector point. Depending on the positioning
relative to the chiller bypass, the second actuator has one
inlet and two outlets, or conversely two inlets and one outlet.
The positioning at the end of the chiller bypass, at the sixth
connector point, is preferable such that the chiller bypass
opens into a first inlet and the HVA circuit, by way of the
third connecting line, is connected to a second inlet. An
outlet in this instance leads to the ambient cooler. In the first
switched position, coolant by way of the chiller bypass is
then guided into the first inlet and the first heat source
cooling operation is thus enabled. By contrast, the chiller
bypass in the second switched position is shut off, and
coolant is guided by way of the chiller to the first ambient
cooler, and the second heat source cooling operation is thus
implemented. Moreover, the second HVA cooling operation
can also be implemented in the second switched position,
wherein part of the coolant in this instance at the corre-
sponding junction downstream of the chiller is not guided to
the second inlet, but to the high-voltage accumulator. The
second actuator is configured as a 3/2-way valve. The
previous explanations apply in an analogous manner to the
alternative positioning of the second actuator.

[0049] In an embodiment, as a further switched state, a
fourth switched state in which the HVA circuit upstream and
downstream of the heat source is connected to the cooling
circuit in such a manner that the heat source is connected in
parallel with the high-voltage accumulator and the chiller,
and that the chiller is disposed downstream of the first
ambient cooler and upstream of the high-voltage accumu-
lator. The possibility of implementing a third HVA cooling
operation in which the high-voltage accumulator is cooled
by means of the chiller as well as by way of the cooling
circuit, or exclusively by way of the cooling circuit, and
especially by way of the first ambient cooler, advanta-
geously results in the fourth switched state. Moreover, the
first heat source cooling operation for cooling the heat
source by way of the first ambient cooler is advantageously
also able to be set simultaneously with the third HVA
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cooling operation. Differences in comparison to the third
switched state lie in that the chiller in the fourth switched
state is connected in series only with the high-voltage
accumulator but not to the heat source, and in that the
high-voltage accumulator is connected in series with the first
ambient cooler. The latter especially results in that the
high-voltage accumulator henceforth is no longer cooled
only indirectly by mixing coolant by way of the first ambient
cooler, as has been described above, but in that the entire
coolant from the high-voltage accumulator is also guided to
the first ambient cooler since the first ambient cooler is now
not disposed on a sub-branch so as to be parallel with the
high-voltage accumulator but lies on a main train into which
both sub-branches open. However, it is significantly more
relevant that no heat source is disposed between the ambient
cooler and the high-voltage accumulator such that the cool-
ant reaches the high-voltage accumulator at a low tempera-
ture level. Optimal cooling is guaranteed in the third HVA
cooling operation and also better cooling than in the second
HVA cooling operation. The third HVA cooling operation is
advantageously used should the coolant downstream of the
first ambient cooler have a lower temperature than down-
stream of the high-voltage accumulator, that is to say should
the ambient temperature be lower than the temperature of
the high-voltage accumulator. In this case, exhaust heat from
the high-voltage accumulator can be dissipated to the envi-
ronment. However, the temperature of the high-voltage
accumulator per se can be significantly above the tempera-
ture of the coolant at the high-voltage accumulator such that
the latter temperature is not mandatorily higher than the
ambient temperature. The third HVA cooling operation in
comparison to pure ambient cooling of the high-voltage
accumulator has the advantage that optimal cooling of the
high-voltage accumulator by means of the chiller is imple-
mented even at a high ambient temperature at which the
exhaust heat of the high-voltage accumulator cannot be
completely dissipated to the environment. By contrast, the
third HVA cooling operation in comparison to pure cooling
by means of the chiller is advantageous on account of
exhaust heat from the high-voltage accumulator being dis-
sipated to the largest possible extent to the environment and
the chiller being used only in a supporting manner. The
refrigeration circuit in the third HVA cooling operation in
comparison with pure cooling by means of the chiller is
correspondingly de-stressed and therefore operated at a
lower output such that energy is correspondingly saved. By
contrast, in one suitable variant the refrigeration circuit is
conversely operated at full output and is cooled in a sup-
porting manner by way of the ambient cooler.

[0050] The third HVA cooling operation, by virtue of the
combined discharging of heat from the high-voltage accu-
mulator by way of the chiller as well as by way of the
ambient cooler, is also referred to as a combination cooling
operation. The coolant for the high-voltage accumulator is
first pre-cooled by the first ambient cooler and thereafter,
depending on the requirement, is additionally further cooled
by means of the chiller or is not further cooled. Accordingly,
the chiller does not have to be mandatorily activated in the
third HVA cooling operation, in the case of the cooling by
way of the environment already being sufficient.

[0051] In an embodiment, a third actuator in the HVA
circuit is disposed upstream of the chiller, said third actuator
having two switched positions, specifically a first switched
position in which the high-voltage accumulator is not con-
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nected in series with the first ambient cooler, and a second
switched position in which the HVA circuit upstream of the
chiller is connected to the cooling circuit such that the first
ambient cooler, the chiller, and the high-voltage accumulator
are connected in series in such a manner that the chiller for
setting the fourth switched state is disposed downstream of
the first ambient cooler and upstream of the high-voltage
accumulator.

[0052] The third actuator is a valve. The third actuator in
the HVA circuit is disposed between the chiller and the first
actuator. This results in that the third actuator in the first
switched position is disposed downstream of the first actua-
tor, but in the second switched position conversely the first
actuator is disposed downstream of the third actuator. The
third actuator has one outlet and two inlets, specifically a
first inlet and a second inlet. The outlet is disposed upstream
of the chiller, the first inlet is disposed downstream of the
high-voltage accumulator, and the second inlet is disposed
downstream of the first ambient cooler. The third actuator in
the HVA circuit is thus disposed upstream of the chiller and
downstream of the high-voltage accumulator, as well as also
disposed downstream of the third connector point. The third
actuator is configured for guiding coolant from the first
ambient cooler by way of the second inlet into the HVA
circuit. The first inlet is opened in the first switched position
such that coolant is guided from the high-voltage accumu-
lator to the chiller. By contrast, the second inlet is opened in
the second switched position such that the coolant from the
high-voltage accumulator is guided by way of the second
connecting line into the cooling circuit and to the ambient
cooler, proceeding therefrom by way of the third actuator to
the chiller, and finally back to the high-voltage accumulator.
The third actuator in an embodiment is configured as a
3/2-way valve.

[0053] In an embodiment for the fourth switched state, a
cooler junction is configured downstream of the first ambi-
ent cooler such that two sub-branches, specifically a first
sub-branch and a second sub-branch among which the
coolant is correspondingly divided, are configured down-
stream of said cooler junction. Stated differently, a first
sub-branch and a second sub-branch extend so as to proceed
from the cooler junction. The first sub-branch contains a
supply flow for the heat source, and the second sub-branch
upstream of the chiller leads into the HVA circuit and
continues in the latter, thus comprising parts of the HVA
circuit. The two sub-branches terminate conjointly, down-
stream of the heat source, expediently in the fourth connec-
tor point such that the coolant at the latter is converged again
and as an entity is guided to the first ambient cooler again.
The second sub-branch contains parts of the HVA circuit,
above all the chiller and the high-voltage accumulator, as
well as a fourth connecting line which leads from the cooler
junction to the HVA circuit, that is to say to the third
actuator. The first sub-branch contains the heat source such
that the heat source, in the fourth switched state, is overall
connected in parallel with the HVA circuit.

[0054] In the fourth switched state, the flow direction of
the coolant on the second connecting line, from the HVA
circuit to the cooling circuit downstream of the heat source,
is reversed. However, the flow direction on all other line
portions advantageously remains the same, independently of
the switched state. On account thereof, the heat system is
able to be switched in a simple manner and with a minor
delay between different switched states and operating
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modes. The second actuator, if present, by virtue of the
reversal of the flow direction on the second connecting line
in the fourth switched state, is disposed at the end of the
chiller bypass, as has already been described above. When
positioned at the beginning of the chiller bypass, part of the
coolant downstream of the chiller would flow to the ambient
cooler and not to the high-voltage accumulator such that an
additional shut-off valve would be required in order for this
to be prevented.

[0055] As is derived from the above explanations, the
high-voltage accumulator and the chiller in all four switched
states are always connected in series, and the heat source and
the first ambient cooler are likewise also always connected
in series. The switching between two switched states in this
instance serves for connecting the high-voltage accumulator
in series also with the first ambient cooler, if required, or to
connect the heat source in series with the chiller, if required.

[0056] In summary, the switched states described above
and the operating modes in each case possible therein can be
described as follows:

[0057] The following operating modes are possible in the
first switched state:

[0058] A first HVA heating operation in which the
high-voltage accumulator is heated by means of
exhaust heat from the heat source. In terms of the heat
source this simultaneously represents a cooling opera-
tion.

[0059] A trimming operation which is a variation of the
first HVA heating operation and in which the heat
source is trimmed so as to generate exhaust heat.

[0060] The following operating modes are possible in the
second switched state:

[0061] A first HVA cooling operation in which the
high-voltage accumulator is cooled by means of the
chiller.

