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the fiber core to impinge upon the core to clad- ding interface at angles
of incidence greater than This invention relates to optical fibers and
the critical value and to be refracted out of the armored cables. More
specifically, this invention    optical core and lost. The amount of the
light that relates to hermetically sealed tubes containing    5    is lost
becomes greater as the effective diameter optical fibers, and armored
optical fiber cables     of the bend becomes smaller. When the bending
incorporating such tubes.                            of the optical fiber
is caused by deflection due to Conventional electromechanical cables for
local lateral forces, the resulting decrease in applications such as oil
well logging include        signal strength (and decrease in the length of
the insulated metal conductors for the transmission    10   cable which can
be used) is called microbending of electrical signals. Such cables have
signal       loss. When an optical fiber is deflected by a local
transmission bandwidths that are limited to about    inhomogeneity, such as
a lump in its coating 100 KHz over lengths that correspond to typical
layers, the effective diameter of the bend depends depths of oil wells,
12,000 to 20,000 feet (3657.6 to  upon the local strain the fiber is under.
Generally, 6096 m). Much of the information that is obtain-   15   the
fiber will bend to a smaller effective diameter able with modern logging
tools is not retrievable    as the strain level it is under increases. Con-
from down the well bore due to the restricted        sequently, higher
strain levels result in higher signal bandwidth that is characteristic of
state-of-  levels of microbending loss. Microbending losses the-art
conventional  logging  cables.  Con-         in fibers are greatly reduced
by first coating the sequently, a need exists to provide cables that   20
fibers with a soft elastomer such as silicone have substantially higher
signal transmission        rubber, and encasing this buffered fiber in a
rigid bandwidths, i.e. capacity, and/or greater trans-     jacket which can
withstand external forces. How- ission rates through long cable lengths
without     ever, plastics such as silicone rubber lose their repeaters.
Optical fibers can provide signal trans-   integrity under conditions
encountered in harsh mission bandwidths of about 100 MHz through    25
environments such as at the bottom of a deep lengths up to about 30,000
feet (9144 m). This is    well, i.e., when subjected to hot brine at
pressures about three orders of magnitude higher than the      up to 20,000
psi (1.38 x [err] Pa) and tempera- insulated wires that are used in
conventional        tures up to [err] cables for applications in harsh
environments          Thus, it would be desirable to have a her- such as
well logging.                          30    metically sealed tube,
containing at least one Glass optical fibers have two properties which
optical fiber, which can be incorporated into a make it difficult to
successfully incorporate them   well logging cable. The tube would minimize
the into strain cables which will be stretched when      microbending of
the fiber and moisture-induced used or which will be used under water,
particu-     microcrack failure in the fiber. larly at high pressure and/or
high temperature   35    Hermetically sealed tubes containing at least such
as are found in an oil well drill hole. These   one optical fiber have
already been proposed for properties are static fatigue degradation and
different cable applications. GB-A-2.029.048, microbending loss.
for example, discloses a hermetically sealed Silica glass fibers have small
cracks (micro-      optical fiber tube for use in an optical fiber sub-
cracks) on their surface. The depth of these micro-   40   marine cable,
wherein said tube is made of a cracks can increase through a
stress-accelerated     metal tape longitudinally wound on a tubular
chemical reaction between the silica glass and       structure formed of at
least two semicylindrical moisture, called  static fatigue. The tensile
sections assembled together, and wherein the strength of the glass fiber
decreases substantially  longitudinal edges of said tape are welded [err]
the microcracks increase in depth. Glass is an    45   together. elastic
material with a high Young's modulus.          GB-A-1.073.958 discloses
besides an insu- Strain in a glass optical fiber generates tensile   lated
electric cable comprising a hermetically stress and results in static
fatigue. Thus, glass    sealed tube containing an insulated electrical con-
optical fibers are not suitable for use under high   ductor, wherein said
tube is formed of two U- strain (>0.5%) in the presence of moisture over
so   shaped metal strips welded together. extended periods of time. No
plastic can provide       A necessary condition for accurate logging of a
adequate protection since water diffuses through     well bore is an
accurate knowledge of the position all plastics to some degree.
of the logging tool within the well bore. The Loss of light through small
bends in the fiber     position of the tool is defined by the actual length
(microbending losses) is described hereinafter.   55   of logging cable
that is suspended in the well Optical fibers transmit light signals by the
prin-   bore. The actual length of suspended cable can be ciple of total
internal reflection. This principal   determined from a knowledge of the
amount of depends upon the light rays being totally            unstressed
cable length that has been lowered reflected back into the core region each
time they  into the well plus a knowledge of the elongation impinge upon
the core to cladding interface of the    60   versus tension
characteristics of the cable and the optical fiber. Total internal
reflection can only  tension along the suspended cable length. The occur
when the angle of incidence between the        amount of unstressed cable
length that has been rays and the core to cladding interface is below a
lowered into the well bore can be precisely certain critical value. Bending
of an optical fiber  measured. The tension profile along the sus- causes
some of the light which is propagating in   65   pended length of cable can
be accurately calcu- 2   



3                   0  116 619                       4 lated. Therefore,
the actual length of cable sus-   elastic elongation in response to
tension. The hot pended in the well can be accurately determined
prestretching operation imparts a permanent if the elongation versus
tension characteristics of  (inelastic) strain of between 3/4 to 1 1/2
percent to the cable are accurately known and are repeat-
conventional seven-conductor logging cables. able.
5    Hot prestretching of a conventionally designed Conventional
electromechanical cables for well     armored cable containing one or more
optical logging can be constructed to withstand harsh       fibers within
its core would leave the glass optical high temperature environments and to
accept          fibers under a permanent elongation of 3/4 to 1 1/ high
levels of axial strain while still remaining    2 percent. Optical fibers
in cables subject to these functional. More specifically, for example, each
10   high permanent strain levels would soon fail from conductor element in
a conventional logging          static fatigue and/or exhibit intolerably
high cable comprises a bundle of copper wires. The        microbending
losses. It is apparent that con- copper wires yield inelastically at low
strain.      ventional prestretching technology cannot be When the cable is
alternatively stretched and        applied to armored optical fiber cables.
