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(57) Abstract

A common pressure vessel type nickel-hydrogen storage battery having an outer pressure vessel (5) contains a stack of compartments.
Each compartment includes at least one battery cell (80), a heat transfer member (21) and a cell spacer (22) for maintaining a relatively
constant distance between adjacent compartments. Each heat transfer membe: includes a fin portion (21a), which is thermal contact with
a battery cell, and a flange portion (21b) which extends longitudinally from the fin portion and is in tight thermal contact with the inner
wall of the pressure vessel. The heat transfer member serves to transfer heat generated by the cell radially outward to the pressure vessel,

which is capable of dissipating the heat into the surrounding atmosphere.
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NI-H, BATTERY HAVING IMPROVED THERMAL PROPERTIES

BACKGROUND OF THE INVENTION

The present invention relates to a common pressure vessel
type Ni-H, storage battery, which may be used, for example, in
powering satellites. More particularly, the invention relates
to a common pressure vessel type Ni-H, stofage battery having
improved heat transfer properties between individual battery
cells of the cell stack and the walls of the pressure vessel of
the battery.

The earliest Ni-H, batteries for satellite application
employed individual pressure vessels for each cell in the
battery. However, to gain improvements in specific energy and
energy density and to reduce the total weight and volume of the
battery, the recent trend has been to incorporate multiple cells
in a stack arrangement within a single pressure vessel. This
type of Ni-H, battery is termed in the art a common pressure
vessel type battery. Examples of common pressure vessel type Ni-
H, batteries are described in the following publications: M. Earl.
et al., "Design and Development of an Aerospace CPV Ni/H,
Battery", 24th Intersociety' Energy Conversion Engineering
Conference, Washington, D.C., August 1989, Proc., Vol. 3, pp.
1395-1400; J. Dunlop et al., "Making Space Nickel/Hydrogen
Batteries Light and Less Expensive", AIAA/DARPA Meeting on
Lightweight Satellite Systems, Monterey, California, August 1987,
NTIS No. N88-13530; G. Holleck, "Common Pressure Vessel Nickel-
Hydrogen Battery Design", 15th Intersociety Energy Conversion

Engineering Conference, Seattle, Washington, August 1980, Prcc.,
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Vol. 3, pp. 1908-1911; and E. Adler et al. "Design Considerations
Related to Nickel Hydrogen Common Pressure Vessel Battery
Modules", 21st Intersociety Energy conversion Engineering
Conference, San Diego, California, August 1986, Proc., Vol. 3,
pp. 1554-1559.

In Ni-H, batteries, considerable waste heat is generated
during both charge and discharge portion qf cycles. In the
conventional common pressure vessel type Ni-H, battery, the
individual cells were generally disposed inside of an insulating
carrier. The thermal path between the heat generating portions
of the cells and the wall of the pressure vessel was lengthwise
through the battery cell stack components and then through the
hydrogen gas of the battery to the adjacent wall of the pressure
vessel. As a result, the thermal resistance between the
individual cells and the pressure vesselvwas high, resulting in

undesirable large temperature increases within the battery.

SUMMARY OF THE_INVENTION

It is therefore an object of the invention to provide a
common pressure vessel type Ni-H, battery in which the thermal
resistance between the individual cells and the pressure vessel
of the battery is greatly reduced, thereby effecting rapid heat
transfer between the cells and the pressure vessel and thus
allowing the specific capacity of the batfery to be increased.

In accordance with the above and other objects, the
invention provides a battery including a pressure vessel, and a
plurality of compartments disposed in side-by-side relation, each

of the plurality of compartments including a heat transfer memter

-
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having a fin portion and a flange ©portion extending
longitudinally from the fin portion, the flange being in thermal
contact with an inner wall of the pressure vessel, and a
plurality of battery cells, at least one battery cell being
disposed in each of the compartments and in thermal contact with
adjacent fin portions of the heat transfer members.

