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BATTERY PACK WITH FAN ASSEMBLY

TECHNICAL FILED

[0001] The present disclosure generally relates to a battery pack comprised of a plurality of
battery cells, and more particularly to a battery pack having a fan assembly and comprising a

plurality of serially-connected battery cells for a hybrid vehicle.

BACKGROUND

[0002] To improve fuel efficiency, in addition to enhance efficiency of a traditional
gasoline engine, a hybrid vehicle also can use a battery pack comprised of a plurality of
serially-connected battery cells as a DC power source providing a certain voltage for an
electric motor to help driving the hybrid vehicle. For example, by serially connecting 13
battery cells each having a 3.65V DC voltage, a battery pack having a 48V DC voltage may
be formed as a DC power source providing the 48V DC voltage.

[0003] Constant development of hybrid vehicles sets a higher requirement on the DC power
source. For example, newly designed hybrid vehicles are equipped with some parts that
require a larger driving current, including an electric air-conditioner, an electric turbocharger,
and an electric power steering, etc. Moreover, the newly designed hybrid vehicles have higher
requirements on boost, start-stop, and brake energy recovery (Recuperation). In addition, the
newly designed hybrid vehicles require that the DC power source can save fuel consumption

to a greater extent (about 15%) and further reduce gas emissions (especially CO2 emissions).

[0004] The newly design hybrid vehicles’ high requirements above on the DC power source
make battery pack design more difficult. Further, despite of their higher performance
requirements on the DC power source, the new-design hybrid vehicles require no increase in
its volume and size; despite of an increased current output, a superb anti-overheat
performance is required. These requirements make it even more difficult to design the battery

pack.

[0005] The existing DC power sources often cannot meet the higher requirements of the
newly designed hybrid vehicles on the DC power source. Therefore, there is a need to provide
a battery pack as a DC power source in a hybrid vehicle, the structure of which is adapted to

the higher requirements on the DC power source of the new-design hybrid vehicle.
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SUMMARY OF THE INVENTION

[0006] A series of simplified concepts are introduced in the Summary section, which will be
described further in detail in the Detailed Description of The Invention section. The Summary
of the present disclosure is not intended to limit key features and essential technical features

of the technical solutions as claimed, let alone defining the protection scope thereof.

[0007] To overcome the deficiencies in the prior art, according to one aspect, the present

disclosure provides a fan assembly for a battery pack, wherein the fan assembly comprises:

[0008] a fan mounting base plate, wherein the fan mounting base plate has a proximal end

and a distal end;

[0009] a fan mounting bracket, wherein the fan mounting bracket is disposed at the distal

end of the fan mounting base plate; and
[0010] a fan, wherein the fan is mounted on the fan mounting bracket, wherein

[0011] a width of the proximal end of the fan mounting base plate is greater than a width of
the distal end of the fan mounting base plate, so that a trapezoidal transition edge is formed
between the width of the proximal end of the fan mounting base plate and the width of the

distal end of the fan mounting base plate;

[0012] a width of the fan mounting bracket is less than the width of the distal end of the fan

mounting base plate.

[0013] To overcome the deficiencies in the prior art, the present disclosure provides a

battery pack optionally mounted with the fan assembly described above.
[0014] The fan assembly described above is characterized in that:

[0015] when the fan mounting bracket is mounted onto the distal end of the fan mounting
base plate, because the width of the fan mounting bracket is less than the width of the distal
end of the fan mounting base plate, a base plate edge is formed at two sides of the distal end
of the fan mounting base plate, respectively, wherein the base plate edges accommodate distal

end mounting holes.
[0016] The fan assembly described above is characterized in that:

[0017] the fan assembly is configured for cooling a battery pack, wherein the battery pack
comprises an upper cover and a housing for accommodating multiple battery cells; the

housing has a bottom portion which is provided with a first length side wall and a second
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length side wall that extend upward along a length direction of the bottom portion and are
oppositely disposed, and a first width side wall and a second width side wall that extend
upward along a width direction of the bottom portion and are oppositely disposed; and the
bottom portion, the first length side wall, the second length side wall, the first width side wall,
and the second width side wall form the housing closed by the bottom portion and the four
side walls, and form an upper portion opening; the upper cover is mounted on the upper
portion opening; the bottom portion is provided with an air passage, and the air passage has
an inlet and an outlet; the fan assembly is mounted at the air passage outlet; and the width of

the proximal end of the fan mounting base plate matches the width of the air passage.
[0018] The fan assembly described above is characterized in that the housing comprises:

[0019] a fan assembly side wall opening, wherein the fan assembly side wall opening is

disposed outside the second width side wall; and

[0020] a fan assembly mounting accommodation cavity, wherein the fan assembly mounting
accommodation cavity is in fluid communication with the fan assembly side wall opening,

and extends into the housing.
[0021] The fan assembly described above is characterized in that:

[0022] the bottom portion of the housing is provided with a bottom portion opening in a part
corresponding to the fan assembly mounting accommodation cavity, and a shape of the

bottom portion opening matches a shape of the fan mounting base plate.
[0023] The fan assembly described above is characterized in that:

[0024] the fan assembly, the fan assembly side wall opening, the fan assembly mounting
accommodation cavity, and the bottom portion opening of the housing are designed to enable
the fan assembly to be inserted from the bottom portion opening of the fan assembly into the
fan assembly mounting accommodation cavity, so that the proximal end of the fan mounting
base plate substantially overlaps with an edge of the bottom portion of the housing, and the

fan mounting base plate covers the bottom portion opening of the housing.
[0025] The fan assembly described above is characterized in that:

[0026] the two edges of the distal end of the fan mounting base plate are provided with the

distal end mounting holes oppositely disposed; and

[0027] the two edges of the proximal end of the fan mounting base plate are provided with a

pair of proximal end mounting holes oppositely disposed.
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[0028] The fan assembly described above is characterized in that:

[0029] a bottom portion of the fan assembly side wall opening is provided with a pair of
mounting holes, and the fan assembly is capable of being fixed to the bottom portion of the
fan assembly side wall opening by using a bottom portion fastener by means of the pair of

distal end mounting holes in the fan mounting base plate; and

[0030] at a position where the proximal end of the fan mounting base plate overlaps with the
bottom portion of the housing, the bottom portion of the housing are provided with a pair of
corresponding mounting holes, so that the fan assembly is capable of being fixed to the
bottom portion of the housing by using a bottom portion fastener by means of the pair of

proximal end mounting holes in the fan mounting base plate.
[0031] The fan assembly described above is characterized in that:
[0032] the fan assembly is provided with a fan assembly plugin;

[0033] the battery pack has a circuit board, wherein the circuit board is provided with a

corresponding fan assembly plugin; and

[0034] when the fan assembly is inserted into the fan assembly mounting accommodation
cavity, the fan assembly plugin is capable of being electrically plug-connected to the

corresponding fan assembly plugin on the circuit board.
[0035] The fan assembly described above is characterized in that:

[0036] after the bottom portion fastener is removed and the fan assembly plugin is separated
from a corresponding fan assembly plugin on the circuit board, the fan assembly is capable of

being drawn out from the bottom portion opening of the housing.
[0037] The fan assembly described above is characterized in that:

[0038] an upper portion of the fan assembly has an upper portion edge formed by the fan
mounting bracket 1307 and the fan 1303, the upper portion edge having a thickness;

[0039] a first blocking portion and a second blocking portion are provided inside the fan
assembly mounting accommodation cavity, an interval with a thickness larger than that of the
upper portion edge being provided between the first blocking portion and the second blocking

portion; and

[0040] when the fan assembly is mounted in the fan mounting accommodation cavity, the

upper portion edge is stuck between the first blocking portion and the second blocking portion,
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thereby limiting a movement of the fan assembly in a horizontal direction relative to the

housing.

[0041] To overcome the deficiencies in the prior art, according to a second aspect, the
present disclosure further provides a battery pack, wherein the battery pack comprises a
housing for accommodating multiple battery cells and an upper cover; the housing has a
bottom portion which are provided with a first length side wall and a second length side wall
that extend upward along a length direction of the bottom portion and are oppositely disposed,
and a first width side wall and a second width side wall that extend upward along a width
direction of the bottom portion and are oppositely disposed; the bottom portion, the first
length side wall, the second length side wall, the first width side wall and the second width
side wall form the housing closed by the bottom portion and the four side walls, and form an
upper portion opening; the upper cover is mounted on the upper portion opening; the bottom
portion is provided with an air passage, and the air passage has an inlet and an outlet; and the

battery pack is characterized by comprising:

[0042] the optionally mounted fan assembly according to any of claims 1 to 9, wherein the

fan assembly is mounted at the air passage outlet.

