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ABSTRACT (FIG. 3) 

According to one embodiment, a battery module (1) 

includes a block-like battery cell unit (21a) in which a 

5 plurality of battery cells (10) and a plurality of 

separators (30) are stacked, and a frame (90) which 

constrains the battery cell unit (21a) in a stacking 

direction of the battery cells (10) and the separators 

(30). The frame (90) is opposed to angular portions (36) of 

10 end separators (30) located at respective ends of the 

battery cell unit (21a), as viewed in the stacking 

direction, and defines gaps (80) with reference to the 

angular portions (36) of the end separators (30).
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BATTERY MODULE 

FIELD 

Embodiments described herein relate generally to a 

battery module comprising a plurality of battery cells 

5 stacked one upon another.  

BACKGROUND 

As a relatively high-power secondary battery, a battery 

module is hitherto known in which a plurality of battery 

cells are stacked and assembled as a unit and are connected 

.0 to one another in series or in parallel.  

It is known in the art that a gas is generated inside a 

battery cell in accordance with the deterioration with time, 

and that the internal pressure in the battery cell 

increases, expanding the case of that battery cell. In a 

.5 battery module wherein a plurality of battery cells are 

stacked one upon another, the case of a battery cell may 

expand, and the battery module may change in outer shape. It 

is also known that the battery module whose outer shape has 

changed has poor performance. In order to suppress the 

20 expansion of each battery cell, the stacked battery cells 

are constrained using a frame.  

However, if the frame is too rigid, the battery module 

may not be assembled efficiently. Conversely, if the frame 

is not sufficiently rigid, expansion of the battery cells of 

25 the battery module cannot be suppressed.  

Under the circumstances, there is a demand for a battery 

module in which the rigidity of the frame for constraining 

the battery cells increases in accordance with the expansion 

of the deteriorated battery cells and which can be assembled 

30 easily.
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SUMMARY OF THE INVENTION 

According to an aspect of the present invention, there 

is provided a battery module comprising a battery cell unit 

having a block structure in which a plurality of battery 

5 cells and a plurality of first separators are stacked, and 

first and second frames which constrain the battery cell 

unit in a stacking direction of the battery cells and the 

first separators, wherein the first separators are 

interposed between the battery cells, and second separators 

.0 provided at respective ends of the battery cell unit, as 

viewed in the stacking direction, the second separators 

comprising angular portions opposed to the frames, and the 

angular portions of the second separators being away from 

angular portions of the frames, with gaps interposed, 

.5 wherein each frame is a single member having an opening that 

is rectangular and somewhat larger than an end face of the 

battery cell unit so that the frame is fitted on the battery 

cell unit.  

BRIEF DESCRIPTION OF THE DRAWINGS 

20 In order that the invention may be more clearly 

ascertained, embodiments of the invention will now be 

described by way of example only with reference to the 

accompanying drawings in which: 

FIG. 1 is an exploded perspective view illustrating a 

25 battery module according to the first embodiment.  

FIG. 2 is a perspective view showing a frame used in the 

battery module depicted in FIG. 1.  

FIG. 3 is a schematic view showing a main part of the 

battery module depicted in FIG. 1.  

30 FIG. 4 is an explanatory view illustrating how the
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battery cell unit depicted in FIG. 3 is before and after 

expansion.  

FIG. 5 is a schematic view illustrating a state in which 

the battery cells of the battery module depicted in FIG. 3 

5 begin to expand.  

FIG. 6 is a schematic view illustrating a state in which 

the battery cells of the battery module depicted in FIG. 3 

expand further.  

FIG. 7 is a schematic view showing a main part of a 

.0 battery module according to the second embodiment.  

FIG. 8 is a schematic view illustrating a state in which 

the battery cells of the battery module depicted in FIG. 7 

expand.  

FIG. 9 is a schematic view showing a main part of a 

.5 battery module according to the third embodiment.  

FIG. 10 is a schematic view illustrating a state in 

which the battery cells of the battery module depicted in 

FIG. 9 expand.  

FIG. 11 is a graph showing the relation between the 

20 expansion of the battery cells of the first, second and 

third embodiments and the load exerted on frames.  

