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(54) BATTERY SYSTEM

(57) A battery system having a thermally conductive
base member, a thermal interface member, and a battery
module is provided. The thermal interface member is dis-
posed on the thermally conductive base member and
has first and second arcuate-shaped surfaces and a first
groove. The battery module has a first pouch-type battery
cell with a first outer housing having a first end portion
with a first extension portion and first and second arcu-
ate-shaped end surfaces. The first pouch-type battery
cell is disposed directly on the thermal interface member
such that the first extension portion is disposed in the
first groove of the thermal interface member, and the first
and second arcuate-shaped end surfaces are disposed
directly on and against the first and second arcu-
ate-shaped surfaces, respectively, of the thermal inter-
face member.
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Description

TECHNICAL FIELD

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims priority to and the benefit
of US Patent Application No. 15/044,296 filed on Febru-
ary 16, 2016 with the USPTO, the disclosures of which
are incorporated herein by reference in their entirety
[0002] The present invention relates to a battery sys-
tem.

BACKGROUND

[0003] The conventional battery systems should use
the additional intermediate members for transferring heat
energy from the battery cells to cooling members. Thus,
the conventional battery systems have problems of in-
creased volume and weight of the battery modules. Fur-
ther, it is difficult to assemble the battery modules using
the conventional battery cell systems.
[0004] The inventors herein have recognized a need
for an improved battery system that utilizes a thermal
interface member that directly contacts end portions of
pouch type battery cells of a battery module to transfer
heat energy from the pouch-type battery cells to a ther-
mally conductive base member, without utilizing internal
cooling fins disposed between the pouch-type battery
cells.

TECHNICAL PROBLEM

[0005] The present invention has been made in an ef-
fort to solve the above-described problems of the con-
ventional art and technical problems required from the
past.
[0006] Specifically, the present invention has been
made in an effort to provide a battery system having ad-
vantages of improved cooling efficiency, reduced volume
and weight of the battery modules, and simple assemble
of the battery modules by using a thermal interface mem-
ber that directly contacts end portions of pouch type bat-
tery.

TECHNICAL SOLUTION

[0007] A battery system in accordance with an exem-
plary embodiment is provided. The battery system in-
cludes a thermally conductive base member. The battery
system further includes a thermal interface member dis-
posed on a surface of the thermally conductive base
member. The thermal interface member has first and sec-
ond arcuate-shaped surfaces and a first groove. The first
groove is disposed between the first and second arcuate-
shaped surfaces and extends into the thermal interface
member. The battery system further includes a battery
module having a first pouch-type battery cell. The first

pouch-type battery cell has a first outer housing with a
first end portion and a second end portion. The first end
portion of the first outer housing has a first extension
portion and first and second arcuate-shaped end surfac-
es. The first extension portion of the first outer housing
has a first end and a second end. The first arcuate-
shaped end surface of the first outer housing extends
from the first end of the first extension portion of the first
outer housing. The second arcuate-shaped end surface
of the first outer housing extends from the first end of the
first extension portion of the first outer housing and away
from the first arcuate-shaped end surface of the first outer
housing. The first pouch-type battery cell is disposed di-
rectly on the thermal interface member such that the first
extension portion of the first pouch-type battery cell is
disposed in the first groove of the thermal interface mem-
ber, and the first extension portion of the first outer hous-
ing directly contacts the thermal interface member, and
the first and second arcuate-shaped end surfaces of the
first pouch-type battery cell are disposed directly on and
against the first and second arcuate-shaped surfaces,
respectively, of the thermal interface member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 is a schematic of a battery system in accord-
ance with an exemplary embodiment;

FIG. 2 is a partially exploded schematic of the battery
system of FIG. 1 having a thermally conductive base
member, a thermal interface member, and a battery
module;

FIG. 3 is a schematic of the battery module of FIG. 2;

FIG. 4 is a schematic of a portion of the battery mod-
ule of FIG. 2;

FIG. 5 is a cross-sectional schematic of the battery
system of FIG. 1 taken along lines 5-5 in FIG. 1;

FIG. 6 is a schematic of the thermally conductive
base member and the thermal interface member of
FIG. 2;

FIG. 7 is a schematic of the thermal interface mem-
ber of FIG. 6;

FIG. 8 is a schematic of a frame member utilized in
the battery module of FIG. 3;

FIG. 9 is a schematic of a first side of the frame mem-
ber of FIG. 8;

FIG. 10 is another schematic of the frame member
of FIG. 8;
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FIG. 11 is a schematic of a second side of the frame
member of FIG. 8;

FIG. 12 is a schematic of a frame member and first
and second pouch-type battery cells utilized in the
battery module of FIG. 3;

FIG. 13 is a cross-sectional schematic of the frame
member and the first and second pouch-type battery
cells of FIG. 12 taken along lines 13-13 in FIG. 12;

FIG. 14 is a schematic of the first pouch-type battery
cell of FIG. 12;

FIG. 15 is a schematic of an alternative thermal in-
terface member;

FIG. 16 is a schematic of yet another alternative ther-
mal interface member;

FIG. 17 is a schematic of another battery system in
accordance with another exemplary embodiment;
and

FIG. 18 is a cross-sectional schematic of the battery
system of FIG. 17 taken along lines 18-18 in FIG. 17.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0009] Referring to FIGS. 1-5, a battery system 10 in
accordance with an exemplary embodiment is provided.
The battery system 10 includes a thermally conductive
base member 20, a thermal interface member 22, and a
battery module 24. An advantage of the battery system
10 is that the battery system 10 utilizes a thermal interface
member 22 that is disposed directly against end portions
of pouch-type battery cell of the battery module 24, which
transfers heat energy from the pouch-type battery cells
to the thermally conductive base member 20, without
having to use cooling fins disposed between the pouch-
type battery cells.
[0010] Referring to FIGS. 2 and 5, the thermally con-
ductive base member 20 is provided to conduct heat en-
ergy from the thermal interface member 22 to a fluid flow-
ing through the thermally conductive base member 20.
The thermally conductive base member 20 includes an
outer housing 40, an inlet member 42, and an outlet mem-
ber 44. The outer housing 40 has a flat upper surface 46
which directly supports the thermal interface member 22
thereon. The outer housing 40 has an interior region 48
therein. The inlet member 42 and the outlet member 44
are coupled to the outer housing 40 and fluidly commu-
nicate with the interior region 48. A fluid supply system
(not shown) pumps fluid through the inlet member 42 and
the interior region 48 and then through the outlet member
44 for extracting heat energy from the thermally conduc-
tive base member 20 and the thermal interface member
22. In an exemplary embodiment, the outer housing 40,

