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An electrical system with replaceable batteries comprises an electrical system and a combined switch. The electrical system
comprises a plurality of battery packs (1, 2, 3); all the battery packs are independently arranged each other; and an electric-quantity
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(57) Abrege(suite)/Abstract(continued):

display device which Is used for displaying the electric-quantity information indicating signals of the battery packs and a gear switch
which 1s used for mutually switching the battery packs are arranged on the combined switch. Each battery pack comprises a
battery (A,, A,, A;), a power switches (B,, B,, B;) and a battery management system (C,, C,, C,). The battery management

systems recelve and combine the output signals of the combined switches with the electric-quantity information indicating signals,
thereby controlling whether the power switches are closed to provide power output or not. According to the electrical system with
replaceable batteries, the electrical system is constructed by using a plurality of independent small batteries to replace a single large
battery; and the total capacity of the batteries is changed by increasing or decreasing the number of the installed independent small
batteries so that the most economical endurance time can be matched with the equipment weight.
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Abstract

An electrical system with replaceable batteries comprises an electrical system and
a combined switch. The electrical system comprises a plurality of battery packs (1, 2, 3);
all the battery packs are independently arranged each other; and an electric-quantity
display device which is used for displaying the electric-quantity information indicating
signals of the battery packs and a gear switch which is used for mutually switching the
battery packs are arranged on the combined switch. Each battery pack comprises a
battery (A1, Ay, Aj), a power switches (B, B, B3) and a battery management system
(Cy, C,, C3). The battery management systems receive and combine the output signals
of the combined switches with the electric-quantity information indicating signals,
thereby controlling whether the power switches are closed to provide power output or

not.
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ELECTRICAL SYSTEM WITH REPLACEABLE BATTERIES

BACKGROUND

Technical Field

The present invention relates to a battery system, and in particular, to an electrical

system with replaceable batteries.

Related Art

Batteries for common electrical devices are generally classified into two types:
1. non-removable batteries, for example, some cell phone batteries; and

2. removable batteries, for example, a quick-replaceable battery for an all-electric

vehicle or an all-electric bus that requires a dedicated battery-replacing station to

provide a dedicated tool for battery replacement.

Moreover, generally, a device with a battery, especially a device with a

large-capacity battery, necessarily has a problem that the battery 1s excessively large
and excessively heavy. Batteries of many large devices, such as all-electric vehicles,
all-electric buses, large hybrid power systems, and large energy storage systems, may be
designed to be non-removable, or be designed to be mechanically removable by a

dedicated removing tool.

Such design greatly hinders people's usage.

SUMMARY

A technical problem that the present invention mainly resolves 1s to provide an
clectrical system with replaceable batteries, where the electrical system 1s constructed
by a plurality of independent small batteries instead of a single large battery, and the
total capacity of the batteries is changed by increasing or decreasing the number of the

installed independent small batteries, thereby balancing the endurance time and device

weight 1n a most economical manner.

To resolve the foregoing technical problem, one technical solution adopted by the

present invention 1s: an electrical system with replaceable batteries 1s provided,
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including: an electrical system and a combined switch, where the electrical system
includes a plurality of battery packs, the battery packs are independently arranged, an
electric-quantity display device used for displaying an electric-quantity information
indicating signal of each of the plurality of battery packs and a gear switch used for

switching among the plurality of battery packs are arranged on the combined switch.

Each battery pack includes a battery, a power switch, and a battery management
system, and each battery management system receives an output signal ot the combined
switch, and combines the output signal with the electric-quantity information-indicating
signal, thereby controlling whether to close the corresponding power switch to provide

power output.

In a preferred embodiment of the present invention, the electrical system with
replaceable batteries further includes a safety switch, the combined switch and the
safety switch are connected to form a loop, and a low voltage level signal of the battery

management system is outputted by means of the combined switch 1n the loop.

In a preferred embodiment of the present invention, the electrical system further

includes a case, and the battery packs are located 1n the case.

In a preferred embodiment of the present invention, the case further includes a case
cover or a safety device thereon, and the case cover or the safety device 1s in control

connection with the safety switch.

In a preferred embodiment of the present invention, the electrical system with
replaceable batteries further includes a fault display device used for displaying a battery

pack fault state.