[0043] The present disclosure further provides an optional fan assembly, and a user may a
user may select whether to equip based on different heat dissipation needs; in a low heat
dissipation demand, the fan assembly may not be mounted, and heat dissipation may be
implemented only by means of the heat dissipation apparatus at the bottom portion of the

battery pack, which may lower the cost for some users.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] These and other features and advantages of the present disclosure may be better
understood by reading through Detailed Description below with reference to the drawings.
Throughout the drawings, identical reference numerals represent identical components,

wherein:

[0045] FIG. 1A is a schematic diagram of a battery pack according to the present disclosure,

in which a fan is mounted;

[0046] FIG. 1B is a schematic diagram of a battery pack without mounting a fan according

to the present disclosure;

[0047] FIG. 1C is an exploded schematic view of the battery pack in FIG. 1A;
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[0048] FIGs. 2A-F are schematic diagrams of the mounting process of the battery pack
shown in FIG. 1A;

[0049] FIG. 3 is a stereoscopic view of a battery cell in a battery pack according to the

present disclosure;

[0050] FIG. 4A is a stereoscopic schematic view of a housing of a battery pack according to

the present disclosure;

[0051] FIG. 4B is a top schematic view of the housing of the battery pack according to the

present disclosure;

[0052] FIG 5A is a stereoscopic schematic view of a bearing plate of a battery pack

according to the present disclosure;

[0053] FIG. 5B is a stereoscopic schematic view from another perspective of the bearing

plate in FIG. 5A;

[0054] FIG 6 is an exploded schematic view of part of components of a battery pack
according to the present disclosure, showing that the battery cells and the bearing plate are
mounted in the housing, while a harness, battery cell bus bars, and battery cell fastener are

disassembled;
[0055] FIG. 7 is a sectional schematic view along A-A sectional line in FIG. 6;

[0056] FIG. 8A is a stereoscopic schematic view of a metal sheet in a battery pack of the

present disclosure;

[0057] FIG. 8B is an exploded schematic view of a prefabricated assembly and a housing in

a battery pack of the present disclosure;

[0058] FIG. 8C is a partial enlarged view of a battery pack of the present disclosure, which

shows that the prefabricated assembly is embedded in the housing;

[0059] FIG. 9A is a schematic diagram of a reverse face of a first end plate of a battery pack

of the present disclosure;

[0060] FIG. 9B is a schematic diagram of a front face of the first end plate of the battery

pack of the present disclosure;

[0061] FIG. 9C is an exploded view of the first end plate of the battery pack of the present

disclosure;
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[0062] FIG. 10A is a schematic diagram of a reverse face of a second end plate of a battery
pack of the present disclosure;

[0063] FIG. 10B is a schematic diagram of a front face of the second end plate of the battery

pack of the present disclosure;

[0064] FIG 10C is an exploded view of the second end plate of the battery pack of the

present disclosure;

[0065] FIG. 11 shows that a first end plate and a second end plate are being mounted into a

housing already mounted with several battery cells;

[0066] FIG. 12 is a simulation diagram when a first end plate and a second end plate of the

battery pack of the present disclosure deform;

[0067] FIG. 13A is an exploded schematic view of a fan assembly in the battery pack shown
in FIG. 1A;

[0068] FIG. 13B is an assembly schematic diagram of a fan assembly in the battery pack
shown in FIG. 13A;

[0069] FIG. 14A is a stereoscopic schematic view from another perspective of the housing of

the battery pack of the present disclosure;

[0070] FIG. 14B is a partial sectional view along B-B line in FIG. 1B;

[0071] FIG. 14C is a schematic diagram of the housing in FIG. 14A mounted with a fan; and
[0072] FIG 15 is a schematic diagram showing a battery pack control system 1500

according to the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0073] Hereinafter, various specific embodiments of the present disclosure will be described
with reference to the accompanying drawings which constitute part of the specification. It
should be noted that although terms indicating directions, such as “front,” “back,” “up,”
“down,” “left,” “right,” and other directional or orientational words, are used herein to
describe various exemplary structural parts and elements of the present disclosure, these terms
are used herein only for the convenience of description, which are determined based on the
exemplary orientations shown in the drawings. Because the examples disclosed in the present

disclosure may be arranged in different directions, these directional terms are only used for

illustration purpose and should not be regarded as limiting. In the accompanying drawings
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below, identical or similar reference numerals are used to indicate identical or similar

components.

[0074] Both FIG. 1A and FIG. 1B show a battery pack according to the present disclosure.
The battery pack is mainly used for a hybrid vehicle. As shown in FIGs 1A and 1B, the
battery pack 100 comprises an upper cover 101 and a housing 102, the upper cover 101
covering the housing 102 to form the battery pack 100 that is closed to the outside. The
battery pack 100 may optionally have a fan assembly 111 mounted on the housing 102,
wherein FIG. 1A shows a battery pack 100 mounted with a fan, and FIG. 1B shows a battery

pack 100’ without mounting a fan, to adapt to different users’ demands.

[0075] FIG. 1C shows an exploded schematic view of the battery pack 100 in FIG. 1A. As
shown in FIG. 1C, in addition to the upper cover 101 and the housing 102, the battery pack
100 further comprises several battery cells 103, a bearing plate 105, a first end plate 107, a
second end plate 109, and a harness 120. The several battery cells 103 are sequentially
arrayed and mounted in the housing 102. The first end plate 107 and the second end plate 109
are disposed at two end sides of the several mounted battery cells 103, respectively, to
laterally secure the several mounted battery cells 103. The bearing plate 105 is disposed above
the several mounted battery cells 103, and the harness 120 is borne by the bearing plate 105.
As shown in Figs. 1A and 1B, the battery pack 100 may optionally further comprise a fan
assembly 111. In addition, a gas discharging nozzle 130 is also mounted on a side wall of the
housing 102. A partition plate 133 is provided between every two adjacent battery cells 103,
to partition off two adjacent battery cells 103. A heat dissipation pad is provided beneath the
several battery cells 103, to conduct out heat generated by the several battery cells 103. The
battery pack 100 further comprises several battery cell bus bars 163 that are secured on the
cathodes and anodes of the battery cells 103 through battery cell fasteners 161, thereby
serially connecting two adjacent battery cells 103. The harness 120 has a harness first segment
120.1, a harness second segment 120.2, a harness third segment 120.3, and a harness fourth

segment 120.4, the functions of which will be detailed infra.

[0076] Hereinafter, a mounting process of the battery pack in Fig. 1 will be introduced in
detail with reference to FIGs. 2A-F. First, as shown in FIGs. 2A and 2B, the gas discharging
nozzle 130 and the fan assembly 111 are mounted to corresponding positions of the housing
102, respectively. Then, as shown in FIG. 2C, the several battery cells 103 are inserted into the
housing 102 one by one, such that a polarity of each battery cell 103 is disposed to be
opposite to the polarity of an adjacent battery cell, and the partition plate 133 is inserted
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between adjacent battery cells 103. Afterwards, as shown in Fig. 2D, the first end plate 107
and the second end plate 109 are inserted into the battery housing 102, respectively, such that
they are disposed at two sides of the several sequentially arrayed battery cells 103,
respectively. However, before inserting the first end plate 107 and the second end plate 109
into the battery housing 102, one end of the harness first segment 120.1 and one end of the
harness second segment 120.2 are connected to the first end plate 107, respectively; one
branch wire of one end of the harness fourth segment 120.4 (this end of the fourth segment
120.4 has two branch wires); the other branch thereof is connected to the fan assembly 111;
then, the other end of the harness first segment 120.1 is connected to the other end of the
harness fourth segment 120.4. Next, as shown in FIG. 2E, the several battery cell bus bars 163
are first disposed at corresponding positions on the bearing plate 105; then the bearing plate
105 is disposed on the housing 102; thereafter, the harness third segment 120.3 and the battery
cell bus bars 163 are secured onto the electrodes of the battery cells 103 via the battery cell
fasteners 163, one end of the harness third segment 120.3 is connected to the harness second
segment 120.2, and the bearing plate 105 is secured onto the housing 102 through fasteners.
In this way, the bearing plate 105 is disposed above the several battery cells 103 and the two
end plates (107, 109) in the housing. Finally, as shown in FIG. 2F, the upper cover 101 is
secured onto the housing 102 of the battery pack to finish mounting the battery pack 100.