DETAILED DESCRIPTION 

According to one embodiment, a battery module include a 

block-like battery cell unit in which a plurality of battery 

25 cells and a plurality of separators are stacked, and a frame 

which constrains the battery cell unit in a stacking 

direction. The end separators provided at the respective 

ends in the stacking direction of the battery cell unit have 

angular portions opposed to the frame, and these angular 

30 portions of the end separators are away from the angular
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portions of the frame, with gaps interposed.  

A battery module 1 according to the first embodiment 

will be described with reference to FIG. 1.  

As shown in FIG. 1, the battery module 1 comprises a 

5 plurality of battery cells 10, a plurality of separators 30, 

a plurality of bus bars 50, a terminal-side frame 70, and a 

plurality of frames 90. In the present embodiment, for 

example eleven battery cells 10 and twelve separators 30 are 

alternately stacked in such a manner as to form a battery 

.0 cell unit 21a. A stack structure 20a includes the battery 

cell unit 21a, and two frames 90a and 90b for constraining 

the battery cell unit 21a.  

Each battery cell 10 includes a rectangular case 11. The 

case 11 includes a first wall 13 and a second wall 15 which 

.5 are substantially square and opposed to each other in 

parallel, and four side walls 17 which connect the periphery 

of the first wall 13 and the periphery of the second wall 

15. One of the side walls 17 is used as a terminal wall 17a.  

Two terminals are provided on the terminal wall 17a in such 

20 a manner that they are away from each other. One of the two 

terminals 18 is a positive terminal and the other is a 

negative terminal. A nonaqueous electrolyte fills the 

interior of the case 11.  

The battery cells 10 are arranged in such a manner that 

25 the terminal walls 17a of the cases 11 are oriented in the 

same direction. The terminal walls 17a face a terminal-side 

frame 70. The battery cells 10 are stacked in such a manner 

that the positive terminal and negative terminal of each 

adjacent pair of battery cells 10 alternate. The battery 

30 cells 10 are stacked, with the separators 30 interposed in
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between. With this structure, either the first walls 13 or 

the second walls 15 face each other in each adjacent pair of 

battery cells 10. The terminal walls 17a of the respective 

cases 11 function as the terminal face 33 of the stack 

5 structure 20a.  

The separators 30 include ten first separators 30a 

interposed between the battery cells 10, and two second 

separators 30b located at the respective ends of the stack 

structure 20a as defined in the stacking direction. In the 

.0 description below, the two types of separators 30a and 30b 

(namely, the first and second separators) may be referred to 

simply as separators 30. Each separator 30 is formed, for 

example, of an insulating resin material.  

Each of the first separators 30a is a frame including a 

.5 substantially square inner frame which has practically the 

same shape as the first wall 13 and second wall 15 of the 

battery cell 10. Each first separator 30a includes two band 

portions 35, which are wide as viewed in the stacking 

direction. The two band portions 35 are opposed to each 

20 other.  

Each first separator 30a is interposed between the 

adjacent battery cells 10. In other words, each battery cell 

10 is located between the two band portions 35 of the two 

first separators 30a arranged in the stacking direction.  

25 That is, each first separator 30a is assembled such that the 

two band portions 35 thereof face the side walls 17 of the 

case 11, and the terminal face 33 of the stack structure 20a 

is thus prevented from being covered with the band portions 

35.  

30 Each second separator 30b includes a substantially



-6

square end plate 32 which has practically the same shape as 

the first wall 13 and second wall 15 of the battery cell 10, 

and two side portions 34 integrally extending in the same 

direction from the opposite two sides of the end plate 32.  

5 Each second separator 30b is assembled such that the two 

side portions 34 thereof face the side walls 17 of the case 

11, and the terminal face 33 of the stack structure 20a is 

thus prevented from being covered with the side portions 34.  

In other words, the two faces perpendicular to the terminal 

.0 face 33 of the battery cell unit 21a are covered with the 

band portions 35 of the first separator 30a and the side 

portions 34 of the second separator 30b.  

