
0151179 Description Technical field This invention relates to a
non-shielded plenum cable having resistance to flame spread and smoke 5
evolution and to methods of making it. More particularly, it relates to a
relatively small pair size cable which is ideally suited for
telecommunications use in building plenums and which includes an outer
jacket which is made of an extrudable material. Background of the invention
10    In the construction of many buildings, a finished coiling, which is
referred to as a drop ceiling, is spaced below a structural floor panel
that is constructed of concrete, for example. Light fixtures as well as
other items are supported by the drop ceiling. The space between the
ceiling and the structural floor from which it is suspended serves as a
return-air plenum for elements of heating and cooling systems as well as a
convenient location for the installation of communications, computer and
alarm system cables. It is not is uncommon for these plenums to be
continuous throughout the length and width of each floor. When a fire
occurs in an area between a floor and a drop ceiling thereabove, it may be
contained by walls and other building elements which enclose that area.
However, if and when the fire reaches the plenum, and if flammable material
occupies the plenum, the fire can spread quickly throughout an entire story
of the building and smoke can be conveyed through the plenum to adjacent
areas. The fire could 20 travel along the length of cables which are
installed in the plenum. Generally, a cable in which the sheath comprises
only a plastic jacket does not exhibit what are now totally acceptable
flame spread and smoke evolution properties. As the temperature in such a
cable rises, charring of the jacket material begins. Afterwards, conductor
insulation inside the jacket begins to decompose and char. If the jacket
char retained its integrity, it could function to insulate the core; if
not, it is 25 ruptured by the expanding insulation char, exposing the
virgin interior of the jacket and insulation to elevated temperatures. The
jacket and the restricted insulation char begin to pyrolize and emit
flammable gases. These gases ignite and, by convection, burn beyond the
area of flame impingement, propagating flame and evolving smoke. Because of
the possibility of flame spread and smoke evolution, the U.S. National
Electric Code (NEC) 30 requires that electrical cables in plenums be
enclosed in metal conduits. Since rigid metal conduits are difficult to
route in plenums congested with other items, a rearrangement of office
telephones is extremely expensive. However, the code permits certain
exceptions to this requirement. For example, flame-resistant, low
smoke-producing cables without metallic conduit are permitted provided that
such cables are tested and approved by an authority such as the
Underwriter's Laboratories. What is needed for use in buildings is 35 a
cable which is relatively inexpensive to manufacture, but which meets the
NEC requirements for flame retardance and smoke evolution, and which has
suitable mechanical properties such as flexibility. In the marketplace,
cable which comprises a core enclosed in a paper wrap and in a relatively
thick metallic shield is available, but it is relatively inflexible and
somewhat difficult to maneuver in plenums. Also, care must be taken during
installation to guard against possible electrical shock may be caused by
the 40 metallic shield of the above-described cable engaging exposed
electrical service wires or equipment. One commercially available
fluorine-containing polymer material has been accepted as the primary
insulative covering for conductors and as a jacketing material for plenum
cable without the use of metal conduit. However, that material has a
relatively high dielectric constant which makes it unattractive as
insulation for communications conductors. 45    A plenum cable that has
superior resistance to flame spread and smoke evolution is shown in U.S.
patent 4,284,842. It includes a reflective sheath system which encloses a
core and which comprises a layer that is made of core wrap material and a
metallic barrier having longitudinal edge portions that form a seam.; The
metallic barrier which reflects radiant heat outwardly is covered with two
translucent tapes. Each tape is wrapped helically about the core with
overlapped sealed seams. 50    The foregoing sheath system, which depends
on its reflection characteristics to keep the heat away from the core is
well suited to larger pair size plenum cables. However, for smaller pair
size cables such as those containing twenty-five pairs or less, the use of
a metallic shield is not only expensive, but is very difficult to form
about the core. Also, inasmuch as the metallic barrier reflects heat,
manufacturing line speeds must be low enough to allow sufficient heat
energy to be transferred to adhesive on the tapes to 55 seal the seams.