In a preferred embodiment of the present invention, the fault display device 1s an

indicating lamp.

In a preferred embodiment of the present invention, the battery packs are lead-acid

battery packs, lithium battery packs or nickel-metal hydride battery packs.

In a preferred embodiment of the present invention, the power switches are

electronic switches.

In a preferred embodiment of the present invention, the electronic switches are

relays or contactors.
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Beneficial effects of the present invention are: an electrical system 1s constructed by
using a plurality of independent small batteries instead of a single large battery, and
each battery pack is provided with a battery, a power switch, and a battery management
system, thereby effectively determining, by means of control of a power switch,

5  whether to close the power switch, and providing power output.

BRIEF DESCRIPTION OF THE DRAWINGS

To describe the technical solutions of the embodiments of the present invention
more clearly, the following briefly introduces the accompanying drawings required for
describing the embodiments. Apparently, the accompanying drawings in the following

10  description show only some embodiments of the present invention, and a person of
ordinary skill in the art may still derive other drawings from these accompanying

drawings without creative efforts, and wherein:

FIG. 1 is a structural diagram of a system of a preferred embodiment of an

electrical system with replaceable batteries according to the present invention.

15 DETAILED DESCRIPTION

The following clearly and completely describes the technical solutions in the
embodiments of the present invention. Apparently, the described embodiments are some
of the embodiments of the present invention rather than all of the embodiments. All
other embodiments obtained by a person of ordinary skill in the art based on the

20  embodiments of the present invention without creative efforts shall fall within the

protection scope of the present invention.
An embodiment provided in the present invention includes:

an eclectrical system with replaceable batteries, which 1s applied to an electric tool,
an electric vehicle, an electric tricycle, or another scenario 1n which a battery 1s used,
25 and includes: an electrical system and a D combined switch. The electrical system

includes a plurality of battery packs, and the battery packs are independently arranged.

An electric-quantity display device wused for displaying electric-quantity
information indicating signals of the battery packs and a gear switch used for switching

among the battery packs are arranged on the D combined switch.

30 Each battery pack includes a battery, a power switch, and a battery management
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system. Each of the battery management systems receives an output signal of the D
combined switch, and combines the output signal with an electric-quantity

information-indicating signal, thereby controlling whether to close the corresponding

power switch to provide power output.

Preferably, the battery packs are lead-acid battery packs, lithium battery packs, or
nickel-metal hydride battery packs, and the batteries are lead-acid batteries, lithium

batteries, or nickel-metal hydride batteries.

Preferably, the power switches are electronic switches, and the electronic switches

are relays or contactors.

The electrical system with replaceable batteries further includes an E safety switch,
the D combined switch and the E safety switch are connected to form a loop, and a low
voltage level signal of the battery management system is outputted by means of the

combined switch 1n the loop.

The electrical system further includes a case, and the battery packs are located 1n
the case. The case further includes a case cover or a safety device thereon, and the case

cover or the safety device is in control connection with the E satety switch.

The electrical system with replaceable batteries further includes a fault display

device used for displaying a battery pack fault state, and the fault display device 1s

preferably an indicating lamp.

Referring to FIG. 1, the present invention further provides a specific
implementation manner, which 1s further described by using three battery packs as an

example.

An electrical system with replaceable batteries includes: an electrical system and a
D combined switch, and the electrical system includes a plurality of battery packs.
Preferably, there are three battery packs, which are a battery pack 1, a battery pack 2,
and a battery pack 3 separately, and the battery pack 1, the battery pack 2, and the
battery pack 3 are independently arranged.

The D combined switch, a mechanical or an electronic switch adapted to switch a
working battery, includes several gears, and 1s used for switching to any gear, thereby

electrically connecting a common terminal and a wiring terminal of a current gear, and
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disconnecting wiring terminals of other gears from the common terminal.

The battery pack 1, the battery pack 2, and the battery pack 3 may be applied to

many types of devices.

An electric-quantity display device used for displaying electric-quantity
information indicating signals of the battery packs and a gear switch used for switching
among the battery packs are arranged on the D combined switch. The gear switch 1s
provided with a plurality of gears, and preferably four gears in this embodiment, which
are a battery pack 1 gear, a battery pack 2 gear, a battery pack 3 gear, and an OFF gear
separately, the OFF gear being an off gear.