[0077] Hereinafter, specific structures of various components of the battery pack 100 will be

introduced in detail.

[0078] First, a battery cell 103 in the battery pack of the present disclosure will be
introduced with reference to FIG. 3. As shown in FIG. 3, the battery cell 103 is of a
substantially flat cuboid shape. The battery cell 103 has a top portion 301 and a bottom
portion 302 in an up-down direction; the battery cell 103 is inserted into the housing 102 from
the bottom portion 302. The battery cell 103 further has a battery cell first end portion 341.1
and a battery cell second end portion 341.2 in a left-right direction. The top portion 301 of the
battery cell 103 is provided with a battery cell cathode 304 and a battery cell anode 306, the
battery cell cathode 304 and the battery cell anode 306 being proximal to the battery cell first
end portion 341.1 and the battery cell second end portion 341.2, respectively, and the battery
cell cathode 304 and the battery cell anode 306 being protrudingly provided thereby to form a
battery cell recessed portion 310 in a middle of the top portion 301 of the battery cell 103. A
seal-breakable opening 320 is provided on the battery cell recessed portion 310; when the

battery cell 103 is in a normal working state, the seal-breakable opening 320 is in a sealed
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state; when an extreme circumstance occurs to the battery cell 103, the seal-breakable opening
320 is broken to release the high-temperature gas inside the battery cell, thereby releasing the
pressure inside the battery cell to avoid risks. A hole 361.1, 361.2 is provided on the battery
cell cathode 304 and the battery cell anode 306, respectively, to mount the battery cell

fasteners 161.

[0079] FIGs. 4A and 4B show a housing of a battery pack of the present disclosure, wherein
FIG. 4A 1is a stereoscopic schematic view of the housing, and FIG. 4B is a top view of the
housing. As shown in FIG 4A, the housing 102 has a bottom portion 401, a first length side
wall 403 and a second length side wall 405 being disposed oppositely and extending upwards
along the length direction of the bottom portion 401, and a first width side wall 407 and a
second width side wall 409 being disposed oppositely and extending upwards along the width
direction of the bottom portion 401. The bottom portion 401, the first length side wall 403, the
second length side wall 405, the first width side wall 407, and the second width side wall 409
together form the housing 103 closed at the bottom portion and the four sides with an upper
portion opening 410 from which the battery cell 103, the first end plate 107 and the second
end plate 109 may be inserted into the housing 102. Several guide ribs are provided on the
inner sides of the first length side wall 403 and the second length side wall 405 of the housing
102, wherein the guide ribs 412 on the first length side wall 403 and the guide ribs 412 on the
second length side wall 405 are oppositely provided; a cellular slot 414 is formed between
adjacent two guide ribs 412 on each length side wall, the cellular slot 414 facilitating

mounting the battery cell 103.

[0080] With reference to FIG. 4B, FIG. 4B shows more clearly the guide ribs 412 and the
cellular slots 414 on the first length side wall 403 and the second length side wall 405. Each
battery cell 103 is inserted into a pair of oppositely disposed cellular slots 414 provided on the
first length side wall 403 and the second length side wall 405, respectively, to enable the first
end portion 341.1 and the second end portion 341.2 of the battery cell to be stuck into the
oppositely disposed cellular slots 414, respectively, such that after the battery cell 103 is
inserted into the housing 102, the guide rib 412 may limit a horizontal movement of the
battery cell 103 along the length direction of the housing 102, thereby enabling each battery
cell 103 to be securely disposed in the housing 102. The housing 102 is provided with several
mounting holes 442 for fitting with corresponding mounting holes on the bearing plate 105,

such that the bearing plate 105 may be secured on the housing 102 through fasteners.

10
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[0081] Still shown in FIG. 4A, at two junctions between the two end portions of the first
length side wall 403 and the first width side wall 407 and the second width side wall 409, the
first length side wall 403 is bent at two end portions thereof towards a direction of the second
length side wall 405, and two end portions of the first width side wall 407 and the second
width side wall 409 adjacent to the first length side wall 403 are bent towards each other
respectively, so as to form the first step 431.1 and the second step 431.2 at two junctions
between the first length side wall 403 and the end portions of the first width side wall 407 and
the second width side wall 409. The first step 431.1 and the second step 431.2 are provided at
a position of the first length side wall 403 adjacent to the upper opening 410. A first metal
wiring terminal 421.1 is provided on the first step 431.1, and a second metal wiring terminal
421.2 is provided on the second step 431.2, the first metal wiring terminal 421.1 and the
second metal wiring terminal 421.2 being used for connecting external loads of the battery

pack 100.

[0082] FIG. 5A and FIG. 5B show stereoscopic views from two different perspectives of the
bearing plate of the battery pack of the present disclosure, wherein FIG. 5A shows a top
portion of the bearing plate, while FIG. 5B shows a bottom portion of the bearing plate. As
shown in FIGs. 5A and 5B, several windows 501 through the bearing plate are provided on
the bearing plate 105, the several windows 501 being arranged for accommodating several
battery cell bus bars 163, respectively. A bottom portion of the bearing plate 105 has a bearing
plate bottom portion through-slot 503, and a distal end of the bearing plate bottom portion
through-slot 503 is provided with a blocking plate 505. A metal sheet 507 is mounted at a slot
bottom of the bearing plate bottom portion through-slot 503; the metal sheet 507 is secured
through bolts (541.1, 541.2). Several springs 521 pivotally connected with the bearing plate
are provided at both sides of the bearing plate bottom portion through-slot 503, respectively;
the several springs 521 are disposed such that when the bearing plate 105 is mounted on the
housing 102, the several springs 521 are located above the cathodes and anodes of the several
battery cells 103, respectively. One side of the spring 521 proximal to the bearing plate
bottom portion through-slot 503 is connected to the bearing plate 105, such that one side of
the spring 521 distal to the bearing plate bottom portion through-slot 503 may pivotally move.
When the bearing plate 105 is mounted onto the housing 102 from above the battery cell 103,
the spring 521 presses tightly against the cathode and anode of each battery cell 103 through a
pivotal movement. A top portion of the bearing plate 105 is further provided with several

clamps 525 for securing the harness 120. Several mounting holes 502 are provided at a

11
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periphery of the bearing plate 105, for fitting with several mounting holes 442 on the housing
102, so that the bearing plate 105 may be fixed onto the housing 102 through fasteners.

[0083] FIG. 6 is an exploded schematic view of part of components of the battery pack
according to the present disclosure, showing that the battery cells and the bearing plate are
mounted in the housing, while a harness, battery cell bus bars, and a battery cell fastener are
disassembled. As shown in FIG. 6, among several windows 501 on a bearing plate 105, each
window 501 exactly faces a cathode and an anode of two adjacent battery cells. In other
words, a cathode of a battery cell and an anode of a battery cell adjacent thereto may be seen
through each window 501. As mentioned above, the battery cell cathode 304 and the battery
cell anode 306 of each battery cell have a hole 361.1 and 361.2, respectively; therefore, the
hole 361.1 on one battery cell cathode 304 and the hole 361.2 on one battery cell anode 306
may be seen through each window 501. A battery cell bus bar 163 is mounted in each window
501. Each battery cell bus bar 163 has two bus bar holes, aligned with the hole 361.1 on the
battery cell cathode 304 and the hole 361.2 on the battery cell anode 306 in the window 501
where they are mounted, respectively, such that the battery cell fastener 161 may enter the
hole 361.1 on the battery cell cathode 304 and the hole 361.2 on the battery cell anode 306
through the bus bar hole, thereby securing the battery cell bus bar 163 onto the battery cell
103 to enable a serial connection of adjacent battery cells 103. The several battery cells
connected in series form a cathode output end and an anode output end, which will be detailed

infra.

[0084] As still shown in FIG. 6, the harness 120 comprises a harness third segment 120.3
having several wires 605, and one end of each of the several wires 605 has a terminal 607
with a terminal hole. Before securing the battery cell bus bar 163 onto the battery cell 103 via
the battery cell fastener 161, the terminals 607 of the several wires 605 should be placed on
the battery cell bus bar 163, to align the terminal hole with the bus bar hole so that the battery
cell fastener 161 may also pass through the terminal hole to connect the terminal 607 to the
cathode and anode of the battery cell 103. The other ends of the several wires 605 are
connected to the control circuit 1501 via the harness second segment 120.2 (see Fig. 15), such
that the control circuit 1501 may acquire the current and voltage between respective battery

cells 103, thereby monitoring the working state of respective battery cells 103.

