I*I Innovation, Sciences et Innovation, Science and CA 2972115 C 2023/10/31

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 972 1 1 5
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépét PCT/PCT Filing Date: 2015/12/29 (51) CLInt./Int.Cl. A071D 34/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2016/07/07 A01D 69/62(2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2023/10/31 WANG. ZHEN, CN:
(85) Entrée phase nationale/National Entry: 2017/06/23 NIE, FANGJIE, CN;
®6) N° demande PCT/PCT Application No.: CN 2015/099451 LIU, QIAN, CN

(87) N° publication PCT/PCT Publication No.: 2016/107551 (73) Propriétaire/Owner:

o NANJING CHERVON INDUSTRY CO., LTD., CN
(30) Priorité/Priority: 2014/12/30 (CN201410842915.7)
(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/SEN.CR.L., SR.L

(54) Titre : UN OUTIL ELECTRIQUE ET TONDEUSE
(54) Title: A POWER TOOL AND A LAWN MOWER

10
N WJ // >
' i
i~ x{i‘é’f&

(57) Abrégé/Abstract:

The invention discloses a power tool and a lawn mower. They mainly include a functional device and a power device. The
functional device is formed with a mounting portion for mounting the power device. The power device includes a prime mover and
battery packs detachably coupled with a power housing. The prime mover can be a motor. The power housing is at least provided
with an engaging portion allowing the power device to be at least mounted to the functional device, and a coupling portion for
providing a space or structure for coupling with the battery packs. When the power device and the functional device constitute a
whole through the mounting portion and the engaging portion, the battery packs at least can be detached from the power housing.
The power tool of the invention uses multi battery packs to provide power, and the operation is convenient.

C an a d a http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC
OPIC - CIPO 191



CA 02972115 2017-06-23

ABSTRACT

The invention discloses a power tool and a lawn mower. They mainly include a functional
device and a power device. The functional device is formed with a mounting portion for mounting
the power device. The power device includes a prime mover and battery packs detachably coupled
with a power housing. The prime mover can be a motor. The power housing is at least provided
with an engaging portion allowing the power device to be at least mounted to the functional device,
and a coupling portion for providing a space or structure for coupling with the battery packs. When
the power device and the functional device constitute a whole through the mounting portion and
the engaging portion, the battery packs at least can be detached from the power housing. The
power tool of the invention uses multi battery packs to provide power, and the operation is

convenient.
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A POWER TOOL AND A LAWN MOWER
RELATED APPLICATION INFORMATION

[0001] This application claims the benefit under 35 U.S.C. §119(a) of Chinese Patent
Application No. CN 201410842915.7, filed on Dec. 30, 2014.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates generally to power tools and, more particularly, to a power

tool with a battery pack.
BACKGROUND OF THE DISCLOSURE

[0003] With the development and progress of society, the usability of tools is required higher and
higher. For example, for the use of a lawn mower, the known lawn mower usually uses only one
battery pack to supply electricity. So, there is a problem that is the battery pack can’t supply
electricity for a long time, which can’t satisfy the requirement of continuously cutting grass for a

long time.

[0004] The statements in this section merely provide background information related to the

present disclosure and may not constitute prior art.
SUMMARY

[0005] In one aspect of the disclosure, a power tool includes a functional device including a
functional component for realizing function of a tool and an operating component for a user to
operate, and a power device which is detachably mounted to the functional device and able to
supply power to the functional device. The functional device includes a functional housing which
is at least formed with a mounting portion for mounting the power device. The power device
includes a prime mover for driving the functional component when the power device is mounted to

the functional device, a power housing for containing the prime mover, and a power source which
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at least includes battery packs detachably coupled with the power housing. The prime mover
includes a motor which at least has an output shaft being able to rotate about a first axis. The power
housing is at least provided with an engaging portion allowing the power device at least be
mounted to the functional device, and a coupling portion for providing a space or structure for
coupling with the battery packs. When the functional device and the power device constitute a
whole through the mounting portion and the engaging portion, the battery packs at least can be

detached from the power housing.

