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1
FLEX-ACTUATED BISTABLE DOME PUMP

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to the field of pumps, and more
specifically, to pumps wherein the pump 1s actuated by a
reciprocating motion and 1n which flowable material 1is
pumped without relative motion occurring between struc-
tural elements that are within the pump.

ATrt:

The art provides various showings of flexible tube and
flexible diaphragm pumps. Representative are U.S. Pat. Nos.
2,888,877, 3,733,149, 3,955,901, 4,344,743, 4,974,674, and
5,281,108. While devices such as shown 1n these patents
have been generally satisfactory for their limited intended
purposes, the need remains 1n the art for a simple and
reliable pump that includes a minimum number of parts and
that operates by virtue of a simple oscillatory or reciprocat-
Ing motion.

2. Description of the Related

This invention makes use of one or more shallow bistable
domes that are formed 1n a strip of a metal, such as hardened
stainless steel. U.S. Pat. No. 5,563,458 by the present
mventor, and entitled APPARATUS AND METHOD FOR
SENSING SURFACE FLEXURE, 1s incorporated herein by
reference. The apparatus/method of this patent makes use of
a generally similar strip of metal in a flexible circuitry
laminate to form a paper thin sensor of flexible on/off
switches.

SUMMARY OF THE INVENTION

The flexible pump of this mmvention operates to pump a
flowable material, such as liquid or gas, when an elongated,
flexible, plastic or plasticlike tube 1s bent. The pumping
mechanism within the tube comprises at least one, and
preferably an elongated row of metal, stainless steel, or
hardened stainless steel shallow bistable domes that 1nvert or
switch back and forth, between an 1nside curvature or
concave state and an outside curvature or convex state, 1n
response to reciprocating bending of the tube/strip pump
assembly. Dome switching within the tube causes flowable
material to be drawn into the tube as the dome(s) assumes a
first state, and causes flowable material to be dispensed from
the tube as the dome(s) assumes a second stable state. Flow
in and flow out check valves are provided to control the
direction of flow through the tube.

While spherically, generally spherical, or pseudo spheri-
cal shaped domes are preferred within the spirit and scope of
this mnvention other dome shapes can be used.

While stainless a flexible metal plate and a flexible metal
strip will be described 1n relation to embodiments of the
invention, note 1s to be taken that within the spirit and scope
of this mvention other flexible materials, such as plastics,
composites and laminates are usable 1n the practice of the
invention.

The simple pump of this invention provides that no
mechanical movement occurs between structural pump
members. That 1s, pumping results from the movement of
the bistable metal domes from one side of the metal strip to
the other.

An object of this 1nvention 1s to provide a pump having a
housing that defines an interior volume. A flow 1n check
valve allows flow 1nto the mterior volume. A flow out check
valve allows flow out of the interior volume. A flexible metal
plate having a center portion forms a wall of the interior
volume, and edge portions of the metal plate extend exterior
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of the housing. At least one bistable dome 1s formed 1n the
center portion of the plate metal member such that a direc-
fion of inward or outward protrusion of the bistable dome
relative to the interior volume operates to switch back and
forth relative to the interior volume as the plate edge
portions are subjected to a bending force. Switching of the
bistable dome 1n a concave direction operates to reduce the
interior volume and produce pump pressure. Switching of
the bistable dome 1n a convex direction operates to increase
the interior volume and produce pump suction.

Another object of this invention is to provide a pump that
includes an elongated flexible tube having a generally cir-
cular cross section and an 1ner diameter, and a thin,
clongated, and flexible metal strip that has a relatively
uniform width and generally parallel side edges, wherein the
strip’s width 1s greater than the tube’s mner diameter. The
metal strip 1s inserted 1nto an end of the tube. The metal strip
thereby operates to cause the tube to deform to a generally
clliptical cross section, with the edges of the metal strip
being physically sealed to the tube by physical engagement
with the tube inner surface. In this way, a first elongated
passageway 1s formed on one side of the metal strip, and a
second elongated passageway 1s formed on an opposite side
of the metal strip. The metal strip carries at least one bistable
shallow metal dome that 1s formed in the metal strip, and
preferably the metal strip carries a linear, elongated row of
a number of the metal domes. When a row of domes 1s
provided, the generally circular perimeter of adjacent domes
preferably overlap. When the tube and strip are bent as a
pump unit and 1n a direction generally normal to the metal
strip, the direction of protrusion of the bistable dome(s)
switch move from one of the passageways to the other
passageway, depending upon the direction of bending. In
this way, an increased volume of the one passageway
operates to cause the one passageway to become a suction
source, and a concomitant decrease 1in the volume of the
other passageway causes the other passageway to become a
pressure Source.