the inlet member 42, and the outlet member 44 are con-
structed of metal. Of course, in an alternative embodi-
ment, the outer housing 40, the inlet member 42, and the
outlet member 44 could be constructed of other thermally
conductive materials.
[0011] Referring to FIGS. 5-7, the thermal interface
member 22 is provided to directly contact pouch-type bat-
tery cells in the battery module 24 to conduct heat energy
from the pouch-type battery cells to the thermally con-
ductive base member 20. The thermal interface member
22 is disposed on the flat upper surface 46 of the thermally
conductive base member 20. In an exemplary embodi-
ment, the thermal interface member 22 is a pre-formed
thermally conductive foam. Further, the pre-formed ther-
mally conductive foam is a molded thermally conductive
polyurethane open-cell foam. Further, in an exemplary
embodiment, the thermal interface member 22 has a
thermal conductivity in a range of 1.5 - 3.0 Watts per
meter-Kelvin. In an alternative embodiment, the thermal
interface member 22 is a constructed of a metal such as
aluminum for example.
[0012] The thermal interface member 22 has a bottom
surface 68, arcuate-shaped surfaces 70, 72, 80, 82, 90,
92, 100, 102, 110, 112, 120, 122, 130, 132, 140, 142,
150, 152, 160, 162, 170, 172, 180, 182, 190, 192, 200,
202, 210, 212, 220, 222, and grooves 74, 84, 94, 104,
114, 124, 134, 144, 154, 164, 174, 184, 194, 204, 214,
224. The groove 74 is disposed between the arcuate-
shaped surfaces 70, 72 and extends into the thermal in-
terface member 22. The groove 84 is disposed between
the arcuate-shaped surfaces 80, 82 and extends into the
thermal interface member 22. The groove 94 is disposed
between the arcuate-shaped surfaces 90, 92 and ex-
tends into the thermal interface member 22. The groove
104 is disposed between the arcuate-shaped surfaces
100, 102 and extends into the thermal interface member
22. The groove 114 is disposed between the arcuate-
shaped surfaces 110, 112 and extends into the thermal
interface member 22. The groove 124 is disposed be-
tween the arcuate-shaped surfaces 120, 122 and ex-
tends into the thermal interface member 22. The groove
134 is disposed between the arcuate-shaped surfaces
130, 132 and extends into the thermal interface member
22. The groove 144 is disposed between the arcuate-
shaped surfaces 140, 142 and extends into the thermal
interface member 22. The groove 154 is disposed be-
tween the arcuate-shaped surfaces 150, 152 and ex-
tends into the thermal interface member 22. The groove
164 is disposed between the arcuate-shaped surfaces
160, 162 and extends into the thermal interface member
22. The groove 174 is disposed between the arcuate-
shaped surfaces 170, 172 and extends into the thermal
interface member 22. The groove 184 is disposed be-
tween the arcuate-shaped surfaces 180, 182 and ex-
tends into the thermal interface member 22. The groove
194 is disposed between the arcuate-shaped surfaces
190, 192 and extends into the thermal interface member
22. The groove 204 is disposed between the arcuate-
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shaped surfaces 200, 202 and extends into the thermal
interface member 22. The groove 214 is disposed be-
tween the arcuate-shaped surfaces 210, 212 and ex-
tends into the thermal interface member 22. The groove
224 is disposed between the arcuate-shaped surfaces
220, 222 and extends into the thermal interface member
22.
[0013] Referring to FIG. 5, the battery module 24 in-
cludes pouch-type battery cells 270, 280, 290, 300, 310,
320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420,
frame members 440, 442, 444, 446, 448, 450, 452, 454
and end plates 455, 456. In an exemplary embodiment,
the pouch-type battery cells 270-420 are each lithium-
ion pouch-type battery cells and have identical structure
to one another.
[0014] Referring to FIGS. 5, 13 and 14, the pouch-type
battery cell 270 includes electrical terminals 458, 459 and
an outer housing 460. The outer housing 460 includes a
first end portion 461, a second end portion 462, a third
end portion 463, and a fourth end portion 464, and major
surfaces 467, 468. The first and second end portions
461, 462 extend substantially parallel to one another. The
third and fourth end portions 463, 464 extend substan-
tially parallel to one another, and substantially perpen-
dicular to the first and second end portions 461, 462. The
major surface 467 is disposed between the first end por-
tion 461, the second end portion 462, the third end portion
463, and the fourth end portion 464. Further, the major
surface 468 extends substantially parallel to the major
surface 467 and is disposed between the first end portion
461, the second end portion 462, the third end portion
463, and the fourth end portion 464. The electrical termi-
nal 458 extends outwardly from the third end portion 463,
and the electrical terminal 459 extends outwardly for the
fourth end portion 464.
[0015] The first end portion 461 has an extension por-
tion 474 and arcuate-shaped end surfaces 470, 472. The
extension portion 474 has a first end 478 (shown in FIG.
13) and a second end 479. The arcuate-shaped end sur-
face 470 extends from the first end 478 of the extension
portion 474. Also, the arcuate-shaped end surface 472
extends from the first end 478 of the extension portion
474 and away from the arcuate-shaped end surface 470.
A length of the extension portion 474 is in a range of 1.0
- 5.0 millimeters.
[0016] The second end portion 462 has an extension
portion 477 and arcuate-shaped end surfaces 475, 476.
The extension portion 477 has a first end 490 and a sec-
ond end 492. The arcuate-shaped end surface 475 ex-
tends from the first end 490 of the extension portion 477.
Also, the arcuate-shaped end surface 476 extends from
the first end 490 of the extension portion 477 and away
from the arcuate-shaped end surface 475. A length of
the extension portion 477 is greater than a length of the
extension portion 474.
[0017] The pouch-type battery cell 270 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 474 is disposed in the groove 74 of the

thermal interface member 22, and the extension portion
474 directly contacts the thermal interface member 22,
and the arcuate-shaped end surfaces 470, 472 of the
pouch-type battery cell 270 are disposed directly on and
against the arcuate-shaped surfaces 70, 72, respective-
ly, of the thermal interface member 22.
[0018] Referring to FIG. 5, the pouch-type battery cell
280 includes first and second electrical terminals (not
shown) and an outer housing 564. The outer housing 564
includes a first end portion 565, a second end portion
566, and third and fourth end portions (not shown), and
major surfaces 567, 568. The first and second end por-
tions 565, 566 extend substantially parallel to one anoth-
er. The third and fourth end portions of the outer housing
564 extend substantially parallel to one another, and sub-
stantially perpendicular to the first and second end por-
tions 565, 566. The major surface 567 is disposed be-
tween the first end portion 565 and the second end por-
tion 566. Further, the major surface 568 extends sub-
stantially parallel to the major surface 567 and is disposed
between the first and second end portions 565, 566. The
first and second electrical terminals of the pouch-type
battery cell 280 extend outwardly from the third and fourth
end portions, respectively, of the pouch-type battery cell
280.
[0019] The first end portion 565 has an extension por-
tion 584 and arcuate-shaped end surfaces 580, 582. The
extension portion 584 has a first end and a second end.
The arcuate-shaped end surface 580 extends from the
first end of the extension portion 584. Also, the arcuate-
shaped end surface 582 extends from the first end of the
extension portion 584 and away from the arcuate-shaped
end surface 580. A length of the extension portion 584
is in a range of 1.0 - 5.0 millimeters.
[0020] The second end portion 566 has an extension
portion 587 and arcuate-shaped end surfaces 585, 586.
The extension portion 587 has a first end and a second
end. The arcuate-shaped end surface 585 extends from
the first end of the extension portion 587. Also, the arcu-
ate-shaped end surface 586 extends from the first end
of the extension portion 587 and away from the arcuate-
shaped end surface 585. A length of the extension portion
587 is greater than a length of the extension portion 584.
[0021] The pouch-type battery cell 280 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 584 is disposed in the groove 84 of the
thermal interface member 22, and the extension portion
584 directly contacts the thermal interface member 22,
and the arcuate-shaped end surfaces 580, 582 of the
pouch-type battery cell 280 are disposed directly on and
against the arcuate-shaped surfaces 80, 82, respective-
ly, of the thermal interface member 22.
[0022] The pouch-type battery cell 290 includes first
and second electrical terminals (not shown) and an outer
housing 664. The outer housing 664 includes a first end
portion 665, a second end portion 666, and third and
fourth end portions (not shown), and major surfaces 667,
668. The first and second end portions 665, 666 extend
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substantially parallel to one another. The third and fourth
end portions of the outer housing 664 extend substan-
tially parallel to one another, and substantially perpen-
dicular to the first and second end portions 665, 666. The
major surface 667 is disposed between the first end por-
tion 665 and the second end portion 666. Further, the
major surface 668 extends substantially parallel to the
major surface 667 and is disposed between the first and
second end portions 665, 666. The first and second elec-
trical terminals of the pouch-type battery cell 290 extend
outwardly from the third and fourth end portions, respec-
tively, of the pouch-type battery cell 290.
[0023] The first end portion 665 has an extension por-
tion 694 and arcuate-shaped end surfaces 690, 692. The
extension portion 694 has a first end and a second end.
The arcuate-shaped end surface 690 extends from the
first end of the extension portion 694. Also, the arcuate-
shaped end surface 692 extends from the first end of the
extension portion 694 and away from the arcuate-shaped
end surface 690. A length of the extension portion 694
is in a range of 1.0 - 5.0 millimeters.
[0024] The second end portion 666 has an extension
portion 697 and arcuate-shaped end surfaces 695, 696.
The extension portion 697 has a first end and a second
end. The arcuate-shaped end surface 695 extends from
the first end of the extension portion 697. Also, the arcu-
ate-shaped end surface 696 extends from the first end
of the extension portion 697 and away from the arcuate-
shaped end surface 695. A length of the extension portion
697 is greater than a length of the extension portion 694.
[0025] The pouch-type battery cell 290 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 694 is disposed in the groove 94 of the
thermal interface member 22, and the extension portion
694 directly contacts the thermal interface member 22,
and the arcuate-shaped end surfaces 690, 692 of the
pouch-type battery cell 290 are disposed directly on and
against the arcuate-shaped surfaces 90, 92, respective-
ly, of the thermal interface member 22.
[0026] The pouch-type battery cell 300 includes first
and second electrical terminals (not shown) and an outer
housing 764. The outer housing 764 includes a first end
portion 765, a second end portion 766, and third and
fourth end portions (not shown), and major surfaces 767,
768. The first and second end portions 765, 766 extend
substantially parallel to one another. The third and fourth
end portions of the outer housing 764 extend substan-
tially parallel to one another, and substantially perpen-
dicular to the first and second end portions 765, 766. The
major surface 767 is disposed between the first end por-
tion 765 and the second end portion 766. Further, the
major surface 768 extends substantially parallel to the
major surface 767 and is disposed between the first and
second end portions 765, 766. The first and second elec-
trical terminals of the pouch-type battery cell 300 extend
outwardly from the third and fourth end portions, respec-
tively, of the pouch-type battery cell 300.
[0027] The first end portion 765 has an extension por-