What is still sought is a less expensive, flame retardant, smoke suppresive
sheath system for a relatively small pair size plenum cable. The sought
after cable desirably is easier to manufacture than presently available
products and includes an outer jacket comprising a material that is capable
of being extruded instead of being wrapped about the core. 60 Summary of
the invention With the invention as claimed the transfer of heat to the
core is delayed and the amount of smoke is 



reduced, thus helping to reduce flame spread. Preferably the inner layer is
compressible to permit charring of the core to develop substantially
unimpeded which not only helps to inhibit the production of 65 inflammable
gases but also blocks the flow of such gases along the cable. In a
preferred embodiment for 2    0 151 179 the larger of the small pair size
cables, a woven glass layer which is impregnated with a fluorocarbon resin
is interposed between the fibrous layer and the outer jacket. This added
layer helps to minimize the ingress of convective heat into the core and to
minimize notching of the jacket material. A preferred core wrap for the
inner layer of the sheath system, which replaces prior art sheath system 5
components such as aluminum and glass is characterised also by a relatively
high compressibility. It comprises a blend of NOMEX[err] aramid filament
yams and of KEVLAR[err] aramid, high modulus organic fibers. The major mode
of heat resistance is the heat absorption provided by the
NOMEX[err]/KEVLAR[err] core wrap material and the superior resistance to
high temperatures by the extruded outer jacket which may be a
polyvinylidene fluoride plastic material. 10     The cable of this
invention is particularly useful in providing a desired degree of flame
retardance for lightguide fiber cables and for small pair size cables which
include no more than twenty-five pairs of insulated metallic conductors.
Inasmuch as the cable does not include a metallic shield, it is more
flexible, thereby facilitating installation. Another advantage of this
cable relates to its manufacture. In the prior art cables, outer tapes were
wrapped helically in opposite directions with overlapping adjacent turns
about the 15 core wrap after which the cable Was subjected to heat to cause
adhesive material on the tapes to melt and seal the overlapping seams. The
wrapping and sealing of tapes are not required with the cable of this
invention. Rather the outer layer of a fluoropolymer material such as
polyvinylidene fluoride plastic material is extruded over the inner layer
with conventional tooling. 2o Brief description of the drawings Other
features of the present invention will be more readily understood from the
following description of the specific embodiments thereof when read in
conjunction with the accompanying drawings in which: Fig. 1 is a
perspective view of a cable of this invention which includes a sheath
system that has superior flame and smoke retardance properties; 25     Fig.
2 is an end view of another embodiment of a cable sheath system of this
invention; Figs. 3 and 4 are end cross-sectional views of lightguide cables
which embody the cable sheath of Fig. 1; Fig. 5 is an elevational view of a
portion of a building to show an environment in which the cable of this
invention may be used; 30     Fig. 6 Is a schematic view of a portion of a
manufacturing line which is used to make the cable of this invention; and
Fig. 7 is an elevational view of a portion of a length of cable being
subjected to a flame in a test apparatus and shows the condition of a cable
as a result of its exposure to the flame. 35 Detailed description Referring
now to Figs. 1 and 2, there is shown a communications cable, which is
designated generally by the numeral 20 and which is flame retardant and
smoke suppressive. It includes a core 21 having a relatively small number
of pairs of individually insulated conductors 22-22. Generally, insulation
23 which covers each of the conductors of the core is a flame retardant
plastic material such as, for example, 40 polyvinyl chloride (PVC). The
core 21 typically includes a number of insulated conductor pairs, e.g.,
less than twenty-five pairs, which is relatively low compared to the number
included in a stub cable which services a building. The core 21 could be
one which is suitable for use in computer and alarm signalling networks. It
should be realized that the core 21 also may be one which is used in
lightwave communications. As 45 such, it could include a single lightguide
fiber 24 (see Fig. 3) which is coated with a protective material 25 and
enclosed in a sheath that includes strength members and a fire retardant
plastic jacket 26. Or, it could include one or more lightguide fiber
ribbons 27-27 (see Fig. 4) each comprising a plurality of coated fibers
28-28. Ribbon cables are described in an article authored by Frank T.
Dezelsky, Robert B. Sprow and Francis J. Topolski and entitled "Lightguide
Packaging" which appeared in the Winter 1980 issue of the 50 Westem
Electric Engineer beginning at page 81. Depending on the structure of the
conductors themselves, such a cable may have a lower fuel content than a
cable which includes insulated metallic conductors. As should become
apparent from test results disclosed hereinafter, the cable 20 of this
invention satisfies a,long felt need for a relatively small pair size cable
which is specially suited for use in a building plenum 28 (see Fig. 5).
Such a cable must meet stringent requirements for flame-spread and smoke 55
evolution as well as those for mechanical and electrical safety. 



