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A heat exchanger which Is constructed such that heat exchanger plates (S1, $2) Iin the form of a quadrilateral are bent at fold
lines In a zigzag manner to form combustion gas passages (4) and air passages (5) alternately in a circumferential direction so
as to enhance material yield and to facilitate brazing of components for formation of a fluid duct. Thus radially outward peripheral
walls (6, 8o, 100) and radially inward peripheral walls (7, 81, 101), respectively, are brazed to fold lines at outer peripheries and
iInner peripheries of the heat exchanger plates (S1, S2) to form a duct (13) continuous to a combustion gas inlet (11), a duct (14)
continuous to a combustion gas outlet (12), a duct (17) continuous to an air passage inlet (15), and a duct (18) continous to an

alr passage outlet (16).
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A heat exchanger which is constructed
such that heat exchanger plates (S1, S2) in the
form of a quadrilateral are bent at fold lines in
a zigzag manner to form combustion gas
passages (4) and air passages (5) alternately in
a circumferential direction so as to enhance
material yield and to facilitate brazing of
components for formation of a fluid duct. Thus
radially outward peripheral walls (6, 80, 100)
and radially inward peripheral walls (7, 8i,
10i), respectively, are brazed to fold lines at
outer peripheries and inner peripheries of the
heat exchanger plates (S1, S2) to form a duct
(13) continuous to a combustion gas inlet (11),
a duct (14) continuous to a combustion gas
outlet (12), a duct (17) continuous to an air
passage inlet (15), and a duct (18) continous to
an air passage outlet (16).
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SPECIFICATION
HEAT EXCHANGER
FIELD OF THE INVENTION

The present invention relates to an annular-shaped heat
exchanger including high-temperature fluid passages and
low-temperature fluid passages defined alternately by folding
a plurality of first heat-transfer plates and a plurality of
second heat-transfer plates in a zigzag fashion.

BACKGROUND ART

Such heat exchanger is known from Japanese Patent
Application Laid-open No.57-2983. There 1is also a heat
exchanger known from Japanese Patent Application Laid-open
No.59-183296, which includes high-temperature fluid passages
and low-temperature fluid passages defined alternately between
heat-transfer plates disposed in parallel, and outlets and
inlets for ahigh-temperature £fluid and a low-temperature fluid,
which are defined by cutting opposite ends of each of the
heat-transfer plates into angle shapes.

When ducts are connected to the high-temperature fluid
passages and the low-temperature fluid passages in a heat
exchanger made of a metal, it is necessary to bond ends of a
partition plate forming the duct to the heat-transfer plates
of the heat exchanger by brazing. The heat exchanger in which

the opposite ends of each of the heat-transfer plates are cut
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into the angle shape, as described in the above Japanese Patent
Application Laid-open No0.59-183296, suffers from the following
problem: The material yield for the heat-transfer plates is
naturally poor, and it is necessary to braze the partition plate
to the apex of the end surface resulting from the cutting into
the angle shape. For this reasdn, it 1s difficult to carry out
the brazing operation because of a small brazing'area, and
moreover, it 1is difficult to provide a sufficient brazing
strength.

DISCLOSURE OF THE INVENTION

The present invention has been accomplished with the
above circumstances in view, and it is an object of the present
invention to provide a heat exchanger in which a good material
vyield is provided and moreover, it is easy to carry out the
brazing of a member for forming a fluid duct.

To achieve the above object, according to an aspect and
feature of the present invention, there is provided a heat
exchanger characterized in that the heat exchanger is formed
from a folding plate blank comprising a plurality of first
quadrilateral heat-transfer plates and a plurality of second

quadrilateral heat-transfer plates which are alternately
connected together through first and second folding lines, the

folding plate blank being folded in a zigzag fashion along the

first and second folding lines, thereby defining axially
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extending high-temperature and low-temperature fluid passages

alternately in a circumferential direction, radially outer

peripheral walls are brazed to the plurality of first folding
lines located on a radially outer side and radially inner
peripheral walls are brazed to the plurality of second folding
lines located on a radially inner side, thereby closing radially
outer and inner peripheries of the axjially extending high-
temperature and low-temperature fluid passages, while defining
high-temperature fluid ducts connected to the high-temperature
fluid passages and low-temperature fluid ducts connected to the
low-temperature fluid passages; a high-temperature fluid
passage inlet and a high-temperature fluid passage outlet are
formed in openings at axially opposite ends of the high-
temperature £luid passages; and projection stripes provided on
the first and second heat-transfer plates are brazed to one
another, thereby closing axially opposite ends of the low-
temperature fluid passages, while defining a low-temperature
fluid passage inlet in one of the radially outer and ;nner
peripheral walls on the side of the high-temperature fluid
passage outlet, and a low-temperature fluid passage outlet on
the other of the radially outer and inner peripheral walls on

the side of the high-temperature fluid passage inlet.

