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(54) A VEHICLE POWER SUPPLY SYSTEM

(57) A vehicle power supply system (10) configured
for providing redundant high-voltage and low-voltage
power supply for an electric vehicle (1) or a hybrid-electric
vehicle. The power supply system comprises a first
high-voltage battery unit (4a) having a positive terminal
(11) and a negative terminal (12), wherein the positive
terminal (11) is connected to a positive power distribution
arrangement (20a). The system further comprises a sec-
ond high-voltage battery unit (4b) having a positive ter-
minal (14) and a negative terminal (15), wherein the pos-
itive terminal (14) is connected to the negative terminal
(12) of the first high-voltage battery unit (4a) via an inter-
mediate power distribution arrangement (16), and where-
in the negative terminal (15) is connected to a negative
power distribution arrangement (20b). Moreover, the sys-
tem comprises a first bypass line (13) connecting the
positive power distribution arrangement (20a) with the
intermediate power distribution arrangement (16), and a
second bypass line (25) connecting the negative power
distribution arrangement (20b) with the intermediate
power distribution arrangement (16), wherein the first by-
pass line (13) includes a first circuit breaker (17), and
wherein the second bypass line (25) includes a second
circuit breaker (26). The system further comprises a first
DC/DC converter (31) connected to the positive and neg-
ative power distribution arrangements (20a, 20b) and
configured for providing a first low-voltage DC output
(30), and a second DC/DC converter (32) connected to
the positive and negative power distribution arrange-

ments (20a, 20b) and configured for providing a second
low-voltage DC output (33). Moreover, the system com-
prises a first main contactor (21) connected to the positive
power distribution arrangement (20a) and a second main
contactor (22) connected to the negative power distribu-
tion arrangement (20b), wherein the first and second
main contactors (21, 22) in engaged state are configured
for connecting the first and second high-voltage battery
units (4a, 4b) with a first high-voltage DC output (35), and
in disengaged state configured for disconnecting the first
and second high-voltage battery unit (4a, 4b) from the
first high-voltage DC output (35). Finally, the system also
comprises a third main contactor (23) connected to the
positive power distribution arrangement (20a) and a
fourth main contactor (24) connected to the negative
power distribution arrangement (20b), wherein the third
and fourth main contactors (23, 24) in engaged state are
configured for connecting the first and second high-volt-
age battery units (4a, 4b) with a second high-voltage DC
output (36), and in disengaged state configured for dis-
connecting the first and second high-voltage battery units
(4a, 4b) from the second high-voltage DC output (36).
Moreover, the disclosure also relates to a method for
supplying redundant high-voltage and low-voltage elec-
trical power to an electric vehicle by a power supply sys-
tem as described above.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a vehicle pow-
er supply system and a method for supplying redundant
high-voltage and low-voltage electrical power to an elec-
tric vehicle or a hybrid-electric vehicle.
[0002] The system and method according to the dis-
closure can for example be arranged or implemented in
an electric vehicle or hybrid-electric vehicle. Moreover,
even if the system and method according to the disclo-
sure will be described primarily in relation to a car, the
system and method are not restricted to this particular
vehicle, but may alternatively be installed or implemented
in another type of vehicle where a highly redundant power
supply system is desirable, such as a truck, a bus, a rail
vehicle, a flying vehicle, a marine vessel, an off-road ve-
hicle, a mining vehicle, an agriculture vehicle, a working
vehicle such as a wheel loader or excavator, a forest
vehicle such as harvesters or forwarders, a motorcycle
or the like.

BACKGROUND

[0003] In the field of vehicle power supply system con-
figured for providing redundant high-voltage and low-
voltage power supply for an electric vehicle, there is a
continuous demand for improved power supply reliability
in combination with low overall vehicle cost-efficiency
and low vehicle weight.
[0004] For example, document DE 10 2011 011 798
A1 shows a redundant vehicle power supply system for
redundant high-voltage and low-voltage power supply for
an electric vehicle. However, although this vehicle power
supply system provides a certain level of redundancy in
terms of the power supply, there is still a demand for
further improved power supply reliability in combination
with low overall vehicle cost-efficiency and low vehicle
weight.

SUMMARY

[0005] An object of the present disclosure is to provide
a vehicle power supply system and method for supplying
redundant high-voltage and low-voltage electrical power
to an electric vehicle or a hybrid-electric vehicle, where
the previously mentioned problems are avoided. This ob-
ject is at least partly achieved by the features of the in-
dependent claims.
[0006] According to a first aspect of the present disclo-
sure, there is provided a vehicle power supply system
configured for providing redundant high-voltage and low-
voltage power supply for an electric vehicle or a hybrid-
electric vehicle. The power supply system comprises a
first high-voltage battery unit having a positive terminal
and a negative terminal, wherein the positive terminal is
connected to a positive power distribution arrangement.

The power supply system further comprises a second
high-voltage battery unit having a positive terminal and
a negative terminal, wherein the positive terminal is con-
nected to the negative terminal of the first high-voltage
battery unit via an intermediate power distribution ar-
rangement, and wherein the negative terminal is con-
nected to a negative power distribution arrangement. The
power supply system further comprises a first bypass line
connecting the positive power distribution arrangement
with the intermediate power distribution arrangement,
and a second bypass line connecting the negative power
distribution arrangement with the intermediate power dis-
tribution arrangement, wherein the first bypass line in-
cludes a first circuit breaker, and wherein the second
bypass line includes a second circuit breaker. The power
supply system additionally comprises a first DC/DC con-
verter connected to the positive and negative power dis-
tribution arrangements and configured for providing a first
low-voltage DC output, and a second DC/DC converter
connected to the positive and negative power distribution
arrangements and configured for providing a second low-
voltage DC output. Moreover, the power supply system
comprises a first main contactor connected to the positive
power distribution arrangement and a second main con-
tactor connected to the negative power distribution ar-
rangement, wherein the first and second main contactors
in engaged state are configured for connecting the first
and second high-voltage battery units with a first high-
voltage DC output, and in disengaged state configured
for disconnecting the first and second high-voltage bat-
tery units from the first high-voltage DC output. Finally,
the power supply system additionally comprises a third
main contactor connected to the positive power distribu-
tion arrangement and a fourth main contactor connected
to the negative power distribution arrangement, wherein
the third and fourth main contactors in engaged state are
configured for connecting the first and second high-volt-
age battery units with a second high-voltage DC output,
and in disengaged state configured for disconnecting the
first and second high-voltage battery units from the sec-
ond high-voltage DC output.
[0007] According to a second aspect of the present
disclosure, there is provided a method for supplying re-
dundant high-voltage and low-voltage electrical power to
an electric vehicle or a hybrid-electric vehicle. The meth-
od comprises a first step of providing first and second
series connected high-voltage battery units mutually in-
terconnected via an intermediate power distribution ar-
rangement and connected to a positive power distribution
arrangement and a negative power distribution arrange-
ment, providing a first bypass line including a first circuit
breaker, wherein the first bypass line is connected to the
positive power distribution arrangement and to the inter-
mediate power distribution arrangement, and providing
a second bypass line including a second circuit breaker,
wherein the second bypass line is connected to the neg-
ative power distribution arrangement and to the interme-
diate power distribution arrangement. The method fur-
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ther comprises a second step of supplying low-voltage
DC at a first low-voltage DC output via a first DC/DC
converter that is connected to the positive and negative
power distribution arrangements and/or supplying low-
voltage DC at a second low-voltage DC output via a sec-
ond DC/DC converter that is connected to the positive
and negative power distribution arrangements, and sup-
plying high-voltage DC at a first high-voltage DC output
via first and second main contactors that are connected
to the positive and negative power distribution arrange-
ments and/or supplying high-voltage DC at a second
high-voltage DC output via third and fourth main contac-
tors that are connected to the positive and negative power
distribution arrangements.
[0008] In this way, several desirable technical effects
are obtained. For example, by having a first and second
series connected high-voltage battery units, each con-
nected in parallel with a bypass line with a circuit breaker,
any one of the first and second battery units may be in-
dividually bypassed, and thus effectively disconnected
and isolated from the power supply system, in case of
failure of the first or second battery unit, for example due
to energy storage failure, capacity degradation, high-im-
pedance, etc. As a result, electrical power may still be
supplied despite an eventual failure of one of the first and
second battery units.
[0009] Moreover, the series connection of the first and
second battery unit enables a relatively high-voltage out-
put in combination with low weight and low cost. For ex-
ample, if each of the first and second battery unit have a
nominal voltage output of for example approximately 400
Volt (V), the series connected battery units provide an
output voltage of approximately 800 V, thereby enabling
relatively high output power level and high charging pow-
er level. Furthermore, by designing the power supply sys-
tem around merely two series connected battery units, a
relatively low total weight and low total cost can be ac-
complished compared to conventional power supply sys-
tems that include multiple parallel connected battery
units.
[0010] Moreover, a short-circuit of one of the battery
units can generally be better handled by two series con-
nected battery units than two parallel connected battery
units, because two series connected batteries do not ex-
hibit the current rush typically caused by battery short
circuit when arranged in a parallel configuration.
[0011] Furthermore, by having the first and second
high-voltage battery units and first and second bypass
lines be connected to the positive and negative power
distribution arrangement via an intermediate power dis-
tribution arrangement, a single fault, such as for example
terminal connection failure, electrical cable or wire dis-
ruption, conductor insulation fault, or the like, associated
with any of the high-voltage conductors connecting the
first or second battery units with the intermediate power
distribution arrangement and the positive and negative
power distribution arrangement, merely isolates a the
high-voltage battery associated with the single fault. In