[0085] FIG. 7 is a sectional schematic view along the A-A line of FIG. 6. FIG. 7 shows a gas
discharging passage of a battery pack according to the present disclosure. As shown in FIG. 7,

when several battery cells 103 are successively arrayed and mounted into the housing 102,
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several middle recessed portions 310 of the several battery cells 103 form a battery top
portion through-slot 721. Because the bottom portion of the bearing plate 105 has a bearing
plate bottom portion through-slot 503, when the bearing plate 105 is mounted above the top
portions 310 of the several battery cells 103, the bottom portion through-slot 503 of the
bearing plate 105 is press-fitted with the battery cell top portion through-slot 721, forming a
lateral gas discharging passage 730. A distal end (i.e., the right end in Fig. 7) of the lateral gas
discharging passage 730 is closed, while the other end of the lateral gas discharging passage
730 has an outlet 731. In one embodiment of the present disclosure, the closed end of the
lateral gas discharging passage 730 is sealed by a distal end blocking plate 505 of the bottom
portion through-slot 503 of the bearing plate 105. However, it should be noted that in another
embodiment, one end of the lateral gas discharging passage 730 may also be sealed by a

blocking plate disposed on an adjacent end plate.

[0086] Still referring to FIG. 7, the housing 102 has a vertical gas discharging passage 733,
the vertical gas discharging passage 733 being provided at an inner side of the first length side
wall 407 of the housing 102 and being in fluid communication with the lateral gas discharging
passage 731. A gas discharging port 740 is provided on the first length side wall 407, and a
gas discharging nozzle 130 may be mounted on the gas discharging port 740 to discharge the
gas in the battery pack 100. The connection between the vertical gas discharging passage 733
and the lateral gas discharging passage 731 is implemented via a middle gas discharging
passage 732. The middle gas discharging passage 732 is formed jointly by the first end plate
107 and the bearing plate 105 adjacent to the vertical gas discharging passage 733. The
specific structure of the middle gas discharging passage 732 will be detailed infra when

introducing the first end plate 107 shown in FIGs. 9A-9C.

[0087] When an extreme circumstance occurs to the battery pack such that an inner pressure
of the battery cell 103 exceeds a tolerance value of the battery cell 103, the seal-breakable
opening 320 of the battery cell 103 will be broken so that a gas or a gas-liquid mixture doped
with some liquid may be released out of the battery cell 103, and the gas or gas-liquid mixture
may flow from the lateral gas discharging passage 730 towards the vertical gas discharging
passage 733 via the middle gas discharging passage 732 and then be discharged outside of the
battery pack 100 via the gas discharging nozzle 130 mounted on the gas discharging port 740,
thereby avoiding risks. Because the top portion (i.e., the slot bottom of the bearing plate
bottom portion through-slot 503) of the lateral gas discharging passage 730 is provided with a
metal base plate 507, a material of the metal base plate 507, which has a better thermostability
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than that of the material of the bearing plate 105, may endure the high-temperature gas or

gas-liquid mixture released from the battery cell seal-breakable opening 320.

[0088] In the present disclosure, the lateral gas discharging passage 730, the vertical gas
discharging passage 733, and the middle gas discharging passage 732 of the battery pack 100
are all formed by using the built-in structures of the structural parts of the battery pack, e.g.,
the battery cells 103, the first end plate 107, the bearing plate 105, and the housing 102,
without a need of additionally separately manufacturing a gas discharging passage. In this
way, the battery pack may be more easily assembled and has a more compact structure with a

reduced manufacturing cost.

[0089] FIGs. 8A, 8B, and 8C show a metal sheet in the battery pack of the present disclosure,
wherein FIG. 8A is a stereoscopic schematic view of the metal sheet, FIG. 8B is an exploded
schematic view of a prefabricated assembly molded by a metal sheet and a first plastic, and a
housing, and FIG. 8C is a partial enlarged schematic view of the housing mounted with the
prefabricated assembly. Generally, the metal sheet functions to lead the cathode and anode
output ends of the several serially connected battery cells from the inside of the battery pack
housing to the outside, thereby facilitating a connection between the battery pack and an
external load. As shown in FIG. 8A, the metal sheet 451 has a first end 801 and a second end
802 that are connected via a middle portion 803. A plane of the first end 801, a plane of the
second end 802, and the middle portion 803 are integrally formed pieces, wherein the plane of
the first end 801 is higher than the plane of the second end 802. An outer side of the first end
801 is bent inwardly to limit a rotation of the components mounted at a bottom face of the
first end 801 relative to the plane of the first end 801. The first end 801 is mounted with a
metal wiring terminal 421, and the second end 802 is mounted with a leading-out terminal
424. The metal wiring terminal 421 is electrically conducted with the leading-out terminal
424, wherein the metal wiring terminal 421 is arranged for connection with the external load,
and the leading-out terminal 424 is in electrically conductive connection with the several

serially connected battery cells 103 inside the battery pack 100.

[0090] Hereinafter, referring to FIG. 8B, the metal sheet 451 is mounted onto the step 431 of
the housing 102 of the battery pack 102 in an insert-molded manner. Specifically, the metal
sheet 451 is a prefabricated component, by embedding the prefabricated metal sheet 452 into
the first plastic material 821 to prepare the prefabricated assembly 810 by molding, and then
embedding the prefabricated assembly 810 into the housing 102. For the prefabricated
assembly 810 shown in FIG. 8B, the first plastics 821 forms a plastic substrate 434
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surrounding the metal sheet 451. The first plastic material 821 has good insulation and
anti-corrosion performance. The housing 102 is made of a second plastic material 822, or
most of the housing 102 is made of the second plastic material; the second plastic material
822 has good mechanical performance. According to an embodiment of the present disclosure,
the first plastics may be Polyphthalamide, and the second plastics may be Nylon 66. However,
those skilled in the art should understand that the first plastics and the second plastics
adopting other materials having the performance above are also within the protection scope of
the present disclosure. During a process of using the battery pack 100, the metal wiring
terminal 421 will generate heat due to existence of the external load, and meanwhile it is
susceptible to a redox reaction; therefore, it is relatively high demanding on the insulation,
thermostability and anti-corrosion performance of the plastic material surrounding the metal
wiring terminal 421; accordingly, the demand on the material surrounding the metal wiring
terminal 421 may be satisfied by selecting the first plastic material to form the plastic
substrate 434 surrounding the metal wiring terminal 421. The reason for the battery pack
housing 102 adopting the second plastic material is that the battery pack housing 102 needs to
protect internal parts of the battery pack; therefore, the housing 102 needs a higher strength
and hardness. Accordingly, the material of the housing 102 needs to select a material having
good mechanical performance. By adopting two different kinds of plastics for the
prefabricated assembly 810 and the housing 102, the requirements on the material of the

metal wiring terminal 451 and the housing 102 may be simultaneously satisfied.

[0091] As illustrated in FIGs. 8A, 8B and 8C, on the first end 801 of the metal sheet 452, the
metal wiring terminal 421 is surrounded by a metal surface 823 not cladded by the first plastic
material 821, thereby enlarging the electrically conductive contact area when the metal wiring
terminal 421 is connected to the external load. The metal surface 823 slightly protrudes above
the plane of the plastic substrate 434 formed by the first plastic material 821 (e.g., this may be
implemented in the following way: tilting slightly downward the portions adjacent to the two
ends of the first end 801 of the metal sheet 452, to enable the plastic substrate 434 to cover the
downwardly tilted portions), thereby facilitating the operation of connecting the metal wiring
terminal 421 with the external load. On the second end 802 of the metal sheet 452, the
leading-out terminal 424 is disposed on the plastic substrate 434 formed by the first material
821. In other words, the first plastic material 821 covers the portion of the second end 802
other than the leading-out terminal 424.
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[0092] FIG. 8C shows that the prefabricated assembly 810 has been insert-molded in the
housing 102. When the housing 102 is molded using the second plastic material, the
prefabricated assembly 810 is covered partially by the second plastic and disposed on the step
431 of the housing 102; the plane of the first plastic material surface 821 is substantially flush
with the plane of the step 431 of the housing 102.

[0093] FIGs. 9A, 9B and 9C show a first end plate of the battery pack of the present
disclosure, wherein FIG. 9A shows a reverse face of the first end plate; FIG. 9B shows a front
face of the first end plate; and FIG. 9C shows a schematic view of dissembling the electronic

components mounted on the first end plate from the first end plate.