[0006] Furthermore, the power device is able to be mounted to the functional device along a first
direction, the battery packs are able to be detached from the power housing along a second

direction, the first direction is substantially parallel or perpendicular to the second direction.

[0007] Furthermore, the battery pack includes a battery pack electrical interface which is at least
used to allow the battery pack to output electricity. The power device includes a device electrical
interface for coupling with the battery pack electrical interface and allowing the electricity of the
battery pack to be supplied to the motor. When the battery packs are coupled with the power

housing, the device electrical interface is located between the motor and the battery packs.

[0008] Furthermore, the power housing is provided with more than two coupling portions for
coupling with more than two battery packs. The battery packs include a battery pack electrical
interface which is at least used to allow the battery packs to output electricity. The power device
includes a device electrical interface for coupling with the battery pack electrical interface and
allowing the electricity of the battery packs to be supplied to the motor. When the battery packs are
coupled with the power housing, the battery pack electrical interface is located between the battery

packs.

[0009] Furthermore, when the battery packs are coupled with the power housing, the device

electrical interface is located between the motor and the battery packs.

[0010] Furthermore, the first direction is substantially parallel to the first axis. When the power

device is mounted to the functional device, a ratio between an overlapped size of the motor and the
2
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functional device in the first direction and a size of the motor in the first direction is greater than or

equal to 30% and less than or equal to 100%.

[0011] Furthermore, the second direction is substantially parallel to the first axis. When the
power device is mounted to the functional device, a ratio between an overlapped size of the battery
pack and the motor in the first direction and a size of the motor in the first direction is greater than

or equal to 20% and less than or equal to 100%.

[0012] Furthermore, the output shaft of the motor is extended out from one side of the power

housing, and the battery packs are detached from another side of the power housing.

[0013] Furthermore, the power device includes more than two motors, the power housing

includes at least one coupling portion located between the motors.

[0014] Furthermore, the coupling portion at least includes an inserting recess for receiving the
battery packs inserted along the second direction, the output shaft of the motor is extended out
from one side of the power housing, and the inserting recess has an opening disposed on another

side of the power housing.

[0015] In another aspect of the disclosure, a lawn mower includes a functional device including a
first housing and a deck, and a power device including a second housing and a motor. The
functional device further includes a frame for supporting the first housing. The first housing, the
deck and the frame constitute a whole which is connected with an operating component. The
power device further includes multi battery packs detachably mounted on the second housing. The
motor is contained in the second housing. When the battery packs are mounted on the second

housing, the motor is located between the battery packs.
[0016] Furthermore, the first housing and the second housing are as one housing.

[0017] Furthermore, the second housing is provided with inserting recesses for containing the

battery packs.

[0018] Furthermore, when the battery packs are mounted on the second housing, the battery
3
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packs don’t contact with each other.

[0019] Furthermore, a number of the battery packs is two which are disposed on a front and rear

side of the motor respectively.
[0020] Furthermore, the battery packs are identical.
[0021] Furthermore, a center of gravity of the lawn mower is located between the battery packs.

[0022] Furthermore, when the battery packs are mounted on the second housing, the battery

packs are align in at least one of a height direction and a width direction of the lawn mower.
[0023] Furthermore, the battery pack has a working voltage at least more than 56V.
[0024] Furthermore, the battery pack has a mass greater than 3Kg.

[0025] The power tool in this invention uses multi battery packs to supply power, and the

operation is very convenient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a schematic view of an exemplary power tool.
[0027] FIG. 2 is a side view of the power tool in FIG. 1.

[0028] FIG. 3 is a schematic view of the power tool in FIG. 1, wherein a functional device is

departed from a power device.

[0029] FIG. 4 is a side view of the power tool in FIG 3.

[0030] FIG. 5 is an exploded view of main portions of the power tool in FIG. 1.
[0031] FIG. 6 is a side view of the power tool in FIG. 5.

[0032] FIG. 7 is a schematic view of a second embodiment of a power tool.
[0033] FIG 8 is a schematic view of a third embodiment of a power tool.

[0034] FIGS. 9-13 are schematic views showing five different position relationships of battery
4
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packs and a motor.
[0035] FIG. 14 is a schematic view of a hand-pushed lawn mower.

