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MULTI-PLY BELLOWS STRUCTURE WITH FLUID
PERVIOUS SPACER        (71)   We, CHEMETRON CORPORATION, a  laminated
bellows may be such as to serve as     corporation organised and existing
under the  a test chamber, with monitoring or control of     laws of the
State of Delaware, United States  fluid pressure or flow in the chamber so
as to  50     of America, having a place of business at 840  detect a leak
in either the inner or outer 5  North Michigan  Avenue, Chicago 60611,
bellows or ply.  One suggested prior art     Illinois, United States of
America, do hereby  arrangement was to employ a two-ply bellows     declare
the invention for which  we pray that a  element with the contiguous
surfaces of the     patent may be granted to us, and the method  plies  in
substantially  continuous  surface  55     by which it is to be performed,
to be parti-  contact and sealed together at opposite ends. 10  cularly
desribed in and by the following  A suggested variation of this latter
arrange-     statement: -                                 ment was to use a
thin foil layer inserted       The present invention is directed to a
multi-  between the plies to act as a cushion and     ply bellows structure
for connection between  improve the resistance of the outer ply to  60
two parts of a fluid conduit system to serve as  breaks caused by
mechanical action, While 15  a flexible and expansible joint wherein the
some of such prior art arrangements have been     outer one of the plies is
provided with one or  used, nevertheless, they have presented certain
more ports therethrough communicating with  problems.  In arrangements
where the two     space between the plies for connection there-  plies are
in contact with each other or in  65     with of means for monitoring or
controlling  contact with a foil layer, there exists the pro- 20  fluid
pressure or flow in the space.      blem that such contact may form a
complete       In nuclear power plants and other systems  or partial line
seal and cause leak detection to     employing nuclear reactors it has been
the  be either impossible or very costly in terms     practice to provide
nuclear reactor contain-  of sensitive monitoring equipment.     70
ment vessels to prevent radioactive con-    The present invention provides
a bellows 25  taminents from entering the atmosphere and  structure, for
connection betwen two parts of a     contaminating large areas in the event
they  fluid conduit system to serve as a flexible and     are accidentally
released from  the reactor  expansible  joint, comprising  a  multi-ply
system. A large array of piping, cables, air  bellows element having
concentric inner and  75     locks, etc., must penetrate the containment
outer plies, each of which is comprised of a 30  vessel as a consequence of
its operation. Such  flexible  circumferentially  corrugated  thin-
penetrations present sealing problems in main-  walled tube of fluid
impervious material, and     taining the overall leakage rate of the con-
the respective corrugations of which tubes are     tainment vessel at a
suitably low level. Since  in radial registry and closely interfitting
nested  25     absolute leak tightness is a physical impossi-  relationship
with each other, fluid-tight sealing 35  bility, certain measures have been
employed  joints between the plies extending entirely     to monitor
potential leakage points.  One  around the circumference thereof adjacent
to     such point is the piping penetrations.    their respective opposite
ends, spacer structure       Various methods of sealing have been
interposed between the plies and extending in  85     utilized including
the use of double walled  closely  inter-fitting  contacting  relationship
40  conduit structures to provide a double barrier  with both of the plies
throughout substantially     to the release of  radioactive contaminants.
the whole of their length between the joints to     Such double barrier may
be obtained by the  maintain close but definite spacing between     use of
two concentric expansion bellows in  the plies, and a port through the
outer ply  90     radially spaced relatonship or by the use of a
communicating with the space between the 45 single  two-ply laminated
expansion below. In  plies for connection therewith of means for 



such  cases, the annular space between the two  monitoring or controlling
fluid pressure in said     concentric bellows or between the plies of the
space, the spacer structure comprising a fluid     [Price 25p]          2
1,281,423                                          2      pervious screen
affording passages  for flow of  element having concentric  inner and outer
fluid through said space to or from said port,  plies 11 and 12
respectively, each of which is     and the fluid pervious screen comprising
a  comprised  of  a  flexible  circumferentially     wire meshwork having
wires which extend on   corrugated   thin-walled   tube   of  fluid 5  a
bias with respect to the axis of said bellows  impervious material.  The
type of material  70     structure.
