
EMC PROTECTED COMPRESSION UNIT AND A SEALING SYSTEM COMPRISING SUCH
COMPRESSION UNIT Technical Field The present invention concerns compression
unit for a sealing system used for seal, lead-through or transit for cables
or pipes. The invention especially concerns such compression unit adapted
for shielding from electromagnetic disturbances and a sealing system
comprising such compression unit. Prior Art In the prior art there are
cable transitions or the like having a frame, inside which a number of
modules to receive cables, wires or pipes are placed. The modules are made
of an elastic material e.g. rubber or plastics and are thus compressible.
Inside the frame normally a number of modules are received side by side in
one or more rows together with some kind of compression unit. The
compression unit is placed between the frame and the modules in such a way
that when the compression unit is expanded the compressible modules will be
compressed around the cables, wires or pipes. For ease of description the
expression "cable" or "service" is mainly used in this description, but it
should be construed broadly and a person skilled in the art realises that
it normally also covers pipes or wires. Another type of seal, cable
transition, pipe penetration etc. has a general cylin drical form and is to
be received in a sleeve in a wall or an opening in a wall. To fun c tion in
the desired way the seal should fit snugly into the sleeve or the opening
of the wall in which it is received and the seal should be adaptable to the
actual mounting d i mension. The mounting dimension is dictated by the
inner diameter of the sleeve or the opening. The seal has a cylindrical
compressible body, which is compressed axially between fittings at the
opposite ends of the compressible body. By the axial compres sion the
cylindrical body will expand radially both inwards and outwards. Seals or
transitions of both the above kinds are used for sealing in many differ ent
environments, such as for cabinets, technical shelters, junction boxes and
machines. They are used in different industrial environments, such as
automotive, telecom, power generation and distribution, as well as marine
and offshore. The seals or transitions may 



have to seal against fluid, gas, fire, rodents, termites, dust, moisture
etc., and may receive cables or wires for electricity, communication,
computers etc., pipes for differentgases or liquids such as water,
compressed air, hydraulic fluid and cooking gas or wires for load
retention. The parts receiving a single cable etc. of both the types
discussed above often have a stack of peelable layers or sheets on the
inside. The layers or sheets are peeled off until the inner diameter of the
part is adapted to the outer diameter of the cable r e ceived in said part.
The sheets adhere strong enough to each other to stay together and at the
same time loose enough to enable the sheets to be peeled off from the
stack, either one-by-one or a number of sheets together. In some
embodiments there are also peelable layers or sheets on the outside, making
it possible to adapt the outer dimensions of for instance a circular seal
to a specific opening or sleeve. A person skilled in the art realises that
the exact shape and form of the different parts, including the layers, may
vary without departing from the gist of the present in vention. For example
the pack of layers may have another cross sectional form than circular.
Normally, one or more compressible modules are arranged in an opening. The
reafter the modules are compressed to achieve a tight fit between
individual modules, and between a single module and the cable or pipe
arranged therein. The applicant uti lizes two main strategies for achieving
compression, yet the present invention is not limited to those strategies.
The first strategy involves arranging a compression unit together with the
modules within the constraints of the frame. The compression unit is
thereafter mechanically expanded, and compresses the compressible modules.
This type of compression unit is described in several applications by the
present applicant. The second strategy involves arranging a resilient body
between two compression plates, and arranging the compressible modules in
an opening in the resilient body. Compression of the resilient body by
means of the compression plates will make it expand, and as it expands it
will compress the compressible modules. This strategy is also described in
several applications by the present applicant. There are other examples of
compres sion units, and the present invention should obviously not be
limited to any particular type of compression unit. 



