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DESCRIPTION
TECHNICAL FIELD

[0001] The present invention relates to a layer cell. Specifically, the present invention relates to 
a layer cell with improved cooling performance and an assembled battery including the layer 
cell.

BACKGROUND ART

[0002] Electrode structures of a secondary cell are mainly classified into two types, i.e., a 
spiral-wound type and a layer type. In a cell having the spiral-wound type electrode structure (a 
spiral-wound cell; refer to, for example, Patent Literature 1), a positive electrode and a 
negative electrode which are spirally wound with a separator interposed therebetween are 
housed in a cell case. In a cell having the layer type electrode structure (a layer cell), an 
electrode group including a positive electrode and a negative electrode which are alternately 
stacked with a separator interposed therebetween is housed in a cell case. Patent Literature 2 
discloses a cylindrical-type cell in which disc-shaped electrodes are stacked. Patent Literature 
3 discloses a rectangular-type cell in which rectangular sheet-shaped electrodes are stacked.

[0003] JP 2000 048854 discloses a metallic current collecting bar, having the disc-shaped 
positive electrode terminal part being directly connected to a disc-shaped positive electrode 
and being insulated from a disc-shaped negative electrode having the outer periphery 
contacting with a vessel through an insulating ring. Both electrodes are alternately stacked by 
interposing a polypropylene non-woven fabric disc-shaped separator having a diameter larger 
than the disc-shaped positive electrode and smaller than the disc-shaped negative electrode, 
and an electrode group having a separator is also arranged in the uppermost/lowest layers. 
Thus the respective electrodes are formed as high density, an internal short circuit is caused 
by burrs, and reduction in current collecting efficiency by falling out of an active material can be 
avoided. The separator thickness can be thinned and high capacity can be obtained.

[0004] EP 2 012 378 discloses an electrode plate unit capable of suppressing an internal short 
circuit caused by flashing which is formed on the end portion of a positive electrode plate and a 
battery using the same. The electrode plate unit includes a group of electrode plates in which a 
plurality of positive electrode plates and a plurality of negative electrode plates are laminated 
alternately by separators, a positive electrode collector plate connected to one side face of the 
group of electrode plates connection to the positive electrode plate, and a negative electrode 
collector plate connected to another side face of the group of electrode plates for connection to 
the negative electrode plate, wherein the edge portion of the positive electrode plate is 
protruded from the edge portion of a negative electrode plate on the entire side face excluding 
the side face to which the negative electrode collector plate of the group of electrode plates is
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connected.

[0005] JP 2000 268854 discloses a nickel hydrogen battery including a negative electrode 
furnished with hydrogen storage alloy and a positive electrode equipped with a positive 
electrode active material layer containing a positive electrode active material using as the base 
material at least either of nickel hydroxide and nickel oxide and an element having such a 
property as heightening the rate of utilization of the positive electrode active material when 
added thereto and a property to make segregation when the cyclic number of charge and 
discharge increases. Setting is made so that the ratio of the positive electrode capacity to the 
negative electrode capacity is (1.1 through 2.0): 1, and the durability against repitition of the 
charge-discharge cycle is enhanced.

[0006] The scientific paper "Development of NiMH-based Fuel Cell/Battery (FCB) system: 
Characterization of Ni(OH)2/MnO2 positive electrode for FCB" by Bokkyu Choi, Sunmook Lee, 
Chihiro Fushimi, Atsushi Tsutsumi, published in the "Journal of Power Sources", Elsevier, Vol. 
194, No. 2, 1 December 2009, pages 1150-1155 describes the performance of a positive 
electrode composed of a mixture of nickel hydroxide (Ni(OH)2) and a small amount of 

manganese dioxide (MaO2) in fuel cell/battery (FCB) system

[0007] US 5,173,376 describes a metal oxygen-hydrogen battery having sealed cell modules 
with electrolyte containment and hydrogen venting. The battery includes an outer pressure 
vessel containing a plurality of cell modules, each having a positive and negative terminal and 
containing a liquid electrolyte such as potassium hydroxide. Each cell module is enclosed in a 
flexible sealed bag which is impervious to the flow of the electrolyte. The bag is a multilayer 
structure preferably composed of thermoplastic film. Each bag is provided with a vent which is 
permeable to the flow of hydrogen gas but impermeable to the flow of the electrolyte. Electrical 
leads are connected to the terminals of each cell module and extend in sealed relation through 
the bag.

CITATION LIST

PATENT LITERATURE

[0008]

Patent Literature 1: JP 2002-198044 A

Patent Literature 2: JP 2000-48854 A

Patent Literature 3: WO 2008/099609 A
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SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0009] With regard to the spiral-wound cell, the separator with low thermal conductivity is 
provided in a multilayered manner between the surface and center of the cell. As the result, 
even when a surface temperature of the cell case is close to an ambient temperature, a 
temperature of a portion around the center of the spiral-wound cell becomes considerably 
high.

[0010] The cylindrical-type layer cell disclosed in Patent Literature 2 has a structure to collect 
electricity in such a manner that the stacked electrodes come into contact with terminals, 
respectively. In the course of assembling the cylindrical-type layer cell, consequently, there is a 
possibility of infant failures due to a short circuit between the positive electrode and the 
negative electrode. Further, the electrode repeatedly contracts and expands by the repetition 
of charge and discharge. As the result, there is a possibility of secular failures due to the 
deformation and displacement of the electrode and the short circuit between the positive 
electrode and the negative electrode.

[0011] The present invention has been devised to solve the problems described above, and an 
object thereof is to restrain temperature rise inside a cell and to prevent a short circuit between 
electrodes.

SOLUTION TO PROBLEM

[0012] The present invention is defined in the appended claims.

[0013] In order to achieve the object described above, a layer cell according to the present 
invention includes: a tubular outer casing; a positive electrode; a negative electrode; a 
separator disposed between the positive electrode and the negative electrode; and an 
electrically conductive current collector passing through the positive electrode, the negative 
electrode and the separator in an axial direction of the outer casing. Herein, the positive 
electrode, the negative electrode and the separator are stacked in the axial direction of the 
outer casing. A first electrode which is one of the
positive electrode and the negative electrode comes into contact with an inner surface of the 
outer casing so as to be electrically connected to the inner surface of the outer casing, but is 
not in contact with the current collector. A second electrode which is the other one of the 
positive electrode and the negative electrode is not in contact with the inner surface of the 
outer casing, but comes into contact with the current collector so as to be electrically 
connected to the current collector. An outer edge of the second electrode is covered with the
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separator. A peripheral edge of a hole, through which the current collector passes, in the first 
electrode is covered with the separator.

[0014] According to this configuration, the outer casing is made of a metal, and serves as a 
current collector terminal of the first electrode. An outward dimension of the first electrode is 
slightly larger than an inward dimension of the tubular outer casing, so that the entire outer 
periphery of the first electrode or a part of the outer periphery is in contact with the inner 
surface of the outer casing. When the first electrode is put into the outer casing under 
pressure, the first electrode firmly comes into contact with the outer casing. Thus, the first 
electrode is connected to the outer casing with thermally small resistance. Therefore, this 
configuration effectively acts on the cooling of the first electrode.

[0015] Herein, the outward dimension of the electrode refers a dimension from a graphic 
center to an outer periphery of a sheet-shaped electrode. In a case of a disc-shaped electrode, 
an outward dimension is referred to as an outer diameter. Likewise, the inward dimension of 
the outer casing refers a dimension between a graphic center at a vertical section of the 
tubular outer casing in the axial direction and the inner surface of the outer casing. In a case of 
a cylindrical outer casing, an inward dimension is referred to as an inner diameter.

[0016] The outward dimension of the second electrode is smaller than the inward dimension of 
the tubular outer casing, so that the second electrode does not come into contact with the 
outer casing. Accordingly, the second electrode is isolated from the outer casing.

[0017] Heat generated from the first electrode is directly transferred to the outer casing. Heat 
generated from the second electrode is transferred to the first electrode through the separator.

[0018] An overall heat transfer coefficient (U1) of a spiral-wound cell is represented by 
Mathematical Formula 1 as will be described later. On the other hand, an overall heat transfer 
coefficient (U2) of the layer cell according to the present invention is represented by 
Mathematical Formula 2. It is apparent from a comparison between the two coefficients that 
there is a large difference with regard to the term of a winding number n. In the spiral-wound 
cell, as the winding number n becomes larger, the overall heat transfer coefficient becomes 
smaller. Detailed description using substitution of specific numerical values will be given in the 
following embodiments.

[0019] In the layer cell according to the present invention, as described above, there is no 
necessity of a pipe or a heatsink for feeding a coolant into the cell in order to restrain the 
temperature inside the cell. Accordingly, the structure of the layer cell according to the present 
invention is compact. In the layer cell according to the present invention, moreover, it is 
possible to restrain temperature rise inside the cell easily by cooling the surface of the outer 
casing.

