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HIGH-VOLTAGE ENERGY MODULE AND
ITS PREPARATION METHOD THEREOF

BACKGROUND OF THE PRESENT
INVENTION

Field of Invention

[0001] The present invention relates to manufacture of
lithium-ion battery, and more particularly relates to structure
and auxiliary materials of lithium-ion battery and a prepa-
ration method of lithium-ion battery system.

Description of Related Arts

[0002] At present, lithium-ion batteries are manufactured
by first using monomerization of liquid injection encapsu-
lation of naked battery to prepare into low voltage capacity
units—single battery cells, and then dividing the capacities
of and grouping the single battery cells into series and
parallel alignment to form high-voltage battery packs. The
process is complicated, the efficiency is low, and the con-
sumption of parts and materials is large. The lithium-ion
batteries are used as energy aggregates, so poor safety
performance, low energy density, high manufacturing cost
and short life have become common problems of lithium-ion
batteries. In order to solve the problem of poor safety
performance of lithium-ion batteries, a large number of
research in methods relating to reinforcement, sealing,
flame-retardant, and thermal management of the outer pack-
aging are developed, thus resulting in complicated process,
large amount of auxiliary consumables, and high production
cost.

[0003] The principle of battery charging and discharging
is the electrochemical reaction of battery materials. When
the input and output current increases, the electrochemical
reaction will intensify, and safety issues are introduced. If all
the energy is released in a short time, explosion may be
resulted. Therefore, it is impossible and unrealistic to use
outer packaging reinforcement, sealing, flame retardancy,
and thermal management as the means to improve safety
performance and reduce manufacturing costs. Also, the
applicable scope of lithium-ion batteries will be reduced
dramatically.

SUMMARY OF THE PRESENT INVENTION

[0004] An object of the present invention is to provide a
high-voltage energy module and a manufacturing method
thereof so that structure simplification, safety improvement
and manufacturing cost reduction can be achieved to facili-
tate industrial mass production.

[0005] In order to Additional advantages and features of
the invention will become apparent from the description
which follows, and may be realized by means of the instru-
mentalities and combinations particular point out in the
appended claims.

[0006] According to the present invention, the foregoing
and other objects and advantages are attained by a high-
voltage energy module, which comprises:

[0007] at least two bare cells immersed in electrolyte
solution, namely, N;, N,, N, N (m=2),

[0008] wherein the bare cell Np (1=p=m-1) and the bare
cell N,,,, are integrally connected by an insulating layer,
[0009] each bare cell comprises a positive film, a negative
film, and a separating film sandwiched between the positive
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film and the negative film, which are folded, stacked or
rolled together to form a one-piece structure;

[0010] the positive film of the bare cell Nx (1=x=m) is
connected to the positive conductive lug, the negative film
of the bare cell Ny (1=y=m, and y=x) is connected to the
negative conductive lug; and

[0011] the positive film of the bare cell Nq (1=q=m, q=x,
q=y) is electrically connected to the negative film of another
bare cell Nr (1=sr=m, r=q, r=y), and the negative film of the
bare cell Nq is electrically connected to the positive film of
the bare cell Ns (1=s=m, s=q, s=X).

[0012] In addition, the high-voltage energy module further
comprises an insulating shell having a receiving cavity
therein, wherein the bare cells N,-Nm are stacked in order
inside the insulating shell.

[0013] Preferably, the upper surface of the bare cell N, and
the insulating shell are integrally connected together through
the insulating layer, and the lower surface of the bare cell
N,,, and the insulating shell are integrally connected
together through the insulating layer. A positive conductive
lug is connected to the positive film of the bare cell N, a
negative conductive lug is connected to the negative film of
the bare cell N,,,.

[0014] The positive film of each of the corresponding bare
cells N,-Nm are electrically connected to the negative film
of'the immediate adjacent bare cells N;-Nm-1 so thatall the
bare cells N, -Nm are connected integrally in series to form
a one-piece structure.

[0015] Preferably, the upper surface of the bare cell N,
and the insulating shell are integrally connected together
through the insulating layer, and the lower surface of the
bare cell N, and the insulating shell are integrally connected
together through the insulating layer. A positive conductive
lug is connected to the positive film of the bare cell N, a
negative conductive lug is connected to the negative film of
the bare cell N;.

