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(54) Battery charging and electrical energy delivery system and battery operated system

(57) A battery charging and electrical energy delivery
system (25) that allows for separation of charging of a
battery (23) and delivery of electrical energy to a first set
of consumers (24). The battery may be charged via a
first path (29) for connecting the battery with an energy
source (22), while electrical energy may be supplied via
a second path (30) (separate from the first path) from the

energy source to the first set of consumers. The first set
of consumers may also be powered by the battery via
third path (31) e.g. if the energy source is off. A control
unit (32) is adapted to control the supply of electrical en-
ergy along said first, second and third paths in response
to a detected state of the energy source. A battery oper-
ated system (21a) including the battery charging and
electrical energy delivery system (25) is also provided.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the a battery
charging and electrical energy delivery system for deliv-
ering electrical energy to consumers and charging cur-
rent to a battery and also to a battery operated system
comprising such a battery charging and electrical energy
delivery system.

BACKGROUND

[0002] Vehicles such as boats and motor homes are
usually provided with several different types of consum-
ers of electrical energy, such as lamps, refrigerators,
bilge pumps, navigation equipment, cooking equipment
and other types of electrical equipment. A re-chargeable
lead-acid service battery is often provided to supply the
different consumers with electrical energy. In order to
ensure proper operation of all the electrical equipment in
the vehicle the battery should be charged regularly.
Charging arrangements can be provided so that when
the engine of the vehicle is running the battery is charged.
[0003] There are many aspects to consider in order to
prolong the service life and retain the performance of the
battery. The battery may remain idle for long periods e.g.
during the winter time in the case of a boat. During the
summer time the battery may instead be put under a lot
of strain by the electrical equipment installed in the ve-
hicle and may be used very frequently without the engine
being turned on. This is naturally very taxing for the bat-
tery.
[0004] In the 1990s, battery charging underwent a ro-
bust period of development, which introduced a new type
of maintenance and care, wherein focus was put on ef-
ficient charging the battery in such a way that the service
life of the battery was prolonged and such that the battery
could provide the maximum performance for all of this
time. Multi-stage charging as disclosed in the U.S. patent
7,541,778 provides such efficient battery charging.
[0005] Nowadays people have come to rely on every-
thing working properly to ensure that they have the time
to do everything they have planned. Therefore, people’s
expectations and requirements on all the vehicles around
them have increased. Correct battery care can avert
many disappointments and problems. People also have
different expectations and requirements on different
types of electrical equipment in the vehicle. While it may
be somewhat annoying if the refrigerator is not working
in the boat, a bilge pump unable to operate may lead to
a really hazardous situation.
[0006] There’s a built-in conflict between battery
charge and load use voltage. The charge voltage for a
battery depends on the temperature and should normally
be at about 14.4V at 25 degrees C. A cold battery should
with preference be charged at a higher voltage and a
warm at a lower voltage. 12V consumers like light bulbs,

electronics and LED light have significantly longer ex-
pected life if the voltage is lower. Typically the expected
life of a light bulb is reduced by 50% if the voltage is
increased 5%.
[0007] Consequently there are several different needs
and requirements with respect to electrical energy con-
sumption to consider in a vehicle. The battery has certain
demands that need to be fulfilled in order to achieve ef-
ficient charging that differ from the demands of other elec-
trical equipment. Furthermore there are different expec-
tations and requirements on different types of electrical
equipment as explained above. It is thus a challenging
problem how to supply electrical energy to consumers
and for charging the battery and at the same time fulfill
differing demands and requirements.