[0020] Each of the positive electrode, the negative electrode and the separator has a hole 
formed on the center thereof, for allowing the current collector to pass therethrough. The rod
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shaped current collector passes through the holes. A diameter of the hole of the first electrode 
is larger than an outward dimension of the rod-shaped current collector. Therefore, the first 
electrode does not come into contact with the current collector. A diameter of the hole of the 
second electrode is smaller than the outward dimension of the rod-shaped current collector. 
Therefore, the second electrode comes into contact with the current collector and is electrically 
connected to the current collector. The current collector is made of a metal and serves as a 
current collector terminal of the second electrode. Moreover, the current collector is preferably 
a round rod, but may be a rectangular rod.

[0021] With regard to the layer cell according to the present invention, further, in the state that 
the electrodes and the separator are stacked, the outer edge of the second electrode is 
covered with the separator, and the peripheral edge of the hole, through which the current 
collector passes, in the first electrode is covered with the separator. Therefore, the first 
electrode and the second electrode are separated from each other by the separator with 
reliability at the outer edge of the second electrode and the peripheral edge of the hole in the 
first electrode. Accordingly, the electrodes do not come into contact with each other at the 
outer edge of one of the electrodes and the peripheral edge of the hole in the other electrode 
because of the deformation of the electrodes. In the case of the disc-shaped electrode, the 
outer diameter of the separator is larger than the outer diameter of the second electrode. In 
the case where the current collector is a round rod, moreover, the hole diameter of the 
separator is smaller than the hole diameter of the first electrode.

[0022] In the layer cell according to the present invention, the first electrode is enclosed with a 
bag-shaped first separator in a state that an outer edge of the first electrode is exposed at the 
outside of the first separator, and the second electrode is enclosed with a bag-shaped second 
separator in a state that a peripheral edge of a hole, through which the current collector 
passes, in the second electrode is exposed at the outside of the second separator. According 
to this configuration, since the separators have the bag shape, the separators prevent a short 
circuit between the electrodes from occurring because of dust or foreign matters derived from 
the electrodes.

[0023] In the layer cell according to the present invention, the current collector has a side 
surface on which a groove is formed, a diameter of the narrowest portion of the current 
collector is larger than the diameter of the hole, through which the current collector passes, in 
the second electrode, and a diameter of the thickest potion of the current collector is smaller 
than the diameter of the hole, through which the current collector passes, in the first electrode.

[0024] There is a possibility that, at the time of assembly of the electrodes, the coupling 
between the current collector and the electrode is loosened and the tight contact between the 
current collector and the electrode is hampered. In order to solve this problem, the layer cell 
according to the present invention includes the current collector on which a screw groove is 
formed. According to this configuration, it becomes possible to maintain the state that the 
second electrode is firmly fitted into the current collector by the screw groove formed on the 
current collector. This configuration prevents the coupling between the electrode and the
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current collector from being loosened at the time of layer cell assembling work.

[0025] In the layer cell according to the present invention, the negative electrode contains a 
hydrogen storage alloy. In the layer cell according to the present invention, further, each of the 
positive electrode and the negative electrode is an electrode that is charged and discharged, 
and is also an electrode that applies electrolysis to an electrolyte retained in the layer cell with 
an electric current fed from the outside. According to this configuration, each of the positive 
and negative electrodes plays a role of an electrode that is charged and discharged in a 
secondary cell and a role of an electrode that generates hydrogen gas.

[0026] In the layer cell according to the present invention, preferably, a charge-capacity of the 
negative electrode is smaller than a charge-capacity of the positive electrode. The layer cell is 
a so-called negative electrode regulation-type cell. Herein, these charge-capacities are simply 
referred to as a positive electrode capacity and a negative electrode capacity, respectively, in 
some cases.

[0027] The layer cell according to the present invention further includes a hydrogen storage 
chamber disposed inside the outer casing, for storing hydrogen gas generated from the 
negative electrode. Herein, the hydrogen storage chamber may be an independent space. 
Moreover, the hydrogen storage chamber is not an independent space, but may be formed on 
a clearance in the electrode and a clearance in the separator.

[0028] In the negative electrode regulation-type layer cell, as the charge progresses, the 
negative electrode is fully charged before the positive electrode is fully charged.

[0029] At the overcharge in which the charge is continued from the full charge state, hydrogen 
gas is generated from the negative electrode (see Reaction Formula (1)).

H+ + e-^1/2H2 (1)

[0030] The hydrogen gas generated from the negative electrode is stored in the hydrogen 
storage alloy of the negative electrode to serve as an energy source at the time of discharge. 
In a case of a positive electrode made of nickel oxyhydroxide, a reaction formula at the time of 
discharge is Reaction Formula (2).

Negative electrode 1/2H2 —> H+ + e"

Positive electrode NiOOH + e" + H+ —> Ni(OH)2 (2)

Whole NiOOH + 1/2H2 -+ Ni(OH)2
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[0031] Since the hydrogen storage alloy is expensive, the negative electrode significantly 
affects on a price of the cell. In a normal positive electrode regulation-type secondary cell, an 
amount of materials for a negative electrode is 1.5 to 2 times as large as that for a positive 
electrode. However, the layer cell according to the present invention is allowed to reduce the 
amount of expensive materials for the negative electrode. Therefore, it is possible to obtain an 
inexpensive layer cell.

[0032] In the layer cell according to the present invention, the negative electrode is charged in 
such a manner that the hydrogen storage alloy contained in the negative electrode stores the 
hydrogen gas stored in the hydrogen storage chamber. According to this configuration, the 
negative electrode is charged with the hydrogen gas generated by the overcharge. 
Accordingly, the hydrogen gas is effectively utilized. The hydrogen storage alloy contained in 
the negative electrode acts as a so-called catalyst.

[0033] In the layer cell according to the present invention, preferably, the positive electrode 
contains manganese dioxide. Heretofore, a manganese dioxide positive electrode has been 
used for a primary cell to be known as a manganese dioxide-zinc cell, but has not been used 
for a secondary cell. The reason therefor is as follows. That is, when the manganese dioxide 
positive electrode is discharged until manganese hydroxide, trimanganese tetraoxide MnßCU is 

generated, which is not able to charge again. However, the inventors of the present invention 
have found that irreversible trimanganese tetraoxide is not generated by contacting the 
positive electrode with oxygen. The inventors of the present invention have succeeded in 
adopting manganese dioxide as a material for a positive electrode of a secondary cell by 
supplying oxygen to the circumference of the positive electrode.

[0034] In the layer cell according to the present invention, the outer casing has a side portion 
formed into a cylindrical shape. Moreover, the outer casing has bulging portions that have a 
dome shape at axial two ends thereof, and the hydrogen storage chamber is provided in each 
of the bulging portions.

[0035] When the charge is continued after the negative electrode is fully charged, hydrogen 
gas is generated from the negative electrode. The generated hydrogen gas is stored in the 
hydrogen storage chamber, is stored in the negative electrode at the time of discharge, and is 
effectively utilized. Thus, it becomes possible to reduce an amount of expensive materials for a 
negative electrode. Therefore, it is possible to manufacture an inexpensive layer cell. The 
structure that each of the two ends of the cylindrical can bulges in a dome shape is suitable for 
storage of high-pressure hydrogen gas.

[0036] An assembled battery includes a plurality of layer cells according to the present 
invention, and the layer cells are connected to each other via a columnar metal fitting. Herein, 
in each of the layer cells, the outer casing has a cylindrical body portion made of a metal, and 
lid portions for covering openings formed at axial two ends of the body portion, and the current



DK/EP 2782181 T3

collector passes through the lid portions. The metal fitting has a top surface and a bottom 
surface each having a connection cavity formed thereon. The end of the current collector in 
one of the layer cells is fittable into the connection cavity formed on the top surface of the 
metal fitting. The end of the current collector in the different one of the layer cells adjoining the 
layer cell is fittable into the connection cavity formed on the bottom surface of the metal fitting, 
with an insulator interposed between the end and the connection cavity. The bottom surface of 
the metal fitting is electrically connected to the outer casing in the different layer cell.

[0037] The bottom surface and top surface of the metal fitting are capable of coming into 
surface contact with the lid portions of the adjoining layer cells. The insulator is interposed 
between the cavity formed on the bottom surface of the metal fitting and the current collector. 
In the two layer cells adjoining each other, therefore, the current collectors are isolated from 
each other. The current collector in one of the layer cells and the outer casing in the adjacent 
layer cell are connected to each other via the metal fitting. As the result, the adjoining layer 
cells are connected in series via the metal fitting.

[0038] An assembled battery includes a plurality of layer cells according to the present 
invention. Herein, the outer casing in each of the layer cells has a one-end closed container 
having a rectangular section, and a lid member for covering an opening of the container. The 
layer cells are connected to each other such that the container in one of the layer cells and the 
lid member in the different one of the layer cells adjoining the layer cell are in surface contact 
with each other.