Thus, it relaxed, the copper does not fully return to its   15   would be
highly desirable to have an armored original state and eventually the
copper wires       fiber optical cable which overcomes these and become
brittle, due to strain hardening, and         other difficulties and
permits the expansion of break. However, even this serious condition does
optical fiber communications technology into not necessarily render the
cable inoperable          area of harsh environments. because a break in
one or more wires with   20        We have now found in accordance with the
adjacent nonbroken wires permits the current to      present invention that
a core for an armored be passed to the neighboring wires and thus the
optical fiber cable which can effectively resist conductor still appears
whole and the cable          buckling under pressure and inelastic
stretching remains functional. Thus, conventional logging       when
subjected to longitudinal elongation, rela- cables can withstand
considerable inelastic and    25   xation and bending forces can be
produced by elastic strain and still remain functional.         surrounding
one or more buffered optical fibers Well logging cables are generally
constructed      with a cylindrical metal tube composed of at least with
two layers of external steel armor wires, see   two metal sections
hermetically joined together for example GB-A-2036361. The armor wires
to form the tube, the metal sections having been are preformed and applied
in helices of opposing    30    preshaped by rolling from an annealed metal
wire handedness to prevent the cable from unwinding       and being
selected to have a yield strain greater when supporting a free hanging
load. Inside the      than 0.85. armored jacket can be seven insulated
copper           Hence the invention provides a method of conductors laid
six around one in helices            fabricating a hermetically sealed tube
around one generally of opposite handedness to those of the    35   or a
plurality of buffered optical fibers and the steel wires in the inner armor
layer. However,       product therefrom. Buffering refers to a process
there is no definite relationship between the        of coating the optical
fiber with a suitable cush- helices of the copper conductors and those of
the   ioning material such as an elastomer. The fabrica- inner armor wires
since they are added in            tion is performed so that the fibers are
sealed in separate fabrication steps and usually with a    40   the tube
without stretching them so as to avoid bedding layer of a pliant material
therebetween. A  the introduction of strain, microbends, or water- result
of this conventional cabling geometry is      enhanced microcracks. The
tube can be further that the interface between the inner armor wires
incorporated into an armored cable. The armored and the underlying
insulated conductors consists     cable and method of fabrication minimize
the of a multiplicity of cross-over points separated by    45   inelastic
part of the cable elongation by mini- the pliant bedding material.
mizing the deformability of the core. One such When a conventional well
logging cable is          armored cable and method of fabrication are
tensioned at elevated temperatures, it will elon-    described in more
detail in our copending gate by an amount which is not accurately pre-
Application  No. 83902788.5  (Publication  No. dictable. This is because
the elongation consists   50    W084/00819 or EP-A-01 18494). of two parts,
one that is linear and one that is      The central bundle of the cable
comprises at highly nonlinear and inelastic. The inelastic part  least two
inner layers, including the inner armor, occurs because the armor wires
inelastically        which are stranded in a "unilay" configuration of
deform the underlying compliant bedding and the      a given handedness
around our central her- wire insulation, due to very high local stresses at
55    metically sealed tube which contains at least one the crossover
points, and take on a smaller pitch    buffered fiber. A buffered optical
fiber is an diameter. The inelastic part of the cable elonga-   optical
fiber coated with a suitable cushioning tion is not very predictable or
repeatable and con-  material such as an elastomer. The tube is fabri-
sequently the position of the logging probe will    cated so that the
fibers are hermetically sealed not be accurately known.
60   therein with a minimum of process-induced strain In order to prevent
inelastic strain from occur-   and microbends. ring in use, conventional
logging cables are given    A "unilay" configuration is defined as a cable
a hot prestretch  during  fabrication. When         bundle wherein each
element is in continuous properly conducted, the hot prestretch operation
contact with, and in the same orientation with will result in a cable that
exhibits a linear and    65   respect to its nearest neighbors. The
cross-sec-   



5                   0  116 619                       6 [err]  of the
central bundle are identical at every   and said outer armor wires are
substantially point along the cable, except for a rotation about  balanced
when under tension. the central axis. The unilay construction dis-
Reference will now  be made, by way of tributes the transverse forces
continuously along    example, to the accompanying  drawing  in the
touching  components instead  of con-    5    which: centrating the forces
at crossover points as in        Figure 1 illustrates a cross-sectional
view of an contrahelically formed layers of cable elements      armored
optical fiber cable. or layers of unidirectionally cabled elements that
In Figure 1 there is illustrated the hermetically have different lay
lengths. The lay length of the   sealed tube 12 and armored optical cable
10 of cable is long, of the order of about 3.5 inches   10   the present
invention. The tube 12 and armored (8.89 cm) for a cable with an outside
diameter of    optical cable 10 will be described with respect to about 0.5
inch (1.27 cm). "Lay length" is defined  specific parameters such as
overall size, dimen- as the distance along the cable or helical axis
sions and materials used to fabricate a well traversed by one complete
helical revolution of        logging cable which comes within the scope of
the elements. The cable has at least one outer   15   the invention.
However, the invention is not armor layer which is contrahelically wound
intended to be limited solely to the specific around the central bundle.
The outer armor layer     dimensions or materials used in the description
is of opposite handedness to the central bundle      nor to  only
well-logging  applications. The and substantially balances the torque of
the         described tube and/or cable is useful in any. inner armor when
the cable is under tension. The    20   application  which  requires
minimum  cable elements of the layers are hard and resistant to
deformations under load. The tube can be used formation. This means that
any conductor             in any application which requires a hermetic
elements contained in the cable are single metal   . environment for an
optical fiber. conductors and not multifilament conductors.         The
armored optical cable 10 has a central core The layers in the central
bundle are fabricated    25   constituted by a hermetically sealed tube 12.
This in a single operation with the same lay length    tube 12 can be used
alone if the application does and with the same handedness. The outer-
not require armoring or conductor elements. The - -armored layer of
opposite handedness is applied       hermetically sealed-tube 12 has an
outer dia- directly over the central bundle.                    meter of
between about 0.110 and about 0.120 Thus in accordance with one aspect- of
the    30   inches (about 0.279 and about 0.305 cm) + 1% invention, there
is provided a hermetically sealed  with an inside diameter of about 0.06
inches - optical fiber tube for use in environments requir    (0.15 cm).