[0062] A homogenization operation in which the heat
distribution within the high-voltage accumulator is
homogenized such that the temperature spread is
reduced and the temperatures of different cells of the
high-voltage accumulator are equalized with one
another.

[0063] A second HVA heating operation in which the
high-voltage accumulator is heated by way of an HVA
booster heater in the HVA circuit.

[0064] A first heat source cooling operation in which the
heat source is cooled by way of the first ambient cooler,
independently of the high-voltage accumulator.

[0065] The following operating modes are possible in the
third switched state:

[0066] A second HVA cooling operation in which the
high-voltage accumulator is connected in parallel with
the first ambient cooler and is indirectly cooled by way
of the latter in that it is exploited that the coolant from
the first ambient cooler mixes with the coolant from the
high-voltage accumulator flowing in parallel with the
former, and an exchange of heat takes place on account
thereof.

[0067] A second heat source cooling operation in which
the heat source is able to be cooled by way of the chiller
as well as the first ambient cooler, and is also cooled by
at least one of said components.
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[0068] The following operating modes are possible in the
fourth switched state:

[0069] A third HVA cooling operation in which the
high-voltage accumulator is able to be cooled by way
of the chiller as well as the first ambient cooler, and is
also cooled by way of at least one of said components.

[0070] The first heat source cooling operation, thus the
cooling of the heat source by way of the first ambient
cooler, is in principle possible also in the fourth
switched state.

[0071] As becomes evident from said list, not all four
switched states have to be implemented in order for a
flexible temperature-control to be enabled. A thermal system
in which at least the first and the second switched state are
able to be set is already advantageous, because said two
switched states in combination already enable a multiplicity
of operating modes for catering for the most varied tem-
perature requirements, specifically an energy-efficient heat-
ing of the high-voltage accumulator so as to meet demands
and, in combination therewith or independently thereof,
cooling of the heat source so as to meet demands. In
principle however, other combinations of two or more
switched states are also advantageous.

[0072] The switching between two switched states takes
place by means of the first, the second, or the third actuator
or a combination thereof, depending on which switched
states are implemented and between which of said switched
states switching is to take place. Proceeding from a thermal
system having all three actuators, the following overview
reflects the switched positions for setting a respective
switched state:

Switched
position,
first actuator

Switched
position,
second actuator

Switched
position,

Switched state third actuator

1% switched first second first

state

2" switched second first first

state

34 switched second second first

state

4% switched second first second

state

[0073] It becomes evident from the overview that not all

actuators are necessarily required in a combination of only
part of the four switched states. For example, the third
actuator is not required for the first, the second, and the third
switched state and is omitted should the fourth switched
state not be required and also not be able to be set in a
thermal system.

[0074] From the overview in conjunction with the descrip-
tion of the switched states it also is derived that the first
actuator serves for connecting the high-voltage accumulator
and the heat source either in series or not in series. The
second actuator serves for connecting the chiller and the heat
source either in series or not in series. The third actuator
serves for connecting the high-voltage accumulator and the
first ambient cooler either in series or not in series.

[0075] The operating modes within a respective switched
state are set in that the HVA pump, the cooling circuit pump,
and the chiller are correspondingly activated or deactivated.
In as far as temperature-controlling of the high-voltage
accumulator is to take place, the HVA pump is activated to
this end. The cooling circuit pump is deactivated, in the case
of the high-voltage accumulator being heated. In as far as
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temperature-controlling of the heat source is to take place,
the cooling circuit pump is activated to this end. In as far as
both pumps are activated, the extent of the respective
temperature-controlling is expediently set in that a corre-
spondingly suitable mutual ratio of the two pumps in terms
of pump output is set. In as far as cooling is to take place by
means of the chiller, the latter is correspondingly activated.
The amount of heat which is transmitted from the chiller into
the refrigeration circuit is set in that an opening of the
expansion valve ahead of the chiller, or a compression
output of the compressor, or both, is/are suitably set.
[0076] The first ambient cooler is combined with a second
ambient cooler and conjointly with the latter forms a cooler
pack in which the two ambient coolers are disposed in
succession in an ambient air path. The first ambient cooler
is also referred to as the high-temperature (HT) cooler. By
contrast, the second ambient cooler is referred to as the LT
cooler, that is to say as the low-temperature cooler. Stated
differently, the second ambient cooler is passed through by
a flow of cold coolant as the first ambient cooler. This is
achieved in that the second ambient cooler in terms of the
coolant is disposed downstream of the first ambient cooler,
but in the ambient air path is disposed upstream of the first
ambient cooler. Dual-stage cooling of the coolant corre-
spondingly takes place by way of the cooler pack.

[0077] In an embodiment, a cooler junction is configured
downstream of the first ambient cooler, as has already been
described further above in the context of the fourth switched
state. An LT branch and an HT branch extend so as to
proceed from the cooler junction, wherein the HT branch
forms a supply flow for the heat source, and wherein the LT
branch downstream of the chiller is connected to the HVA
circuit, wherein a second ambient cooler is connected to the
LT branch upstream of the HVA circuit. The exchange of
heat with the environment is significantly improved in this
way. The LT branch corresponds to the fourth connecting
line already mentioned above. The HT branch is completely
part of the cooling circuit.

[0078] The cooler junction presently is disposed between
the two ambient coolers such that the dual-stage cooling of
the coolant is carried out only for the LT branch which leads
to the HVA circuit. An extensively cooled coolant is thus
available for cooling the high-voltage accumulator. By con-
trast, the heat source is supplied with a warmer coolant by
way of the HT branch. The LT branch terminates at one of
the inlets of the third actuator, specifically at that inlet which
connects the HVA circuit to the cooling circuit upstream of
the chiller. Accordingly, coolant by way of the LT branch is
conveyed into the HVA circuit only in the fourth switched
state. On account thereof, the cooling of the high-voltage
accumulator in an operating mode in the fourth switched
state is effective, because the coolant herein can be cooled in
three stages, so to speak, and is also cooled in three stages,
prior to said coolant reaching the high-voltage accumulator:
specifically initially in the HT cooler, then in the LT cooler,
and finally in the chiller.

[0079] An advantage of the various embodiments of the
thermal system lies in that cabin air-conditioning for the
vehicle can also be implemented in a simple way. The
thermal system in this instance serves not only for tempera-
ture-controlling the high-voltage accumulator and the heat
source, but also for temperature-controlling a cabin of the
vehicle. The exhaust heat generated by said components
herein is advantageously at least in part used for tempera-
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ture-controlling the cabin instead of being dissipated to the
environment, so that the thermal system is energy-efficient.
In this context, one advantage of the circuitry of the com-
prehensive cooling circuit described above lies in that the
cabin temperature-controlling can be implemented indepen-
dently of the temperature-controlling of the high-voltage
accumulator and the heat source, such that is guaranteed that
various temperature-control requirements are catered for in
an optimal manner and so as to meet demands in the most
varied combinations.

[0080] The comprehensive cooling circuit for air-condi-
tioning the cabin in an embodiment has a heating circuit to
which a heating heat exchanger for heating cabin air for the
electric or hybrid vehicle is connected. A condenser which
is also connected to the refrigeration circuit and conjointly
with the chiller forms a heat pump which in a heat pump
operation is configured for transmitting heat from the chiller
into the heating circuit is connected to the heating circuit.
The heating circuit is able to be connected to the cooling
circuit in such a manner that the condenser, the heating heat
exchanger and the first ambient cooler are connected in
series.

[0081] The heating heat exchanger and the condenser are
two separate components. The condenser herein is a coolant/
refrigerant condenser, thus a water-cooled condenser, WCC
for short. By contrast, the condenser in a likewise suitable
variant is simultaneously the heating heat exchanger and as
part of the air-conditioning apparatus is correspondingly
disposed in the air path for the cabin air. The latter in this
instance is heated directly by means of the condenser such
that the condenser is an air/refrigerant condenser, thus an
air-cooled condenser, ACC for short.

[0082] The heat pump operation advantageously enables
the utilization of exhaust heat from the high-voltage accu-
mulator, from the heat source, from the air-conditioning
evaporator, indirectly by way of the ambient cooler, or a
combination thereof, for heating the cabin. On account of
the connection in series with the first ambient cooler, excess
heat from the heating circuit is also simultaneously able to
be discharged to the environment by way of the first ambient
cooler. The heating circuit accordingly also advantageously
serves for discharging heat from the refrigeration circuit to
the environment by way of the condenser. Overall, effective
thermal management in which various temperature-control-
ling requirements are in each case catered for to meet
demands in an efficient way is thus implemented by way of
the heating circuit and the special integration of the latter in
the comprehensive cooling circuit.

[0083] “Heat pump operation” presently is understood that
the heat pump is activated, and heat is transmitted into the
heating circuit by means of said heat pump. The way in
which the heat therein is further utilized per se is initially not
of importance in terms of the heat pump operation.