other words, the single fault does not result in total power
supply failure, but merely a reduction in high-voltage sup-
ply level, thereby enabling continued power supply with-
out the undesirable increased cost and weight typically
associated with a plurality of parallel connected battery
units.
[0012] In fact, according to some example embodi-
ments, the power supply system according to the disclo-
sure may include not more or less that two high-voltage
battery units for vehicle propulsion purpose.
[0013] The electrical equipment and devices connect-
ed to the first and/or second high-voltage DC output can
for example be configured to handle the reduced voltage
output level of the power supply system caused by by-
pass of one of the first and second battery units.
[0014] In addition, by arranging the first and second
DC/DC converters on the inside of the first to fourth main
contactors, not only redundant low-voltage power supply
is accomplished, but the vehicle power supply system
may also maintain supply of low-voltage power to various
low-voltage consumers supply by means of one or both
of the DC/CD converters even if one or more of the first
to fourth main contactors are set in open state. Conse-
quently, supply of low-voltage power to for example safe-
ty critical consumers, such as vehicle steering or braking
devices, may be kept operating independent from the
operating state of the main contactors, fuses associated
with the main contactors, or high-voltage cables associ-
ated with main contactors.
[0015] To conclude, the vehicle power supply system
according to the disclosure, and associated method,
clearly provide improved power supply reliability in com-
bination with low overall vehicle cost-efficiency and low
vehicle weight.
[0016] Further advantages are achieved by imple-
menting one or several of the features of the dependent
claims.
[0017] In some example embodiments, each of the
positive and negative power distribution arrangements
include one, two, three, four, five or six individual power
distribution units for connecting: the positive terminal of
the first high-voltage battery unit or the negative terminal
of the second high-voltage battery unit, one of the first
and second bypass lines, the first and second DC/DC
converters, one of the first and second main contactors,
and one of the third and fourth main contactors. An in-
creased number of individual and separate power distri-
bution units may when properly interconnected assist in
avoiding a complete failure of the power supply system,
and thus an improvement in terms of reliability.
[0018] According to some example embodiments,
each of the positive and negative power distribution ar-
rangements includes a first power distribution unit joining
a high-voltage cable or conductor connected to or asso-
ciated with the positive terminal of the first high-voltage
battery unit or the negative terminal of the second high-
voltage battery unit, with a high-voltage cable or conduc-
tor connected to or associated with the first DC/DC con-
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verter, and/or a high-voltage cable or conductor connect-
ed to or associated with the first or second main contac-
tors. Thereby, a redundant wiring layout connecting the
first and second high-voltage battery units with dual high-
voltage and low-voltage outputs of the power supply sys-
tem is enabled.
[0019] According to some example embodiments,
each of the positive and negative power distribution ar-
rangements includes a second power distribution unit
joining a high-voltage cable or conductor associated with
the first or second bypass line, with a high-voltage cable
or conductor connected to or associated with the second
DC/DC converter, and/or a high-voltage cable or conduc-
tor connected to or associated with the third or fourth
main contactors. Thereby, a redundant wiring layout con-
necting the first and second high-voltage battery units
with dual high-voltage and low-voltage outputs of the
power supply system is enabled.
[0020] According to some example embodiments,
each of the positive and negative power distribution ar-
rangements includes a third power distribution unit join-
ing a high-voltage cable or conductor connected to or
associated with the first power distribution unit, with a
high-voltage cable or conductor connected to or associ-
ated with the first or second main contactors or a high-
voltage cable or conductor connected to or associated
with the first DC/DC converter. Thereby, a redundant wir-
ing layout connecting the first and second high-voltage
battery units with dual high-voltage and low-voltage out-
puts of the power supply system is enabled.
[0021] According to some example embodiments,
each of the positive and negative power distribution ar-
rangements includes a fourth power distribution unit join-
ing: a high-voltage cable or conductor connected to or
associated with the third power distribution unit, with a
high-voltage cable or conductor connected to or associ-
ated with the second power distribution unit, and with a
high-voltage cable or conductor connected to or associ-
ated with the third or fourth main contactors or a high-
voltage cable or conductor connected to or associated
with the second DC/DC converter. Thereby, a redundant
wiring layout connecting the first and second high-voltage
battery units with dual high-voltage and low-voltage out-
puts of the power supply system is enabled.
[0022] According to some example embodiments,
each of the positive and negative power distribution ar-
rangements includes: a first power distribution unit joining
a high-voltage cable or conductor connected to or asso-
ciated with the first DC/DC converter and a high-voltage
cable or conductor connected to or associated with the
first or second main contactors, and a second power dis-
tribution unit joining a high-voltage cable or conductor
connected to or associated with the second DC/DC con-
verter and a high-voltage cable or conductor connected
to or associated with the third or fourth main contactors.
Thereby, an alternative redundant wiring layout connect-
ing the first and second high-voltage battery units with
dual high-voltage and low-voltage outputs of the power

supply system is enabled.
[0023] According to some example embodiments,
each of the positive and negative power distribution ar-
rangements includes a third power distribution unit join-
ing a high-voltage cable or conductor connected to or
associated with the first power distribution unit and a high-
voltage cable or conductor connected to or associated
with the positive terminal of the first high-voltage battery
unit or the negative terminal of the second high-voltage
battery unit, and a fourth power distribution unit joining a
high-voltage cable or conductor connected to or associ-
ated with the third power distribution unit, a high-voltage
cable or conductor connected to or associated with the
second power distribution unit, and a high-voltage cable
or conductor associated with the first or second bypass
lines. Thereby, a redundant wiring layout connecting the
first and second high-voltage battery units with dual high-
voltage and low-voltage outputs of the power supply sys-
tem is enabled.
[0024] According to some example embodiments, the
vehicle power supply system further comprises a third
circuit breaker connected in series with the first high-volt-
age battery unit and configured for enabling selective
connection and disconnection of the first high-voltage
battery unit from the vehicle power supply system, and
a fourth circuit breaker connected in series with the sec-
ond high-voltage battery unit and configured for enabling
selective connection and disconnection of the second
high-voltage battery unit from the vehicle power supply
system. Thereby, complete isolation of the first or second
battery units is possible.
[0025] According to some example embodiments, the
vehicle power supply system further comprises a first
fuse connected in series with the first or second main
contactors, a second fuse connected in series with the
third or fourth main contactors, a third fuse connected in
series with the first high-voltage battery unit, and a fourth
fuse connected in series with the second high-voltage
battery unit, wherein the first and second fuses have low-
er rated current value than the third and fourth fuses.
Thereby, the risk for complete power loss is reduced.
[0026] According to some example embodiments, the
first fuse has a rated current value differing at least 5%,
specifically at least 10%, and more specifically at least
20%, from the rated current value of the second fuse,
and/or wherein the third fuse has a rated current value
differing at least 5%, specifically at least 10%, and more
specifically at least 20%, from the rated current value of
the fourth fuse. Thereby, the risk for complete power loss
is reduced.
[0027] According to some example embodiments, the
vehicle power supply system further comprises a fifth
fuse connected in series with the first DC/DC converter
and a sixth fuse connected in series with the second
DC/DC converter, wherein the fifth fuse has a rated cur-
rent value differing at least 5%, specifically at least 10%,
and more specifically at least 20%, from the rated current
value of the sixth fuse. Thereby, the risk for complete
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loss of low-voltage output is reduced.
[0028] According to some example embodiments, the
power supply system may be installed within an interior
space of a closed housing, and wherein the first and sec-
ond low-voltage DC outputs and first and second high-
voltage DC outputs are made available for connection
on the outside of the housing. The housing provides im-
proved packing, compactness, and protection of the pow-
er supply system.
[0029] The disclosure further relates to an electrical
drivetrain for a vehicle comprising the vehicle power sup-
ply system as described above, wherein the electrical
drivetrain comprises a first electrical traction motor con-
nected to the first high-voltage DC output via a first power
converter and a second electrical traction motor connect-
ed to the second high-voltage DC output via a second
power converter. Dual electrical traction motors control-
led by individual and separate power converters further
increases the overall operating redundancy of the drive-
train.
[0030] The disclosure further relates to a vehicle com-
prising the electrical drivetrain as described above.
[0031] Further features and advantages of the inven-
tion will become apparent when studying the appended
claims and the following description. The skilled person
in the art realizes that different features of the present
disclosure may be combined to create embodiments oth-
er than those explicitly described hereinabove and below,
without departing from the scope of the present disclo-
sure.

BRIEF DESCRIPTION OF DRAWINGS

[0032] The disclosure will be described in detail in the
following, with reference to the attached drawings, in
which

Fig. 1 shows schematically a side of an example
embodiment of an electric vehicle having
a power supply system according to the
disclosure,

Fig. 2 shows schematically a general layout of an
example embodiment of the power supply
system according to the disclosure,

Fig. 3-6 show schematically various alternative or
modified example embodiments of the
power supply system according to the dis-
closure,

Fig. 7 shows schematically an example embodi-
ment of the layout of the power supply sys-
tem including a more detailed example em-
bodiment of the positive and negative pow-
er distribution arrangements,

Fig. 8 shows schematically a slightly modified

layout of the power supply system of figure
7,

Fig. 9 shows the power supply system of figure
7 in a normal operating setting,

Fig. 10-14 show schematically various alternative or
modified example embodiments of the
power supply system according to the dis-
closure,

Fig. 15 shows an example layout of a powertrain
according to the disclosure, and

Fig. 16 shows the basic steps of a method for sup-
plying redundant high-voltage and low-
voltage DC according to the disclosure.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0033] Various aspects of the disclosure will hereinaf-
ter be described in conjunction with the appended draw-
ings to illustrate and not to limit the disclosure, wherein
like designations denote like elements, and variations of
the described aspects are not restricted to the specifically
shown embodiments, but are applicable on other varia-
tions of the disclosure.
[0034] Figure 1 schematically shows an electric vehi-
cle 1 in form of a car having front wheels 2a, rear wheels
2b, a body with windows 3, and an electrical drivetrain
for vehicle propulsion. The electrical drivetrain may be a
pure electrical drivetrain, i.e. without internal combustion
engine, or a hybrid electrical drivetrain, i.e. including an
internal combustion engine. The vehicle power supply
system according to the disclosure may advantageously
be implemented in the vehicle for providing redundant
high-voltage and low-voltage power supply to the various
electrical consumers of the electric vehicle 1.
[0035] In the schematic illustration of figure 1, only
some basic electrical components of the electrical driv-
etrain are shown, namely a vehicle power supply system
10 including a first high-voltage battery connected in se-
ries with a second high-voltage battery, a front electrical
propulsion motor 5a drivingly connected to the front
wheels 2a and electrically connected to one of the first
and second high-voltage DC outputs of the power supply
system via a high-voltage cable or conductor 7a, and a
rear electrical propulsion motor 5b drivingly connected
to the rear wheels 2b and electrically connected to one
of the first and second high-voltage DC outputs of the
power supply system via a high-voltage cable or conduc-
tor 7b.
[0036] The vehicle power supply system according to
the disclosure is not restricted for implementation in a
vehicle electrical drivetrain as described with reference
to figure 1, but may alternatively be implemented in many
other types of vehicle electrical drivetrains, which differs
considerable in terms of layout and composition from the