The number of gears changes with the number of battery packs.

Each battery pack includes a battery, a power switch, and a battery management
system. Each of the battery management systems receives an output signal of the
combined switch, and combines the output signal with an electric-quantity

information-indicating signal, thereby controlling whether to close the corresponding

power switch to provide power output.

One battery, one power switch, and one battery management system, that 1s, three
components, form a battery pack, which may be packaged into an independent structure,
or be electrically connected by means of a plurality of modules to form a combined

system. A plurality of battery packs forms an electrical system.

The battery pack 1 includes a battery Al, a power switch Bl, and a battery

management system C1.

The battery pack 2 includes a battery A2, a power switch B2, and a battery

management system C2.

The battery pack 3 includes a battery A3, a power switch B3, and a battery

management system C3.

The battery Al, the battery A2, and the battery A3 may be lead-acid batteries,
lithium batteries, nickel-metal hydride batteries, and the like, and structures thereof are

not limited.

The power switches may be electronic switches such as relays and contactors.
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Each of the battery management systems manages one battery pack. The battery
management system has to have functions of receiving a switch signal of the D
combined switch, and controlling, according to the switch signal and a battery state, a

corresponding power switch to be opened or closed.

'Preferably, the electrical system with replaceable batteries further includes an E
safety switch, the D combined switch and the E safety switch are connected to form a
loop, and a low voltage level signal of the battery management system 1s outputted by

means of the combined switch in the loop.

The battery management system in each battery pack obtains a low voltage level
signal of the battery management system by means of the loop formed by connecting
the D combined switch and the E safety switch, and the battery management system
determines, according to an electric-quantity state in the current electric-quantity

display apparatus, whether to close a power switch to provide power output.

The electrical system with replaceable batteries further includes a fault display
device used for displaying a battery pack fault state, the fault display device 1s
preferably an indicating lamp, and the indicating lamp displays a battery pack fault state

by means of a color or by flashing.

The electrical system further includes a case, and the battery packs are ldcated In
the case. The case further includes a case cover or a safety device thereon, and the case
cover or the safety device 1s in control connection with the safety switch. When the case
cover is opened or the safety device is released, the safety switch is disconnected, and

when the case cover 1s closed or the safety device 1s on, the safety switch 1s closed.

Alternatively, in another control logic, when the case cover 1s opened or the safety

device 1s released, the safety switch 1s closed, and when the case cover 1s closed or the

safety device 1s on, the safety switch 1s disconnected.

In FIG. 1, when the case cover 1s opened or the safety device 1s released, the E
safety switch is disconnected, and when the case cover 1s closed or the safety device 1s

on, the safety switch 1s closed.

In operation, after the battery pack 1, the battery pack 2, and the battery pack 3 are

installed, and the case cover is closed or the safety device 1s on, the E safety switch 1s
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closed with the case cover or the safety device.

When a switch of the entire system is on, the battery management systems of the
battery pack 1, the battery pack 2, and the battery pack 3 work by using an external or
internal power source. The internal power source is the battery Al, the battery A2, and
the battery A3, and the external power source is another external power source that can

provide power.

At this time, a background indication signal of the battery pack 1, the battery pack 2

&

or the battery pack 3 or a display device such as a relevant indication panel on the D
combined switch displays electric-quantity information of the corresponding battery

pack.

If a battery indication signal is null, it indicates that the corresponding battery 1s not

installed.

The gear of the D combined switch is switched from OFF to the battery pack 3, and
therefore, the battery management system C3 of the battery pack 3 obtains a low voltage
level signal of the battery management system by means of the loop formed by
connecting the D combined switch and the E safety switch. At this time, the battery
management system C3 determines, according to a current battery state, whether to

close the B3 power switch to enable the battery pack 3 to provide power output.

A fault state of a battery pack is provided in a form of sound or optical information
to an operator by means of a fault display device. If the fault display device 1s an
indicating lamp, when the indicating lamp is red or flashes, the D combined switch
selects a gear, to cause the battery management system of the faulty battery pack not to

close the B power switch to provide power output.