[0039] According to this configuration, the lid member in one layer cell and the bottom of the 
container in the adjacent layer cell come into contact with each other, so that the two layer cells 
are stacked and electrically connected in series. It is possible to raise an output voltage from 
an assembled battery by connecting a large number of layer cells as described above.

ADVANTAGEOUS EFFECTS OF INVENTION

[0040] According to the present invention, temperature rise inside a cell is restrained without a 
necessity of redundant space for cooling. Further, the layer cell according to the present 
invention allows the prevention of a short circuit between electrodes.

BRIEF DESCRIPTION OF DRAWINGS

[0041]

Fig. 1 is a diagram illustrating a schematic configuration of a cylindrical-type layer cell 
according to a first embodiment, which particularly illustrates an axial section.

Fig. 2Ais a section view illustrating a first electrode and a second electrode each enclosed with
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a bag-shaped separator.

Fig. 2B is a plan view illustrating the first electrode enclosed with the bag-shaped separator.

Fig. 2C is a plan view illustrating the second electrode enclosed with the bag-shaped 
separator.

Fig. 3 is a diagram illustrating a schematic configuration of a pipe-type layer cell according to a 
second embodiment.

Fig. 4A is a diagram illustrating a schematic configuration in a state that a metal fitting is 
attached to the pipe-type layer cell.

Fig. 4B is a diagram illustrating a configuration in a case where an assembled battery is 
configured with the pipe-type layer cell.

Fig. 5 is a diagram illustrating a schematic configuration of a capsule-type layer cell according 
to a third embodiment.

Fig. 6Ais a section view illustrating, in an axial direction, a rectangular-type layer cell according 
to a fourth embodiment.

Fig. 6B is a plan view illustrating the rectangular-type layer cell according to the fourth 
embodiment.

Fig. 7 is a diagram illustrating a configuration in a case where an assembled battery is 
configured with the rectangular-type layer cell according to the fourth embodiment.

Fig. 8 is a section view schematically illustrating, in an axial direction, a cylindrical-type layer 
cell according to a fifth embodiment ofthe present invention.

Fig. 9 is a section view schematically illustrating a screw structure of a current collector.

Fig. 10 is a diagram illustrating an embodiment in which the current collector has a structure 
other than the screw structure.

Fig. 11 is a section view illustrating, in an axial direction, a method for assembling the layer cell.

Fig. 12 is a graph showing results of a temperature rise test on the layer cell.

DESCRIPTION OF EMBODIMENTS

[0042] With reference to the drawings, hereinafter, description will be given of embodiments of 
the present invention; however, the present invention is not intended to be limited to these 
embodiments.
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[0043] Prior to the description of the respective embodiments of the present invention, first, 
description will be given of an example of a secondary cell to which the present invention is 
applied. The secondary cell is not limited to types to be described in the respective 
embodiments, and may be secondary cells such as a nickel-iron cell, a zinc-manganese cell 
and a nickel-cadmium cell.

<Nickel-Metal Hydride Cell>

[0044] A negative electrode contains, as a principal material, a hydrogen storage alloy, e.g., 
lanthanum-nickel. Nickel oxyhydroxide was used as an active material of a positive electrode. 
An alkaline aqueous solution such as a KOH aqueous solution, which is typically used in a 
nickel-metal hydride cell, was used as an electrolyte to be retained in a separator.

[0045] The negative electrode to be used herein is obtained as follows. That is, a paste 
obtained by adding a solvent to a hydrogen storage alloy, an electrically conductive filler and a 
binder was applied onto a substrate so as to be formed into a sheet shape, and then was 
cured. Likewise, the positive electrode to be used herein is obtained as follows. That is, a paste 
obtained by adding a solvent to a positive electrode active material, an electrically conductive 
filler and a binder was applied onto a substrate so as to be formed into a sheet shape, and 
then was cured.

[0046] The electrically conductive filler to be used herein was a carbon particle. The binder to 
be used herein was a thermoplastic resin which dissolves in a water-soluble solvent. The 
substrate to be used herein was a foamable nickel sheet. The separator to be used herein was 
a polypropylene fiber.

<Manganese Dioxide Cell>

[0047] A negative electrode contains a hydrogen storage alloy. A positive electrode contains 
manganese dioxide as an active material. The positive electrode and negative electrode to be 
used herein were obtained as follows. That is, a paste obtained by adding a solvent to an 
active material, an electrically conductive filler and a binder was applied onto a nickel substrate 
so as to be formed into a sheet shape, and then was cured. The electrically conductive filler, 
binder, separator and electrolyte to be used herein were the same as those in the nickel-metal 
hydride cell.

[0048] In the positive electrode of the manganese dioxide cell, manganese dioxide MnO2 is 

changed to manganese oxyhydroxide MnOOH, and then is changed to manganese hydroxide 
Mn(OH)2 in the course of discharge. When the positive electrode is discharged until 

manganese hydroxide, trimanganese tetraoxide MnßCU is generated, which is not able to 

charge again. However, even when manganese dioxide is subjected to the oxidation by the



DK/EP 2782181 T3

discharge, the contact with oxygen allows manganese oxyhydroxide to be returned to 
manganese dioxide. Thus, manganese dioxide is not changed until manganese hydroxide, so 
that irreversible trimanganese tetraoxide is not generated. Hence, the positive electrode 
contains no trimanganese tetraoxide or contains trimanganese tetraoxide of less than 5% at 
the most. Oxygen gas generated from the positive electrode at the time of overcharge is stored 
in the cell and is used.

<Lithium-lon Cell>

[0049] With regard to a negative electrode, first, lithium titanate, carboxymethylcellulose (CMC) 
and Ketjen Black (KB) were mixed, so that a slurry mixture was prepared. Next, this mixture 
was applied onto a stainless steel foil, was temporarily dried, and then was subjected to heat 
treatment. Thus, the negative electrode was obtained.

[0050] With regard to a positive electrode, first, lithium iron phosphate, CMC, active carbon 
and KB were mixed, so that a slurry mixture was prepared. Next, this mixture was applied onto 
a stainless steel foil, was temporally dried, and then was subjected to heat treatment. Thus, the 
positive electrode was obtained.

[0051] A separator to be used herein was a microporous film made of polypropylene. An 
electrolyte to be used herein was 1 mol/L LiPFg/ECOEC. An electroconductive agent to be 

used herein was KB.

[0052] A binder to be used herein was CMC. A current collector to be used herein was 
stainless steel.

<Nickel-Zinc Cell>

[0053] A nickel-zinc cell includes: a negative electrode containing zinc or a zinc compound; a 
positive electrode containing nickel oxide, nickel hydroxide or nickel oxyhydroxide; and an 
electrolyte containing phosphate in a range from 0.025 M to 0.25 M and free alkali in a range 
from 4 M to 9 M.

<First Embodiment

[0054] Fig. 1 is a section view schematically illustrating, in an axial direction, a cylindrical-type 
layer cell (hereinafter, simply referred to as a layer cell) according to a first embodiment of the 
present invention. As illustrated in Fig. 1, the layer cell 11 includes, as main constituent 
elements, an outer casing 15, a current collector 17, and electrode units 13 each housed in the 
outer casing. The outer casing 15 is configured with a one-end closed cylindrical can 12, and a
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disc-shaped lid member 16 attached to an opening 12c of the cylindrical can. Each of the 
cylindrical can 12 and the lid member 16 is made of iron, but may be made of a different metal. 
An outer diameter of the lid member 16 is slightly larger than an inner diameter of the opening 
12c of the cylindrical can. After the electrode units 13 are housed in the outer casing 15, the lid 
member 16 is tightly fitted at the opening 12c of the cylindrical can.

[0055] Each of the electrode units 13 is configured with a positive electrode 13a containing a 
positive electrode active material, a negative electrode 13b containing a hydrogen storage 
alloy, and a separator 13c disposed between the positive electrode 13a and the negative 
electrode 13b, for allowing ions to pass therethrough, but preventing electrons from passing 
therethrough. The electrode units 13 are stacked in an axial direction (a direction X in Fig. 1) of 
the cylindrical can 12 and are housed in the outer casing 15. Herein, an electrolyte (not 
illustrated) is retained in the separator 13c. Each of the positive electrode 13a, the negative 
electrode 13b and the separator 13c has a disc shape with a hole formed at the center. An 
outer diameter of the negative electrode 13b is smaller than an inner diameter of the cylindrical 
can 12, so that an outer edge 13bb of the negative electrode is not in contact with an inner 
surface 12a of the cylindrical can. On the other hand, an outer diameter of the positive 
electrode 13a is larger than the inner diameter of the cylindrical can 12, so that an outer edge 
13ab of the positive electrode is in contact with the inner surface 12a of the cylindrical can, and 
the positive electrode 13a is electrically connected to the cylindrical can 12. Preferably, the 
outer diameter of the positive electrode 13a is larger by 100 pm than the inner diameter of the 
cylindrical can 12.