[0036] FIG. 15 is a schematic view of the lawn mower in FIG. 14, wherein the lawn mower is

divided into two parts.
[0037] FIG. 16 is an exploded view of main portions of the lawn mower in FIG. 14.
[0038] FIG. 17 is a side view of the lawn mower in FIG. 16.

f0039] FIG. 18 is a schematic view showing an internal structure of battery packs of the lawn

mower in FIG. 14.

[0040] FIG. 19 is a schematic view showing a portion in the lawn mower in FIG. 14 for engaging

with the battery packs.

[0041] The drawings described herein are for illustrative purposes only of selected embodiments
and not all possible implementations, and are not intended to limit the scope of the present
disclosure. Corresponding reference numerals indicate corresponding parts throughout the several
views of the drawings.

DETAILED DESCRIPTION

[0042] The following description of the preferred embodiments is merely exemplary in nature

and is in no way intended to limit the invention, its application, or uses.

[0043] Referring to FIGS. 1-6, a power tool 100 includes a functional device 10 and a power
device 20. The functional device 10 is a main portion of the power tool 100 for realizing function.

The power device 20 is an energy power portion of the power tool 100.

[0044] Specifically, the functional device 10 includes a functional component (not shown), an

operating component 11 and a functional housing 12.

[0045] The functional component is used to realize the function of a tool of the power tool 100,

For example, when the power tool 100 is a lawn mower, correspondingly, the functional
5



CA 02972115 2017-06~-23

component can be a cutting element. The cutting element can be driven by the functional device 10,
which can be a cutting blade, for example. The operating component 11 is at least used for a user to
push the power tool 100 and operate the power tool 100. The operating component 11 can include
an operating switch for controlling the operation of the power tool 100 and a corresponding

operating handle.

[0046] The functional housing 12 is used to contain or mount the functional component of the
functional device 10 and connect with the operating component 11 etc. The functional housing 12
is formed with a mounting portion 121 for mounting the power device 20. The power device 20

can be designed to be detachable or non-detachable with the functional device 10.

[0047] The functional component, the functional housing 12 and other structural components
constitute a whole. The whole is defined as a main body 13. The mounting portion 121 can be a

part of the functional housing 12 or a part formed by the main body 13.

[0048] The power tool 100 further includes wheels 14 which allow the power tool 100 to move
when the power tool 100 is pushed by the user. The wheels 14 are rotatably connected to the main

body 13.

[0049] The power device 20 includes a prime mover (not shown), a power housing 21 and a

power source (not shown).

[0050] The prime mover is used to drive the functional component when the power device 20 is
mounted to the functional device 10. The prime mover can include at least a motor 22. The motor
22 has an output shaft 221 which is able to rotate about a first axis. When the motor 22 is mounted
to the functional device 10, the output shaft 221 is connected with the functional component and
able to drive the functional component to rotate or move to and fro. For example, if it is needed to
realize the function of cutting grass, when the power device 20 is mounted to the functional device
10, the output shaft 221 of the motor 22 is rotatably connected with the cutting blade. After a
power supply is started, the output shaft 221 of the motor 22 is able to drive the cutting blade to

rotate so as to realize the function of cutting grass.
6
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[0051] The power housing 21 is used to contain the prime mover and ‘the power source, so that
the prime mover and the power source form a whole which is able to transmit electricity. The
power source includes battery packs 23 which are detachably connected to the power housing 21.
Specifically, the power housing 21 includes an engaging portion 211 and a coupling portion 212.
The engaging portion 211 is engaged with the mounting portion 121 of the functional device 10,
and the two portions 211, 121 cooperate so that the power device 20 can be mounted to the
functional device 10 along a first direction A. The coupling portion 212 is used to provide a space
or structure for coupling with the battery packs 23. Preferably, the mounting portion 121 is a recess
which is able to partially receive the power housing 21, and the engaging portion 211 is a structure

which is able to embed in the recess.

[0052] When the functional device 10 and the power device 20 constitute a whole, the battery
packs 23 are detachable relative to other parts. Here, the word “detachable” means that the battery

packs 23 can be detached and act as a single individual for the user.