[0084] The heating circuit is initially configured as a third
circuit of the comprehensive cooling circuit, so as to be
separate from the HVA circuit and from the cooling circuit,
and accordingly is able to be operated independently of the
HVA circuit and of the cooling circuit. A pump, which is also
referred to as the heating circuit pump, for conveying
coolant in the heating circuit is disposed in the heating
circuit.

[0085] The heating circuit, in a manner similar to the HVA
circuit, is expediently linked to the cooling circuit by way of
connecting lines, by way of a heating supply flow and a
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heating return flow. The heating supply flow for implement-
ing the connection in series of the condenser, the heating
heat exchanger, and the first ambient cooler, is connected to
the cooling circuit downstream of the first ambient cooler.
The condenser and the heating heat exchanger follow
upstream of the heating supply flow, wherein the condenser
is disposed upstream of the heating heat exchanger such that
heat which reaches the heating circuit is initially able to be
used for temperature-controlling the cabin prior to a dissi-
pation to the environment taking place by way of the cooling
circuit.

[0086] The heating circuit overall is configured as a cir-
culation, having a main train and a return train. The main
train extends from the heating supply flow and downstream
of the latter up to the heating return flow, while the return
train in this instance extends in the opposite direction. The
return train in this instance serves for returning the coolant
and for re-conveying the latter through the main train in the
case of the heating circuit being operated separately from the
cooling circuit. The condenser and the heating heat
exchanger are connected to the main train such that said
components are able to be reliably passed through by a flow
of coolant, independently of whether or not the heating
circuit is separate from the cooling circuit. The heating
circuit pump is also expediently disposed on the main train.
A check valve so as to suppress any bypassing of the
condenser is disposed on the return train. Apart from the
check valve, no further components are disposed on the
return train such that the return train serves only for return-
ing the coolant into the main train and is also easier to vent.

[0087] The heating system for temperature-controlling the
cabin has an air-conditioning evaporator which generally is
an evaporator and is connected to the refrigeration circuit.
The air-conditioning evaporator in the refrigeration circuit is
connected in parallel with the chiller. An adjustable expan-
sion valve, a self-regulating expansion valve which can be
electrically shut off, for short an eTXV, for setting the
cooling output of the air-conditioning evaporator is expedi-
ently disposed upstream of the air-conditioning evaporator
in the refrigeration circuit. The refrigeration output of the
refrigeration circuit is in this instance distributed among the
air-conditioning evaporator and the chiller by correspond-
ingly setting the expansion valves ahead of the chiller and
the air-conditioning evaporator. The overall air-conditioning
output is set by means of the compressor and also by means
of a fan as part of a cooler pack having the ambient cooler.
In order to prevent a return flow of refrigerant into the
air-conditioning evaporator and, on account thereof; in inad-
equate filling of the suction line of the refrigeration circuit
in the case of a deactivated air-conditioning evaporator and
an activated chiller, a check valve in the refrigeration circuit
is expediently disposed downstream of the evaporator and
upstream of a junction toward the chiller.

[0088] The heating heat exchanger and the air-condition-
ing evaporator conjointly form an air-conditioning apparatus
by means of which the cabin can be heated as well as cooled
as well as dehumidified. The air-conditioning apparatus has
an air path by way of which air reaches the cabin of the
vehicle. The cabin in this instance is temperature-controlled
in that the air which is fed to the cabin, that is to say the
cabin air, is temperature-controlled in a corresponding man-
ner. To this end, the air-conditioning evaporator and the
heating heat exchanger are disposed in the air path and are
passed by a nomination flow of the cabin air. The heating
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heat exchanger in the air path is expediently disposed
downstream of the air-conditioning evaporator such that an
effective dehumidification of the cabin air is also enabled.
[0089] By virtue of the heating heat exchanger and the
air-conditioning evaporator, three further operating modes,
specifically a cabin heating, a cabin cooling, and a dehu-
midification are able to be set in the thermal system, wherein
the dehumidification is ultimately a combination of the cabin
heating and the cabin cooling. Said operating modes are
collectively also referred to as air-conditioning operating
modes. In the cabin heating, heat from the heating circuit is
dissipated to the cabin air by way of the heating heat
exchanger, and said heat is directed as flow into the cabin.
Conversely, in the cabin cooling, heat is extracted from the
cabin air by means of the evaporator, and said heat is
transmitted into the refrigeration circuit, and the cooled
cabin air is then directed as flow into the cabin. In an
embodiment, the heat required for the cabin heating and the
dehumidification is provided by means of the heat pump
operation.

[0090] In an embodiment, the heating circuit is able to be
connected to the cooling circuit by way of a fourth actuator
which has two switched positions, specifically a first
switched position in which the heating circuit for heating the
cabin air is separated from the cooling circuit, and a second
switch position in which the heating circuit for discharging
heat from the heating circuit into the cooling circuit is
connected to the cooling circuit. A advantage of the present
thermal system is that the fourth actuator is able to be
switched independently of the respective switched state of
the first, the second, and the third actuator such that there is
the possibility of either connecting the heating circuit to the
cooling circuit or of separating said heating circuit from the
latter in each of the four mentioned switched states, depend-
ing on how the cabin is to be temperature-controlled. A
mixed operation in which the fourth actuator is repeatedly
opened and closed, that is to say operated in a cycled
manner, so as to discharge only part of the heat is also able
to be set in an embodiment. Alternatively, a proportional
valve, that is to say a valve having an adjustable opening
cross section, is also suitable.

[0091] The fourth actuator is a valve, suitably a shut-off
valve. The fourth actuator in the first switched position is
closed, and opened in the second switched position. In an
embodiment, the fourth actuator and the check valve in the
return train are combined in a single 3-way valve. The fourth
actuator is disposed either in the heating supply flow or in
the heating return flow.

[0092] The special circuitry of the thermal system advan-
tageously enables the first, the second, the third, and the
fourth actuator, in as far as in each case present, to be
combined in a single multi-valve. The thermal system an
embodiment therefore has a multi-valve which is simulta-
neously the first, the second, the third, and the fourth
actuator. To this end, the multi-valve is configured having a
suitable number of inlets and outputs and is connected to the
circuit. A corresponding multi-valve is the subject matter of
an application filed in parallel with the present application.
[0093] The heat pump in the heat pump operation is
activated, and heat from the chiller in the HVA circuit is
transmitted to the condenser in the heating circuit. Said heat,
in an embodiment, is fed to the heating heat exchanger and
used for the cabin heating. By contrast, should no cabin
heating have to take place, the heat is expediently dissipated
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to the environment by way of the first ambient cooler and,
to this end, the heating circuit is connected to the cooling
circuit. To this end, the fourth actuator is opened such that
the condenser, the heating heat exchanger, and the first
ambient cooler in this instance are connected in series.
Heating by way of the heating heat exchanger in this
instance is avoided in that said heating heat exchanger is
shut off at the air side. Stated differently, while warm coolant
potentially flows through the heating heat exchanger, no air
recirculation however takes place in the air path such that no
heated cabin air is fed to the cabin, and the cabin is
correspondingly not heated. In order for the heating heat
exchanger to be shut off at the air side, a corresponding
shut-oft device, for example a flap, is expediently disposed
in the air path.

[0094] In an embodiment, a heating circuit booster heater
for feeding additional heat into the heating circuit is dis-
posed in the heating circuit downstream of the condenser
and upstream of the heating heat exchanger, and on the main
train. The heating circuit booster heater in a simple manner
enables heating of the cabin in such cases in which no or
insufficient heat is transmitted from the heat pump into the
heating circuit, and in this instance is suitably activated.
Alternatively or additionally to the heating circuit booster
heater, an airside booster heater in the air path for the cabin
air is also conceivable and suitable. Such an airside booster
heater in the air path is expediently disposed downstream of
the heating heat exchanger.

[0095] Having an HVA booster heater is also advanta-
geous in combination with the heating circuit. In the case of
cabin heating having to take place but insufficient heat being
present therefor in the heating circuit, the HVA booster
heater is activated when heating the cabin, and the exhaust
heat of said HVA booster heater is transmitted into the
heating circuit by way of the heat pump. The heating circuit
booster heater can therefore be dimensioned so as to be
correspondingly smaller or be entirely omitted. In an
embodiment, the HVA booster heater and the heating circuit
booster heater have in each case an output in the range from
4 kW to 6 kW.

[0096] The HVA booster heater is expediently disposed in
such a manner that said HVA booster heater is passed
through by a flow of only that coolant that circulates in the
HVA circuit, thus indeed not directly ahead of or behind the
chiller, the latter in various switched states of the thermal
system potentially being additionally passed through by a
flow of coolant from the cooling circuit. Instead, the HVA
booster heater is disposed on a secondary train of the HVA
circuit. This disposal in the secondary train is more advan-
tageous in terms of the dimensioning of the cooling circuit
pump. Less pump output is required in this instance and the
flow resistance of the HVA booster heater does not have to
be overcome. By contrast, an HVA booster heater is entirely
dispensed with in one advantageous variant.

[0097] The HVA booster heater or the heating circuit
booster heater, or both, is/are in each case configured as an
electric flow-type heater, for example.