Turning again to the cable of this invention as shown in Figs. 1-2, it can
be seen that the core 21 is enclosed with a sheath system 30. The sheath
system 30 which is non-metallic and which is characterized. by a relatively
low thermal conductivity delays for a predetermined time heat transfer into
the core 21. Typical of the thermal conductivity values of the sheath 30
are those in the range of about 0,000418 to 50 0,00418 J cm/cm[err]
sec[err]C (0.0001 to 0.001 cal. cm/cm[err] sec.[err]C). As can be seen in
the drawings, the sheath system 30 includes a core wrap or inner layer 31
which comprises a heat resistant fibrous material which has a relatively
low air permeability and a relatively high heat absorptivity. Air
permeability of a material is defined as the rate of air flow through the
material under a given differential pressure. An air permeability in the
range of 0 to 5.66 cubic meter/min is acceptable. 65    Flame resistance
and smoke suppression are enhanced because the inner layer 31 has a
relatively high 3    0 151 179 heat absorptivity. Absorptive power or the
absorptivity of a material is measured by the fraction of the radiant
energy falling upon the material which is absorbed or transformed into
heat. It is the ratio of the radiation absorbed by any material to that
absorbed under the same conditions by a so-called black body. An
arrangement or a material which will absorb all the radiant energy at all
wavelengths and reflect none is 5 called a perfect black body. This ratio
varies with the character of the surface and the wavelength of the incident
energy. In a chart on page E225 of the 54th edition of the Handbook of
Chemistry and Physics as published by the CRC Press of Cleveland, Ohio, the
coefficient of absorption of black matter is given as 0.97 whereas that for
white lead paint is 0.25. In a preferred embodiment, the inner layer 31
comprises an aramid fibrous material having a heat to absorptivity of about
0.45. It is characterized also by a relatively high compressibility. An
aramid fiber is defined as a long chain synthetic polyamide having at least
85% of its amide linkages attached directly to two aromatic rings; Aramid
fibers exhibit low flammability, high strength and high modulus. The inner
layer 31 may be made of a non-woven aramid fibrous material which has a
relatively high compressibility and which is preferred, or it may be woven.
A non-woven fabric is an assembly of textile 15 fibers held together by
mechanical interlocking in a random web or mat, by fusing of the fibers or
by bonding them with a cementing medium. Woven fabric is comprised of two
sets of yarns, warp and filling and is formed by weaving, which is the
interlacing of these sets of yarns to form a fabric. The inner layer 31
preferably is relatively resilient so that it is capable of being
compressed by the PVC conductor insulation 23 when it intumesces and
expands under the application of heat. During a fire, the 20 core chars. If
this char is not allowed to develop, it breaks down and gases are emitted.
Desirably, the core wrap 31 conforms to the growth of the char and allows
it to develop. As a result, the uncharted PVC insulation is further
insulated from the heat. A NOMEX[err] aramid filament yam which is
available from the E. I. DuPont Company may be used for the inner layer 31.
It is described in a product brochure designated bulletin NX-17, dated
December 1981 25 and distributed by E. I. DuPont It has been found that a
material which is a blend of commercially available felts also is suitable
for the inner layer. In a preferred embodiment, the blend comprises an
aramid filament yarn such as the NOMEX[err] aramid filament yarn and
KEVLAR[err] aramid fiber. KEVLAR[err] fiber is described in a product
brochure designated Bulletin K-5, dated September 1981 and distributed by
the E. I. DuPont Company. The 30 NOMEX[err]/KEVLAR[err] blend has a thermal
conductivity of 0.00024 cal cm/cm[err]sec[err]C  compared to a value of
0.001 for non-woven glass used in prior art plenum cables. Because the
blend is light yellow in color, its heat absorptivity is slightly higher
than that of an inner layer 31 comprising the NOMEX[err] material which has
an off-white natural color. The thickness of the layer 31 and its
uniformity also are important. For example, while for a very small 35 pair
size cable, such as four pair, the thickness may be 0.076 cm, a thickness
of about 0.152 cm is required for a twenty-five pair size. The inner layer
31 is wrapped about the core 21 to form a longitudinal overlapped seam 32
which has a width of about 0.32 cm. Although the layer 31 in the preferred
embodiment is wrapped to form a longitudinal seam, it could be wrapped
helically about the core 21. 40    Even after relatively long periods of
exposure to high temperatures, the core wrap 31 retains a relatively high
strength and toughness. For example, NOMEX[err] yarn has a low level of
flammability and does not melt and flow at high temperatures. KEVLAF[err]
fiber does not melt nor support combustion but will begin to carbonize at
about 427[err]C. Further, KEVLAR[err] fiber is about 43% lighterthan
Fiberglass[err] glass fibers. 45    Because of its relatively high heat
absorptivity and its moderately low air permeability which is in the range
of about 128 cfm, the inner layer 31 impedes the flow of convective hot air
inwardly toward the core. 