[0053] For example, the battery packs 23 are able to detach from the power housing 21 along a
second direction B. The second direction B is substantially parallel to the first direction A.
Referring to FIGS. 1-6, after the battery packs 23 are inserted into the power housing 21 along a
direction substantially parallel to the first direction A, the power device 20 is mounted to the
functional device 10 along the first direction A. When it is needed to remove the battery packs 23
from the power housing 21, the battery packs 23 can be detached from the power housing 21 along

the second direction B.

[0054] As an embodiment, the power tool 100 can configure two identical battery packs 23
which work as an electricity source. The two battery packs 23 have the same weight, shape,
working voltage and circuit. Otherwise, the two battery packs 23 align in a width direction (a
direction of x axis when taking the first direction A as the y axis) and a height direction (the first

direction A) of the power tool 100.

[0055] As shown in FIG. 7, a power device 20° of a power tool 100’ is mounted to a functional

7
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device 10’ along a first direction A’. When it is needed to remove battery packs 23’ from a power
housing 21°, the battery packs 23” can be detached from the power housing 21’ along a second

direction B’ substantially perpendicular to the first direction A”’.

[0056] For the power tool 100 in FIG. 1 and the power tool 100’ in FIG. 7, the first directions A
and A’ are substantially perpendicular to a moving direction of the wheels. As shown in FIG. 8, a
first direction A’ can be substantially parallel to a moving direction of a power tool 100°’. In this
condition, battery packs 23*’ can be detached from a power housing 21°” along a second direction
B’’. The second direction B”’ is substantially perpendicular to the first direction A’’ as shown in
FIG. 8. However, it can be understood that the second direction B’’ can be substantially parallel to

the first direction A°’.

[0057] The power tool 100 in FIGS. 1-6 includes one motor 22 and two battery packs 23. The
power housing 21 is formed with two coupling portions 212 therein for containing the two battery
packs 23 respectively. The motor 22 is located between the two coupling portions 212. When the
battery packs 23 are mounted to the coupling portions 212, the motor 22 is also located between

the two battery packs 23.

[0058] When the two battery packs 23 are mounted to their positions on the power tool 100
respectively, they don’t contact with each other and the motor 22 is located between the two
battery packs 23. In order to provide enough electricity, the battery packs 23 can have a working
voltage more than 55V. Thus, the battery packs 23 and the motor 22 are the main portion of a
weight of the power tool 100. And, because the two battery packs 23 are arranged on the two sides
of the motor 22 symmetrically, a center of gravity of the power tool 100 is generally located
between the two battery packs 23. As another embodiment, the center of gravity of the power tool

100 can be arranged near the motor 22.

[0059] In another embodiment in FIG. 9, two battery packs 33 are disposed on the same side of a

motor 32.

[0060] When there are more battery packs, the battery packs can be arranged around the motor.
8
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This arrangement makes the center of gravity of the power tool locate between the battery packs,
and makes the center of gravity of the power tool and a center of gravity the motor overlap
generally, so that a balance is guaranteed. In an embodiment in FIG. 10, there are three battery
packs 43. A motor 42 is disposed between the three battery packs 43. One of the three battery
packs 43 is disposed on one side of the motor 42, and the other two battery packs 43 are disposed

on the other side of the motor 42.

[0061] In an embodiment in FIG. 11, there are four battery packs 53. A motor 52 is disposed

between the four battery packs 53. The four battery packs 53 are arranged around the motor 52.

[0062] In the embodiments in FIG. 10 and 11, the battery packs are arranged on a circumference

direction of the motor uniformly (taking the motor shaft as a reference).
[0063] When there are multi motors, embodiments in FIG. 12 and 13 can be adopted.

[0064] In the embodiment in FIG. 12, two motors 62 are arranged symmetrically about an axis S.

Three battery packs 63 are disposed between the two motors 62 and along the axis S.