tion 804 and arcuate-shaped end surfaces 800, 802. The
extension portion 804 has a first end and a second end.
The arcuate-shaped end surface 800 extends from the
first end of the extension portion 804. Also, the arcuate-
shaped end surface 802 extends from the first end of the
extension portion 804 and away from the arcuate-shaped
end surface 800. A length of the extension portion 804
is in a range of 1.0 - 5.0 millimeters.
[0028] The second end portion 766 has an extension
portion 807 and arcuate-shaped end surfaces 805, 806.
The extension portion 807 has a first end and a second
end. The arcuate-shaped end surface 805 extends from
the first end of the extension portion 807. Also, the arcu-
ate-shaped end surface 806 extends from the first end
of the extension portion 807 and away from the arcuate-
shaped end surface 805. A length of the extension portion
807 is greater than a length of the extension portion 804.
[0029] The pouch-type battery cell 300 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 804 is disposed in the groove 104 of
the thermal interface member 22, and the extension por-
tion 804 directly contacts the thermal interface member
22, and the arcuate-shaped end surfaces 800, 802 of the
pouch-type battery cell 300 are disposed directly on and
against the arcuate-shaped surfaces 100, 102, respec-
tively, of the thermal interface member 22.
[0030] The pouch-type battery cell 310 includes first
and second electrical terminals (not shown) and an outer
housing 864. The outer housing 864 includes a first end
portion 865, a second end portion 866, and third and
fourth end portions (not shown), and major surfaces 867,
868. The first and second end portions 865, 866 extend
substantially parallel to one another. The third and fourth
end portions of the outer housing 864 extend substan-
tially parallel to one another, and substantially perpen-
dicular to the first and second end portions 865, 866. The
major surface 867 is disposed between the first end por-
tion 865 and the second end portion 866. Further, the
major surface 868 extends substantially parallel to the
major surface 867 and is disposed between the first and
second end portions 865, 866. The first and second elec-
trical terminals of the pouch-type battery cell 310 extend
outwardly from the third and fourth end portions, respec-
tively, of the pouch-type battery cell 310.
[0031] The first end portion 865 has an extension por-
tion 914 and arcuate-shaped end surfaces 910, 912. The
extension portion 914 has a first end and a second end.
The arcuate-shaped end surface 910 extends from the
first end of the extension portion 914. Also, the arcuate-
shaped end surface 912 extends from the first end of the
extension portion 914 and away from the arcuate-shaped
end surface 910. A length of the extension portion 914
is in a range of 1.0 - 5.0 millimeters.
[0032] The second end portion 866 has an extension
portion 917 and arcuate-shaped end surfaces 915, 916.
The extension portion 917 has a first end and a second
end. The arcuate-shaped end surface 915 extends from
the first end of the extension portion 917. Also, the arcu-
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ate-shaped end surface 916 extends from the first end
of the extension portion 917 and away from the arcuate-
shaped end surface 915. A length of the extension portion
917 is greater than a length of the extension portion 914.
[0033] The pouch-type battery cell 310 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 914 is disposed in the groove 114 of
the thermal interface member 22, and the extension por-
tion 914 directly contacts the thermal interface member
22, and the arcuate-shaped end surfaces 910, 912 of the
pouch-type battery cell 310 are disposed directly on and
against the arcuate-shaped surfaces 110, 112, respec-
tively, of the thermal interface member 22.
[0034] The pouch-type battery cell 320 includes first
and second electrical terminals (not shown) and an outer
housing 964. The outer housing 964 includes a first end
portion 965, a second end portion 966, and third and
fourth end portions (not shown), and major surfaces 967,
968. The first and second end portions 965, 966 extend
substantially parallel to one another. The third and fourth
end portions of the outer housing 964 extend substan-
tially parallel to one another, and substantially perpen-
dicular to the first and second end portions 965, 966. The
major surface 967 is disposed between the first end por-
tion 965 and the second end portion 966. Further, the
major surface 968 extends substantially parallel to the
major surface 967 and is disposed between the first and
second end portions 965, 966. The first and second elec-
trical terminals of the pouch-type battery cell 320 extend
outwardly from the third and fourth end portions, respec-
tively, of the pouch-type battery cell 320.
[0035] The first end portion 965 has an extension por-
tion 1024 and arcuate-shaped end surfaces 1020, 1022.
The extension portion 1024 has a first end and a second
end. The arcuate-shaped end surface 1020 extends from
the first end of the extension portion 1024. Also, the ar-
cuate-shaped end surface 1022 extends from the first
end of the extension portion 1024 and away from the
arcuate-shaped end surface 1020. A length of the exten-
sion portion 1024 is in a range of 1.0 - 5.0 millimeters.
[0036] The second end portion 966 has an extension
portion 1027 and arcuate-shaped end surfaces 1025,
1026. The extension portion 1027 has a first end and a
second end. The arcuate-shaped end surface 1025 ex-
tends from the first end of the extension portion 1027.
Also, the arcuate-shaped end surface 1026 extends from
the first end of the extension portion 1027 and away from
the arcuate-shaped end surface 1025. A length of the
extension portion 1027 is greater than a length of the
extension portion 1024.
[0037] The pouch-type battery cell 320 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 1024 is disposed in the groove 124 of
the thermal interface member 22, and the extension por-
tion 1024 directly contacts the thermal interface member
22, and the arcuate-shaped end surfaces 1020, 1022 of
the pouch-type battery cell 320 are disposed directly on
and against the arcuate-shaped surfaces 120, 122, re-