The tube 12 includes one or a plurality ing resistance to buckling under
-pressure and      of optical fiber(s) 14. The optical fibers 14 can be
inelastic stretching thereof when subjected to      singlemode or multimode
fibers, or mixtures longitudinal elongation, -relaxation and  bending    35
thereof. Suitable optical fibers with a thin protec- forces, said tube
comprising an inner core           tive coating of a U.V. cured acrylic
based plastic having one or more buffered optical fibers and a   are
manufactured   by   Valtec   Co.  in cylindrical metal tube fitting around
said inner,    Massachusetts. If the hermetically sealed tube 12 core
characterised in that the tube comprises at     includes a plurality of
optical fibers, the optical least two metal sections hermetically joined
40   fibers should preferably be stranded together together to form said
tube, each metal section       with  the same helical handedness as the
being preshaped by rolling from an annealed       - elements 22 and the
inner armor wires 24 of the wire and having a yield strain greater than
0.85.    central bundle 30 of the cable 10. For example, In accordance with
another aspect of the           the three fibers illustrated have a
right-handed invention, there is provided an armored optical   45   lay
sense and about a 3.5 inch (8.89 cm) lay cable incorporating a central
hermetically sealed    -    length ([err] lay angle). optical fiber tube in
accordance with the inven-      The coated fibers are surrounded by and
tion and further comprising:                       coated with a cushioning
material 16 such as an at least six substantially solid elements wound
elastomeric cushioning material, for example *   helically  around  said
tube  in  a  given    50   silicone elastomers and the like. Additional
elas- handedness;                                         tomer or other
suitable flood material 18 is at least twice the number of said at least
six  added to partially or as illustrated completely fill elements of inner
armor wires wound around          the tube 12 during the fabrication of the
com- and contacting said at least six elements of the     plete tube 12.
same handedness in a unilay helical configura-   55    The tube 12 is
fabricated from hemicylindrical tion, said at least six elements and said
inner     sections 20 which are preshaped by rolling from armor wires being
fabricated around said tube at    an annealed wire. Although two sections
20 are the same time wherein the elements and the          illustrated, the
tube 12 can be formed from any wires of the same handedness and the tube
form      number of sections. A suitable wall thickness for a central
bundle; and                         60   two sections would be about 0.0270
+ .002 a plurality of outer armor wires contacting said  inches (0.0686
.005 cm). The rolling of the inner armor wires, said outer armor wires
being     cylindrical sections work hardens the metal wound in an opposite
helical handedness to the      before the fiber is enclosed therein. The
cylin- handedness of said inner armor wires such that      drical sections
are made from steel or other alloy the torques exerted by said inner armor
wires   65   wire which  can  optionally  be precipitation 4  



7                   0  116 619                       8 hardened to yield a
high yield strength by heat     corrosion. This tube is illustrated in U.S.
Patent treatment   before   welding.   Precipitation        Application
408,971, filed August 17, 1982 and hardening is defined as a process of
hardening in  entitled "Hermetically Sealed Optical Fiber" by which a
constituent precipitates from a super-       Gordon Gould, Robert Everette
Thompson, and saturated solid solution. Thus the work hardened    5
Charles I. Soodak (now US-A-4504112). metal may be further enhanced in
yield strength       In the preferred embodiment, the space for the by
precipitation hardening. Suitable standard roll-  central hermetically
sealed tube 12 is formed by ing machines and processes such as those used
at least six elements 22, such as conductor by the Shaped Wire Co. of
Illinois, can be used to  strands, layed around the central core 12 with a
squeeze wire into the hemicylindrical sections 20   10   right-handed lay
sense and a 3.5 inch (8.89 cm) which form the tube 12. Suitable examples of
lay length ([err] lay angle). To obtain a larger stainless steel wire or
other suitable material are  diameter for the central core 12, more
conductor 17-7 PH stainless steel, a product of Armco, and     strands,
e.g. eight, as illustrated, are used to MP-35 nonferrous alloy, a product
of Latrobe        fabricate the space for the central core 12. The Steel
Co., Latrobe, PA. The sections formed from    15   conductor strands 22
should be fabricated from the wires are preferably precipitation hardened
to   material which minimizes deformation and is have a yield stress
greater than about 250,000 psi  capable of interlocking with the inner
armor 24. (1.724 GPa). This corresponds to greater than        Suitable
conductor strands are solid copper- about 0.85 yield strain. Yield strain
is defined as  plated steel wire having a diameter of about the maximum
strain that can be applied without   20   0.0403 inch (0.1024 cm)  1%. The
conductor substantial permanent deformation of the test        strands
should have a minimum conductivity of specimen. This permits the tube to
run over about    60% minimum of International Annealed Copper a 36 inch
(91 cm) and preferably a 24 inch (61 cm)   Standard (IACS) with a yield
strain of about 0.9% diameter or less sheave or wound around a 36
minimum  at 0.2%  offset. A material meeting inch (91 cm) and preferably a
24 inch (61 cm)   25   these requirements is Copperweld. The solid diameter
or less cable reel barrel under working     copperplated  steel wire is
coated with an load without yielding inelastically.
insulator such as Kynar to an outer diameter of The sections 20 fit
together longitudinally to     about 0.071 inches (0.180 cm). The
hermetically form the tube 12. The longitudinal seams are sub-    sealed
tube 12 and the conductor strands 22 jected to only small secondary shear
stress when    30   should have a combined outer diameter of about the tube
is bent over a sheave or spool. The         0.262 inches (0.665 cm).