[0065] Inthe embodiment in FIG. 13, two motors 72 are arranged symmetrically about an axis S’.
Three battery packs 73 are disposed on the same side of the two motors 72. Two of the three
battery packs 73 which are located on the two sides are disposed symmetrically about the axis S°.
The remaining one of the three battery packs 73 which is located in the center is disposed between

the two battery packs 73 which are disposed symmetrically about the axis S’.

[0066] As an embodiment, the power device 20 in FIGS. 1-6 is detachably mounted to the
functional device 10. In order to make the battery pack 23 of the power device 20 satisfy the
working requirements of the functional device 10 while the volume and the weight of the power
tool 100 can’t be affected, and reduce the burden of operation and carrying of the user, a ratio
between the capacity of the battery pack 23 and the volume of the power device 20 is greater than
or equal to 2000Wh/m? and less than or equal to 60000Wh/m? , and a ratio between the capacity of

the battery pack 23 and the weight of the power device 20 is greater than or equal to 10Wh/kg and

9
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less than or equal to 300Wh/kg.

[0067] Preferably, the volume of the power device 20 is greater than or equal to 0.025m” and less
than or equal to 0.05m?>, the weight of the power device 20 is greater than or equal to 5kg and less
than or equal to 10kg, and the capacity of the battery pack 23 is greater than or equal to 100Wh and
less than or equal to 1500Wh. Further, when the volume of the power device 20 is equal to
0.025m>, the ratio between the capacity of the battery pack 23 and the volume of the power device
20 is greater than or equal to 4000Wh/m? and less than or equal to 60000Wh/m>. When the volume
of the power device 20 is equal to 0.05m>, the ratio between the capacity of the battery pack 23 and
the volume of the power device 20 is greater than or equal to 2000Wh/m? and less than or equal to
30000Wh/m>. Further, when the weight of the power device 20 is equal to 10kg, the ratio between
the capacity of the battery pack 23 and the weight of the power device 20 is greater than or equal to
10Wh/kg and less than or equal to 150Wh/kg. When the weight of the power device 20 is equal to
5kg, the ratio between the capacity of the battery pack 23 and the weight of the power device 20 is
greater than or equal to 20Wh/kg and less than or equal to 300Wh/kg.

[0068] Otherwise, for the battery packs, if they are too heavy, they will affect the user to use, and
if they are too light, they can result electricity shortage. So a balance is needed. As an embodiment,

the weight of a single battery pack should be in a range of 1-3.5kg.

[0069] As a specific embodiment, a lawn mower 800 in FIGS. 14-17 includes a functional device
80 and a power device 90. The functional device 80 is a main portion of the lawn mower 800 for

realizing function. The power device 90 is an energy power portion of the lawn mower 800.

[0070] In order to illustrate the lawn mower conveniently, hereinafter, the relative position
relationship of the various components of the lawn mower will be illustrated taking an orientation
of the lawn mower under normal use as reference. This is just for illustrating the relative position

relationship, not the absolute position.

[0071] Specifically, the functional device 80 includes a first housing 82, a frame (not shown), a

cutting blade (not shown) and a deck (not shown). The frame is used to support the first housing 82.
10
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The deck is mounted to the frame, then they and the first housing 82 constitute a whole. The deck
is formed downwardly with a cutting chamber for cutting grass and exhausting grass. The cutting
blade is able to rotate relative to the deck so as to cut the grass extending into the cutting chamber.

The cutting chamber is a chamber opened downward totally or partially.

[0072] It is noted that the cutting blade can be rotatably connected with the frame through the

power device 90.

[0073] The first housing 82 is used to cover the frame and the structure or cables mounted on the

frame which should not be exposed.

[0074] The first housing 82, the frame, the cutting blade and the deck constitute a whole which is
defined as a main body 83. The functional device 80 further includes an operating component 81

besides the main body 83.

[0075] The operating component 81 is connected to the rear portion of the main body 83, which
is for the user to push and operate the lawn mower 800. Specifically, besides a linkage component
connecting to the rear portion of the main body 83, the operating component 81 further includes an
operating handle 811 for the user to grip and push, and a trigger 812 for controlling the lawn

mower 800 to operate or not.