[0098] A cabin temperature control which meets require-
ments is overall advantageously guaranteed in various ways
in each switched state and depending on the operating mode
in terms of the high-voltage accumulator and the heat
source. In order for a cabin heating to be set, the heat pump
is generally activated, or the heating circuit booster heater,
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or both. The fourth actuator when heating the cabin is
expediently switched to the first switched position.

[0099] When heating the cabin in the first switched state,
excess exhaust heat from the heat source is used and
transmitted into the heating circuit by means of the heat
pump. When heating the cabin in the second and in the
fourth switched state, exhaust heat from the high-voltage
accumulator is transmitted into the heating circuit by means
of the heat pump. When heating the cabin in the third
switched state, exhaust heat from the heat source or from the
high-voltage accumulator, or from both, is transmitted into
the heating circuit by means of the heat pump. Should the
heat which is transmitted by the heat pump not be sufficient,
or in the case of the heat pump not being activated at all,
additional heat is generated by means of the heating circuit
booster heater. When the heat pump is activated, heat is
alternatively or additionally generated by means of the HVA
booster heater.

[0100] If no heating of the cabin is to take place, the heat
in the heating circuit is discharged by way of the first
ambient cooler. To this end, the heating circuit is connected
to the cooling circuit, in that the fourth actuator is switched
to the second switched position.

[0101] When cooling the cabin, heat from the cabin air is
transmitted into the refrigeration circuit by means of the
air-conditioning evaporator. This heat is expediently trans-
mitted into the heating circuit by way of the condenser and
from there into the cooling circuit, and by way of the first
ambient cooler to the environment. When dehumidifying,
the heat of the air-conditioning evaporator however is at
least in part expediently used for reheating the cabin air after
the cooling. Alternatively, the air-conditioning evaporator
and the chiller are disposed in separate refrigeration circuits,
and the refrigeration circuit to which the air-conditioning
evaporator is connected has a condenser which is, for
example, air-cooled and which is at least not connected to
the comprehensive cooling circuit.

[0102] The heating circuit and the HVA circuit are not
connected to one another. Stated differently, the heating
circuit and the HVA circuit are in each case linked to the
cooling circuit and to this extent are indirectly but not
directly connected to one another. This is in contrast to the
coupling as described in DE 10 2015 220 623 Al, cited at
the outset. The heating circuit and the HVA circuit are not
connected in series in any of the four switched states, but are
either connected in parallel or are mutually separated.

[0103] In an embodiment having a first and the second
ambient cooler, as has already been described above, the
heating supply flow is connected to the LT branch down-
stream of the second ambient cooler. This is independent of
whether the LT branch likewise leads to the HVA circuit. An
embodiment in which no fourth switched state is able to be
set, and in which the LT branch in this instance does not lead
to the HVA circuit and leads only to the heating circuit is
thus also advantageous.

[0104] The advantage of supplying the high-voltage accu-
mulator with coolant by way of the LT branch in an
analogous manner applies also to the supply of the heating
circuit with coolant from the LT branch. The coolant which
flows into the heating circuit has a low temperature such that
any heat which is to be discharged from the heating circuit
and to be dissipated to the environment is absorbed and
discharged in an effective manner. The refrigeration circuit
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herein is more efficient and of higher output the lower the
temperature of the coolant upstream of the condenser.
[0105] The thermal system expediently has an equaliza-
tion volume for the coolant. A single equalization volume is
already sufficient by virtue of the cooling circuit, the heating
circuit, and the HVA circuit being hydraulically coupled.
The equalization volume is therefore the only equalization
volume for coolant in the thermal system. The equalization
volume is also referred to as an equalization container. In an
embodiment, the equalization volume for exchanging liquid
coolant is connected to the cooling circuit downstream of the
first ambient cooler and upstream of the cooler junction.
Furthermore, the equalization volume for exchanging air is
connected to the first ambient cooler and optionally also to
the second ambient cooler.

[0106] Inanembodiment, an HVA check valve in the HVA
circuit is disposed downstream of the high-voltage accumu-
lator. The HVA check valve has two advantageous functions.
The HVA check valve, in the second heat source cooling
operation, prevents that such coolant which has been heated
by the heat source reaches the high-voltage accumulator and
is unintentionally heated by the latter, on the one hand, and
herein simultaneously unintentionally also bypasses the
chiller, on the other hand. The HVA check valve is expedi-
ently disposed upstream of the third connector point and
upstream of the first connector point such that the coolant in
the second heat source cooling operation does not flow
through the HVA check valve on account of which corre-
sponding pressure loss is advantageously avoided.

[0107] In an embodiment, an HVA shut-off valve is dis-
posed upstream of the high-voltage accumulator and down-
stream of the HVA pump. The HVA shut-off valve is
configured in such a manner that said HVA shut-off valve in
the non-energized state is closed, that is to say has to be
actively energized in order to be kept open. On account
thereof it is prevented in the event of a defect, in combina-
tion with the HVA check valve mentioned above, that the
high-voltage accumulator is flooded with coolant, in which
case there is the fundamental risk of electrical shorting. The
event of a defect is, for example, a crash of the vehicle, or
a leakage in the high-voltage accumulator, for example by
virtue of material fatigue. The high-voltage accumulator in
combination with the HVA check valve, in this instance is
encapsulated in fluidic terms, specifically upstream by way
of the HVA shut-off valve and downstream by way of the
HVA check valve.

[0108] In an embodiment, a first temperature sensor for
measuring the temperature of the coolant when exiting the
corresponding ambient cooler is disposed downstream of the
first ambient cooler and, if present, even downstream of the
second ambient cooler. Furthermore, a second temperature
sensor for measuring the temperature of the coolant when
exiting the high-voltage accumulator is disposed down-
stream of the high-voltage accumulator. The thermal system
is configured in such a manner that the third HVA cooling
operation is set when the temperature of the coolant when
exiting the ambient cooler is lower than the temperature of
the coolant when exiting the high-voltage accumulator, thus
when the first temperature sensor measures a lower tem-
perature than the second temperature sensor. Depending on
the temperature of the coolant when exiting the ambient
cooler, the chiller is expediently also activated and the
output of the latter is set for discharging additional heat into
the refrigeration circuit.

Sep. 24, 2020

[0109] A check valve which in the first HVA heating
operation advantageously prevents that the cooler is passed
through by a return flow is disposed on the third connecting
line between the HVA circuit downstream of the chiller and
the cooling circuit. The check valve is disposed upstream of
the second actuator and ahead of the second inlet of the
latter.

[0110] In summary, the following advantages which, may
be implemented individually or in combination are derived
by virtue of the embodiments of the thermal system:

[0111] The thermal system enables efficient heating of
the cabin by means of the heat pump by utilizing the
exhaust heat from the heat source, the high-voltage
accumulator, and optionally from the environment.

[0112] Powerful cooling of the high-voltage accumula-
tor to meet the demands by means of the chiller, thus
overall by means of the heat pump, is possible espe-
cially at high ambient temperatures.

[0113] By contrast, energy-efficient cooling of the high-
voltage accumulator to meet the demands by means of
the first and optionally also the second ambient cooler
is possible at lower and moderate ambient tempera-
tures.

[0114] Various components are used in multiple ways
on account of the special circuitry of the components of
the thermal system, in the comprehensive cooling cir-
cuit and by means of the different actuators, that is to
say used for implementing different operating modes.
This multiple use leads to a significant reduction in
costs, since corresponding components are not present
in multiples but are used in different operating modes.
This relates, for example, to the heat pump which is
used for cooling the high-voltage accumulator, on the
one hand, and for cooling the heat source or for cooling
both the heat source and the high-voltage accumulator,
on the other hand, and additionally either discharges the
heat to the environment or utilizes said heat for heating
the cabin.

[0115] The special circuitry also leads to an improved
reliability in the event of a defect. It is possible for the
high-voltage accumulator to be protected in relation to
flooding with coolant and electrical shorting associated
therewith, without disadvantageously influencing other
parts of the thermal system on account thereof.

[0116] Improved driving dynamics, efficiency, and
rapid-charging capability are derived on account of the
heating of the high-voltage accumulator. Heating of the
high-voltage accumulator herein is possible in various
ways, specifically by way of an additional HVA booster
heater or by way of exhaust heat from the heat source,
or by way of a targeted trimming of the heat source.

[0117] Cooling of the high-voltage accumulator is pos-
sible by means of the heat pump as well as directly by
way of the environment such that a corresponding
increase in terms of output and efficiency results.

[0118] In the case of an additional HVA booster heater
being present, a heating circuit booster heater in the
heating circuit for heating the cabin can be dimen-
sioned so as to be smaller since the heat pump also
enables the HVA booster heater to be used for heating
the cabin.

[0119] The thermal system in terms of construction is
simple and uses few components for implementing
numerous operating modes.