sections 20 are pressed together and welded           Inner armor wires 24
surround the conductor where the edges meet by welds 21 to hermetically
strands 22, there being at least twice the number seal the fibers 14
therein. During the fabrication of  of inner armor wires as there are
conductor the tube, the stranded and buffered fibers are fed    35
strands. In this preferred embodiment, sixteen between the cylindrical
sections as they come        inner armor wires 24 should be of a drawn,
together with enough clearance to avoid pinch-       galvanized, improved
plow steel rope wires (AISI) ing. The welding is pereferably done with
laser      or other suitable material with a diameter of welding which
makes a clean melt which can be        about 0.0575 inches (0.1461 cm) 1%,
minimum confined to a small volume which does not   40   tensile strength
of about 244 KPSI (1.68 GPa), penetrate all the way through the wall, and
there-   minimum torsions (8") (20.3 cm) of about 39, a fore does not
anneal the whole wall thickness and    coating adherence as evidenced by a
3D mandrel does not destroy the buffered fibers. Optionally,   wrap test
The inner armor wires 24 are layed as for further protection, the completed
tube can be    part of the central bundle 30 with a right-handed coated
with a hard plastic of a suitable material   45   lay sense and a 3.5 inch
(8.89 cm) lay length [err] such as polyvinylidene difluoride [err] or
lay angle). The central bundle 30 has an outside polyetheretherketone
[err], or galvanized. This   diameter of about 0.368 inches (0.935 cm). It
is optional coating is adjusted so that the final her-  important that the
sixteen inner armor wires 24 be metically sealed tube has an outside
diameter of    electro-galvanized  with  bright and  smooth about 0.120
inches (0.305 cm).                 50   finishes such as a minimum-zinc
coating of about An alternative tube structure contains sections    0.2
[err] (61.03 [err]). The inner armor wires 24 with dove-tail ends so that
they securely fit within  lie adjacent to the insulated conductors 22 and
each other. Outside the cylindrical sections is a   hence must provide a
smooth interface for trans- roll formed and welded metal tube. The metal
ferring compressive loads to the insulated wires. tube is laser welded
along the roll formed tube    55  A suitable protective material 26 for the
seam with a suitable laser such as a [err] laser.     intended environment
of the cable 10 is applied The tube is preferably fabricated from  an
during the fabrication of the central bundle 30 out extremely corrosion
resistant material such as      to the inner armor 24. Suitable materials
for a well Inconel. Optionally, the depth of the laser weld   logging cable
are nitrile rubber based filling com- during welding can be adjusted so
that the weld   60   pounds and the like. The inner armor wires 24 are
passes through the outer metal tube and into one    wound around the
conductor strands 22 as illus- of the inner tube halves. This securely her-
trated to provide room  for eight interstitial metically seals the optical
fibers within the tube.  elements 28. The eight interstitial elements 28
are An alternative option is to dip or plate the outer  optional and can be
either a corrosion inhibitor covering with suitable material which resists
65   lubricant 26, such as TMS 5878 compound, a pro- 5 



9                   0 116 619                       10 [err] of Quaker
Chemical Company, or wires or          The armored cable containing the
hermetically insulated conductors or jacketed optical fibers.    sealed
tube is fabricated by first forming the tube The interstitial elements 28
are layed with the     in one operation and thereafter fabricating the same
lay sense as conductor strands 22 and inner    cable around the tube in one
in-line operation. armor wires 24. The interstitial elements 28 are    5
The hermetically sealed tube containing the cabled with a right-handed lay
sense and a 3.5      optical fibers can be fabricated according to the inch
(8.89 cm) lay length ([err] lay angle). The    following procedure.
Annealed stainless steel or interstitial elements 28 must have a maximum
other suitable nonferrous alloy wires are rolled by outside diameter of
about 0.028 inches (0.071 cm)   shaped rollers into cylindrical sections
such that minimum zinc coating of about 0.1 [err] (30.52 g/   10   upon
passing through guide rollers the sections [err]), minimum tensile strength
of about 251 KPSI    form a tube having a sufficient internal diameter
(1.73 GPa), minimum torsions (8") (20.3 cm) of      to contain the optical
fibers without pinching the about 83, and a coating adherence as evidenced
fibers. The rolled sections are then precipitation by 2D mandrel wrap test.
If the interstitial        hardened at a temperature of about [err]
elements 28 are used to control the placement of   15   Preferably, the
tube is formed of only two hemi- the inner armor wires 24, then the
elements 28      cylindrical sections because this minimizes the should
preferably be solid, bright, galvanized      number of welds. Suitable
rolled sections are wires. It is important that any interstitial elements
obtained from The Shaped Wire Co., St. Charles, 28 have a rounded and
smooth external surface       Illinois. Cylindrical sections can be pressed
since they lie adjacent to the insulated conductor   20   together by
standard pressing rollers such as strands and must provide a smooth surface
for       used by Laser Applications Inc., Baltimore, Md. transferring
compressive loads to the insulated      prior to and during the laser
welding. The strands.                                            helically
wound  coated  fibers are inserted A unique feature of the armored optical
cable     between the sections as they are squeezed 10 is the fact that the
elements of the central   25   together and additional elastomeric material
is bundle 30 are fabricated with the same lay length   added to adhere the
fibers thereto prior to weld- and handedness so that they nestle together
and     ing. do not crossover each other. Another unique           The
laser welding is performed with a 500 watt feature is the fact that the
conductor strands 22   industrial [err] laser of Control Laser Corp. The
and the inner armor wires 24 are assembled in the    30   laser is focused
to a width of about 0.15 mm. The same operation so that the elements 22 and
24       tube is welded to a depth which is less than the rest on each
other and not in the grooves formed    thickness of the sections. A depth
of about 0.40 between the conductor strands 22. This construc-    mm is
suitable in the fabrication of an outside tion gives the cable
greaterflexibility and reduces  tube having a diameter of about 0.110-0.120
- friction between the conductor strands 22 and the    35   inches
(0.279-0.305 cm). Optionally, the cylin- inner armor wires 24. These
features provide for    drical sectors may be heated to between 300F
minimal deformation of the interface between the    [err] and about [err]
during welding. elements and hence minimal inelastic elongation     The
heating facilitates the welding process and of the cable.
also results in up to about 0.2% contraction of the Surrounding the inner
armor wires 24 and    40   tube when it cools. This obviates up to about
forming the outside diameter of the cable 10 is at  0.2% stretch of the
fiber due to thermal expansion least one layer of outer armor wires.