The display device i1s located on an interface of the D combined switch, or is

controlled by another independent interface to perform display.

When the electric-quantity indicating signal of the battery pack 3 indicates low
electric-quantity, the operator switches the gear of the D combined switch to the battery
pack 2. At this time, the battery management system C3 of the battery pack 3 loses a
low voltage level of the battery management system that is inputted by the D combined

switch, and the B3 power switch 1s disconnected first. Subsequently, the battery pack 2
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obtains a low voltage level of the battery management system by means of the loop
formed by the D combined switch and the E safety switch. At this time, 1f the battery
management system C2 of the battery pack 2 determines that the battery pack 2 1s in a

normal state, the battery management system C2 of the battery pack 2 controls the B2
power switch of the battery pack 2 to be closed to provide power output, thereby
switching from the battery pack 3 to the battery pack 2.

If all the batteries or several batteries are of low electric quantities, the

corresponding batteries may be replaced.

Preferably, each battery is designed to have weight that 1s suitable for manpower or
simple tools to handle and remove the battery, and to have a simple connection

interface.

Generally, the D combined switch needs to be switched to the OFF gear to
disconnect all the power output, so that the batteries can be removed and replaced. To
prevent a misoperation of a user, when the user replaces or removes the battery packs
while the system is energized, the associated E safety switch 1s disconnected when the
case cover or the mechanical safety device is opened, thereby ensuring that the power

output is disconnected when the user touches the battery packs.

Beneficial effects of the electrical system with replaceable batteries according to

the present invention are:

1. an electrical system with replaceable batteries i1s provided, where the electrical
system 1S constructed by using a plurality of independent small batteries 1nstead of a
single large battery, thereby reducing the size and weight of the batteries, enabling a

user to handle and replace the batteries by using manpower or simple tools, improving

the battery replacement efficiency, and implementing battery commonality; and

2. the total capacity of the batteries 1s changed by increasing or decreasing the
number of the installed independent small batteries, thereby matching an endurance
time in a most economical manner, increasing or decreasing the number of battery packs

according to an expected usage plan, and reducing unnecessary device weight.

The foregoing descriptions are merely embodiments of the present invention but are

not intended to limit the patent scope of the present invention. Any equivalent
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modifications made to the structures or processes based on the content of the

specification of the present invention for direct or indirect use in other relevant technical

fields shall also be encompassed in the patent protection scope of the present invention.
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What is claimed is:

1. An electrical system with replaceable batteries, comprising: an electrical system
and a combined switch, wherein the electrical system comprises a plurality of battery
packs, the plurality of battery packs are independently arranged, an electric-quantity
display device used for displaying an electric-quantity information indicating signal of
each of the plurality of battery packs and a gear switch used for switching among the
plurality of battery packs are arranged on the combined switch; each battery pack
comprises a battery, a power switch, and a battery management system; and each
battery management system receives an output signal of the combined switch, and
combines the output signal with the electric-quantity information-indicating signal,
thereby controlling whether to close the corresponding power switch to provide power

output.

2. The electrical system with replaceable batteries according to claim 1, further
comprising a safety switch, the combined switch and the satety switch are connected to
form a loop, and a low voltage level signal of the battery management system 1s

outputted by means of the combined switch 1n the loop.

3. The electrical system with replaceable batteries according to claim 2, wherein

the electrical system further comprises a case, and the battery packs are located in the

CasScC.

4. The electrical system with replaceable batteries according to claim 3, wherein
the case further comprises a case cover or a safety device thereon, and the case cover or

the safety device is in control connection with the safety switch.

5. The electrical system with replaceable batteries according to claim 1, further

comprising a fault display device used for displaying a battery pack fault state.

6. The electrical system with replaceable batteries according to claim 5, wherein

the fault display device 1s an indicating lamp.

7. The electrical system with replaceable batteries according to claim 1, wherein
the battery packs are lead-acid battery packs, lithium battery packs or nickel-metal
hydride battery packs.

8. The electrical system with replaceable batteries according to claim 1, wherein

10
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the power switches are electronic switches.

9. The electrical system with replaceable batteries according to claim 8, wherein

the electronic switches are relays or contactors.

11
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