SUMMARY

[0008] An object of the present invention is to provide
means that allow for delivery of electrical energy to facil-
itate efficient charging of a battery and supply of electrical
energy to a number of consumers.
[0009] The above stated object is achieved by means
of a battery charging and electrical energy delivery sys-
tem and a battery operated system according to the in-
dependent claims.
[0010] A first embodiment of the present invention pro-
vides a battery charging and electrical energy delivery
system. The delivery system comprises a first connection
for connection to an energy source, a second connection
for connection to a battery and a third connection for con-
nection to a first set of consumers of electrical energy.
The delivery system also comprises a first path for sup-
plying charging current from the energy source to the
battery when connected to the first and second connec-
tions respectively. A second path, separate from the first
path, is also provided for supplying electrical energy from
the energy source to the first set of consumers when
connected to the first and third connections respectively.
Furthermore a third path is provided for supplying elec-
trical energy from the battery to the first set of consumers
when connected to the second and third connections re-
spectively. The deliver system includes a control unit (32)
for controlling the supply of electrical energy along the
first, second and third paths in response to a detected
state of the energy source.
[0011] A second embodiment of the present invention
provides a battery operated system comprising a battery
charging and electrical energy delivery system as de-
scribed above, as well as an energy source connected
to the first connection, a battery connected to the second
connection, and a first set of consumers connected to
the third connection.
[0012] An advantage of embodiments of the present
invention is that they allow for separation of charging of
a battery and supply of electrical energy to a number of
consumers. Thereby it is possible to provide more effi-
cient charging of the battery.
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[0013] Another advantage of certain embodiments of
the present invention is improved battery protection can
be provided by disconnecting non-critical consumers
from the battery in cases where the battery is becoming
seriously discharged.
[0014] Another advantage of certain embodiments of
the present invention is improved charging of a starter
battery from a service battery. The starter battery has
usually priority in a system. Energy could be transferred
from a service battery to the starter battery.
[0015] These and other advantages with, and aspects
of, the present invention will become apparent from the
following detailed description and from the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In the following description of an embodiment
of the invention, reference will be made to the accompa-
nying drawings of which:

Fig. 1 is a schematic block diagram of a battery op-
erated system with a battery charging and electrical
energy delivery system according to prior art.
Fig. 2 is a schematic block diagram of a battery op-
erated system with a battery charging and electrical
energy delivery system according to an embodiment
of the present invention.
Fig. 3 is a schematic block diagram of a battery op-
erated system with a battery charging and electrical
energy delivery system according to another embod-
iment of the present invention
Fig. 4 is a schematic block diagram of yet another
embodiment of a battery charging and electrical en-
ergy delivery system according to the present inven-
tion.
Fig. 5 is a flow diagram of a method of controlling
delivery of electrical energy to a number of consum-
ers and for charging a battery.

DETAILED DESCRIPTION

[0017] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which preferred embodiments of the in-
vention are shown. This invention may, however, be em-
bodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this dis-
closure will be thorough and complete, and will fully con-
vey the scope of the invention to those skilled in the art.
In the drawings, like reference signs refer to like ele-
ments.
[0018] Fig. 1 is a schematic illustration of a battery op-
erated system 11 according to prior art. It is here as-
sumed that the system 11 is installed in a vehicle such
as a recreational vehicle, a car, an ambulance or a boat.
The system comprises an alternator 12 and a starter bat-

