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POWER BATTERY PACK

FIELD

The present disclosure relates to the field of power battery technologies, and in particular, to a

power battery pack.

BACKGROUND

In the related art, when a power battery pack is in a large-current charging/discharging process, a

large quantity of heat is accumulated in a battery. If the heat is not controlled in time, a temperature of

a battery module is sharply increased. Particularly, a large-capacity battery module has larger energy

density and more released heat, to easily cause thermal runaway. As a result, a battery has a problem

such as gas release, smoking, or liquid leakage, and even the battery may burn, explode, or the like.

For a conventional power battery pack, an air cooling structure or a liquid cooling structure is

usually used for performing undiversified thermal management on a unit cell in a battery module.

However, the air cooling structure has low cooling efficiency, which cannot satisfy a safety

requirement and a heat dissipation requirement of a battery group having large power, high energy

density, and huge heat. The liquid cooling structure is a complex structure, and occupies large space,

which is unfavorable to lightweight and compactness of the battery module.

SUMMARY

This application is made based on finding and understanding of the inventor on the following

facts and problems: The inventor finds that, in the related art, after a liquid cooling power battery pack

is used for a period of time, the service life and the charging/discharging rate of the power battery

pack plummet. It is found through experimental analysis that, reasons why the service life and

charging/discharging rate of the power battery pack plummet after a period of time of use are: the oil

temperature is excessively high, and heat dissipation is not good.

The disclosure aims to resolve at least one of the technical problems existing in the prior art. To

this end, an objective of the present disclosure is to propose a power battery pack. The power battery

pack has a good heat dissipation effect.

The power battery pack according to the present disclosure includes: a battery pack case, where

an oil inlet and an oil outlet are formed on the battery pack case, and insulation oil is charged from the

oil inlet into the battery pack case; at least one battery module, where the at least one battery module
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is disposed in the battery pack case, each battery module includes a module case and at least one unit

cell disposed in the module case, the at least one unit cell is immersed in the insulation oil, the bottom

of the module case is provided with a through hole, and the top of the module case is provided with at

least one exhaust vent; and a return pipe, where the return pipe is disposed outside the battery pack

case, and the return pipe is connected between the oil outlet and the oil inlet.

In the power battery pack according to the present disclosure, the oil inlet and the oil outlet are

disposed on the battery pack case, the return pipe is disposed between the oil inlet and the oil outlet,

and the insulation oil may be injected into the battery pack case by using the oil inlet, so that the unit

cell is immersed in the insulation oil. The return pipe may cause the insulation oil to return between

the oil inlet and the oil outlet, to increase the heat dissipation area of the battery module, thereby

improving the heat dissipation effect of the power battery pack, reducing the temperature of the power

battery pack, and further improving the service life and the charging/discharging rate of the power

battery pack. Moreover, immersion of the unit cell in the insulation oil may isolate the unit cell from

air, thereby eliminating a spontaneous combustion risk of the battery module in an extreme case.

According to some embodiments of the present disclosure, the oil inlet is disposed adjacent to a

bottom wall of the battery pack case, and the oil outlet is disposed on the top of the battery pack case.

According to some embodiments of the present disclosure, an oil return passage is formed

between the return pipe and the battery pack case through the oil inlet and the oil outlet, and an oil

pump is disposed on the oil return passage.

According to some embodiments of the present disclosure, the return pipe is a transparent pipe or

a translucent pipe.

According to some embodiments of the present disclosure, a separator is disposed in the battery

pack case, the separator separates the inner part of the battery pack case into first accommodation

space and second accommodation space, and the at least one battery module is disposed in the second

accommodation space.

According to some embodiments of the present disclosure, a sealing plate is disposed on the

battery pack case, the sealing plate includes a first sealing plate and a second sealing plate, the first

sealing plate is used to seal the first accommodation space, and the second sealing plate is used to seal

the second accommodation space.

According to some embodiments of the present disclosure, the top of the second sealing plate is

provided with at least one fixing member, a fixing hole is formed on the fixing member, and the return

pipe passes through the fixing hole and is fixing on the second sealing plate.
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According to some embodiments of the present disclosure, the battery pack case is further

provided with a liquid cooling device, and the liquid cooling device is located on the bottom of the at

least one battery module.

According to some embodiments of the present disclosure, the oil inlet is disposed adjacent to the

liquid cooling device.

According to some embodiments of the present disclosure, the liquid cooling device includes a

first main pipe, a second main pipe, and a plurality of liquid cooling members, both the first main pipe

and the second main pipe extend along a first direction, the first main pipe has a liquid inlet and the

second main pipe has a liquid outlet, the plurality of liquid cooling members is connected in parallel

between the first main pipe and the second main pipe, and the plurality of liquid cooling members is

used to cool the at least one battery module.

According to some embodiments of the present disclosure, the first main pipe and the second

main pipe are arranged side by side and are both located on a same side of the at least one battery

module along a second direction perpendicular to the first direction.

According to some embodiments of the present disclosure, a first end of each liquid cooling

member and the first main pipe are connected by using a first adaptor pipe, and a second end of each

liquid cooling member and the second main pipe are connected by using a second adaptor pipe.

According to some embodiments of the present disclosure, each of the first adaptor pipe and the

second adaptor pipe is a bent pipe arranged along an up and down direction.

According to some embodiments of the present disclosure, each liquid cooling member includes

a flat pipe extending zigzag.

According to some embodiments of the present disclosure, each liquid cooling member further

includes a liquid cooling plate disposed on a side surface of the flat pipe adjacent to the at least one

battery module.