Illustrated in  when the cable is lowered in a drill hole the  preferred
embodiment are  twenty-four         experiencing temperatures on the order
of up to strands of outer armor wires 32. The outer armor     about [err]
wires 32 should be fabricated from galvanized,   45   The welding process
leaves the seams in a improved plow steel rope wires (AISI) or other
strained condition, a heat treatment at about suitable materials having
about a 0.049 inch        [err]   for a few hours after welding (0.124 cm)
diameter 1%, minimum zinc coating       relieves such strains without
annealing the pre- of about 0.4 [err] (122.06 [err]), test per ASTM
cipitation hardened tube. Precipitation hardening A-90, minimum tensile
strength of about 246   50   the tube is not possible once the optical
fiber is KPSI (1.70 GPa), test per ASTM E-8, mimimum         enclosed
therein because this overheats and des- torsions (8") 20.3 cm) of about 47,
test per FED    troys the buffering polymers. After welding, the SPEC
RR-W-410, and an adherence coating             tube can optionally be
nickel plated or galvanized meeting ASTM A-641 using a 3D mandrel. The
to resist corrosion and finally the tube may wires 32 are preferably
preformed and layed with  55   optionally be covered with an extrusion of a
high a lay sense opposite that of elements 22 and 24.    melting point
plastic such as PEEK  or [err] For this example, the layhandedness of the
outer    to minimize the diffusion of brine into any pin armor wires 32
should be a left-handed lay sense    holes left after welding and also to
protect the and a 3.5 inch (8.89 cm) lay length (20.5 lay      metal from
corrosion. Suitable extrusions are angle). As the outer armor wires 32 are
being    60   made by the Berk Tek Co. of Pennsylvania. applied the central
bundle 30 is coated with a       After the fabrication of the tube 12, the
central corrosion-resistant and lubricating material 34     bundle 30 is
formed from one bay of planetary such as TMS 5878, and the like. The
overall         bobbins and the outer armor wires 32 are applied dimensions
of the optical cable 10 will be about    directly over the central bundle
30 from a tandem 0.469 inches (1.191 cm).                      65   bay of
planetary bobbins. The outer armor wires 



6    11               0  116  619                     12 32 are applied in
an opposite handedness such       tions (20) are fabricated such that the
rolled that the torques exerted by said inner and outer     shaped wires
form a tube (12) having an outer armorwires are substantially balanced. A
suitable    diameter of from 0.110 to 0.120 inches (0.279 to method of
balancing the contrahelically wound        0.305 cm) with a wall thickness
of about 0.027 outer armor wires 32 and the inner armor wires 24    5
inches (0.069 cm) and an inside diameter of about is disclosed in U.S.
Patent No. 4,317,000. the       0.06 inches (0.15 cm). machines which
fabricate the cable of our inven-       6. A tube according to Claim 4,
wherein the tion are known in the art as planetary cabling
cylindrical metal tube (12) is formed from two machines. A suitable source
for the fabrication of   sections (20). the cable is Blake Wire and Cable
Company of   10      7. A tube according to Claim 5, wherein the Torrence,
California. Of course, the cable can also  cylindrical metal tube (12) is
coated with a corro- be fabricated by a tube winder cabling machine;
sion resistant metal layer or high temperature however, the outer armor
wires will have to be       plastic to an outer diameter of about 0.120
0.001 applied in a separate step.                          inches (0.305
0.0025 cm). Having described the invention with respect to a    15  8.
Atube according to Claim 4, wherein the metal particularly preferred
embodiment and some pre-      sections (20) have been joined together by
laser ferred alternatives, itwould be understood that the  welding.
invention is not intended to be limited solely to the  9. A tube according
to Claim 3 or 4, wherein the description therein. Modifications which would
be    cylindrical metal tube (12) is provided with an obvious are intended
to be within the scope of the    20   outer coating of a roll formed metal
tube, said invention. For example, the cable is not limited to  outer metal
tube being welded to a depth greater any specific diameter, number of
optical fibers,    than the thickness of said outer metal tube. and the
like. A different environment or job           10. Atube according to Claim
5 or 7,whereinthe application which required a larger load placed on
optical fibers are single mode optical fibers. the cable could require a
larger diameter cable   25   11. An armored optical fiber cable
incorporating with larger and/or more conductor strands, inner     a
central tube according to Claim 1, 2, 3,8, 9 or 10 armor wires or outer
armor wires. In addition, the   and further comprising: lay length must be
increased, in direct proportion,    at least six substantially solid
elements (22) as the diameter of the cable increases. Further-     wound
helically around said central tube (12) in a more, it is necessary that the
conductor strands    30   given handedness; and the inner armor are
fabricated in one oper-        at least twice the number of said at least
six ation with the same handedness and the inner         elements of inner
armor wires (24),wound around armor is set up so as not to lie in the
grooves      and contacting said at least six elements (22) in a formed by
the conductor strands. The outer armor     unilay helical configuration in
the same handed- must be wound in opposite handedness to the    35   ness,
said unilay helical configuration being inner armor and of sufficient
compressive strength   obtainable by assembling said at least six such that
the inner armor and the outer armor are    elements (22) and said inner
armor wires (24) substantially torque balanced.
around said tube (12) at the same time, wherein the elements (22) and the
inner wires (24) of the Claims                                         40
same handedness and the tube (12) form a central bundle (30); and 1.A
hermetically sealed opticalfibertubeforuse       a plurality of outer armor
wires (32) contacting in environments requiring resistance to buckling
said inner armorwires (24), said outer armorwires under pressure and
inelastic stretching thereof      (32) being wound in an opposite helical
handed- when subjected to longitudinal elongation, relaxa-   45   ness to
the handedness of said inner armor wires tion and bending forces, said tube
comprising an     (24) such that the torques exerted by said inner inner
core (16, 18) having one or more buffered      armor wires and said outer
armor wires are sub- optical fibers (14) and a cylindrical metal tube (12)
stantially balanced when under tension. fitting around said inner core (16,
18), charac-       12. A cable according to Claim 11, wherein said terised
in that the cylindrical metal tube (12) com-   50   at least six elements
(22) are conductor strands of a prises at least two metal sections (20)
hermetically  copper plated steel wire conductor. joined together to form
said tube (1 2), each metal    13. A cable according to Claim 12, wherein
the section (20) being preshaped by rolling from an     inner armor wire
(24) is galvanized steel wire. annealed metal wire and selected to have a
yield       14. A cable according to Claim 13, wherein the strain greater
than 0.85.                      55   conductor strands (22) and the inner
armor wires 2. A tube according to Claim 1, wherein said       (24) form
interstitial spaces (28) which are metal sections are precipitation
hardened sec-       occupied by jacketed optical fibers, or galvanized
tions.                                               steel wire fillers. 3.