spectively, of the thermal interface member 22.
[0038] The pouch-type battery cell 330 includes first
and second electrical terminals (not shown) and an outer
housing 1064. The outer housing 1064 includes a first
end portion 1065, a second end portion 1066, and third
and fourth end portions (not shown), and major surfaces
1067, 1068. The first and second end portions 1065, 1066
extend substantially parallel to one another. The third
and fourth end portions of the outer housing 1064 extend
substantially parallel to one another, and substantially
perpendicular to the first and second end portions 1065,
1066. The major surface 1067 is disposed between the
first end portion 1065 and the second end portion 1066.
Further, the major surface 1068 extends substantially
parallel to the major surface 1067 and is disposed be-
tween the first and second end portions 1065, 1066. The
first and second electrical terminals of the pouch-type
battery cell 330 extend outwardly from the third and fourth
end portions, respectively, of the pouch-type battery cell
330.
[0039] The first end portion 1065 has an extension por-
tion 1134 and arcuate-shaped end surfaces 1130, 1132.
The extension portion 1134 has a first end and a second
end. The arcuate-shaped end surface 1130 extends from
the first end of the extension portion 1134. Also, the ar-
cuate-shaped end surface 1132 extends from the first
end of the extension portion 1134 and away from the
arcuate-shaped end surface 1130. A length of the exten-
sion portion 1134 is in a range of 1.0 - 5.0 millimeters.
[0040] The second end portion 1066 has an extension
portion 1137 and arcuate-shaped end surfaces 1135,
1136. The extension portion 1137 has a first end and a
second end. The arcuate-shaped end surface 1135 ex-
tends from the first end of the extension portion 1137.
Also, the arcuate-shaped end surface 1136 extends from
the first end of the extension portion 1137 and away from
the arcuate-shaped end surface 1135. A length of the
extension portion 1137 is greater than a length of the
extension portion 1134.
[0041] The pouch-type battery cell 330 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 1134 is disposed in the groove 134 of
the thermal interface member 22, and the extension por-
tion 1134 directly contacts the thermal interface member
22, and the arcuate-shaped end surfaces 1130, 1132 of
the pouch-type battery cell 330 are disposed directly on
and against the arcuate-shaped surfaces 130, 132, re-
spectively, of the thermal interface member 22.
[0042] The pouch-type battery cell 340 includes first
and second electrical terminals (not shown) and an outer
housing 1164. The outer housing 1164 includes a first
end portion 1165, a second end portion 1166, and third
and fourth end portions (not shown), and major surfaces
1167, 1168. The first and second end portions 1165, 1166
extend substantially parallel to one another. The third
and fourth end portions of the outer housing 1164 extend
substantially parallel to one another, and substantially
perpendicular to the first and second end portions 1165,
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1166. The major surface 1167 is disposed between the
first end portion 1165 and the second end portion 1166.
Further, the major surface 1168 extends substantially
parallel to the major surface 1167 and is disposed be-
tween the first and second end portions 1165, 1166. The
first and second electrical terminals of the pouch-type
battery cell 340 extend outwardly from the third and fourth
end portions, respectively, of the pouch-type battery cell
340.
[0043] The first end portion 1165 has an extension por-
tion 1244 and arcuate-shaped end surfaces 1240, 1242.
The extension portion 1244 has a first end and a second
end. The arcuate-shaped end surface 1240 extends from
the first end of the extension portion 1244. Also, the ar-
cuate-shaped end surface 1242 extends from the first
end of the extension portion 1244 and away from the
arcuate-shaped end surface 1240. A length of the exten-
sion portion 1244 is in a range of 1.0 - 5.0 millimeters.
[0044] The second end portion 1166 has an extension
portion 1247 and arcuate-shaped end surfaces 1245,
1246. The extension portion 1247 has a first end and a
second end. The arcuate-shaped end surface 1245 ex-
tends from the first end of the extension portion 1247.
Also, the arcuate-shaped end surface 1246 extends from
the first end of the extension portion 1247 and away from
the arcuate-shaped end surface 1245. A length of the
extension portion 1247 is greater than a length of the
extension portion 1244.
[0045] The pouch-type battery cell 340 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 1244 is disposed in the groove 144 of
the thermal interface member 22, and the extension por-
tion 1244 directly contacts the thermal interface member
22, and the arcuate-shaped end surfaces 1240, 1242 of
the pouch-type battery cell 340 are disposed directly on
and against the arcuate-shaped surfaces 140, 142, re-
spectively, of the thermal interface member 22.
[0046] The pouch-type battery cell 350 includes first
and second electrical terminals (not shown) and an outer
housing 1264. The outer housing 1264 includes a first
end portion 1265, a second end portion 1266, and third
and fourth end portions (not shown), and major surfaces
1267, 1268. The first and second end portions 1265, 1266
extend substantially parallel to one another. The third
and fourth end portions of the outer housing 1264 extend
substantially parallel to one another, and substantially
perpendicular to the first and second end portions 1265,
1266. The major surface 1267 is disposed between the
first end portion 1265 and the second end portion 1266.
Further, the major surface 1268 extends substantially
parallel to the major surface 1267 and is disposed be-
tween the first and second end portions 1265, 1266. The
first and second electrical terminals of the pouch-type
battery cell 350 extend outwardly from the third and fourth
end portions, respectively, of the pouch-type battery cell
350.
[0047] The first end portion 1265 has an extension por-
tion 1354 and arcuate-shaped end surfaces 1350, 1352.