In further accordance with the above anq other objects, the
present invention provides a metal oxide hydrogen battery
including an outer pressure vessel, a plurality of cell modules
disposed in side-by-side relation in the vessel, a heat transfer
member disposed between adjacent cells modules, each heat
transfer member including a generally flat fin disposed between
adjacent cell modules and a peripheral flange extending from the
periphery of the fin and disposed in engagement with the inner
surface of the pressure vessel, the width of the cell modules
being greater than the longitudinal length of the flanges whereby
the outer end of each flange is disposed out of contact with
adjacent heat transfer members, and connecting means for
connecting the cell modules and heat transfer members in sidg-by—
side relations as a stack.

Even further, the present invention provides a metal oxide~
hydrogen battery composed of an outer pressure vessel including
a generally cylindrical metal shell, a plurality of heat transfer
members each including a generally flat fin disposed between each
pair of adjacent cell modules and having a peripheral flange
disposed in engagement with the metal shell, the width of the
cell modules being greater that the length of the flanges of the

heat transfer members whereby each flange is disposed out of
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contact with the adjacent heat transfer member, clamping means
for clamping the céll modules and the heat transfer members
together in side-by-side relations as a stack, and means for
permitting the flange to follow radial expansion of the pressure
vessel.

Still, even further, the present invention provides a metal
oxide~-hydrogen battery including an outer pressure vessel, a
group of cell modules disposed in side-by-side relations in the
pressure vessel, a plurality of heat transfer members, each heat
transfer member including a generally flat fin disposed between
adjacent cell modules and each heat transfer member including a
peripheral flange extending generally longitudinally from the
peripheral edge of each fin and disposed in engagement with the
inner surface of the pressure vessel, each flange being provided
with a plurality of longitudinally extending circumferentially
spaced slits, the width of each cell modules being greater than
the length of each flange whereby the outer end of each flange
is disposed out of contact with the adjacent heat transfer
member, and clamping means for clamping the cell modules and heat

transfer member in side~by-side relation as a stack.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is partially cut-away cross-sectional view of a
common pressure vessel type Ni-H2 battery constructed in
accordance with a preferred embodiment of the present invention;

Fig. 2 illustrates a heat transfer member according to a
first embodiment of the invention;

Fig. 3 illustrates the heat transfer member of Fig. 2 making
contact with the pressure vessel of Fig. 1;

Fig. 4 illustrates a stack of compartments with an internal
cell spacer;

Fig. 5 illustrates a stack of compartments with an outer end
cell spacer;

Fig. 6 illustrates two battery cells disposed within a heat
transfer member of Fig. 2;

Fig. 7 shows an enlarged fragmentary longitudinal section
of the battery of Fig. 1 showing a group of compartments
including a heat transfer member, battery cell, cell spacer, and
end cell spacer;

Fig. 8 is an enlarged cross-sectional view showing the
relationship between the vessel wall, heat transfer member,
individual battery cells, céll spacer, and spacer; |

Fig. 9 illustrates a cross-sectional view illustrating the
mode of interconnecting adjacent battery cells;

Fig. 10 illustrates a heat transfer member according to a
second embodiment of the present invention; and

Fig. 11 illustrates a heat transfer member according to a

third embodiment of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the invention will now be described
with reference to the attached drawings.

Referring to Fig. 1, a pressure vessel 5 of a preferred
embodiment of a Ni-H, battery 1 of the invention is composed of
a central cylindrical portion 4 capped at respective ends by end
portions 2 and 3. Within the pressure vessel 5, there is a stack
6 of individual cylindrical compartments 20 disposed in side-by-
side relation. The outer wall of the stack 6 of the cylindrical
compartments 6 conforms to the shape of the central cylindrical
portion 4 such that the outer wall of the stack is in thermal
contact throughout its surface with the inner wall or surface of
the central cylindrical portion 4 of the pressure vessel 5. As
will be described below in more detail, each compartment 20 is
composed of at least one battery cell 80, a heat transfer member
21, and a cell spacer 22 or an end plate 24 as shown in Fig. 5,
for example.