selected for the inner and outer plies   of the       The present invention
reduces or eliminates  bellows will depend upon the operating condi-
the possibility of a complete or partial line  tions and the fluid to be
handled by the     seal between the plies, promoting positive   conduit
system. As may be seen in Fig. 1, 10  maintenance of an effective path for
fluid of  the respective  corrugations of the plies or tubes  75     fluid
in the space between the plies so as to  11 and 12 are in radial registry
and closely     provide greater certainty of leak detection and
interfitting nested relationship with each other.     permit employment of
less sensitive and costly   The circumferentially  extending welds 13 pro-
equipment.                                    vide fluid-tight sealing
joints between the plies 15    Devices employing the present invention  11
&  12 entirely around the circumference  80     may be used as piping
components for nuclear  thereqf adjacent their respective opposite ends.
power plants to simplify leak detection of  The space 14 between the
adjacent surfaces of     radioactive contaminants.  Such devices also  the
plies 11 and 12 is provided with spacer     have application in other
industries to guard  structure 15 inter posed between the plies and 20
against leakage of toxic gases or expensive  extending in closely
interfitting contacting rela-  85     process materials or catalysts. Among
the  tionship with both of the plies throughout     advantages, in addition
to the  safety function.  substantially the whole of their length between
of signalling leakage of harmful or costly  the sealing welds 13  to
positively maintain     fluids, are  that systems  employing  such   close
but finite spacing between the plies 11 25  devices, both in nuclear power
plant and other  and 12.  The thickness of spacer structure  90
applications, may be employed to reduce the   15  shown  on  the  drawing
is  greatly     frequency of plant-wide leakage rate tests that
exaggerated for purposes of illustration; actu-     may halt normal
operations for several days,  ally, it usually will be  thinner than the
material     and in the case of failure of one ply  but not  of plies 11
and 12. 30  the other, to give advance warning so that a     The 'outer one
of the plies 12 as shown in  95     replacement may be obtained and
installed to   Fig. 1 is provided  with a port 12a there-     avoid later
extended periods of costly plane  through to which a pressure connection 16
is     shut-down. Devices of the present invention   welded at 17 for
communication with the     also may have application in so-called " steam
space 14 between the plies 1 1 and 12.  In 35  tracing " piping systems
wherein a material  order  to  avoid  imposing  stresses on  the  100
which tends to harden on reduction of tem-  corrugations, pressure
connection 16 is located     perature flows through the inner conduit, and
in the tangent, or cylindrical, end portion of     a heating fluid, such as
steam, is introduced  the bellows element between the sealing weld     into
the space between the inner and outer  13 and the first adjacent
corrugation.   The 40  conduits to either maintain fluidity of the pro-
pressure connection 16 is for connection with  105     cess material or to
melt hardened deposits of  suitable means (not shown) for monitoring
that material.                                 and/or controlling fluid
pressure and/or flow        Although, as above indicated, the present  in
the space 14.  The annular space 14     invention may be advantageously
employed in  between the plies 11 and 12 may be evacuated 45  various
applications, it will for purposes of  or it may be subjected to
atmospheric or super- 110     illustration be described with reference
parti-  atmospheric pressure  To monitor the fluid     cularly to detection
of leakage in nuclear  pressure in the space 14 and thereby detect
reactor systems.                               leaks into that space, a
suitable pressure  sensi-       For a more detailed explanation of prepared
tive gauge may be connected to the pressure 50  embodiments of the
invention, reference is to  connection 16, or an external source  of fluid
115     be had to the following description taken in   with associated
pressure sensitive means may     conjunction with the accompanying
drawings,  be connected to the pressure connection for     in which:
control and monitoring of the pressure in 



Fig. 1 is a longitudinal sectional view   space 14. 55  through a bellows
structure of an  expansion    The spacer structure 15 positioned within
120      joint embodying the present invention;        the annular spacing
14 comprises  a fluid pre-        Fig. 2. is a longitudinal sectional view
vious screen affording passages for flow  of      through a bellows
structure of an expansion  fluid through the space to or from the port 16.