US 2020/0298663 Al

[0120] When switching the thermal system between
different switched states or operating modes, no rever-
sal, or substantially no reversal, of the flow of the
coolant takes place such that the thermal system is
responsive and temperature-control requirements are
able to be catered for in a short time. Few switching
procedures are required for switching, on account of

which acoustic advantages are correspondingly
derived.
[0121] The thermal system on account of the multiple

use of components and the special circuitry is overall

compact, low-maintenance, efficient in terms of instal-

lation space, and light.
[0122] An electric or hybrid vehicle according to the
disclosed subject matter has a thermal system as has been
described above.
[0123] In the method for operating the thermal system,
one of the four switched states and correspondingly suitable
operating modes are set depending on the temperature-
controlling demand. A temperature-controlling demand is a
cooling demand or a heating demand. In the case of a
cooling demand, the corresponding component is to be
cooled, and correspondingly heated in the case of a heating
demand.
[0124] In the event of a heating demand for the high-
voltage accumulator, the first switched state is set and the
first HVA heating operation in which the high-voltage accu-
mulator is heated using exhaust heat from the heat source is
set in said first switched state. Moreover, the HVA pump in
the HVA circuit is activated so as to recirculate coolant
herein for the first HVA heating operation. The cooling
circuit pump in the cooling circuit is deactivated.
[0125] In an embodiment, the heat source is a component
of a drivetrain of the electric or hybrid vehicle, and in the
case of a heating demand for the high-voltage accumulator
the first switched state is set and a trimming operation in
which the heat source is trimmed is additionally set in said
first switched state such that said heat source generates
exhaust heat by way of which the high-voltage accumulator
is heated. The trimming operation is set additionally to the
first HVA heating operation when the exhaust heat of the
heat source is not sufficient for heating the high-voltage
accumulator.
[0126] In an embodiment, in the event of a temperature-
controlling demand for the high-voltage accumulator, or a
cooling demand for the heat source, or both, a second
switched state is set in which the HVA circuit and the
cooling circuit are mutually separated such that the chiller is
separated from the cooling circuit and such that the first
ambient cooler is separated from the HVA circuit.
[0127] Furthermore, one of the following operating modes
is set herein, depending on which temperature-controlling
demand is specifically present. Should there be a cooling
demand for the high-voltage accumulator, a first HVA cool-
ing operation in which the chiller is activated and coolant is
conveyed in the HVA circuit such that the high-voltage
accumulator is cooled by means of the chiller is set. Should
the high-voltage accumulator be temperature-controlled in a
non-homogeneous manner, a homogenization operation in
which the chiller is deactivated and coolant is conveyed in
the HVA circuit such that a temperature spread within the
high-voltage accumulator is reduced is set. Should there be
a heating demand for the high-voltage accumulator, a second
HVA heating operation is set in which an HVA booster
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heater in the HVA circuit is activated and coolant is con-
veyed in the HVA circuit such that the high-voltage accu-
mulator is heated. The second HVA heating operation is
chosen instead of the first HVA heating operation when no
exhaust heat for heating the high-voltage accumulator is
available by means of the heat source. Should there be a
cooling demand for the heat source, a first heat source
cooling operation is set in which exhaust heat of the heat
source is discharged by way of the cooling circuit.

[0128] In an embodiment, in the event of a cooling
demand for the high-voltage accumulator or for the heat
source, or both, a third switched state in which the HVA
circuit is connected to the cooling circuit upstream and
downstream of the chiller such that the heat source, the
chiller, and the first ambient cooler are connected in series
in such a manner that the heat source is disposed upstream
of the chiller and the first ambient cooler is disposed
downstream of the chiller is set.

[0129] Furthermore, one of the following operating modes
is set herein, depending on which temperature-controlling
demand is specifically present. Should there be a cooling
demand for the high-voltage accumulator, a second HVA
cooling operation is set in which coolant is conveyed in the
heating circuit as well as in the cooling circuit, the coolant
is cooled in the cooling circuit and is mixed with the coolant
in the HVA circuit such that the high-voltage accumulator is
cooled indirectly by way of the cooling circuit. Should there
be a cooling demand for the heat source, a second heat
source cooling operation is set in which the heat source is
cooled by means of the chiller. The second heat source
cooling operation is set when sufficient cooling of the heat
source by way of the first ambient cooler is not possible, for
example by virtue of high ambient temperatures, or should
there be a heating demand for the cabin of the vehicle and
the exhaust heat from the heat source is used for heating the
cabin. The second HVA cooling operation is set when,
additionally to the second heat source cooling operation,
there is a cooling demand for the high-voltage accumulator.
[0130] In an embodiment, in the event of a cooling
demand for the high-voltage accumulator, a fourth switched
state is set in which the HVA circuit upstream and down-
stream of the heat source is connected to the cooling circuit
in such a manner that the heat source is connected in parallel
with the high-voltage accumulator and the chiller, and that
the chiller is disposed upstream of the first ambient cooler
and downstream of the high-voltage accumulator. Further-
more, a third HVA cooling operation is set in which the
high-voltage accumulator is cooled by means of the chiller
as well as by way of the cooling circuit, or only by way of
the cooling circuit; should the chiller be deactivated. The
third HVA cooling operation is set when sufficient cooling of
the high-voltage accumulator is not possible by means of the
previously mentioned HVA cooling operations.

[0131] In addition to the various operating modes for
temperature-controlling the high-voltage accumulator and
the heat source, in the case of a further temperature-con-
trolling demand for the cabin of the vehicle a corresponding
air-conditioning operation as has already been described is
also additionally set.

[0132] Other objects, advantages and novel features of the
present subject matter will become apparent from the fol-
lowing detailed description of one or more preferred
embodiments when considered in conjunction with the
accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0133] FIG. 1 shows a thermal system.

[0134] FIG. 2 shows a refrigeration circuit of the thermal
system.

[0135] FIG. 3 shows a variant of the refrigeration circuit.
[0136] FIG. 4 shows a first switched state.

[0137] FIG. 5 shows a second switched state.

[0138] FIG. 6 shows a third switched state.

[0139] FIG. 7 shows a fourth switched state.

[0140] FIG. 8 shows a comprehensive cooling circuit
having a shut-off heating circuit.

[0141] FIG. 9 shows the comprehensive cooling circuit
having an opened heating circuit.

DETAILED DESCRIPTION OF THE DRAWINGS

[0142] A thermal system 2 which is configured for use in
an electric or hybrid vehicle which is not shown in more
detail and is also referred to simply as the vehicle is shown
in FIG. 1. The thermal system 2 has a comprehensive
cooling circuit 4 as well as a refrigeration circuit 6 which is
not illustrated in FIG. 1. Two variants of the refrigeration
circuit 6 are shown in FIGS. 2 and 3. The thermal system 2
furthermore has a plurality of switched states, presently four
of the latter. FIGS. 4 to 7 show in each case the compre-
hensive cooling circuit 4 in the various switched states of the
thermal system 2. However, the thermal system 2 does not
mandatorily have to have the combination of four switched
states shown here. In a variant of the thermal system 2 (not
shown here) not all of the four switched states described here
are thus able to be set, on account of which corresponding
simplifications result.

[0143] The comprehensive cooling circuit 4 in the
embodiment shown has a plurality of circuits 8, 10, 12, 14,
specifically a cooling circuit 8, a high-voltage accumulator
(HVA) circuit 10, an extended HVA circuit 12, and a heating
circuit 14. For improved clarity, the circuits 8, 10, 12, 14 in
FIG. 1 are additionally indicated by dashed lines. It becomes
evident herein that the extended HVA circuit 12 has overlaps
with the HVA circuit 10 and the cooling circuit 8. In
principle, the heating circuit 14 can also be omitted or be
separately implemented, but an integration in the compre-
hensive cooling circuit 4, such as in FIG. 1 for example, is
advantageous.

[0144] A high-voltage accumulator 16 for supplying
power to an electric drivetrain of the electric or hybrid
vehicle is connected to the HVA circuit 10. Furthermore, an
HVA booster heater 18 is connected to the HVA circuit 10,
said HVA booster heater 18 in a variant not shown however
being dispensed with. Furthermore, a chiller 20 which is also
connected to the refrigeration circuit 6 is connected to the
HVA circuit 10. Furthermore, an HVA pump 22 for recir-
culating coolant is disposed in the HVA circuit 10. An HVA
check valve 23 is disposed downstream of the high-voltage
accumulator. An HVA shut-off valve 25 which in combina-
tion with the HVA check valve 23 fluidically encapsulates
the high-voltage accumulator 16 is disposed upstream of the
high-voltage accumulator 16.

[0145] A heat source 24 of the vehicle is connected to the
cooling circuit 8. The heat source 24 is also connected to the
extended HVA circuit 12. A first ambient cooler 26 for
exchanging heat with the environment is connected to the
cooling circuit 8 downstream of the heat source 24. The first
ambient cooler 26 in the embodiment shown is combined
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with a second ambient cooler 28 so as to form a cooler pack.
In principle however, an embodiment without the second
ambient cooler 28 is also possible. Both ambient coolers 26,
28 are disposed in succession in an ambient air path 30,
wherein the second ambient cooler 28 in terms of the coolant
is disposed downstream of the first ambient cooler 26, but in
the ambient air path 30 is disposed upstream of the first
ambient cooler 26. A fan 32 for suctioning ambient air is
disposed in the ambient air path 30 downstream of the two
ambient coolers 26, 28. A number of air flaps 34 for
controlling the supply of ambient air are disposed upstream
of the two ambient coolers 26, 28. Furthermore, a cooling
circuit pump 36 is disposed in the cooling circuit 8, here so
as to be downstream of the first ambient cooler 26 and
upstream of the heat source 24.