[0094] As shown in FIG. 9A, the first end plate 107 has a first end plate body 920, a material
of the first end plate body 920 being identical to the material of the housing 102, i.e., the first
plastic material. A circuit board 901 may be mounted on the reverse face 908 of the first end
plate 107. As will be described in detail in conjunction with FIG. 15, a control circuit 1501 is
provided on the circuit board 901, for circuit control of the battery pack 100. The circuit board
901 has several plugins 929, for connecting the circuit board 901 with the components in the
battery pack 100, e.g., the battery cell 103, the fan assembly 111, the relay 1001, and the fuse
1002 or the like (see FIG. 15), thereby monitoring or controlling these components through
the control circuit 1501. An upper end of the first end plate body 920 is provided with a
protruding portion (931, 932), the protruding portion (931, 932) forming a ventilation guide
slot 905. After the battery pack 100 is assembled, the ventilation guide slot 905 is fit with the
bearing plate 105 to form a middle gas discharging passage 732 (see FIG. 7) to communicate
the lateral gas discharging passage 730 with the vertical gas discharging passage 733. The
first end plate 107 further has an end plate bus bar 935 for connecting an anode output end of
the serially connected battery cells 103 to a first leading-out terminal 424.1 (a leading-out
terminal shown in FIG. 8A), so as to connect the anode output end of the battery pack 100 to
the outside of the battery pack 100 via the metal wiring terminal 431.1 for connecting an
external load. Two ends of the upper portion of the plate body 920 are also provided with
holes (970.1, 970.2) for connecting with the housing 102.

[0095] As shown in FIG. 9B, a front face of the first end plate 107 has a fence-like structure,
forming several crisscrossed reinforcing ribs 923. The reinforcing ribs 923 face towards the
several serially connected battery cells 103, for contacting one battery cell at the outermost
side of the several serially connected battery cells 103, so as to support the several battery

cells with the second end plate 109 (see FIG. 10) in a horizontal direction. The fence-like
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structure reinforces the intensity of the first end plate 107, such that it can resist an expansion
force from the battery cells more strongly, thereby limiting the expansion of the battery cells.
Moreover, the above structure further saves the material of manufacturing the first end plate,

reduces the weight of the first end plate, and thus makes the battery pack 100 lighter.

[0096] As illustrated in FIG. 9C, the circuit board 901 is secured onto the first end plate 107
via several bolts (971.1, 971.2, 971.3, and 971.4), and the first end plate bus bar 935 is
secured onto the circuit board 901 to be electrically conducted with the circuit board 901. The
first end plate bus bar 935 has a bus bar first end 937 and a bus bar second end 939, wherein
the bus bar first end 937 is connected to the first leading-out terminal 424.1 of the battery
pack 100, and the bus bar second end 939 is connected to the bus bar on the battery cell 103
adjacent to the first end plate 107, thereby connecting the anode output end of the several

battery cells 103 to the first leading-out terminal 424.1.

[0097] FIGs. 10A, 10B and 10C show a second end plate of the battery pack of the present
disclosure, wherein FIG. 10A shows a reverse face of the second end plate, FIG. 10B shows a
front face of the second end plate, and FIG. 10C shows a schematic diagram of dissembling

the electronic components mounted on the second end plate from the second end plate.

[0098] As illustrated in FIG. 10A, the second end plate 109 has a plate body 1020 on which
electronic components and a second end plate bus bar 1035 may be mounted. The electronic
components include, for example, a relay 1001 shown in FIG. 10A and a fuse 1002 shown in
FIG. 10C. Two ends of the upper portion of the second end plate body 1020 have holes
(1070.1, 1070.2) for connecting with the housing 102.

[0099] As shown in FIG. 10B, a front face of the second end plate 109 has a fence-like
structure, forming several crisscrossed reinforcing ribs 1023, wherein the reinforcing ribs
1023 face the several serially connected battery cells 103, for contacting with an adjacent
battery cell 103, thereby cooperating with the first end plate 107 to support the several battery
cells 103 in a horizontal direction. The fence-like structure reinforces the strength of the
second end plate 109, such that it may resist an expansion force from the battery cells more
intensively, thereby limiting expansion of the battery cells. Moreover, the above-described
structure also saves the material of manufacturing the first end plate, reduces the weight of the

first end plate, and thus makes the battery pack 100 lighter.

[00100] As shown in FIG. 10C, it shows more clearly the electronic components on the

second end plate 109 and multiple second end plate bus bars 1035, wherein the electronic
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components may be mounted on the plate body 1020 of the second end plate 109 via fasteners.
The electronic components (e.g., the fuse 1002 and the relay 1001) are connected via multiple
second end plate bus bars 1035. A relay plugin 1003 is provided on the relay 1001; a relay
plugin corresponding to the relay is provided on the circuit board 901 on the first end plate
107; the relay plugins 1003 may be inserted onto the plugins corresponding to the relay on the
circuit board 901 via the harness first segment 120.1 and the harness fourth segment 120.4,
such that the control circuit 1501 of the circuit board 901 may control the relay 1001.
Multiple second end plate bus bars 1035 also connect the cathode output end of the serially
connected battery cells to the second leading-out terminal 424.2 (the leading-out terminal
shown in FIG. 8A), such that the cathode output end of the several battery cells 103 is
connected to the outside of the battery pack 100 via the metal wiring terminal 431.1, for

connecting the external load.

[00101] FIG. 11 shows that the first end plate 107 and the second end plate 109 are being
mounted into the housing in which several battery cells 103 have been already mounted. As
shown in FIG. 11, the front face of the first end plate 107 and the front face of the second end
plate 109 face toward the several sequentially arrayed battery cells 103, respectively; and the
front face of the first end plate 107 and the front face of the second end plate 109 are in
contact with the outermost two of the several battery cells 103, respectively, so as to support
the several battery cells 103 in a horizontal direction and generate a pressure against the
several battery cells 103, which limits expansion of the battery cells 103 to a certain extent
and prolongs the service life of the battery. After the first end plate 107 and the second end
plate 109 are inserted into the housing 102, the two end plates are secured on the housing 102
via the holes (970.1, 970.2) at two ends of the upper portion of the first end plate 107 and the
holes (1070.1, 1070.2) at two ends of the upper portion of the second end plate 109,
respectively. The circuit board 901 on the first end plate is electrically conducted with the

electronic components on the second end plate 109 via the harness 120.

[00102] FIG. 12 shows a simulation diagram of the first end plate and the second end plate
deforming under pressure. During use of the battery, gas may be generated inside each battery
cell 103, which causes expansion of the housing of the battery 103. Slight expansion of the
battery unit 103 does not affect its use; however, accumulation of slight expansion of each
battery cell 103 will cause the size of the several battery cells 103 to have a certain
displacement against the original state; therefore, the battery pack 103 comprised of several

battery cells 103 needs to be capable of accommodating size changes of the several battery
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cells 103. The first end plate 107 and the second end plate 109 of the present disclosure can
deform to a certain extent such that while supporting the several battery cells 103 and limiting
movements of the battery cells 103 in a horizontal direction, they can accommodate size
changes of the several battery cells 103. In a simulation experiment of the present disclosure,
the maximum deformation displacement of the first end plate 107 and the second end plate
109 may reach 12.16 mm. After the first end plate 107 and the second end plate 109 are
inserted into the housing 102, a gap exists between the first end plate 107 and the first width
side wall 407; and a gap exists between the second end plate 109 and the second width side
wall 409, such that they can accommodate the deformation of the two end plates bending
towards two outsides caused by expansion of the several battery cells to enable the shape of
the housing of the battery pack 100 to maintain unchanged, facilitating a user to design the

size of the accommodation cavity of the battery pack 100.

[00103] The present disclosure provides two end plates separate from the housing of the
battery pack, which may not only play a role of supporting the several battery cells as
mentioned above so as to absorb the expansion of the battery cells, but also may bear various
electronic components, such that the electronic components may be arranged at a side face of
the battery pack, rather than concentratively borne at the upper portion of the battery pack by
the bearing plate, which may more facilitate structural design of the battery pack. Additionally,
because the two end plates may be dissembled from the housing of the battery pack, it will

become easier to maintain or change the electronic components mounted on the end plate.