[0016] The positive film of each of the corresponding bare
cells N;-Nm-1 are electrically connected to the negative
film of the immediate adjacent bare cells N,—Nm so that all
the bare cells N;-Nm are connected integrally in series to
form a one-piece structure.

[0017] Preferably, the insulating layer has a frame-retar-
dant composite insulating double-sided tape structure with
an elastic deformation of 3-75%, and a dielectric strength
equal or greater than 500V.

[0018] The electrical connection is the connection
between the corresponding positive and negative films by a
conductive connecting piece.

[0019] The conductive connecting piece, the positive con-
ductive lug and the negative conductive lug are all good
electronic conductors.

[0020] The positive conductive lug or the negative con-
ductive lug is connected to the corresponding positive or
negative film by conductive resin glue to form an integral
one-piece structure. The conductive connecting piece is
connected to the corresponding positive or negative film by
conductive resin glue to form an integral one-piece structure.
Alternatively, ultrasonic welding, or rivets can also be used
as the connection means for forming the one-piece structure.
[0021] Preferably, the insulating shell includes an inner
layer of the insulating tape that closely adheres and wraps all
bare cells and an outer layer of the aluminum foil tape that
closely adheres and wraps the insulating tape. The inner
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layer of the insulating tape is a structure made of PP, PE or
PET, and the outer layer of the aluminum foil tape is a
structure of aluminum foil.

[0022] The present invention further comprises a prepa-
ration method of the high-voltage energy module, which
comprises the steps of:

[0023] S1: preparing m number of bare cells N,-N,,
(m=2), wherein each bare cell is prepared by stacking
positive film, negative film and separating film sandwiched
between the positive film and the negative film sequentially;
[0024] S2: sequentially stacking and integrally connecting
the bare cells Np(1=p=m-1) and the bare cell N,,,, by using
an insulating layer;

[0025] S3: forall bare cells except Nx and Ny, the positive
film of each bare cell is connected to a negative film of
another bare cell except Ny, and there is only one electrical
connection relationship in the positive film of each bare cell;
for all bare cells except Nx and Ny, the negative film of each
bare cell is connected to a positive film of another bare cell
except Nx, and there is only one electrical connection
relationship in the negative film of each bare cell, thereby
the bare cells are connected in series;

[0026] S4: the positive film of the bare cell N, to a positive
conductive lug, and the negative film of the bare cell N, to
a negative conductive lug;

[0027] S5: Soaking the stacked bare cells in electrolyte
solution, after the positive conductive lug and the negative
conductive lug are connected to a high-voltage charging and
discharging cabinet, activating the positive film and the
negative film of the bare cells to obtain the high-voltage
energy module.

[0028] The present invention has the following advanta-
geous effects:
[0029] (1) According to the high-voltage energy modules

of the present invention, bare cells are arranged next to each
other and are connected in series and in sequence, and are
encapsulated by an insulating shell. The structure is simple,
and the amount of parts and consumables is small, which
reduces the manufacturing cost. By setting the flame-retar-
dant composite insulating double-sided tape structure
between two adjacent bare cells, the burning phenomenon of
the high-voltage energy module is effectively avoided. The
insulating shell adopts a double-layer structure with an inner
layer of the insulating tape and an outer layer of the
aluminum foil tape, which effectively prevent the occur-
rence of the explosion of the high-voltage energy module,
thus providing high safety level, and suitable for large-scale
industrial production and wide ranges of applications.
[0030] (2) According to the present invention, the manu-
facturing method of the high-voltage energy modules is
simple in production process, and is suitable for large-scale
industrial production and wide ranges of applications.
[0031] According to the present invention, the manufac-
turing method is suitable for preparing high-voltage energy
modules, and the prepared high-voltage energy modules are
suitable for new energy vehicles and various chemical
energy storages.

[0032] Still further objects and advantages will become
apparent from a consideration of the ensuing description and
drawings.

[0033] These and other objectives, features, and advan-
tages of the present invention will become apparent from the
following detailed description, the accompanying drawings,
and the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 a schematic cross-sectional structure dia-
gram of a high-voltage energy module manufactured accord-
ing to Embodiment 1 of the present invention.

[0035] FIG. 2 is a schematic diagram of the structure of
each bare cell in FIG. 1.