Atube according to Claim 1 or 2, wherein said     15. A cable according to
Claim 14, wherein the metal sections (20) are formed of stainless steel or
60   outer armor wires (32) are galvanized, preformed, nonferrous alloy.
plough steel wires. 4. A tube according to Claim 1, 2 or 3, wherein
16. A cable according to Claim 15, wherein said said metal sections are
hermetically joined at       at least six elements (22) are eight elements.
longitudinal seams.                                    17. A cable
according to Claim 11, 14, 15 or 16, 



5. A tube according to Claim 3, wherein the sec-   65   wherein the central
tube (12), conductor strands 7    11                  0 116 619
12 32 are applied in an opposite handedness such       tions (20) are
fabricated such that the rolled that the torques exerted by said inner and
outer    shaped wires form a tube (12) having an outer armorwires are
substantially balanced. A suitable   diameter of from 0.110 to 0.120 inches
(0.279 to method of balancing the contrahelically wound       0.305 cm)
with a wall thickness of about 0.027
outerarmorwires32andtheinnerarmorwires24    5    inches (0.069 cm) and an
inside diameter of about is disclosed in U.S. Patent No. 4,317,000. the
0.06 inches (0.15 cm). machines which fabricate the cable of our inven-
6. A tube according to Claim 4, wherein the tion are known in the art as
planetary cabling      cylindrical metal tube (12) is formed from two
machines. A suitable source for the fabrication of  sections (20). the
cable is Blake Wire and Cable Company of   10     7. A tube according to
Claim 5, wherein the Torrence, California. Of course, the cable can also
cylindrical metal tube (12) is coated with a corro- be fabricated by a tube
winder cabling machine;     sion resistant metal layer or high temperature
however, the outer armor wires will have to be      plasticto an
outerdiameter of about 0.120  0.001 applied in a separate step.
inches (0.305  0.0025 cm). Having described the invention with respect to a
15  8. Atube according to Claim 4,wherein the metal particularly preferred
embodiment and some pre-     sections (20) have been joined together by
laser ferred alternatives, itwould be understood thatthe  welding.
invention is not intended to be limited solely to the  9. A tube according
to Claim 3 or 4, wherein the description therein. Modifications which would
be   cylindrical metal tube (12) is provided with an obvious are intended
to be within the scope of the    20   outer coating of a roll formed metal
tube, said invention. For example, the cable is not limited to  outer metal
tube being welded to a depth greater any specific diameter, number of
optical fibers,    than the thickness of said outer metal tube. and the
like. A different environment or job          10. A tube according to Claim
5 or 7, wherein the application which required a larger load placed on
optical fibers are single mode optical fibers. the cable could require a
larger diameter cable   25  11. An armored optical fiber cable
incorporating with larger and/or more conductor strands, inner    a central
tube according to Claim 1, 2,3,8, 9 or 10 armor wires or outer armor wires.
In addition, the  and further comprising: lay length must be increased, in
direct proportion,   at least six substantially solid elements (22) as the
diameter of the cable increases. Further-    wound helically around said
central tube (12) in a more, it is necessary that the conductor strands
30   given handedness; and the inner armor are fabricated in one oper-
at least twice the number of said at least six ation with the same
handedness and the inner        elementsof innerarmorwires(24),wound around
armor is set up so as not to lie in the grooves     and contacting said at
least six elements (22) in a formed by the conductor strands. The outer
armor    unilay helical configuration in the same handed- must be wound in
opposite handedness to the    35   ness, said unilay helical configuration
being inner armor and of sufficient compressive strength       obtainable
by assembling said at least six such that the inner armor and the outer
armor are   elements (22) and said inner armor wires (24) substantially
torque balanced.                      around said tube (12) at the same
time, wherein the elements (22) and the inner wires (24) of the Claims
40   same handedness and the tube (12) form a central bundle (30); and l.A
hermetically sealed optical fiber tube for use         a plurality of outer
armor wires (32) contacting in environments requiring resistance to
buckling    said inner armor wires (24), said outer armor wires under
pressure and inelastic stretching thereof     (32) being wound in an
opposite helical handed- when subjected to longitudinal elongation, relaxa-
45   ness to the handedness of said inner armor wires tion and bending
forces, said tube comprising an    (24) such that the torques exerted by
said inner inner core (16, 18) having one or more buffered     armor wires
and said outer armor wires are sub- optical fibers (14) and a cylindrical
metal tube (12)  stantially balanced when under tension. fitting around
said inner core (16, 18), charac-      12. A cable according to Claim 11,
wherein said terised in that the cylindrical metal tube (12) com-   50   at
least six elements (22) are conductor strands of a prises at least two
metal sections (20) hermetically  copper plated steel wire conductor.
joined together to form said tube (12), each metal    13. A cable according
to Claim 12, wherein the section (20) being preshaped by rolling from an
inner armor wire (24) is galvanized steel wire. annealed metal wire and
selected to have a yield      14. A cable according to Claim 13, wherein
the strain greater than 0.85.                     55   conductor strands
(22) and the inner armor wires 2. A tube according to Claim 1, wherein said
(24) form  interstitial spaces (28) which are metal sections are
precipitation hardened sec-      occupied by jacketed optical fibers, or
galvanized tions.                                              steel wire
fillers. 3. A tube according to Claim 1 or 2, wherein said   15. A cable
according to Claim 14, wherein the metal sections (20) are formed of
stainless steel or   60   outer armor wires (32) are galvanized, preformed,
nonferrous alloy.                                   plough steel wires. 4.
A tube according to Claim 1, 2 or 3, wherein     16. A cable according to
Claim 15, wherein said said metal sections are hermetically joined at
at least six elements (22) are eight elements. 