The flow 1n and flow out check valves that are shown and
described relative to the various embodiments of this inven-
fion can take many forms, and their detailed construction
and arrangement 1s not critical to the invention. While these
check valves are shown as being associated with portions of
the pump assembly that are not related to the bistable
dome(s) of the invention, if desired, the check valves can be
incorporated within the flexible plate/strip that contains the
bistable dome(s), or perhaps in some part of the bistable
dome(s). These and other features and advantages of the
invention will be apparent to those of skill 1n the art upon
reference to the following detailed description, which
description makes reference to the drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 15 a side view, partially 1n section, of an embodi-
ment of the mvention where a closed housing includes a
flow-1n check valve, a flow-out check valve, and a generally
square metal plate having one bistable dome formed therein.

FIG. 2 1s a reduced size perspective view of the metal
plate of FIG. 1, this view better showing the shape of the
plate bistable dome.

FIG. 3 1s a side view of a Hlexible tube that 1s used 1n a
second embodiment of the invention.

FIG. 4 1s an end view of the tube shown 1n FIG. 3.

FIG. 5 1s a top view of a metal strip having a linear row
or array of overlapping metal domes for use 1 the second
embodiment of the invention.
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FIG. 6 1s an end view of the second embodiment of the
invention wherein the metal strip of FIG. 5 has been inserted
into one end of the FIG. 3 flexible tube, thus causing the tube
to take a generally elliptical shape as the edges of the metal
strip are sealed to the interior surface of the tube, such that
bending the tube 1n a direction generally normal to the plane
of the metal strip operates to bend the metal strip and cause
the metal domes to move between their two stable concave/
convex states.

FIG. 7 1s a side view of an embodiment of the invention

wherein the pump assembly of FIG. 6 includes one pumping,
chamber and two flow control check valves.

FIG. 8 1s a side view of an embodiment of the mnvention
wherein the pump assembly of FIG. 6 includes two pumping,
chambers and four flow control check valves, a flow 1n and
a flow out check valve being provided for each of the two
pumping chambers.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

This 1mnvention provides a flexible pump assembly that
pumps a flowable material when the pump assembly, or a
portion of the pump assembly, 1s bent. The pumping mecha-
nism comprises one shallow bistable dome, or an overlap-
ping row or linear array of bistable domes, that switch back
and forth from one stable state of curvature, for example an
inside curvature, to a second stable state of curvature, for
example an outside curvature, 1n response to a bending force
being applied to the pump assembly.

A preferred material for forming the bistable dome(s) is a
metal such as stainless steel, hardened stainless steel, or any
plastic, composite, laminate, or metal-like material having,
similar hard, flexible, characteristics.

The bistable dome(s) forms a wall of a housing having
first and second check valves to control the direction of flow
into and out of the housing. In this way, a closed housing is
formed, the housing having an internal volume. When the
dome(s) move to an outside curvature state, the internal
volume of the housing 1s increased, and a suction force
within the housing pulls a flowable material (for example,
liquid or gas) into the internal volume, through a flow in
check valve. When the dome(s) move to an inside curvature
state, the mternal volume of the housing 1s decreased, and a
pressure force forces the flowable material out of the internal
volume through a flow out check valve.

A proportional relationship exists between the degree of
inside curvature/outside curvature and the quantity of flow-
able material that 1s pumped. All that 1s required for pump-
ing to occur 1s that leverage, or force, be applied to etfect
displacement of the dome(s) between two stable curvature
states. When the metal material adjacent to the dome 1s bent
in the same direction as a first stable position or state
currently occupied by the dome, flexural forces within the
metal cause the dome to buckle, snap, move or invert in the
other direction to the dome second stable state.

A wide variety of natural and mechanical force phenom-
enon can be used to provide the bending force that is
necessary to actuate the pump, and the details of these force
means are not critical to the invention. The simplicity of this
invention dome and pump construction provides a high
degree of versatility and economy for a wide range of
dimensional scales and pumping applications.