The compression unit compresses all modules, which means that while each
module only is compressed to a small degree, the compression unit may have
to be ex panded substantially. The modules, as well as the rest of the
system, may be designed to enhance par ticular properties of the sealing
system of which they constitute a part. Examples ofproperties may include
fire restriction, sealability, mechanical friction, pressure resis tance,
explosion resistance, shielding against electromagnetic disturbances, etc.
In some installations it is vital to dampen electromagnetic disturbances to
protect different electrical or electronic equipments on the inside or
outside of the wall, parti - tion etc. receiving the frame. Both
disturbances going along the screen of a cable or pipe and electromagnetic
radiation that may cause RFI (Radio Frequency interference) are possible to
dampen at systems of the type described above. Electrical and electronic
devices are more or less sensitive to electromagnetic disturbance caused by
electromagnetic radiation. Electromagnetic disturbance may be caused by the
electromagnetic radiation which often is emitted by electrical circuits car
rying rapidly changing signals, as a by-product of their normal operation,
and which causes unwanted signals (interference or noise) to be induced in
other circuits. This in terrupts, obstructs, or otherwise degrades or
limits the effective performance of those other circuits. It can be induced
intentionally, as in some forms of electronic warfare, or unintentionally,
as a result of spurious emissions and responses, intermodulation prod ucts,
and the like. Cables used in environments were it is required to guarantee
protection against RFI normally have a screen, in the form of a conductive
layer, surrounding the cable conductor(s), as a protection against
electromagnetic disturbance. In order to be efficient, a cable screen must
be able to carry currents generated by electromagnetic distur bance away
from the cable, which is achieved by grounding of the cable screen. Proper
grounding is crucial for obtaining good protection from electromagnetic
disturbance, and is a vital part of all electronic and electrical design.
There is a relationship between the efficiency of grounding and the damping
achieved. To minimize radio frequency interference and dampen
electromagnetic radiation some kind of waveguide (wave trap) and/or a RFI
screen should be formed. The wave 



guide should be grounded. Today there exist different types of so-called
EMC modules. EMC stands for electromagnetic compatibility, i.e. the ability
of electrical or electronic devices to function properly in their intended
electromagnetic environment. EMC modules are pro vided with some kind of
waveguide and/or a RFI screen and an electrical contact to the cable
screens to tap off cable screen borne electromagnetic
disturbance/interference to ground. The waveguide is normally some kind of
conductive material formed as a pipe, duct or alike, the purpose of which
is to act as a trap for RFI. The RFI screen goes normally vertically
through the entire EMC module. One example may be an RFI screenmade of
glass beads coated with silver and placed in a rubber material. Normally,
an opening is made in the RFI screen to let a cable or pipe through. The
conductive m a terial in contact with the cable screen may be cupper with a
tin coating. To have a good connection the conductive material should have
a certain length and preferably go 360 around the cable screen.
Furthermore, in many installations today a special cover of conductive
material has to be placed on or in the compression unit to guarantee protec
tion against RFI and proper grounding of any protruding bolts. In many
military applications, at oilrigs, in hospitals, on board airplanes, on
board ships, in different types of vehicles, in some industries and so on
there may be certain areas that are more sensitive to disturbances, i.e. it
is very grave if these areas are knocked out. Such areas need a more
efficient damping than other areas. In many instances it is also desirable
to dampen equipment on the inside of the frame to hinder espionage or other
unwanted surveillance. The damping effect is measured in dB, for instance
according to the standard IEEE 299 or MIL-STD 285. There exist a number of
equipments giving some damping of electromagnetic disturbances. The damping
effect is in many cases increased by a relatively complex set of modified
components and handling steps. However, by the known equipments it is hard
to achieve a damping exceeding about 60 dB, when cables are received.
However, for sensitive areas the damping should be at least 60 dB or
preferably more. One particular element being difficult to shield in a
practical manner is the com pression unit, since this unit often comprises
an assembly that expands during use. 



One solution which is used presently is to retrofit a metal cover, covering
the full extension of the compression unit when in a fully expanded state,
thus compressing existing modules to the desired extent. Though effective,
this solution may be somewhat cumbersome, since it requires an additional
component and extra work effort. Another solution is disclosed in EP-A-I
484 541, where a pleated screen is ar ranged inside a compression unit. As
the compression unit expands the pleated screen will unfold and still
provide screening. Though fulfilling its purpose the system requires a
rather complicated manufacturing process. Further, the integrity, and the
mere exis tence of the pleated screen is not easily verifiable. In EP-A-I
479 958 a third known solution is disclosed. According to this solu tion
components of the compression unit may be vacuum coated with an
electrically conductive coating, such as with a metal alloy. The solution
has proven to be efficient, yet it requires a somewhat complicated
manufacturing method, which of course willaffect the cost of the resulting
product. The present invention aims at providing an im proved, and in many
ways simplified, solution for the achievement of shielding against
electromagnetic disturbances. Summary An inventive compression unit
according to claim 1 is characterized in that a conductive flexible sheet
encloses one end of the compression assembly, such that it provides full
shielding in one direction and adequate electrical contact in other direc
tions. The characterizing feature results in several beneficial effects,
such as: The sheet may be retrofitted to an existing compression unit,
resulting in that a tailor made compression unit does not have to be
provided. The original demands on the frame will be fulfilled. The
integrity of the sheet, and thus the shielding ability of the system may be
readily evaluated visually. The sheet may be sized to accept a substantial
compression/expansion of the compression unit, and is not as susceptible to
fatigue or wear as some prior art solutions. The manufacture of the
compression unit does not have to be altered. If a new design of the
compression unit is developed the sheet is easily adjusted, 