With the above arrangement, the radially outer peripheral

walls are brazed to the plurality of first folding lines located
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on the radially outer side and the radially inner peripheral
walls are brazed to the plurality of second folding lines
located on the radially inner side in order to define the
high-temperature fluid ducts connected to the high-temperature
flulid passages and the low-temperature fluid ducts connected
to the low-temperature fluid passages. Therefore, it 1is
unnecessary to carry out a special working treatment in order
to form brazed portions on the first and second heat-transfer
plates, leading not only to a reduced number of working steps,
but also to an increased brazing strength, as compared with the
case where the first and second heat-transfer plates are brazed
to the cut end surfaces.

In addition, the high-temperature fluid passage inlet and
the high-temperature fluid passage outlet are defined in the
openings at the axially opposite ends of the high-temperature
fluid passages, and the projection stripes provided on the first
and second heat-transfer plates are brazed to one another to
close the axially opposite ends of the low-temperature fluid
passages, while defining the low-temperature fluid passage
inlet in one of the radially outer and inner'peripheral walls
on the side of the high-temperature fluid passage outlet, and
the low-temperature fluid passage outlet on the other of the
radially outer and inner peripheral walls on the side of the

high-temperature fluid passage inlet. Therefore, even if the
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first and second heat-transfer plates are formed into a simple
quadrilateral shape to enhance the material yvield, the outlets
and inlets for a high-temperature fluid and a low-temperature
fluid can be defined. Moreover, the projection stripes are used
for closing the opposite ends of the low-temperature fluid
passages and hence, it is unnecessary to provide flaps in a
projecting manner on the first and second heat-transfer plates
in place of the projection stripes, whereby the material yield
can be further enhanced.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs.1l to 9 show one embodiment of the present invention,
wherein

Fig.l is a side view of an entire gas turbine engine;

Fig.2 is a sectional view taken along a 1line 2-2 in Fig.1;

Fig.3 is an enlarged sectional view taken along a line
3-3 in Fig.2 (a sectional view of combustion gas passages):

Fig.4 is an enlarged sectional view taken along a line
4-4 in Fig.2 (a sectional view of air passages);:

Fig.5 is an enlarged sectional view taken along a line
5-5 in Fig.4;

Fig.6 is an enlarged sectional view taken along a line
6-6 in Fig.4;

Fig.7 1is a developed view of a folding plate blank:

Fig.8 1s a perspective view of an essential portion of
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a heat exchapger; and

Fig.9 is a pattern view showing flows of a combustion gas
and air.
BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will now be described by way of an
embodiment with reference to the accompanying drawings.

As shown in Figs.1l and 2, a gas turbine engine E includes
an engine body 1 in which a combustor, a compressor, a turbine

and the like (which are not shown) are accommodated. An

‘annular-shaped heat exchanger 2 is disposed to surround an outer

periphery of the engine body 1. The heat exchanger 2 comprises

four modules 2, having a center angle of 90° and arranged in

a circumferential direction with bond surfaces 3 interposed

therebetween. Combustion gas passages 4 and air passages 5 are

~circumferentially alternately provided in the heat exchanger

2 (see Fig.5), so that a combustion gas of a relative high
temperature passed through turbine 1is passed through the
combustion gas passages 4.:, a.nd alr of a relative low temperature
compressed in the compreéigf is passed through the alr passages '

5. A section in Fig.l corresponds to the combustion gas

passages 4, and the air passages 5 are defined adjacent this

side and the other side of the combustion gas passages 4.
The sectional shape of the heat exchanger 2 taken along

its axis is an axially longer and radially shorter quadrilateral
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shape. A radially outer peripheral surface of the heat
exchanger 2 is closed by a large-diameter cylindrical outer
casing 6, and a radially inner peripheral surface of the heat
exchanger 2 1s closed by a small-diameter cylindrical inner
casing- 7. A front outer duct member 80 and a front inner duct
member 81 are provided in a front portion of the heat exchanger
2, so that they are connected to front ends of the outer and
inner casings 6 and 7, respectively. A rear outer duct member
100 and a rear inner duct member 10i are provided in a rear
portion of the heat exchanger 2, so that they are connected to
rear ends of the outer and inner casings 6 and 7, respectively.