[0036] In the figures: 1: Insulating shell; 2: Positive con-
ductive lug; 3: Insulating layer; 41: positive film; 42: Sepa-
rating film; 43: negative film; 5: Conductive connecting
piece; 6: negative conductive lug

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Preferred Embodiment 1: High-Voltage Energy
Module and its Preparation Method Thereof

[0037] Referring to FIG. 1 and FIG. 2 of the drawings, a
high-voltage energy module according to the preferred
embodiment 1 of the present invention comprises: an insu-
lating shell 1, and a plurality of bare cells inside the
insulating shell 1. According to this embodiment, the high-
voltage energy module includes thirty-two bare cells inside
the insulating shell 1. The thirty-two bare cells are immersed
in lithium hexafluorophosphate electrolyte and are stacked
on top of each other in order inside the insulating shell 1,
which are sequentially denoted as N, N, . .. N5, N3, from
top to bottom. The twenty-eight bare cells N5-N,, between
N, and Nj, are omitted in FIG. 1.

[0038] Itis worth mentioning that the minimum number of
bare cells is two. The actual number of bare cells is based on
the actual energy requirements. The number of bare cells is
32 according to this specific embodiment.

[0039] The bare cell Np (1=p=<31) and the bare cell Np+1
are integrally connected by an insulating layer 3. The upper
surface of the bare cell N, and the insulating shell 1 are
integrally connected together through the insulating layer 3,
and the lower surface of the bare cell N;, and the insulating
shell 1 are integrally connected together through the insu-
lating layer 3. As shown in FIG. 2 of the drawings, each bare
cell N is an integrated one-piece structure, which includes a
positive film 41, a negative film 43, and a separating film 42
sandwiched between the positive film 41 and the negative
film 43.

[0040] It is worth mentioning that the bare cell has a
one-piece structure. Preferably, the positive film 41, the
negative film 43 and the separating film 42 has an elongated
sheet structure. The separating film 42 are sandwiched and
connected between the positive film 41 and the negative film
43 to form a composite film. The composite film with three
film layers 41, 43, 42 are then rolled, cut, or folded to a
desired dimension to form one bare cell of a particular shape
for ease of manufacturing.

[0041] The positive film 41 of the bare cell N, is bonded
with a positive conductive lug 2 by PVDF mixed with 3%
carbon nanotube conductive resin glue, and the negative film
43 of the bare cell N5, is bonded with a negative conductive
Iug 6 by PVDF mixed with 3% carbon nanotube conductive
resin glue. Each positive film 41 of the corresponding bare
cells N, to N, is electrically connected to the negative film
43 of the corresponding adjacent bare cells N, to Nj,
through a conductive connecting piece 5 so that all the bare
cells N;-N,, are integrally connected in series. The conduc-
tive connecting piece 5 is integrally bonded to the corre-
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sponding positive film 41 or the corresponding negative film
43 by PVDF mixed with 3% carbon nanotube conductive
resin glue to form a one-piece structure. Both the positive
conductive lug 2 and the negative conductive lug 6 lead to
the outside of the insulating shell 1, serving as the positive
and negative terminals of the high-voltage energy module.

[0042] According to this embodiment, the bare cells N to
N, are lithium iron phosphate bare cells. The positive film
41 is 375 mmx4700 mm, 224 Wh/m? lithium iron phosphate
material; the negative film 43 is 378 mmx4700 mm, 228
Wh/m? artificial graphite material; the separating film 42 is
a polypropylene material having a dimension of 381
mmx4700 mm with a thickness of 12 pm. Each of the bare
cells N;— N3, has a voltage of 3.2V and a capacity of 100
Ah

[0043] According to this embodiment, the insulating layer
3 utilizes a SBR flame-retardant composite insulating
double-sided tape structure. Each insulating layer 3 has a
thickness of 0.6 mm, an elastic deformation of 50%, and a
dielectric strength of 1000V.

[0044] The insulating shell 1 comprises an inner layer of
insulating tape that closely adheres and wraps all bare cells
and an outer layer of aluminum foil tape that closely adheres
and wraps the insulating tape. The inner layer of the insu-
lating tape is a structure made of PP, PE or PET, and the
outer layer of the aluminum foil tape is a structure of
aluminum foil. The conductive connecting piece 5, the
positive conductive lug 2, the negative conductive lug 6 are
all electronic conductive composite nickel sheet with a
thickness of 0.3 mm.