Additional aspects and advantages of embodiments of the disclosure will be given in part in the

following descriptions, become apparent in part from the following descriptions, or be learned from

the practice of the embodiments of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and/or additional aspects and advantages of this disclosure become obvious and

easily understood in descriptions of the embodiments with reference to the following accompanying

drawings.
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FIG. 1 is a three-dimensional view of a power battery pack according to an embodiment of the

present disclosure;

FIG. 2 is a three-dimensional view of a battery pack case, a battery module, and a liquid cooling

device of a power battery pack according to an embodiment of the present disclosure;

FIG. 3 is a three-dimensional view of a battery pack case and a liquid cooling device of a power

battery pack according to an embodiment of the present disclosure;

FIG. 4 is a three-dimensional view of a liquid cooling device according to an embodiment of the

present disclosure;

FIG. 5 is another three-dimensional view of a liquid cooling device according to an embodiment

of the present disclosure;

FIG. 6 is a top view of a liquid cooling device according to an embodiment of the present

disclosure;

FIG. 7 is a rear view of a liquid cooling device according to an embodiment of the present

disclosure;

FIG. 8 is a three-dimensional view of a liquid cooling device according to another embodiment of

the present disclosure;

FIG. 9 is another three-dimensional view of a liquid cooling device according to another

embodiment of the present disclosure;

FIG. 10 is a top view of a liquid cooling device according to another embodiment of the present

disclosure;

FIG. 11 is a rear view of a liquid cooling device according to another embodiment of the present

disclosure;

FIG. 12 is a partial schematic diagram of a power battery pack according to an embodiment of

the present disclosure, showing a pressing plate cooperating in a cable leading-out slot and a cable

passing through the cable leading-out slot;

FIG. 13 is an exploded view of a seal ring, a pressing plate, a pressing plate seal washer, a

leading-out slot seal washer, and a base plate according to an embodiment of the present disclosure;

FIG. 14 is a partial bottom view of the power battery pack shown in FIG. 12;

FIG. 15 is a partial front view of the power battery pack shown in FIG. 12;

FIG. 16 is a sectional view along a line A-A in FIG. 15;

FIG. 17 is a three-dimensional view of a conductive post mounting body of a power battery pack

according to an embodiment of the present disclosure;
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FIG. 18 is a front view of a conductive post mounting body of a power battery pack according to

an embodiment of the present disclosure; and

FIG. 19 is a sectional view along a line B-B in FIG. 18.

Reference numerals of the accompanying drawing:

power battery pack 100,

battery pack case 1, oil inlet 11, oil outlet 12, partition plate 13, cable leading-out slot 131, first

accommodation space 14, second accommodation space 15, sealing plate 16, first sealing plate 161,

second sealing plate 162, fixing member 1621,

battery module 2,

return pipe 3,

liquid cooling device 4, first main pipe 41, liquid inlet 411, second main pipe 42, liquid outlet

421, liquid cooling member 43, flat pipe 431, liquid cooling plate 432, first adaptor pipe 44, second

adaptor pipe 45,

cable 51, seal ring 52, first seal ring 521, second seal ring 522, protrusion 523, seal groove 524,

pressing plate 53, pressing plate seal washer 54, first pressing plate seal segment 541, pressing plate

convex rib 5411, second pressing plate seal segment 542, leading-out slot seal washer 55, first

leading-out slot seal segment 551, leading-out slot convex rib 5511, second leading-out slot seal

segment 552, base plate 56, thread fixing member 57,

conductive post mounting body 61, conductive post 611, insulation member 612, seal member

613, third seal ring 6131, connection rib 6132, seal rib 6133, and pressing member 62.

DETAILED DESCRIPTION

The following describes embodiments of the disclosure in detail. Examples of the embodiments

are shown in the accompanying drawings. The same or similar elements and the elements having same

or similar functions are denoted by like reference numerals throughout the descriptions. The

embodiments described below with reference to the accompanying drawings are exemplary, are used

to only explain the disclosure, but cannot be understood as a limitation on the disclosure.

In descriptions of the present disclosure, it should be understood that, terms "first" and "second"

are used only for description objectives, and shall not be construed as indicating or implying relative

importance or implying a quantity of indicated technical features. Therefore, features modified by

"first" and "second" may explicitly or implicitly include one or more features. In descriptions of this
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disclosure, "a plurality of" means two or more, unless otherwise stated.

In the descriptions of the present disclosure, it should be noted that, unless otherwise clearly

specified and defined, terms such as "mounting", "interconnection", and "connection" shall be

understood in a broad sense, for example, may be a fixing connection, a detachable connection, an

integral connection, a mechanical connection, an electrical connection, a direct connection, an indirect

connection by using an intermediate medium, and communication between interiors of two

components. A person of ordinary skill in the art may understand specific meanings of the foregoing

terms in this disclosure according to a specific situation.

A power battery pack 100 according to an embodiment of the present disclosure is described

below with reference to FIG. 1 to FIG. 19.

As shown in FIG. 1 and FIG. 2, the power battery pack 100 according to this embodiment of the

present disclosure includes: a battery pack case 1, a plurality of battery modules 2, and a return pipe 3.

Specifically, an oil inlet 11 is formed on the battery pack case 1, an oil outlet 12 is formed on an

upper portion of the battery pack case 1, and insulation oil may be charged from the oil inlet 11 into

the battery pack case 1. In some embodiments of the present disclosure, the oil inlet 11 may be formed

into an inlet pipe, so as to charge the insulation oil into the battery pack case 1 by using the oil inlet

11.

Referring to FIG. 1, the return pipe 3 is disposed outside the battery pack case 1, and the return

pipe 3 is connected between the oil outlet 12 and the oil inlet 11. Specifically, the return pipe 3 is

disposed on the top of the battery pack case 1. Therefore, it is convenient for the insulation oil to

return between the oil inlet 11 and the oil outlet 12, thereby facilitating dissipation of heat absorbed by

the insulation oil and enabling the temperature of the insulation oil in the battery pack case 1 to be

even, so as to improve the heat dissipation effect of the power battery pack 100.

In some embodiments of the present disclosure, the oil outlet 12 is located higher than the oil

inlet 11. Referring to FIG. 2 and FIG. 3, the oil inlet 11 may be disposed adjacent to a bottom wall of

the battery pack case 1. As shown in FIG. 1, the oil outlet 12 may be disposed on the top of the battery

pack case 1. Therefore, the insulation oil may enter the battery pack case 1 (specifically, second

accommodation space 15, which is described in detail below) from the bottom of the battery pack case

1, thereby effectively reducing gas in the battery pack case 1, reducing air bubbles, and improving

safety and reliability of the power battery pack 100.

At least one battery module 2 is disposed in the battery pack case 1. There may be one or more

battery modules 2. For example, referring to FIG. 1 and with reference to FIG. 2 and FIG. 3, the
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battery pack case 1 may be formed into a rectangular shape, there is a plurality of battery modules 2,

and the plurality of battery modules 2 may be arranged side by side in the battery pack case 1 along a

first direction (for example, a left and right direction in FIG. 1).