Each of the combustion gas passages 4 in the heat
exchanger 2 includes a combustion gas passage inlet 11 and a
combustion gas passage outlet 12 at left and right portions of
Fig.l. A combustion gas introducing space (referred to as a
combustion gas introducing duct) 13 defined between the front
outer duct member 80 and the front inner duct member 8i is
connected at its downstream end to the combustion gas passage
inlet 11, and a combustion gas discharging space (referred to
as a combustion gas discharging duct) 14 defined between the
rear outer duct member 100 and the rear inner duct member 10i
1s connected at its upstream end to the combustion gas passage
outlet 12.

Each of the air passages 5 in the heat exchanger 2 includes
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an air passage inlet 15 and an air passage outlet 16 at the right
and upper portion and the left and lower portion of Fig.l,
respectively. An air introducing space (referred to as an air
introducing duct) 17 defined along an inner periphery of a rear
outer housing 9 is connected at its downstream end to the air
passage inlet 15. An air discharging space (referred to as an
air discharging duct) 18 extending within the engine body 1 is
connected at its upstream end to the air passage outlet 16.

In this manner, the combustion gas and the air flow in
opposite directions from each other and cross each other as
shown in Figs. 3, 4 and 9, whereby a counter flow and a so-
called cross-flow are realized with a high heat-exchange
efficiency. Thus, by allowing a high-temperature fluid and a
low-temperature f£filuid to flow in opposite directions from each
other, a large difference 1in temperature between the high-
temperature fluid and the low-temperature fluid can be
maintained over the entire length of the flow paths, thereby

enhancing the heat-exchange efficiency.

The temperature of the combustion gas which has driven

the turbine is about 600 to 700°C in the combustion gas passage

inlets 11. The combustion gas is cooled down to about 300 to

400°C in the combustion gas passage outlets 12 by conducting

a heat-exchange between the combustion gas and the air when the

combustion gas passes through the combustion gas passages 4.
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On the other hand, the temperature of the air compressed by the

compressor is about 200 to 300°C in the air passage inlets 15.

The air is heated up to about 500 to 600°C in the air passage

outlets 16 by conducting a heat-exchange between the air and
the combustion gas, which occurs when the air passes through
the alir passages 5.

The structure of the heat exchanger 2 will be described
below with reference to Figs.3 to 8.

As shown in Figs.3, 4 and 7, each of the modules 2, of
the heat exchanger 2 is made from a folding plate blank 21 (see
Fig. 7) produced by previously cutting a thin metal plate such

as a stainless steel into a predetermined shape and then forming

‘an irregularity on a surface of the cut plate by pressing. The

folding plate blank 21 is comprised of first heat—transfer
plates S1 and second heat-transfer plates S2 disposed
alternately, and 1s folded 1into a zigzag fashion along
crest-fo\ldj.ng lines L; and valley-folding lines L,. The term
"crest-folding” means folding into a convex toward this side
or a closer side from the drawing sheet surface, and the term
“valley«-folding" means folding into a convex toward the other
side or a far side from the drawing sheet surface. Each of the
crest-folding lines L, and the valley-folding lines L, is not
a simple straight line, but actually comprises an arcuate

folding line or two parallel and adjacent folding lines for the
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10

purpose of fqrming a predetermined space between each of the
first heat-transfer platés S1 and each of the second heat-
transfer plates S2.

A large number of first projections 22 and a large number
of second projections 23, which are' disposed at unequal
distances, are formed on each of the first and second heat-
transfer plates S1 and S2 by pressing. The first projections
22 indicated by a mark X in Fig.7 protrude toward this side on
the drawing sheet surface of Fig.7, and the second projections
23 indicated by a mark O in Fig.7 protrude toward the other side
on the drawing sheet surface of Fig.7. The first and sec'ond
projections 22 and 23 are arranged alternately (i.e., so that
the first projections 22 are not continuous to one another and
the second projections 23 are not continuous to one another).
Front projection stripes 24, and rear projection stripes 24,
which protrude toward this side on the drawing sheet surface
of Fig. 7, are formed on front and rear ends of each of the first
and Second heat-transfer plates S1 and S2 by pressing.

The £first projections 22, the second projections 23, the
front projection stripes 24, and the rear projection stripes
24, of the first heat-transfer plate S1 shown in Fig.‘3 are in
an opposite recess-projection relationship wifh- respect to that
in the first heat-transfer plate S1 shown in Fig. 7. This 1s

because Fig.3 shows a state in which the first heat-transfer
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11

plate S1 is viewed from the back side.