Figs. 2 and 3 illustrate the heat transfer member 21, which
serves to transfer heat radially outward from the center of the
battery to the inner wall of the pressure vessel 5 and thence
into the surrounding atmosphere. The heat transfer member 21 is
made of an aluminum or any other material having a high
coefficient of thermal conductivity. According to a first
embodiment of the invention, the heat transfer member 21 includes
a circular-shaped fin or body 2l1a having a cut-out 21d and a
plurality of integral flanges 21b, which are separated from one
another by a plurality of slits 21c. The flanges 21b extend
longitudinally from the body 2la so as to form an "L-shape" from

a cross-sectional view of the heat transfer member 21. The

-6~-
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flange 21b also forms the outside wall of the compartments 20,
which is in thermal contact with the inner wall of the vessel 5.

As illustrated in Fig. 3, the flange 21b forms an obtuse
angle 6 with the fin or body 21a of the heat transfer member 21
so as to insure a firm thermal contact between the flange and the
inner wall of the vessel when inserted into the pressure vessel
5. When the heat transfer members 21 are’inserted into the
vessel, the flanges 21b are deflected or bent inward and due to
the flexibility of the flanges a radial force or biasing action
will be exerted so as to maintain the segments in tight
engagement with the inner wall of the vessel. This further
ensures that as heat is extracted from within the vessel, the
heat is sufficiently transferred to the vessel and subsequently
to the surrounding atmosphere.

Referring to Figs. 8 and 9 and as described in commonly
assigned patent application serial no. 07/711,602, which is
herein incorporated by reference, each battery cell 80 is of
generally semi-cylindrical or cylindrical shape and contains a
repeating pattern of a gas diffusion screen 82, negative
electrode 83, separator 84, and positive electrode 85. The
arrangement and selection of the materials for these components
is conventional and well within the skill >f those familiar with
this art. Each cell 80 is encased, for example, by a plastic bag
81, which electrically insulates the above-mentioned components
from the fins 21 and spacers 22. The outer sides of the bag 81,
however, are in intimate thermal contact with the fins 2la of the

heat transfer member 21 on both sides of the cell so as to
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provide good thermal conduction between the cell 80, over its
entire surface, and the heat transfer member 21.

Fig. 6 illustrates the manner in which two generally semi-
cylindrical battery cells 80 are situated within a heat transfer
member 21, while Figs. 7 and 8 illustrate the encasing 81 of a
battery cells 80 being in intimate thermal contact with adjacent
fins 2l1a of adjacent heat transfer members 21. Figs. 7 and 8
also illustrate that the length of the flange 21b can vary
relative to the width of a battery cell 80 and compartment 20.
That is, the maximum length of a flange 21b will allow the end
of the flange to come in contact with the adjacent heat transfer
member 21. Preferably though, the length of the flange is less
than the width of a compartment 20 or battery cell .80 so that the
distance between adjacent heat transfer members 21 is determined
by the spacers 22 as described in more detail below. However,
the length of the flange must be of a certain length to provide
a sufficient amount of surface contact between the flange and the
inner wall of the vessel 5 so that a sufficient amount of heat
can be withdrawn.

Again referring to Figs. 7 and 8, the heat transfer member
21 of a first compartment is spaced from the heat transfer member
21 of an adjacent compartment'by the cell spacer 22, which is
generally of a ring-shape, as illustrated best in Fig. 4. First
and second sides of the spacer come into contact with the fin or
body 2la of adjacent heat transfer members 21. The cell spacers
22 are made of a rigid material (e.g., aluminum) such that the
heat transfer members 21 are held stationary and at a relatively

constant distance from one another. The spacers 22 also provide
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for the compartments 26 to remain at a relatively constant
compression. As shown in Figs. 5 and 8, the outer compartment
20 is spaced by an end cell spacer 24, which is composed of a
ring-shaped portion 24a, similar to a cell spacer 22, and an
integral circular body portion 24b with a cut-out 24c.

Referring now to Fig. 9, each cell 86 has positive electrode
terminals 86 and negative electrode terminals 87 which are
respectively .connected to the positive and negative electrodes
85 and 83 of the cell 80. The battery cells 80 of a compartment
20 can be connected to the battery cells of an adjacent
compartment in series or in parallel to obtain the desired
voltage output. The connection of adjacent terminals can be
through the use of insulated interconnecting rods 36 and 46 which
pass through center holes of the terminals 86 and 87,
respectively, and through the cut-outs 21d of each of the heat
transfer members and the cut-out 24c of the end cell spacer 24.
The connection between battery cells and from the battery cells
to external positive and negative electrodes 9, 10 can be similar
to that which is described in the aforementioned patent
application.