[0045] According to this preferred embodiment, the prepa-
ration method of the high-voltage energy module comprises
the steps of:

[0046] S1: stacking positive film 41, negative film 43 and
separating film 42 sandwiched between the positive film 41
and the negative film 43 sequentially to form one bare cell,
repeating the above steps to form thirty-two bare cells
N;-Ni»;

[0047] S2: sequentially stacking and connecting all the
bare cells N,-N;, from top to bottom, wherein a SBR
flame-retardant composite insulating double-sided tape is
utilized for bonding between the bare cell Np (1=p=<31) and
the bare cell N

p+1e

[0048] S3: for bare cells N,—Nj,, electrically connecting
the positive film 41 of each bare cell to the negative film 43
of a corresponding adjacently positioned bare cell by a
conductive connecting piece 5, wherein there is only one
electrical connection relationship between the positive film
41 of each bare cell; and electrically connecting the negative
film 43 of each bare cell to the positive film 41 of a
corresponding adjacently positioned bare cell by a conduc-
tive connecting piece 5, wherein there is only one electrical
connection relationship between the negative film 43 of each
bare cell, thereby connecting the bare cells in series are
realized;

[0049] wherein the conductive connecting piece 5 is inte-
grally bonded to the corresponding positive film 41 or the
corresponding negative film 43 by PVDF mixed with 3%
carbon nanotube conductive resin glue;

[0050] S4: Bonding the positive film 41 of the bare cell N,
to a positive conductive lug 2 by PVDF mixed with 3%
carbon nanotube conductive resin glue, and bonding the

Feb. 16, 2023

negative film 43 of the bare cell N, to a negative conductive
Iug 6 by PVDF mixed with 3% carbon nanotube conductive
resin glue;

[0051] S5: Soaking the 32 stacked bare cells in lithium
hexafluorophosphate electrolyte, using the inner layer of
insulating tape to tightly wrap the 32 bare cells, and then
using the outer layer of aluminum foil tape to tightly wrap
the inner layer of the insulating tape to complete the pack-
aging of the thirty-two stacked bare cells, wherein both the
positive conductive lug 2 and the negative conductive lug 6
are led to the outside of the insulating shell 1, after the
positive conductive lug 2 and the negative conductive lug 6
are connected to a 200V/200A high-voltage charging and
discharging cabinet, the positive film 41 and the negative
film 43 of the bare cell are activated to obtain the high-
voltage energy module.

[0052] The prepared high-voltage energy module has a
voltage of 102.4V, a capacity of 100 Ah, and an energy
density of 187 Wh/kg. At room temperature 1C charge and
discharge cycle 3500 times, the state of charge (SOC)
maintains 85% capacity. The manufacturing cost is 450
yuan/kWh. No explosion phenomenon occurs when using
standard needle penetration test.

[0053] With the exception of this embodiment, an alter-
native of the structure of each bare cell can also be formed
by stacking or winding the positive film 41, the negative film
43, and the separating film 42 sandwiched between the
positive film 41 and the negative film 43 of the correspond-
ing bare cell is also within the scope of the present invention.
[0054] The relative position relationship of the bare cells
N,— Nj, can also be distributed from bottom to top. The
purpose is to save space and convenient operation when
connecting in series. Therefore, as long as the bare cells
N,— Nj, are distributed in order next to each other, they
should fall within the protection scope of the present inven-
tion.

[0055] With the exception of this embodiment, the series
structure between all bare cells can adopt the following
connection relationship:

[0056] The positive film 41 of the bare cell Nx (1=x=<32)
is connected to the positive conductive lug 2, the negative
film 43 of the bare cell Ny (1=y=32, and y=x) is connected
to the negative conductive lug 6. In all the bare cells except
the bare cell Nx and the bare cell Ny, the positive film 41 of
each bare cell is electrically connected to the negative film
43 of another bare cell except the bare cell Ny, and there is
only one electrical connection relationship between the
positive film 41 of each bare cell. In all the bare cells except
the bare cell Nx and the bare cell Ny, the negative film 43
of'each bare cell is electrically connected to the positive film
41 of another bare cell except the bare cell Nx, and there is
only one electrical connection relationship between the
negative film 43 of each bare cell.