longitudinal seams.                                   17. A cable according
to Claim 11, 14,15 or 16, 5. A tube according to Claim 3, wherein the sec-
65   wherein the central tube (12), conductor strands 7    13
0  116  619                      14 (22) and inner armor wires (24) are
coated with a       (c) joining hermetically together said sections [err]
rubber based filling compound (26).             (20) to form said
hermetically sealed tube (12). [err]  An armored optical cable as claimed
in            24. A process according to Claim 23, wherein Claim 11 and
comprising:                              the joining is performed by laser
welding. a central substantially  round  hermetically    5     25. A
process according to Claim 24, wherein sealed tube (12) having an outer
diameter of          the tube (12) containing thefibers (14) is heated to
between 0.110 and 0.120 inches (0.279 to 0.305        between 300 and [err]
(149 and [err]) during the cm), and an inner diameter of about 0.06 inches
joining of the metal sections. (0.15 cm), said tube (12) including therein
a           26. A process according to Claim 23, 24 or 25, plurality of
optical fibers (14) embedded in an    10    wherein  said  sections undergo
precipitation elastomer (16, 18);
hardening prior to being hermetically joined to in- eight substantially
round conductor strands         crease the yield strength of the finished
sections. (22) wound around said central tube (12) with a         27. A
process according to Claim 23, 24, 25 or right hand lay and about a 3.5
inch (8.89 cm) lay     26, wherein the annealed wires for forming the
length and a diameter of 0.071 inches (0.180 cm)    15    metal sections
(20) are made from stainless steel such that the outer diameter of the
central tube      or a high tensile nonferrous alloy. and the conductor
strands is about 0.262 inches         28. A process according to any one of
Claims 23 (0.665 cm);                                           to 27 and
further comprising injecting an elas- sixteen substantially round inner
armor strands     tomer into a section (20) and onto said buffered (24) of
galvanized steel wire having an outer   20   fibers (14) prior to forming
the said tube (12). diameter of about 0.058 inches (0.147 cm) wound
29. A process according to any one of Claims 23 around and contacting said
conductor strands          to 28 and further comprising forming a high tem-
[err] in the same handedness and lay length as         perature resistant
plastic coating around said her- said conductor strands, said conductor
strands        metically sealed tube (12). and said inner armor wires being
fabricated in the    25  30. A process for fabricating an armored optical
same operation, wherein said central tube (12),       cable incorporating a
central hermetically sealed said conductor strands (22) and said inner
armor      optical fibre tube, comprising the process accord- wires (24)
form a central bundle (30) having an       ing to any one of Claims 23 to
29 and further outer diameter of about 0.368 inches (0.935 cm);
comprising: and                                             30      winding
conductor elements (22) helically twenty-four substantially round outer
strands       around said tube (12), said winding being of a (32) of
galvanized steel wire wound around and        given handedness and lay
length; contacting said sixteen strands (24) in a left hand     winding a
layer of inner armor wires (24) of the lay with a 3.5 inch (8.89) lay
length, said twenty-   same handedness as said conductor elements four
strands having a diameter of about 0.049    35   (22) and with the same lay
length and applied at inches (0.124 cm) such that the total cable dia-
the same time as said conductor elements, meter has an outside diameter of
about 0.469          helically around said conductor elements (22); inches
(1.191 cm).                                    and 19. A cable according to
Claim 18, wherein the        fabricating a layer of outer armor wires (32)
of central bundle (30) is filled with an elastomeric   40    opposite
handedness to that of said layer of inner filling compound (26).
armor wires (24) and with such a lay length that 20. A cable according to
Claim 19, wherein the      the torques exerted by said inner and outer
armor interstices formed between said inner armor           wires are
substantially balanced when the cable is [err] (24) and outer armor strands
(32) are filled  under tension. with solid bright galvanized wires and/or a
corro-    45  31. A process according to Claim 30, wherein sion
inhibitor-lubricant.                             the fabrication further
comprises laying down 21. A cable according to Claim 20, wherein said
cable elements in the interstitial space formed tube (12) is further coated
with a corrosion resis-   between said conductor elements (27) and said
tant metal layer or high temperature plastic to an    layer of inner armor
wires (24) at the same time as outer diameter of about 0.120  0.002 inches
so   said conductor elements (22) and said layer of (0.305  0.005 cm).
inner armor wires (24) are being formed. 22. A cable according to Claim 21,
wherein the metal sections (20) have been joined together by
Patentanspruche laser welding. 23. A process for fabricating a hermetically
55     1. Hermetisch verschlossenes optisches Faser- sealed optical fiber
tube, comprising:                rohr zur Verwendung in einer Umgebung, die
(a) rolling at least two annealed metal wires into  Widerstandsfahigkeit
gegen  Knickung  unter metal sections (20) having a yield strain greater
Druck und unelastisches Strecken hiervon erfor- than 0.85, said sections
(20) being capable of        dern, wenn sie einer Lingung in Lingsrichtung,
fitting together to form a cylindrical metal tube    60    Relaxation und
Biegekrdften ausgesetzt sind, (12) having an inner diameter sufficient to
accept    wobei dieses Rohreinen inneren Kern (16,18) mit at least one
buffered optical fiber (14);             einer oder mehreren  gepufferten
optischen 



(b) forming such a tube (12) around one or          Faser(n) (14) sowie ein
zylindrisches metallische more buffered optical fibers (14) from the metal
Rohr (12) umfal~t, das um diesen inneren Kern sections (20) of step (a);
and                  65   (16, 18) paBt, dadurch gekennzeichnet, daB das 8
15                  0  116 619                      16 zylindrische
matallische Rohr (12) wenigstens       figuration erreichbar ist, inden
diese wenigstens eni metallische Abschnitte (20) umfaBt, die her-    sechs
Elemente  (22) und rtese  inneren Ver- metisch unter Bildung dieses Rohres
(12) mitein-    starkungsdrehte (24) um dieses Rohr (12) gleich- ander
verbunden sind, wobei jeder metallische       zeitig zusammengefat wearden,
wobei die Ele- Abschnitt (20) durch Walzen aus einer  geglohten  s mente
(22) und die inneren Drahte (24) vom Metalddraht vorgeformt und so
Abschnito         gleichen Handhabungssinn sowei das Rohr (12) sie eine
Bruchdehnung von mehr als 0,85 aufwvei-    ein mittiges Bundel (30) bilden;
und s(n. aine Viehzahl r
uBerer Verstdrkungsdrahte (32Vr 2. Rohr nach Anspruch 1, dadurch
gekennzeich-     welche dhese inneren  Verstarkungsdrnhte (24i net, daB
die metallischen  Abschnitte  aus-   10   kontakuieren, wobei d. ese
auBeren Verstarkungs- scheidungsgehartetn Abschnitte sind.