[0146] The heating circuit 14 serves for air-conditioning
the cabin. A heating heat exchanger 38 for heating cabin air
for a cabin 40 of the vehicle is connected to the heating
circuit 14. Furthermore, a condenser 42 which is also
connected to the refrigeration circuit 6 and conjointly with
the chiller 20 forms a heat pump is connected to the heating
circuit 14, said heat pump in a heat pump operation being
configured for transmitting heat from the chiller 20 into the
heating circuit 14. Furthermore, a heating circuit pump 44,
as well as a heating circuit booster heater 46, are disposed
in the heating circuit 14. The condenser 42, the heating
circuit pump 44, the heating circuit booster heater 46, and
the heating heat exchanger 38 in the sequence mentioned are
disposed so as to be mutually downstream on a main train 48
of the heating circuit 14 in the embodiment shown. The
circuit in this instance is closed by way of a return train 50
of the heating circuit 14, and a circulation of coolant is
enabled by the latter. Only one check valve 52 is disposed
in the return train 50. The heating circuit 14 by way of a
heating circuit supply flow 54 and a heating circuit return
flow 56 is connected to the cooling circuit 8 in such a manner
that the main train 48 and the components connected thereto
are disposed in series with the first ambient cooler 26.

[0147] The HVA circuit 10 is likewise linked to the
cooling circuit 8 but not to the heating circuit 14. The HVA
circuit 10 upstream of the heat source 24 is connected to the
cooling circuit 8 by means of a first connecting line [.1, and
downstream of the heat source 24 is connected by means of
a second connecting line [.2. The first connecting line [.1
herein is connected to the HVA circuit 10 at a first connector
point P1, and is connected to the cooling circuit 8 at a second
connector point P2. The second connecting line L2 is
connected to the HVA circuit 10 at a third connector point
P3, and is connected to the cooling circuit 8 at a fourth
connector point P4. The first connector point P1 and the third
connector point P3 in the HVA circuit 10 are both disposed
downstream of the high-voltage accumulator 16 and
upstream of the chiller 20. A connection of the high-voltage
accumulator 16 and the heat source 24 in series is possible
by means of the connecting lines [.1, 2.

[0148] Furthermore, the HVA circuit 10 and the cooling
circuit 8 are presently connected by means of a third
connecting line 1.3 which in the HVA circuit 10 commences
at a fifth connector point P5, downstream of the chiller 20
and upstream of the high-voltage accumulator 16, and at a
six connector point P6, downstream of the heat source 24
and upstream of the first ambient cooler 26, opens into the
cooling circuit 8. On account thereof, a line portion of the
cooling circuit 8 between the fourth connector point P4 and
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the sixth connector point P6 is configured as a chiller bypass
58. A connection of the heat source 24, the chiller 20 and a
first ambient cooler 26 in series can be implemented by
means of the third connecting line L.3. Moreover, a check
valve 50 is disposed on the third connecting line L3 in the
embodiment.

[0149] A cooler junction 62, proceeding from which an LT
branch 64 and an HT branch 66 extend, is configured
downstream of the first ambient cooler 26, wherein the HT
branch 66 forms a supply flow for the heat source 24, and
wherein the LT branch 64 downstream of the chiller 20 is
connected to the HVA circuit 10. The second ambient cooler
28 is also connected to the LT branch 64 upstream of the
HVA circuit 10. In this way, the exchange of heat with the
environment is significantly improved. Moreover, the heat-
ing circuit 14 is presently connected to the LT branch 64 by
way of the heating circuit supply flow 56. The LT branch
corresponds to the fourth connecting line already mentioned
above. The HT branch is completely part of the cooling
circuit.

[0150] The thermal system 2 furthermore has an equal-
ization volume 68 for the coolant. Moreover, the thermal
system 2 for controlling has a control unit 70. Furthermore,
temperature sensors 72 for measuring the temperature of the
coolant are connected at various locations in the compre-
hensive cooling circuit 4.

[0151] The thermal system 2 for temperature-controlling
the cabin additionally has an air-conditioning evaporator 74
which is connected to the refrigeration circuit 6. As is shown
in FIGS. 2 and 3, the air-conditioning evaporator 74 in the
refrigeration circuit 6 is connected in parallel with the chiller
20. A self-regulating expansion valve 76 which for setting
the cooling output of the air-conditioning evaporator 74 can
be electrically shut off is disposed upstream of said air-
conditioning evaporator 74. An expansion valve 78 is dis-
posed upstream of the chiller 20. The heating heat exchanger
38 and the air-conditioning evaporator 74 conjointly form an
air-conditioning apparatus by means of which the cabin 40
can be heated as well as cooled as well as dehumidified. The
air-conditioning apparatus furthermore has an air path 80 by
way of which air reaches the cabin 40.

[0152] The refrigeration circuit 6 in the variants of FIGS.
2 and 3 has a compressor 82, a plurality of evaporators,
specifically the air-conditioning evaporator 74 and the
chiller 20, as well as the condenser 42. The expansion valve
78 ahead of the chiller 20 is presently regulated as a function
of the suction pressure of the refrigerant upstream of the
compressor 82. The suction pressure is measured by means
of a pressure sensor 84. The monitoring of the compressor
82 in FIGS. 2 and 3 takes place as a function of the high
pressure and the hot gas temperature downstream of the
compressor 82, said high pressure and said hot gas tempera-
ture being measured by means of a pressure and temperature
sensor 86. Regulating the compressor 82 takes place as a
function of a cooling demand for the cabin 40 or for the
high-voltage accumulator 16, wherein a corresponding tem-
perature at the air side on the air-conditioning evaporator 74,
or of the coolant, respectively, is used as a control variable.
The refrigeration circuit 6 in FIG. 2 additionally has two
internal heat exchangers 88, in each case one for the
air-conditioning evaporator 74 and the chiller 20. Only one
internal heat exchanger 88 for both evaporators is disposed
in the variant of FIG. 3. A check valve 90 is disposed
downstream of the air-conditioning evaporator 74, said
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check valve 90 in the variant of FIG. 2 also being able to be
disposed upstream of the internal heat exchanger 88. No
internal heat exchanger 88 is present in a variant not shown.
Further variants which are likewise not shown are derived
by the use of a plurality of chillers 20, a plurality of
condensers 42, or a plurality of separate refrigeration circuits
6.

[0153] Four switched states of the thermal system 2 will
be explained hereunder by means of FIGS. 4 to 7. One of
four switched states is in each case shown in said figures.
The flow paths which result in each case for the coolant are
in each case highlighted by bolder lines. Some reference
signs have been omitted for reasons of clarity in FIGS. 4 to
7, but said reference signs can be derived directly from a
comparison with FIG. 1.

[0154] The thermal system 2 for setting a respective
switched state has a first actuator 51, a second actuator S2,
and a third actuator S3, said actuators in the embodiment
shown in each case being configured as a 3/2-way valve.
Furthermore, a fourth actuator S4 is disposed for addition-
ally connecting and separating on demand the heating circuit
14 to and from the cooling circuit 8 independently of the
current switched state, said fourth actuator S4 here being
configured as a shut-off valve and being disposed in the
heating circuit supply flow 56. By contrast, the fourth
actuator S4 in a variant not shown is disposed in the heating
circuit return flow 54.

[0155] A first switched state is shown in FIG. 1. The HVA
circuit 10 downstream and upstream of the heat source 24 is
connected to the cooling circuit 8 such that the extended
HVA circuit 12 in which the high-voltage accumulator 16
and the heat source 24 are connected in series is able to be
utilized. To this end, the first actuator S1 is set to a first
switched position, the second actuator S2 is set to a second
switched position, and the third actuator S3 is set to a first
switched position. The HVA pump 22 is activated. On
account thereof, the high-voltage accumulator 16 can be
heated by means of the heat source 24, and the latter can
simultaneously also be cooled.

[0156] The first switched state overall is presently char-
acterized by a connection in series of the high-voltage
accumulator 16, the heat source 24, and also the chiller 20.
Excess heat in the extended heating circuit 12 is transmitted,
for example by means of the chiller 20, to the condenser 42
in the heating circuit 14 and therein is utilized for heating the
cabin or is dissipated to the first ambient cooler 26 and to the
environment, depending on whether the fourth actuator S4 is
opened or closed. The heating circuit pump 44 is activated
to this end. In one variant, the cooling circuit pump 36 is
activated and the first ambient cooler 26 is utilized directly
for discharging heat.