The frames 90 constrain the battery cell unit 21a in the 

stacking direction. The frames 90 are fixed in contact with 

.5 part of the band portions 35 of the first separators 30a and 

part of the end plates 32 and side portions 34 of the two 

second separators 30b. The frames 90 include a first frame 

90a shown as being located at the front in FIG. 1 (i.e., the 

frame close to the terminal face 33) and a second frame 90b 

20 shown as being located at the rear in FIG. 1. The first and 

second frames 90a and 90b are formed, for example, of a 

metallic material and are insulated. In the description 

below, the first and second frames 90a and 90b may be 

referred to simply as frames 90. The frames 90 need not be 

25 formed of a metallic material; they may be formed of a 

synthetic resin having sufficient mechanical strength.  

The frames 90 are rectangular and are somewhat larger 

than the end face 33 of the battery cell unit 21a. As shown 

in FIG. 2, each frame 90 includes four angular portions 91 

30 and four peripheral walls 93. Of the four peripheral walls
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93, a pair of longer peripheral walls 93 opposed to each 

other are made to face the band portions 35 and side 

portions 34 of the separators 30 in the fitted state of the 

frame 90.  

5 As shown in FIGS. 1 and 2, each of the four peripheral 

walls 93 is provided with a tapered introduction plate 95 on 

one side thereof. The introduction plate 95 extends in the 

longitudinal direction of the peripheral wall and is 

slightly bent outward. When the frame 90 is fixed to the 

.0 battery cell unit 21a, the introduction plates 95 serve to 

guide the peripheral portions of the battery cell unit 21a 

into the frame 90. The longitudinal ends of the four 

introduction plates 95 are away from each other. A recess 97 

is formed at each corner portion 91 of the frame 90.  

.5 When the frame having this structure is fitted on the 

battery cell unit 21a, the tapered surfaces of the 

introduction plates 95 serve as guides. Therefore, even an 

inexperienced operator can easily fit the frame 90 on the 

battery cell unit 21a.  

20 As shown in FIG. 1, each bus bar 50 electrically 

connects the terminals 18 (positive and negative terminals) 

of the two battery cells 10 that are adjacent in the 

stacking direction. The bus bar 50 is a plate-like 

conductive member. As described above, the battery cells 10 

25 are stacked in such a manner that the positive terminal and 

negative terminal of each adjacent pair of battery cells 10 

alternate. With this arrangement, the terminals of the two 

battery cells that are adjacent in the stacking direction 

are different in polarity. That is, the bus bars 50 (50a) 

30 electrically connect the battery cells 10 together.
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The terminal-side frame 70 is a frame that is arranged 

to face the terminal face 33 of the stack structure 20a. The 

terminal-side frame 70 includes a plurality of attachment 

window holes. One bus bar 50 is fitted in each of the 

5 attachment window holes of the terminal-side frame 70. The 

terminal-side frame 70 to which the bus bars 50 are attached 

is fixed to the terminal face 33 of the stack structure 20a.  

The bus bars 50 attached to the terminal-side frame 70 

electrically connect the terminals 18 of the respective 

.0 battery cells 10. The bus bars 50 and the terminals 18 are 

fixed, for example, by welding.  

FIG. 3 is a schematic view showing the stack structure 

20a, which is a main part of the battery module 1. Although 

FIG. 3 shows the same stack structure as the battery module 

.5 depicted in FIG. 1, the illustration of part of the battery 

cells 10 is omitted for simplicity. The stack structure 20a 

includes a battery cell unit 21a and two frames 90a and 90b.  

As described above, each second separator 30b includes 

an end plate 32 and two side portions 34 integral with the 

20 end plate 32, and has a substantially "U"-shaped section.  

Angular portions 36 are provided between the end plate 32 

and the respective side portions 34. In the present 

embodiment, the end plate 32, the two side portions 34 and 

the angular portions 36 are made of a resin and are 

25 integrally formed as one piece.  

The angular radius of the angular portions 36 of the 

second separator 30b is larger than the angular radius of 

angular portions 91 of the frame 90a. A gap 80 is provided 

between the angular portions 91 of the frame 90a and the 

30 angular portions 36 of the second separator 30b. That is,
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the gap 80 is provided between the frame 90a and the battery 

cell unit 21a. Because of the gap 80, the frame 90a can be 

elastically deformed when it is fitted on the battery cell 

unit 21a. Accordingly, the frame 90a can be easily fitted on 

5 the battery cell unit 21a. In short, the gap 80 enables easy 

assembly of the frame 90a.  