Also, once the core 21 begins to degrade during a fire, the inner layer 31
impedes the outward flow of gases from the decomposed PVC. This prevents
the movement of smoke into a flame front which could cause ignition and
flame spread. 50    The preferred embodiment of the sheath system 30 of
this invention for the larger ones, e.g. 25 pair, of the family of small
pair size cables is shown in Figs. 1 and 3-4. In it, the inner layer 31 is
enclosed in a layer 34 of woven glass which has been impregnated with a
fluorocarbon resin liquid coating and cured in place. The fluorocarbon
resin may be a polytetrafluoroethylene (PTFE) resin, for example, which is
available from the E. I. DuPont Company. A woven glass strip which has been
impregnated with the PTFE resin is available 55 commercially from the Oak
Material Group, Inc. under the designation Fluorglas[err] tape. Because the
layer 34 is woven and because the resin fills the interstices of the woven
glass, the layer is characterized by a relatively low air permeability in
the range of 0.878 cubic meter/min which minimizes air flow into the core.
Although in the preferred embodiment, it is wrapped helically about the
inner layer 31, the woven glass layer 34 could be wrapped longitudinally.
60    To provide thermomechanical and dielectric strength, the outer
portion of the cable sheath system 30 includes an outer jacket 40 Isee
Figs. 1 and 2). This is made of a fluoropolymer plastic material comprising
a fluorinated polymer including fluoride ions in the polymer chain. The
fluoropolymer plastic material can withstand relatively high temperatures
without degradation and is capable of being extruded. In the preferred
embodiment, the outer jacket 40 comprises a polyvinylidene fluoride (PVDF)
material such as 65 KYNAR[err] PVDF material. Such a material which is
transparent is described in a brochure designated 4    0 151 179
PL-148-A-3/81-W77020-5M published by the Pennwalt Corporation of
Philadelphia, Pennsylvania. The thermal conductivity of the material of the
outerjacket 40 is in the range of about 0.00096-0.0012 J cm/cm[err]
sec[err]C (0.00024-0.0003 cal. cm/cm[err] sec[err]). it has a specific heat
of 1.2-1.26 J/gm/[err]C (0.30-0.34 cal/gm/[err]C) and a limiting oxygen
index of 44%. its initial thermal decomposition occurs above 350[err]C. 5
As was mentioned hereinbefore, the cable system of U.S. patent 4,284,842
includes a metallic strip which is formed into a barrier that encloses a
core wrap material. The use of a heat reflective metallic shield, which may
be necessary for the higher fuel content higher pair size cables, requires
an extra manufacturing step, prevents the use of higher line speeds and
results in a cable which for small pair sizes would be somewhat inflexible.
The sheath system '30 of this invention which is suitable for cables having
a io  relatively small number of conductor pairs does not include a
metallic reflective barrier. Not does it include an outer jacket comprised
of tapes which must be wrapped about the core 21. Instead, the material
comprising the jacket 40 is extrudable. The KYNAR[err]  plastic material
has excellent thermal stability and melt processability which facilitate
its extrusion. The components of the sheath system 30 cooperate to provide
a system which delays the transfer of 15 heat energy into the core 21 for a
predetermed time. Because conductive heat transfer, which decomposes the
conductor insulation 23 is delayed, smoke emission and hence further flame
spread are controlled. This heat energy, at least for a predetermined time,
is absorbed by the layer comprising the core wrap of the blend of aramid
fibers. In the manufacture of the cable 20, a core 21 which may comprise
the plurality of conductors 22-22 is 20 advanced along a line 50 (see Fig.