Referring back to Fig.'l, first and second weld rings 7
secure the outer end portions 2 and 3, to the center cylindrical
poition 4 and also hold the stack of compartments in place so as
to prevent any shifting of the stack 6 of the compartments 20 in
the axial direction. A wave spring 8 is disposed between the end
cell spacer 24 of the stack and the weld ring 7. The wave spring

8 provides a preloading force on the stack of compartments in the
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axial direction thereof as well as absorbing any vibration or
shock.

Figs. 4 and 5 illustrate a exploded views of a stack 6.
Specifically, Fig. 4 illustrates two battery cells 80 placed
within a heat transfer member 21. A cell spacer 22 abuts the fin
portion 2la of the heat transfer member and around the outer
periphery of the two battery cells 80. Fig: 5 illustrates the
outer end compartment in which the ring-shaped portion 24b of the
end cell spacer 24 is placed against the fin 21a of the heat
transfer member 21 and around the outer periphery of the two
battery cells 80. The circular body 24a of thé end cell spacer
24 rests in contact with the bag 81 of the cell 80. The cut-out
24c allows the rods 36, 46 to pass therethrough.

With the above-discussed battery structure, heat generated
within each battery cell 80 is rapidly transferred through the
heat transfer members 21 from the fin body 21a to the flanges
21b, and thence, due to the tight contact between the inner wall
of the pressure vessel and the flange, to the pressure vessel 5.
As a result, the thermal conductivity between the battery cells
80 and the pressure vessel 5 is greatly improved compared with
a conventional common pressure vessel type Ni~-H, battery.

Several alternatives and variations of the above-described
battery are possible. For example, as shown in Fig. 10, the heat
transfer members 21 can be semi-circular in shape as well as the
spacers. In this case, two stacks of compartments, each
compartment being generally semi-cylindrical in shape, are
assembled together to form a cylindrical shape. That is, each

of the stack of compartments has an outer wall having the shape

-10-
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of a cylinder sliced lengthwise along a plane slightly offset
from the longitudinal axis of the cylinder so that a small gap
is provided between the two cell stacks. The two stacks of
compartments once assembled are inserted into the vessel 5.
Provisions for maintaining the gap between the two stacks are
well known in the art, and a suitable example is illustrated and
described in the aforementioned patent'appl;cation.

Other embodiments include a heat transfer member of a
"T-shape" such as that shown in Fig. 11. Here, the heat transfer
member includes a fin body 2la and a plurality of flanges 21b,
21b' extending longitudinally from both sides of the fin 21a.
The flanges 21b, 21b' are separated by a plurality of slits 21lc,
21c’.

There has thus been shown and described a novel Ni-H,
battery having improved thermal properties which fulfills all the
objects and advantages sought therefor. Many changes,
modifications, variations and other uses and applications of the
subject invention will, however, become apparent to those skilled
in the art after considering the specification and the
accompanying drawings which disclose preferred embodiments
thereof. All such changes, modifications, variations and other
uses and applications which do not depart from the spirit and
scope of the invention are deemed to be covered by the invention

which is limited only by the claims which follow.

_ll-
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CLAIMS
What is claimed is:
1. A battery comprising:
a pressure vessel; and
a plurality of compartments disposed in side-by-side
relation, each of said compartments comﬁrising:

a heat transfer member having a'fin portion and a
flange portion extending longitudinally from said fin portion,
said flange being in thermal contact with an inner wall of said
pressure vessel; and

a plurality of battery cells, at least one battery cell
being disposed in each of said compartments and in thermal

contact with adjacent fin portions of said heat transfer members.

2. A battery as defined in Claim 1, wherein each of said
compartments further comprises a cell spacer for maintaining
adjacent heat transfer members of adjacent compartments a

predetermined distance from one another.

3. A battery as defined in Claim 2, wherein said cell

spacer is ring-shaped.