Next, the expansion of the battery cells 10 will be 

described with reference to FIG. 4. In FIG. 4, the 

illustration of the frame 90a is omitted so that the 

.0 expansion of the battery module 1 can be easily understood.  

FIG. 4 illustrates how the battery cell unit 21a is 

before it is expanded (in the upper half of FIG. 4), and 

also illustrates how the battery cell unit 21a is after it 

is expanded (in the lower half of FIG. 4). In FIG. 4, Li 

.5 denotes the length of the battery cell unit 21a containing 

unexpanded battery cells 10 (in the upper half of FIG. 4).  

After the battery cells 10 are expanded, the length of the 

battery cell unit 21a increases from Li to L2 (the length 

increases by a( at each end of the longitudinal direction).  

20 The angular portions of the adjacent battery cells 10 move 

away from each other in the longitudinal direction because 

the cases 11 are deformed. Due to the expansion of the 

battery cells, the second separator 30b at each end moves by 

a in the longitudinal direction.  

25 As shown in FIG. 5, each battery cell 10 expands in 

accordance with an increase in the internal pressure.  

Accordingly, the case of each battery cell 10 is deformed.  

The pressure inside the battery cells 10 serves to push the 

second separators 30b against the short sides of the frame 

30 90a. Pressed by the second separators 30b, the frame 90a
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expands outward. In other words, the angular portions 91 of 

the frame 90a are widened, and the angular portions 36 of 

the second separator 30b move toward the angular portions 91 

of the frame 90a. As a result, the volume of the gaps 80 

5 decreases.  

The decrease in the volume of the gaps 80 means that the 

space between the battery cells 120 and the frame 90 is 

reduced.  

When the battery cells 10 expand further shown in FIG.6, 

.0 there is scarcely a gap between the angular portions 91 of 

the frame 90a and the angular portions 36 of the second 

separator 30b. In other words, angular portions 36 come into 

contact with the inner sides of angular portions 91.  

FIG. 11 is a graph in which the states of the stack 

.5 structure of the first embodiment are plotted, including the 

states shown in FIGS. 3, 5 and 6. The horizontal axis 

represents an expansion rate of a battery cell. The vertical 

axis represents a frame load (the load with which the 

battery cells are constrained). FIG. 3 shows how the stack 

20 structure 20a is before the battery cells 10 expand (i.e., 

the state of the stack structure 20a at the time of 

assembly). FIG. 5 shows how the stack structure 20a is when 

the battery cells 10 expand a little. FIG. 6 shows how the 

stack structure 20a is when the battery cells 10 expand 

25 further than the state shown in FIG. 5.  

In the unexpanded stack structure, sufficient gaps 80 

exist between angular portions 91 and angular portions 36.  

In this case, the load exerted on frame 90a is small, and 

the frame 90 can be easily fitted on the battery cell unit 

30 21b. In the stack structure 20a shown in FIG. 5, the battery
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cells expand a little. In this case, the first separator 30a 

is pressed by the battery cell 10 on one side, and presses 

the battery cell on the other side. As a result, the first 

separator 30a is deformed a little. The second separator 30b 

5 is pressed by the battery cell 10, and presses the frame 90 

from within. At the time, the angular portions 36 of the 

second separator 30b and the angular portions 91 of the 

frame 90 are deformed, reducing the gaps 80 between angular 

portions 36 and angular portions 91. In other words, in the 

.0 stack structure shown in FIG. 5, the frame load increases in 

accordance with the expansion of the battery cells 10, as 

shown in FIG. 11.  

In the stack structure 20a shown in FIG. 6, the battery 

cells 10 expand further. As can be seen, in the stack 

.5 structure 20a, the second separator 30b and the frame 90 are 

deformed to such an extent that there are practically no 

gaps 80 between the second separator 30b and the frame 90.  

In other words, angular portions 36 are in contact with the 

inner sides of angular portions 91 in the stack structure 

20 20a shown in FIG. 6. In this state, the frame load is 

significantly larger than the frame loads of the states 

shown in FIGS. 3 and 5. In the stack structure 20a shown in 

FIG. 6, practically no gap 80 exists between the frame 90 

and the second separator 30b, with the result that the 

25 rigidity of the frame 90 increases and the battery cell unit 

21b can be constrained reliably.  