if an adjustment is at all needed, to the new design. In one or more
embodiments the flexible sheet is a mesh. Using a mesh allows for resilient
material of the compression assembly to protrude between the threads, which
supports sealing properties and increases friction against contacting
surfaces. Also, a mesh is more resilient than a sheet, for corresponding
material dimensions, i.e., a mesh made from wires having 0.3 mm diameter is
more resilient and "forgiving" than a 0.3 mm sheet made of the same
material. In another embodiment the conductive mesh is fully or partly
embedded in the compression unit and connection means ensure that there is
electrical contact between the mesh and ground at one end, and with the
mesh and cable screens at another end. The contact means may be provided by
the mesh itself, or by other components in elec trical contact with the
mesh, e.g., connectors. The ultimate contact between the shiel ding of
individual cable screens and the mesh affects grounding properties, and may
be effected via existing stayplates etc. The concept is easily grasped
starting from one ex treme: If a frame or an opening is covered with a
homogeneous conductive plate, in connection with ground, there will be
virtually no leakage of electromagnetic radiation.Any step away from this
extreme will reduce the shielding properties. It is therefore beneficial if
all adjacent components (frame/compression unit/stayplate/module/cable) are
electrically connected throughout their entire contact area, in a low
resistance con nection, and that all components are connected to ground
(optionally via other components). If e.g. the stayplate are not in good
electrical contact with the adjacent modules, there will be a "slit"
through which the electromagnetic radiation may pass. It should be obvious
that there are many embodiments where not all of the above components are
used, the stay plate may, e.g., be omitted in some embodiments. Still, the
electrical contact between adjacent components is the important issue. It
should also be noted that the degree of shielding necessary may vary, such
that some leakage may be accepted. The present invention should therefore
not be limited to a situation where all adjacent components are in
electrical contact. "Encloses", "enclose", "enclosing" and so forth, means
that the mesh covers the end of the compression assembly and portions of
neighboring surfaces, which is believed to correspond to the common
definition. In one or more embodiments the com 



pression assembly may be penetrated by e.g. screw means. In such a case the
screw means may also penetrate the mesh, yet the mesh is still considered
to enclose one end of the compression assembly. In one embodiment the
compression assembly comprises two compressible wedges made of rubber or
similar resilient material, that may be moved away and to wards each other
by means of screw means, and two further compressible wedges that can also
be moved towards and away from each other and which co-act with the two
first mentioned wedges. In one or more embodiments the four wedges may be
held to gether by a flexible strap, and may be formed in one piece with
said strap, to form an easily handled pack with the wedges together forming
a contained component which can be easily fitted into a frame. Except for
the shielding properties such a compression assembly is disclosed in WO
96/1 1353 (hereby incorporated by reference), and relevant details
described therein, referring to the construction of the compression
assembly is considered to form part of this application too. hi this
context it should be noted that there are other types of compression units
that may be used, and that they fall within scope of the present invention,
as defined by the appended claims. Brief Description of the Drawings Fig. 1
is a front view of a sealing system provided with a compression unit
according to a first embodiment of the present invention.Fig. 2 is a side
view of a compression unit according to a first embodiment of the present
invention, without the conductive mesh. Fig. 3A and B are side views of a
compression unit according to the first em bodiment of the present
invention, in a relaxed state and compressed state, respectively. Fig. 4 is
a view of the sealing system of Fig. 1, from the opposite direction. Figs.
5 and 6 are side views, partly in section of compression unit according to
a second embodiment of the present invention. Fig. 7 is a perspective view
of a sealing system similar to the one of Figs. 5 and 6. Fig.8 is a
schematic view of a compression unit according to a third embodiment of the
present invention. Fig. 9 is a schematic view of an arrangement of the
compression unit of Fig. 8 in 