tery 16 which is adapted to charge a battery 13 when its
engine is running. A number of consumers 14 of electrical
energy are connected to the battery 13, and a number
of consumers 17 could also be connected to the starter
battery 16. The consumers 14 and 17 represent the elec-
trical system of the vehicle. The system 11 also compris-
es a battery separator device 15 which separates the
starter battery 16 and the battery 13 when the alternator
is not running. The battery separator device 15 could be
implemented with relays, diodes, transistors, switches or
other devices. The current that goes through the battery
separator device 15 to the battery 13 and the consumers
14 have the same voltage, which could restrict the effi-
ciency of the charging of the battery 13.
[0019] A basic idea of the present invention is to allow
for improved efficiency in the charging of the battery 13
by providing a possibility to separate charging and con-
sumption.
[0020] Fig. 2 is a schematic block diagram illustrating
a battery operated system 21 according to an embodi-
ment of the present invention. The system 21 comprises
an energy source 22, which for instance may be an al-
ternator, a solar or wind generator or a generator con-
nected to an engine of a vehicle. The energy source can
provide charging current to a battery 23 and electrical
energy to a number of consumers 24 when it is in an on
state (e.g. when the engine is running in case the energy
source 22 is an alternator in a vehicle). The system 21
also comprises a battery charging and electrical energy
delivery system 25 comprising a first connection 26 for
connection to the energy source 22, a second connection
27 for connection to the battery 23 and a third connection
28 for connection to the consumer(s) 24. The delivery
system 25 also includes a first path 29 extending between
the first and second connections 26, 27 for supplying
electrical energy from the energy source 22 to the battery
23 for charging the same. A second path 30 extends be-
tween the first connection 26 and the third connection 28
for supplying electrical energy from the energy source
22 to the consumer(s) 24. Furthermore a third path 31 is
provided between the second and third connections 27,
28 for conducting electrical energy from the battery 23
to the consumer(s) 24. A control unit 32 is adapted to
control the supply of electrical energy along the first, sec-
ond and third paths 29-31. By disconnecting the third
path it is possible to separate the supply of electrical en-
ergy between the energy source 22 and the consumers
24 from the supply of electrical energy between the en-
ergy source 22 and the battery 23, thus separating charg-
ing and consumption.
[0021] In this description it should be noted that
throughout this description "the number of consumers"
24 (or "set of consumers" 24) is intended to encompass
scenarios with a single consumer of electrical energy as
well as scenarios with a plurality of consumers.
[0022] The control unit is 32 is provided with means
for detecting a state of the energy source 22 and control
the supply of electrical energy along the paths 29, 30, 31
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in response to the detected state. When the energy
source 22 is on the control unit 32 is adapted to connect
the first and second paths 29, 30 and disconnect the third
path 31. Thereby the battery 23 is charged via the first
path 29 and the consumers 24 are powered by the energy
source 22 via the second path 30. When the energy
source 22 is off the control unit 32 connects the third path
31 so that the consumers 24 are powered by the battery
23 via the third path 31.
[0023] According to one embodiment each path may
be provided with a relay 33, 35, 36 for connecting or dis-
connecting the path. In Fig. 2 it is illustrated that the first
path is provided with a device 33. The device 33 may
e.g. be a relay, a DC/DC-charger or a relay and a DC/DC-
charger in parallel. If a DC/DC-charger is provided it is
preferably an intelligent charger that is able to monitor
the battery state and control the charging to achieve ef-
ficient charging and battery care.
[0024] There are several different ways in which the
control unit 32 may detect the state of the energy source
22 as will be appreciated by a person skilled in the art.
The control unit 32 may e.g. be adapted to monitor the
voltage level at the first connection 26. If a voltage level
above a predetermined threshold level is detected, it may
be interpreted as the energy source 22 being on (i.e. that
the engine is running in case the energy source 22 is an
alternator of a vehicle). If the voltage level drops below
a certain level, it may be interpreted as the energy source
being off (the engine has been turned off in the vehicle
example). According an embodiment of the invention the
delivery system 25 may include a voltage sensitive relay
that engages when e.g. a voltage level of 13.7 volts is
reached, thus connecting the first and second paths 29,
30. When the voltage drops below e.g. 12.8 volts the
voltage sensitive relay disengages, thus disconnecting
the first and second paths 29, 30 and connecting the third
path 31. Other ways of monitoring the state of the energy
source include monitoring a charging indicator such as
a lamp or information screen. If the energy source 22 is
an alternator, a charging indicator is normally connected
to a D+-output of the alternator.
[0025] The control unit 32 may be adapted to apply a
certain delay before connecting or disconnecting the con-
sumers 24 from the battery 23 in case a state change of
the energy source 22 is detected, e.g. a 5 second delay
after detecting a state change from off to on and a 10
second delay after detecting a state change from on to
off. A purpose of using such a delayed mode switch is to
avoid that short temporary voltage peaks/dips could
cause the delivery system 25 to switch mode.
[0026] The control unit 32 may furthermore be adapted
to monitor the battery 23 and protect it from being too
discharged by disconnecting the third path 31 in case a
voltage level of the battery 23 drops below a predeter-
mined state of charge threshold, thus disconnecting the
consumers 24 from the battery 23.
[0027] Fig. 3 illustrates another embodiment of a bat-
tery operated system 21a according to the present in-