[0057] Inaddition, the connection relationship can also be
used in the series structure between all bare cells: the
positive film 41 of the bare cell N5, is connected to the
positive conductive lug 2, the negative film 43 of the bare
cell N is connected to the negative conductive lug 6. All the
bare cells except for the bare cell N32 are electrically
connected to each other through the positive film 41 and the
negative film 43 of the adjacent bare cell below to form a
series structure. The series connection structure of the bare
cells as described above is also within the protection scope
of the present invention.
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[0058] The inner layer of the insulating tape can also be
made of PE or PET, which should fall within the protection
scope of the present invention.

[0059] The connection relationship between the conduc-
tive connecting piece and the corresponding positive film or
between the conductive connecting piece and the corre-
sponding negative film can also be welded and integrated by
ultrasonic welding, or riveted together by rivets to form a
one-piece structure. The connection relationship between
the above-mentioned conductive connecting piece and the
corresponding positive film or the corresponding negative
film should be within the protection scope of the present
invention.

[0060] It is worth mentioning that the terms of: top,
bottom, upper are used according to the orientation of the
drawings figures for ease of understanding only and is not
intended to be limiting.

Embodiment 2: High-Voltage Energy Module and
its Preparation Method Thereof

[0061] This embodiment is basically the same as the above
embodiment 1 except that:

[0062] the insulating layer 3 has a SBR composite insu-
lating double-sided tape structure with an elastic deforma-
tion of 3%, and a dielectric strength of 500V. The prepared
high-voltage energy module has a voltage of 102.4V, a
capacity of 100 Ah, and an energy density of 187 Wh/kg. At
room temperature 1C charging and discharging cycle 3500
times, the state of charge (SOC) maintains 85% capacity.
The manufacturing cost is 450 yuan/kWh. There is a slight
volume deformation and no breakdown during the charging
and discharging cycle of the high-voltage energy module,
indicating that in the high-voltage energy module, the 3%
elastic deformation of the SBR flame-retardant composite
insulating double-sided tape is the minimum critical value,
and the dielectric strength of 500V is suitable or excessive.

Embodiment 3: High-Voltage Energy Module and
its Preparation Method Thereof

[0063] This embodiment is basically the same as the
embodiment 1 except that:

[0064] the insulating layer 3 has a SBR composite insu-
lating double-sided tape structure with an elastic deforma-
tion of 75%, and a dielectric strength of S00V. The prepared
high-voltage energy module has a voltage of 102.4V, a
capacity of 100 Ah, and an energy density of 187 Wh/kg. At
room temperature 1C charge and discharge cycle 3500
times, the state of charge (SOC) maintains 85% capacity.
The manufacturing cost is 450 yuan/kWh. There is no
volume deformation, breakdown, fire or explosion during
the charging and discharging cycle of the high-voltage
energy module, indicating that in the high-voltage energy
module, the 75% elastic deformation of the SBR flame-
retardant composite insulating double-sided tape and the
dielectric strength of 500V is suitable or excessive.

[0065] One skilled in the art will understand that the
embodiment of the present invention as shown in the draw-
ings and described above is exemplary only and not intended
to be limiting.

[0066] It will thus be seen that the objects of the present
invention have been fully and effectively accomplished. Its
embodiments have been shown and described for the pur-
poses of illustrating the functional and structural principles
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of the present invention and is subject to change without
departure from such principles. Therefore, this invention
includes all modifications encompassed within the spirit and
scope of the following claims.

What is claimed is:

1. A high-voltage energy module, comprising:

at least two bare cells, namely, N;, N,, N5, ... N,, (m=2),

wherein the bare cells are immersed in electrolyte
solution, and

an insulating layer integrally connected between the bare

cell Np (1=p=m-1) and the bare cell N,,, to form a
one-piece structure;

wherein each bare cell is a one-piece structure formed by

folding, stacking or rolling a positive film, a negative
film, and a separating film sandwiched between the
positive film and the negative film;

the positive film of the bare cell Nx (1=x=m) is connected

to a positive conductive lug, the negative film of the
bare cell Ny (l=y=m, and y=x) is connected to a
negative conductive lug; and

the positive film of the bare cell Nq (1=q=m, =X, q=y) is

electrically connected to the negative film of another
bare cell Nr (1=r=m, r=q, r=y), and the negative film of
the bare cell Nq is electrically connected to the positive
film of the bare cell Ns (1=s=m, s=q, s=X).