a frame. Description of Embodiments Fig. 1 illustrates a sealing system
comprising a compression unit according to a first embodiment of the
present invention, seen from a first side. The system comprises a frame 1,
in which compressible modules 2 are arranged. The compression modules 2
have peelable layers 5 of material in order to be adaptable to the
dimensions of a service, such as a pipe or cable, arranged therein. A
rubber core 6 is arranged to provide sealing and to position the peelable
layers 5 if a service is not arranged. Stay plates 4 are located between
the rows of compressible modules 2. The stay plates 4 are slidably ar
ranged and act to position the compressible modules 2 and to distribute the
compression from the compression unit 3. The compression unit 3 shown in
the view of Fig. 1 resembles compression units according to prior art. The
screws 7, of which the heads are visible, are used to expand the
compression unit 3 in a manner described in a following paragraph,
referring to Fig. 2. Fig. 2 illustrates a side view of a compression unit
according to prior art, which may simplify the understanding of the
compression unit 3 of Fig. 1. The screw heads 7 are visible on the left
side of Fig. 2. The compression unit has a compression assembly comprising
two opposing wedges 11, 12 interconnected by the screw 7. By forcing these
wedges 11, 12 towards or away from each other, two coacting wedges 14, 15
may be forced away or towards each other. A reduction in a horizontal
dimension thus r e sults in an expansion in a vertical direction, whereby
the compressible modules may becompressed. The compression unit 3 described
thus far is thoroughly described in the previously cited WO application.
Figs. 3A and 3B illustrate how an electrically conductive mesh 16 is
arranged such that it encloses one end of the compression assembly. In this
context it may be emphasized that the 'compression assembly' is a subunit
of the 'compression unit', such that the compression unit comprises the
compression assembly as well as other compo nents such as screws, fittings
etc. The conductive mesh 16 has such an extension that it comes into
contact with the frame, which is arranged on the upper, lower and lateral
sides of the compression unit, and that it blocks electromagnetic
disturbances propagating through the compression unit (from left to right,
or vice versa, in Fig. 3). The 



compression unit itself may be positioned anywhere in the frame; top,
bottom or there between. Fig. 4 shows the sealing system of Fig. 1 from the
opposite direction. Figs. 5 and 6 show a second embodiment of the present
invention, in which a compression assembly having a cylindrical outer
surface is used. The compression unit utilizing such a compression
assembly, or compressible body 20, is well described in several
applications by the present applicant. Only details of the construction
that sim plifies the understanding of the present invention will be
described here. At either end of the compressible body 20 a fitting 22, 24
may be arranged. The fittings 22, 24 are interconnected by compression
means, such as screws 26 that may be tightened in order to achieve
compression. When compressed in the axial direction the compressible body
will expand in the radial direction, thus achieving sealing radially
inwards and out wards, and also secures the service arranged therein and
relative to the opening in the construction in which it is arranged, which
is illustrated in Fig. 6. In this sense, and compared to the previously
described compression assembly, this second embodiment does not include any
movable parts in a practical sense of the word (it is obvious though that
the fittings will move towards each other when the compression means forces
them to do so). A similar type of mesh 28 is arranged in this case. It
should be noted that the cross sections of Figs. 5 and 6 do not give a true
appearance of the mesh 28, and in particular the appearance of the mesh is
not true cross sectional view and should only be considered as an
indication for simple understanding of the construction. A more for mally
correct illustration is disclosed in the embodiment shown in perspective in
Fig. 7 . In the embodiment of Figs. 5 and 6 the mesh 28 extends from a
location at the outer perimeter of the compressible body and extends to a
location on the outer perimeter of the outermost peelable layer of material
30. If the peelable layers of material are notconductive, the mesh may
instead extend to a location on the inner perimeter of the in nermost
peelable layer of material. This enclosure of the compression assembly may
provide an adequate shielding, and would have the advantage that neither
the compres sible body, nor the peelable sheets of material 30 would need
to be provided with conductive properties. In the embodiment of Fig. 7 the
mesh is arranged to also enclose the fitting and compression means at one
end of the compressible body, and the same num 