In the stack structure 20a of the first embodiment, gaps 

80 are provided between the angular portions 36 of the 

second separators, located at the ends as viewed in the 

30 stacking direction, and the angular portions 91 of the frame
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90. The gaps 80 enable the rigidity of the frame 90 to 

increase in accordance with the expansion of the battery 

cells 10. In other words, the frame 90 of the stack 

structure 20a changes its rigidity in accordance with the 

5 expansion of the battery cells due to the temporal 

deterioration of the battery cells 10. At the time of 

assembly, the frame 90 of the stack structure 20a can be 

easily assembled to the battery cell unit 21a. In addition, 

when the battery cells 10 expand, the stack assembly 20a has 

.0 sufficient rigidity.  

In other words, when the battery cells 10 expand after 

they are used for more than a certain period, the angular 

portions 36 of the second separators 30b are deformed in 

conformity with the angular portions 91 of the frame 90. As 

.5 a result, the gaps 80, which can be regarded as an allowance 

of the stack structure 20a, are lost. In accordance with 

this, the load exerted on the frame 90 increases. The stack 

structure 20a in this state enables the battery cell unit 

21a to be firmly constrained.  

20 The frame 90 having increased rigidity prevents the 

battery cells 10 from expanding further, and suppresses the 

temporal performance deterioration of the battery module 1.  

As a result, the frame 90 lengthens the life of the battery 

module 1.  

25 A shape of a separator 30 used in a stacking structure 

20b according to the second embodiment will now be described 

with reference to FIGS. 7 and 8. FIG. 7 is a schematic view 

illustrating a main portion of the stacking structure 20b.  

FIG. 8 is a schematic view illustrating a state in which the 

30 battery cells 10 of the stacking structure depicted in
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FIG. 7 expand. In connection with the second embodiment, 

those members having similar functions or structures to 

those of the members of the first embodiment will be denoted 

by the same reference numerals and symbols, and a detained 

5 description of such members will be omitted.  

The stacking structure 20b of the second embodiment 

differs from the stacking structure 20a of the first 

embodiment in that the angular portions 36 of the second 

separator 38 have a projection 38, as shown in FIG. 7.  

.0 In the stacking structure 20b having this structure, the 

gaps 80 are narrower than the gaps 80 between the first 

frame 90a and the second separator 30b of the stacking 

structure 20a of the first embodiment, by the dimension of 

the projection 38. In other words, the distance between the 

.5 projection 38 and the corresponding angular portion of the 

first frame 90a is shorter than the distance between the 

angular portion 36 and angular portion 91 of the stacking 

structure 20a of the first embodiment.  

As shown in FIG. 8, therefore, the projections 38 of the 

20 second separator 30b of the second embodiment come into 

contact with the angular portions 91 of the frame 90 in the 

state where the deformations of the battery cells 10 are 

smaller than those of the battery cells 10 of the stacking 

structure 20a of the first embodiment. With this structure, 

25 the stacking structure 20b suppresses the expansion of the 

battery cells 10 earlier than the stacking structure 20a of 

the first embodiment.  

With this structure, stacking structure 20b is provided 

with gaps 80 and can be as flexible as stacking structure 

30 20a when it is assembled to the frame 90, as can be seen in
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FIG. 11. When the battery cells 10 expand, the angular 

portions 91 of the frame 90 come into contact with the 

projections 30. Since the rigidity of the frame 90 is 

increased thereby, further expansion of the battery cells 10 

5 is suppressed.  

In the stacking structure 20b, the projections 30 and 

angular portions 91 come into contact with each other.  

Therefore, the ease with which the stacking structure 20b is 

assembled to the frame 90 can be adjusted by changing the 

.0 size of the projections 38. Therefore, by adjusting the size 

of the projections, the stacking structure 20b enables the 

expansion rate of the battery cells 10 to be adjusted until 

the frame load increases rapidly.  

In the stacking structure 20b, the projections are 

.5 provided on the second separators 30b. The projections 38 

are provided at such positions as correspond to the angular 

portions 91 of the frame 90. The operator can use the 

projections 38 as positioning guides when the frame 90 is 

attached. In other words, the projections 38 of the stacking 

20 structure 90 enable the frame 90 to be easily attached.  