2. The high-voltage energy module according to claim 1,
further comprising: an insulating shell having a receiving
cavity therein, wherein the bare cells N, - Nm are stacked in
order inside the insulating shell.

3. The high-voltage energy module according to claim 2,
wherein an upper surface of the bare cell N, and the
insulating shell are integrally connected together through the
insulating layer, and the lower surface of the bare cell N,
and the insulating shell are integrally connected together
through the insulating layer, the positive conductive lug is
connected to the positive film of the bare cell N,, and the
negative conductive lug is connected to the negative film of
the bare cell N,,, the positive film of each of the correspond-
ing bare cells N,-Nm are electrically connected to the
negative film of the immediately adjacent bare cells
N,;-Nm-1 so that all the bare cells N;-Nm are connected
integrally and are connected in series to form a one-piece
structure.

4. The high-voltage energy module according to claim 2,
wherein the upper surface of the bare cell N, and the
insulating shell are integrally connected together through the
insulating layer, and the lower surface of the bare cell N, and
the insulating shell are integrally connected together through
the insulating layer, the positive conductive lug is connected
to the positive film of the bare cell N,,, and the negative
conductive lug is connected to the negative film of the bare
cell N, the positive film of each of the corresponding bare
cells N;-Nm-1 are electrically connected to the negative
film of the immediately adjacent bare cells N,—~Nm so that
all the bare cells N,—~Nm are connected integrally and are
connected in series to form a one-piece structure.

5. The high-voltage energy module according to claim 1,
wherein the insulating layer has a frame-retardant composite
insulating double-sided tape structure with an elastic defor-
mation of 3-75%, and a dielectric strength equal or greater
than 500V.

6. The high-voltage energy module according to claim 3,
wherein the insulating layer has a frame-retardant composite
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insulating double-sided tape structure with an elastic defor-
mation of 3-75%, and a dielectric strength equal or greater
than 500V.

7. The high-voltage energy module according to claim 4,
wherein the insulating layer has a frame-retardant composite
insulating double-sided tape structure with an elastic defor-
mation of 3-75%, and a dielectric strength equal or greater
than 500V.

8. The high-voltage energy module according to claim 1,
wherein the positive film of the bare cell Nq (1=q=m, g=x,
q=y) is electrically connected to the negative film of another
bare cell Nr (1=r=m, r=q, r=y) by a conductive connecting
piece, and the negative film of the bare cell Nq is electrically
connected to the positive film of the bare cell Ns (1=s=m,
s=q, s=#X) by a conductive connecting piece;

the conductive connecting piece, the positive conductive

lug and the negative conductive lug are good electronic
conductors;

the positive conductive lug or the negative conductive lug

is connected to the corresponding positive or negative
film respectively by conductive resin glue to form an
integral one-piece structure, the conductive connecting
piece is connected to the corresponding positive or
negative film by conductive resin glue to form an
integral one-piece structure.

9. The high-voltage energy module according to claim 4,
wherein the positive film of the bare cell Nq (1=q=m, g=x,
q=y) is electrically connected to the negative film of another
bare cell Nr (1=r=m, r=q, r=y) by a conductive connecting
piece, and the negative film of the bare cell Nq is electrically
connected to the positive film of the bare cell Ns (1=s=m,
s=q, s=#X) by a conductive connecting piece;

the conductive connecting piece, the positive conductive

lug and the negative conductive lug are good electronic
conductors;

the positive conductive lug or the negative conductive lug

is connected to the corresponding positive or negative
film respectively by conductive resin glue to form an
integral one-piece structure, the conductive connecting
piece is connected to the corresponding positive or
negative film by conductive resin glue to form an
integral one-piece structure.

10. The high-voltage energy module according to claim 4,
wherein the positive film of the bare cell Nq (1=q=m, g=x,
q=y) is electrically connected to the negative film of another
bare cell Nr (1=r=m, r=q, r=y) by a conductive connecting
piece, and the negative film of the bare cell Nq is electrically
connected to the positive film of the bare cell Ns (1=s=m,
s=q, s=#X) by a conductive connecting piece;

the conductive connecting piece, the positive conductive

lug and the negative conductive lug are good electronic
conductors;

the positive conductive lug or the negative conductive lug

is connected to the corresponding positive or negative
film respectively by ultrasonic welding or rivet to form
an integral one-piece structure, the conductive connect-
ing piece is connected to the corresponding positive or
negative film by ultrasonic welding or rivet to form an
integral one-piece structure.