6). The conductors 22-22 are payed off from supplies 51-51. A strip 52 of
aramid fibrous material is wrapped aboutthecore2l bya device 53 to form the
inner layer 31 after which a strip 54 of woven resin impregnated glass is
formed into the layer 34 about the inner layer 31 by a device 55. The layer
34 presents a relatively smooth surface over which the jacket material is
extruded and holds the inner layer 31 disposed about the core 21 prior to
extruding of the jacket 40. As a result, notching of the 25 fluopolymer
plastic material is minimized. Then, the wrapped core is advanced through
an extruder 56 wherein an outer jacket of a fluoropolymer material such as
KYNAR[err] plastic material is caused to enclose the wrapped core. The
jacketed cable is advanced through a trough 57 wherein it is cooled by
chilled water. The completed plenum cable is taken up on a reel (not
shown). It has been found that the tightness of the enclosure of the sheath
system, which comprises the inner 30  layer 31 and the extruded layer 40,
about the core, affects the amount of char that is formed, and could
increase the evolution of smoke. Accordingly, care must be taken when
extruding the outer jacket about the core to avoid undue compression of the
inner layer 31. If this precautionary measure were not taken, the layer 31
would be compressed so much during manufacture that its effectiveness as a
thermal barrier would be reduced. Also, the PVC charring mechanism would be
restricted, and this would lead to the 35 emission of volatile gases which
might escape through the seams and ignite downstream. Flame spread and
smoke evolution characteristics of sample cables may be demonstrated by
using a well known Steiner Tunnel test in accordance with A.S.T.M. E-B4 as
modified for communications cables 



and now referred to as Underwriters  Laboratories Test U.L 910. Test 910 is
a test method for determining the relative flame propagation and smoke
generating characteristics of cable to be installed in ducts, 40 plenums,
and other spaces used for environmental air. Tests have shown that heat is
transferred into the cable core 21 principally by thermal radiation,
secondly by conduction and finally by convection. The charring of the PVC
insulation along its outwardly facing surface acts to inhibit further
degradation of the PVC by blocking internal convective air movements.
Charred PVC conductor insulation 61 (see Fig. 7) effectively blocks off a
section of the length of cable 20 to localize further PVC decomposition in
the portion 45  of the cable adjacent to a flame 62. This prevents the
longitudinal travel of heated air which decomposes the insulation and
causes smoke evolution. Example 1 A core comprising four pairs of 0.51 mm
copper conductors individually insulated with a polyvinyl 50 chloride
insulation having a thickness of about 0.015 cm was enclosed in a non-woven
aramid fiber strip having a thickness of 0.076 cm and a width of 1.27 cm.
The strip was formed with a longitudinal overlapped seam having a width of
about 0.32 cm. The strip was an ARAMID 912 strip made by the W. S. Libbey
Company having a weight of about 66 grams/square meter, an air permeability
of about 128 cfm, and a thermal conductivity of 0.00024 cal. cm/cm[err]
sec.[err]C. The layer 31 had a thermal diffusivity of 0.023 cm[err]/sec and
an average fiber diameter of 6.35 microns Over the aramid strip was
extruded a jacket made of a KYNAR[err] fluoroplastic material. The jacket
had a thickness of about 0.038 cm. This cable was subjected to tests in a
Steiner Tunnel in accordance with priorly mentioned Underwriters'
Laboratories test UL 910 and exposed to temperatures of 904[err]C, or
incident heat fluxes as high as 6.3 watts/cm[err]. Cables (1-3) having
other constructions were tested and are tabulated below in 60 Table 1 with
cable (4) being the cable 20 of this invention. 65    0 151 179 TABLE 1
Flame    Peak Core                      No.    spread   optical Cable
description                 wrap        Insulation   cables    Cm
density 5 (1) Standard inside                  None          PVC         48
335       1.1 wiring PVC jacket (2) PVC jacket in conduit
PVC         30       107       0.38 10 (3) Teflon[err]-FEP plastic
Glass      Teflon[err] FEP     70       107       0.1 (4) Aramid with PVDF
plastic        Aramid         PVC         47       122       0.15 fibrous
15                                     material (5) UL test 910
requirements                                            152      0.50
Example 2 20    A core comprising twenty-five pairs of copper conductors
indivdually insulated with a PVC insulation having a thickness of about
0.015 cm was enclosed in a non-woven aramid fiber strip. The strip which
had a thickness of 0.152 cm and a width of 4.13 cm was made of the same
material as the strip in Example 1. Over the aramid strip was wrapped
helically a woven glass strip which had been impregnated with a
polytetrafluoroethylene resin and which had a thickness of 0.006 cm and a
width of 1.9 cm. The woven 25 glass strip has a permeability of 31.5 cfm
and a thermal conductivity of 0.0024 Jcm/cm[err] sec[err]C. (0.0006 cal.