4. A battery as defined in Claim 2, further comprising
first and second weld rings and a wave spring, and wherein a
first outer one of said compartments comprises an end cell
spacer, said first weld ring being in contact with a heat
transfer member of a second outer compartment, and said wave

spring being in contact with said end cell spacer and said f:rst

-12-
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weld ring so as to provide a preloading force on said stack of

compartments.

5. A battery as defined in Claim 1, wherein the length of
said flange portion of said heat transfer member is less than the

width of said battery cell.

6. A battery as defined in Claim 1, wherein the length of
said flange portion of said heat transfer member is the same as

the width of said battery cell.

7. A battery as defined in Claim 1, wherein said flange

portion forms an obtuse angle with said fin portion.

8. In a metal oxide hydrogen battery, an outer pressure
vessel, a plurality of cell modules disposed in side-by-side
relation in said vessel, a heat transfer member disposed between
adjacent cells modules, each heat transfer member including a
generally flat fin disposed between adjacent cell modules and a
peripheral flange extending from the periphery of said fin and
disposed in engagemeﬁt with'the inner surface of said pressure
vessel, the width of said cell modules being greater than the
longitudinal length of said flanges whereby the outer end of each
flange is disposed out of contact with adfacent heat transfer
members, and connecting means for connecting the cell modules and

heat transfer members in side-by-side relation as a stack.

-13-
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9. The battery of Claim 8, wherein said pressure vessel
includes a generally cylindrical metal liner, said flanges being

disposed in contact with said metal liner.

10. The battery of Claim 9, wherein said heat transfer
members are composed of a material having a high coefficient of

thermal conductivity.

11. The battery of Claim 8, wherein each cell modules is
semi-cylindrical in configuration and said fins are generally

semi-circular in configuration.

12. The battery of Claim 8, wherein each cell modules in
generally cylindrical in confiquration and each fin is generally

circular in configquration.

13. The battery of Claim 8, wherein each flange is provided
with a plurality of generally longitudinal circumferentially

spaced Slits.

14. The battery of Claim 8, wherein each flange is flexible
and in the unrestrained state before assembly of the stack with
said pressure vessel extends at an obtuse angle with respect to

the corresponding fin.

15. The battery of Claim 8, wherein each flange is
constructed and arranged to exert an outward radial force against

said pressure vessel.

=14~
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16. In a metal oxide-hydrogen battery, an outer pressure

vessel including a generally cylindrical metal shell, a plurality

of heat transfer members each including a generally flat fin
disposed between each pair of adjacent cell modules and having
a peripheral flange disposed in engagement with said metal shell,
the width of said cell modules being greater that the length of
the flanges of said heat transfer members whereby each flange is
disposed out of contact with the adjacent heat transfer member,
clamping means for clamping the cell modules and said heat
transfer members together in side-by-side relations as a stack,
and means for permitting said flange to follow radial expansion

of said pressure vessel.

17. The battery of Claim 16, wherein each cell module is
generally semi-cylindrical in shape and each fin is semi-circular

in shape.

18. The battery of Claim 16, wherein each cell module is

generally cylindrical in shape and each fin is circular in shape.

19. 1In a metal oxide-hydrogen battery, an outer pressure
vessel, a group of cell modules disposed in side-by-side
relations in said pressure vessel, a plurality of heat transfer
members, each heat transfer member including a generally flat fin
disposed between adjacent cell modules and each heat transfer
member including a peripheral flange extending generally
longitudinally from the peripheral edge of each fin and disposed

in engagement with the inner surface of said pressure vessel,

-]~
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each flange being provided with a plurality of longitudinally
extending circumferentially spaced slits, the width of each cell
modules being greater than the length of each flange whereby the
outer end of each flange is disposed out of contact with the
adjacent heat transfer member, and clamping means for clamping
the cell modules and heat transfer ﬁember in side-by-side

relation as a stack.

20. The battery of Claim 19, wherein each flange in the
unrestrained stated prior to assembly of said stack with said
pressure vessel extends at an obtuse angle with respect to the
corresponding fin, said flange exerting an outward radial force
against pressure vessel after assembly of said stack with said

vessel.

_16-
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