A stacking structure 20c according to the third 

embodiment will now be described with reference to FIGS. 9 

and 10. FIG. 9 is a schematic view showing a main part of 

the stacking structure 20c of the third embodiment. FIG. 10 

25 is a schematic view illustrating a state in which the 

battery cells 10 of the stacking structure depicted in 

FIG. 9 expand. In connection with the third embodiment, 

those members having similar functions or structures to 

those of the members of the first embodiment will be denoted 

30 by the same reference numerals and symbols, and a detained
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description of such members will be omitted.  

The stacking structure 20c of the third embodiment 

differs from the stacking structure 20a of the first 

embodiment in that the angular portions 91b of the frame 92 

5 have a curved portion 910, as shown in FIG. 9. To be more 

specific, the frame 92 is provided with portions 910 

expanding outwardly from the frame 92. With this structure, 

the angular portions 91b of the frame 92 have more 

elasticity than that of the angular portions 91 of the frame 

.0 90 of the first embodiment.  

According to the third embodiment, the shape of the 

frame 92 is modified without modifying the shape of the 

second separator 30b. The stacking structure 20c of the 

third embodiment suppresses the expansion of the battery 

.5 cell unit 21b, and the frame 92 can be easily assembled to 

the stacking structure 20c.  

The frame 92 has outwardly-expanding curved portions 910 

at the angular portions 91b. The curved portions 910 are 

curved in directions away from the angular portions 36 of 

20 the second separators 30b. Accordingly, the stacking 

structure 20c of the third embodiment is provided with gaps 

80 wider than those of the stacking structure 20a of the 

first embodiment.  

As shown in FIG. 10, when the battery cells 10 expand 

25 due to an increase in the internal pressure of the battery 

cells 10, the second separator 30b is pressed against the 

frame 92 and is deformed, as in the stack structure 20a of 

the first embodiment. Pressed by the second separator 30b, 

the frame 92 is deformed outwardly.  

30 To be more specific, as shown in FIG. 10, the curved
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portions 910 of the angular portions 91b of the frame 92 are 

pulled in accordance with the expansion of the battery cells 

10. In accordance with the expansion of the battery cells 

10, the angular portions 36 of the second separator 30b move 

5 toward the angular portions 91b of the frame 90. As a 

result, the angular portions 36 of the second separator 30b 

are pressed against the angular portions 91b of the frame 

92. Since the angular portions 36 of the flame 92 are 

pressed by angular portions 91b, the rigidity of the frame 

.0 92 is increased rapidly, suppressing further expansion of 

the battery cells 10. In other words, the flexibility of the 

frame 92 decreases in accordance with a decrease in the size 

of the gaps 80.  

With this structure, the stacking structure 20c is 

.5 provided with angular portions 91b and can be flexible when 

it is assembled to the frame 92. As shown in FIG. 10, when 

the battery cells 10 expand, the curved portions 910 of the 

angular portions 91b of the stack structure 20c are 

expanded, and the angles of the angular portions 91b 

20 increase. As a result, angular portions 36 move toward 

angular portions 91b and are pressed against the inside of 

angular portions 91b. As can be seen in FIG. 11, the frame 

92 is flexible when it is assembled to the battery cell unit 

21a. After the battery cells 10 expand to a certain degree, 

25 the rigidity of the frame 92 increases, enabling the battery 

cell unit 21a to be secured firmly. As a result, the frame 

92 can suppress further expansion of the battery cells 10.  

According to the third embodiment, the gaps 80 are 

provided by modifying the shape of the frame 92 located on 

30 the outside of the separator 30. Therefore, the stack
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structure 20c enables the gaps 80 to be larger than those of 

the first and second embodiments. In addition, since the 

curved portions 910 are provided for the angular portions 

91b of the frame 92, the stack structure 20c enables the 

5 frame 92 to be flexible. At the time of assembly, the frame 

92 of the stack structure 20c can be easily assembled.  

The angular portions 36 of the second separators 30b are 

not limited to arch shapes. For example, the angular 

portions 36 may be substantially right-angled portions. In 

.0 the present embodiment, the battery cell unit is constrained 

by means of two frames, but the method for constraining the 

battery cell unit is not limited to this. For example, the 

battery cell unit may be constrained by a single frame or by 

three or more frames.  