[0056] The current collector 17 is made of nickel-plated iron, and has a rod-shaped shaft 
portion 17a and a hold portion 17b formed at one end of the shaft portion 17a. The nickel 
plating treatment prevents the current collector 17 from being corroded by the electrolyte 
contained in the separator 13c. The shaft portion 17a of the current collector passes through 
the center of the electrode unit 13 including the positive electrode 13a, the negative electrode 
13b and the separator 13c, in the axial direction (the direction X in Fig. 1) of the outer casing 
15. A diameter of the hole formed on the center of the negative electrode 13b is smaller than 
an outer diameter of the shaft portion 17a. Accordingly, a peripheral edge 13ba of the hole of 
the negative electrode comes into contact with the shaft portion 17a, so that the negative 
electrode 13b is electrically connected to the current collector 17. On the other hand, a 
diameter of the hole formed on the center of the positive electrode 13a is larger than the outer 
diameter of the shaft portion 17a. Accordingly, a peripheral edge 13aa of the hole of the 
positive electrode does not come into contact with the shaft portion 17a, so that the positive 
electrode 13a is electrically isolated from the current collector 17.

[0057] The electrode units 13 are disposed to be sequentially stacked on the hold portion 17b 
of the current collector. The hold portion 17b prevents the electrode unit 13 from being 
disengaged from the end of the current collector 17 during assembly. The hold portion 17b has 
a disc shape. The hold portion 17b is disposed on a bottom 12b of the cylindrical can with an 
insulating plate 14 interposed between the hold portion 17b and the bottom 12b. The insulating 
plate 14 prevents an electrical short circuit due to direct contact of the current collector 17 with
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the cylindrical can 12. The opposite end of the shaft portion 17a to the hold portion 17b is 
supported by a shaft support 18 provided on the center of the lid member 16. The shaft 
support 18 is made of an insulative material in order to prevent an electrical short circuit 
between the lid member 16 and the shaft portion 17a. The shaft portion protruding from the lid 
member 16 serves as a positive electrode terminal 17c. The cylindrical can 12 serves as a 
negative electrode terminal.

[0058] Next, description will be given of a relation between the sizes of the positive electrode 
13a, negative electrode 13b and separator 13c and the sizes of the outer casing 15 and 
current collector 17. An outer edge of the separator 13c is covered with the positive electrode 
13a (first electrode), and the outer edge of the negative electrode 13b (second electrode) is 
covered with the separator 13c. Moreover, the peripheral edge of the hole, through which the 
current collector 17 passes, in the positive electrode 13a is covered with the separator 13c, 
and the peripheral edge of the hole, through which the current collector 17 passes, in the 
separator 13c is covered with the negative electrode 13b.

[0059] In other words, the outer diameter of the separator 13c is larger than the outer 
diameter of the negative electrode 13b (second electrode). Therefore, the positive electrode 
13a and the negative electrode 13b are completely separated from each other by the 
separator 13c in the vicinity of an inner circumferential surface of the outer casing 15. Thus, 
the electrodes do not come into contact with each other even when becoming deformed. 
Further, the diameter of the hole formed on the center of the separator 13c is smaller than the 
diameter of the hole formed on the center of the positive electrode 13a. Therefore, the positive 
electrode 13a and the negative electrode 13b are completely separated from each other by the 
separator 13c in the vicinity of an outer circumferential surface of the current collector 17. 
Thus, the electrodes do not come into contact with each other even when becoming deformed. 
Moreover, the outer diameter of the separator 13c is smaller than the outer diameter of the 
positive electrode 13a (first electrode). Therefore, the separator 13c is not interposed between 
the positive electrode 13a and the cylindrical can 12. Further, the diameter of the hole formed 
on the center of the separator 13c is larger than the diameter of the hole formed on the center 
of the negative electrode 13b. Therefore, the separator 13c is not interposed between the 
negative electrode 13b and the current collector 17.

[0060] The outer edge of the positive electrode 13a is brought into contact with the inner 
surface, which serves as a current collector terminal, of the outer casing 15, so that electricity 
and heat generated from the positive electrode 13a can be transmitted to the outer casing 15 
with good efficiency. Likewise, the peripheral edge of the hole, through which the current 
collector passes, in the negative electrode 13b is brought into contact with the current collector 
17 serving as a current collector terminal, so that electricity generated from the negative 
electrode 13b can be transmitted to the current collector 17 with good efficiency.

[0061] The inventors of the present invention have adopted a cylindrical cell having a stacked 
structure as an electrode structure. Thus, the inventors of the present invention have allowed 
to transmit electricity and heat generated from electrodes to an outer casing and a current
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collector with good efficiency. Thereby, the inventors of the present invention have realized a 
layer cell with improved cooling performance and current collecting performance.

[0062] Next, description will be given of functions and effects of a cooling structure in the first 
embodiment.

[0063] The outer edge 13ab of the positive electrode is firmly pressed against the inner 
surface 12a of the cylindrical can and is in tight contact with the inner surface 12a of the 
cylindrical can. Heat generated from the positive electrode 13a is directly transferred to the 
cylindrical can 12. Moreover, heat generated from the negative electrode 13b is transferred to 
the positive electrode 13a via the separator 13c. The thin and single separator 13c does not 
hinder the heat transfer so much. As described above, heat generated from each of the 
electrodes 13a and 13b is transferred to the cylindrical can 12 at low heat resistance, so that 
temperature rise inside the layer cell is restrained.

[0064] Herein, description will be given of a difference in temperature rise between the layer 
cell according to the embodiment of the present invention and a conventional spiral-wound cell, 
on the basis of a calculation example. In the spiral-wound cell, an overall heat transfer 
coefficient (U1) is expressed by Mathematical Formula 1. In the layer cell, on the other hand, 
an overall heat transfer coefficient (U2) is expressed by Mathematical Formula 2.
[Mathematical Formula 1]

., ,/1 t f 1 t. 1 L 1 F
t/ι ™ 1/ v—·4*—+1 “4-——k + --4 4—- \n

j 1¼ k U k. \ hs \ h
here, n; winding number, k, k+, k_, ks; thermal conductivity, t, t+, t_, ts; thickness, ho, h-ι; laminar

film
[Mathematical Formula 2]
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here, k, k*; thermal conductivity, t, t*; thickness, ho, h-ι; laminar film

[0065] Herein, calculation is made with regard to a 18650-type cell used as an example. The 
spiral-wound cell has the following specifications, 

t = 0.5 mm, t+ = t. = ts = 10 pm, k = k+ = k. = 40 Wm'2 deg'1

hg = 100 Wm'2 deg'1, h-| = 1 Wm'2 deg'1, ks = 1 Wm'2 deg'1,

n = 9/0.03 = 300

[0066] Mathematical Formula 1 into which these values are substituted results in Ui = 0.0011 

Wm'2 deg'1.

[0067] On the other hand, the layer cell according to this embodiment has the following 
specifications.
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ho = 100 Wm'2 deg'1, t = 0.5 mm, k = 40 Wm'2 deg"1 

h-ι = 10000 Wm"2 deg"1, t* = 0.009 m, k* = 40 Wm"2 deg"1

[0068] Therefore, Mathematical Formula 2 into which these values are substituted results in U2 

= 100 Wm'2 deg"1.

[0069] A comparison between the two examples indicates that the layer cell according to the 
embodiment of the present invention is more excellent in heat transfer by about 100000 times 
than the conventional spiral-wound cell.

[0070] Next, description will be given of a modification example of the first embodiment. 
Specifically, this modification example adopts bag-shaped separators.

[0071] Fig. 2A is a section view illustrating the electrodes enclosed with the bag-shaped 
separators. For the sake of simplification, Fig. 2A illustrates one positive electrode 13a and one 
negative electrode 13b. The positive electrode 13a is enclosed with the bag-shaped separator 
13ca except the outer edge. Moreover, the negative electrode 13b is enclosed with the bag
shaped separator 13cb except the peripheral edge of the hole through which the current 
collector passes.

[0072] Fig. 2B is a plan view illustrating the positive electrode 13a (first electrode) enclosed 
with the bag-shaped separator. Fig. 2C is a plan view illustrating the negative electrode 13b 
(second electrode) enclosed with the bag-shaped separator.

[0073] The positive electrode 13a is sandwiched between two separators each having an outer 
diameter which is smaller than the outer diameter of the positive electrode 13a and a hole 
diameter which is larger than the hole diameter of the positive electrode 13a, and the 
overlapping portions in the two separators (the edges of the holes) are bonded together by 
thermal welding. Thus, the positive electrode 13a enclosed with the bag-shaped separator 
13ca is formed. The negative electrode 13b is sandwiched between two separators each 
having an outer diameter which is larger than the outer diameter of the negative electrode 13b 
and a hole diameter which is smaller than the hole diameter of the negative electrode 13b, and 
the overlapping portions in the two separators (the outer peripheral portions) are bonded 
together by thermal welding. Thus, the negative electrode 13b enclosed with the bag-shaped 
separator 13cb is formed.