cm/cm[err] sec[err]C). Then a 0.06 cm thick jacket comprising KYNAR[err]
plastic material was extruded about the wrapped core. This cable also was
subjected to tests in a Steiner Tunnel in accordance with priorly mentioned
Underwriters' Laboratories test UL 910 and exposed to temperatures of
904[err]C, or incident heat fluxes as 30 high as 6.3 J/sec/.cm[err]
(watts/cm[err]). Cables (1) -4) having other constructions were tested and
are tabulated below in Table 2 with cable (5) being the cable 20 of this
invention. TABLE 2 Flame. Peak Core                      No.    spread
optical Cable description                wrap        Insulation    cables
cm     density (1) Standard inside                  None          PVC
24       427      3.0 wiring PVC jacket 40 



(2) PVC jacket in conduit                          PVC         10        91
0.30 (3) Teflon[err]-FEP plastic             Glass      Teflon[err] FEP
18        91      0.35 45 (4) KAPTON[err] tapes plus              Glass
PVC          24      137      0.33 0.020 cm aluminum (5) Kynar[err] PVDF
jacket            NOMEX[err]         PVC         26       122      0.39
KEVLAR[err] 50                                      plus Fluorglas[err] (6)
UL test 910 requirements                                            152
0.50 55 As can be seen in Tables 1 and 2, the cable 20 of this invention
-has properties which compare favorably with the PVC cable in a metal
conduit and the TEFLON[err]-FEP jacketed cable. Not only does it provide
very acceptable flame spread protection, but also it is characterized by
its ability to inhibit the evolution of smoke. A measure of smoke evolution
is termed optical density which is an obscuration measurement over a length
of time as seen by an optical detector. The lower the optical density, the
lower and hence the more 60 desirable is the smoke characteristic. Typical
peak optical density values are 0.30-0.38 for PVC insulated and jacketed
cable in metal conduit, 0.1-0.35 for TEFLON[err] covered cables and 0.15 to
0.39 for the cable 20 of this invention. The sheath system 30 of this
invention (a) eliminates premature ignition at the overlapped seams; (b)
delays the transfer of conducted heat to the core 21 which produces less
PVC insulation deterioration which 65 in turn produces less smoke and
therefore less flame spread: (c) effectively absorbs the radiant energy
0 151 179 present throughout the length of the UL tunnel test; and (d)
allows the PVC insulation to char fully thereby blocking convective
pyrolysis gas flow along the cable length. Claims 5 1. A plenum cable which
resists flame spread and smoke evolution, comprising a core (21) which
includes at least one conductor (22) enclosed in a plastic coating (23) for
at least one coated optical fibre (24, 25, 26); and a sheath system (30)
and includes an inner layer (31) surrounding the core and an outer jacket
(40) surrounding the inner layer characterised in that the thermal
conductivity of the sheath system is 10  in the range 0.0004 to 0.004 J
cm/cm[err]S[err]C, the inner layer (31) comprises a layer of a fibrous
material having air permeability in the range 0 to 5.66 cubic metres/min
and a heat absorptivity of approximately 0.45 and the outer jacket (40) is
of an extruded fluoropolymer plastic material. 2. A cable as claimed in
claim 1 wherein the inner layer (31) of fibrous material has a
compressibility to permit charring of the core to develop substantially
unimpeded. 15     3. A cable as claimed in claim 1 or claim 2 wherein the
core (21) includes a plurality of insulated conductors (22) and wherein
each of the conductors is enclosed in an insulative covering 123)
comprising a polyvinyl chloride plastic material. 4. A cable as claimed in
any of the preceding claims wherein the outer jacket is transparent. 5. A
cable as claimd in any of the previous claims wherein the fibrous material
is an aramid fibrous 20 material. 6..A cable as claimed in claim 5 wherein
the layer (31) of fibrous material comprises a non-woven fibrous material.
7. A cable as claimed in any of the preceding claims having a woven glass
layer (34) impregnated with a fluorocarbon resin interposed between the
inner layer (31) and the outer jacket (40). 25 Patetanspaniche 1.
Flammbestindiges Kabel fOr Deckenzwischenraum, welches der
Flammenausbreitung und der Rauchentwicklung widersteht, mit einem Kern
(21), der mindestens einen Leiter (22), singeschlossen in 30 einem
Kunststoff0berzug (23). oder mindestens iine mit Uberzug versehene optische
Faser (24, 25, 26) aufweist, und mit einem Umhullungssystem (30). welches
sine innere, den Kem umgebende Schicht (31) und einen auBeren, die innere
Schicht umgebenden Mantel (40) aufweist, dadurch gekennzeichnet, dai die
Warmeleitf3higkeit des Umhullungssystems in der Gr6Benordnung von 0,0004
bis 0,004 J cm/cm2 sC ist, daB die innere Schicht (31) eine Schicht aus
fasrigem Material mit einer Luftdurchlassigkeit in der 35 Gr6Benordnung von
0 bis 5,66 m3/min und mit einer Wirmeabsorptionsfihigkeit von ungefghr 0,45
aufweist und daB der auBere Mantel (40) aus einem extrudierten
Fluorpolymerkungststoffmaterial besteht 2. Kabel nach Anspruch 1, dadurch
gekennzeichnst, daB die innere Schicht (31) aus fasrigem. Material eine
Kompressibilitat aufweist, so daB sich das Verschmoren des Kems im
wesentlichen ungehindert entwickelt. 