vention, which is similar to the system 21 in Fig. 2 apart
from there being provided two sets of consumers 24 and
34. Here the set of consumers 24 is a number of non-
critical consumers connected to the third connection 28,
while the set of consumers 34 is a number of critical con-
sumers directly connected to the battery 23. Critical con-
sumers are electrical equipment which should not bee
disconnected even if the battery is becoming seriously
discharged, while non-critical consumers usually are ad-
ditional equipment which can be disconnected without
affecting the main function of the system 21a. If the sys-
tem 21a is included in a boat critical consumers may be
a bilge pump, emergency light and navigation system
e.g., while non-critical consumers may be a refrigerator,
lamps, heating and fans. If the third path is disconnected
to protect the battery 23 from being too discharged the
set of critical consumers 34 is unaffected. The benefits
of this arrangement can be easily appreciated. The set
of non-critical consumers 24 is completely separated
from the battery 23 during charging, which makes it pos-
sible to achieve more efficient charging of the battery. At
the same time it can be ensured that critical consumers
34 are given priority when the battery 23 is becoming
seriously discharged and the energy source 22 is off by
making it possible to cut the power supply to non-critical
consumers.
[0028] In Fig. 3 it is furthermore illustrated that a sec-
ond battery, such as a starter battery 38 may be connect-
ed to the first connection 26. The control unit 32 may be
adapted to monitor the voltage at the first connection 26
and at the second connection 27. If it is detected that the
state of charge (SOC) of the starter battery has dropped
below a certain limit, while the voltage of the battery 23
is higher, electrical energy could be transferred from con-
nection 27 to connection 26 by closing the first path 29
through device 33. Thus it is possible to achieve main-
tenance charging of the starter battery 38 under the con-
trol of the control unit 32. A starter battery is often given
priority in battery operated systems and by allowing for
charging of the starter battery by the battery 23 situations
where the starter battery become too discharged may be
avoided.
[0029] Fig. 4 is a schematic block diagram of how a
battery operated system 40 according to the invention
(such as the one shown in fig. 3) can be implemented
using two separate units 41 and 42. The unit 41 is an
intelligent DC/DC-charger and the unit 42 is a battery
switch, comprising the first, second and third connections
26-28 discussed above. Each unit 41, 42 is provided with
a housing, and closing links are used to connect the dif-
ferent ports on the units as illustrated in Fig. 4.
[0030] In Fig. 4 it is illustrated that the units 41 and 42
each include a control unit 32a and 32b respectively. The
control units 32a and 32b comprise functionality which
all in all corresponds to the control unit 32 in Fig. 2 and
Fig. 3.
[0031] Now an operation scenario will be described in
connection with a flow diagram shown in Fig. 5, which
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illustrates a method of controlling the system 40. In this
operation scenario it is assumed that the system 40 is
installed in a boat and that the energy source is an alter-
nator connected to the boat engine. The operation sce-
nario includes consecutive scenes a)-f), which are de-
scribed merely as examples to illustrate how the system
40 may operate. It should especially be noted that all
numeric specifications of time, voltage/current levels,
limits and thresholds are merely examples. Other levels,
limits and thresholds may be applied in other embodi-
ments. The scenes are as follows:

a) The engine is off. The control unit 32 checks the
state of the energy source 22 in a step 51. The volt-
age level at the first connection 26 is below 13.7V
which in this example is interpreted as the engine
being off. The non-critical consumers 24 are pow-
ered by the battery 23 via the third path 31, e.g. by
means of a 10A current at 12.4 V (step 52). The
control unit 32 may also monitor that the battery 23
does not become too discharged in an optional step
53. b) The engine starts. The voltage at the first con-
nection 26 rises to 13.8V which the control unit 32
detects as the energy source 22 being on (step 51).
However in this scenario there is a 5 second delay
before the DC/DC-charger 41 starts and before the
battery switch 42 reacts.
c) 5 seconds after the engine has started, the non-
critical consumers are supplied with electrical energy
from the alternator 22, in this example 10A current
at 13.8V (step 55). The battery 23 is charged with
the DC/DC-charger 41 at a maximum of 20A accord-
ing to this example scenario (step 55). However it is
also possible to lead a current of e.g. 30A through
the battery switch 42 in parallel with the 20A through
the DC/DC-charger 41 so that battery receives 50A
from the energy source 22 and a total current of 60A
is drawn from the energy source (10A to the set of
non-critical consumers 24 + 50A to the battery 23).
d) The engine is turned off. This is detected by the
control unit detecting that the voltage level drops be-
low 12.8V at the first connection 26 (step 51). There
is a 10 second delay before the units 41 and 42 re-
acts.
e) After 10 seconds, the non-critical consumers (24)
are then again powered by the battery 23 (step 52).
f) The voltage level at the battery (23) has dropped
to 11.6V which is a predetermined state of charge
threshold that indicates that the battery has reached
a critical level and is becoming too discharged. This
state is detected by the control unit 32 in step 53,
and the non-critical consumers 24 are disconnected
from the battery in a step 54. However the critical
consumers are still powered from the battery 23.

[0032] From the different embodiments it has been
shown that the control unit 32 can be implemented as a
single unit or divided into several units. It is possible for

the control unit to be a separate unit or integrated into
and distributed over other components in the delivery
system 25. The term control unit is rather to be under-
stood as the collective function of controlling the electrical
energy supply on the first, second and third paths. The
control unit may be implemented using e.g. one or several
microprocessors or using discrete circuits as will be un-
derstood by the person skilled in the art. In the drawings
and specification, there have been disclosed typical pre-
ferred embodiments of the invention and, although spe-
cific terms are employed, they are used in a generic and
descriptive sense only and not for purposes of limitation,
the scope of the invention being set forth in the following
claims.