[0074] Dust or foreign matters derived from the electrodes in the course of transporting the cell 
and the course of assembling the cell are trapped inside the bag-shaped separator. The bag
shaped separators prevent the dust or foreign matters derived from the electrodes from being 
interposed between the electrodes and between the electrode and the current collector 
terminal. Therefore, an internal short circuit does not occur. Further, the bag-shaped 
separators are prevented from being interposed between the positive electrode 13a and the 
cylindrical can 12 and between the negative electrode 13b and the current collector 17
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because the separators are disposed out of the right place.

<Second Embodiment

[0075] Fig. 3 is a section view schematically illustrating, in an axial direction, a pipe-type layer 
cell (hereinafter, simply referred to as a layer cell) according to a second embodiment of the 
present invention. As illustrated in Fig. 3, the layer cell 21 has almost the same structure as 
that of the layer cell 11 illustrated in Fig. 1 except part of an outer casing and part of a current 
collector. Specifically, the outer casing 25 is configured with a round pipe 22 and disc-shaped 
lid members 26 attached to openings 22b formed at two ends of the round pipe 22. The 
current collector 27 passes through the lid member 26 and is supported by the lid member 26.

[0076] Hereinafter, description will be mainly given of a difference between the layer cell 21 
and the layer cell 11.

[0077] Electrode units 23 each of which is configured with a positive electrode 23a, a negative 
electrode 23b and a separator 23c are sequentially stacked in such a state that a shaft portion 
27a of the current collector passes therethrough. The current collector 27 is supported by shaft 
supports 28 formed on the centers of the lid members 26, respectively, at two ends 27b 
thereof. Each of the shaft supports 28 is made of an insulative material in order to prevent an 
electrical short circuit between the lid member 26 and the current collector 27. Each of the 
ends 27b of the current collector protruding from the lid members 26 serves as a negative 
electrode terminal. The round pipe 22 serves as a positive electrode terminal.

[0078] Next, description will be given of an assembled battery including the layer cell 21. Fig. 
4A illustrates a state that a metal fitting 29 is attached to the layer cell 21. The metal fitting 29 
is disposed between the layer cell 21 and the adjacent layer cell 21' so as to be brought into 
surface contact with the lid member 26 of the layer cell 21. The metal fitting 29 is made of a 
column-shaped metal, but may be made of a prism-shaped metal. An axial direction of the 
metal fitting 29 corresponds with an axial direction (a direction X in Fig. 4A) of the current 
collector 27. The metal fitting 29 has a top surface 29a (the left side in the figure), and a cavity 
29aa is formed on the center of the top surface 29a in a vertical direction to the top surface 
29a. The cavity 29aa allows the current collector 27' of the adjacent layer cell 21' to be fitted 
thereinto. The metal fitting 29 also has a bottom surface 29b (the right side in the figure), and a 
cavity 29ba is formed on the center of the bottom surface 29b in a vertical direction to the 
bottom surface 29b. The cavity 29ba allows an insulating member 24 to be fitted thereinto. 
Moreover, a cavity 24a is formed on the center of the insulating member 24 in the vertical 
direction to the bottom surface 29b. The cavity 29a allows the shaft portion 27b of the current 
collector in the layer cell 21 to be fitted thereinto. The bottom surface 29b of the metal fitting 
comes into surface contact with the lid member 26 of the layer cell, so that the layer cell 21 and 
the adjacent layer cell 21' are electrically connected to each other via the metal fitting 29. 
Herein, the insulating member 24 prevents an electrical short circuit due to the contact of the 
current collector 27 with the outer casing 25.
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[0079] As illustrated in Fig. 4B, it is possible to obtain the assembled battery 20 in which the 
layer cells are connected in series, by coupling the adjoining layer cells 21 to each other using 
the metal fitting 29.

<Third Embodiment

[0080] Fig. 5 is a section view schematically illustrating, in an axial direction, a capsule-type 
layer cell (hereinafter, simply referred to as a layer cell) according to a third embodiment of the 
present invention. The layer cell 31 includes, as main constituent elements, an outer casing 35, 
a current collector 37, and electrode units 33 each housed in the outer casing. The outer 
casing 35 is configured with a one end-closed cylindrical outer structural unit 32 and a lid 
member 36 attached to an opening 32c of the outer structural unit 32. Each of the outer 
structural unit 32 and the lid member 36 is made of nickel-plated iron, but may be made of a 
metal such as aluminum or titanium.

[0081] The outer structural unit 32 has a tubular side portion 32a and a bulging portion 32b 
that bulges in a dome shape at the bottom thereof, and the lid member 36 also has a tubular 
side portion 36a and a bulging portion 36b that bulges in a dome shape at the bottom thereof. 
An outer diameter of the side portion 36a of the lid member is smaller than an inner diameter 
of the opening 32c of the outer structural unit 32. The opening 32c is covered with the lid 
member 36 in such a direction that the bulging portion 36b bulges outward the opening 32c of 
the outer structural unit. The lid member 36 is bonded to the outer structural unit 32 by an 
insulating seal member 38. The insulating seal member 38 plays a role to electrically insulate 
the outer structural unit 32 from the lid member 36, and also plays a role to form a sealed 
space inside the outer casing 35 by the seal of the bonded portion. The insulating seal 
member 38 is made of a material having an insulating property and a sealing property, such as 
asphalt pitch.

[0082] Each of the electrode units 33 is configured with a positive electrode 33a containing a 
positive electrode active material, a negative electrode 33b containing a hydrogen storage 
alloy, and a separator 33c disposed between the positive electrode 33a and the negative 
electrode 33b, for allowing ions to pass therethrough, but preventing electrons from passing 
therethrough. Moreover, the electrode units 33 are stacked in an axial direction (a direction X 
in Fig. 5) of the outer structural unit 32 and are housed in the outer casing 35. Herein, an 
electrolyte is retained in the separator 33c. Each of the positive electrode 33a, the negative 
electrode 33b and the separator 33c has a disc shape with a hole formed at the center. 
Moreover, an outer diameter of the positive electrode 33a is smaller than an inner diameter of 
the outer structural unit 32, so that an outer edge 33aa of the positive electrode is not in 
contact with an inner surface 32aa of the outer structural unit. On the other hand, an outer 
diameter of the negative electrode 33b is larger than the inner diameter of the outer structural 
unit 32, so that an outer edge 33ba of the negative electrode is in contact with the inner 
surface 32aa of the outer structural unit 32, and thus the negative electrode 33b is electrically
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connected to the outer structural unit 32. Preferably, the outer diameter of the negative 
electrode 33b is larger by 100 pm than the inner diameter of the outer structural unit 32.

[0083] The current collector 37 is made of electrically conductive nickel-plated iron, and has a 
rod-shaped shaft portion 37a and a hold portion 37b attached to one end of the shaft portion 
37a. The shaft portion 37a of the current collector 37 passes through the center of the 
electrode unit 33 configured with the positive electrode 33a, the negative electrode 33b and 
the separator 33c, in the axial direction (the direction X in Fig. 5) of the outer casing 35. A 
diameter of the hole formed on the center of the positive electrode 33a is smaller than an outer 
diameter of the shaft portion 37a. Accordingly, a peripheral edge 33ab of the hole of the 
positive electrode comes into contact with the shaft portion 37a, so that the positive electrode 
33a is electrically connected to the current collector 37. On the other hand, a diameter of the 
hole formed on the center of the negative electrode 33b is larger than the outer diameter of the 
shaft portion 37a. Accordingly, a peripheral edge 33bb of the hole of the negative electrode is 
not in contact with the shaft portion 37a.

[0084] The electrode units 33 are disposed to be sequentially stacked on the hold portion 37b 
of the current collector. Herein, the hold portion 37b prevents the electrode unit 33 from being 
disengaged from the end of the current collector 37. Presser plates 34a each made of an 
insulating material are disposed at two ends of the stacked electrode units 33, and prevent the 
electrode units 33 from being damaged when the electrode units 33 are stacked and pressed. 
The presser plate 34a is preferably made of a material which is appropriately used as an 
insulating material and a structural material, and is made of polypropylene. The hold portion 
37b has a disc shape. The hold portion 37b is not in contact with the bulging portion 32b at the 
bottom of the outer structural unit. Therefore, the hold portion 37b and the outer structural unit 
32a are electrically isolated from each other. An opposite end 37c of the shaft portion to the 
hold portion 37b passes through a hole 36c formed on the center of the lid member 36, and 
protrudes outward (the right direction in the figure) the lid member 36. The end 37c protruding 
from the lid member 36 serves as a positive electrode terminal. The outer structural unit 32 
serves as a negative electrode terminal.