FIGS. 1 and 2 show a single dome embodiment of the
invention. Pump 10 of this embodiment includes a closed
housing 11 that 1s made up of a generally rigid box-like
member 12 having an open bottom and side walls that
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include a flow in check valve 13 and a flow out check valve
14. The generally square bottom opening of box-like mem-
ber 12 1s closed by a generally square metal plate 15 having
one bistable dome 16 formed generally 1n the center thereot
as best seen 1n FIG. 2. The means of attaching metal plate
15 to box-like housing 1s not critical to the invention, with
the exception that the attachment means should not exces-
sively 1nhibit bending of metal plate 15 by operation of
reciprocating force means 19, as will be described. While
closed housing 11 1s shown as being generally cubical in
shape with its bottom opening closed by metal plate 15 the
spirit and scope of the invention 1s not to be limited to this
cubical construction and arrangement, nor to this bottom
placement of metal plate 15.

Closed housing 11 defines a generally cubical interior
volume 17. One or more peripheral edges 18 of plate 15
remain exposed outside of volume 17. Any of a great
number of force means 19, not critical to this invention, are
assoclated with one or more peripheral edges 18 of metal
plate 15. Force means 19 operates to apply an oscillatory

bending force 19 to the generally tlat plane of plate 15, best
seen 1n FIG. 2.

As a result of the operation of oscillating force means 19,
bistable dome 16 1s caused to oscillate between a stable
concave state 20, and a stable convex state 21. When
bistable dome 16 moves to 1ts stable concave state 20,
interior volume 17 1s reduced, pump pressure 1s produced,
and flowable material within interior volume 17 flows out of
flow out check valve 14, into conduit 24, and thereby into a
flow in source (not shown). When bistable dome 16 moves
to 1ts stable convex state 21, interior volume 17 1s 1increased,
pump suction 1s produced, and flowable material held by a
flow in source (not shown) flows into conduit 25, into flow
in check valve 13, and into interior volume 17. FIGS. 3—-6
show an embodiment of the invention wherein a pump 1s
made up of a longitudinally flexible tube 30 that tightly
holds, or confines, a longitudinally flexible metal strip 32 1n
which a row of bistable domes 34 are formed, the domes
preferably being dimensionally overlapping domes as best

seen 1n FIG. 5.

FIG. 3 1s a side view of the flexible tube 30 that 1s used
in this second embodiment of the invention (preferably a
plastic tube). FIG. 4 1s an end view of tube 30 showing its
inner diameter 31. FIG. 5 1s a top view of a thin metal strip
32 (preferably stainless steel) having a linear row or array 33
of metal domes 34 formed therein. Each of the domes 34
define a peripheral edge 35 that lies in the generally flat
plane of metal strip 32. As shown 1 FIG. 5, domes 34
preferably have a center-to-center spacing 36 such that the
peripheral edges 35 of adjacent domes dimensionally over-
lap.

In this embodiment, the width 37 of flexible metal strip 32
1s somewhat greater than the mner diameter 31 of flexible
tube 30. FIG. 6 1s an end view showing how flexible metal
strip 32 1s mserted 1nto one end of flexible tube 30, thus
forcing the cross section of tube 30 to take a generally
clliptical shape as the two edges 40 and 41 of the metal strip
32 are sealed to the interior surface 43 of tube 30. It 1s to be
noted that while metal strip 32 1s longitudinally flexible 1n a
direction generally normal to its flat plane, metal strip 32 1s
relatively stiff 1n 1ts width dimension 37. Thus, metal strip 32
operates to maintain the elliptical cross section of tube 30
shown 1n FIG. 6 throughout the operation of the pump.

As best seen 1n FIG. 6, metal strip 32 operates to divide
the 1nterior volume of tube 30 into an upper interior volume
45, and a lower interior volume 46. In FIG. 6, the various
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bistable domes 34 within metal strip 32 are shown to be in
therr upward stable position. In this position, the interior
volume 45 has been reduced, and interior volume 46 has
been increased. When bistable domes 34 assume their lower
stable position, shown by dotted line 48, mterior volume 45

has been 1ncreased and interior volume 46 has been
decreased.

FIGS. 7 and 8 show two embodiments of the invention

using the flexible tube/flexible strip pump assembly shown
in FIG. 6.

FIG. 7 1s a side view of an embodiment wherein the pump
assembly of FIG. 6 includes one pumping chamber 45, a
flow 1 check valve 70, and a flow out check valve 71.