The extension portion 1354 has a first end and a second
end. The arcuate-shaped end surface 1350 extends from
the first end of the extension portion 1354. Also, the ar-
cuate-shaped end surface 1352 extends from the first
end of the extension portion 1354 and away from the
arcuate-shaped end surface 1350. A length of the exten-
sion portion 1354 is in a range of 1.0 - 5.0 millimeters.
[0048] The second end portion 1266 has an extension
portion 1357 and arcuate-shaped end surfaces 1355,
1356. The extension portion 1357 has a first end and a
second end. The arcuate-shaped end surface 1355 ex-
tends from the first end of the extension portion 1357.
Also, the arcuate-shaped end surface 1356 extends from
the first end of the extension portion 1357 and away from
the arcuate-shaped end surface 1355. A length of the
extension portion 1357 is greater than a length of the
extension portion 1354.
[0049] The pouch-type battery cell 350 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 1354 is disposed in the groove 154 of
the thermal interface member 22, and the extension por-
tion 1354 directly contacts the thermal interface member
22, and the arcuate-shaped end surfaces 1350, 1352 of
the pouch-type battery cell 350 are disposed directly on
and against the arcuate-shaped surfaces 150, 152, re-
spectively, of the thermal interface member 22.
[0050] The pouch-type battery cell 360 includes first
and second electrical terminals (not shown) and an outer
housing 1464. The outer housing 1464 includes a first
end portion 1465, a second end portion 1466, and third
and fourth end portions (not shown), and major surfaces
1467, 1468. The first and second end portions 1465, 1466
extend substantially parallel to one another. The third
and fourth end portions of the outer housing 1464 extend
substantially parallel to one another, and substantially
perpendicular to the first and second end portions 1465,
1466. The major surface 1467 is disposed between the
first end portion 1465 and the second end portion 1466.
Further, the major surface 1468 extends substantially
parallel to the major surface 1467 and is disposed be-
tween the first and second end portions 1465, 1466. The
first and second electrical terminals of the pouch-type
battery cell 360 extend outwardly from the third and fourth
end portions, respectively, of the pouch-type battery cell
360.
[0051] The first end portion 1465 has an extension por-
tion 1564 and arcuate-shaped end surfaces 1560, 1562.
The extension portion 1564 has a first end and a second
end. The arcuate-shaped end surface 1560 extends from
the first end of the extension portion 1564. Also, the ar-
cuate-shaped end surface 1562 extends from the first
end of the extension portion 1564 and away from the
arcuate-shaped end surface 1560. A length of the exten-
sion portion 1564 is in a range of 1.0 - 5.0 millimeters.
[0052] The second end portion 1466 has an extension
portion 1567 and arcuate-shaped end surfaces 1565,
1566. The extension portion 1567 has a first end and a
second end. The arcuate-shaped end surface 1565 ex-
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tends from the first end of the extension portion 1567.
Also, the arcuate-shaped end surface 1566 extends from
the first end of the extension portion 1567 and away from
the arcuate-shaped end surface 1565. A length of the
extension portion 1567 is greater than a length of the
extension portion 1564.
[0053] The pouch-type battery cell 360 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 1564 is disposed in the groove 164 of
the thermal interface member 22, and the extension por-
tion 1564 directly contacts the thermal interface member
22, and the arcuate-shaped end surfaces 1560, 1562 of
the pouch-type battery cell 360 are disposed directly on
and against the arcuate-shaped surfaces 160, 162, re-
spectively, of the thermal interface member 22.
[0054] The pouch-type battery cell 370 includes first
and second electrical terminals (not shown) and an outer
housing 1664. The outer housing 1664 includes a first
end portion 1665, a second end portion 1666, and third
and fourth end portions (not shown), and major surfaces
1667, 1668. The first and second end portions 1665, 1666
extend substantially parallel to one another. The third
and fourth end portions of the outer housing 1664 extend
substantially parallel to one another, and substantially
perpendicular to the first and second end portions 1665,
1666. The major surface 1667 is disposed between the
first end portion 1665 and the second end portion 1666.
Further, the major surface 1668 extends substantially
parallel to the major surface 1667 and is disposed be-
tween the first and second end portions 1665, 1666. The
first and second electrical terminals of the pouch-type
battery cell 370 extend outwardly from the third and fourth
end portions, respectively, of the pouch-type battery cell
370.
[0055] The first end portion 1665 has an extension por-
tion 1774 and arcuate-shaped end surfaces 1770, 1772.
The extension portion 1774 has a first end and a second
end. The arcuate-shaped end surface 1770 extends from
the first end of the extension portion 1774. Also, the ar-
cuate-shaped end surface 1772 extends from the first
end of the extension portion 1774 and away from the
arcuate-shaped end surface 1770. A length of the exten-
sion portion 1774 is in a range of 1.0 - 5.0 millimeters.
[0056] The second end portion 1666 has an extension
portion 1777 and arcuate-shaped end surfaces 1775,
1776. The extension portion 1777 has a first end and a
second end. The arcuate-shaped end surface 1775 ex-
tends from the first end of the extension portion 1777.
Also, the arcuate-shaped end surface 1776 extends from
the first end of the extension portion 1777 and away from
the arcuate-shaped end surface 1775. A length of the
extension portion 1777 is greater than a length of the
extension portion 1774.
[0057] The pouch-type battery cell 370 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 1774 is disposed in the groove 174 of
the thermal interface member 22, and the extension por-
tion 1774 directly contacts the thermal interface member

22, and the arcuate-shaped end surfaces 1770, 1772 of
the pouch-type battery cell 370 are disposed directly on
and against the arcuate-shaped surfaces 170, 172, re-
spectively, of the thermal interface member 22.
[0058] The pouch-type battery cell 380 includes first
and second electrical terminals (not shown) and an outer
housing 1864. The outer housing 1864 includes a first
end portion 1865, a second end portion 1866, and third
and fourth end portions (not shown), and major surfaces
1867, 1868. The first and second end portions 1865, 1866
extend substantially parallel to one another. The third
and fourth end portions of the outer housing 1864 extend
substantially parallel to one another, and substantially
perpendicular to the first and second end portions 1865,
1866. The major surface 1867 is disposed between the
first end portion 1865 and the second end portion 1866.
Further, the major surface 1868 extends substantially
parallel to the major surface 1867 and is disposed be-
tween the first and second end portions 1865, 1866. The
first and second electrical terminals of the pouch-type
battery cell 380 extend outwardly from the third and fourth
end portions, respectively, of the pouch-type battery cell
380.
[0059] The first end portion 1865 has an extension por-
tion 1884 and arcuate-shaped end surfaces 1880, 1882.
The extension portion 1884 has a first end and a second
end. The arcuate-shaped end surface 1880 extends from
the first end of the extension portion 1884. Also, the ar-
cuate-shaped end surface 1882 extends from the first
end of the extension portion 1884 and away from the
arcuate-shaped end surface 1880. A length of the exten-
sion portion 1884 is in a range of 1.0 - 5.0 millimeters.
[0060] The second end portion 1866 has an extension
portion 1887 and arcuate-shaped end surfaces 1885,
1886. The extension portion 1887 has a first end and a
second end. The arcuate-shaped end surface 1885 ex-
tends from the first end of the extension portion 1887.
Also, the arcuate-shaped end surface 1886 extends from
the first end of the extension portion 1887 and away from
the arcuate-shaped end surface 1885. A length of the
extension portion 1887 is greater than a length of the
extension portion 1884.
[0061] The pouch-type battery cell 380 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 1884 is disposed in the groove 184 of
the thermal interface member 22, and the extension por-
tion 1884 directly contacts the thermal interface member
22, and the arcuate-shaped end surfaces 1880, 1882 of
the pouch-type battery cell 380 are disposed directly on
and against the arcuate-shaped surfaces 180, 182, re-
spectively, of the thermal interface member 22.
[0062] The pouch-type battery cell 390 includes first
and second electrical terminals (not shown) and an outer
housing 1964. The outer housing 1964 includes a first
end portion 1965, a second end portion 1966, and third
and fourth end portions (not shown), and major surfaces
1967, 1968. The first and second end portions 1965, 1966
extend substantially parallel to one another. The third
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and fourth end portions of the outer housing 1964 extend
substantially parallel to one another, and substantially
perpendicular to the first and second end portions 1965,
1966. The major surface 1967 is disposed between the
first end portion 1965 and the second end portion 1966.
Further, the major surface 1968 extends substantially
parallel to the major surface 1967 and is disposed be-
tween the first and second end portions 1965, 1966. The
first and second electrical terminals of the pouch-type
battery cell 390 extend outwardly from the third and fourth
end portions, respectively, of the pouch-type battery cell
390.
[0063] The first end portion 1965 has an extension por-
tion 1994 and arcuate-shaped end surfaces 1990, 1992.
The extension portion 1994 has a first end and a second
end. The arcuate-shaped end surface 1990 extends from
the first end of the extension portion 1994. Also, the ar-
cuate-shaped end surface 1992 extends from the first
end of the extension portion 1994 and away from the
arcuate-shaped end surface 1990. A length of the exten-
sion portion 1994 is in a range of 1.0 - 5.0 millimeters.
[0064] The second end portion 1966 has an extension
portion 1997 and arcuate-shaped end surfaces 1995,
1996. The extension portion 1997 has a first end and a
second end. The arcuate-shaped end surface 1995 ex-
tends from the first end of the extension portion 1997.
Also, the arcuate-shaped end surface 1996 extends from
the first end of the extension portion 1997 and away from
the arcuate-shaped end surface 1995. A length of the
extension portion 1997 is greater than a length of the
extension portion 1994.
[0065] The pouch-type battery cell 390 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 1994 is disposed in the groove 194 of
the thermal interface member 22, and the extension por-
tion 1994 directly contacts the thermal interface member
22, and the arcuate-shaped end surfaces 1990, 1992 of
the pouch-type battery cell 390 are disposed directly on
and against the arcuate-shaped surfaces 190, 192, re-
spectively, of the thermal interface member 22.
[0066] The pouch-type battery cell 400 includes first
and second electrical terminals (not shown) and an outer
housing 2064. The outer housing 2064 includes a first
end portion 2065, a second end portion 2066, and third
and fourth end portions (not shown), and major surfaces
2067, 2068. The first and second end portions 2065, 2066
extend substantially parallel to one another. The third
and fourth end portions of the outer housing 2064 extend
substantially parallel to one another, and substantially
perpendicular to the first and second end portions 2065,
2066. The major surface 2067 is disposed between the
first end portion 2065 and the second end portion 2066.
Further, the major surface 2068 extends substantially
parallel to the major surface 2067 and is disposed be-
tween the first and second end portions 2065, 2066. The
first and second electrical terminals of the pouch-type
battery cell 400 extend outwardly from the third and fourth
end portions, respectively, of the pouch-type battery cell