As can be seen from Figs.5 to 7, when the first and second
heat-transfer plates S1 and S2 of the folding plate blank 21
are folded along the crest-folding lines L, to form the
combustion gas passages 4 between both the heat-transfer plates
S1 and S2, tip ends of the second projections 23 of the first
heat-transfer plate S1 and tip ends of the second projections
23 of the second heat-transfer plate S2 are brought into
abutment against each other and brazed to each other. At this
time, the front projection stripes 24, and the rear projection
stripes 24, are spaced apart from each other, and the front and
rear portions of the combustion gas passages 4 are permitted
to communicate with the combustion gas passage inlet 11 and the
combustion gas passage outlet 12, respectively.

When the first heat-transfer plates S1 and the second
heat-transfer plates S2 of the folding plate blank 21 are folded
along the valley-folding line L, to define the air passages 5
between the heat-transfer plates S1 and S2, tip ends of the first
projections 22 of the first transfer plate S1 and tip ends of
the first projections 22 of the second heat-transfer plate S2
are brought into abutment against each other and brazed to each

other. At this time, the front and rear projection stripes 24,

and 24, are brought into abutment against each other and brazed

to each other, thereby closing the front portions of the air
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12

"passages 5 adjacent the combustion gas passage inlet 11 and the

rear portions of the air passages 5 adjacent the combustion gas

passage outlet 12. A state in which the air passages 5 have

been closed by the front projection stripes 24, is shown in
Fig.6.

As can be seen from Figs.4 and 5, the rear end of the outer
casing 6 and a front end of the rear outer duct member 100 to
which the crest-folding lines L, have been brazed are opposed
to each other at a predetermined gap left therebetween, and the
alr passage inlet 15 is defined in this gap. The air passage
outlet 16 formed into a small bore shape is defined to extend
through front portions of the valley-folding lines L, and a front
portion of the inner casing 7. Therefore, alr flowing in the
air introducing duct 17 is guided through the air passage inlet
15 to the air passages 5 between the first and second heat-
transfer plates S1 and S2, and discharged therefrom through the
small bore-shaped air passage outlet 16 defined in the
valley-folding lines I, and the inner casing 7 to the air
discharging duct 18.

Each of the first and second projections 22 and 23 has
a substantially truncated conical shape, and the tip ends of

the first and second projections 22 and 23 are in surface contact

with each other to enhance the brazing strength. Each of the

front and rear projection stripes 24, and 24, has also a
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substantially trapezoidal section, and the tip ends of the front
and rear projection stripes 24, and 24, are also in surface
contact with each other to enhance the brazing strength.

When the folding plate blank 21 is folded in the zigzag
fashion, the adjacent crest-folding lines L, cannot be brought
into direct contact with each other, but the distance between
the crest-folding lines L, is fnaintained constant by the contact
of the first projections 22 to each other. In addition, the
adjacent valley-folding lines L, cannot be brought into direct
contact with each other, but the distance between the
valley-folding lines L, is maintained constant by the contact
of the second projections 23 to each other.

When the folding plate blank 21 is folded in the zigzag

fashion to produce the modules 2, of the heat exchanger 2, the

first and second heat-transfer plates S1 and S2 are disposed

radiately from the center of the heat exchanger 2. Therefore,

the distance between the adjacent first and second heat-
transfer plates S1 and S2 assumes the maximum in the radially

outer peripheral portion which is in contact with the outer

casing 6, and the minimum in the radially inner peripheral

portion which is in contact with the inner casing 7. For this

reason, the heights of the first projections 22, the second

projections 23, the front projection stripes 24, and the rear

projection stripes 24, are gradually increased outwards from
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14
the radially_inner side, whereby the first and second heat-
transfer plates S1 and S2 can be disposed exactly radiately (see
Fig.5).

By employing the above-described structure of the
radiately folded plates, the outer casing 6 and the inner casing
7 can be positioned concentrically, and the axial symmetry of
the heat exchanger 2 can be maintained accurately.

Moreover, the first and secﬁond heat-transfer plates Sl
and S2 are of the same rectangular shape and hence, the folding
plate blank 21 is also of a simple band shape, leading to the
enhanced material yield, as compared with the case where ends
of the first and second heat-transfer plates S1 and S2 are cut
into an angle shape. Especially, the front projection stripes
24, and the rear projection stripes 24, are employed for closing
the alir passages 5 and hence, there is not a degradation in the
material yield produced when flaps for closing the air passages
5 are projectingly provided at ends of the rectangular first
and second heat-transfer plates S1 and S2..