Certainly, it may be understood that, the plurality of battery modules 2 may alternatively be

disposed side by side along a second direction (for example, a front and rear direction in FIG. 1)

perpendicular to the first direction; or some battery modules 2 of the plurality of battery modules 2

may be disposed side by side along the first direction, and some other battery modules 2 of the

plurality of battery modules 2 are disposed side by side along the second direction. In some

embodiments of the present disclosure, the plurality of battery modules 2 may be disposed into one or

more layers. When the plurality of battery modules 2 is disposed into a plurality of layers, the battery

modules 2 may be stacked in an up and down direction. A specific arrangement manner of the battery

modules 2 may be adjusted and designed according to an actual use occasion of the power battery

pack 100. This is not specifically limited in the present disclosure.

Each battery module 2 includes a module case and at least one unit cell disposed in the module

case, and the unit cell is immersed in the insulation oil. Therefore, heat generated by the unit cell in a

use process may be absorbed by using heat capacity of the insulation oil, to implement a heat

buffering function, and perform cooling and heat dissipation on the battery module 2. Moreover,

immersion of the unit cell in the insulation oil may enable temperatures of batteries of the power

battery pack 100 to keep consistent and may enable the insulation oil to be in direct contact with an

inner wall of the battery module 2, thereby increasing the heat dissipation surface of the battery

module 2, effectively improving the heat dissipation effect, further improving the

charging/discharging rate of the power battery pack 100, and prolonging the service life of the power

battery pack 100.

Specifically, the bottom of the module case is provided with a through hole and the top is

provided with at least one exhaust vent. The exhaust vent on the top of the module case may

effectively assist in discharging gas in the module case, so that the insulation oil flows into the module

case more easily, to increase the charging speed of the insulation oil. The through hole on the bottom

of the module case may increase the charging speed of the insulation oil, so that the insulation oil is

fully charged in the battery module 2 rapidly. In some embodiments of the present disclosure, the

module case is a plastic member. Material costs of the plastic member are low and manufacturing is

convenient.

Herein, it should be noted that, "at least one" mentioned in this application means one or more
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than one. Moreover, in the description of the present disclosure, directions or location relationships

indicated by terms "center", "longitudinal", "landscape", "length", "width", "thickness", "upper",

"lower", "front", "rear", "left", "right", "vertical", "horizontal", "top", "bottom", "inner", "outer",

"axial", "radial", and "circumferential" are directions or location relationships shown based on the

accompanying drawings, are merely used for the convenience of describing the present disclosure and

simplifying the description, but are not used to indicate or imply that a device or an element must have

a particular direction or must be constructed and operated in a particular direction, and therefore,

cannot be understood as a limitation to the present disclosure.

In the power battery pack 100 according to this embodiment of the present disclosure, the oil

inlet 11 and the oil outlet 12 are disposed on the battery pack case 1, and the return pipe 3 is disposed

between the oil inlet 11 and the oil outlet 12. Therefore, the insulation oil may be injected into the

battery pack case 1 by using the oil inlet 11, so that the unit cell is immersed in the insulation oil. The

return pipe may enable the insulation oil to return between the oil inlet 11 and the oil outlet 12, to

increase the heat dissipation area of the battery module 2, thereby improving the heat dissipation

effect of the power battery pack 100, enabling the temperature of the insulation oil in the battery pack

case 1 to be even, reducing the temperature of the power battery pack 100, and further improving the

service life and the charging/discharging rate of the power battery pack 100. Moreover, immersion of

the unit cell in the insulation oil may isolate the unit cell from air, thereby eliminating a spontaneous

combustion risk of the battery module 2 in an extreme case.

According to some embodiments of the present disclosure, an oil return passage is formed

between the return pipe 3 and the battery pack case 1 through the oil inlet 11 and the oil outlet 12, and

an oil pump (not shown) is disposed on the oil return passage. Therefore, convection of the insulation

oil in the battery pack case 1 may be implemented by using the oil pump, to accelerate heat dissipation

of the power battery pack 100, thereby further improving the heat dissipation effect of the power

battery pack 100. Moreover, the oil pump may control exhaust, to reduce gas in the insulation oil,

thereby further reducing gas in the battery pack case 1, and improving safety and reliability of the

power battery pack 100.

Further, a cooling device may be disposed in the return pipe 3 or the oil pump, and heat of the

insulation oil is taken away by using the cooling device. Therefore, heat dissipation of the insulation

oil may be further accelerated by using the cooling device, thereby improving the heat dissipation

effect of the power battery pack 100, and prolonging the service life and the charging/discharging rate

of the power battery pack 100.
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According to some embodiments of the present disclosure, referring to FIG. 2 and FIG. 3, there is

a separator 13 in the battery pack case 1, the separator 13 may extend along a width direction of the

battery pack case 1 (for example, a front and rear direction in FIG. 2), and the separator 13 separates

the inner part of the battery pack case 1 into first accommodation space 14 and second

accommodation space 15. The plurality of battery modules 2 is disposed in the second

accommodation space 15 of the battery pack case 1, and the oil inlet 11 may be disposed on the

partition plate 13. For example, referring to FIG. 2 and FIG. 3, the oil inlet 11 is an inlet pipe, one end

of the inlet pipe (for example, a right end in FIG. 2) is connected to the partition plate 13 and is in

communication with the second accommodation space 15, and another end of the inlet pipe (for

example, a left end in FIG. 2) extends into the first accommodation space 14 away from the second

accommodation space 15. Therefore, it is convenient to charge the insulation oil from the oil inlet 11

into the second accommodation space 15. The insulation oil is not charged into the first

accommodation space 14, and the first accommodation space 14 may be used to place a component

such as a control element. Therefore, deployment in the battery pack case 1 may be made more

orderly and compact.

Further, a sealing plate 16 is disposed on the battery pack case 1, and the sealing plate 16

includes a first sealing plate 161 and a second sealing plate 162. The first sealing plate 161 is used to

seal the first accommodation space 14 of the battery pack case 1, and the second sealing plate 162

may be used to seal the second accommodation space 15 of the battery pack case 1. The first sealing

plate 161 and the second sealing plate 162 may be fixing onto the battery pack case 1 by using a

thread fixing member. Therefore, the sealing performance of the power battery pack 11 may be

improved, thereby improving the protection level and the safety of the power battery pack 100, so that

the protection level of the power battery pack 100 satisfies an IP67 requirement.