4a    3. Kabel nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB der Kern
(21) sine Mehrzahl von isolierten Leitem (22) aufweist und daB jeder der
Leiter von einem isolierenden Oberzug (23) umschlossen ist, welcher
Kunststoffmaterial aus Polyvinylchlorid enthilt. 4. Kabel nach einem der
vorhergehenden Ansprflche, dadurch gekennzeichnet, daB der dugere Mantel
transparent ist. 6     5. Kabel nach einem der vorhergehenden AnsprOche,
dadurch gekennzeichnet, daB das faserffrmige Material aus Aramidfasem
besteht. 6. Kabel nach Anspruch 5, dadurch gekennzeichnet, daB die Schicht
(31) des faserfOrmigen Materials nicht gewebt ist. 50 7. Kabel nach sinem
der vorhergehenden Anspruche dadurch gekennzeichnet, daB sine gewebte 50
Glasfaserschicht (34), mit einem Fluorcarbonkunststoff imprigniert,
zwischen der inneren Schicht (31) und dem iuBeren Mantel (40) vorgesehen
ist. Revendications 5S    1. Un cable pour un espace de retour d'air d'un
immeuble, qui s'oppose i la propagation des flammes et au d6gagement de
fumee, compreannt une 3me (21) qui contient au moins un conducteur (22)
enfermie dans un isolant en matiere plastique (23) ou au moins une fibre
optique enduite (24, 25, 26); et un systbme d'enveloppe (30) qui comprend
une couche interieure (31) entourant 1'3me et une gaine exterieure (40)
entourant la couche intmrieure, caracteris6 en ce que la conductivite
thermique du systeme d'enveloppe est 60 dans la plage de 0,0004 a 0,004
J.cmlcm2.s.*C, la couche interieure (31) consists en une couche d'une
matiere fibreuse ayant une perm6abilite a l'air dans la plage do 0 a 5,66
m3lmn, et un pouvoir d'absorption de la chaleur d'environ 0.45, et la gains
exterieure (40) consists en une matibre plastique extrudee du type polymere
fluore. 2. Un cable selon la revendication 1, dans lequel la couche
interieure (31) en matiere fibreuse a une 65 compressibilite qui permet 3
la carbonisation de l'ame de so produire pratiquement sans obstacle. 7    0
151 179 present throughout the length of the UL tunnel test; and (d) allows
the PVC insulation to char fully thereby blocking convective pyrolysis gas
flow along the cable length. Claims 1. A plenum cable which resists flame
spread and smoke evolution, comprising a core (21) which includes at least
one conductor (22) enclosed in a plastic coating (23) for at least one
coated optical fibre (24, 25, 26); and a sheath system (30) and includes an
inner layer (31) surrounding the core and an outer jacket (40) surrounding
the inner layer characterised in thatthe thermal conductivity of the sheath
system is 10  in the range 0.0004 to 0.004 J cm/cm[err]S[rer]C, the inner
layer (31) comprises a layer of a fibrous material having air permeability
in the range 0 to 5.66 cubic metres/min and a heat absorptivity of
approximately 0.45 and the outer jacket (40) is of an extruded
fluoropolymer plastic material. 2. A cable as claimed in claim 1 wherein
the inner layer (31) of fibrous material has a compressibility to permit
charring of the core to develop substantially unimpeded. 15     3. A cable
as claimed in claim 1 or claim 2 wherein the core (21) includes a plurality
of insulated conductors (22) and wherein each of the conductors is enclosed
in an insulative covering (23) comprising a polyvinyl chloride plastic
material. 4. A cable as claimed in any of the preceding claims wherein the
outer jacket is transparent. 5. A cable as claimd in any of the previous
claims wherein the fibrous material is an aramid fibrous 20 material. 6. .A
cable as claimed in claim 5 wherein the layer (31) of fibrous material
comprises a non-woven fibrous material. 7. A cable as claimed in any of the
preceding claims having a woven glass layer (34) impregnated with a
fluorocarbon resin interposed between the inner layer (31) and the outer
jacket (40). 25 Patentansproche 1. Flammbestandiges Kabel fOr
Deckenzwischenraum, welches der Flammenausbreitung und der Rauchentwicklung