In addition, the front outer duct member 8o, the front
inner duct member 8i, the rear outer duct member 100 and the
rear inner duct member 10i for defining the high-temperatu:;e
fluid dintroducing duct 13, the high-temperature fluid
discharging duct 14, the low-temperature fluid introducing duct

17 and the low-temperature fluid discharging duct 18 are brazed
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to the crest-;folding lines L, and the valley-folding lines L,
of the first and second heat-transfer plates S1 and S2.
Therefore, as compared with the case where they are brazed to
the end surfaces of the first and second heat-transfer plates
S1 and S2 cut into an angle-shape, the number of operating steps
required for the above-described cutting is naturally reduced,
and moreover, the brazing area is increased to enhance the
operability and the strength.

By forming the heat exchanger 2 by a combination of the
four modules 2, having the same structure, the manufacture of
the heat exchanger can be facilitated, and the structure of the
heat exchanger can be simplified. In addition, by folding the
folding plate blank 21 radiately and in the zigzag fashion to
continuously form the first and second heat-transfer plates Sl
and S2, the number of parts and the number of brazing points
can remarkably be decreased, and moreover, the dimensional
accuracy of a completed article can be enhanced, as compared
with a case where a large number of first heat-transfer plates
S1 independent from one another and a large number of second
heat-transfer plates S2 independent £from one another are brazed
alternately.

As can be seen from Fig.5, when the modules 2, of the heat
exchanger 2 are bonded to one another at the bond surfaces 3

(see Fig.2), end edges of the first heat-transfer plates Sl
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folded into a J-shape beyond the crest-folding line L, and end
edges of the second heat-transfer plates S2 cut rectilinearly
at a location short of the crest-folding line L, are superposed
on each other and brazed to each other. By employing the
above-described structure, a special bonding member for bonding
the adjacent modules 2, to each other is not required, and a
special processing for changing the thickness of the folding
plate blank 21 is not required. Therefore, the number of parts
and the processing cost are reduced, and further an increase
in heat mass in the bonded zone is avoided. Moreover, a dead
space which is neither the combustion gas passages 4 nor the
air passages 5 is not created and hence, the increase in flow
path resistance is suppressed to the minimum, and there is not
a possibility that the heat exchange efficiency may be reduced.

During operation of the gas turbine engine E, the pressure
in the combustion gas passages 4 is relatively low, and the
pressure 1in the air passages 5 is relatively high. For this
reason, a flexural load is applied to the first and second
heat-transfer plates S1 and S2 due to a difference between the
pressures, but a sufficient rigidity capable of withstanding
such load can be obtained by virtue of the first and second
projections 22 and 23 which have been brought into abutment
against each other and brazed with each other.

In addition, the surface areas of the first and second
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heat-transfer plates S1 and S2 (i.e., the surface areas of the
combustion gas passages 4 and the air passages 5) are increased
by virtue of the first and second projections 22 and 23.
Moreover, the flows of the combustion gas and the air are

O agitated and hence, the heat exchange efficiency can be
enhanced.

Although the embodiment of the present invention have
been described in detail, it will be understood that the present
invention is not limited to the above-described embodiment, and

10 various modifications may be made without departing from the
spirit and scope of the invention defined in claim.

For example, the heat exchanger 2 for the gas turbine
engine E has been illustrated in the embodiment, but the present

invention can be applied to heat exchangers for other

15 applications.
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WHAT IS CLAIMED IS

1. A heat exchanger characterized in that said heat
exchanger is formed from a folding plate blank (21) comprising
a plurality of first quadrilateral heat-transfer plates (S1)
and a plurality of second quadrilateral heat-transfer plates
(S2) which are alternately connected together through first and
second folding lines (L, and L,), said folding plate blank (21)
being folded in a zigzag fashion along said first and second
folding lines (L; and L,), thereby defining axially extending
high-temperature and low-temperature fluid passages (4 and 5)
alternately in a circumferential direction,

radially outer peripheral walls (6, 8o and 100) are brazed
to sald plurality of first folding lines (L,) located on a
radially outer side and radially inner peripheral walls (7, 8i
and 10i) are brazed to said plurality of second folding lines
(L,) located on a radially inner side, thereby closing radially
outer and inner peripheries of said axially extending high-
temperature and low-temperature fluid passages (4 and 5), while
defining high-temperature fluid ducts (13 and 14) connected to
saild high-temperature fluid passages (4) and low-temperature
fluid ducts (17 and 18) connected to said low-temperature fluid
passages (5);