Claims

1. A battery charging and electrical energy delivery sys-
tem (25) comprising a first connection (26) for con-
nection to an energy source;
a second connection (27) for connection to a battery
(23);
a third connection (28) for connection to a first set of
consumers (24) of electrical energy;
a first path (29) for supplying charging current from
the energy source to the battery when connected to
the first and second connections (26, 27) respective-
ly;
a second path (30), separate from said first path, for
supplying electrical energy from the energy source
to the first set of consumers (24) when connected to
the first and third connections (26, 28) respectively;
a third path (31) for supplying electrical energy from
the battery to the first set of consumers (24) when
connected to the second and third connections (27,
28) respectively;
a control unit (32) for controlling the supply of elec-
trical energy along said first, second and third paths
in response to a detected state of the energy source.

2. The battery charging and electrical energy delivery
system (25) according to claim 1, wherein the control
unit (32) is adapted to detect the state of the energy
source (22) by monitoring a voltage level in relation
to a predetermined threshold level, or by monitoring
a charging indicator.

3. The battery charging and electrical energy delivery
system (25) according to claim 1 or 2, wherein the
control unit (32) is adapted to control the supply of
electrical energy along said first, second and third
paths (29, 30, 31) such that
the battery (23) is charged via the first path (29) and
the first set of consumers (24) receives electrical en-
ergy via the second path (30), in response to detect-
ing that the energy source (22) is on; and
the first set of consumers (24) receives electrical en-
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ergy via the third path (31), in response to detecting
that the energy source (22) is off.

4. The battery charging and electrical energy delivery
system (25) according to claim 3, wherein the control
unit (32) is adapted to switch the supply of electrical
energy to the first set of consumers (24) from supply
via the third path (31) to supply via the second path
(30) in response to detecting a state change of the
energy source (22) from off to on and that the on
state is maintained for a predetermined first period
of time.

5. The battery charging and electrical energy delivery
system (25) according to claim 3 or 4, wherein the
control unit (32) is adapted to switch the supply of
electrical energy to the first set of consumers (24)
from supply via the second path (30) to supply via
the third path (31) in response to detecting a state
change of the energy source (22) from on to off and
that the off state is maintained for a predetermined
second period of time.

6. The battery charging and electrical energy delivery
system (25) according to any of claims 1-5, further
comprising a device (33) on the first path (29) which
is adapted to break or connect the supply of charging
current along the first path.

7. The battery charging and electrical energy delivery
system (25) according to claim 6, wherein said de-
vice (33) is a first relay.

8. The battery charging and electrical energy delivery
system (25) according to claim 6, wherein said de-
vice (33) comprises a DC/DC charger.

9. The battery charging and electrical energy delivery
system (25) according to claim 6, wherein said de-
vice (33) comprises a DC/DC charger in parallel with
a relay.

10. The battery charging and electrical energy delivery
system (25) according to any of claims 1-9, compris-
ing a second relay 35 and third relay 36 adapted to
break or connect the supply of electrical energy
along the second and third paths respectively.

11. The battery charging and electrical energy delivery
system (25) according to any of claims 1-10, wherein
the control unit (32) is further adapted to monitor a
state of charge of the battery (23) when connected
to the second connection (27) and to break supply
of electrical energy (22) to the first set of consumers
(24) if the state of charge drops below a predeter-
mined state of charge threshold.

12. The battery charging and electrical energy delivery

system (25) according to any of claims 1-11, wherein
the control unit (32) is adapted to monitor a state of
charge of a second battery (38) when connected to
the first connection (26) and to control the flow of
electrical energy on the first path (29) to transfer elec-
trical energy from the second connection (27) to the
first connection (26) to charge the second battery
(38).

13. A battery operated system (21, 21a, 40) comprising
a battery charging and electrical energy delivery sys-
tem (25) according to any of claims 1-11,
an energy source (22) connected to the first connec-
tion (26), a battery (23) connected to the second con-
nection (27), and a first set of consumers (24) con-
nected to the third connection (28).

14. The battery operated system (21, 21a, 40) according
to claim 13,
wherein the energy source (22) is an alternator, pho-
tovoltaic panel, wind generator or generator.

15. The battery operated system (21a, 40) according to
claim 13 or 14, further comprising a second set of
consumers (34) directly connected to the battery (23)
to receive electrical energy from the battery (23) in-
dependently of the battery charging and electrical
energy delivery system (25).

16. The battery operated system (21a, 40) according to
claim 15, wherein said first set of consumers (24)
are non-critical consumers and said second set of
consumers (34) are critical consumers, wherein a
non-critical consumer is a consumer that could be
disconnected in case the battery (23) is discharged
below the predetermined state of charge threshold
and wherein a critical consumer is a consumer that
should not be disconnected if the battery (23) is dis-
charged below the predetermined state of charge
threshold.
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