11. The high-voltage energy module according to claim 2,
wherein the insulating shell comprises an inner layer of an
insulating tape that closely adheres and wraps all bare cells
and an outer layer of an aluminum foil tape that closely
adheres and wraps the insulating tape of the inner layer,
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wherein the inner layer of the insulating tape is a structure
made of PP, PE or PET, and the outer layer of the aluminum
foil tape is a structure of aluminum foil.

12. The high-voltage energy module according to claim 4,
wherein the insulating shell comprises an inner layer of an
insulating tape that closely adheres and wraps all bare cells
and an outer layer of an aluminum foil tape that closely
adheres and wraps the insulating tape of the inner layer,
wherein the inner layer of the insulating tape is a structure
made of PP, PE or PET, and the outer layer of the aluminum
foil tape is a structure of aluminum foil.

13. The high-voltage energy module according to claim 7,
wherein the insulating shell comprises an inner layer of an
insulating tape that closely adheres and wraps all bare cells
and an outer layer of an aluminum foil tape that closely
adheres and wraps the insulating tape of the inner layer,
wherein the inner layer of the insulating tape is a structure
made of PP, PE or PET, and the outer layer of the aluminum
foil tape is a structure of aluminum foil.

14. The high-voltage energy module according to claim 9,
wherein the insulating shell comprises an inner layer of an
insulating tape that closely adheres and wraps all bare cells
and an outer layer of an aluminum foil tape that closely
adheres and wraps the insulating tape of the inner layer,
wherein the inner layer of the insulating tape is a structure
made of PP, PE or PET, and the outer layer of the aluminum
foil tape is a structure of aluminum foil.

15. The high-voltage energy module according to claim
10, wherein the insulating shell comprises an inner layer of
an insulating tape that closely adheres and wraps all bare
cells and an outer layer of an aluminum foil tape that closely
adheres and wraps the insulating tape of the inner layer,
wherein the inner layer of the insulating tape is a structure
made of PP, PE or PET, and the outer layer of the aluminum
foil tape is a structure of aluminum foil.

16. The high-voltage energy module according to claim 1,
is manufactured by a preparation method of the high-voltage
energy module, which comprises the steps of:

S1: preparing m number of bare cells N,-N, (m=2),
wherein each bare cell is prepared by stacking positive
film, negative film and separating film sandwiched
between the positive film and the negative film sequen-
tially;

S2: sequentially stacking and integrally connecting the
bare cells Np (1=p=m-1) and the bare cell N,,, by
using an insulating layer;

S3: for all bare cells except Nx and Ny, the positive film
of each bare cell is connected to a negative film of
another bare cell except Ny, and there is only one
electrical connection relationship in the positive film of
each bare cell; for all bare cells except Nx and Ny, the
negative film of each bare cell is connected to a positive
film of another bare cell except Nx, and there is only
one electrical connection relationship in the negative
film of each bare cell, thereby the bare cells are
connected in series;

S4: the positive film of the bare cell N, is connected to a
positive conductive lug, and the negative film of the
bare cell N, is connected to a negative conductive lug;

S5: Soaking the stacked bare cells in electrolyte solution,
after the positive conductive lug and the negative
conductive lug are connected to a high-voltage charg-
ing and discharging cabinet, activating the positive film



US 2023/0048136 Al

and the negative film of the bare cells to obtain the
high-voltage energy module.

17. The high-voltage energy module according to claim 4,
is manufactured by a preparation method of the high-voltage
energy module, which comprises the steps of:

S1: preparing m number of bare cells N,-N, . (m=2),
wherein each bare cell is prepared by stacking positive
film, negative film and separating film sandwiched
between the positive film and the negative film sequen-
tially;

S2: sequentially stacking and integrally connecting the
bare cells Np (1=p=m-1) and the bare cell N,,, by
using an insulating layer;

S3: for all bare cells except Nx and Ny, the positive film
of each bare cell is connected to a negative film of
another bare cell except Ny, and there is only one
electrical connection relationship in the positive film of
each bare cell; for all bare cells except Nx and Ny, the
negative film of each bare cell is connected to a positive
film of another bare cell except Nx, and there is only
one electrical connection relationship in the negative
film of each bare cell, thereby the bare cells are
connected in series;

S4: the positive film of the bare cell N, is connected to a
positive conductive lug, and the negative film of the
bare cell N, is connected to a negative conductive lug;

S5: Soaking the stacked bare cells in electrolyte solution,
after the positive conductive lug and the negative
conductive lug are connected to a high-voltage charg-
ing and discharging cabinet, activating the positive film
and the negative film of the bare cells to obtain the
high-voltage energy module.