7 8 



EP 3 912 843 A1

7

5

10

15

20

25

30

35

40

45

50

55

electrical drivetrain of figure 1. For example, the vehicle
power supply system may be implemented in electrical
drivetrains having merely one electrical propulsion mo-
tor, or electrical drivetrains having two rear wheel elec-
trical propulsion motors and/or two front wheel electrical
propulsion motors, or the like.
[0037] Figure 2 shows a first example embodiment of
the vehicle power supply system 10 configured for pro-
viding redundant high-voltage and low-voltage power
supply for an electric vehicle 1 according to the disclo-
sure. The vehicle power supply system 10 comprises a
first high-voltage battery unit 4a having a positive terminal
11 and a negative terminal 12, wherein the positive ter-
minal 11 is connected to a positive power distribution
arrangement 20a. The vehicle power supply system 10
further comprises a second high-voltage battery unit 4b
having a positive terminal 14 and a negative terminal 15,
wherein the positive terminal 14 is connected to the neg-
ative terminal 12 of the first high-voltage battery unit 4a
via an intermediate power distribution arrangement 16,
and wherein the negative terminal 15 is connected to a
negative power distribution arrangement 20b.
[0038] The vehicle power supply system 10 further
comprises a first bypass line 13 connecting the positive
power distribution arrangement 20a with the intermediate
power distribution arrangement 16, and a second bypass
line 25 connecting the negative power distribution ar-
rangement 20b with the intermediate power distribution
arrangement 16, wherein the first bypass line 13 includes
a first circuit breaker 17, and wherein the second bypass
line 25 includes a second circuit breaker 26.
[0039] The vehicle power supply system 10 further
comprises a first DC/DC converter 31 connected to the
positive and negative power distribution arrangements
20a, 20b and configured for providing a first low-voltage
DC output 30, and a second DC/DC converter 32 con-
nected to the positive and negative power distribution
arrangements 20a, 20b and configured for providing a
second low-voltage DC output 33.
[0040] Moreover, the vehicle power supply system 10
comprises a first main contactor 21 connected to the pos-
itive power distribution arrangement 20a and a second
main contactor 22 connected to the negative power dis-
tribution arrangement 20b, wherein the first and second
main contactors 21, 22 in engaged state are configured
for connecting the first and second high-voltage battery
units 4a, 4b with a first high-voltage DC output 35, and
in disengaged state configured for disconnecting the first
and second high-voltage battery units 4a, 4b from the
first high-voltage DC output 35.
[0041] Finally, the vehicle power supply system 10 also
comprises a third main contactor 23 connected to the
positive power distribution arrangement 20a and a fourth
main contactor 24 connected to the negative power dis-
tribution arrangement 20b, wherein the third and fourth
main contactors 23, 24 in engaged state are configured
for connecting the first and second high-voltage battery
units 4a, 4b with a second high-voltage DC output 36,

and in disengaged state configured for disconnecting the
first and second high-voltage battery units 4a, 4b from
the second high-voltage DC output 36.
[0042] The term "positive power distribution arrange-
ment 20a" and "negative power distribution arrangement
20b" used herein refers to any kind of electrical connec-
tion arrangement for high-voltage power distribution be-
tween the conductors or cables that are connected there-
to, i.e. a high-voltage connection splitter. Each of the pos-
itive and negative power distribution arrangements 20a,
20b may thus for example on one hand consist of a single
multi-way electrical connector, or on the other hand in-
clude a plurality of individual three-way connectors that
are mutually interconnected by means of high-voltage
electrical conductors or cable, or an intermediate design
including one or more individual three-way connectors in
combination with one or more individual four-way, five-
way or six-way connectors, or a plurality of individual four-
way, five-way or six-way connectors, or the like.
[0043] The term "bypass line" used herein refers to
high-voltage electrical conductor, such as a high-voltage
cable. Hence, according to some example embodiments,
the first bypass line 13 may be implemented in form of a
first high-voltage electrical conductor or cable arrange-
ment 42a including the first circuit breaker 17 and being
connected to the positive power distribution arrange-
ments 20a and to the intermediate power distribution ar-
rangement 16, wherein the first circuit breaker 17 selec-
tively sets the first bypass line 13 in conductive state or
non-conductive state. Similarly, according to some ex-
ample embodiments, the second bypass line 25 may be
implemented in form of a second high-voltage electrical
conductor or cable arrangement 42b including the sec-
ond circuit breaker 26 and being connected to the neg-
ative power distribution arrangements 20b and to the in-
termediate power distribution arrangement 16, wherein
the second circuit breaker 26 selectively sets the second
bypass line 25 in conductive state or non-conductive
state.
[0044] Moreover, the term "main contactor" used here-
in has the function of enabling connection and discon-
nection of the high-voltage battery pack of the vehicle
from the remaining part of the electric drivetrain, e.g. elec-
trical motor(s), inverter(s) or the like. The main contactors
are thus typically switched to a closed (connected) stated
upon starting the vehicle and they are typically controlled
to remain in the closed state until the vehicle is shut-off,
when they typically are switched to an open (disconnect-
ed) state.
[0045] The power supply system described above pro-
vide some advantageous aspects in terms of redundant
and reliable power supply, resistance to negative effect
caused by various types of single fault errors, cost-effi-
ciency and relatively low weight.
[0046] First, the dual DC/DC converters 31, 32 provide
redundant low-voltage supply, that will be maintained op-
erational even of one of the first and second DC/DC con-
verters 31, 32 would fail, or even if one of the high-voltage
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conductors or cables 37a, 37b connecting the positive
and negative power distribution arrangements 20a, 20b
with the first DC/DC converter 31 would fail, or even if
one of the high-voltage conductors or cables 38a, 38b
connecting the positive and negative power distribution
arrangements 20a, 20b with the second DC/DC convert-
er 32 would fail.
[0047] In addition, by arranging the first and second
DC/DC converters 31, 32 on the inside of the first to fourth
main contactors 21-24, not only redundant low-voltage
power supply is accomplished, but the vehicle power sup-
ply system 10 may also maintain supply of low-voltage
power to various low-voltage consumers supply by
means of one or both of the DC/CD converters 31, 32
even if one or more of the first to fourth main contactors
21-24 are set in an open state, or if any of the high-voltage
conductors or cables 39a, 39b connecting the positive
and negative power distribution arrangements 20a, 20b
with the first high-voltage DC/DC output 35 would fail, or
if any of the high-voltage conductors or cables 40a, 40b
connecting the positive and negative power distribution
arrangements 20a, 20b with the second high-voltage
DC/DC output 36 would fail, or if one or more fuses (not
showed) associated with any of the first or second high-
voltage DC/DC outputs 35, 36 would blow.
[0048] Consequently, supply of low-voltage power to
for example safety critical consumers, such as vehicle
steering or braking devices, may be kept operating inde-
pendent from the operating state of the main contactors
21-24, single fault(s) relating to the high-voltage conduc-
tors or cables 39a, 39b, 40a, 40b of the first or second
high-voltage DC/DC outputs 35, 36, and blown fuses as-
sociated with the first or second high-voltage DC/DC out-
puts 35, 36.
[0049] Moreover, by having a first high-voltage battery
4a series connected with the second high-voltage battery
4b, in combination with the first bypass line 13 with inte-
grated first circuit breaker 17 being connected in parallel
with the first high-voltage battery 4a, and the second by-
pass line 25 with integrated second circuit breaker 26
being connected in parallel with the second high-voltage
battery 4b, any one of the first and second battery units
4a, 4b may easily be individually bypassed, and thus ef-
fectively disconnected and isolated from the rest of the
power supply system 10, by appropriate setting of the
first and second circuit breakers 17, 26.
[0050] Consequently, if for example the first battery
unit 4a would fail due to for example high impedance or
capacity degradation, the entire power supply is suscep-
tible to complete failure due the series connected first
and second battery units 4a, 4b. However, as a result of
first and second bypass lines 13, 25 with integrated circuit
breakers 17, 26, such a complete failure of the power
supply system 10 may be prevented.
[0051] Specifically, the first circuit breaker 17, which
during normal operating condition is set in open state,
could in such a scenario be controlled to switch to a
closed state, thereby providing a bypass route for elec-

trical current. The current could then flow between the
positive and negative power distribution arrangements
20a, 20b via the second high-voltage battery unit 2b, the
intermediate power distribution arrangement 16, and the
first bypass line 13.
[0052] As a result, electrical power may still be supplied
at the first and second low-voltage DC outputs 30, 33
and first and second high-voltage DC outputs 35, 36 de-
spite failure of one of the first and second battery units
4a, 4b, all while avoiding the undesirable heavy weight
typically associated with redundancy accomplished by
multiple parallel connected battery units.
[0053] In fact, the series connection of the first and
second battery units 4a, 4b may even be advantageous
in terms of output voltage level, because the series con-
nection enables a relatively high-voltage output. For ex-
ample, if each of the first and second battery unit have a
nominal voltage output of about 400 V, the series con-
nected batteries provide a 800 V output level, thereby
enabling relatively high output power level, increased
charging power level and relatively low weight of the high-
power cables due to reduced current level by same power
level, as derived from the equation "Power [Watt] = Volt-
age [V] x Current [I].
[0054] The voltage output level provided between the
positive and negative power distribution arrangements
20a, 20b will be reduced, specifically substantially
halved, upon bypass one of the first and second battery
units 4a, 4b. For handling such reduction in voltage level,
the first and second DC/DC converters 31, 32 may be
configured for automatic adjustment of their operating
setting for compensating for the reduced input voltage to
the first and second DC/DC converters 31, 32, while
maintaining a substantially constant low-voltage output
level. Similarly, the electrical equipment and devices con-
nected to the first and/or second high-voltage DC outputs
35, 36 may be configured to automatically compensate
for the reduced high-voltage output level of the power
supply system 10.
[0055] Moreover, a short-circuit of one of the first and
second battery units 4a, 4b can generally be better han-
dled by two series connected battery units than two par-
allel connected battery units, because two series con-
nected batteries do generally not exhibit the current rush
inherently caused by battery short circuit when arranged
in a parallel configuration. Hence, a short-circuit of one
of the first and second battery units 4a, 4b in the power
supply system according to the disclosure may be over-
come by simply bypassing the short-circuited battery unit,
without need for handling a potentially harmful current
rush through multiple parallel connected battery units.
[0056] Furthermore, by having the first and second
high-voltage battery units 4a, 4b and first and second
bypass lines 13, 25 be connected to the positive and
negative power distribution arrangements 20a, 20b via
an intermediate power distribution arrangement 16, a sin-
gle fault, such as for example terminal connection failure,
electrical cable or wire disruption, conductor insulation
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fault, or the like, associated with any of the high-voltage
conductors 41a, 41b connecting the positive and nega-
tive power distribution arrangements 20a, 20b with the
intermediate power distribution arrangement 16 via the
first or second battery units 4a, 4b, would not result in a
complete loss of high-voltage power, but merely discon-
nection of one of the first and second high-voltage battery
units 4a, 4b, while the other of the first and second high-
voltage battery units 4a, 4b would remain connected with
the first and second high-voltage DC outputs 35, 36 and
the first and second DC/DC converters 31, 32.
[0057] The intermediate power distribution arrange-
ment 16 may according to some example embodiments
be implemented in form of a single high-voltage power
distribution unit, e.g. a high-voltage splitter, having for
example three or four connection interfaces for receiving
and mutually connecting the high-voltage conductors
and/or cables associated with the first and second battery
units 4a, 4b and the first and second bypass lines 13, 25.
Alternatively, the intermediate power distribution ar-
rangement 16 may according to other example embod-
iments be implemented in form of a multiple intercon-
nected individual high-voltage power distribution units,
as describe below with reference to figure 8. In other
words, the intermediate power distribution arrangement
16 may consist of a single high-voltage power distribution
unit, or comprise a plurality of individual connector units,
for mutually connecting the high-voltage conductors 41a,
41b and first and second high-voltage electrical conduc-
tor or cable arrangement 42a, 42b.
[0058] Implementing the intermediate power distribu-
tion arrangement 16 as a single high-voltage power dis-
tribution unit provides the advantage of ensuring proper
bypass connectivity even if one or more of the high-volt-
age conductors or cables 41a, 41b, 42a, 42b connected
thereto exhibit a failure, such as connection failure, elec-
trical cable or wire disruption, conductor insulation fault,
or the like.
[0059] On the other hand, implementing the interme-
diate power distribution arrangement 16 by means of two
or more individual connector units may, if properly ar-
ranged, provide the advantage of ensuring proper bypass
connectivity even if one of said two or more individual
connector units exhibit a failure, such as mechanical or
thermal breakdown, or the like.
[0060] With reference to figure 3, the power supply sys-
tem may according to some example embodiments, in
addition to the power supply system described with ref-
erence to figure 2, be provided with a first precharge relay
43 arranged in parallel with the first or second main con-
tactor 21, 22. The first precharge relay 43 is used, to-
gether with a series connected first precharge resistor
44, to temporarily charge for example a filter capacitor
of a power inverter (not showed) connected to the first
high-voltage DC output 35, to a level of typically 90-98%
of the battery voltage. Thereby, the first and second main
contactors 21, 22 are protected from an excess inrush
current upon closing of the first and second main con-