In some embodiments of the present disclosure, the return pipe 3 is a transparent pipe or a

translucent pipe, but is not limited thereto. Therefore, it is convenient for a user to observe a charging

situation of the insulation oil in the battery pack case 1 by using the return pipe 3, to prevent air

bubbles from remaining in the insulation oil.

The return pipe 3 may be disposed above the second sealing plate 162, at least one fixing

member 1621 may be disposed on the second sealing plate 162, a return pipe fixing hole is formed on

the fixing member 1621, and the return pipe 3 passes through the return pipe fixing hole, so as to

fasten the return pipe 3 onto the second sealing plate 162. Therefore, the structure is simple, mounting

is convenient, and mounting stability of the return pipe 3 is effectively improved.
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Specifically, there may be one or more fixing members 1621. For example, in the example in FIG.

1, there are two fixing members 1621, the two fixing members 1621 are spaced apart along a width

direction of the second sealing plate 162 (for example, the front and rear direction in FIG. 1), and each

fixing member 1621 may extend along a length direction of the second sealing plate 162 (for example,

the left and right direction in FIG. 1).

In some embodiments of the present disclosure, the insulation oil may be insulation silicon oil or

the like, but is not limited thereto. The insulation silicon oil is relatively good in cooling performance

and insulation performance, and low in costs, thereby effectively improving the cooling effect and the

insulation performance, and reducing the costs. Moreover, the insulation silicon oil has flame

retardance, and may eliminate a spontaneous combustion risk of the battery module 2 in an extreme

case, thereby further improving the protection level and the safety of the power battery pack 100.

According to some embodiments of the present disclosure, referring to FIG. 3, a liquid cooling

device 4 is further disposed in the battery pack case 1, and the liquid cooling device 4 is located on the

bottom of the battery module 2. Therefore, the temperature of the insulation oil may be effectively

reduced by using the liquid cooling device 4, thereby further improving the heat dissipation effect of

the power battery pack 100.

Specifically, in an operating process of the power battery pack 100, heat generated by the battery

module 2 is transferred to the insulation oil, the liquid cooling device 4 on the bottom of the battery

module 2 may reduce the temperature of the insulation oil on the lower portion of the battery pack

case 1, and the insulation oil whose temperature is relatively high and that is on the upper portion of

the battery pack case 1 returns to the oil inlet 11 by using the return pipe 3, enters the battery pack

case 1 from the oil inlet 11, and performs cooling by using the liquid cooling device 4. Therefore, heat

dissipation of the insulation oil may be accelerated, so that the temperature of the insulation oil in the

battery pack case 1 is even, thereby improving the heat dissipation effect of the power battery pack

100, and prolonging the service life and the charging/discharging rate of the power battery pack 100.

Specifically, referring to FIG. 4 to FIG. 11, the liquid cooling device 4 includes a first main pipe

41, a second main pipe 42, and a plurality of liquid cooling members 43. Both the first main pipe 41

and the second main pipe 42 extend along a first direction (for example, a left and right direction in

FIG. 4), the first main pipe 41 has a liquid inlet 411, and the second main pipe 42 has a liquid outlet

421. The plurality of liquid cooling members 43 is connected in parallel between the first main pipe

41 and the second main pipe 42, and the plurality of liquid cooling members 43 is used to cool at least

one of the plurality of battery modules 2. Therefore, the plurality of liquid cooling members 43 is
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connected in parallel between the first main pipe 41 and the second main pipe 42, so that each liquid

cooling member 43 may cool a battery module 2 corresponding to the liquid cooling member, and

lower-level cooling is not affected by upper-level cooling (that is, a cooling effect of a lower-level

liquid cooling member 43 and a cooling effect of an upper-level liquid cooling member 43 do not

affect each other), to ensure that cooling effects of the liquid cooling members 43 are the same, and

improve the cooling effect of the liquid cooling device 4, thereby improving the heat dissipation effect

of the power battery pack 100, and reducing the temperature of the power battery pack 100.

According to a specific embodiment of the present disclosure, the plurality of liquid cooling

members 43 and the plurality of battery modules 2 are in a one-to-one correspondence. To be specific,

the quantity of liquid cooling members 43 and the quantity of battery modules 2 are the same, and

each liquid cooling member 43 may cool a battery module 2 corresponding to the liquid cooling

member. Therefore, the heat dissipation effect of the power battery pack 100 may be further improved,

to reduce the temperature of the power battery pack 100.

Specifically, referring to FIG. 4, the liquid inlet 411 is formed at one end of the first main pipe 41

(for example, a left end in FIG. 4), and the liquid outlet 421 is formed at one end of the second main

pipe 42 (for example, the left end in FIG. 4). The liquid cooling member 43 has a first end and a

second end, the first end of the liquid cooling member 43 (for example, the left end in FIG. 4) may be

connected to the first main pipe 41, and the second end of the liquid cooling member 43 (for example,

a right end in FIG. 4) may be connected to the second main pipe 42. Cooling liquid may enter the first

end of the liquid cooling member 43 from the liquid inlet 411 of the first main pipe 41. The cooling

liquid flows in the liquid cooling member 43, then flows into the second main pipe 42 from the second

end of the liquid cooling member 43, and finally flows out from the liquid outlet 421 of the second

main pipe 42, to complete a cooling cycle.

According to some embodiments of the present disclosure, the first main pipe 41 and the second

main pipe 42 are arranged side by side and are both located on a same side of the plurality of battery

modules 2 along the second direction. The second direction is perpendicular to the first direction, the

first direction may be the left and right direction in FIG. 4, and the second direction may be a front and

rear direction in FIG. 4. For example, in the example in FIG. 4, the first main pipe 41 and the second

main pipe 42 are disposed side by side in the up and down direction, the first main pipe 41 is located

above the second main pipe 42, and the first main pipe 41 and the second main pipe 42 are both

located on a rear side of the plurality of battery modules 2. Therefore, the structure of the liquid

cooling device 4 may be made more compact, to reduce occupied space of the liquid cooling device 4.
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Specifically, a first end of each liquid cooling member 43 and the first main pipe 41 are

connected by using a first adaptor pipe 44, and a second end of each liquid cooling member 43 and the

second main pipe 42 are connected by using a second adaptor pipe 45. Each of the first adaptor pipe

44 and the second adaptor pipe 45 is a bent pipe arranged along an up and down direction. Therefore,

the liquid cooling member 43 may be conveniently connected between the first main pipe 41 and the

second main pipe 42 by using the first adaptor pipe 44 and the second adaptor pipe 45, the structure is

simple, and mounting is convenient.