joint which is a modification of the embodi-  In the embodiment illustrated
in Fig. 1, the 60  ment shown in Fig. 1.                          screen 15
is a woven wire mesh of over and  125        Referring to Fig. 1 there is
illustrated a  under woven wires. The wire mesh can be     bellows
structure for connection between two   rolled and formed from  sheet stock
into  a     parts of a fluid conduit system to serve as a  tube in any
suitable manner. The wires of the     flexible and expansible joint.  Such
bellows  meshwork may be at right angles to each other 65  structure 10
comprises a multi-ply bellows  and extend parallel and perpendicular to the
130        3                                         1,281,423
3         axis of the bellows structure but preferably the  inside as shown
in Fig. 1. The interior walls wires extend on a bias with respect to the
of the nipples are counterbored to provide         axis.  Utilizing a bias
arrangement of the  sockets to receive the tangent, or cylindrical,
wires relative to the axis of the finished  end portions of the bellows
element.  The  60     5  bellows reduces the possibility of wire break-
ends of plies 11 and 12 are joined to the         age during forming of the
multi-ply bellows  nipples by internal welds 18' extending around
element and hence facilitates forming as well  the entire circumference of
the ends of the         as providing for greater flexibility of the
bellows element, these welds serving not only         bellows in operation.
for attaching the bellows element to the nipples     10    The screen may
take other suitable forms.  but also for sealing the ends of the space
For example, it may take the form of a mesh  between the plies.
Additionally, pressure con-         construction with all the wires of one
course on  nections or couplings 16 are provided at both         one side
of the wires of another course, or a  ends of the bellows structure 10',
each of the         braided wire construction. Additionally, the  pressure
connections or couplings being located  70     15  screen may comprise
strips of wire mesh or  between one of the seal welds 18' and the first
screen extending longitudinally in circum-  adjacent corrugation. Each
pressure connec-         ferentially spaced relation, as distinguished
tion or coupling 16 has a reduced diameter end         from a complete
cylinder. Further possible  portion which fits into an opening in the
arrangements include the use of wires or cords  associated nipple 20, and
an external circum-  75     20  of metal, glass fiber or other relatively
rigid  ferential weld 21 joints and seals the pressure         material
extending longitudinally in circum-  connection to the nipple. The outer
ply 12 of         ferentially spaced relation or helically wrapped  the
bellows element has outwardly pulled         around the inner bellows ply
to produce the  rimmed ports 12a' located so as to be in axial
fluid pervious characteristic for the spaced  registry with the pressure
connections 16. 80     25  structure ply 15 positioned between the two
These ports extend into the openings in the         solid inner and outer
plies 11 and 12.      nipples and are seal welded completely around
Likewise the tubular plies 11 and 12 may  their peripheries, as indicated
at 22, to the         be formed in any suitable and well known  walls of
the nipple openings.         manner. After assembly of the tubular plies
The use of a pair of pressure connections 16     30  in concentric
telescoped relationship with the  located at opposite ends of the bellows
struc-         wire mesh interposed therebetween, the con-  ture, as in
Fig. 2, is particularly desirable for         volutions in the bellows
element may be  producing and controlling and/or monitoring         formed
in  any  suitable  manner, either  fluid flow or for controlling and/or
monitoring         hydraulically or mechanically. For connecting  fluid
pressure in the annular space 14. By  90     35  the bellows structure 10
into a fluid conduit  monitoring and/or controlling the fluid pres-
system, the opposite ends of the bellows  sure or flow in the annular space
14, a leak         element are joined, as by circumferential welds  may be
detected in either the inner or outer         indicated at 18, to suitable
elements, such as  ply of the multi-ply bellows element.         for
example nipples 19, for purposes of con-    Although in Fig. 1 there is
shown only one  95     40 nection to piping or other components in the
pressure connection 16, located at one end of         system.  In the
embodiment illustrated in  the bellows structure 10, and in Fig. 2 there