[0157] A second switched state is shown in FIG. 5. The
HVA circuit 10 and the cooling circuit 8, by contrast to the
first switched state, are herein mutually separated such that
the chiller 20 is separated from the cooling circuit 8 and such
that the first ambient cooler 26 is separated from the HVA
circuit 10. To this end, the first actuator S1 is set to a second
switched position, the second actuator S2 is set to a first
switched position, and the third actuator S3 is set to the first
switched position thereof. On account thereof, the heat
source 24 and the high-voltage accumulator 16 are able to be
temperature-controlled in a mutually independent manner.
The second switched state, by virtue of the separation of the
HVA circuit 10 and the cooling circuit 8, offers the possi-
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bility of choosing and setting various operating modes for
the high-voltage accumulator 16 and the heat source 24 in a
mutually independent manner. Potential operating modes
are, for example, a first HVA cooling operation, a homog-
enization operation, a second HVA heating operation, a first
heat source cooling operation. The HVA pump 22 or the
cooling circuit pump 44, or both, are activated, depending on
the operating mode.

[0158] In the first HVA cooling operation, the chiller 20 is
activated and coolant in the HVA circuit 10 is conveyed by
means of the HVA pump 22 such that the high-voltage
accumulator 16 is cooled by means of the chiller 20. By
contrast, in the homogenization operation the chiller 20 is
deactivated, but coolant continues to be conveyed by means
of the HVA pump 22 such that a temperature spread within
the high-voltage accumulator 16 is reduced. In the second
HVA heating operation, the HVA booster heater 18 in the
HVA circuit 10 is activated, and coolant is conveyed by
means of the HVA pump 22 such that the high-voltage
accumulator 16 is heated. Discharging of heat into the
heating circuit 14 herein is additionally possible in that the
chiller 20 is activated. Independently of the afore-mentioned
temperature-controlling of the high-voltage accumulator 16,
exhaust heat from the heat source 24 in the first heat source
cooling operation is discharged by way of the cooling circuit
8 and is dissipated to the environment by way of the first
ambient heat exchanger 26, for example.

[0159] A third switched state is shown in FIG. 6. The HVA
circuit 10 upstream and downstream of the chiller 20 is
connected to the cooling circuit 8 such that the heat source
24, the chiller 20, and the first ambient cooler 26 are
connected in series in such a manner that the heat source 24
is disposed upstream of the chiller 20 and the first ambient
cooler 26 for cooling the heat source 24 by way of the chiller
20 or the first ambient cooler 26, or both, is disposed
downstream of the chiller 20. To this end, the first actuator
S1 is set to the second switched position thereof, the second
actuator S2 is set to the second switched position thereof,
and the third actuator S3 is set to the first switched position
thereof. Furthermore, by contrast to the first and the second
switched state, the third connecting line L3 but not the
chiller bypass 58 is utilized in the third switched state.

[0160] Indirect cooling of the high-voltage accumulator
16 by means of the first ambient cooler 26 can be imple-
mented in a simple manner by activating the HVA pump 22,
despite said two components in the third switched state not
being connected in series. To this end, one junction 92 is in
each case configured upstream and downstream of the
chiller such that two sub-branches, specifically an HVA
branch and a cooler branch, are configured. The HVA branch
commences at the junction 92 downstream of the chiller 20,
runs by way of the high-voltage accumulator 16, the HVA
booster heater 18, and finally to the junction 92 upstream of
the chiller 20. The cooler branch likewise commences at the
junction 92 downstream of the chiller 20, but then runs by
way of the third connecting line [.3 and the second actuator
S2 to the first ambient cooler 26, and from there by way of
the heat source 24 to the junction 92 upstream of the chiller
20. The junctions 92 in the embodiment shown are identical
to the third and the fifth connector point P3, P5, respectively.
The coolant from the HVA branch and from the cooler
branch parallel with the former mixes at the junction 92
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upstream of the chiller 20, such that the high-voltage accu-
mulator 16 is correspondingly cooled by means of the first
ambient cooler 26.

[0161] The third switched state thus enables the following
two operating modes. A second heat source cooling opera-
tion, in which the heat source 24 is cooled by means of the
chiller 20 and optionally, additionally by means of the first
ambient cooler 26. A second HVA cooling operation, in
which the HVA pump 22 is activated in addition to the
cooling circuit pump 36, such that the high-voltage accu-
mulator 16 is cooled indirectly by way of the cooling circuit
8.

[0162] A fourth switched state is shown in FIG. 7. In said
fourth switched state, the HVA circuit 10 upstream and
downstream of the heat source 24 is connected to the cooling
circuit 8 in such a manner that the heat source 24 is
connected in parallel with the high-voltage accumulator 16
and the chiller 20. The chiller 20 in this instance is disposed
downstream of the first ambient cooler 26 and upstream of
the high-voltage accumulator 16. To this end, the first
actuator S1 is set to the second switched position thereof, the
second actuator S2 is set to the first switched position
thereof, and the third actuator S3 is set to a second switched
position. On account thereof, a third HVA cooling operation
in which the high-voltage accumulator 16 is cooled by
means of the chiller 20 as well as by way of the cooling
circuit 8 and presently by way of both ambient coolers 26,
28 is able to be set. The first heat source cooling operation
is also able to be simultaneously set.

[0163] By contrast to the other three switched states, the
second ambient cooler 28 is now also utilized for cooling the
high-voltage accumulator 16 in the fourth switched state,
that is to say that coolant emanating from the cooler junction
62 is fed to the HVA circuit 10. Two sub-branches, specifi-
cally a first sub-branch and a second sub-branch among
which the coolant is correspondingly divided are configured
so as to proceed from the cooler junction 62. The first
sub-branch commences at the cooler junction 62, runs to the
heat source 24 and thereafter terminates at the fourth con-
nector point P4. The second sub-branch commences like-
wise at the cooler junction 62, but then runs by way of the
second ambient cooler 28 to the third actuator S3, and from
there into the HVA circuit 10 in which first the chiller 20 and
thereafter the high-voltage accumulator 16 are passed
through. The second sub-branch by way of the first actuator
S1 then runs onward to the HVA booster heater 18, thereafter
to the third connector point P3, from there by way of the
second connecting line [.2 and terminates likewise at the
fourth connector point P4. By contrast to the first and the
third switched state, the flow direction of the coolant on the
second connecting line [.2 is reversed in the fourth switched
state.

[0164] The operation of the heating circuit 14 is high-
lighted in FIGS. 8 and 9. FIG. 8 herein shows two switched
positions of the fourth actuator S4. A first switched position
of the fourth actuator S4 on account of which the heating
circuit 14 is separated from the cooling circuit 8 is shown in
FIG. 8. On account thereof, heating the cabin is possible as
a further operating mode. Herein, either heat which reaches
the heating circuit 14 by way of the heat pump is utilized, or
the heating circuit booster heater 46 is activated so as to
generate heat, or both. Depending on the switched state, the
exhaust heat of the high-voltage accumulator 16 or of the
heat source 24, or of both, is in this instance used for heating
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the cabin. In one variant, heat is especially generated by
means of the HVA booster heater 18 and by means of a heat
pump transmitted into the heating circuit 14 and therein used
for heating the cabin.

[0165] By contrast, FIG. 9 shows a second switched
position of the fourth actuator S4, on account of which the
heating circuit 14 is connected to the cooling circuit 8, in the
embodiment shown especially by linking to the second
sub-branch described above, the latter commencing at the
cooler junction 62 and also containing the second ambient
cooler 28. In this switched position it is possible for dissi-
pating to the environment heat which reaches the heating
circuit 14 from the heat pump. A mixed operation is also
possible.

[0166] The air-conditioning evaporator 74 is activated for
cooling the cabin. A dehumidification of the cabin in this
instance results by combining the cabin cooling and the
cabin heating.
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[0211] 86 Pressure and temperature sensor
[0212] 88 Internal heat exchanger
[0213] 90 Check valve

[0214] 92 Junction

[0215] L1 First connecting line
[0216] L2 Second connecting line
[0217] L3 Third connecting line
[0218] P1 First connector point
[0219] P2 Second connector point
[0220] P3 Third connector point
[0221] P4 Fourth connector point
[0222] PS5 Fifth connector point
[0223] P6 Sixth connector point
[0224] S1 First actuator

[0225] S2 Second actuator

[0226] S3 Third actuator

[0227] S4 Fourth actuator

LIST OF REFERENCE SIGNS

[0167] 2 Thermal system

[0168] 4 Comprehensive cooling circuit
[0169] 6 Refrigeration circuit

[0170] 8 Cooling circuit

[0171] 10 HVA circuit

[0172] 12 Extended HVA circuit
[0173] 14 Heating circuit

[0174] 16 High-voltage accumulator
[0175] 18 HVA booster heater
[0176] 20 Chiller

[0177] 22 HVA pump

[0178] 23 HVA check valve

[0179] 24 Heat source

[0180] 25 HVA shut-off valve

[0181] 26 First ambient cooler
[0182] 28 Second ambient cooler
[0183] 30 Ambient air path

[0184] 32 Fan

[0185] 34 Air flaps

[0186] 36 Cooling circuit pump
[0187] 38 Heating heat exchanger
[0188] 40 Cabin

[0189] 42 Condenser

[0190] 44 Heating circuit pump
[0191] 46 Heating circuit booster heater
[0192] 48 Main train

[0193] 50 Return train

[0194] 52 Check valve

[0195] 54 Heating circuit supply flow
[0196] 56 Heating circuit return flow
[0197] 58 Chiller bypass

[0198] 60 Check valve

[0199] 62 Cooler junction

[0200] 64 LT branch

[0201] 65 HT branch

[0202] 68 Equalization volume
[0203] 70 Control unit

[0204] 72 Temperature sensor

[0205] 74 Air-conditioning evaporator
[0206] 76 Expansion valve

[0207] 78 Expansion valve

[0208] 80 Air path

[0209] 82 Compressor

[0210]

84 Pressure sensor

[0228] The foregoing disclosure has been set forth merely

to illustrate the invention and is not intended to be limiting.