widersteht, mit einem Kern (21), der mindestens einen Leiter (22),
eingeschlossen in 30 einem Kunststoffuberzug (23), oder mindestens eine mit
Uberzug versehene optische Faser (24, 25, 26) aufweist, und mit einem
UmhOllungssystem (30), welches eine innere, den Kern umgebende Schicht (31)
und einen AuBeren, die innere Schicht umgebenden Mantel (40) aufweist,
dadurch gekennzeichnet, daB die Wirmeleitfahigkeit des UmhOllungssystems in
der GroBenordnung von 0,0004 bis 0,004 J cm/cm2 sC ist, daB die innere
Schicht (31) eine Schicht aus fasrigem Material mit einer
Luftdurchlissigkeit in der GrdBenordnung von 0 bis 5,66 m3/min und mit
einer Wirmeabsorptionsfahigkeit von ungefahr 0,45 



aufweist und daB der AuBere Mantel (40) aus einem extrudierten
Fluorpolymerkungststoffmatenal besteht. 2. Kabel nach Anspruch 1, dadurch
gekennzeichnet, daB die innere Schicht (31) aus fasrigem-Material aeine
Kompressibilitit aufweist, so daB sich das Verschmoren des Kerns im
wesentlichen ungehindert entwickelt 40    3. Kabel nach Anspruch 1 oder 2,
dadurch gekennzeichnet, daB der Kern (21) eine Mehrzahl von isolierten
Leitem (22) aufweist und daB jeder der Leiter von dinem isolierenden
Oberzug (23) umschlossen ist, welcher KunststofFmaterial aus
Polyvinylchlorid enthilt. 4. Kabel nach einem der vorhergehenden Anspruche,
dadurch gekennzeichnet, daB der AuBere Mantel transparent ist. -  45  5.
Kabel nach einem der vorhergehenden Anspriche, dadurch gakennzeichnet, dalB
das faserformige Material aus Aramidfasem besteht. 6. Kabel nach Anspruch
5, dadurch gekennzeichnet, daB die Schicht (31) des faserformigen Materials
nicht gewebt ist. 7. Kabel nach einem der vorhergehenden AnsprOche dadurch
gekennzeichnet, daB eine gewebte Glasfaserschicht (34), mit einem
Fluorcarbonkunststoff imprigniert, zwischen der inneren Schicht (31) und
deam 3uBeren Mantel (40) vorgesehen ist. Ravaevndicaons s.@:    55    1. Un
cAble pour un espace de retour d'air d'un immeuble, qui s'opposea  la
propagation des flammes et au d6gagement de fumeo, compreannt une 3me (21)
qui contient au moins un conducteur (22) enfermo dans un isolant an matiere
plastique (23) ou au moins une fibre optique enduite (24, 25, 26); et un
systlme d'enveloppe (30) qui comprend une couche interieure (31) entourant
l'Ame et une gaine ext6rieure (40) 6 entourant la couche interieure,
caract6rise en ce que la conductivite thermique du systeme d'enveloppe est
60 dans la plage de 0,0004 A 0,004 J.cm/cm2.s.C, Ia couche intdrieure (31)
consiste en une couche d'une matiere fibreuse ayant une permeabilite A
l'air dans la plage de 0 A 5,66 m3/mn, et un pouvoir d'absorption de la
chaleur d'environ 0,45, et la gaine exterieure (40) consiste en une matiere
plastique extrudee du type -<. ~polymbre fluore. 2. Un cable selon la
revendication 1, dans lequel la couche interieure (31) en matiere fibreuse
a une 65 compressibilite qui permet A la carbonisation de l'Ame de se
produire pratiquement sans obstacle.    0 151 179 3. Un cible salon la
revendication 1 ou la revendication 2. dans lequel I'&me (21) comprend un
ensemble de conducteurs isol6s (22) ot dana lequel chacun des conducteurs
eat enferm6 dans une enveloppe isolante (23) consistent en uno matibre
plastique du type poly(chlorure de vinyle). 4. Un cable selon l'une
quelconque des-revendications pr6c~dentes, dans lequel la gaine extdrieure
est 5 transparente.. S. Un cable solon Y'une quelconque does revendications
pr~c~dentes, dens lequel la matibre fibreuse est une mature fibreuse de
type aramide. 6.Un cAble solon la revondlcation 5, dans tequol la couche
(31) de matibre fibreuse consists en une matibro fibreuse non tisuee. to
7. Un cable solon l'une quelconque des rovendications, prdcidentes,
cornportant une couche do verre tiasso (34) irnpr6gn6e d'une rdsin o en
fluorocarbure, InterceoM. entre la couche intdrioure (31) et la gaine
extidleure (40). 20 25 30i 35 *      ~~40 45 50 55 60    