Fig. 1, nipples 19 are positioned within the  are shown only two pressure
connections 16,         ends of the bellows element. With care in  located
respectively at opposite ends of the         the formation of welds 18,
they may serve not  bellows structure 10', it will be understood  100
45  only for attachment of the bellows element to  that if desired in
either case a plurality of such 



the nipples but also for sealing together the  pressure connections may be
provided in         ends of plies 11 and 12, in which case the seal
circumferentially spaced relationship around         welds 13 may be
dispensed with.            the bellows structure.            Referring to
Fig. 2, the bellows structure    Flow tests have been made on bellows
struc- 105     50  10' is similar in construction to the bellows  tures
constructed in accordance with the pre-         structure 10 illustrated in
Fig. 1 and corres-  sent invention, and, for comparative purposes,
ponding parts have been provided with corres-  on bellows structures
including two plies with         ponding reference characters. In the
construc-  their contiguous surfaces in contact (i.e, no         tion of
this modification, however, the nipples  spacer structure between the
plies).  The 110     55  20, 20 are positioned on the outside of the
following is a table of data obtained from         ends ofthe bellows
element rather than on the  such tests.          4
1,281,423                                         4
Internal      Annulus        Annulus       Meshwork      Test        Nom.
Size          Pressure       Pressure      Flow Rate       Between      No.
(Diam.-Inches)           (psig)         (psig)     (Ml./5 Min.)
Plies         1              6                 0              3           4
No         2              6                50              3            1
No         3              6                 0              3
1740            Yes         4              6                50
3            1720            Yes         5              6                 0
3            14,300          Yes         6             22                 0
3            12.5            No         7             22                 0
8           18.5             No         8             22                 0
2           8,000            Yes         9             22                 0
2           22,500           Yes         The bellows in test No. 9 were of
reduced pitch as compared to those of test No. 8.        The foregoing test
data reveal that bellows  plies, whereas the test 4 specimen did include
structures constructed in accordance with the  meshwork between the plies.
The flow rate of  45     present invention had flow rates which greatly
the test 4 specimen with the meshwork 5  exceeded the flow rates of
comparable two-ply  exceeded the flow rate of the test 2 specimen
bellows without spacer structure between the  without the meshwork by a
factor of 1720/1,     plies.                                        or
1720.       For example, comparing tests 1 and 3, it    The specimens
employed in tests 6-9 were  50     will be seen that both bellows
structures had  of a larger size, having a nominal diameter of 10  the same
nominal diameter, namely 6 inches,  22 inches. All of these specimens were
tested     both had an internal pressure in the bellows  at 0  psig
(atmospheric) internal pressure.     structure of 0 psig (i.e.,
atmospheric), and an  Comparing the test 6 specimen, which had an
annulus pressure in the space 14 between the  annulus pressure of 3 psig,
with the test 8  55     plies of 3 psig.  The bellows element of test 1
specimen, which had an even smaller annulus 15  did not have any meshwork
between the inner  pressure, 2 psig, and included meshwork     and outer
plies while the bellows element of  between the plies, the annulus flow
rate for     test 3 did have such meshwork. The specimen  the test 8
specimen exceeded the flow  rate for     of test 1 had an annulus flow rate
of only 4  the test 6 specimen by a factor of 8,000/12.5,  60
milliliters per 5 minutes, whereas the speci-   or 640. 20  mens of test 3,
which included the meshwork      Comparing tests 7 and 9, it will be seen
between the plies, had an annulus flow rate of  that the test 9 specimen
included meshwork     1740 milliliters per 5 minutes.  Thus, the  spacer
structure between the plies whereas the     annulus flow rate of the test 3
specimen, with  test 7 specimen did not, and the annulus flow  65     the
meshwork between the plies, exceeded the  rate of the test 9 specimen
exceeded the flow 



25  flow rate of the test 1 specimen, without the  rate of the test 7
specimen by a factor of     spacer, by a factor of 1740/4, or 435.