[00104] FIGs. 13A and 13B show a fan assembly in the battery pack shown in FIG. 1A. As
shown in FIG. 13A, the fan assembly 111 comprises a fan mounting base plate 1302, a fan
mounting bracket 1302, and a fan 1303. The fan mounting base plate 1302 has a proximal end
1305 and a distal end 1306; the fan mounting bracket 1307 is mounted at a distal end 1306 of
the fan mounting base plate 1302; the fan mounting bracket 1307 may be connected to the fan
mounting base plate 1302 by welding or in other manners such as bolts. The fan mounting
base plate 1302 and the fan mounting bracket 1307 are both made of metal materials, such as
a cold-rolled sheet. Several mounting holes (1335.1, 1335.2, 1335.3, 1335.4) are provided at
an axial outside portion of the fan 1303, and the fan 1303 may be secured on the fan mounting
bracket 1307 via a side fastener 1331. A width of the proximal end 1305 of the fan mounting
base plate 1302 is larger than a width of a distal end 1306 of the fan mounting base plate 1302,
such that a trapezoid transition edge is formed between the width of the proximal end 1305 of

the fan mounting base plate 1302 and the width of the distal end 1306 of the fan mounting

19



WO 2018/087684 PCT/IB2017/056998

base plate 1302. A width of the fan mounting bracket 1307 is smaller than a width of the distal
end 1306 of the fan mounting base plate 1302. A pair of oppositely disposed distal end
mounting holes (1322.1, 1322.2) are provided on two edges of the distal end 1306 of the fan
mounting base plate 1302, and a pair of oppositely disposed proximal end mounting holes
(1321.1, 1321.2) are provided on two edges of the proximal end 1305 of the fan mounting
base plate 1302. When the fan mounting bracket 1307 is mounted on the distal end 1306 of
the fan mounting base plate 1302, a side bracket edge is formed at two sides of the distal end
1306 of the fan mounting base plate 1302, where the bracket edge may accommodate the
distal end mounting holes 1322.

[00105] Still as shown in FIG. 13, a fan assembly plugin 1330 is provided on the fan
assembly 111. A corresponding fan assembly plugin is provided on the circuit board 901 of
the battery pack 100. When the fan assembly 111 is mounted into the housing 102, the fan
assembly plugin 1330 may be electrically inserted into the corresponding fan assembly plugin
on the circuit board 901 via the harness 120, such that the fan assembly 111 may be
electrically connected with the circuit board 901 to enable the circuit board 901 to monitor a

working state of the fan assembly 111.

[00106] FIG. 14A shows the housing 102 without mounting a fan. In the present disclosure,
the fan assembly 111 is a component optionally configured such that a user may optionally
select the fan assembly 111 according to heat dissipation demands; with a low heat dissipation

demand, the battery pack 100° without mounting the fan assembly 111 may work normally.

[00107] With reference to FIG. 14A and FIG. 7, the housing bottom portion 102 has a heat
dissipation apparatus 701 that is made of a metal with a better heat conductivity, e.g.,
aluminum. The heat dissipation apparatus is substantially of a cylindrical structure having
openings at both ends to form an air passage 702. The air passage has an air passage inlet 703
and an air passage outlet 705. According to one embodiment of the present disclosure, a width
of the air passage 702 is substantially equivalent to the width of the battery cell 103. The heat
dissipation apparatus 701 is embedded into a bottom portion of the housing 102 during a
molding process of the housing 102. As shown in FIG. 1C and FIG. 7, a heat dissipation pad
140 1s provided above the heat dissipation apparatus 701, and the heat dissipation pad 140 is
mounted into the housing from the opening 410 of the housing 102. The heat dissipation pad
140 contacts the heat dissipation apparatus 701 to conduct heat generated by the several

battery cells 103 to the heat dissipation apparatus 701.
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[00108] When the fan assembly 111 is not configured in the battery pack, the heat is absorbed,
conducted, and dissipated by walls of the air passage 702. When the fan assembly 111 is
configured in the battery pack, the fan assembly 111 guides air to flow in via the air passage
inlet 703 and to be discharged out from the air passage outlet 705 via the fan. The fan
assembly 111 accelerates air flow in the air passage 702 to dissipate the heat of the heat
dissipation apparatus 701 more quickly, and accelerates the heat dissipation rate of the battery

pack 100.

[00109] As illustrated in FIG. 14A, the housing 102 has a fan assembly side wall opening
1401 and a fan assembly mounting accommodation cavity 1403. The fan assembly side wall
opening 1401 is provided on the second width side wall 409, and has a width matching the
width of the fan 1303 such that the fan may discharge hot air out of the housing 102 from the
air passage 702. The fan assembly mounting accommodation cavity 1403 extends upwards to
a top portion of the housing 102 from the bottom face of the housing 102, for accommodating
the fan 1303 and its mounting bracket 1307. The fan assembly mounting accommodation
cavity 1403 is in fluid connection with the fan assembly side wall opening 1401 and the outlet
705 of the air passage 702; however, the fan assembly mounting accommodation cavity 1403
is not in communication with an internal space of the housing 102 accommodating the battery

cells 103.

[00110] The housing 102 has a bottom portion opening 1405 in communication with a
mounting accommodation cavity 1403. A shape of the bottom portion opening 1405 matches
the shape of the fan mounting base plate 1302. The fan assembly mounting accommodation
cavity 1403 and the bottom portion opening 1405 of the housing 102 are designed such that
the fan assembly 111 may be inserted into the fan assembly mounting accommodation cavity
1403 from the bottom portion opening 1405 of the housing 102 to enable a proximal end 1305
of the fan mounting base plate 1302 to substantially overlap with an edge of the bottom
portion 401 of the housing 102, and to enable the fan mounting base plate 1302 to cover the
bottom portion opening 1405 of the housing 102. According to an embodiment of the present
disclosure, a width of the fan assembly side wall opening 1401 may be configured to be
slightly larger than the width of the fan mounting bracket 1307 so that the fan assembly 111
may be more readily mounted into the fan assembly mounting accommodation cavity 1403 or

disassembled from the fan assembly mounting accommodating cavity 1403.

[00111] Mounting holes (1422.1, 1422.2) and mounting holes (1421.1, 1421.2) corresponding
to distal end mounting holes (1322.1, 1322.2) and proximal end mounting holes (1321.1,
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1321.2) on the fan mounting base plate 1302 are provided at the bottom portion of the fan
assembly side wall opening 1401, respectively, so as to secure the fan mounting base plate

1302 bearing the fan 1303 to the bottom portion of the housing using fasteners.

[00112] It may be seen from FIG. 14A that the fan assembly mounting accommodation cavity
1403 is relatively wide at a position proximal to the outlet 705 of the air passage 702, and is
substantially equivalent to the width of the outlet 705 of the air passage 702, to facilitate
discharging the hot air in the air passage 702. However, the fan assembly mounting
accommodation cavity 1403 is relatively narrow at a position proximal to the fan assembly
side wall opening 1401, and is substantially equivalent to the widths of the fan 1303 and its
mounting bracket 1307, to provide support to the fan assembly in a width direction of the
housing. Therefore, the fan assembly mounting accommodation cavity 1403 has a
substantially trapezoid shape in the length direction of the housing, and the bottom portion
opening 1405 of the fan assembly mounting accommodation cavity 1403 also has a trapezoid
shape substantially matching it. The above-mentioned forming a trapezoid transition edge
between a width of the proximal end 1305 of the fan mounting base plate 1302 and a width of
the distal end 1306 of the fan mounting base plate 1302 is to match the shape of the bottom
portion opening 1405 of the fan assembly mounting accommodation cavity 1403 to seal the

bottom portion opening 1405.

[00113] Fig. 14B is a partial sectional schematic view along a B-B line in FIG. 1B, which
shows a blocking part in the fan assembly mounting accommodation cavity 1403 for limiting
a movement of the fan assembly in a length direction of the housing 102. Specifically, as
illustrated in FIG. 13B, an upper portion of the fan 1303 has a side edge 1317.1, and the fan
mounting bracket 1307 has a side edge 1317.2; after the fan 1303 is mounted on the fan
mounting bracket 1307, a thickness h is formed between the side edge 1317.1 of the fan 1303
and the side edge 1317.2 of the fan mounting bracket 1307. As shown in FIG. 14B, the fan
assembly mounting accommodation cavity 1403 has a first blocking portion (1417.1, 1417.2)
and a second blocking portion (1418.1, 1418.2), wherein a distance between the first blocking
portion (1417.1, 1417.2) and the second blocking portion (1418.1, 1418.2) is arranged to be
capable of accommodating the thickness h formed between the side edge 1317.1 of the fan
1303 and the side edge 1317.2 of the fan mounting bracket 1307. Therefore, when the fan
assembly 111 is mounted in the fan mounting accommodation cavity 1403, an upper portion
of the fan assembly may be stuck between the first blocking portion (1417.1, 1417.2) and the
second blocking portion (1418.1, 1418.2) to limit a movement of the fan assembly 111 in the
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horizontal direction relative to the housing 102. As an embodiment, the first blocking portion
(1417.1, 1417.2) in the fan assembly mounting accommodation cavity 1403 extends from the
top portion of the fan assembly mounting accommodation cavity 1403 to the bottom portion
opening 1405 of the housing 102, while the second blocking portion (1418.1, 1418.2) extends
from a side face of the fan assembly mounting accommodation cavity 1403 towards the fan

assembly side wall opening 1401.