Referring to FIG. 4, FIG. 7, FIG. 8, and FIG. 11, the first adaptor pipe 44 and the second adaptor

pipe 45 may be substantially formed into U-shaped pipes. The first adaptor pipe 44 and the second

adaptor pipe 45 may be formed into circular pipes, that is, the cross section of each of the first adaptor

pipe 44 and the second adaptor pipe 45 is circular. A first end of the first adaptor pipe 44 (for example,

the left end in FIG. 4) may be connected to the first end of the liquid cooling member 43, and a second

end of the first adaptor pipe 44 (for example, the right end in FIG. 4) may be connected to the first

main pipe 41. A first end of the second adaptor pipe 45 (for example, the left end in FIG. 4) may be

connected to the second main pipe 42, and a second end of the second adaptor pipe 45 (for example,

the right end in FIG. 4) may be connected to the second end of the liquid cooling member 43.

Therefore, the liquid cooling member 43 may be conveniently connected between the first main pipe

41 and the second main pipe 42 by using the first adaptor pipe 44 and the second adaptor pipe 45, to

simplify the mounting process, improve the mounting efficiency, and effectively reduce flowing

resistance of the cooling liquid, thereby reducing load on a driving pump for driving the cooling liquid

to flow, and reducing the use costs of the power battery pack 100.

According to some embodiments of the present disclosure, referring to FIG. 8 to FIG. 11, each

liquid cooling member 43 includes a flat pipe 431 extending zigzag. For example, the liquid cooling

member 43 may be formed by bending a circular pipe according to an arrangement situation of the

unit cell or the battery module 2, so that the circular pipe is formed into a shape matching the battery

module 2, and then the bent circular pipe is flattened to form the flat pipe 431. Therefore, the cooling

effect of the liquid cooling member 43 may be ensured, the occupied space of the liquid cooling

member 43 may be reduced, the structure is simple, and the manufacturing is convenient.

In some embodiments of the present disclosure, the flat pipe 431 may be bent into an M shape, a

U shape, or an S shape, but is not limited thereto, as long as the bending shape of the flat pipe 431

matches the battery module 2. This is not specifically limited in the present disclosure.

Further, each liquid cooling member 43 further includes a liquid cooling plate 432 disposed on a
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surface of the flat pipe 431 adjacent to the battery module 2. Referring to FIG. 2 and with reference to

FIG. 3, the plurality of liquid cooling members 43 is respectively disposed on the bottoms of the

plurality of battery modules 2. Referring to FIG. 8 to FIG. 11, the liquid cooling plate 432 is disposed

on an upper surface of the flat pipe 431. Specifically, the liquid cooling plate 432 may be formed into

a rectangular flat plate structure. Therefore, the contact area between the liquid cooling member 43

and the battery module 2 may be effectively increased, thereby increasing the heat dissipation area,

improving the heat dissipation effect, reducing the temperature of the battery module 2, improving the

charging/discharging rate of the power battery pack 100, and prolonging the service life of the power

battery pack 100.

According to some other embodiments of the present disclosure, each liquid cooling member 43

may alternatively be formed into a flat plate shape, and a liquid cooling flow passage whose two ends

are respectively in communication with the first main pipe 41 and the second main pipe 42 is defined

in each liquid cooling member 43. Therefore, the contact area between the liquid cooling member 43

and the battery module 2 may be effectively increased similarly, thereby increasing the heat

dissipation area, and improving the heat dissipation effect of the power battery pack 100.

Certainly, it may be understood that, in some embodiments of the present disclosure, each liquid

cooling member 43 may alternatively include only the flat pipe 431 (as shown in FIG. 4 to FIG. 7).

Therefore, the battery module 2 may be cooled similarly by using the liquid cooling member 43.

Specifically, the plurality of liquid cooling members 43 is respectively disposed on the bottoms

of the plurality of battery modules 2. Therefore, heat dissipation of the battery module 2 may be

ensured, mounting is convenient, and occupied space is small.

Referring to FIG. 2 and FIG. 3 and with reference to FIG. 12, FIG. 14, and FIG. 16, according to

some embodiments of the present disclosure, a cable leading-out slot 131 is formed on the battery

pack case 1, and the power battery pack 100 further includes a cable 51, a plurality of seal rings 52,

and a pressing plate 53. The cable 51 may be a signal cable of the power battery pack 100 or the

battery module 2.

Specifically, referring to FIG. 2 and FIG. 12, the cable leading-out slot 131 may be formed on the

partition plate 13, a first end of the cable 51 (for example, a right end in FIG. 12) is disposed in the

second accommodation space 15, and a second end of the cable 51 (for example, a left end in FIG. 12)

passes through the cable leading-out slot 131 and extends beyond the second accommodation space 15.

The section of the cable leading-out slot 131 may be formed into a circle, but is not limited thereto.

The cable 51 may be led out from the center of the cable leading-out slot 131. Therefore, the cable 51
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may be conveniently led out.

Referring to FIG. 13 and FIG. 16, the plurality of seal rings 52 is threaded by the cable 51 and is

located in the cable leading-out slot 131, a protrusion 523 is disposed on each seal ring 52, and the

protrusion 523 is formed by a part of the seal ring 52 protruding from a side surface of the seal ring 52

to another side surface of the seal ring 52. The cable 51 passes through the pressing plate 53, and the

pressing plate 53 tightly presses the plurality of seal rings 52 in the cable leading-out slot 131 to seal a

gap between an outer circumferential edge of the seal ring 52 and an inner circumferential wall of the

cable leading-out slot 131 and seal a gap between an inner circumferential edge of the seal ring 52 and

the cable 51. Therefore, the sealing performance of the cable leading-out slot 131 may be improved, to

prevent the insulation oil from leaking from the cable leading-out slot 131.

The protrusion 523 may be formed by a part of the seal ring 52 protruding from a left side

surface of the seal ring 52 to a right side surface of the seal ring 52, or be formed by a part of the seal

ring 52 protruding from a right side surface of the seal ring 52 to a left side surface of the seal ring 52.

There may be one or more protrusions 523 on each seal ring 52.