tactors 21, 22 at start-up of the vehicle.
[0061] Similarly, for the same reason, the power supply
system may additionally be provided with a second pre-
charge relay 45 arranged in parallel with the third or fourth
main contactor 23, 24. The second precharge relay 45
is used, together with a series connected second pre-
charge resistor 46, to temporarily charge for example a
filter capacitor of a power inverter (not showed) connect-
ed to the second high-voltage DC output 36, to a level of
typically 90-98% of the battery voltage. Thereby, the third
and fourth main contactors 23, 24 are protected from an
excess inrush current upon closing of the third and fourth
main contactors 23, 24 at start-up of the vehicle.
[0062] With reference to figure 4, the power supply sys-
tem 10 may according to some example embodiments,
in addition to the power supply system described with
reference to any of figures 2 - 3, be provided with a third
circuit breaker 47 connected in series with the first high-
voltage battery unit 4a and configured for enabling se-
lective connection and disconnection of the first high-volt-
age battery unit 4a from the vehicle power supply system
10, and a fourth circuit breaker 48 connected in series
with the second high-voltage battery unit 4b and config-
ured for enabling selective connection and disconnection
of the second high-voltage battery unit 4b from the vehicle
power supply system 10.
[0063] Specifically, the third circuit breaker 47 may be
arranged anywhere in the high-voltage conductor 41a
connecting the positive power distribution arrangement
20a with the intermediate power distribution arrangement
16, and the fourth circuit breaker 48 may be arranged
anywhere in the high-voltage conductor 41b connecting
the negative power distribution arrangement 20b with the
intermediate power distribution arrangement 16.
[0064] The third and fourth circuit breakers 47, 48 may
be used for properly isolating the first or second battery
unit 4a, 4b from the power supply system, for example
upon a failure of the first or second battery unit 4a, 4b,
such as energy storage failure, capacity degradation,
thermal runaway, etc.
[0065] With reference to figure 5, the power supply sys-
tem 10 may according to some example embodiments,
in addition to the power supply system described with
reference to any of figures 2 - 4, be provided with a first
fuse 51 connected in series with the first or second main
contactor 21,22, a second fuse 52 connected in series
with the third or fourth main contactor 23, 24, a third fuse
53 connected in series with the first high-voltage battery
unit 4a, and a fourth fuse 54 connected in series with the
second high-voltage battery unit 4b, wherein the first and
second fuses 51, 52 have lower rated current value than
the third and fourth fuses 53, 54.
[0066] Specifically, the first fuse 51 may be arranged
in one of the high-voltage conductors or cables 39a, 39b
connecting the positive and negative power distribution
arrangements 20a, 20b with the first high-voltage DC/DC
output 35, and the second fuse 52 may be arranged in
one of the high-voltage conductors or cables 40a, 40b
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connecting the positive and negative power distribution
arrangements 20a, 20b with the second high-voltage
DC/DC output 36.
[0067] More specifically, the first fuse 51 may be ar-
ranged in the high-voltage conductor or cable 39a con-
necting the positive power distribution arrangements 20a
with the first high-voltage DC/DC output 35, and the sec-
ond fuse 52 may be arranged in the high-voltage con-
ductor or cable 40a connecting the positive power distri-
bution arrangements 20a with the second high-voltage
DC/DC output 36. Alternatively, the first fuse 51 may be
arranged in the high-voltage conductor or cable 39b con-
necting the negative power distribution arrangement 20b
with the first high-voltage DC/DC output 35, and the sec-
ond fuse 52 may be arranged in the high-voltage con-
ductor or cable 40b connecting the negative power dis-
tribution arrangement 20b with the second high-voltage
DC/DC output 36.
[0068] Moreover, the third fuse 53 may be arranged
anywhere in the high-voltage conductor 41a connecting
the positive power distribution arrangement 20a with the
intermediate power distribution arrangement 16, and the
fourth fuse 54 may be arranged anywhere in the high-
voltage conductor 41b connecting the negative power
distribution arrangement 20b with the intermediate power
distribution arrangement 16.
[0069] The term "rated current value" means herein
the maximum current that the fuse can continuously con-
duct without interrupting the circuit at a certain ambient
temperature, such as 25 °C.
[0070] The fact that the first and second fuses 51, 52
have lower rated current value than the third and fourth
fuses 53, 54 have among others generally the effect that
a relatively high current, such as an overload current or
short-circuit current or the like, flowing through at least
one of the first and second fuses 51, 52 and through at
least one of the third and fourth fuses 53, 54 generally
results in breaking of one of the first and second fuses
51, 52, while the third and fourth fuses 53, 54 generally
remain intact and operating. This may desirable because
thereby the functionality of the first and second battery
units 4a, 4b is prioritised over supply to one of the first
and second high-voltage DC/DC outputs 35, 36.
[0071] In other words, be selecting first and second
fuses 51, 52 to have lower rated current value than the
third and fourth fuses 53, 54, one or both of the first and
second fuses 51, 52 are generally blown before the third
and/or fourth fuses 53, 54, thereby avoiding a complete
failure of the power supply system, because the first and
second DC/DC converters 31, 32 may then remain func-
tional for ensuring maintained power supply to any safety
critical low-voltage consumer, such as steering or brak-
ing. Hence, even if the propulsion part of the power supply
system 10 would fail, the safety critical low-voltage con-
sumer would still be maintained operational.
[0072] A short-circuit current flowing through at least
one of the first and second fuses 51, 52 and through the
third and fourth fuses 53, 54 may for example occur in

case of undesired short-circuit contact between the pos-
itive terminal of first high-voltage DC/DC output 35 or a
high-voltage conductors or cables connected thereto and
the negative terminal of the second high-voltage DC/DC
output 36 or a high-voltage conductors or cables con-
nected thereto.
[0073] According to some example embodiments,
each of the first and second fuses 51, 52 has at least 5%,
specifically at least 10%, lower rated current value than
each of the third and fourth fuses 53, 54. Thereby, the
functionality of the first and second battery units 4a, 4b
are prioritised over supply to one of the first and second
high-voltage DC/DC outputs 35, 36.
[0074] Furthermore, according to some example em-
bodiments, the first fuse 51 has a rated current value
differing at least 5%, specifically at least 10%, and more
specifically at least 20%, from the rated current value of
the second fuse 52. Thereby, the risk that both the first
and second fuses 51, 52 blow essentially simultaneously
may be reduced, in the event of an over current or short-
circuit current would happen to flow through both the first
and second fuses 51, 52 simultaneously. Consequently,
the difference in rated current value between the first and
second fuses 51, 52 essentially improves the likelihood
that at least one of said first and second fuses 51, 52
remain intact in case of over current or short-circuit cur-
rent, such that at least one of the first and second high-
voltage DC/DC outputs 35, 36 may remain operational.
[0075] Furthermore, according to some example em-
bodiments, the third fuse 53 has a rated current value
differing at least 5%, specifically at least 10%, and more
specifically at least 20%, from the rated current value of
the fourth fuse 54. Thereby, the risk that both the third
and fourth fuses 53, 54 blow essentially simultaneously
may be reduced, in the event of an over current or short-
circuit current would happen to flow through both the third
and fourth fuses 51, 52 simultaneously. Consequently,
the difference in rated current value between the third
and fourth fuses 53, 54 essentially improves the likeli-
hood that at least one of said third and fourth fuses 53,
54 remain intact in case of over current or short-circuit
current, such that at least one of the first and second
battery units 4a, 4b may remain connected and opera-
tional.
[0076] With reference to figure 6, the power supply sys-
tem 10 may according to some example embodiments,
in addition to the power supply system described with
reference to any of figures 2 - 5, be provided with a fifth
fuse 55 connected in series with the first DC/DC converter
31 and a sixth fuse 56 connected in series with the second
DC/DC converter 32, wherein the fifth fuse 55 has a rated
current value differing at least 5%, specifically at least
10%, and more specifically at least 20%, from the rated
current value of the sixth fuse 56. As described above,
the setup with differing rated current values between the
fifth and sixth fuses 55, 56 results in reduced risk that
both the fifth and sixth fuses 55, 56 blow essentially si-
multaneously, in the event of an over current or short-
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circuit current would happen to flow through both the fifth
and sixth fuses 55, 56 simultaneously. Consequently, the
difference in rated current value between the fifth and
sixth fuses 55, 56 essentially improves the likelihood that
at least one of first and second DC/DC converters 31, 32
may remain operational.
[0077] With reference to figure 7, each of the positive
and negative power distribution arrangements 20a, 20b
described above with reference to any of figures 2 - 6
may include four individual power distribution units for
connecting the positive terminal 11 of the first high-volt-
age battery unit 4a or the negative terminal 15 of the
second high-voltage battery unit 4b, one of the first and
second bypass lines 13, 25, the first and second DC/DC
converters 31, 32, one of the first and second main con-
tactors 21, 22, and one of the third and fourth main con-
tactors 23, 24. Thereby, the risk for total power supply
failure due to a single fault is even further reduced, be-
cause failure of a single individual power distribution units
may with proper mutual connection merely result in loss
of one or a few of the first and second low-voltage DC
outputs 30, 33 and first and second high-voltage DC out-
puts 35, 36, such that the power supply system at least
partly remain operational.
[0078] Specifically, with reference to figure 7, the pos-
itive power distribution arrangement 20a may according
to some example embodiments include a first power dis-
tribution unit 61 a joining a high-voltage cable or conduc-
tor 57a connected to or associated with the positive ter-
minal 11 of the first high-voltage battery unit 4a and a
high-voltage cable or conductor 37a connected to or as-
sociated with the first DC/DC converter 31.
[0079] Similarly, the negative power distribution ar-
rangement 20b may according to some example embod-
iments include a first power distribution unit 61b joining
a high-voltage cable or conductor 57b connected to or
associated with the negative terminal 15 of the second
high-voltage battery unit 4b, and a high-voltage cable or
conductor 37b connected to or associated with the first
DC/DC converter 31.
[0080] Furthermore, the positive power distribution ar-
rangement 20a may according to some example embod-
iments include a second power distribution unit 62a join-
ing a high-voltage cable or conductor 42a associated with
the first bypass line 13, and a high-voltage cable or con-
ductor 38a connected to or associated with the second
DC/DC converter 32.
[0081] Similarly, the negative positive power distribu-
tion arrangement 20b may according to some example
embodiments include a second power distribution unit
62b joining a high-voltage cable or conductor 42b asso-
ciated with the second bypass line 25, and a high-voltage
cable or conductor 38b connected to or associated with
the second DC/DC converter 32.
[0082] Furthermore, the positive power distribution ar-
rangement 20a may according to some example embod-
iments include a third power distribution unit 63a joining
a high-voltage cable or conductor 58a connected to or