.5 A stack structure can be formed by combining the second 

separators 30b described in relation to the second 

embodiment (which have projections 38) with the frame 92 

described in relation to the third embodiment. The curved 

portions 910 of the frame 92 described in the third 

20 embodiment may not be fully expanded but may be curved 

somewhat in an arch shape, when the battery cells 10 expand.  

In such a case as well, the frame 92 has increased rigidity 

from the points at which the curved portions 910 expand to a 

certain extent, thereby enabling the battery cell unit 21b 

25 to be constrained reliably.  

While certain embodiments have been described, these 

embodiments have been presented by way of example only, and 

are not intended to limit the scope of the embodiments.  

Indeed, the novel methods and systems described herein may 

30 be embodied in a variety of other forms; furthermore,
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various omissions, substitutions, and changes in the form of 

the methods and systems described herein may be made without 

departing from the spirit of the embodiments. The 

accompanying claims and their equivalents are intended to 

5 cover such forms or modifications as would fall within the 

scope and spirit of the embodiments.  

In the claims which follow and in the preceding 

description of the invention, except where the context requires 

otherwise due to express language or necessary implication, the 

.0 word "comprise" or variations such as "comprises" or 

"comprising" is used in an inclusive sense, i.e. to specify the 

presence of the stated features but not to preclude the 

presence or addition of further features in various embodiments 

of the invention.  

.5 Reference herein to background art is not an admission 

that the art forms a part of the common general knowledge in 

the art, in Australia or any other country.
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CLAIMS 

1. A battery module comprising a battery cell unit 

having a block structure in which a plurality of battery 

cells and a plurality of first separators are stacked, and 

5 first and second frames which constrain the battery cell 

unit in a stacking direction of the battery cells and the 

first separators, wherein the first separators are 

interposed between the battery cells, and 

second separators provided at respective ends of the 

.0 battery cell unit, as viewed in the stacking direction, the 

second separators comprising angular portions opposed to the 

frames, and the angular portions of the second separators 

being away from angular portions of the frames, with gaps 

interposed, 

.5 wherein each frame is a single member having an opening 

that is rectangular and somewhat larger than an end face of 

the battery cell unit so that the frame is fitted on the 

battery cell unit.  

20 2. The battery module according to claim 1, wherein the 

gaps decrease in size in accordance with expansion of the 

battery cells.  

3. The battery module according to claim 1 or claim 2, 

25 wherein the angular portions of the end separators located 

at the respective ends come into contact with the angular 

portions of the frames, due to expansion of the battery 

cells.  

30 4. The battery module according to claim 1, wherein the



- 20 

frames extend in accordance with expansion of the battery 

cells, and have rigidity increased in accordance with a 

decrease in size of the gaps formed between the angular 

portions of the end separators located at the respective 

5 ends and the angular portions of the frame opposed thereto.  

5. The battery module according to any one of claims 1 

to 4, wherein the angular portions of the end separators 

located at the respective ends comprise projections 

.0 projected toward the angular portions of the frame, 

respectively.  

6. The battery module according to any one of claims 1 

to 5, wherein the angular portions of the frames comprise 

.5 curved portions that are curved in directions away from the 

angular portions of the end separators.



20
16

20
44

58
   

  2
8 

Ju
n 

20
16

20
16

20
44

58
   

  2
8 

Ju
n 

20
16



20
16

20
44

58
   

  2
8 

Ju
n 

20
16

20
16

20
44

58
   

  2
8 

Ju
n 

20
16



20
16

20
44

58
   

  2
8 

Ju
n 

20
16

20
16

20
44

58
   

  2
8 

Ju
n 

20
16



20
16

20
44

58
   

  2
8 

Ju
n 

20
16

20
16

20
44

58
   

  2
8 

Ju
n 

20
16



20
16

20
44

58
   

  2
8 

Ju
n 

20
16

20
16

20
44

58
   

  2
8 

Ju
n 

20
16



20
16

20
44

58
   

  2
8 

Ju
n 

20
16

20
16

20
44

58
   

  2
8 

Ju
n 

20
16



20
16

20
44

58
   

  2
8 

Ju
n 

20
16

20
16

20
44

58
   

  2
8 

Ju
n 

20
16



20
16

20
44

58
   

  2
8 

Ju
n 

20
16

20
16

20
44

58
   

  2
8 

Ju
n 

20
16


	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