[0085] Hydrogen storage chambers 39 are provided in inward spaces of the bulging portions 
32b and 36b. More specifically, the hydrogen storage chamber 39 is disposed on the space, 
which is formed by the inner surface 32ba, 36ba of the bulging portion and the electrode unit 
33, in the outer casing.

[0086] The negative electrode 33b contains a hydrogen storage alloy. A charge-capacity of the 
negative electrode 33b is smaller than a charge-capacity of the positive electrode 33a. 
Hydrogen gas generated from the negative electrode because of overcharge is stored in the 
hydrogen storage chamber 39. The hydrogen gas stored in the hydrogen storage chamber 39 
is stored by the hydrogen storage alloy, so that the negative electrode 33b is charged.

<Amount of Active Material>
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[0087] In the layer cell according to the embodiment of the present invention, the positive 
electrode capacity is 1000 mAh. The negative electrode capacity corresponds to 80% of the 
positive electrode capacity.

[0088] In a negative electrode regulation-type cell, hydrogen gas is generated from a negative 
electrode in an overcharged state. In other words, charge to 800 mAh or more causes 
generation of hydrogen gas from the negative electrode (see Reaction Formula (1)). The 
generated hydrogen gas is stored in the negative electrode. Hydrogen gas which is not stored 
in the negative electrode is stored in a clearance formed inside the cell. Provision of a 
hydrogen gas storage chamber in a cell allows the cell to store and accumulate hydrogen gas 
in a larger amount. When the hydrogen gas to be generated is large in amount, a pressure in 
the cell rises. Each of the layer cells according to the first to third embodiments adopts a 
hermetic structure. Therefore, the stored hydrogen gas is not leaked from the cell.

[0089] With regard to discharge of the layer cell, hydrogen stored in the negative electrode is 
discharged as hydrogen ions and electrons from the hydrogen storage alloy. However, the 
hydrogen gas stored and accumulated in the layer cell is stored in the hydrogen storage alloy, 
so that the charged state of the negative electrode is maintained (see Reaction Formula (2) at 
the time of discharge). As described above, the hydrogen gas is not useless because the 
hydrogen gas is utilized as an energy source at the time of discharge. The hydrogen storage 
alloy acts as a so-called catalyst. Therefore, a volume change of the negative electrode is 
small in charge and discharge. This leads to preventing degradation ofthe negative electrode, 
and prolonging the lifetime ofthe cell.

[0090] Herein, the electrode plays a role of an electrode that is charged and discharged in a 
conventional secondary cell. In addition, the electrode also plays a role of an electrode that 
applies electrolysis to water contained in an electrolyte to generate hydrogen gas.

[0091] The price of the negative electrode occupies 80% of the total price of the electrodes, 
which is expensive. A positive electrode regulation-type cell requires negative electrodes which 
are 1.7 times as much as positive electrodes. According to the present invention, however, the 
amount of negative electrodes is reduced to 80% relative to the amount of positive electrodes. 
Thus, it becomes possible to reduce the price of the electrodes to one-half. Even when the 
amount of negative electrodes is reduced, a cell capacity is not reduced by using hydrogen gas 
stored by overcharge.

«Fourth Embodiment

[0092] With reference to an axial section view of Fig. 6A, description will be given of a 
rectangular-type layer cell (hereinafter, simply referred to as a layer cell) according to a fourth 
embodiment ofthe present invention. The layer cell 71 includes, as main constituent elements, 
an outer casing 75, current collectors 77, and electrode units 74 each housed in the outer
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casing. The outer casing 75 is configured with a body member 72 and a lid member 73. The 
body member 72 is a one end-closed rectangular container. An opening 72c of the body 
member 72 is covered with the lid member 73, so that a sealed space can be formed inside 
the body member 72. Each of the body member 72 and the lid member 73 is made of iron. As 
illustrated in a plan view of Fig. 6B, the layer cell 71 has a rectangular shape as a whole.

[0093] Each of the electrode units 74 is configured with a positive electrode 74a containing a 
positive electrode active material, a negative electrode 74b containing a hydrogen storage 
alloy, and a separator 74c disposed between the positive electrode 74a and the negative 
electrode 74b, for allowing ions to pass therethrough, but preventing electrons from passing 
therethrough. The separator 74c plays a role to prevent a short circuit between the positive 
electrode 74a and the negative electrode 74b, and a role to retain an electrolyte. The positive 
electrode 74a and the negative electrode 74b are stacked in an axial direction (a direction Y in 
Fig. 6A) of the body member 72 with the separator 74c interposed therebetween, and are 
housed in the outer casing 75. Each of the positive electrode 74a, the negative electrode 74b 
and the separator 74c has a sheet shape. An outward dimension of the negative electrode 74b 
is smaller than an inward dimension of the body member 72, so that an outer edge 74bb of the 
negative electrode is not in contact with an inner surface 72a of the body member. On the 
other hand, an outward dimension of the positive electrode 74a is larger than the inward 
dimension of the body member 72, so that an outer edge 74ab of the positive electrode is in 
contact with the inner surface 72a of the body member 72 under pressure, and thus the 
positive electrode 74a is electrically connected to the body member 72. Therefore, since heat 
generated from the electrode unit 74 is transferred to the body member 72 with a small 
temperature gradient, rise in temperature of the electrode unit 74 is restrained. Preferably, the 
outward dimension of the positive electrode 74a is larger by 100 pm than the inward dimension 
of the body member 72.

[0094] Each of the current collectors 77 is made of electrically conductive nickel-plated iron. 
Moreover, the current collector 77 has an inverted conical-shaped countersunk portion 77b 
and a shaft portion 77a following the countersunk portion 77b, and takes a form of a 
countersunk screw as a whole.

[0095] The electrodes 74b and 74a have holes 74ba and 74aa through which the shaft portion 
77a of the current collector 77 passes, respectively. A diameter of the hole 74ba formed on the 
negative electrode 74b is smaller than an outer diameter of the shaft portion 77a, so that the 
negative electrode 74b comes into contact with the shaft portion 77a and thus the negative 
electrode 74b is electrically connected to the current collector 77. On the other hand, a 
diameter of the hole 74aa formed on the positive electrode 74a is larger than the outer 
diameter of the shaft portion 77a, so that the positive electrode 74a does not come into contact 
with the shaft portion 77a.

[0096] The four current collectors 77 (see Fig. 6B) are coupled to one another via a coupling 
plate 77d located under the electrode units 74. In other words, a screw portion 77c formed at a 
lower end 77ca of the current collector is screwed into a screw hole 77da formed on the
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coupling plate 77d, so that the current collector 77 is coupled to the coupling plate 77d. The 
electrode units 74 are disposed to be sequentially superposed on the coupling plate 77d, and 
the coupling plate 77d prevents the electrode units 74 from being disengaged from the end of 
the current collector 77. An insulating plate 76b is disposed between the bottom 72b of the 
body member and the coupling plate 77d to prevent an electrical short circuit between the 
current collector 77 and the body member 72 because of the contact of the coupling plate 77d 
with the bottom 72b of the body member. Specifically, the coupling plate 77d is surrounded 
with the insulating plate 76b made of polypropylene.

[0097] The lid member 73 has a flat plate portion 73a and a bent portion 73b which is bent at a 
right angle from the flat plate portion. An insulating plate 76a is disposed inward the bent 
portion 73b and on the opening 72c of the body member. The insulating plate 76a prevents an 
electrical short circuit between the uppermost electrode unit 74 and the lid member 73. A 
groove 76aa is formed on the opposite surface of the insulating plate 76a to the lid member 73 
such that an outer edge of the opening of the body member 72 is fitted thereinto. A seal 
member 80 made of asphalt pitch is disposed between the groove 76aa and the outer edge of 
the opening of the body member 72 so as to keep the hermeticity inside the outer casing 75. 
For the similar purpose, the seal member 80 made of asphalt pitch is also disposed on the 
hole, through which the shaft portion 77a of the current collector passes, in the insulating plate 
76a.

[0098] The lid member 73 is connected to the coupling plate 77d by the current collector 77 
acting as a countersunk screw. The body member 72 serves as a positive electrode terminal, 
and the lid member 73 serves as a negative electrode terminal.