[0076] In order to facilitate the user to push the lawn mower 800, wheels 84 are rotatably
connected with the main body 83. The wheels 84 can be divided into two groups which are
disposed on the front and rear sides of the main body 83 respectively. Each group has two wheels

84 which are coaxial.
[0077} The power device 90 includes a second housing 91, a motor 92 and battery packs 93.

[0078] The second housing 91 is used to contain the motor 92, or the second housing 91is formed

with a portion for coupling with the motor 92.

[0079] The motor 92 has an output shaft 921. The output shaft 921 can be connected with the

cutting blade directly or drive the cutting blade through a transmission mechanism:.
11
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[0080] After the power device 90 is connected with the functional device 80, when the trigger
812 is operated by the user, the motor 92 is supplied power by the battery packs 93 so as to drive

the cutting blade and realize the function of cutting grass.

[0081] The battery packs 93 are detachably connected with the second housing 91. That is, the
battery packs 93 are detachable. So, the user can detach the battery packs 93 and charge the battery

packs 93, or use the battery packs 93 to supply power to other power tools.

[0082] The second housing 91 includes an engaging portion 911 and a coupling portion 912. The
engaging portion 911 is engaged with a mounting portion 921 of the functional device 90, so that
the power device 90 can be mounted to the functional device 80 along a vertically downward
direction. The coupling portion 912 is used to provide a space or structure for coupling with the
battery packs 93. Preferably, the mounting portion 821 is a recess for partially receiving the second
housing 91. The engaging portion 911 is a structure which is able to embed in the recess. The
coupling portion 912 is two containing recesses which are opened upward, and the battery packs

93 can be inserted into the two containing recesses.

[0083] The second housing 91 is formed with a chamber (not shown) between the two coupling
portion 912. The motor 92 is mounted in the chamber. The two battery packs 93 don’t contact with

each other because they are disposed in the respective containing recess.

[0084] Otherwise, in order to protect the two battery packs 93, a battery pack cover 914 is
pivotably connected with the second housing 91. The battery pack cover 914 is able to cover the
containing recesses. However, there may be multi covers according to the number of the battery
packs. In order to lock the battery pack cover 914, the second housing 91 is provided with or

connected with a locking structure.

[0085] When the functional device 80 and the power device 90 constitute a whole, the battery
packs 93 are detachable relative to other parts. Here, the word “detachable” means that the battery

packs 93 can be detached directly and act as a single individual for the user.

12
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[0086] More specifically, the battery packs 23 can be detached from the power housing 21 along
an upward direction, while the power device 90 can be detached from the functional device 80
along the upward direction. However, for an unprofessional user, the power device 90 should not

be detachable directly relative to the functional device 80.

[0087] As an embodiment, the lawn mower 800 can configure two identical battery packs 93 as
an electricity source. The two battery packs 93 have the same weight, shape, working voltage and
circuit. Otherwise, the two identical battery packs 93 are align in a left-right direction and a height
direction (an up and down direction) of the lawn mower. However, the two identical battery packs
93 can align only in one of the left-right direction and the height direction. Preferably, the battery

packs 93 have an output voltage more than 56V.

[0088] Ifthe battery packs 93 are constituted by 18650 cells, the weight of the battery packs 93 is
considerable. And in the lawn mower 800, the mass of the motor 92 accounts for a large proportion.
As mentioned previously, the center of gravity of the lawn mower 800 should be near the motor 92
and between the two battery packs 93. Even the lawn mower 800 is mounted with a grass
collecting bag on its rear side and even the grass collecting bag is full, the center of gravity of the
lawn mower 800 should not be changed too much, which should be still between the two battery
packs 93, because the mass of the grass collecting bag and the grass clippings are not enough to

change the center of gravity of the lawn mower 800.

[0089] As an optional embodiment, based on the emmbodiment described above, the first housing
82 can be non-removably connected with the second housing 91. Further, the first housing 82 and
the second housing 91 are two integrated portions. That is, except the battery packs 93, the power
device 90 is non-removably connected with the functional device 80. For the user, the power

device 90 and the functional device 80 are a whole.

[0090] Otherwise, the battery packs 93 can be detached from the second housing 91 along a

direction deviated from the vertical direction (the up and down direction).