bering has been used for similar parts. The schematic view of Fig. 8
illustrates the function of a compression unit ac cording to a third
embodiment of the present invention. The function illustrated from one
side, as for the compression units of Fig. 2 and 3. hi this embodiment two
opposing wedges forces a third wedge, interposed between the two opposing
wedges, downwards in order to accomplish compression. The two opposing
wedges comprise an opening through which a compression means may extend,
and the third wedge comprises an oblong slot for the same purpose. For this
compression unit to work the two opposing wedges have to be movable
relative to each other. One of them may be attached to, or integral with, a
frame, while the other may be movable by fastening means, such as screws,
so as to selectively move back and forth towards the first one. The
function of the compression unit is indicted in Fig. 8. As a compression
screw 32 is tightened by means of a nut at one end the first and second
compression wedges 34, 36 will be pressed towards each other, as indicated
by the horizontal arrows in Fig. 8. By means of the slanting surfaces of
the compression wedges 34-38, the mid dle compression wedge 38 will be
moved in the direction of the vertical arrow of Fig. 8 when the first and
second compression wedges 34, 36 are pressed towards each other. The middle
compression wedge 38 is free to move in a vertical direction thanks to the
slot (not shown) receiving the compression screw 32 and to the portion of
the middle compression wedge 38 having a width that is smaller than the
distance between the fixation means of a frame. The middle wedge 38 will
move towards and compress the modules inside the opening of the frame. The
mesh 40 may in this embodiment be ar ranged enclosing all of the three
wedges 34-38. In another embodiment, where the compression unit is arranged
in a frame having a design such that the frame itself provides the
necessary shielding of an area corresponding to the extension of the two
opposing wedges 34, 36 the mesh may only be arranged enclosing the
projecting portion of the middle wedge 38. This is shown in Fig. 9, where
the compression unit is arranged in such a frame 101, of which only a
portion is shown. The frame may be similar to the frame of Fig. 1, yet the
compression unit of Fig. 8 is integrated into the frame 101 to agreater
extent. If the frame is made of plastic, the first wedge 34 may even be
formed in one piece with the frame 101 in convenient manner. The frame 101
should comprise 



openings through which the screws 32 may extend or through which a tool may
be ex tended for operating the screws 32. Not shown explicitly in the
drawing is how compressible modules are arranged in the opening 42 below
the compression unit. It should yet again be noted that the view of Figs. 8
and 9 are only schematic. In one embodiment the first and second
compression wedges 34, 36 are made of a plastic material, such as PA 66,
306F or similar, while the middle compression wedge 38 is made of a rubber
material, such as EPDM, Roxylon or similar. Normally a lubricant is placed
on the slanting contact surfaces of the compression wedges 34-38. The
inventive system has somewhat surprisingly proven to be equally or more
efficient in terms of attenuation of RFI or electromagnetic radiation than
previous solu tions. One example is that compared to the solution with the
retrofitted metal cover the dampening was improved by 40 dB. The mesh size
may obviously vary and generally have to be adjusted to the wa velength of
the electromagnetic waves to be blocked. Other parameters, such as resi
lience, rigidity etc may depend on the mesh size and the dimensions of the
conductors of the mesh, and it is possible to adjust the properties of the
mesh without leaving the scope of the present invention as defined by the
appended claims.CLAIMS 1. A compression unit for a modular sealing system,
having a compression a s sembly being arranged to expand in one direction
as it is compressed in another direction and having two operative states, a
storage state in which the compression assembly is relaxed, a compressive
state in which the dimension of the compression assembly is r e duced in
one dimension and expanded in another dimension for the purpose of achiev
ing adequate seal, characterized in that an electrically conductive
flexible sheet encloses one end of the compression assembly. 2. The
compression unit of claim 1, wherein the conductive flexible sheet is fully
or partially embedded in the compression assembly. 3. The compression unit
of claim 1, wherein the electrically conductive flexible sheet is a mesh
(16, 28, 40). 



4. The compression unit of any preceding claim, wherein the compression
assembly comprises two compressible wedges ( 11, 12) which can be moved
towards and away from each other by means of screw means (7), and two
further compressible wedges (14, 15) which also can be moved away and
towards each other and which coact with the two first-mentioned wedges (11,
12). 5. The compression unit of claim 4, wherein the four wedges ( 11, 12,
14, 15) are held together by a flexible strap which functions to hold the
wedges (11, 12, 14, 15) movably in relation to each other, such that the
wedges ( 11, 12, 14, 15) and the screw means (7) together form a contained
component. 6. The compression unit of claim 1, 2 or 3, wherein the
compression assembly does not contain any movable parts. 7. The compression
unit of claim 6, wherein the compression assembly com prises a compressible
body (20) having an essentially cylindrical outer perimeter.8. The
compression unit of claim 5 or 6, wherein the compression assembly is
partitioned along one or more slits in the direction of the central axis of
symmetry. 9. The compression unit of claim 1, 2 or 3, wherein the
compression unit is an integrated part of a frame (101) having an opening
adapted to receive one or more mod ules and forming a transition for
services, such as cables or pipes together with the modules, and is placed
in a space under a cover at one end of the opening of the frame (101), and
wherein the compression unit comprises a first compression wedge (34), a
second compression wedge (36) and a middle compression wedge (38), which
compression wedges (34-38) have slanted mutual contact surfaces. 10. A
sealing system utilizing a compression unit according to any preceding
claim, wherein the flexible sheet is arranged to be in direct physical and
electrical con tact with a service extending through the sealing system. 