«Assembled Battery>

[0099] Fig. 7 is a diagram illustrating a schematic configuration in a case where an assembled 
battery 70 is configured with a plurality of layer cells 71. These layer cells 71 are connected in 
series in such a manner that the flat plate portion 73a of the lid member in one of the layer 
cells 71 is opposed to and is brought into surface contact with the bottom 72b of the body 
member in the adjacent layer cell. The layer cells 71 connected in series are sandwiched 
between a positive electrode terminal board 78a and a negative electrode terminal board 78b 
to form the assembled battery 70. More specifically, the positive electrode terminal board 78a 
that comes into surface contact with the body member 72 and the negative electrode terminal 
board 78b that comes into surface contact with the lid member 73 are disposed inside a 
housing 70a. Then, the plurality of layer cells 71 is housed between the positive electrode 
terminal board 78a and the negative electrode terminal board 78b to form the assembled 
battery 70. External cool air is supplied into the housing 70a by a suction fan 79a and a forced 
draft fan 79b to cool the assembled battery 70. An output from the assembled battery 70 is 
extracted from the positive electrode terminal board 78a and the negative electrode terminal 
board 78b to the outside through a cable (not illustrated).
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<Fifth Embodiment*

[0100] Fig. 8 is a section view schematically illustrating, in an axial direction, a cylindrical-type 
layer cell (hereinafter, simply referred to as a layer cell) according to a fifth embodiment. The 
layer cell 90 includes, as main constituent elements, a cylindrical can 92, a current collector 17, 
and electrode units 93 each housed in the cylindrical can. Each of the electrode units 93 is 
configured with a positive electrode 93a, a negative electrode 93b, and a separator 93c 
disposed between the positive electrode 93a and the negative electrode 93b.

[0101] The electrode units 93 are disposed to be sequentially superposed on a presser plate 
98b located under the current collector 97, and the presser plate 98b prevents the electrode 
units 93 from being disengaged from an end of the current collector 97. The presser plate 98b 
is a nickel-plated steel plate having a disc shape. A presser plate 98a is disposed on the 
uppermost one of the stacked electrode units 93, and the electrode units 93 can be 
compressed by the presser plates 98a and 98b.

[0102] The electrode units 93 are inserted into the cylindrical can 92 in an axial direction (a 
direction X in Fig. 8) of the cylindrical can 92. An outer diameter of the positive electrode 93a is 
smaller than an inner diameter of the cylindrical can 92, so that an outer edge 93ab of the 
positive electrode does not come into contact with an inner surface 92a of the cylindrical can. 
On the other hand, an outer diameter of the negative electrode 93b is larger than the inner 
diameter of the cylindrical can 92, so that an outer periphery 93bb of the negative electrode 
comes into contact with the inner surface 92a of the cylindrical can 92 and the negative 
electrode 93b is electrically connected to the cylindrical can 92. An upper opening of the 
cylindrical can 92 is covered with a lid member 96. An insulating member 99 is disposed 
between the lid member 96 and the cylindrical can 92 to prevent an electrical short circuit due 
to the contact of the lid member 96 with the cylindrical can 92.

[0103] An insulating sheet 94 is disposed on the bottom 92b of the cylindrical can to prevent 
an electrical short circuit between the current collector 97 and the cylindrical can 92 from 
occurring because one end 97b of the current collector directly comes into contact with the 
bottom 92b of the cylindrical can. A connecting plate 91 which has a shape of a plate bowed 
downward and is made of an elastic material is attached to the other end 97a of the current 
collector. An end 91a of the connecting plate comes into contact with a bottom surface 96b of 
the lid member, and is forced downward by the lid member 96. Thus, the current collector 97 
and the lid member 96 are electrically connected to each other via the connecting plate 91.

[0104] A projection 96a formed on the center of the lid member 96 serves as a positive 
electrode terminal. Moreover, the cylindrical can 92 serves as a negative electrode terminal.

[0105] This embodiment is different from each of the foregoing embodiments with regard to 
part of the structure of the current collector. Hereinafter, description will be given of the point of
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difference.

[0106] Fig. 9 is a partial section view schematically illustrating a relation between the current 
collector 97 and the electrode unit 93. As illustrated in Fig. 9, the current collector 97 has a 
side surface formed as a screw portion 97c that includes screw grooves in which the root has a 
diameter d and the crest has a diameter D (d < D).

[0107] As illustrated in Fig. 9, a diameter of a hole 93aa formed on the positive electrode 93 a 
is smaller than the diameter (d) of the root of the screw portion 97c, so that the positive 
electrode 93a is screwed into the shaft portion 97a of the current collector and firmly comes 
into contact with the current collector 97. Thus, the positive electrode 93a is electrically 
connected to the current collector 97. On the other hand, a diameter of a hole 93ba formed on 
the negative electrode 93b is larger than the diameter (D) of the crest of the screw portion 97c, 
so that the negative electrode 93b does not come into contact with the shaft portion 97a of the 
current collector. Thus, the negative electrode 93b is electrically isolated from the current 
collector 97.

[0108] It becomes possible to satisfactorily ensure the contact between the positive electrode 
93a and the current collector 97 in such a manner that the diameter of the hole formed on the 
positive electrode 93a is made smaller than the outer diameter of the root of the screw portion 
of the current collector 97. The screw grooves formed on the current collector 97 prevent the 
coupling between the current collector and the electrode from being loosened at the time of 
assembly of the electrode, and ensure the tight contact between the current collector and the 
electrode. That is, a firmly fitted state is maintained in such a manner that the positive 
electrode 93a is fitted along the screw portion formed on the current collector 97. Thus, it 
becomes possible to ensure the contact state of the electrode with the current collector even 
when the electrode becomes deformed by charge and discharge. Herein, the current collector 
having the screw grooves is also applicable to the first to fourth embodiments in addition to this 
embodiment.

[0109] Fig. 10 is a plan view (the left side in Fig. 10) and a side view (the right side in Fig. 10) 
illustrating a current collector according to another embodiment. The current collector 97' has a 
side surface on which V-shaped grooves are entirely and circumferentially formed in an axial 
direction, and a section thereof has a sawtooth shape. Since the section of the current collector 
has the sawtooth shape, a contact area of the current collector with the electrode becomes 
large. When the electrode is brought into tight contact with the current collector in the axial 
direction under pressure, then, the electrode slides along the grooves formed on the current 
collector. As the result, a contact failure between the electrode and the current collector is less 
prone to occur. Even when the electrode becomes deformed in the course of charge and 
discharge, the electrode is not damaged because the electrode slides along the grooves of the 
current collector.

[0110] With reference to Fig. 11, next, description will be given of a method for assembling the 
layer cell according to the present invention. The electrode units 93 are stacked in such a
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manner that the positive electrode 93a and the negative electrode 93b are sequentially 
inserted, with the separator 93c interposed therebetween, into a round rod 95 having an outer 
diameter (d') which is slightly smaller than the root of each of the screw grooves formed on the 
side surface of the current collector 97. Next, the electrode units 93 are stacked in 
predetermined sets, and the presser plates 98a and 98b are disposed beside the two ends of 
the electrode units 93, respectively, to hold the electrode group, so that an electrode current 
collector A is assembled (see the left side in Fig. 11).

[0111] Next, the electrode group is compressed with the presser plates 98a and 98b, and the 
round rod 95 is pulled out while the compressed state is maintained. In place of the round rod 
95, the current collector 97 is pushed into the electrode group, which is held by the presser 
plates 98a and 98b and to which pressure is applied, while being rotated. Next, the presser 
plates 98a and 98b are screwed into the current collector 97, and an electrode assembly B is 
assembled in a state that the electrode group is continuously compressed (the right side in Fig. 
11).

[0112] Next, the electrode assembly B is put into the cylindrical can 92 under pressure, the 
cylindrical can 92 is subjected to deaeration, and the electrolyte is injected into the cylindrical 
can 92. After the injection of the electrolyte, the lid member 96 is attached onto the opening of 
the cylindrical can 92 and the opening of the cylindrical can 92 is caulked, so that the layer cell 
is hermetically sealed.

<Test Results>

[0113] The layer cell according to the fifth embodiment of the present invention was charged in 
a rate of 0.5 C to 8 C and, after the full charge, the internal temperature and surface 
temperature of the layer cell were measured. With regard to a temperature measurement 
method, the internal temperature was measured in such a manner that a thermocouple is 
attached to the center of the current collector. Moreover, the surface temperature was 
measured in such a manner that a thermocouple is attached to a surface of the outer casing of 
the layer cell. Herein, the measurement was performed in a state that a room temperature is 
set at 15°C and 1 m/s air is blown on the layer cell by a fan.