22,500/18.5, or 1216, even though the annulus       Comparing test 1 with
test 5, it will  be  pressure in test 9 was only one-fourth that     seen
that both test specimens had  the same  employed in test 7.
70     size diameter, the same internal pressure and  The test data further
revealed  that the 30  the same annulus pressure. However, the test
meshwork spacer material 15 between the     5 specimen included meshwork
between the  inner and outer plies not only allowed  a con-     inner and
outer plies. The ratio of the  siderably larger flow rate in the annular
space     annulus flow rates in the two tests shows that  between the plies
but such spacer material also   75     the flow rate of the test 5 specimen
exceeded   greatly reduced the tendency toward restric- 35  the flow rate
of the test 1 specimen by a  tion of the annulus space flow path upon sub-
factor of 14,300/4, or 3,575.                 jection of the bellows
structure to internal        Comparing tests 2 and 4, it will be seen
pressure.  For example, when the bellows     from  the test data that they
both had the  specimen employed in tests 1 and 2, and which  80     same
nominal diameter, 6 inches, and both had   did not have any spacer
structure in the 40  an internal pressure in the bellows structure  annulus
space between the plies, was subjected     of 50 psig and an annulus
pressure of 3 psig.  to an internal pressure of 0 psig (atmospheric),
The test 2 specimen did not have any mesh-  the annulus flow rate was 4
ml./5Min., where-     work or other spacer structure between the  as when
the interior of the specimen was sub-  85
1,281,423                                         5      jected to a
pressure of 50 psig, which would  outer solid plies of the bellows
structure may     tend to force the inner ply into closer contact  be made
of any suitable materials including     with the outer ply, the annulus
flow  rate  metals or plastics or any combinations thereof     decreased to
1 ml./5 Min., a reduction of  depending  upon  the  application.   For 5
seventy-five per cent, indicating that a very  example, in systems which
are erquired to   70     substantial restriction of the annulus flow path
handle corrosive  fluids, material such  as     occurred upon the increase
in internal pres-  "Teflon" (Trade Mark) may be utilized.     sure. On the
other hand, when the bellows  Various examples of suitable materials which
specimen employed in tests 3 and 4, and which  may be used for the plies
include by way of 10  had the meshwork spacer between plies, was
illustration but not limitation, stainless steel, 75     subjected to a
like increase  of 50 psig in  "Monel" (Trade Mark), "Inconel" (Trade
internal pressure, the annulus flow rate fell  Mark), tantalum, titanium,
and "Hastelloy"     only 20 ml. from the initial rate of 1740 ml.,  (Trade
Mark).  The meshwork positioned     a  relatively  negligible  decrease  at
that  between the solid inner and outer plies may 15  magnitude of flow.