The manner 1n which the pump assembly of FIG. 6 1s
bent, or oscillated 1n a direction generally normal to the
plane of metal strip 32 (i.e., in a direction into and out of the
plane of FIG. §), is an oscillatory force means 72 that is
applied to one end of the pump assembly 1n relation to the
other end of the pump assembly, this other end of the pump
assembly perhaps being a fixed position end.

As will be appreciated from the above description, when
bistable domes 34 move to an upward position relative to the
pump orientation that is shown 1n FIG. 7, the volume of
pumping chamber 45 1s decreased, a pump pressure 1s
produced 1n pumping chamber 45, and flowable material in
pumping chamber 45 flows out of flow out check valve 71,
through conduit 73, and into a flow in source (not shown).

Alternately, when bistable domes 34 move to a downward
position relative to the pump orientation that 1s shown in
FIG. 7, the volume of pumping chamber 45 1s increased, a
pump suction i1s produced i pumping chamber 45, and
flowable material from a flow in source (not shown) flows
through conduit 74, through flow 1n check valve 70, and into
pumping chamber 45. If desired, an air vent 75 may be
provided 1n the FIG. 7 embodiment to vent chamber 46
above described relative to FIG. 6.

FIG. 8 1s a side view of an embodiment of the invention
that 1s generally similar to above-described FIG. 7.
However, 1n FIG. 8, the two chambers 45 and 46 are each
used as a pumping chamber, and each pumping chamber
mncludes a flow 1n check valve 80, 81 and a flow out check
valve 82, 83. While the check valves of FIG. 8 are arranged
so that flow occurs 1n the same right to left direction through
pumping chambers 46 and 46, it 1s within the spirit and
scope of the invention to arrange the check valves to produce
counter flow through the two pumping chambers.

Also as will be apparent from the above description of the
operation of the pump assembly of FIG. 7, when the bistable
domes 34 within metal strip 32 operate to produce pump
suction 1n one of the two pumping chambers 45, 46, the
bistable domes concomitantly operate to produce pump
pressure 1n the other two pumping chambers 45, 46.

Without limitation thereto, a pump embodiment in accor-
dance with this invention, comprises a linear row, or array,
of fifty overlapping bistable domes 34, the fifty domes
occupying a total band length of about 35 c¢cm, wherein
domes 34 were formed 1n a band or strip 32 of hardened
stainless steel. Band 32 was about 12 mm wide (i.e.,

dimension 37 of FIG. §) and about 0.152 mm thick (i.e., as
measured normal to dimension 37).

Domes 34 were formed by stamping metal band 32 1n a
direction generally normal to the plane of the band (i.e.,
normal to the plane of FIG. §), and between a convex tool
(not shown) and a relatively movable concave die (not
shown) whose contact surfaces approximated a spherical or
pseudo-spherical shape. Dome bistability was best achieved
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by stamping both sides of band 32 for each of the domes 34.
This metal stamping was performed so that domes 34 were
about 10 mm 1n diameter, and had center to center spacing,
36 of about 7 mm, thus providing an overlap of adjacent
dome profiles, as shown 1n FIG. §.

Metal band 32, containing the row 33 of bistable domes
34, was then 1nserted 1nto a flexible polyvinyl chloride tube,
or tubing 30, having an inner diameter (ID) 31 of about 8
mm, and an outer diameter (OD) of about 12 mm. During

band 1nsertion, tube 30 was temporarily flattened to provide
for the ease of band 1nsertion. A watertight/airtight seal was
thus produced between the longitudinal edges 40, 41 of band
32, and the mner surface 43 of tube 30.

The tube/band bending device (i.e., the force means 72 of
FIGS. 7 and 8) consisted of a motor-driven rigid arm that
relatively moved the two opposite ends of the tube/band
pump assembly. As a result, the middle of band 32 alternated
between a convex and a concave curvature, and domes 34
experienced about a 0.17 mm dome displacement or pop-
ping distance.

The above-described flow 1n and flow out check valves
consisted of short lengths of rubber tubing having thin
rubber flaps that moved to uncover the tube central opening
when pressure was applied to lift or pivot the flaps.

Pump assemblies in accordance with the imvention oper-
ate 1 either a horizontal or a vertical orientation of the pump
assembly, and the pump assembly does not require priming.
An 1nteresting utility of such a pump 1n accordance with this
invention 1s to horizontally float the pump on a water
surface, with waves 1n the water operating to flex the pump
assembly and thereby produce a pumping action.