The section of the seal ring 52 may be a circle, and the center of the seal ring 52 is provided with

a cable threading hole, so that the plurality of seal rings 52 is threaded by the cable 51, thereby

improving the sealing performance of the cable leading-out slot 131. The pressing plate 53 may be

formed into a flat plate structure matching the section of the cable leading-out slot 131, for example, a

circular flat plate structure. An inner hole is formed in the center of the pressing plate 53, and the

cable 51 may pass through from the inner hole of the pressing plate 53. Therefore, it is convenient for

the pressing plate 53 to tightly press the plurality of seal rings 52 in the cable leading-out slot 131 to

seal the gap between the outer circumferential edge of the seal ring 52 and the inner circumferential

wall of the cable leading-out slot 131 and seal the gap between the inner circumferential edge of the

seal ring 52 and the cable 51. Therefore, the cable of the battery module 2 or the power battery pack

100 may be conveniently led out and the sealing performance is good.

The outer circumferential edge of the seal ring 52 is an end surface on a radial outer side of the

seal ring 52, and the inner circumferential edge of the seal ring 52 is an inner circumferential wall of

the cable threading hole.

According to some embodiments of the present disclosure, the seal rings 52 include: a plurality

of first seal rings 521 and a plurality of second seal rings 522, the plurality of first seal rings 521 and

the plurality of second seal rings 522 are staggered along an axial direction of the cable 51 (for

example, a left and right direction in FIG. 16), and protrusions 523 of the first seal rings 521 and
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protrusions 523 of the second seal rings 522 are opposite to each other. For example, referring to FIG.

16, in a direction from left to right, the first seal rings 521 and the second seal rings 522 may be

arranged in an order of a first seal ring 521, a second seal ring 522, a first seal ring 521, a second seal

ring 522, and so on. A protrusion 523 of a first seal ring 521 (for example, a seal ring 52 on the

leftmost side in FIG. 16) and a protrusion 523 of a second seal ring 522 (for example, a left second

seal ring 52 in FIG. 16) adjacent to the first seal ring are opposite to each other. The protrusion 523 of

the first seal ring 521 and the protrusion 523 of the second seal ring 522 define a seal groove 524, and

the seal groove 524 is located on a radial inner side of the seal ring 52 relative to the protrusion 523.

Another seal groove 524 is defined between the protrusion 523 of the second seal ring 522 and a

protrusion 523 of another first seal ring 521 (for example, a left third seal ring 52 in FIG. 16) adjacent

to the second seal ring.

For example, in a process in which the pressing plate 53 tightly presses the seal ring 52, after

being pressed, a part of the protrusion 523 of the first seal ring 521 and a part of the protrusion 523 of

the second seal ring 522 respectively stretch along radial directions of the first seal ring 521 and the

second seal ring 522, so that the inner circumferential edge of the seal ring 52 is in contact with the

outer circumferential surface of the cable 51 and the outer circumferential edge of the seal ring 52 is

in contact with the inner circumferential wall of the cable leading-out slot 131, thereby implementing

sealing. Moreover, in a stretching process of the protrusion 523, some residual air stays in the seal

groove 524, and the staying of the air in the seal groove 524 may keep seal elasticity of the seal ring

52 and also form gas seal. Therefore, the seal effect of the seal ring 52 is effectively improved.

In some embodiments of the present disclosure, the protrusion 523 may be formed into an

annular protrusion 523 extending along a circumferential direction of the cable 51. The structure is

simple, and the manufacturing is convenient.

According to some embodiments of the present disclosure, referring to FIG. 13 and FIG. 16, the

power battery pack 100 further includes: a pressing plate seal washer 54, where the pressing plate seal

washer 54 includes a first pressing plate seal segment 541 and a second pressing plate seal segment

542 sequentially connected along an axial direction. The first pressing plate seal segment 541 is

disposed in the inner hole of the pressing plate 53 and threaded by the cable 51, and the second

pressing plate seal segment 542 is disposed between one that is of the plurality of seal rings 52 and

that is closest to the pressing plate 53 and the pressing plate 53. For example, in the example in FIG.

16, the second pressing plate seal segment 542 is connected to the right end of the first pressing plate

seal segment 541, the first pressing plate seal segment 541 stretches into the inner hole of the pressing
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plate 53, and the second pressing plate seal segment 542 is disposed between the pressing plate 53 and

a seal ring 52 closest to the pressing plate 53. Therefore, the sealing performance of the cable

leading-out slot 131 is further improved.

Specifically, one end of the first pressing plate seal segment 541 away from the second pressing

plate seal segment 542 (for example, the left end in FIG. 16) is provided with a pressing plate convex

rib 5411. After the first pressing plate seal segment 541 stretches into the inner hole of the pressing

plate 53, the pressing plate convex rib 5411 is located on a side of the pressing plate 53 away from the

plurality of seal rings 52. The pressing plate convex rib 5411 extends outward along the radial

direction of the cable 51, and the pressing plate convex rib 5411 butts against the outer surface of the

pressing plate 53 (for example, the surface on the left side in FIG. 16). The pressing plate convex rib

5411 may be formed into an annular convex rib, but is not limited thereto. Therefore, the first pressing

plate seal segment 541 may be prevented from sliding out from the inner hole of the pressing plate 53,

so that the location of the pressing plate seal washer 54 is stable, thereby ensuring the seal effect of the

cable leading-out slot 131.

In some embodiments of the present disclosure, the pressing plate seal washer 54 is an integrally

formed member, thereby simplifying the manufacturing process, and reducing the manufacturing

costs.

According to some embodiments of the present disclosure, the power battery pack 100 further

includes: a leading-out slot seal washer 55, where the leading-out slot seal washer 55 includes a first

leading-out slot seal segment 551 and a second leading-out slot seal segment 552 sequentially

connected along the axial direction. The first leading-out slot seal segment 551 is disposed in the inner

hole of the cable leading-out slot 131 and threaded by the cable 51, and the second leading-out slot

seal segment 552 is disposed between one that is of the plurality of seal rings 52 and that is farthest

away from the pressing plate 53 and the inner wall of the cable leading-out slot 131. For example, in

the example in FIG. 16, the leading-out slot seal washer 55 is disposed at one end of the cable

leading-out slot 131 away from the pressing plate 53 (for example, the right end in FIG. 16), where the

first leading-out slot seal segment 551 is connected to the right end of the second leading-out slot seal

segment 552, the first leading-out slot seal segment 551 is disposed in the inner hole of the cable

leading-out slot 131 and threaded by the cable 51, the cable leading-out slot 131 has a step-shaped

inner wall at the right end of the cable leading-out slot, and the second leading-out slot seal segment

552 is disposed between a seal ring 52 farthest away from the pressing plate 53 and the step-shaped

inner wall of the cable leading-out slot 131. Therefore, the sealing performance of the cable
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leading-out slot 131 is further improved.