associated with the first power distribution unit 61a, and
a high-voltage cable or conductor 39a connected to or
associated with the first main contactor 21.
[0083] Furthermore, the negative power distribution ar-
rangement 20b may according to some example embod-
iments include a third power distribution unit 63b joining:
a high-voltage cable or conductor 58b connected to or
associated with the first power distribution unit 61 b, a
high-voltage cable or conductor 39b connected to or as-
sociated with the second main contactor 22.
[0084] Furthermore, the positive power distribution ar-
rangement 20a may according to some example embod-
iments include a fourth power distribution unit 64a joining
a high-voltage cable or conductor 59a connected to or
associated with the third power distribution unit 63a, a
high-voltage cable or conductor 65a connected to or as-
sociated with the second power distribution unit 62a, and
a high-voltage cable or conductor 40a connected to or
associated with the third main contactor 23.
[0085] Furthermore, the negative power distribution ar-
rangement 20b may according to some example embod-
iments include a fourth power distribution unit 64b joining
a high-voltage cable or conductor 59b connected to or
associated with the third power distribution unit 63b, a
high-voltage cable or conductor 65b connected to or as-
sociated with the second power distribution unit 62b, and
a high-voltage cable or conductor 40b connected to or
associated with the fourth main contactor 24.
[0086] Figure 8 schematically shows a power supply
system essentially similar to that described with refer-
ence to figure 7, but with slightly different symbols for
reflecting some special features of some of the various
electrical components. For example, the power supply
system may according to some example embodiments
be installed within an interior space 66 of a closed hous-
ing 67, and wherein the first and second low-voltage DC
outputs 30, 33 and first and second high-voltage DC out-
puts 35, 36 are made available for connection on the
outside of the housing 67. Having the power supply sys-
tem installed within a housing enables good packing and
compactness of the power supply system 10, as well as
improved protection of the electrical components of the
power supply system 10. Moreover, the housing also sim-
plifies preassembly and transportation of the housing
with integrated power supply system 10, thereby simpli-
fying final assembly of the vehicle.
[0087] After installation of the housing with integrated
power supply system 10 in the vehicle, attachments of
low-voltage and high-voltage conductors or cables to the
first and second low-voltage DC outputs 30, 33 and first
and second high-voltage DC outputs 35, 36, respectively,
may easily be performed via terminals of the first and
second low-voltage DC outputs 30, 33 and first and sec-
ond high-voltage DC outputs 35, 36 arranged accessible
on the outside of the housing 67.
[0088] The housing 67 may for example be manufac-
tured in a plastic or metallic material and may include the
power supply system as described with reference to any
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the example embodiments of figures 2 - 7. Moreover, the
housing 67 may be sealed for reducing the risk of water
entering the housing.
[0089] The housing 67 may for example have a rela-
tively flat shape suitable for enabling installation of the
housing under the cabin floor or trunk floor of the vehicle,
or an elongated narrow shape suitable for enabling in-
stallation of the housing in the centre and along a longi-
tudinal direction of the vehicle.
[0090] Furthermore, figures 7 and 8 schematically
shows an example embodiment of the power supply sys-
tem, in which each of the first to fourth power distribution
units 61a-64a, 61b-64b are embodied as an individual
three-way connector, i.e. where each of the positive and
negative power distribution arrangements 20a, 20b in-
clude four high-voltage three-way splitters each having
three connection interfaces for receiving and mutually
connecting three high-voltage conductors and/or high-
voltage cables. The same may apply to the power supply
systems described below with reference to figures 9, 10,
14 and 15.
[0091] As briefly mentioned above, according to some
example embodiments, the intermediate power distribu-
tion arrangement 16 may optionally be implemented in
form of a multiple interconnected individual high-voltage
power distribution units 16a, 16b, as schematically illus-
trated in figure 8. This arrangement may in certain situ-
ations further increase handling of single faults. For ex-
ample, if the intermediate power distribution arrange-
ment 16 would be designed as single high-voltage power
distribution unit 16, e.g. a single high-voltage splitter, hav-
ing for example three connection interfaces for receiving
and mutually connecting the high-voltage conductors
and/or cables associated with the first and second battery
units 4a, 4b and the first and second bypass lines 13, 25,
there might be a certain risk for failure of the this single
high-voltage power distribution unit 16, for example due
to mechanical or thermal failure, or the like, that could
result in complete failure of this single high-voltage power
distribution unit 16. Since the intermediate power distri-
bution arrangement 16 is connected to both the first and
second battery units 4a, 4b, as well as to the first and
second bypass lines 13, 25, a single fault resulting in
failure of this unit may completely shut down the power
supply system.
[0092] However, if the intermediate power distribution
arrangement 16 instead is implemented in form of for
example a first and second interconnected individual
high-voltage power distribution units 16a, 16b, as sche-
matically illustrated in figure 8, wherein the first interme-
diate distribution unit 16a connects a high-voltage con-
ductor or cable 41a associated with the first battery unit
4a, the second high-voltage electrical conductor or cable
arrangement 42b associated with the second bypass line
25, and an intermediate high-voltage conductor or cable
70 interconnecting the first and second intermediate
high-voltage power distribution units 16a, 16b, and
wherein the second intermediate distribution unit 16b

connects a high-voltage conductor or cable 41b associ-
ated with the second battery unit 4b, the first high-voltage
electrical conductor or cable arrangement 42a associat-
ed with the first bypass line 13, and the intermediate high-
voltage conductor or cable 70 interconnecting the first
and second intermediate high-voltage power distribution
units 16a, 16b, a single fault of one of the first and second
intermediate high-voltage power distribution units 16a,
16b will not result in completely shut down the power
supply system, because the other intermediate high-volt-
age power distribution unit 16a, 16b would still be intact
and operational.
[0093] This type of intermediate power distribution ar-
rangement 16 may alternatively be implemented and de-
signed as a single high-voltage power distribution unit 16
having four connection interfaces for receiving and mu-
tually connecting the high-voltage conductors and/or ca-
bles associated with the first and second battery units
4a, 4b and the first and second bypass lines 13, 25.
[0094] Figure 9 shows the setting of the first to fourth
main contactors 21-24, first and second precharge relays
43, 45, and first to fourth circuit breakers 17, 26, 47, 48
in normal operating settings, i.e. when the power supply
system is fully functional and operating in steady state
conditions.
[0095] Normal operating settings involves having each
of the first to fourth main contactors 21-24 is a closed
state, i.e. a conducting state, and each of the first and
second precharge relays 43, 45 in an open state, i.e. a
non-conductive state. Thereby, the power supply system
can supply high-voltage power from the positive and neg-
ative power distribution arrangements 20a, 20b to the
first and second high-voltage DC outputs 35, 36.
[0096] Moreover, normal operating settings further in-
volves having each of the first and second circuit breakers
17, 26 in an open state, because there is no need for
bypassing of any of the first and second battery units 4a,
4b via the first or second bypass lines 13, 25.
[0097] In addition, normal operating settings further in-
volves having each of the third and fourth circuit breakers
47, 48 in a closed state, because both the first and second
battery units 4a, 4b are functional and there is no need
for bypassing any of the first and second battery units
4a, 4b via the first or second bypass lines 13, 25.
[0098] If for example the first battery unit 4a would fail
and exhibit infinite impedance (open circuit), or if the third
circuit breaker 47 would fail, or if the high-voltage con-
ductor 41a connecting the positive power distribution ar-
rangement 20a with the intermediate power distribution
arrangement 16 would fail, then the first circuit breaker
17 would be controlled to close for enabling current to
flow along the first bypass line 13 instead of via the first
battery unit 4a.
[0099] If on the other hand the first battery unit 4a would
suffer from capacity degradation, or thermal runaway, or
for avoiding over discharge or over charge of the first
battery unit 4a, or the like, the first circuit breaker 17 would
be controlled to close for providing said first bypass line
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13, and the third circuit breaker 47 would be controlled
to open, thereby isolating the first battery unit 4a from an
active part of the power supply system.
[0100] In all of these failure scenarios, each of the first
and second low-voltage DC outputs 30, 33 would uphold
supply of low-voltage DC power, as before, and each of
the first and second high-voltage DC outputs 35, 36 would
uphold supply of high-voltage DC output, but with a re-
duced voltage level.
[0101] If on the other hand the first DC/DC converter
31 would fail, or any of the high-voltage conductors or
cables 37a, 37b connecting the positive and negative
power distribution arrangements 20a, 20b with the first
DC/DC converter 31 would fail, the first to fourth main
contactors 21-24, first and second precharge relays 43,
45, and first to fourth circuit breakers 17, 26, 47, 48 would
simply remain in normal operating settings, and the sec-
ond low-voltage DC output 33 would uphold supply of
low-voltage DC power, while each of the first and second
high-voltage DC outputs 35, 36 would uphold supply of
high-voltage DC output with constant high-voltage level.
[0102] If on the other hand any of the first or second
man contactors 21, 22 would fail, or if any of the high-
voltage conductors or cables 39a, 39b connecting the
positive and negative power distribution arrangements
20a, 20b with the first high-voltage DC/DC output 35
would fail, the third and fourth main contactors 23, 24,
first and second precharge relays 43, 45, and first to
fourth circuit breakers 17, 26, 47, 48 would simply remain
in normal operating settings, and both the first and sec-
ond low-voltage DC outputs 30, 33 would uphold supply
of low-voltage DC power, while the second high-voltage
DC output 36 would uphold supply of high-voltage DC
output with constant high-voltage level.
[0103] If for example the first power distribution unit
61a would fail, the first DC/DC converter 31 would lose
supply of high-voltage power, and the first battery unit 4a
would lose connection to the positive power distribution
arrangements 20a via the high-voltage cable or conduc-
tor 57a connected to or associated with the positive ter-
minal 11 of the first high-voltage battery unit 4a. The
would cause a controller of the power supply system to
close circuit breaker 17 for enabling current to flow along
the first bypass line 13 instead of via the first battery unit
4a, such that the second DC/DC converter 32 would re-
main functional and supply electrical power at the second
low-voltage DC output 33, while each of the first and sec-
ond high-voltage DC outputs 35, 36 would uphold supply
of high-voltage DC output but with reduced voltage level
due to bypass of the first battery unit 4a.
[0104] If instead the high-voltage cable or conductor
58a connected to or associated with the first power dis-
tribution unit 61a, 61b would fail, the same scenario would
occur, differing only in that also the first DC/DC converter
31 would remain functional and supply electrical power
at the first low-voltage DC output 30.
[0105] If for example the second power distribution unit
62a would fail, the second DC/DC converter 32 would