[00114] FIG. 14C shows a housing 102 mounted with a fan assembly 111. In the present
disclosure, the above-described mounting structure of the fan assembly 111 enables the fan
assembly 111 to be conveniently disassembled so that the battery pack may or may not be
provided with the fan assembly 111 as needed. After the bottom portion fasteners are
dismantled and the fan assembly plugin 1330 is disengaged from the corresponding fan
assembly plugin on the circuit board 901, the fan assembly 111 can be drawn out downwardly

from the bottom portion opening 1405 of the housing 102.

[00115] FIG. 15 shows a battery pack control system 1500. As shown in FIG. 15, the battery
pack control system 1500 comprises a battery 1502 comprised of 13 battery cells connected in
series, a battery positive output end 1503, a battery negative output end 1504, a control circuit
1501, a relay 1001, a fuse 1002, a fan 1303, and a hybrid vehicle control unit (ECU) 1516.
The 13 battery cells are connected in series through the battery cell bus bars 163 to form the
battery 1502.

[00116] The control circuit 1501 comprises a processor 1520, a fan control circuit 1532, a
memory 1533, a battery cell equilibrium driving circuit 1534, and a current signal switching
circuit 1535. The fan control circuit 1532, the memory 1533, the battery cell equilibrium
driving circuit 1534, and the current signal switching circuit 1535 are connected with the

processor 1520 and operate under control of the processor 1520.

[00117] The processor 1520 may read programs (including a series of instructions) and data
stored in the memory 1533; the processor 1520 may also store data into the memory 1533. By
executing the programs stored in the memory 1533, the processor 1520 may control operation

of the battery pack control system 1500.

[00118] The battery positive output end 1503 is connected to the positive end of the 13
battery cells connected in series via the relay 1001 and the fuse 1002. Upon instant surging of
the current, the fuse 1002 is disconnected to cut off the current output circuit. The relay 1001

is connected to the processor 1520; under control of the processor 1520, the relay 1001 is
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switched from a connected state to a disconnected state to cut off the current output circuit.
The battery positive output end 1503 and the battery group negative output end 1504 are
connected to an external load (e.g., a motor of a hybrid vehicle). The fan 1303 is connected to
the fan control circuit 1532, and a rotatory speed of the fan 1303 is adjusted under control of

the processor 1520.

[00119] There are 4 different types of input or output signals at the battery 1502 and the
control circuit 1501. The first type of inputs 1541 refers to 13 voltage inputs measured from
the 13 battery cells, which are inputted from the battery 1502 to the control circuit 901, so that
the control circuit 1501 may monitor the voltage state of the 13 battery cells during operation
to control operation of the battery 1502 based on the voltage states of all of the 13 battery

cells.

[00120] The second type of input signals refers to 2 temperature inputs 1542 measured from 2
selected battery cells, which are inputted from the battery 1502 to the control circuit 1501, so
that the control circuit 1501 may monitor the temperature state of the battery pack during
operation to control operation of the battery 1502 based on the temperature of the selected 2
battery cells. Of course, the purpose of monitoring the temperature state of the battery pack
may also be implemented by selecting to measure the temperature input of a single battery

cell.

[00121] The third type of input signals refers to a current input 1543 from the battery
negative end, which is connected to a current signal converting circuit 1535 that converts
current signals into voltage signals that are inputted to the processor 1520, so that the control
circuit 1501 monitors an output/ input current state of the battery pack during operation, to
control operation of the battery 1502 based on the output/output current state of the battery
pack. In the embodiments of the present disclosure, the first, second, and third types of input

signals are connected to the control circuit 1501 via the harness 120.

[00122] The first type of output signals refers to 13 drive outputs 1544 from the battery cell
equilibrium drive circuit 1534; the 13 drive outputs 1544 are connected to the positive and
negative ends of the 13 battery cells, respectively, to charge or discharge the 13 battery cells
under control of the processor 1520, to maintain equilibrium of the voltages of the 13 battery
cells during operation. The first type of outputs is also connected to the positive and negative

output ends of the 13 battery cells via the harness 120.
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[00123] In the battery pack control system 1500, a battery cell voltage upper limit value, a
battery cell voltage lower limit value, a battery cell voltage difference upper limit value, a
temperature upper limit value, a temperature lower limit value, and an operating current upper
limit value are set. During operation, when a voltage of a certain battery cell detected by the
processor 1520 is higher than the battery cell voltage upper limit value or lower than the
battery cell voltage lower limit value, or when a voltage difference value between any two
battery cells as detected is higher than the voltage difference upper limit value, or when a
temperature of the battery 1502 as detected is above the temperature upper limit value/below
the temperature lower limit value, or when an output current of the battery 1502 as detected
exceeds the upper limit value of the operating current, the processor 1520 emits a cutoff
signal to the relay 1001, causing the relay 1001 to change from the connected state to the

disconnected state to cut off the current output circuit.

[00124] Moreover, during operation, the processor 1520 detects whether the battery pack
control system 1500 is connected with a fan 1303 through a port 1550 (e.g., by detecting the
resistance amount of the port 1550). If the processor 1520 detects that the battery pack control
system 1500 is not connected with the fan 1303, the processor 1520 will not perform wind
speed control. If the processor 1520 detects that the battery pack control system 1500 is
connected with the fan 1303, the processor 920 will constantly emit a signal (e.g., PWM-duty
cycle signal) to control the rotating speed of the fan 1303 based on the detected battery

temperature.

[00125] In addition, during operation, the processing 1520 detects the voltage of each battery
cell of the 13 battery cells; if needed, the processor 1520 initiates the battery cell equilibrium
drive circuit 1544, selects a battery cell, and charge (increasing the voltage) or discharge
(decreasing the voltage) it, causing the voltage differences among the 13 battery cells to reach

an equilibrium within a prescribed scope.

[00126] Further, the processor 1520 emits corresponding control signals to the hybrid vehicle
control unit based on the detected voltage state of the 13 battery cells, the temperature state of
the selected 2 battery cells, and the battery current output state, to enable an external load (e.g.,

a motor of the hybrid vehicle) to run in an optimum operation state.

[00127] The battery pack provided by the present disclosure used in a micro-hybrid vehicle
enhances fuel efficiency and reduces exhaust emissions, particularly CO2 gas emissions. As

hybrid vehicles increasingly use some components with a larger power, e.g., an electric
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air-conditioner, an electric turbocharger, and an electric power steering, etc., a battery that
may provide a larger power is needed. The 48V, 10Ah battery pack provided by the present
disclosure can enable a traditional hybrid vehicle to save about 15% fuel, and to have a
compact structure and a small size. When an extreme circumstance occurs to the battery pack,
the battery cells will be broken to release gas, avoiding risks from the battery pack; in prior
designs, a gas discharging passage needs to be designed for the battery pack to discharge the
gas released from breaking of the battery cells outside of the battery pack; while in the present
disclosure, an improvement is made by using the structure of the battery pack per se to form a
gas discharging passage, which makes it unnecessary to additionally design a specific gas
discharging passage; in this way, the present disclosure saves materials and space and makes
the structure of the battery pack compact. The battery pack provided by the present disclosure
further comprises two end plates disposed at two sides of the battery cells, respectively; in
addition to bearing the electronic components and connecting a circuit, the two end plates also
play a role of supporting the several battery cells to facilitate mounting the battery cells and
provide a certain pressure against the battery cells thereby to limit expansion of the battery
cells within a certain extent and prolong the service life of the battery cells; moreover, they
may deform to absorb expansion of the battery cells to enable the housing of the entire battery
pack to maintain unchanged. In the present disclosure, the material surrounding the metal
wiring terminals is different from the material of the housing, wherein a material with good
insulation and anti-corrosion performance is adopted surrounding the metal wiring terminal,
while the housing adopts a material with good mechanical performance; the material
surrounding the metal wiring terminal may tolerate a temperature rise and possible corrosion
of the metal wiring terminals during the battery use, while the material of the housing has a
relatively high strength and hardness, which may protect internal components of the battery
pack. The present disclosure also provides an optional fan assembly such that a user may
select whether to equip based on different heat dissipation needs; in a low heat dissipation
demand, the fan assembly may not be mounted, and heat dissipation may be implemented
only by means of the heat dissipation apparatus at the bottom portion of the battery pack,

which may lower the cost for some users.