[0091] Otherwise, when the power device 90 is mounted to the functional device 80, a ratio
13
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between an overlapped size of the motor 92 and the functional device 80 in the height direction and
the size of the motor 92 in the height direction is greater than or equal to 30% and less than or equal
to 100%, and in particular 80%. When the power device 90 is mounted to the functional device 80,
a ratio between an overlapped size of the battery packs 93 and the motor 92 in the height direction
and the size of the motor 92 in the height direction is greater than or equal to 20% and less than or
equal to 100%, and in particular 50%. Thus, when the power device 90 is mounted to the
functional device 80, the most of the motor 92 is overlapped with the functional device 80 in the
first direction A as soon as possible, so that the center of gravity of the power device 90 is near the
functional device 80 in the height direction. And the center of gravity of the whole power tool 100
is on the functional device 80 in the height direction, so that the center of gravity of the whole
power tool 100 is lowered and the stability of the whole power tool 100 is improved during

operation.

[0092] Preferably, the output shaft of the motor 92 is extended out from one side of the second
housing 91, and the battery packs 93 are removed from the other side of the second housing 91.

This arrangement facilitates to mount the cutting blade to the output shaft.

[0093] However, different battery packs may have different inserting directions. But, the angle
differences between different inserting directions should not be great, and should not be more than

45 degrees.

[0094] Referring to FIGS. 18-19, the battery packs 93 further include a battery pack electrical
interface 931 for allowing the battery packs 93 to output electricity to the motor 92. Preferably, the
battery pack electrical interface 931 is located on one side of the battery packs 93 close to the
motor 92 when the battery packs 93 are coupled to the coupling portion 912. So, the battery pack
electrical interface 931 is located between the battery packs 93 and the motor 92, and between the
two battery packs 93. The second housing 91 of the power device 90 is provided with a device
electrical interface 913 for coupling with the battery pack electrical interfaces 931. After the

battery pack electrical interface 931 and the device electrical interface 913 are coupled with each

14
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other, the battery packs 93 can supply electricity to the motor 92 and make the motor 92 work.
Preferably, the device electrical interface 913 is located between the motor 92 and the battery
packs 93 and faces the battery pack electrical interface 931. Because the battery pack electrical
interface 931 is also located between the battery packs 93 and the motor 92, the power supply
circuit can be disposed between the two battery packs 93. Thus, the space is saved and the length of

the cables is reduced.

[0095] The above illustrates and describes basic principles, main features and advantages of the
present invention. Those skilled in the art should appreciate that the above embodiments do not
limit the present invention in any form. Technical solutions obtained by equivalent substitution or

equivalent variations all fall within the scope of the present invention.

15



CLAIMS
1. A power tool, comprising:
a functional device comprising a functional component for realizing function of a tool and an
operating component for a user to operate; and
a power device which is detachably mounted to the functional device and able to supply
power to the functional device,
wherein the functional device comprises:
a functional housing which is at least formed with a mounting portion for mounting the
power device,
wherein the power device comprises:
a prime mover for driving the functional component when the power device is mounted
to the functional device;
a power housing for containing the prime mover; and
a power source comprising battery packs detachably coupled with the power housing,
wherein the prime mover comprises:
a motor which at least has an output shaft being able to rotate about a first axis,
wherein the power housing comprises:
an engaging portion allowing the power device to at least be mounted to the
functional device at the mounting portion; and
a coupling portion for providing a space or structure for coupling with the
battery packs,
wherein when the mounting portion of the functional device cooperates with the engaging
portion of the power device to form an assembly, the battery packs at least can be detached from

the power housing,
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wherein each of the battery pack comprises a plurality of cells, each of the battery packs is
individually detachable for use by other power tools, at least one cover is pivotally connected to
the power housing for covering, and allowing access to, the battery packs, and the power housing
is provided with or connected with a locking structure for locking the cover, and

wherein the battery pack comprises a battery pack electrical interface configured to allow the
battery packs to output electricity, the power housing comprises a device electrical interface for
coupling with the battery pack electrical interface to allow the electricity of the battery packs to be
supplied to the motor, the device electrical interface is located between the motor and the battery
packs when the battery packs are coupled with the power housing, and the device electrical
interface is located between the battery packs when the battery packs are coupled with the power

housing.