lose supply of high-voltage power, but the first to fourth
main contactors 21-24, first and second precharge relays
43, 45, and first to fourth circuit breakers 17, 26, 47, 48
would simply remain in normal operating settings, and
the first DC/DC converter 31 would remain functional and
provide power at the first low-voltage DC output 30, while
both high-voltage DC outputs 35, 36 would uphold supply
of high-voltage DC output with constant high-voltage lev-
el. The same applies if the high-voltage cable or conduc-
tor 65a connected to or associated with the second power
distribution unit 62a would fail.
[0106] If for example the third power distribution unit
63a would fail, the first high-voltage DC output would lose
supply of high-voltage power, but the first DC/DC con-
verter 31 would still receive high-voltage power from the
series connected first and second high-voltage battery
units 4a, 4b. Moreover, the controller would control the
first circuit breaker 17 to close, thereby providing reduced
level high-voltage power to the second DC/DC converter
32 and the second high-voltage DC output 36.
[0107] If instead the high-voltage cable or conductor
59a connected to or associated with the third power dis-
tribution unit 63a would fail, the same scenario would
occur, differing only in that also the first high-voltage DC
output 35 would enable supply of high-voltage DC power.
[0108] If instead for example the fourth power distribu-
tion unit 64a would fail, the second high-voltage DC out-
put would lose supply of high-voltage power, but the first
high-voltage DC output 35 and the first DC/DC converter
31 would still receive high-voltage power from the series
connected first and second high-voltage battery units 4a,
4b. Moreover, the controller would control the first circuit
breaker 17 to close, thereby providing reduced level high-
voltage power to the second DC/DC converter 32.
[0109] Many alternative configurations of the power
supply system is possible. For example, as schematically
illustrated in figure 10, the attachment location of the first
and second high-voltage DC outputs 35, 35 at the positive
and negative power distribution arrangements 20a, 20b
may be switched with the attachment locations of the first
and second DC/DC converters 31, 32 at said positive
and negative power distribution arrangements 20a, 20b.
[0110] In other words, each of the positive and negative
power distribution arrangements 20a, 20b includes a first
power distribution unit 6a, 61b joining a high-voltage ca-
ble or conductor 57a, 57b connected to or associated
with the positive terminal 11 of the first high-voltage bat-
tery unit 4a or the negative terminal 15 of the second
high-voltage battery unit 4b, and a high-voltage cable or
conductor 39a, 39b connected to or associated with the
first or second main contactors 21, 22.
[0111] Moreover, with reference to figure 10, each of
the positive and negative power distribution arrange-
ments 20a, 20b includes a second power distribution unit
62a, 62b joining: a high-voltage cable or conductor 38a,
38b associated with the first or second bypass line 13,
25, and a high-voltage cable or conductor 40a, 40b con-
nected to or associated with the third or fourth main con-
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tactors 23, 24.
[0112] Moreover, with reference again to the example
embodiment of figure 10, each of the positive and neg-
ative power distribution arrangements 20a, 20b may in-
clude a third power distribution unit joining 63a, 63b a
high-voltage cable or conductor 58a, 58b connected to
or associated with the first power distribution unit 61a,
61b, and a high-voltage cable or conductor 37a, 37b con-
nected to or associated with the first DC/DC converter 31.
[0113] Moreover, with reference again to the example
embodiment of figure 10, each of the positive and neg-
ative power distribution arrangements 20a, 20b includes
a fourth power distribution unit 64a, 64b joining a high-
voltage cable or conductor 59a, 59b connected to or as-
sociated with the third power distribution unit 63a, 63b,
the high-voltage cable or conductor 65a, 65b connected
to or associated with the second power distribution unit
62a, 62b, and a high-voltage cable or conductor 40a, 40b
connected to or associated with the second DC/DC con-
verter 32.
[0114] The specific layout of the each of the positive
and negative power distribution arrangements 20a, 20b
of the power supply system 10 according to the example
embodiment of figure 10 results in a different internal
power supply priority within the power supply system,
and an advantageous layout may be selected according
to the specific circumstances of each implementation.
[0115] Still a further example embodiment of the power
supply system 10 is described with reference to figure
11, wherein each of the positive and negative power dis-
tribution arrangements 20, 20b includes fewer individual
power distribution units, e.g. at least one four-way indi-
vidual power distribution unit, and in particular two four-
way individual power distribution units.
[0116] More in detail, with reference to figure 11, each
of the positive and negative power distribution arrange-
ments 20a, 20b may according to this example embod-
iment include a first power distribution unit 61a, 61b join-
ing a high-voltage cable or conductor 57a, 57b connected
to or associated with the positive terminal 11 of the first
high-voltage battery unit 4a or the negative terminal 15
of the second high-voltage battery unit 4b, and a high-
voltage cable or conductor 37a, 37b connected to or as-
sociated with the first DC/DC converter 31, and a high-
voltage cable or conductor 39a, 39b connected to or as-
sociated with the first or second main contactors 21, 22.
[0117] Furthermore, each of the positive and negative
power distribution arrangements 20a, 20b may according
to this example embodiment additionally include a sec-
ond power distribution unit joining 62a, 62b joining a high-
voltage cable or conductor 42a, 42b associated with the
first or second bypass line 13, 25, and a high-voltage
cable or conductor 38a, 38b connected to or associated
with the second DC/DC converter 32, and a high-voltage
cable or conductor 40a, 40b connected to or associated
with the third or fourth main contactors 23, 24.
[0118] Consequently, each of the positive and nega-
tive power distribution arrangements 20a, 20b may for

example include two individual four-way connectors 61a,
61b, 62a, 62b.
[0119] Still a further example embodiment of the power
supply system 10 is described with reference to figure
12, wherein each of the positive and negative power dis-
tribution arrangements 20, 20b includes merely a single
individual power distribution unit, such as for example a
six-way individual power distribution unit.
[0120] More in detail, with reference to figure 12, each
of the positive and negative power distribution arrange-
ments 20a, 20b may according to this example embod-
iment include a first power distribution unit 61a, 61b join-
ing a high-voltage cable or conductor 57a, 57b connected
to or associated with the positive terminal 11 of the first
high-voltage battery unit 4a or the negative terminal 15
of the second high-voltage battery unit 4b, and a high-
voltage cable or conductor 37a, 37b connected to or as-
sociated with the first DC/DC converter 31, and a high-
voltage cable or conductor 39a, 39b connected to or as-
sociated with the first or second main contactors 21, 22,
and a high-voltage cable or conductor 42a, 42b associ-
ated with the first or second bypass line 13, 25, and a
high-voltage cable or conductor 38a, 38b connected to
or associated with the second DC/DC converter 32, and
a high-voltage cable or conductor 40a, 40b connected to
or associated with the third or fourth main contactors 23,
24.
[0121] This layout of the positive and negative power
distribution arrangements 20, 20b is less complicated
with fewer individual power distribution units, but may
instead require longer high-voltage cables and being
more susceptible to complete power supply failure in
case of failure of one of the first power distribution units
61a, 61b.
[0122] Still a further example embodiment of the power
supply system 10 is described with reference to figure
13, which shows a power supply layout similar to that
described with reference to figure 7, and differing only in
that positive and negative power distribution arrange-
ments 20, 20 may be connected to even further electrical
high-voltage components of the power supply system,
such as further battery units, battery charging connec-
tors, voltage sensors associated with a power supply sys-
tem micro controller, etc. Hence, the positive and nega-
tive power distribution arrangements 20, 20b may in such
a scenario include even more individual power distribu-
tion units.
[0123] For example, according to some example em-
bodiments, the positive and negative power distribution
arrangements 20a, 20b may additionally include a fifth
power distribution unit 68a, 68b joining a high-voltage
cable or conductor 69a, 69b connected to or associated
with the first power distribution unit 61a, 61b, and a high-
voltage cable or conductor 37a, 37b connected to or as-
sociated with the first DC/DC converter 31 or a high-volt-
age cable or conductor 39a, 39b connected to or asso-
ciated with any of the first and second main contactors
21, 22.
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[0124] Similarly, according to some example embodi-
ments, the positive and negative power distribution ar-
rangements 20a, 20b may additionally include a sixth
power distribution unit 70a, 70b joining a high-voltage
cable or conductor 71a, 71b connected to or associated
with the second power distribution unit 62a, 62b, and a
high-voltage cable or conductor 37a, 37b connected to
or associated with the second DC/DC converter 31 or a
high-voltage cable or conductor 40a, 40b connected to
or associated with any of the third and fourth main con-
tactors 23, 24.
[0125] Figure 14 shows still a further example embod-
iment of the power supply system, that differs from the
power supply system described with reference to figure
7 mainly in terms of the layout and connections of the
positive and negative power distribution arrangements
20a, 20b.
[0126] Specifically, each of the positive and negative
power distribution arrangements 20, 20b includes a first
power distribution unit 61a, 61b joining a high-voltage
cable or conductor 37a, 37b connected to or associated
with the first DC/DC converter 31 and a high-voltage ca-
ble or conductor 39a, 39b connected to or associated
with the first or second main contactors 21, 22.
[0127] Moreover, each of the positive and negative
power distribution arrangements 20, 20b may further in-
clude a second power distribution unit 62a, 62b joining
a high-voltage cable or conductor 38a, 38b connected to
or associated with the second DC/DC converter 32 and
a high-voltage cable or conductor 40a, 40b connected to
or associated with the third or fourth main contactors 23,
24.
[0128] In addition, each of the positive and negative
power distribution arrangements 20a, 20b may further
include a third power distribution unit 63a, 63b joining a
high-voltage cable or conductor 58a, 58b connected to
or associated with the first power distribution unit 61a,
61b and a high-voltage cable or conductor connected
57a, 57b to or associated with the positive terminal 11 of
the first high-voltage battery unit 4a or the negative ter-
minal 15 of the second high-voltage battery unit 4b.
[0129] Furthermore, each of the positive and negative
power distribution arrangements 20a, 20b may further
include a fourth power distribution unit 64a, 64b joining
a high-voltage cable or conductor 59a, 59b connected to
or associated with the third power distribution unit 63a,
63b, and a high-voltage cable or conductor 65a, 65b con-
nected to or associated the second power distribution
unit 62a, 62b, and a high-voltage cable or conductor 42a,
42b associated with the first or second bypass lines 13,
25.
[0130] This specific layout of the each of the positive
and negative power distribution arrangements 20a, 20b
results in still a different internal power supply priority
within the power supply system, and an advantageous
layout may be selected according to the specific circum-
stances of each implementation.
[0131] With reference to figure 15, the disclosure also