Since modifications of the disclosed embodiments incorpo-

rating the spirit and substance of the invention may occur to
persons skilled in the art, the invention should be construed
to include everything within the scope of the appended

claims and equivalents thereof.
What is claimed is:
1. A thermal system having a plurality of switched states

for a vehicle comprising:

a heat source for heating a high-voltage accumulator;

a cooling circuit connected to the heat source;

a refrigeration circuit;

a high-voltage accumulator (HVA) circuit connected to
the high-voltage accumulator for supplying power to an
electric drivetrain of the vehicle;

a first ambient cooler exchanging heat and connected to
the cooling circuit downstream of the heat source;

a chiller transferring heat from the HVA circuit into the
refrigeration circuit; and

an extended HVA circuit connecting the high-voltage
accumulator and the heat source in series, wherein
a first switched state of the thermal system connects the

HVA circuit downstream and upstream of the heat
source and connects to the extended HVA circuit for
heating the high-voltage accumulator using the heat
source.

2. The thermal system according to claim 1, comprising:

a first actuator disposed downstream of the high-voltage
accumulator and setting the first switched state, com-
prising:

a first switched position in which the HVA circuit is
connected to the cooling circuit upstream of the heat
source; and

a second switched position in which the HVA circuit is
separated from the cooling circuit or is connected
downstream of the heat source.

3. The thermal system according to claim 1, wherein:

the heat source is a component of the electric drivetrain of
the vehicle; and

the heat source is configured for generating additional
heat by trimming in the first switched state.

4. The thermal system according to claim 1, further

comprising:

a second switched state configuring the thermal system
such that:
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the chiller is separated from the cooling circuit; and

the first ambient cooler is separated from the HVA
circuit.

5. The thermal system according to claim 1, further

comprising:

athird switched state configuring the thermal system such
that:
the HVA circuit cools the heat source using the chiller,

the first ambient cooler, or both, and is connected
upstream and downstream of the chiller; and

the heat source, the chiller, and the first ambient cooler
are connected in series, such that:
the heat source is disposed upstream of the chiller;

and
the first ambient cooler is disposed downstream of
the chiller.

6. The thermal system according to claim 5, further

comprising:

a junction is disposed upstream and downstream of the
chiller to configure an HVA branch and a cooler branch,
wherein
the high-voltage accumulator is connected to the HVA

branch;

the heat source and the first ambient cooler are con-
nected to the cooler branch; and

the third switched state connects the HVA branch and
the cooler branch in parallel to cool the high-voltage
accumulator via the first ambient cooler by mixing
coolant from the HVA branch and the cooler branch.

7. The thermal system according to claim 5, further

comprising:

a second actuator disposed upstream of the first ambient
cooler, comprising:

a first switched position in which the heat source is
connected in series with the first ambient cooler and
bypasses the chiller; and

a second switched position in which the heat source, the
chiller, and the ambient cooler are connected in
series, wherein
the third switched state connects the chiller upstream

of the first ambient cooler and downstream of the
heat source.

8. The thermal system according to claim 1, further

comprising:

a fourth switched state configuring the thermal system
such that:
the heat source is connected in parallel with the high-

voltage accumulator and the chiller; and

the chiller is disposed downstream of the first ambient
cooler and upstream of the high-voltage accumula-
tor.

9. The thermal system according to claim 8, further

comprising:

a third actuator disposed upstream of the chiller, com-
prising:

a first switched position in which the high-voltage
accumulator is not connected in series with the first
ambient cooler; and

a second switched position in which the first ambient
cooler, the chiller, and the high-voltage accumulator
are connected in series, wherein
the fourth switched state connects the chiller down-

stream of the first ambient cooler and upstream of
the high-voltage accumulator.
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10. The thermal system according to claim 1, further

comprising:

a cooler junction disposed downstream of the first ambi-
ent cooler from which an LT branch and an HT branch
extend; and

a second ambient cooler connected to the LT branch
upstream of the HVA circuit, wherein:
the HT branch supplies coolant for the heat source; and
the LT branch is connected to the HVA circuit down-

stream of the chiller.

11. The thermal system according to claim 1, further

comprising:

a heating circuit connected to a heating heat exchanger for
heating cabin air for the vehicle; and

a condenser connected with the refrigeration circuit and
the chiller forms a heat pump connected to the heating
circuit, the heat pump transmitting heat from the chiller
to the heating circuit, wherein
the condenser, the heating heat exchanger, and the first

ambient cooler are connected in series.

12. The thermal system according to claim 11, further

comprising:

a fourth actuator, comprising:

a first switched position in which the heating circuit for
heating the cabin air is separated from the cooling
circuit; and

a second switched position in which the heating circuit
for dissipating heat from the heating circuit is con-
nected to the cooling circuit.

13. The thermal system according to claim 11, further

comprising:

a heating circuit booster heater to feed additional heat into
the heating circuit, wherein
the heating circuit booster heater is disposed in the

heating circuit downstream of the condenser and
upstream of the heating heat exchanger.

14. The thermal system according to claim 1, further

comprising:

an HVA booster heater to feed additional heat into the
HVA circuit, wherein
the HVA booster heater is disposed in the HVA circuit

downstream of the high-voltage accumulator and
upstream of the chiller.

15. The thermal system according to claim 1, further

comprising:

an HVA check valve disposed downstream of the high-
voltage accumulator for blocking the high-voltage
accumulator on both sides in the event of a defect; and

an HVA shut-off valve disposed upstream of the high-
voltage accumulator and which is closed in a non-
energized state.

16. An electric or hybrid vehicle having a thermal system

according to claim 1.

17. The thermal system according to claim 1, wherein

during a heating demand for the high-voltage accumula-
tor:

the first switched state is set;

a first HVA heating operation for which an HVA pump
in the HVA circuit is activated; and

the high-voltage accumulator is heated by exhaust heat
from the heat source.

18. The thermal system according to claim 17, wherein:

the heat source is a component of an electric drivetrain of
the vehicle;
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during a heating demand for the high-voltage accumula-
tor:
the first switched state is set; and
the heat source is trimmed to generate exhaust heat that

heats the high-voltage accumulator.

19. The thermal system according to claim 17, further

comprising:

a second switched state set during a heat demand for the
high-voltage accumulator or during a cooling demand
for the heat source, or both, the second switched state
configuring the thermal system such that:
the HVA circuit and the cooling circuit are mutually

separated;
the chiller is separated from the cooling circuit; and
the first ambient cooler is separated from the HVA
circuit, wherein
the second switched state sets at least one operation
mode selected from the group consisting of:

a first HVA cooling operation in which the chiller
is activated and coolant is conveyed in the HVA
circuit to cool the high-voltage accumulator by
the heat source;

a homogenization operation deactivating the
chiller and conveying coolant in the HVA cir-
cuit such that a temperature spread within the
high-voltage accumulator is reduced;

a second HVA temperature-controlling operation
activating an HVA booster heater in the HVA
circuit and conveying coolant in the HVA cir-
cuit such that the high-voltage accumulator is
heated; and

a first heat source cooling operation in which
exhaust heat from the heat source is discharged
to the cooling circuit.

20. The thermal system according to claim 17, further

comprising:
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a third switched state set during a cooling demand for the
high-voltage accumulator or for the heat source, or
both, the third switched state configuring the thermal
system such that:
the heat source, the chiller, and the first ambient cooler

are connected in series;
the heat source is disposed upstream of the chiller; and
the first ambient cooler is disposed downstream of the
chiller, wherein
the third switched state sets at least one operation
mode selected from the group consisting of:

a second HVA cooling operation in which coolant
is conveyed in the HVA circuit as well as in the
cooling circuit and the coolant in the cooling
circuit is cooled and mixed with the coolant in
the HVA circuit such that the high-voltage accu-
mulator is cooled indirectly by way of the
cooling circuit; and

a second heat source cooling operation in which
the heat source is cooled by means of the chiller.

21. The thermal system according to claim 17, further

comprising:
a fourth switched state set during a cooling demand for the
high-voltage accumulator, the fourth switched state
configuring the thermal system such that:
the heat source is connected in parallel with the high-
voltage accumulator and the chiller;

the chiller is disposed upstream of the first ambient
cooler and downstream of the high-voltage accumu-
lator; and

a third HVA cooling operation cools the high-voltage
accumulator via the chiller and the cooling circuit, or
only via the cooling circuit.
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