400.
[0067] The first end portion 2065 has an extension por-
tion 2104 and arcuate-shaped end surfaces 2100, 2102.
The extension portion 2104 has a first end and a second
end. The arcuate-shaped end surface 2100 extends from
the first end of the extension portion 2104. Also, the ar-
cuate-shaped end surface 2102 extends from the first
end of the extension portion 2104 and away from the
arcuate-shaped end surface 2100. A length of the exten-
sion portion 2104 is in a range of 1.0 - 5.0 millimeters.
[0068] The second end portion 2066 has an extension
portion 2107 and arcuate-shaped end surfaces 2105,
2106. The extension portion 2107 has a first end and a
second end. The arcuate-shaped end surface 2105 ex-
tends from the first end of the extension portion 2107.
Also, the arcuate-shaped end surface 2106 extends from
the first end of the extension portion 2107 and away from
the arcuate-shaped end surface 2105. A length of the
extension portion 2107 is greater than a length of the
extension portion 2104.
[0069] The pouch-type battery cell 400 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 2104 is disposed in the groove 204 of
the thermal interface member 22, and the extension por-
tion 2104 directly contacts the thermal interface member
22, and the arcuate-shaped end surfaces 2100, 2102 of
the pouch-type battery cell 400 are disposed directly on
and against the arcuate-shaped surfaces 200, 202, re-
spectively, of the thermal interface member 22.
[0070] The pouch-type battery cell 410 includes first
and second electrical terminals (not shown) and an outer
housing 2164. The outer housing 2164 includes a first
end portion 2165, a second end portion 2166, and third
and fourth end portions (not shown), and major surfaces
2167, 2168. The first and second end portions 2165, 2166
extend substantially parallel to one another. The third
and fourth end portions of the outer housing 2164 extend
substantially parallel to one another, and substantially
perpendicular to the first and second end portions 2165,
2166. The major surface 2167 is disposed between the
first end portion 2165 and the second end portion 2166.
Further, the major surface 2168 extends substantially
parallel to the major surface 2167 and is disposed be-
tween the first and second end portions 2165, 2166. The
first and second electrical terminals of the pouch-type
battery cell 410 extend outwardly from the third and fourth
end portions, respectively, of the pouch-type battery cell
410.
[0071] The first end portion 2165 has an extension por-
tion 2214 and arcuate-shaped end surfaces 2210, 2212.
The extension portion 2214 has a first end and a second
end. The arcuate-shaped end surface 2210 extends from
the first end of the extension portion 2214. Also, the ar-
cuate-shaped end surface 2212 extends from the first
end of the extension portion 2214 and away from the
arcuate-shaped end surface 2210. A length of the exten-
sion portion 2214 is in a range of 1.0 - 5.0 millimeters.
[0072] The second end portion 2166 has an extension
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portion 2217 and arcuate-shaped end surfaces 2215,
2216. The extension portion 2217 has a first end and a
second end. The arcuate-shaped end surface 2215 ex-
tends from the first end of the extension portion 2217.
Also, the arcuate-shaped end surface 2216 extends from
the first end of the extension portion 2217 and away from
the arcuate-shaped end surface 2215. A length of the
extension portion 2217 is greater than a length of the
extension portion 2214.
[0073] The pouch-type battery cell 410 is disposed di-
rectly on the thermal interface member 22 such that the
extension portion 2214 is disposed in the groove 214 of
the thermal interface member 22, and the extension por-
tion 2214 directly contacts the thermal interface member
22, and the arcuate-shaped end surfaces 2210, 2212 of
the pouch-type battery cell 410 are disposed directly on
and against the arcuate-shaped surfaces 210, 212, re-
spectively, of the thermal interface member 22.
[0074] The pouch-type battery cell 420 includes first
and second electrical terminals (not shown) and an outer
housing 2264. The outer housing 2264 includes a first
end portion 2265, a second end portion 2266, and third
and fourth end portions (not shown), and major surfaces
2267, 2268. The first and second end portions 2265, 2266
extend substantially parallel to one another. The third
and fourth end portions of the outer housing 2264 extend
substantially parallel to one another, and substantially
perpendicular to the first and second end portions 2265,
2266. The major surface 2267 is disposed between the
first end portion 2265 and the second end portion 2266.
Further, the major surface 2268 extends substantially
parallel to the major surface 2267 and is disposed be-
tween the first and second end portions 2265, 2266. The
first and second electrical terminals of the pouch-type
battery cell 420 extend outwardly from the third and fourth
end portions, respectively, of the pouch-type battery cell
420.
[0075] The first end portion 2265 has an extension por-
tion 2324 and arcuate-shaped end surfaces 2320, 2322.
The extension portion 2324 has a first end and a second
end. The arcuate-shaped end surface 2320 extends from
the first end of the extension portion 2324. Also, the ar-
cuate-shaped end surface 2322 extends from the first
end of the extension portion 2324 and away from the
arcuate-shaped end surface 2320. A length of the exten-
sion portion 2324 is in a range of 1.0 - 5.0 millimeters.
[0076] The second end portion 2266 has an extension
portion 2327 and arcuate-shaped end surfaces 2325,
2326. The extension portion 2327 has a first end and a
second end. The arcuate-shaped end surface 2325 ex-
tends from the first end of the extension portion 2327.
Also, the arcuate-shaped end surface 2326 extends from
the first end of the extension portion 2327 and away from
the arcuate-shaped end surface 2325. A length of the
extension portion 2327 is greater than a length of the
extension portion 2324.
[0077] The pouch-type battery cell 420 is disposed di-
rectly on the thermal interface member 22 such that the