a high-temperature fluid passage inlet (11) and a

high-temperature fluid passage outlet (12) are formed in
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openings at axially opposite ends of said high-temperature
fluid passages (4); and

projection stripes (24, and 24.) provided on said first
and second heat-transfer plates (S1 and S2) are brazed to one
another, thereby closing axially opposite ends of said low-
temperature fluid passages (5), while defining a low-
temperature fluid passage inlet (15) in one of said radially
outer and inner peripheral walls (6, 8o and 100) and (7, 8i and
10i) on the side of said high-temperature fluid passage outlef
(12), and a low-temperature fluid passage outlet (16) on the
other of said radially outer and inner peripheral walls (6, 8o
and 100) and (7, 8i and 10i) on the side of said high-temperature

fluid passage inlet (11).

Smart & Bigy o
Y ! .

Jttawa, Cariade
Patent Agenis




99999999999999999999




99999999999999999999

//;////”I;%'fffi}%ﬂiiifiiii\?#ft{ttimi\\
i/

T,




02268889 1999-04-13

CA

@)
N\
CY)

4dIS SIHL
AYVMOL XIANOD X
\\\i\\\\\)oni\h!.i.iiu!
101
X
4l {{X O
(3IS ¥3HLO FHL [ ||” x
dYVYMOL X3IANOD)| (Ix ©
dY2 || X
q| || X O
s
._Wu— q1 |1 X vw
O
¢l m X X
O
¢ __x x
001 - >
N\
6

3AIS ¥3IHLO FHL
QYVMOL XIANOD O

€C

X

O
X

XOXOXOXoXoX o XoXo
XOXOXOXOKOXOX0OX
OXOXOXOXOX OXOXO0
XOXOXOXOoOXoX0o Xo0oXo

SAIVMNI ATTVIAVY

O XO
X
X0 XO

XOXPXO
XO>D<CoXoX

:.:IOXCQ:O X O
XOXOXOXO0

Xoxo:S-é)Xo GO X O
S()OXO
XOXOmMm>X0 ¢ X0
XOXOXOXOXOX0OXO
OXOXOXOXPX OX0OX
XOXOXOXOXoX 0O XO
XOXOXOXOXKO X0OXO

XOX
OXO
XOX
OXO U

A

OXOXOXOXPX OXOX
XOXOXOXOXoX 0O X0OX
XOXOXOXOXOXO0OXO

OXOXOXOXPX OXOX
XOXOXOXoXoX 0o Xo

XOXOXOXOXO X0OX
OXOXOX0O XX OX

o
X

—

X

X X X

] (3AIS ¥YIHLO IHL

sttt ittt itotln oottt ot & B L T T Y g——— !u.!:\.‘..l_...!.‘.lu.!.Iﬂ.\r‘.‘.\.‘c\.‘r‘..luiﬂlw‘."in“‘.“.‘.“\\“““‘.\ﬂ“‘
VTTITETT DT DD T TTEGE DTS « W W . W, W W W W W W WA W W W W Y """""‘"""'"”"’""”‘.’"””"“’4 1..'.....'.....'.....)

Ll

////""""""”""l

L
._oH

SAIVMLNO ATIVIAVY

€ Old

| |AYVMOL X3IANOD)
X E

vA —

Sl

L

4
~11

4

08



02268889 1999-04-13

CA

3QIS ¥3IHLO IHL
GUVMOL XIANOD O SAYVMNI ATIVIAVY

3dIS SIHL
AYVMOL XIaANOD X

\\\\\\\\\)0\\!\'\\\\\\ N |_ N _ w
—o P O v II....:II!mil.!illllll!.liliil@ilx.llllll - bty A ook Lol T T T T NP DT T T
| 59%x50x oXXoXXoK«bXXo X (34IS SIHL
0 9XoOX50XTOXGO> (B)G<aOx X0
(3QIS SIHL X09X 50X 590X 0%y /30X 00 xXa QJdVMOL XIANOD)
QY¥VMOL X3ANOO) omxwmxwmwaxwmxwoxwo XT3 X0 X0 |l dp¢
e SO0 Rox R0 wXowXoyX XooXo9x0
O X0owX0ogwXowXoweXd XodXx50xp0 |
0w X0OX0IXKOXFOIX(N 20 XogXowXo
ol ||o O O ® O A\ > X X
D | X e X0 X0 9oX09Xe PholX ' Q XalXad
< ~ ol [lo R X0 X0 X 5 OB OX 5 Oxa 02 0xX0oxX0
14 | omxwmwa ooXWoXWoXWooXomeme
‘ \/ \/ Y O O @) ~
ol [lo X0 QX 22X 6 2>(FOVAUNS)ZSO X Slox XOox X 0%
OXO'XOOVAVAOX.‘,CX\/CXXOX OQJAO XOO
0Ly 08 YK XSS XEOXEOXKOXXQIXTIXT X
\ X O i
x.oxooxooXMoXMoXWoXWomwoxwom |