Specifically, one end of the first leading-out slot seal segment 551 away from the second

leading-out slot seal segment 552 (for example, the right end in FIG. 16) is provided with a

leading-out slot convex rib 5511, and the leading-out slot convex rib 5511 is located on a side of the

cable leading-out slot 131 away from the pressing plate 53. The leading-out slot convex rib 5511 may

extend outward along the radial direction of the cable 51, and the leading-out slot convex rib 5511

butts against a right side surface of the partition plate 13. The leading-out slot convex rib 5511 may be

formed into an annular convex rib, but is not limited thereto. Therefore, the first leading-out slot seal

segment 551 may be prevented from sliding out from the cable leading-out slot 131, so that the

location of the leading-out slot seal washer 55 is stable, thereby ensuring the seal effect of the cable

leading-out slot 131.

In some embodiments of the present disclosure, the leading-out slot seal washer 55 is an

integrally formed member, thereby simplifying the manufacturing process, and reducing the

manufacturing costs.

Further, a base plate 56 is disposed between the leading-out slot seal washer 55 and the cable

leading-out slot 131. Therefore, the sealing performance of the cable leading-out slot 131 is further

improved.

In some embodiments of the present disclosure, the base plate 56 is an aluminum alloy member,

but is not limited thereto.

According to some embodiments of the present disclosure, the pressing plate 53 is in threaded

connection to the battery pack case 1. Specifically, the pressing plate 53 may be provided with a screw

hole, a thread fixing member 57 (for example, a screw) may pass through the screw hole and is

connected to the battery pack case 1, so as to connect the pressing plate 53 to the battery pack case 1,

the structure is simple, dismounting and mounting are convenient, and reliability is high. For example,

in the example in FIG. 12, the pressing plate 53 is connected to the battery pack case 1 by using three

thread fixing members 57.

According to some embodiments of the present disclosure, referring to FIG. 2 and FIG. 3 and

with reference to FIG. 17 to FIG. 19, the power battery pack 100 further includes a conductive post

mounting body 61 and a pressing member 62. A mounting slot having a side (for example, the left side

in FIG. 2) opened is formed on the battery pack case 1. Specifically, the mounting slot may be formed

on the partition plate 13, and the mounting slot is located at one end of the partition plate 13 away

from the cable leading-out slot 131 (for example, the front end in FIG. 2). The conductive post
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mounting body 61 is threaded by a plurality of conductive posts 611 spaced apart, and an insulation

member 612 is disposed on an outer circumferential surface of each conductive post 611. Each of two

sides of the conductive post mounting body 61 along the axial direction of the conductive post 611 is

provided with a seal member 613, and the seal member 613 is disposed around the conductive post

611. The pressing member 62 is disposed on the foregoing one side of the mounting slot and tightly

presses the conductive post mounting body 61 in the mounting slot. In some embodiments of the

present disclosure, the conductive post 611 may be a red copper bar or the like. The red copper bar has

good conductivity and is not easy to rust.

Specifically, referring to FIG. 17 to FIG. 19, the conductive post mounting body 61 may be

formed into a circular flat plate structure, the conductive post mounting body 61 is provided with a

plurality of conductive post leading-out holes, and the plurality of conductive post leading-out holes

may be evenly distributed on the conductive post mounting body 61. The conductive post leading-out

hole may be formed into a circular through hole, and the conductive post 611 passes through the

conductive post leading-out hole and extends beyond the mounting slot. The insulation member 612

may wrap the outer circumferential surface of the conductive post 611, the insulation member 612

may be disposed in the middle of the conductive post 611, and each of two ends of the insulation

member 612 (for example, the left end and the right end in FIG. 19) extends beyond the mounting slot.

To be specific, two axial ends of the insulation member 612 respectively extend beyond corresponding

surfaces of the conductive post mounting body 61. Therefore, power of the power battery pack 100

may be conveniently led out, and the insulation performance of the conductive post 611 is improved,

thereby improving safety of the power battery pack 100 and adapting to large current output of the

conductive post 611.

Herein, it should be noted that, "middle" mentioned in this application means middle in a broad

sense. The middle of the conductive post 611 is a location between two axial ends of the conductive

post 611.

Each of two axial ends of each conductive post 611 is provided with a seal member 613, the seal

member 613 may be annular, and the seal member 613 is disposed around the conductive post 611.

For example, the seal member 613 is disposed around the conductive post leading-out hole. The

pressing member 62 is disposed on the foregoing one side of the mounting slot (that is, the left side)

and tightly presses the conductive post mounting body 61 in the mounting slot, and effective seal is

implemented through pressing between the pressing member 62 and the conductive post mounting

body 61. Therefore, the sealing performance of the conductive post mounting body 61 may be
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effectively improved, to prevent the insulation oil in the battery pack case 1 from leaking from the

conductive post mounting body 61.

According to some embodiments of the present disclosure, the seal member 613 includes a

plurality of third seal rings 6131, and each third seal ring 6131 surrounds a conductive post 611.

Therefore, the sealing performance of the conductive post leading-out hole may be ensured and the

material of the seal member 613 may be effectively reduced, to reduce the material costs.

In some embodiments of the present disclosure, the third seal ring 6131 may be a rubber ring or

the like, but is not limited thereto.

Further, the seal member 613 further includes a connection rib 6132, and the connection rib 6132

is connected among the plurality of third seal rings 6131. Therefore, the plurality of third seal rings

6131 may be connected as a whole by using the connection rib 6132. In the mounting process, the

entire seal member 613 may be directly mounted onto the conductive post mounting body 61, thereby

simplifying the mounting process, and improving the mounting efficiency.

Specifically, an accommodation slot used to accommodate the seal member 613 is formed on

each of two side surfaces of the conductive post mounting body 61 along the axial direction of the

conductive post 611. Therefore, it is convenient to mount the seal member 613 onto the conductive

post mounting body 61, and the location of the seal member 613 is made stable, thereby improving the

mounting efficiency and the seal effect of the seal member 613.