extension portion 2324 is disposed in the groove 224 of
the thermal interface member 22, and the extension por-
tion 2324 directly contacts the thermal interface member
22, and the arcuate-shaped end surfaces 2320, 2322 of
the pouch-type battery cell 420 are disposed directly on
and against the arcuate-shaped surfaces 220, 222, re-
spectively, of the thermal interface member 22.
[0078] Referring to FIGS. 1 and 5, the plastic frame
members 440-454 and the end plates 455, 456 are pro-
vided to hold the pouch-type battery cells 270-420 ther-
ebetween. The structure of the plastic frame member 440
is identical to the structure of the plastic frame members
442-454. Thus, only the structure of the plastic frame
member 440 will be discussed in greater detail below.
[0079] The plastic frame member 440 is coupled to the
end plate 455. The pouch-type battery cell 270 directly
contacts and is held between the plastic frame member
440 and the end plate 455.
[0080] Referring to FIGS. 5 and 8-11, the plastic frame
member 440 has a substantially rectangular-shaped wall
2500, a top wall 2502, side walls 2504, 2506 and coupling
portions 2520, 2522, 2524, 2526. The top wall 2502 is
coupled to a top end 2530 of the substantially rectangu-
lar-shaped wall 2500. Further, the side walls 2504, 2506
are coupled to side ends 2532, 2534, respectively, of the
substantially rectangular-shaped wall 2500 such that the
side walls 2504, 2506 extend substantially parallel to one
another. The side walls 2504, 2506 extend past a bottom
end 2536 of the substantially rectangular-shaped wall
2500 such that a first gap is defined between the bottom
end 2536 of the substantially rectangular-shaped wall
2500 and the side walls 2504, 2506 of the plastic frame
member 440. A portion of the thermal interface member
22 is disposed within the first gap.
[0081] The coupling portion 2520 is coupled to the side
wall 2504 and has a first side and a second side. The
first side of the coupling portion 2520 has a male coupling
member 2550 (shown in FIG. 8) that holds a coupling
clip 2552 thereon. The coupling clip 2552 is configured
to be removably coupled to a corresponding female cou-
pling member of an adjacent plastic frame member or
end plate. The second side of the coupling portion 2520
has a female coupling member 2554 (shown in FIG. 10).
The female coupling member 2554 is configured to be
removably coupled to a corresponding male coupling
member of an adjacent plastic frame member or end
plate.
[0082] The coupling portion 2522 is coupled to the side
wall 2506 and has a first side and a second side. The
first side of the coupling portion 2522 has a male coupling
member 2570 (shown in FIG. 8) that holds a coupling
clip 2572 thereon. The coupling clip 2572 is configured
to be removably coupled to a corresponding female cou-
pling member of an adjacent plastic frame member or
end plate. The second side of the coupling portion 2522
has a female coupling member 2574 (shown in FIG. 10).
The female coupling member 2574 is configured to be
removably coupled to a corresponding male coupling
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member of an adjacent plastic frame member or end
plate.
[0083] The coupling portion 2524 is coupled to the side
wall 2504 and has a first side and a second side. The
first side of the coupling portion 2524 has a male coupling
member 2590 (shown in FIG. 8) that holds a coupling
clip 2592 thereon. The coupling clip 2592 is configured
to be removably coupled to a corresponding female cou-
pling member of an adjacent plastic frame member or
end plate. The second side of the coupling portion 2524
has a female coupling member 2594 (shown in FIG. 10).
The female coupling member 2594 is configured to be
removably coupled to a corresponding male coupling
member of an adjacent plastic frame member or end
plate.
[0084] The coupling portion 2526 is coupled to the side
wall 2506 and has a first side and a second side. The
first side of the coupling portion 2526 has a male coupling
member 2600 (shown in FIG. 8) that holds a coupling
clip 2602 thereon. The coupling clip 2602 is configured
to be removably coupled to a corresponding female cou-
pling member of adjacent plastic frame member or end
plate. The second side of the coupling portion 2526 has
a female coupling member 2604 (shown in FIG. 10). The
female coupling member 2604 is configured to be remov-
ably coupled to a corresponding male coupling member
of an adjacent plastic frame member or end plate.
[0085] Referring to FIG. 5, the major surface 468 of
the outer housing 460 of the pouch-type battery cell 270
is disposed directly against the substantially rectangular-
shaped wall 2500 of the plastic frame member 440. Fur-
ther, the major surface 567 of the outer housing 564 of
the pouch-type battery cell 280 is disposed directly
against the substantially rectangular-shaped wall 2500
of the plastic frame member 440. Further, the thermal
interface member 22 is disposed below the pouch-type
battery cells 270, 280 within the first gap of the plastic
frame member 440 between the bottom end 2536 (shown
in FIG. 8) of the substantially rectangular-shaped wall
2500 of the frame member 440 and the top surface 46
of the thermally conductive base member 20.
[0086] Referring to FIG. 5, the plastic frame member
442 is coupled to the plastic frame member 440. The
pouch-type battery cells 280, 290 directly contact the
plastic frame members 440, 442 respectively, and are
held between the plastic frame members 440, 442.
[0087] The plastic frame member 444 is coupled to the
plastic frame member 442. The pouch-type battery cells
300, 310 directly contact the plastic frame members 442,
444 respectively, and are held between the plastic frame
members 442, 444.
[0088] The plastic frame member 446 is coupled to the
plastic frame member 444. The pouch-type battery cells
320, 330 directly contact the plastic frame members 444,
445 respectively, and are held between the plastic frame
members 444, 446.
[0089] The plastic frame member 448 is coupled to the
plastic frame member 446. The pouch-type battery cells

340, 350 directly contact the plastic frame members 446,
448 respectively, and are held between the plastic frame
members 446, 448.
[0090] The plastic frame member 450 is coupled to the
plastic frame member 448. The pouch-type battery cells
360, 370 directly contact the plastic frame members 448,
450 respectively, and are held between the plastic frame
members 448, 450.
[0091] The plastic frame member 452 is coupled to the
plastic frame member 450. The pouch-type battery cells
380, 390 directly contact the plastic frame members 450,
452 respectively, and are held between the plastic frame
members 450, 452.
[0092] The plastic frame member 454 is coupled to the
plastic frame member 452. The pouch-type battery cells
400, 410 directly contact the plastic frame members 452,
454 respectively, and are held between the plastic frame
members 452, 454.
[0093] The end plate 456 is coupled to the plastic frame
member 454. The pouch-type battery cell 420 directly
contacts the end plate 456 and the plastic frame member
454 and is held between the end plate 456 and the plastic
frame member 454.
[0094] Referring to FIG. 15, a thermal interface mem-
ber 2722 that could be utilized in the battery system 10
(shown in FIG. 2) instead of the thermal interface member
22 is illustrated. The thermal interface member 2722 is
a pre-formed thermally conductive foam. In particular,
the thermal interface member 2722 is a die-cut thermally
conductive polyurethane open-cell foam. In an exempla-
ry embodiment, the thermal interface member 2722 has
a thermal conductivity in a range of 1.5 - 3.0 Watts per
meter-Kelvin. In an alternative embodiment, the thermal
interface member 2722 could be replaced with thermal
interface member having an identical outer profile (e.g.,
outer surfaces) and as the thermal interface member
2722 wherein the thermal interface member is construct-
ed of a metal such as aluminum for example.
[0095] Referring to FIG. 16, a thermal interface mem-
ber 2762 that could be utilized in the battery system 10
(shown in FIG. 2) instead of the thermal interface member
22 is illustrated. The thermal interface member 2762 is
a thermally conductive gel such as a thermally conductive
silicon-based gel. In an exemplary embodiment, the ther-
mal interface member 2762 has a thermal conductivity
in a range of 1.5 - 3.0 Watts per meter-Kelvin.
[0096] Referring to FIGS. 17 and 18, a battery system
2810 in accordance with another exemplary embodiment
is provided. The primary difference between the battery
system 2810 and the battery system 10 (shown in FIG.
2) is that the battery system 2810 utilizes a thermally
conductive base member 2820 instead of the thermally
conductive base member 20. In particular, the battery
system 2820 includes the thermally conductive base
member 2820, the thermal interface member 22 and the
battery module 24.
[0097] An advantage of the battery system 2810 is that
the battery system 2810 utilizes the thermal interface