SAIVMLNO ATIVIAVY

v Old



CA 02268889 1999-04-13

S2 S1

4 s =
1416

! m\‘

~==16

5/9
S2
g1 L1/L1 L1115

100

FIG.5




CA

02268889 1999-04-13

6/9

FIG.6




02268889 1999-04-13

CA

@)
N
N

O M |
-2 x0Q >
~TR = PV L
N X0 4 ZTRN 7
oL ot OO0 >

OFF

O O O ©O 0 0 0 0 O ©
O X OXOXOX XOXOXOXOXOXOXOXO
XOXOXOXO0 ] OXOXOXOXO0OXO0 XO X0 X0
OXOX0Xo OXOXOXOXOX OXOXO X
OXOXOXOX | XOXOXOXOXOXOXOXO

O
OX O

OXOXOX OXOXOXOXOXO |OXOXOXOXOX0o XO X0 XO

S2

/

— 0.0 0 O

(CONVEX

0A
RI
LD o
So3
T
=

B

VALLEY-

FOLDING

THIS SIDE)
24R
CREST-
FOLDING

CONVEX
TOWARD

S’
0 0.0 010 0O \8
ey

©O 0 0 0 0 0 ©

oMMl +2
— ]
© 0 ©

OXOXOXOXOXOXOXOX | XOXOXOX
OXOXOXOXOXOXOXOX0| OXOXOXOX
XOXOX0OXOXOXOX0X0

OXOXOXOXOXOXOXOX | XOXOXOX(

OXOXOXO

XOXOXOXO | OXOXOX0OX0X0o XOXOXO_OXOXOX OXOXOXOXO0OX0 OXOXOXOXOXOXOXOXO_OXOXOX OXOXOXOXOX0 | OXOXOXO

{OXOXOX0O OXOXOXOXOXOXOXO )
OXOXOXOX XOXOXOXOXOXOXO X O
XOXOXOXO[| OXOXOXOXOXO X0 X0 XO
COXOXOXO OXOXOXOXOXOXOXO X
DX OXOXOX | XOXOXOXO0 X OXOXOXO0

XOXOXOXO | OXOXOXOXOX0 X0 XO X0
N OXOXOXOX | XOXOXOXOXO0X 0 X0 X O

OXOXOXOXOX OXOXO X

OXOX0OX0o
OXOXOXOX | XOXOXOXOXOXOXO0 XO
XOXOXOXO0O | OXOXOXOXOXO0 XO XO XO
OXOXOXOXOX OXOXO X
OXOXOXOX | XOXOXOXOXOXOXO XO

OXOoXoXo | OXOXOXOXOX OXOXO X
OXOXOX , XOXOXOXOXOXOXO XO

A\ OXOXOXO | OXOXOXOXOX OXOXO X
OXOXOXOX | XOXOXOX0X0X OX OX .u

C O O O O © O 0 o0 g
A— =l

e T | | Em—

O O O I & &

L O O\O O &

)
Lo
—

2

L
- N
QN

(CONVEX
TOWARD
THIS SID

L
24F

OXOXOX0OX0X0X0X0X

XOXOX0OXOXOXOXOX0

OXOXOXOXOXOXOXOX
XOXOXOX0O| OXOXOX0OoX0oX0o XOXOXO I OXOXOX OXOXOXOXOXO
OXOXOXOXOX OXOXO X XOXOXOXOXOXOXOXO0
OXOXOXOXOXOXOXOX

XOXOXOXOXOXOXOX0

OX OX O X0OXOXOXOXOX
XOXOXOXO OXOXOXOXOXO XOXOXO0|OXOXOX OXOXOXOXOX0! o

XOXOX0OXOoXOXOXOX0 |

- OXOXOXOXOXOXOXOX

O\l \ OXOXOXO | OXOXOXOX0O X0 XO XO Xo=ox OXOXOoOXOoXOoOXoXoeXo([o
-
1

XOXOXOXOXOXOXOX0
O XOXOXOXOXOXOX0X

O O

NN

O O

B O \0 0O &

THIS SIDE)