2. The power tool of claim 1, wherein the power device is able to be mounted to the functional
device along a first direction, the battery packs are able to be detached from the power housing
along a second direction, the first direction is substantially parallel or perpendicular to the second

direction.

3. The power tool of claim 1, wherein the power housing is provided with more than two
coupling portions for coupling with more than two battery packs, and when the battery packs are
coupled with the power housing, the battery pack electrical interface is located between the battery

packs.

4. The power tool of claim 2, wherein the first direction is substantially parallel to the first axis,
when the power device is mounted to the functional device, a ratio between an overlapped size of
the motor and the functional device in the first direction and a size of the motor in the first direction

is greater than or equal to 30% and less than or equal to 100%.
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5. The power tool of claim 2, wherein the second direction is substantially parallel to the first axis,
when the power device is mounted to the functional device, a ratio between an overlapped size of
the battery pack and the motor in the first direction and a size of the motor in the first direction is

greater than or equal to 20% and less than or equal to 100%.

6. The power tool of claim 1, wherein the output shaft of the motor is extended out from one side

of the power housing, and the battery packs are detached from another side of the power housing.

7. The power tool of claim 1, wherein the power device comprises more than two motors, the

power housing comprises at least one coupling portion located between the motors.

8. The power tool of claim 2, wherein the coupling portion comprises an inserting recess for
receiving the battery packs inserted along the second direction, the output shaft of the motor is
extended out from one side of the power housing, and the inserting recess have an opening

disposed on another side of the power housing.

9. A lawn mower, comprising:
a functional device comprising a first housing and a deck; and
a power device comprising a second housing and a motor,

wherein the functional device further comprises a frame for supporting the first housing, and
the first housing, the deck and the frame form an assembly, wherein each of the first housing, the

deck, and the frame are connected with an operating component,
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wherein the power device further comprises at least two battery packs detachably mounted on
the second housing, the motor is contained in the second housing, and when the at least two battery
packs are mounted on the second housing the motor is located between the at least two battery
packs,

wherein each of the at least two battery packs comprises a plurality of cells, each of the at least
two battery packs is individually detachable for use by other power tools, at least one cover is
pivotally connected to the second housing for covering, and allowing access to, the at least two
battery packs, and the second housing is provided with or connected with a locking structure for
locking the cover, and

wherein the at least two battery packs each comprises a battery pack electrical interface
configured to allow each of the at least two battery packs to output electricity, the second housing
comprises at least two device electrical interfaces each for coupling with a corresponding one of
the battery pack electrical interfaces to allow the electricity of the at least two battery packs to be
supplied to the motor, each of the device electrical interfaces is in electrical communication with
the motor and the corresponding one of the battery pack electrical interfaces when the at least two
battery packs are coupled with the second housing, and each of the device electrical interface is
located between the at least two battery packs when the at least two battery packs are coupled with

the second housing.

10. The lawn mower of claim 9, wherein the first housing and the second housing are integrally

formed.

11. The lawn mower of claim 9, wherein the second housing is provided with inserting recesses for

containing the at least two battery packs.
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12. The lawn mower of claim 9, wherein when the at least two battery packs are mounted on the

second housing, the at least two battery packs don’t contact with each other.

13. The lawn mower of claim 9, wherein a number of the at least two battery packs is two battery

packs, and wherein the two battery packs are disposed on opposite sides of the motor .

14. The lawn mower of claim 9, wherein the at least two battery packs are identical.

15. The lawn mower of claim 9, wherein a center of gravity of the lawn mower is located between

the at least two battery packs.

16. The lawn mower of claim 9, wherein when the at least two battery packs are mounted on the
second housing, the at least two battery packs are aligned in a height direction or a width direction

of the lawn mower.

17. The lawn mower of claim 9, wherein the at least two battery pack has a working voltage greater

than or equal to 56V.

18. The lawn mower of claim 9, wherein the at least two battery pack has a mass greater than 3Kg.
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