The mvention has been described 1n detail while making,
reference to various embodiments. However, 1t 1s recognized
that those skilled in the art will, upon learning of this
invention, readily visualize yet other embodiments that are
within the spirit and scope of this invention. Thus, the
above-detailed description 1s not to be taken as a limitation
on the spirit and scope of this mnvention.

What 1s claimed 1s:

1. A pump comprising:

a flexible tube having a generally circular cross section

and an 1nner diameter;

a thin, elongated, and flexible strip having a relatively
uniform width and having generally parallel side edges;

said strip width being greater than said inner diameter of
said tube;

said strip being mserted within said tube, and said strip
thereby operating to cause said tube to deform to a
generally elliptical cross section, with said strip edges
being generally sealed by engagement with said inner
diameter of said tube;

said strip thereby forming a first chamber on one side of
said strip;

said strip thereby forming a second chamber on an
opposite side of said strip;

at least one bistable dome formed in said strip;

a direction of protrusion of said at least one bistable dome
operating to switch back and forth between said first
and second chambers as said tube and strip are sub-
jected to alternate bending, as a unit, in one direction
generally normal to said strip and then in an opposite
direction generally normal to said strip; and

said switching of said at least one bistable dome 1n one of
said directions operating to reduce a volume of one of
said chambers as a volume of the other of said cham-

bers 1s concomitantly increased.
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2. The pump of claim 1 mcluding;:

a first check valve associated with said first chamber;

said first check valve being constructed and arranged to
allow flow 1nto said first chamber;

a second check valve associated with said first chamber to
allow flow out of said first chamber.
3. The pump of claim 2 mcluding;:

a third check valve associated with said second chamber;

said third check valve being constructed and arranged to
allow flow 1nto said second chamber;

a fourth check valve associated with said second chamber;
and

said fourth check valve being constructed and arranged to

allow flow out of said second chamber.

4. The pump of claim 3 wherein said strip 1s a metal strip.

5. The pump of claim 1 wherein an elongated row of
bistable domes are formed along a length of said strip.

6. The pump of claim 5 wherein said each of said bistable
domes has a generally a spherical shape and wherein said
domes are spaced such that said spherical shapes overlap
along said length of said strip.

7. The pump of claim 6 including;

a first check valve associated with said first chamber;

said first check valve being constructed and arranged to
allow flow 1nto said first chamber;

a second check valve associlated with said first chamber;
and

said second check valve being constructed and arranged
to allow flow out of said first chamber.
8. The pump of claim 7 including;

a third check valve associated with said second passage-
way,

said third check valve being constructed and arranged to
allow flow into said second chamber;

a fourth check valve associated with said second chamber;
and

said fourth check valve being constructed and arranged to
allow flow out of said second chamber.

9. The pump of claim 8 wherein said strip 1s a stainless
steel strip.

10. The pump of claim 9 wherein said flexible tube 1is
impervious to material to be pumped.

11. A pump comprising:

a housing having an interior volume;

a first check valve allowing flow 1nto said interior volume;

a second check valve allowing flow out of said interior
volume;

a flexible member, said flexible member having portion
that forms a wall of said interior volume, said flexible
member having edge portions that are not within said
mterior volume; and

at least one bistable dome formed in said portion of said

flexible member;

a direction of inward/outward protrusion of said at least
onc bistable dome relative to said iterior volume
operating to switch back and forth relative to said
interior volume as said edge portions of said metal
member are subjected to a bending force, said dome
switching being 1n a concave direction generally nor-
mal to said metal member, and then In a convex
direction generally normal to said metal member;

said switching of said at least one bistable dome 1n said
concave direction operating to reduce said interior
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volume, and said switching of said at least one bistable
dome 1n said convex direction operating to 1ncrease
said mterior volume.

12. The pump of claim 11 wherein said flexible member
1s metal.

13. The pump of claim 11 wherein said housing 1s selected
from the group rigid housing and flexible housing.

14. The pump of claim 11 wherein said flexible member
1s stainless steel and wherein said housing 1s selected from
the group rigid housing and flexible housing.

15. The pump of claam 11 wherein a linear array of
bistable domes are formed 1n said flexible member, each of
said bistable domes having a generally spherical shape, and
sald domes being spaced such that said spherical dome
shapes overlap along said linear array of bistable domes.

16. The pump of claim 15 wherein said flexible member
1s stainless steel and wherein said housing 1s selected from
the group rigid housing member and flexible housing mem-
ber.