likewise  be  made  from  various  suitable  80       From the above table
of test data, it will  materials, such for example, as materials     be
noted that tests Nos. 1, 2, 6 and 7, were  which are suitable for the solid
plies. In the     made with specimens which did not include  specific
examples identified in the preceding     meshwork between the plies and the
annulus  test data the bellows structure employed in 20  flow rates were
extremely low. With such  tests 3 and 4, was provided with aluminum   85
low flow rates it is extremely difficult or, in  mesh spacer material
having a 16X 16 grid of     some cases, practically impossible to detect
.012" diameter aluminum wire. The bellows     leaks in the plies and, where
it is possible to  structure of test 5 includes a meshwork     detect such
leaks, an undesirable time delay in  separator of Type 304 stainless steel
consisting 25  such detection will be present. Furthermore,  of a 30X30
grid of .010" diameter wire. The  90     with flow rates as low as 4 to 20
ml./5Min.,  meshwork of the bellows structure used in tests     it would be
necessary to utilize extremely   8 and 9 was also of Type 304 stainless
steel     sensitive monitoring equipment which in turn  and consisted of a
40X40 grid of .008" dia-     would be relatively high in cost as compared
meter wire. 30  to equipment normally employed for use with     flow rates
in the order of 1,000 ml./5Min. and  WHAT WE CLAIM  IS: -
95     above.                                          1. A  bellows
structure, for connection       The results of the test program, as
exempli-  between two parts of a fluid conduit system to     fied by the
data above tabulated and discussed,  serve as a flexible and expansible
joint, com- 



35  show that much less restriction to flow in the  prising a multi-ply
bellows element having     annular space between the plies is obtained
concentric inner and outer plies, each of which  100     with bellows
structures of the present inven-  is comprised of a flexible
circumferentially     tion, employing the meshwork separator (tests
corrugated thin-walled tube of fluid impervious     3, 4, 5, 8 and 9) than
with multi-ply bellows  material, and the respective corrugations of 40
structures wherein the plies are in contact  which tubes are in radial
registry and closely     (tests 1, 2, 6 and 7). It is evident that struc-
inter-fitting  nested  relationship  with  each  105     tures employing
such meshwork  separator  other, fluid-tight sealing joints between the
make it possible to detect very small leaks in  plies extending entirely
around the circumfer-     the plies and permit a more rapid and more  ence
thereof adjacent to their respective oppo- 45  positive detection of leaks
in either the inner  site ends, spacer structure interposed between     or
outer plies. The meshwork separator, by  the plies and extending in closely
interfitting  110     reason of its open work construction, provides
contacting relationship with both of the plies     a positive flow path
from  one end of the  throughout substantially the whole their length
structure to the other, thereby greatly increas-  between the joints to
maintain close but definite 50  ing the ability to detect even very small
leaks  spacing between the plies, and a port through     in either ply of
the bellows and provides  the outer ply communicating with the space 115
greater assurance of safety and reduces the  between the plies for
connection therewith of     need for costly sensing equipment.
means for monitoring or controlling fluid pres-        By maintaining a
positive flow path in the  sure in said space, the spacer structure com- 55
space between the inner and outer plies of the  prising  a fluid  pervious
screen  affording     bellows, the bellows construction of the present
passages for flow of fluid through said space 120     invention utilizing
meshwork spacer structure  to or from said port, and the fluid pervious
also is suitable for applications such as stream   screen comprising a wire
meshwork having     tracing, etc.                                 wires
which extend on a bias with respect to 60    Cyclic fatigue tests of
bellows structures  the axis of said bellows structure.     constructed in
accordance with the present    2. A bellows structure according to claim
125     invention revealed that the presence of the  1 wherein the fluid
pervious screen constitutes     wire mesh between the plies had no detri-
a circumferentially corrugated tubular element     mental effect on fatigue
life.                between and in register with the inner and 65    It is
to be understood that the inner and   outer plies.         5
1,281,423           5     jected to a pressure of 50 psig, which would
outer solid plies of the bellows structure may     tend to force the inner
ply into closer contact  be made of any suitable materials including
with the outer ply, the annulus flow  rate  metals or plastics or any
combinations thereof     decreased to 1 ml./5 Min., a reduction of
depending  upon  the  application.   For 5  seventy-five per cent,
indicating that a very  example, in systems which are erquired to  70
substantial restriction of the annulus flow path  handle corrosive fluids,
material such  as     occurred upon the increase in internal pres-
"Teflon" (Trade Mark) may be utilized.     sure. On the other hand, when
the bellows  Various examples of  suitable materials which     specimen
employed in tests 3  and 4, and which   may be used for tbe plies include
by way of 10  had the meshwork spacer between plies, was  illustration  but
not limitation, stainless steel, 75     subjected to a like increase of 50
psig in  "Monel" (Trade Mark), "Inconel" (Trade     internal pressure, the
annulus flow rate fell  Mark), tantalum, titanium, and "Hastelloy"     only
20 ml. from the initial rate of 1740 ml.,  (Trade Mark).  The meshwork
positioned     a  relatively  negligible  decrease  at  that  between the
solid inner and outer plies may 15  magnitude of flow.