19 20 



EP 3 364 495 A1

12

5

10

15

20

25

30

35

40

45

50

55

member 22 that directly contacts end portions of pouch-
type battery cells in the battery module 24, which trans-
fers heat energy from the pouch-type battery cells to the
thermally conductive base member 2820, without having
to use cooling fins disposed between the pouch-type bat-
tery cells.
[0098] The thermally conductive base member 2820
includes a base plate 2830 and heat fins 2832, 2834,
2836, 2838, 2840, 2842, 2844, 2846, 2848 that extend
downwardly from a bottom surface of the base plate
2830. The thermally conductive base member 2820 is
provided to conduct heat energy from the thermal inter-
face member 22 to air flowing past the heat fins
2832-2848. In an exemplary embodiment, the base plate
2830 and the heat fins 2832-2848 are constructed of a
metal. Of course, in an alternative embodiment, the base
plate 2830 and the heat fins 2832-2848 could be con-
structed of other thermally conductive materials.
[0099] The battery systems described herein provide
a substantial advantage over other battery systems. In
particular, an advantage of the battery systems is that
each battery system utilizes a thermal interface member
that directly contacts end portions of pouch-type battery
cells in a battery module to transfer heat energy from the
pouch-type battery cells to a thermally conductive base
member, without having to use cooling fins disposed be-
tween the pouch-type battery cells.
[0100] While the claimed invention has been described
in detail in connection with only a limited number of em-
bodiments, it should be readily understood that the in-
vention is not limited to such disclosed embodiments.
Rather, the claimed invention can be modified to incor-
porate any number of variations, alterations, substitu-
tions or equivalent arrangements not heretofore de-
scribed, but which are commensurate with the spirit and
scope of the invention. Additionally, while various em-
bodiments of the claimed invention have been described,
it is to be understood that aspects of the invention may
include only some of the described embodiments. Ac-
cordingly, the claimed invention is not to be seen as lim-
ited by the foregoing description.

INDUSTRIAL APPLICABILITY

[0101] As described above, the battery system accord-
ing to the present invention may have advantages of im-
proved cooling efficiency, reduced volume and weight of
the battery modules, and simple assemble of the battery
modules by using a thermal interface member that di-
rectly contacts end portions of battery.

Claims

1. A battery system, comprising:

a thermally conductive base member;
a thermal interface member disposed on a sur-

face of the thermally conductive base member,
the thermal interface member having first and
second arcuate-shaped surfaces and a first
groove, the first groove being disposed between
the first and second arcuate-shaped surfaces
and extending into the thermal interface mem-
ber;
a battery module having a first pouch-type bat-
tery cell, the first pouch-type battery cell having
a first outer housing with a first end portion and
a second end portion, the first end portion of the
first outer housing having a first extension por-
tion and first and second arcuate-shaped end
surfaces, the first extension portion of the first
outer housing having a first end and a second
end, the first arcuate-shaped end surface of the
first outer housing extending from the first end
of the first extension portion of the first outer
housing, the second arcuate-shaped end sur-
face of the first outer housing extending from the
first end of the first extension portion of the first
outer housing and away from the first arcuate-
shaped end surface of the first outer housing;
and
the first pouch-type battery cell being disposed
directly on the thermal interface member such
that the first extension portion of the first pouch-
type battery cell is disposed in the first groove
of the thermal interface member, and the first
extension portion of the first outer housing di-
rectly contacts the thermal interface member,
and the first and second arcuate-shaped end
surfaces of the first pouch-type battery cell are
disposed directly on and against the first and
second arcuate-shaped surfaces, respectively,
of the thermal interface member.

2. The battery system of claim 1, wherein a length of
the first extension portion is in a range of 1.0 - 5.0
millimeters.

3. The battery system of claim 1, wherein the second
end portion of the first outer housing having a second
extension portion, and a length of the second exten-
sion portion being greater than a length of the first
extension portion.

4. The battery system of claim 1, wherein the thermal
interface member comprises a pre-formed thermally
conductive foam.

5. The battery system of claim 4, wherein the pre-
formed thermally conductive foam is a molded ther-
mally conductive polyurethane open-cell foam.

6. The battery system of claim 4, wherein the pre-
formed thermally conductive foam is a die-cut ther-
mally conductive polyurethane open-cell foam.
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7. The battery system of claim 1, wherein the thermal
interface member comprises a thermally conductive
gel.

8. The battery system of claim 7, wherein the thermally
conductive gel is a thermally conductive silicon-
based gel.

9. The battery system of claim 1, wherein the thermal
interface member has a thermal conductivity in a
range of 1.5 - 3.0 Watts per meter-Kelvin.

10. The battery system of claim 1, wherein the thermal
interface member further having third and fourth ar-
cuate-shaped surfaces and a second groove, the
second groove being disposed between the third and
fourth arcuate-shaped surfaces and extending into
the thermal interface member; the first pouch-type
battery cell having a first major surface disposed be-
tween the first and second end portions thereof, the
battery module further comprising:

a second pouch-type battery cell having a sec-
ond outer housing with a first end portion, a sec-
ond end portion, and a first major surface dis-
posed between the first and second end portions
thereof; the first major surface of the second
pouch-type battery cell being disposed on and
directly against the first major surface of the first
pouch-type battery cell; the first end portion of
the second outer housing having a first exten-
sion portion and first and second arcuate-
shaped end surfaces, the first extension portion
of the second outer housing having a first end
and a second end, the first arcuate-shaped end
surface of the second outer housing extending
from the first end of the first extension portion of
the second outer housing, the second arcuate-
shaped end surface of the second outer housing
extending from the first end of the first extension
portion of the second outer housing and away
from the first arcuate-shaped end surface of the
second outer housing; and
the second pouch-type battery cell being dis-
posed directly on the thermal interface member
such that the first extension portion of the sec-
ond pouch-type battery cell is disposed in the
second groove of the thermal interface member,
and the first extension portion of the second out-
er housing directly contacts the thermal inter-
face member, and the first and second arcuate-
shaped end surfaces of the second pouch-type
battery cell being disposed directly on and
against the third and fourth arcuate-shaped sur-
faces, respectively, of the thermal interface
member.

11. The battery system of claim 10, wherein the battery

module further includes a first plastic frame member
having a first substantially rectangular-shaped wall,
a first top wall, and first and second side walls, the
first top wall being coupled to a top end of the first
substantially rectangular-shaped wall, the first and
second side walls of the first plastic frame member
being coupled to first and second side ends, respec-
tively, of the first substantially rectangular-shaped
wall such that the first and second side walls of the
first plastic frame member extend substantially par-
allel to one another; the first and second side walls
of the first plastic frame member extending past a
bottom end of the first substantially rectangular-
shaped wall such that a first gap is defined between
the bottom end of the first substantially rectangular-
shaped wall and the first and second side walls of
the first plastic frame member; and
the first outer housing of the first pouch-type battery
cell further having a second major surface disposed
between the first and second end portions thereof;
the second major surface of the first pouch-type bat-
tery cell being disposed directly against the first sub-
stantially rectangular-shaped wall of the first plastic
frame member, and the thermal interface member
being disposed within the first gap of the first plastic
frame member.

12. The battery system of claim 11, wherein the battery
module further includes a second plastic frame mem-
ber having a second substantially rectangular-
shaped wall, a second top wall, and first and second
side walls, the second top wall being coupled to a
top end of the second substantially rectangular-
shaped wall, the first and second side walls of the
second plastic frame member being coupled to first
and second side ends, respectively, of the second
substantially rectangular-shaped wall such that the
first and second side walls of the second plastic
frame member extend substantially parallel to one
another; the first and second side walls of the second
plastic frame member extending past a bottom end
of the second substantially rectangular-shaped wall
such that a second gap is defined between the bot-
tom end of the second substantially rectangular-
shaped wall and the first and second side walls of
the second plastic frame member; and
the second outer housing of the second pouch-type
battery cell further having a second major surface
disposed between the first and second end portions
thereof; the second major surface of the second
pouch-type battery cell being disposed directly
against the second substantially rectangular-shaped
wall of the second plastic frame member, and the
thermal interface member being disposed within the
second gap of the second plastic frame member.
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