relates to an electrical drivetrain 75 for a vehicle com-
prising the vehicle power supply system 10 as described
above. In the example embodiment of the vehicle electric
drivetrain schematically illustrated in figure 15, the elec-
trical drivetrain comprises a first electrical traction motor
5a connected to the first high-voltage DC output 35 via
a first power converter 76, and a second electrical traction
motor 5b connected to the second high-voltage DC out-
put 36 via a second power converter 77.
[0132] The first and second electrical traction motors
5a, 5b may for example be drivingly connected to the
front and rear wheels 2a, 2b, respectively, or to the left
and right rear wheels 2b, respectively, for enabling pos-
itive torque vectoring. Still more alternatively, both the
first and second high-voltage DC outputs 35, 36 may be
drivingly connected to the same electrical traction motor
(not showed) for providing at least redundant power sup-
ply to said electrical traction motor.
[0133] One or both of the first and second electrical
traction motors 5a, 5b may for example be three-phase
AC inductive motor or three-phase AC permanent-mag-
net motor, a servo motor, a DC motor, etc. The first and/or
second power converters 76, 77 may for example be an
inverter for controlling speed of an AC motor, or a DC/DC
power converter for controlling speed of a DC motor.
[0134] With reference to figures 1 and 15, the disclo-
sure also relates to a vehicle 1 comprising an electrical
drivetrain 75 as described above. In particular vehicles
configured for more or less autonomous driving, redun-
dancy in certain safety-critical systems such as braking
and steering may be deemed desirable.
[0135] As schematically illustrated in figure 15, the ve-
hicle 1 may according to some example embodiments
include a fully-redundant system layout having independ-
ent first and second actuators for controlling certain safe-
ty-critical systems, where a second actuator automati-
cally can take over if there is a fault with the first actuator.
[0136] This may for example be implemented by prov-
ing the vehicle 1 with a first electrical power steering mod-
ule 80 connected to the first low-voltage DC output 30
via a first low-voltage distribution network 84, and a sec-
ond electrical power steering module 81 connected to
the second low-voltage DC output 33 via a second low-
voltage distribution network 85, wherein each of the first
and second electrical power steering modules 80, 81 in-
clude an individual steering actuator, such as an electri-
cal motor drivingly connected to the mechanical steering
mechanism of the vehicle, for enabling fully redundant
and autonomous steering assistance.
[0137] As a result, a fail-operational steering function
is provided that enables either a driver or autopilot system
to make a safe stop in the rare case of a single failure
within the electrical power supply system 10 or one of
the first and second electrical power steering modules
80, wherein the fully-redundant system layout enables a
second actuator to take over steering control if there is
a fault with the first steering actuator or lack of a power
supply at the first low-voltage DC output 30.
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[0138] By analogy, the vehicle 1 may according to
some example embodiments include a fully-redundant
braking system layout having independent first and sec-
ond braking actuators, where a second braking actuator
automatically can take over if there is a fault with the first
braking actuator. This may for example be implemented
by proving the vehicle 1 with a first electrical braking mod-
ule 82 connected to the first low-voltage DC output 30,
and a second electrical braking module 83 connected to
the second low-voltage DC output 33, wherein each of
the first and second electrical braking modules 80, 81
include an individual braking actuator for enabling fully
redundant and autonomous vehicle braking assistance.
[0139] Alternatively, the vehicle may include a single
electrical power steering module and/or a single electrical
braking module (not showed), each being connected to
both the first and second low-voltage DC outputs 30, 33
for providing at least redundant power supply to said sin-
gle electrical power steering module and/or a single elec-
trical braking module.
[0140] The term "high-voltage" used herein refers gen-
erally to a voltage level above 60 V, specifically at least
100 V, and more specifically in the range of 150 - 1500
V. The term "low-voltage" used herein refers generally
to a voltage level below 60 V, specifically in the range of
12 - 50 V.
[0141] With reference to figure 16, the disclosure also
relates to a method for supplying redundant high-voltage
and low-voltage electrical power to an electric vehicle or
a hybrid-electric vehicle. The method comprises a first
step S1 of providing first and second series connected
high-voltage battery units 4a, 4b mutually interconnected
via an intermediate power distribution arrangement 16
and connected to a positive power distribution arrange-
ment 20a and a negative power distribution arrangement
20b, providing a first bypass line 13 including a first circuit
breaker 17, wherein the first bypass line 13 is connected
to the positive power distribution arrangement 20a and
to the intermediate power distribution arrangement 16),
and providing a second bypass line 25 including a second
circuit breaker 26, wherein the second bypass line 25 is
connected to the negative power distribution arrange-
ment 20b and to the intermediate power distribution ar-
rangement 16.
[0142] The method further comprises a second step
S2 of supplying low-voltage DC at a first low-voltage DC
output 30 via a first DC/DC converter 31 that is connected
to the positive and negative power distribution arrange-
ments 20a, 20b and/or supplying low-voltage DC at a
second low-voltage DC output 33 via a second DC/DC
converter 32 that is connected to the positive and nega-
tive power distribution arrangements 20a, 20b, and sup-
plying high-voltage DC at a first high-voltage DC output
35 via first and second main contactors 21, 22 that are
connected to the positive and negative power distribution
arrangements 20a, 20b and/or supplying high-voltage
DC at a second high-voltage DC output 36 via third and
fourth main contactors 23, 24 that are connected to the

positive and negative power distribution arrangements
20a, 20b.
[0143] In other words, the method may according to
an example embodiment of the disclosure involve simul-
taneous supply of low-voltage DC at both the first and
second low-voltage DC outputs 30, 33, as well as simul-
taneous supply of high-voltage DC at both the first and
second high-voltage DC outputs 35, 36. This may occur
when the power supply system includes at least two low-
voltage loads that are operated simultaneously and pow-
ered by individual DC/DC converters 31, 32, and at least
two high-voltage loads that are also operated simultane-
ously and connected to individual high-voltage DC out-
puts 35, 36.
[0144] Alternatively, the method may according to a
further example embodiment of the disclosure involve
supply of low-voltage DC by only the first low-voltage DC
output 30, while the second low-voltage DC output 33 is
redundant and set in a passive, mode, and only activated
in case of supply failure by the first low-voltage DC output
30.
[0145] Similarly, the method may according to a further
example embodiment of the disclosure involve supply of
high-voltage DC by only the first high-voltage DC output
35, while the second high-voltage DC output 36 is redun-
dant and set in a passive, mode, and only activated in
case of supply failure by the first high-voltage DC output
30.
[0146] It will be appreciated that the above description
is merely exemplary in nature and is not intended to limit
the present disclosure, its application or uses.
[0147] While specific examples have been described
in the specification and illustrated in the drawings, it will
be understood by those of ordinary skill in the art that
various changes may be made and equivalents may be
substituted for elements thereof without departing from
the scope of the present disclosure.
[0148] In particular, the various features of the different
example embodiments described herein may be com-
bined to provide new combinations of features that are
not explicitly described herein for avoiding a drawn-out
and unconcise disclosure, but nevertheless included in
the scope of the disclosure.
[0149] For example, the features relating to the first
and second precharge relays 43, 45 and associated pre-
charge resistors 44, 46 described with reference to figure
3 may be included or omitted in any of the other example
embodiments described herein, and the features relating
to third and fourth circuit breakers 47, 48 described with
reference to figure 4 may also be included or omitted in
any of the other example embodiments described herein.
By analogy, the features relating to fuse arrangement
including first to fourth fuses 51-54 described with refer-
ence to figure 5, and/or the features relating to fuse ar-
rangement including also fifth and sixth fuses 55, 56 de-
scribed with reference to figure 6 may be included or
omitted in any of the other example embodiments de-
scribed herein. Moreover, the features relating to the lay-
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out of the intermediate power distribution arrangement
16 described with reference to figure 8, and/or the fea-
tures relating to the housing 67 also described with ref-
erence to figure 8, may also be included or omitted in
any of the other example embodiments described herein.
In addition, the features relating to the drivetrain de-
scribed with reference to figure 15 and/or the features
relating to the redundant safety-critical modules 80-83
also described with reference to figure 15, may be includ-
ed or omitted in any of the other example embodiments
described herein.
[0150] Moreover, the disclosure include several differ-
ent embodiments of the positive and negative power dis-
tribution arrangements 20a, 20b, in particular a 1st de-
tailed layout of the positive and negative power distribu-
tion arrangements 20a, 20b described with reference to
figure 7 and figure 8, a 2nd detailed layout of positive and
negative power distribution arrangements 20a, 20b is de-
scribed with reference to figure 10, a 3rd detailed layout
of positive and negative power distribution arrangements
20a, 20b is described with reference to figure 11, a 4th

detailed layout of positive and negative power distribution
arrangements 20a, 20b is described with reference to
figure 12, a 5th detailed layout of positive and negative
power distribution arrangements 20a, 20b is described
with reference to figure 13, and a 6th detailed layout of
positive and negative power distribution arrangements
20a, 20b is described with reference to figure 14. It is
envisaged that any of these various example embodi-
ments of positive and negative power distribution ar-
rangements 20a, 20b may be implemented in the power
supply system described with reference to any of figures
2 - 6 and 15.
[0151] Furthermore, modifications may be made to
adapt a particular situation or material to the teachings
of the present disclosure without departing from the es-
sential scope thereof.
[0152] Therefore, it is intended that the present disclo-
sure not be limited to the particular examples illustrated
by the drawings and described in the specification as the
best mode presently contemplated for carrying out the
teachings of the present disclosure, but that the scope
of the present disclosure will include any embodiments
falling within the foregoing description and the appended
claims. Reference signs mentioned in the claims should
not be seen as limiting the extent of the matter protected
by the claims, and their sole function is to make claims
easier to understand.