18. The high-voltage energy module according to claim 7,
is manufactured by a preparation method of the high-voltage
energy module, which comprises the steps of:

S1: preparing m number of bare cells N,-N,,, (m=z2),
wherein each bare cell is prepared by stacking positive
film, negative film and separating film sandwiched
between the positive film and the negative film sequen-
tially;

S2: sequentially stacking and integrally connecting the
bare cells Np (1=p=m-1) and the bare cell N,,, by
using an insulating layer;

S3: for all bare cells except Nx and Ny, the positive film
of each bare cell is connected to a negative film of
another bare cell except Ny, and there is only one
electrical connection relationship in the positive film of
each bare cell; for all bare cells except Nx and Ny, the
negative film of each bare cell is connected to a positive
film of another bare cell except Nx, and there is only
one electrical connection relationship in the negative
film of each bare cell, thereby the bare cells are
connected in series;

S4: the positive film of the bare cell N, is connected to a
positive conductive lug, and the negative film of the
bare cell N, is connected to a negative conductive lug;

S5: Soaking the stacked bare cells in electrolyte solution,
after the positive conductive lug and the negative
conductive lug are connected to a high-voltage charg-
ing and discharging cabinet, activating the positive film
and the negative film of the bare cells to obtain the
high-voltage energy module.
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19. The high-voltage energy module according to claim 9,
is manufactured by a preparation method of the high-voltage
energy module, which comprises the steps of:

S1: preparing m number of bare cells N;-N,,, (m=2),
wherein each bare cell is prepared by stacking positive
film, negative film and separating film sandwiched
between the positive film and the negative film sequen-
tially;

S2: sequentially stacking and integrally connecting the
bare cells Np (1=p=m-1) and the bare cell N,,, by
using an insulating layer;

S3: for all bare cells except Nx and Ny, the positive film
of each bare cell is connected to a negative film of
another bare cell except Ny, and there is only one
electrical connection relationship in the positive film of
each bare cell; for all bare cells except Nx and Ny, the
negative film of each bare cell is connected to a positive
film of another bare cell except Nx, and there is only
one electrical connection relationship in the negative
film of each bare cell, thereby the bare cells are
connected in series;

S4: the positive film of the bare cell N, is connected to a
positive conductive lug, and the negative film of the
bare cell N, is connected to a negative conductive lug;

S5: Soaking the stacked bare cells in electrolyte solution,
after the positive conductive lug and the negative
conductive lug are connected to a high-voltage charg-
ing and discharging cabinet, activating the positive film
and the negative film of the bare cells to obtain the
high-voltage energy module.

20. The high-voltage energy module according to claim
14, is manufactured by a preparation method of the high-
voltage energy module, which comprises the steps of:

S1: preparing m number of bare cells N;-N,,, (m=2),
wherein each bare cell is prepared by stacking positive
film, negative film and separating film sandwiched
between the positive film and the negative film sequen-
tially;

S2: sequentially stacking and integrally connecting the
bare cells Np (1=p=m-1) and the bare cell N,,, by
using an insulating layer;

S3: for all bare cells except Nx and Ny, the positive film
of each bare cell is connected to a negative film of
another bare cell except Ny, and there is only one
electrical connection relationship in the positive film of
each bare cell; for all bare cells except Nx and Ny, the
negative film of each bare cell is connected to a positive
film of another bare cell except Nx, and there is only
one electrical connection relationship in the negative
film of each bare cell, thereby the bare cells are
connected in series;

S4: the positive film of the bare cell N, is connected to a
positive conductive lug, and the negative film of the
bare cell N, is connected to a negative conductive lug;

S5: Soaking the stacked bare cells in electrolyte solution,
after the positive conductive lug and the negative
conductive lug are connected to a high-voltage charg-
ing and discharging cabinet, activating the positive film
and the negative film of the bare cells to obtain the
high-voltage energy module.

#* #* #* #* #*
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