17. A pump comprising:

housing means defining an interior volume;

a flow 1n check valve associated with said housing means;

a flow out check valve associated with said housing
means;

a flexible plate having a generally center portion that
forms a wall of said housing means, said plate having
other portions exterior of said housing means;

a bistable dome formed 1n said generally center portion of
said flexible plate;

force means operable to apply an alternating bending
force to said other portions of said flexible plate,
thereby causing said bistable dome to move between a
stable inward protrusion state and a stable outward
protrusion state;

said stable mmward protrusion state of said bistable dome
operating to reduce said mterior volume and produce
pump pressure; and

said stable outward protrusion state of said bistable dome
operation to increase said interior volume and produce
pump suction.
18. The pump of claim 17 wherein said flexible plate 1s a
flexible metal plate.
19. A pump comprising;:
an elongated flexible tube having a first and a second end;

an clongated flexible strip tightly contained within said
tube;

said flexible strip defining a first elongated tube volume
having a first and a second end;

said flexible strip defining a second elongated tube vol-
ume having a first and a second end;

an clongated row of bistable domes formed i1n said
flexible strip;

force means operable to apply an alternating bending
force to said tube 1n a direction generally normal to said
flexible strip, thereby causing said bistable domes to
move between stable mmward protrusion states and
stable outward protrusion states;

a first flow 1n check valve associated with said first tube
volume;

a first low out check valve associated with said first tube
volume;

said stable inward protrusion state of said bistable domes
operating to reduce said first tube volume and produc-
Ing pump pressure; and
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said stable outward protrusion state of said bistable domes
operation to increase said first tube volume and pro-
ducing pump suction.

20. The pump of claim 19 wheremn each of said bistable
domes 1ncludes a dome perimeter, and wherein dome perim-
cters of adjacent bistable domes dimensionally overlap.

21. The pump of claim 20 wherein said flexible strip 1s
made of a material selected from the group flexible metal,
flexible stainless steel metal, flexible plastic, a flexible
composite material, a flexible plastic/metal laminate and a
flexible plastic composite material.

22. The pump of claim 19 wherein said stable inward
protrusion state of said bistable domes operates to increase
said second tube volume and produce pump suction, and
wherein said stable outward protrusion state of said bistable
domes operate to decrease said second tube volume and
produce pump pressure, including:

a second How 1n check valve associated with said second
tube volume; and

a second flow out check valve associated with said second

tube volume.

23. The pump of claim 22 wherein each of said bistable
domes mclude a dome perimeter, and wherein dome perim-
eters of adjacent bistable domes dimensionally overlap.

24. The pump of claim 23 wherein said flexible strip 1s a
stainless steel flexible strip.

25. Amethod of making a pump assembly, comprising the
steps of:

providing a pumping chamber having a flow 1n check
valve and a flow out check valve;

providing a flexible member as a wall of said pumping
chamber;

providing at least one bistable dome 1n said flexible
member; and

providing oscillatory force means to flex said flexible
member 1n alternating manner, to thereby cause a
position of said at least one bistable dome to alternate
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between stable inward position relative to said pumping
chamber and a stable outward position relative to said
pumping chamber.

26. The method of claim 25 including the step of:

providing said flexible member as a flexible metal mem-

ber.
27. The method of claim 25 including the steps of:

providing said flexible member as a flexible stainless steel
strip; and

providing a row of bistable domes 1n said stainless steel
Strip.

28. The method of claim 27 wherein said bistable domes

are center to center spaced such that adjacent bistable domes

dimensionally overlap while mamtaining said center to

center spacing.
29. The method of claim 25 including the steps of:

providing said flexible member as a flexible strip that 1s
formed from the material group metal material, plastic
material, composite material and laminate material.
30. The method of claim 29 including the step of:

providing a row of bistable domes 1n said flexible strip.
31. The method of claim 30 wherein said bistable domes

are center to center spaced such that adjacent bistable domes
dimensionally overlap while maintaining said center to

center spacing.
32. The method of claim 25 including the steps of:

providing a tool and die set having mating surfaces that
define a generally spherical surface; and

using said tool and die set to form said at least one bistable
dome 1n said flexible member.
33. The method of claim 29 including the step of:

providing said flexible member as a flexible strip that is
formed of a metal or metal like material; and

using said tool and die set to form a row of bistable domes
in said flexible strip.
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