Claims

1. A vehicle power supply system (10) configured for
providing redundant high-voltage and low-voltage
power supply for an electric vehicle (1) or hybrid-
electric vehicle, the power supply system compris-
ing:

a first high-voltage battery unit (4a) having a pos-
itive terminal (11) and a negative terminal (12),
wherein the positive terminal (11) is connected
to a positive power distribution arrangement
(20a),
a second high-voltage battery unit (4b) having
a positive terminal (14) and a negative terminal
(15), wherein the positive terminal (14) is con-
nected to the negative terminal (12) of the first
high-voltage battery unit (4a) via an intermediate
power distribution arrangement (16), and
wherein the negative terminal (15) is connected
to a negative power distribution arrangement
(20b),
a first bypass line (13) connecting the positive
power distribution arrangement (20a) with the
intermediate power distribution arrangement
(16), wherein the first bypass line (13) includes
a first circuit breaker (17),
a second bypass line (25) connecting the neg-
ative power distribution arrangement (20b) with
the intermediate power distribution arrange-
ment (16), wherein the second bypass line (25)
includes a second circuit breaker (26),
a first DC/DC converter (31) connected to the
positive and negative power distribution ar-
rangements (20a, 20b) and configured for pro-
viding a first low-voltage DC output (30),
a second DC/DC converter (32) connected to
the positive and negative power distribution ar-
rangements (20a, 20b) and configured for pro-
viding a second low-voltage DC output (33),
a first main contactor (21) connected to the pos-
itive power distribution arrangement (20a) and
a second main contactor (22) connected to the
negative power distribution arrangement (20b),
wherein the first and second main contactors
(21, 22) in engaged state are configured for con-
necting the first and second high-voltage battery
units (4a, 4b) with a first high-voltage DC output
(35), and in disengaged state configured for dis-
connecting the first and second high-voltage
battery unit (4a, 4b) from the first high-voltage
DC output (35),
a third main contactor (23) connected to the pos-
itive power distribution arrangement (20a) and
a fourth main contactor (24) connected to the
negative power distribution arrangement (20b),
wherein the third and fourth main contactors (23,
24) in engaged state are configured for connect-
ing the first and second high-voltage battery
units (4a, 4b) with a second high-voltage DC out-
put (36), and in disengaged state configured for
disconnecting the first and second high-voltage
battery units (4a, 4b) from the second high-volt-
age DC output (36).

2. The vehicle power supply system according to claim
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1, wherein each of the positive and negative power
distribution arrangements (20a, 20b) include one,
two, three, four, five or six individual power distribu-
tion units (61a, 61b, 62a, 62b, 63a, 63b, 64a, 64b,
68a, 68b, 70a, 70b) for connecting:

- the positive terminal (11) of the first high-volt-
age battery unit (4a) or the negative terminal (15)
of the second high-voltage battery unit (4b),
- one of the first and second bypass lines (13,
25),
- the first and second DC/DC converters (31, 32),
- one of the first and second main contactors
(21, 22), and
- one of the third and fourth main contactors (23,
24).

3. The vehicle power supply system according to claim
1 or claim 2, wherein each of the positive and neg-
ative power distribution arrangements (20a, 20b) in-
cludes a first power distribution unit (61a, 61b) join-
ing:

- a high-voltage cable or conductor connected
to or associated with the positive terminal (11)
of the first high-voltage battery unit (4a) or the
negative terminal (15) of the second high-volt-
age battery unit (4b), and
- a high-voltage cable or conductor connected
to or associated with the first DC/DC converter
(31), and/or a high-voltage cable or conductor
connected to or associated with the first or sec-
ond main contactors (21, 22).

4. The vehicle power supply system according to claim
3, wherein each of the positive and negative power
distribution arrangements (20a, 20b) includes a sec-
ond power distribution unit (62a, 62b) joining:

- a high-voltage cable or conductor associated
with the first or second bypass lines (13, 25), and
- a high-voltage cable or conductor connected
to or associated with the second DC/DC con-
verter (32), and/or a high-voltage cable or con-
ductor connected to or associated with the third
or fourth main contactors (23, 24).

5. The vehicle power supply system according to claim
4, wherein each of the positive and negative power
distribution arrangements (20a, 20b) includes a third
power distribution unit (63a, 63b) joining:

- a high-voltage cable or conductor connected
to or associated with the first power distribution
unit (61a, 61b), and
- a high-voltage cable or conductor connected
to or associated with the first or second main
contactors (21, 22) or a high-voltage cable or

conductor connected to or associated with the
first DC/DC converter (31).

6. The vehicle power supply system according to claim
5, wherein each of the positive and negative power
distribution arrangements (20a, 20b) includes a
fourth power distribution unit (64a, 64b) joining:

- a high-voltage cable or conductor connected
to or associated with the third power distribution
unit (63a, 63b),
- a high-voltage cable or conductor connected
to or associated with the second power distribu-
tion unit (62a, 62b), and
- a high-voltage cable or conductor connected
to or associated with the third or fourth main con-
tactors (23, 24) or a high-voltage cable or con-
ductor connected to or associated with the sec-
ond DC/DC converter (32).

7. The vehicle power supply system according to claim
1 or claim 2, wherein each of the positive and neg-
ative power distribution arrangements (20a, 20b) in-
cludes:

- a first power distribution unit (61a, 61b) joining
a high-voltage cable or conductor connected to
or associated with the first DC/DC converter (31)
and a high-voltage cable or conductor connect-
ed to or associated with the first or second main
contactors (21, 22), and
- a second power distribution unit (62a, 62b) join-
ing a high-voltage cable or conductor connected
to or associated with the second DC/DC con-
verter (32) and a high-voltage cable or conductor
connected to or associated with the third or
fourth main contactors (23, 24).

8. The vehicle power supply system according to claim
7, wherein each of the positive and negative power
distribution arrangements (20a, 20b) includes:

- a third power distribution unit (63a, 63b) joining
a high-voltage cable or conductor connected to
or associated with the first power distribution unit
(61a, 61b) and a high-voltage cable or conductor
connected to or associated with the positive ter-
minal of the first high-voltage battery unit (4a) or
the negative terminal of the second high-voltage
battery unit (4b), and
- a fourth power distribution unit (64a, 64b) join-
ing a high-voltage cable or conductor connected
to or associated with the third power distribution
unit (63a, 63b), a high-voltage cable or conduc-
tor connected to or associated with the second
power distribution unit (62a, 62b), and a high-
voltage cable or conductor associated with the
first or second bypass lines (13, 25).
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9. The vehicle power supply system according to any
of the preceding claims, wherein the vehicle power
supply system further comprises a third circuit break-
er (47) connected in series with the first high-voltage
battery unit (4a) and configured for enabling selec-
tive connection and disconnection of the first high-
voltage battery unit (4a) from the vehicle power sup-
ply system, and a fourth circuit breaker (48) connect-
ed in series with the second high-voltage battery unit
(4b) and configured for enabling selective connec-
tion and disconnection of the second high-voltage
battery unit (4b) from the vehicle power supply sys-
tem.

10. The vehicle power supply system according to any
of the preceding claims, wherein the vehicle power
supply system further comprises a first fuse (51) con-
nected in series with the first or second main con-
tactors (21, 22), a second fuse (52) connected in
series with the third or fourth main contactors (23,
24), a third fuse (53) connected in series with the
first high-voltage battery unit (4a), and a fourth fuse
(54) connected in series with the second high-volt-
age battery unit (4b), wherein the first and second
fuses (51, 52) have lower rated current value than
the third and fourth fuses (53, 54).

11. The vehicle power supply system according to claim
10, wherein the first fuse (51) has a rated current
value differing at least 5%, specifically at least 10%,
and more specifically at least 20%, from the rated
current value of the second fuse (52), and/or wherein
the third fuse (53) has a rated current value differing
at least 5%, specifically at least 10%, and more spe-
cifically at least 20%, from the rated current value of
the fourth fuse (54).

12. The vehicle power supply system according to claim
10 or claim 11, wherein the vehicle power supply
system further comprises a fifth fuse (55) connected
in series with the first DC/DC converter (31) and a
sixth fuse (56) connected in series with the second
DC/DC converter (32), wherein the fifth fuse (55) has
a rated current value differing at least 5%, specifically
at least 10%, and more specifically at least 20%,
from the rated current value of the sixth fuse (56).

13. Electrical drivetrain for a vehicle comprising the ve-
hicle power supply system according to any of the
preceding claims, wherein the electrical drivetrain
comprises a first electrical traction motor (5a) con-
nected to the first high-voltage DC output (35) via a
first power converter (76) and a second electrical
traction motor (5b) connected to the second high-
voltage DC output (36) via a second power converter
(77).

14. Vehicle comprising the electrical drivetrain accord-

ing to any of the preceding claims.

15. Method for supplying redundant high-voltage and
low-voltage electrical power to an electric vehicle or
a hybrid-electric vehicle, the method comprising:

providing first and second series connected
high-voltage battery units (4a, 4b) mutually in-
terconnected via an intermediate power distri-
bution arrangement (16) and connected to a
positive power distribution arrangement (20a)
and a negative power distribution arrangement
(20b), providing a first bypass line (13) including
a first circuit breaker (17), wherein the first by-
pass line (13) is connected to the positive power
distribution arrangement (20a) and to the inter-
mediate power distribution arrangement (16),
and providing a second bypass line (25) includ-
ing a second circuit breaker (26), wherein the
second bypass line (25) is connected to the neg-
ative power distribution arrangement (20b) and
to the intermediate power distribution arrange-
ment (16),
supplying low-voltage DC at a first low-voltage
DC output (30) via a first DC/DC converter (31)
that is connected to the positive and negative
power distribution arrangements (20a, 20b)
and/or supplying low-voltage DC at a second
low-voltage DC output (33) via a second DC/DC
converter (32) that is connected to the positive
and negative power distribution arrangements
(20a, 20b), and supplying high-voltage DC at a
first high-voltage DC output (35) via first and sec-
ond main contactors (21, 22) that are connected
to the positive and negative power distribution
arrangements (20a, 20b) and/or supplying high-
voltage DC at a second high-voltage DC output
(36) via third and fourth main contactors (23, 24)
that are connected to the positive and negative
power distribution arrangements (20a, 20b).

33 34 



EP 3 912 843 A1

20



EP 3 912 843 A1

21



EP 3 912 843 A1

22



EP 3 912 843 A1

23



EP 3 912 843 A1

24



EP 3 912 843 A1

25



EP 3 912 843 A1

26



EP 3 912 843 A1

27



EP 3 912 843 A1

28

5

10

15

20

25

30

35

40

45

50

55



EP 3 912 843 A1

29

5

10

15

20

25

30

35

40

45

50

55



EP 3 912 843 A1

30

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• DE 102011011798 A1 [0004]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