Further, the third seal ring 6131 includes a plurality of seal ribs 6133 that surrounds the

conductive post 611 and that is spaced apart in the radial direction of the conductive post 611 (for

example, the up and down direction in FIG. 19). For example, referring to FIG. 19, the third seal ring

6131 includes two seal ribs 6133, and the two seal ribs 6133 respectively surround the conductive post

611 and are spaced apart in the radial direction of the conductive post 611. Therefore, the seal effect of

the third seal ring 6131 may be effectively improved by using the seal ribs 6133, the structure is

simple, and the manufacturing is convenient.

In some embodiments of the present disclosure, the seal member 613 is an integrally formed

member. Therefore, the manufacturing process is simplified, and the manufacturing costs are reduced.

In some embodiments of the present disclosure, the conductive post 611 is connected to the

insulation member 612 through sintering and curing. Therefore, the insulation member 612 may bear a

copper bar locking torque, to implement insulation and seal of the conductive post leading-out hole,

the process is simple, and the manufacturing costs are low.

In some embodiments of the present disclosure, the conductive post mounting body 61 is an
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aluminum alloy member, but is not limited thereto.

According to some embodiments of the present disclosure, the insulation member 612 is a glass

member or a ceramic member. For example, the conductive post 611 may be connected to the glass

member or the ceramic member through sintering and curing. The glass member and the ceramic

member have low material costs and good insulation performance, thereby effectively reducing the

material costs of the insulation member 612 and improving the insulation performance of the

conductive post 611.

According to some embodiments of the present disclosure, the quantity of conductive posts 611

may be four, but is not limited thereto. The four conductive posts 611 may include two positive

electrode terminals and two negative electrode terminals. Therefore, the voltage of the conductive post

611 may be effectively reduced, thereby improving safety of the power battery pack.

Certainly, it may be understood that, the quantity of conductive posts 611 may further be two, six,

or the like. This is not specifically limited in the present disclosure.

The power battery pack 100 according to this embodiment of the present disclosure has good

heat dissipation performance, and power of the power battery pack 100 may be conveniently led out.

Moreover, the power battery pack 100 has good insulation and sealing performance and high safety.

In the descriptions of this specification, descriptions such as reference terms "an embodiment",

"some embodiments", "exemplary embodiment", "example", "specific example", or "some examples"

intend to indicate that specific features, structures, materials, or characteristics described with

reference to embodiments or examples are included in at least one embodiment or example of this

disclosure. In this specification, exemplary descriptions of the foregoing terms do not necessarily refer

to a same embodiment or example. In addition, the described specific feature, structure, material, or

characteristic may be combined in a proper manner in any one or more embodiments or examples.

Although the embodiments of the present disclosure have been shown and described, a person

skilled in the art can understand that the above embodiments cannot be construed to limit the present

disclosure, and changes, alternatives, and modifications can be made in the embodiments without

departing from the principle and the purpose of the present disclosure.
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WHAT IS CLAIMED IS:

1. A power battery pack, comprising:

a battery pack case, wherein an oil inlet and an oil outlet are formed on the battery pack case, and

insulation oil is charged from the oil inlet into the battery pack case;

at least one battery module, wherein the at least one battery module is disposed in the battery

pack case, each battery module comprises a module case and at least one unit cell disposed in the

module case, the at least one unit cell is immersed in the insulation oil, the bottom of the module case

is provided with a through hole, and the top of the module case is provided with at least one exhaust

vent; and

a return pipe, wherein the return pipe is disposed outside the battery pack case, and the return

pipe is connected between the oil outlet and the oil inlet.

2. The power battery pack according to claim 1, wherein the oil inlet is disposed adjacent to a

bottom wall of the battery pack case, and the oil outlet is disposed on the top of the battery pack case.

3. The power battery pack according to claim 1 or 2, wherein an oil return passage is formed

between the return pipe and the battery pack case through the oil inlet and the oil outlet, and an oil

pump is disposed on the oil return passage.

4. The power battery pack according to any one of claims 1 to 3, wherein the return pipe is a

transparent pipe or a translucent pipe.

5. The power battery pack according to any one of claims 1 to 4, wherein a separator is disposed

in the battery pack case, the separator separates the inner part of the battery pack case into the first

accommodation space and the second accommodation space, and the at least one battery module is

disposed in the second accommodation space.

6. The power battery pack according to claim 5, wherein a sealing plate is disposed on the battery

pack case, the sealing plate comprises a first sealing plate and a second sealing plate, the first sealing

plate is used to seal the first accommodation space, and the second sealing plate is used to seal the

second accommodation space.
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7. The power battery pack according to claim 6, wherein the top of the second sealing plate is

provided with at least one fixing member, a return pipe fixing hole is formed on at least one fixing

member, and the return pipe passes through the return pipe fixing hole and is fixing on the second

sealing plate.

8. The power battery pack according to any one of claims 1 to 7, wherein the battery pack case is

further provided with a liquid cooling device, and the liquid cooling device is located on the bottom of

the at least one battery module.

9. The power battery pack according to claim 8, wherein the oil inlet is disposed adjacent to the

liquid cooling device.

10. The power battery pack according to claim 8 or 9, wherein the liquid cooling device

comprises a first main pipe, a second main pipe, and a plurality of liquid cooling members, both the

first main pipe and the second main pipe extend along a first direction, the first main pipe has a liquid

inlet and the second main pipe has a liquid outlet, the plurality of liquid cooling members is connected

in parallel between the first main pipe and the second main pipe, and the plurality of liquid cooling

members is used to cool the at least one battery module.

11. The power battery pack according to claim 10, wherein the first main pipe and the second

main pipe are arranged side by side and are both located on a same side of the at least one battery

module along a second direction perpendicular to the first direction.

12. The power battery pack according to claim 10 or 11, wherein a first end of each liquid

cooling member and the first main pipe are connected by using a first adaptor pipe, and a second end

of each liquid cooling member and the second main pipe are connected by using a second adaptor

pipe.

13. The power battery pack according to claim 12, wherein each of the first adaptor pipe and the

second adaptor pipe is a bent pipe arranged along an up and down direction.
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14. The power battery pack according to any one of claims 10 to 13, wherein each liquid cooling

member comprises a flat pipe extending zigzag.

15. The power battery pack according to claim 14, wherein each liquid cooling member further

comprises a liquid cooling plate disposed on a side surface of the flat pipe adjacent to the at least one

battery module.