likewise  be  made  from  various suitable  80       From the above table
of test data, it will  materials, such for example, as materials     be
noted that tests Nos. 1, 2, 6 and 7, were  which are suitable for the solid
plies. In the     made with specimens which did not include  specific
examples identified in the preceding     meshwork between the plies and the
annulus  test data the bellows structure employed in 20  flow rates were
extremely low.  With such  tests 3 and 4, was provided with aluminum   85
low flow rates it is extremely difficult or, in  mesh spacer material
having a 16X 16 grid of     some cases, practically impossible to detect
.012" diameter aluminum wire. The bellows     leaks in the plies and, where
it is possible to  structure of test 5 includes a meshwork     detect such
leaks, an undesirable time delay in  separator of Type 304 stainless steel
consisting 25  such detection will be present. Furthermore,  of a 3OX30
grid of .010" diameter wire. The  90 



with flow rates as low as 4 to 20 mL/5Min.,  meshwork of the bellows
structure used in tests     it would be necessary to utilize extremely  8
and 9 was also of Type 304 stainless steel     sensitive monitoring
equipment which in turn  and consisted of a 40X40 grid of .008" dia-
would be relatively high in cost as compared  meter wire. 30  to equipment
normally employed for use with     flow rates in the order of 1,000
ml./5Min. and  WHAT WE CLAIM  IS: -                        95     above.
1. A  bellows structure, for connection       The results of the test
program, as exempli-  between two parts of a fluid conduit system to
fied by the data above tabulated and discussed,  serve as a flexible and
expansible joint, com- 35  show that much less restriction to flow in the
prising a multi-ply bellows element having     annular  space between the
plies is obtained  concentric inner and outer plies, each of which  100
with bellows structures of the present inven-  is comprised of  a flexible
circumferentially     tion, employing the meshwork separator (tests
corrugated thin-walled tube of fluid impervious     3, 4, 5, 8-and 9) than
with multi-ply bellows  material, and the respective corrugations of 40
structures wherein the plies are in contact  which tubes are in radial
registry and closely     (tests 1, 2, 6 and 7). It is evident that struc-
inter-fitting  nested  relationship  with  each  105     tures employing
such meshwork separator  other, fluid-tight sealing joints between the
make it possible to detect very small leaks in  plies extending entirely
around the circumfer-     the plies and permit a more rapid and more  ence
thereof adjacent to their respective oppo- 45  positive detection of leaks
in either the inner  site ends, spacer structure interposed between     or
outer plies. The meshwork separator, by  the plies and extending in closely
interfitting  110     reason of its open work construction, provides
contacting relationship with both of the plies     a positive flow  path
from  one end of the  throughout substantially the whole their length
structure to the other, thereby greatly increas-  between the joints to
maintain close but definite 50  ing the ability to detect even very small
leaks  spacing between the plies, and a port through     in either ply of
the bellows and provides  the outer ply communicating with the space 115
greater assurance, of safety and reduces the  between the plies for
connection therewith of     need for costly sensing equipment
means for monitoring or controlling fluid pres-       By maintaining a
positive flow path in the  sure in said space, the spacer structure com- 55
space between the inner and outer plies of the  prising  a fluid pervious
screen  affording     bellows, the bellows construction of the present
passages for flow of fluid through said space 120     invention utilizing
meshwork spacer structure  to or from said port, and the fluid pervious
also is suitable for applications such as stream   screen comprising a wire
meshwork having     tracing, etc.                                 wires
which extend on a bias with respect to 60    Cyclic fatigue tests of
bellows structures  the axis of said bellows structure.     constructed in
accordance with the present    2. A bellows structure according to claim
125     invention revealed that the presence of the  1 wherein the fluid
pervious screen constitutes     wire mesh between the plies had no detri-
a circumferentially corrugated tubular element     mental effect on fatigue
life.                between and in register with the inner and 65    It is
to be understood that the inner and  outer plies.            6
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