(CONVEX
TOWARD

O O

OX OX OX OXOXOXOXOXO | OXOXOXOXOX0 X0 X0 X O
OXOXOXOXOX OXOXOX | X OXOXO XO0OXO0XOX0X0
XOXOXOXOXOXOXOXO
XOXOXOXO0X0 X0 X0 XO |
OXOXOXOXOX OX O X O X
XOXOXOXOXOXOX0OXO
XOXOXOXOX0O X0 X0 XO
OXOXOXOXOX OXOXO0 X |
XOXOXOXOX0OX OX OX o1

XOXOXOXOXOXOXOXO0
OXOXOXOXOXOXOXOX | XOXOXOX
OXOXOXOXOXOXOXOX0
OXOXOXOXOX OXOXO X XOXOXOXOXOXOXOXO0
XOXOXOXOXOXOXOXO
OXOXOXOXOXOXOXOXO0]OXOXOXOXOXO XO X0 X0
OXOXOXOXOXOXOXOX XOXOXOXOXOXOXOXO0
XOXOXOXOXOXOXOXO
OXOXOXOXOXO XO XO XO OXOXOXOXOXOXOXOX0
OXOXOXOXOXOXOXOX XOXOXOXOXOXOXOXO
XOXOXOXOXOXOXOXO

OXOXOXO
OXOXOXo

OXOX0OXO
OXOXOXOXOXOXOXOX | XOXOXOX¢
OXOXOXOXOXOXOXOX0 OXOXOXOX
OXOXOXO0
OXOXOXOXOXOXOXOX | XOXOXOX
OXOXOXO
OXOXOXO
OXOXOXOXOXOXOXOX | XOXOXOX(
OXOXOXOXOXOXOXOX0| oXOXOXOo

OXOXOXO

OX OXOXOXOXOXOXOX | XOXOXO X{

XOXOXOXOXOXOXOX0 | OXOXOXO
OXOXOXOXOXOXOX0OX XOXOX O X ¢
OXOXOXOXOX0OXOX0OX0o OXOXOX0OX
X OX
o

O X0 XoXoXoxoxo | oxoxoxo
XOXOXO0OXOXOXOXOX | XOoX0OX0X¢

©O 0 0 00 0 of| © 0 0 0 0 0 © ©C 0 ©
Eﬂi — — 0 010 0l ¢ — 50 6]
Qo m
. .0OA — L a
— ¥ ﬂRD N < _._X._Rm T
-1 NS 5 o S< -
25 25
OI
mu\TT O




02268889 1999-04-13

CA




CA 02268889 1999-04-13

9/9




9

RADIALLY OUTWARDS

N\

15

Wt L 27N W Ty ik i o PP

|7

1

“““““““““‘\

6

|

80

=
< g
= <
O _. =
o vTA% O
S ¥ Wz 5 o hu
— RV — D —
<22 N W
OT Ny >
YO y Z2
N N OT
ooooob@w O
g
O © 0 0 o o X

O
XOXOXOXOXOXOXOXO
OXOXOXOX0 X0 XO X0 X0
OXQXOXOXOX OXOXO X
XoX.XOXOXoonOXO
OXOXOXOXOX0O XO XO X O
OXOXPOPXOXOX OX0OXO
XOXOROXOXOXOX0O XO
OXOXOXOXOXO XO X0

OXOXOXOXOXOXOXO
XOXCXOXOXOXOXO X
OXOXLW{OoX0oX0 X0 X0 X
OXOHMHv XOXOX OX O X O
XOXCL OXAXOX O X0 X0
OXOoOXx{oxXaxo XOVO X0
OX 0} XOX o¢X OX ‘Gl O X

L LT T T

22

XoXcLo% o 2Z X O3R) X ©

OXOXSKOX 0.~ X0 A0 XO
OXOXBXOXO R OX GX 6 %
XOXOXOXOXOXOXO XoO
OXOXOXOd, m{ONXKO XO XO
OX 0OXO 06Xo., OX O X
XOXO OXOXOXAX0OXO
OXOXGXOoOXoX0o XQ X0 X

XOXOXOXOXOXO
OXOXOXOX0OX0O XO O X OF
OXOXOXOXbX 0X 0 X\ X
XOXOXOXOXOXOXOXC

O O o o o o

LO
OXOXOXOXOX OX§ X 0 x P H
O Y O ."

1.

e ——

QO O
!

O
O
o.
O

1
(CONVEX TOWARD

J -
el

r—
WiV AV S &5 . V& 2 o,

24 F
THIS SIDE)

\
RADIALLY INWARDS

O CONVEX TOWARD
THE OTHER SIDE



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - abstract drawing