[0114] Table 1 shows results of measurement of a cell temperature after the layer cell is 
charged such that the SOC is 100% at each charge rate (0.5 C, 1 C, 2 C, 5 C, 8 C). In Table 1, 
the left column shows the largest value of a difference between the cell surface temperature 
and the room temperature (= measured temperature - room temperature), and the right 
column shows the largest value of a difference between the cell internal temperature and the 
room temperature (= core temperature - room temperature). At each of the charge rates, the 
difference between the cell temperature and the room temperature rapidly rose when the SOC 
exceeds 80%. At the charge rate of 2 C or less, each of the differences in temperature of the 
cell (measured temperature - room temperature, core temperature - room temperature) was 
less than 5°C. At the charge rate of 8 C, each of these differences in temperature was less
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than 30°C.
[Table 1]

Maximum temperature difference

Charge Measured temperature - Room Core temperature - Room
rate temperature (°C) temperature (°C)

0.5 C 1.57 2.3

1 C 2.2 3.1

2C 2.27 4.2

5C 6.87 11.7

8C 13.8 28.7

[0115] Fig. 12 is a graph illustrating the difference between the cell internal temperature after 
the charge and the room temperature with the values of the respective charge rates taken as 
parameters. In Fig. 12, the vertical axis indicates a temperature difference scaled on a Celsius 
basis, and the horizontal axis indicates an elapsed time scaled on a minute basis. It is apparent 
from the graph that the difference between the cell internal temperature and the room 
temperature (temperature rise) at the charge rate of 2 C or less is 4°C or less, which is 
considerably small. The reason therefor is considered to be as follows. That is, heat is not 
accumulated in the cell because the heat generation by the charge and the heat dissipation 
are well balanced.

[0116] It is understood that there is a difference between the cell internal temperature and the 
room temperature at the charge rate of 5 C and the charge rate of 8 C. However, the 
difference between the cell internal temperature and the room temperature decreases to less 
than 5°C in less than 20 minutes. It is apparent from this result that the cell is considerably 
excellent in heat dissipating property.

[0117] It was apparent from the test results that the layer cell according to the present 
invention is large in internal thermal conductivity and the cell internal temperature is lowered in 
a short time even when the temperature rises because of the charge.

INDUSTRIAL APPLICABILITY

[0118] The layer cell according to the present invention can be suitably used as a consumer 
power storage apparatus in addition to an industrial power storage apparatus.
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Cylindrical-type layer cell

Cylindrical can (a: inner surface of side portion)

Electrode unit (a: positive electrode, b: negative electrode, c: separator)

Insulating plate

Outer casing

Lid member

Current collector (a: shaft portion, b: hold portion, c: positive electrode terminal)

Hydrogen storage chamber

Assembled battery

Pipe-type layer cell

Round pipe

Electrode unit

Insulating member

Outer casing

Lid member

Current collector

Metal fitting

Capsule-type cell

Outer structural unit (a: side portion, b: bulging portion)

Electrode unit (a: positive electrode, b: negative electrode, c: separator)

Outer casing

Lid member

Current collector (a: shaft portion, b: hold portion, c: end)

Insulating seal member

Hydrogen storage chamber

Assembled battery
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71 Rectangular-type layer cell

72 Body member

73 Lid member

74 Electrode unit

75 Outer casing

76 Insulating plate

77 Current collector

79 Fan

91 Connecting plate

92 Cylindrical can

93 Electrode unit

94 Insulating sheet

95 Round rod

96 Lid member

97 Current collector

98 Presser plate

99 Insulating member
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Patentkrav

1. En lagdelt celle omfattende:

et rørformet udvendigt hylster; 

en positiv elektrode; 

en negativ elektrode;

en separator anbragt mellem den positive elektrode og den negative 

elektrode; og

en elektrisk ledende strømaftager, der passerer gennem den positive 

elektrode, den negative elektrode og separatoren i en aksial retnig af det 

udvendige hylster, hvor

den positive elektrode, den negative elektrode og separatoren er stablet i 

den aksiale retnig af det udvendige hylster,

en første elektrode, som er en af den positive elektrode og den negative 

elektrode, kommer i kontakt med en indre flade af det udvendige hylster 

for at blive elektrisk forbundet med den indre flade af det udvendige 

hylster, men er ikke i kontakt med strømaftageren,

en anden elektrode, som er den anden af den positive elektrode, og den 

negative elektrode, er ikke i kontakt med den indre flade af det udvendige 

hylster men kommer i kontakt med strømaftageren for at blive elektrisk 

forbundet til strømaftageren,

en udvendig kant af separatoren er dækket med den første elektrode, 

en periferisk kant af et hul, hvorigennem strømaftageren passerer, i 

separatoren er dækket med den anden elektrode,

en udvendig kant af den anden elektrode er dækket med separatoren, og 

en periferisk kant af et hul, hvorigennem strømaftageren passerer, i den 

første elektrode er dækket med separatoren,

og hvor diameteren af hullet i separatoren er større end diameteren af et 

hul, hvorigennem strømaftageren passerer, i den anden elektrode.

2. Den lagdelte celle ifølge krav 1, hvor

den første elektrode er omsluttet af en poseformet første separator i en tilstand, 

hvor en udvendig kant af den første elektrode er eksponeret uden for den første 

separator, og
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den anden elektrode er omsluttet af en poseformet anden separator i en tilstand, 

hvor en perifirisk kant af et hul, hvorigennem strømaftageren passerer, i den 

anden elektrode er eksponeret uden for den anden separator.

3. Den lagdelte celle ifølge krav 1, hvor

strømaftageren har en sideflade hvorpå der er dannet en rille,

en diameter af den smalleste del af strømaftageren er større end en diameter af 

hullet, hvorigennem strømaftageren passerer, i den anden elektrode, og 

en diameter af den tykkeste del af strømaftageren er mindre end en diameter af 

hullet, hvorigennem strømaftageren passeser, i den første elektrode.

4. Den lagdelte celle ifølge krav 1, hvor

den negative elektrode indeholderen hydrogenlagringlegering.

5. Den lagdelte celle ifølge krav 4, hvor

hver af den positive elektrode og den negative elektrode er en elektrode, der 

lades og aflades, og også er en elektrode, der anvender elektrolyse til en 

elektrolyt fastholdt i den lagdelte celle med elektrisk strøm tilført udefra.

6. Den lagdelte celle ifølge et hvilket som helst af kravene 4 og 5, hvor 

en ladningskapacitet af den negative elektrode er mindre end en 

ladningskapacitet af den positive elektrode.

7. Den lagdelte celle ifølge krav 6, yderligere omfattende:

et hydrogenlagringskammer anbragt inden i det udvendige hylster til lagring af 

hydrogengas genereret fra den negative elektrode.

8. Den lagdelte celle ifølge krav 7, hvor

den negative elektrode lades på en sådan måde, at hydrogenlagringlegeringen 

indeholdt i den negative elektrode lagrer hydrogengassen, der er lagret i 

hydrogenlagringskammeret.

9. Den lagdelte celle ifølge et hvilket som helst af kravene 4 og 5, hvor den 

positive elektrode indeholder mangandioxid.
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10. Den lagdelte celle ifølge krav 7, hvor

det udvendige hylster har en sidedel formet til en cylindrisk form,

det udvendige hylster har udbulede dele, som har en kuppelform ved to aksiale 

ender deraf, og

hydrogenlagringskammeret er tilvejebragt i hver af de udbulede dele.

11. Et samlet batteri omfattende en mængde af lagdelte celler ifølge krav 1, hvor 

de lagdelte celler er forbundet til hinanden via et søjleformet metalarmatur, hvor

i hver af de lagdelte celler, det udvendige hylster har en cylidrisk legemsdel lavet 

af metal og lågdele til at dække åbninger dannet ved to aksiale ender af 

legemsdelen, og strømaftageren passerer gennem lågdelene, 

metalarmaturerne har en topflade og en bundflade, der hver har et 

forbindelseshulrum, der er formet derpå,

enden af strømaftageren i en af de lagdelte celler er tilpasselig til

forbindelseshulrummet dannet på topfladen af metalarmaturet,

enden af strømaftageren i den forskellige af de lagdelte celler, der tilstøder den 

lagdelte celle er tilpasselig til forbindelseshulrummet dannet på bundfladen af 

metalarmaturet med en isolator indskudt mellem enden og

forbindelseshulrummet, og

bundfladen af metalarmaturet er elektrisk forbundet med det udvendige hylster i 

den forskellige lagdelte celle.

12. Et samlet batteri omfattende en mængde af lagdelte celler ifølge krav 1, hvor 

det udvendige hylster i hver af de lagdelte celler har en beholder, der er lukket i 

den ene ende, som har en rektangular sektion og et låglelement til at dække en 

åbning i beholderen, og

de lagdelte celler er forbundet til hinanden således, at beholderen i en af de 

lagdelte celler og lågelementet i den forskellige af de lagdelte celler, der tilstøder 

den lagdelte celle, er i overfladekontakt med hinanden.

13. Den lagdelte celle ifølge krav 1, hvor

den første elektrode er omsluttet af en poseformet første separator i en tilstand, 

hvor en udvendig kant af den første elektrode er eksponeret uden for den første 

separator.
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14. Den lagdelte celle ifølge krav 1, hvor

den anden elektrode er omsluttet af en poseformet anden separator i en tilstand, 

hvor en periferisk kant af et hul, hvorigennem strømaftageren passerer, i den 

anden elektrode er eksponeret uden for den anden separator.
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