[00128] Although only some features of the present disclosure are illustrated and described,
various improvements and changes may be made by those skilled in the art. Therefore, it
should be understood that the appended claims are intended to cover all improvements and

changes within the substantive spirit of the present disclosure.
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CLAIMS

I/We Claim:

1. A fan assembly (111), characterized in that the fan assembly (111) comprises:

a fan mounting base plate (1302), wherein the fan mounting base plate (1302) has a
proximal end (1305) and a distal end (1306);

a fan mounting bracket (1307), wherein the fan mounting bracket (1307) is disposed at
the distal end (1306) of the fan mounting base plate (1302); and

a fan (1303), wherein the fan (1303) is mounted on the fan mounting bracket (1307),
wherein

a width of the proximal end (1305) of the fan mounting base plate (1302) is greater
than a width of the distal end (1306) of the fan mounting base plate (1302), so that a
trapezoidal transition edge is formed between the width of the proximal end (1305) of the fan
mounting base plate (1302) and the width of the distal end (1306) of the fan mounting base
plate (1302);

a width of the fan mounting bracket (1307) is less than the width of the distal end
(1306) of the fan mounting base plate (1302).

2. The fan assembly (111) according to claim 1, characterized in that:

when the fan mounting bracket (1307) is mounted onto the distal end (1306) of the fan
mounting base plate (1302), because the width of the fan mounting bracket (1307) is less than
the width of the distal end (1306) of the fan mounting base plate (1302), a base plate edge is
formed at two sides of the distal end (1306) of the fan mounting base plate (1302),
respectively, wherein the base plate edges accommodate distal end mounting holes (1322.1,

1322.2).

3. The fan assembly (111) according to claim 1, characterized in that:

the fan assembly (111) is configured for cooling a battery pack (100), wherein the
battery pack (100) comprises an upper cover (101) and a housing (102) for accommodating
multiple battery cells (103); the housing (102) has a bottom portion (401) which is provided
with a first length side wall (403) and a second length side wall (405) that extend upward
along a length direction of the bottom portion (401) and are oppositely disposed, and a first
width side wall (407) and a second width side wall (409) that extend upward along a width
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direction of the bottom portion (401) and are oppositely disposed; and the bottom portion
(401), the first length side wall (403), the second length side wall (405), the first width side
wall (407), and the second width side wall (409) form the housing (102) closed by the bottom
portion and the four side walls, and form an upper portion opening (410); the upper cover
(101) is mounted on the upper portion opening (410); the bottom portion (401) is provided
with an air passage (702), and the air passage (702) has an inlet (703) and an outlet (705); the
fan assembly (111) is mounted at the air passage outlet (705); and the width of the proximal
end (1305) of the fan mounting base plate matches the width of the air passage (702).

4. The fan assembly (111) according to claim 2, characterized in that the housing (102)
comprises:
a fan assembly side wall opening (1401), wherein the fan assembly side wall opening
(1401) is disposed outside the second width side wall (409); and
a fan assembly mounting accommodation cavity (1403), wherein the fan assembly
mounting accommodation cavity (1403) is in fluid communication with the fan assembly side

wall opening (1401), and extends into the housing (102).

5. The fan assembly (111) according to claim 4, characterized in that:

the bottom portion (401) of the housing (102) is provided with a bottom portion
opening (1405) in a part corresponding to the fan assembly mounting accommodation cavity
(1403), and a shape of the bottom portion opening (1405) matches a shape of the fan
mounting base plate (1302).

6. The fan assembly (111) according to claim 5, characterized in that:

the fan assembly (111), the fan assembly side wall opening (1401), the fan assembly
mounting accommodation cavity (1403), and the bottom portion opening (1405) of the
housing (102) are designed to enable the fan assembly (111) to be inserted from the bottom
portion opening (1405) of the fan assembly into the fan assembly mounting accommodation
cavity (1403), so that the proximal end (1305) of the fan mounting base plate (1302)
substantially overlaps with an edge of the bottom portion (401) of the housing (102), and the
fan mounting base plate (1302) covers the bottom portion opening (1405) of the housing
(102).

7. The fan assembly (111) according to claim 6, characterized in that:
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the two edges of the distal end (1306) of the fan mounting base plate (1302) are
provided with the distal end mounting holes (1322.1, 1322.2) oppositely disposed; and

the two edges of the proximal end (1305) of the fan mounting base plate (1302) are
provided with a pair of proximal end mounting holes (1321.1, 1321.2) oppositely disposed.

8. The fan assembly (111) according to claim 7, characterized in that:

a bottom portion of the fan assembly side wall opening (1401) is provided with a pair
of mounting holes (1422.1, 1422.1), and the fan assembly (111) is capable of being fixed to
the bottom portion of the fan assembly side wall opening (1401) by using a bottom portion
fastener by means of the pair of distal end mounting holes (1322.1, 1322.2) in the fan
mounting base plate (1302); and

at a position where the proximal end (1305) of the fan mounting base plate overlaps
with the bottom portion (401) of the housing, the bottom portion (401) of the housing are
provided with a pair of corresponding mounting holes (1421.1, 1421.2), so that the fan
assembly (111) is capable of being fixed to the bottom portion (401) of the housing by using a
bottom portion fastener by means of the pair of proximal end mounting holes (1321.1, 1321.2)

in the fan mounting base plate (1302).

9. The fan assembly (111) according to claim 3, characterized in that:

the fan assembly (111) is provided with a fan assembly plugin (1330);

the battery pack has a circuit board (901), wherein the circuit board (901) is provided
with a corresponding fan assembly plugin; and

when the fan assembly (111) is inserted into the fan assembly mounting
accommodation cavity (1403), the fan assembly plugin (1330) is capable of being electrically

plug-connected to the corresponding fan assembly plugin on the circuit board (901).

10. The fan assembly (111) according to claim 9, characterized in that:

after the bottom portion fastener is removed and the fan assembly plugin (1330) is
separated from a corresponding fan assembly plugin on the circuit board (901), the fan
assembly (111) is capable of being drawn out from the bottom portion opening (1405) of the
housing (102).

11. The fan assembly (111) according to claim 4, characterized in that:
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an upper portion of the fan assembly (111) has an upper portion edge (1317.1, 1317.2)
formed by the fan mounting bracket (1307) and the fan (1303), the upper portion edge
(1317.1, 1317.2) having a thickness;

a first blocking portion (1417.1, 1417.2) and a second blocking portion (1418.1,
1418.2) are provided inside the fan assembly mounting accommodation cavity (1403), an
interval with a thickness larger than that of the upper portion edge (1317.1, 1317.2) being
provided between the first blocking portion (1417.1, 1417.2) and the second blocking portion
(1418.1, 1418.2); and

when the fan assembly (111) is mounted in the fan mounting accommodation cavity
(1403), the upper portion edge (1317.1, 1317.2) is stuck between the first blocking portion
(1417.1, 1417.2) and the second blocking portion (1418.1, 1418.2), thereby limiting a

movement of the fan assembly (111) in a horizontal direction relative to the housing (102).

12. A battery pack (100), wherein the battery pack (100) comprises a housing (102) for
accommodating multiple battery cells and an upper cover (101); the housing (102) has a
bottom portion (401) which are provided with a first length side wall (403) and a second
length side wall (405) that extend upward along a length direction of the bottom portion (401)
and are oppositely disposed, and a first width side wall (407) and a second width side wall
(409) that extend upward along a width direction of the bottom portion (401) and are
oppositely disposed; the bottom portion (401), the first length side wall (403), the second
length side wall (405), the first width side wall (407) and the second width side wall (409)
form the housing (102) closed by the bottom portion and the four side walls, and form an
upper portion opening (410); the upper cover (101) is mounted on the upper portion opening
(410); the bottom portion (401) is provided with an air passage (702), and the air passage (702)
has an inlet (703) and an outlet (705); and the battery pack (100) is characterized by
comprising:

the optionally mounted fan assembly (111) according to any of claims 1 to 9, wherein

the fan assembly (111) is mounted at the air passage outlet (705).
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