drzhte (32) in entgegengesetztem Spiralsinn zuh 3. Rohr nach Anspruch 1
oder 2, dadurch ge-       Spiralsinn dieser inneren Versttrkungsdrahte (24)
kennzeichnet, daB die metallischen Abschnitte       gewickelt sind, derart,
daB die durch diese inne- (20) aus rostfreiemn Stahl odor nicht
eisenhaltigen  ren Verstarkungsdrahte und diese au~eren Ver- Legierungen
gebildet sind.                    15   starkungsdrahte  ausgeubten  Momente
im 4s Rohr nach Anspruch 1, 2 oder 3, dadurch ge-    wesentlichen, wenn sie
unter Spannung sind, kennzeichnet, daB d   nese metallischen Abschnitte
ausgeglichen sind. hermetisch an dhren in L0ngsrichtung verlauf-
12. Kabel nach Anspruch 11, dadurch gekenn- enden Saumnahten verbunden
sind.                    zeichnet, daB wenigstens sechs Elements (22) 5.
Rohr nach Anspruch 3, dadurch gekennzeich-   20    Leiterstrange sines
kupfmrplattierton Stahpdraht- nat, dai die Abschnitte (20) derart
hergestellt     loiters sind. sind, daB die gewalzten geformten Drdhtenein
13. Leater nach Anspruch 12, dadurch gekenn- Rohr (12)
miteinemdAuBendurchmesserzwischen         zeichnet, daB der innere
Verstarkungsdraht (24) 0,279 bis 0,305 cm (0,110 bis 0,120 englische Zoll)
ein galvanisierter Stahodraht ist. mit einer Wanddicke von  0,069 cm (0,027
engli-   25  14. Kabel nach Anspruch 13, dadurch gekenn- sche Zoll) und
einemn Innendurchmesser von etwa     zeichnet, daB die Leiterstrange (22)
sowie die 0,15 cm  (0,06 englische Zoll) bilden.              inneren
Verstarkungsdrghte (24) Zwischenrlume 6. Rohr nach Anspruch 4, dadurch
gekennzeich-     (28) bilden, die von ummantelten optischen net, dal3 das
zyiindrische metallische Rohr (12)    Fasern oder galvanisierten
Stahidrahtfullern ein- aus zwei Abschnitten (20) gebildet ist.       30
genommen sind. 7. Rohr nach Anspruch 5, dadurch gekennzeich-       15.
Kabel nach Anspruch 14, dadurch gekenn- net, daB das zylindrische
metallische Rohr (12)     zeichnet, daB die n uBeren Verstirkungsdrohte mit
einer korrosionsbmstandigen Metalrschicht       (32) galvanisterte
vorgeformte Patentstahidrnhte oder einemn Hochtemperaturkunststoff bis auf
sind. einen Aurendurchmesser  von etwa 0,305 d      3g      16. Kabtl nach
Anspruch 15, dadurch gekenn- 0,0025  cm  (0,120 d 0,001 englische Zoll)
sber-    zeichnet, daB itese wenigstens sechs Elements zogen ist.
(22) acht Elementd sind. 8. RohrnachAnspruch4,dadurchgekennzeich-
17. Kibel nach Anspruch  11, 14, 15 oder 16, net, daB die metallischen
Abschnitte (20) durch     dadurch gekennzeichnet, dao d(s mittige Rohr
LaserverschweiBung  mitesinander  verbunden    40   (12), die Leiterstrange
(22z sowie die inneren Ver- sind.
sthrkungsdr0hte (24) mit einer Fullermasse (26n 9. Rohr nach Anspruch 3
oder 4, dadurch ge-       auf Nitrilkautschukbasis 0berzogen sind.
kennzeichnet, daB des zylindrische metallische        18. Verstarkteses
oh(1)s Khbel nach Anspruch Rohr (12) mit einesn Auseren  eberzug aus eine
11, um fassend: gewalzten mrtallischen Rohr versehen ist, wobei   4    ein
mittiges im  wesentlichen rundes her- dieses iuBere metallische Rohr bis
auf hine Tiefe   metisch abgedichtetes Rohr (12) mit einem groler als die
Dicke dieses en      l AuGen tetscEe-  englisheouden Durchme0,279 bis 0,305
cm Rohres verschwei(t ist.                             (0,110 bis 0,120
englische Zoll) und einem Innen- 10. Rohr nach Anspruch 5 oder 7, dadurch
ge-      durchmesser von etwa 0,15 cm (0,06 englische kennzeichnet, daB die
optischen Fasern solche    50   Zoll), wobei dieses Rohr (12) hierin tine
Vielzahl eines einzigen  Schwingungstyps bzw. sog.           optischer in
ein Elastomer (16, 18) eingebetteter Single-Mode-Fasern sind.
Fasern (14) umfaBt; 11. Verstarktes optisches Faserkabel mit einem
acht im wesentlichen runde Leiterstrange (22V, mittigen Rohr nach einem der
Anspr(che 1, 2, 3,     die ur  dieses mittige Rohr (12) im rechtlagigen 8,
9 oder 10, welter umfassend:               s5   Sinn und um eine 8,89 cm
Lagenlange (3, 5 wenigstens sechs im wesentlichen feste Ele-       englishe
Zoll) und einen Durchmesser von 0,180 mente (22), die spiralformig um
dieses mittige      cm (0,071 englische Zoll) derart gewickelt sind, Rohr
(12) in einer gegebenen Handhabung (Sinn)      daB der AuBendurchmesser des
mittigen Rohres gewickelt sind;                                     und die
Leiterstrange etwa 0,665 cm (0,262 engli- wenigstens die doppelte Anzahl
dieser wenig-   60   sche Zoll) betragt; stens sechs Element aus innere~n
Verstarkungs-       sechzehn im wesentlichen runde innere Ver- 



drahten (24), die um diese wenigstens sechs         starkungsstrange (24)
galvanisierten Stahldrahts Elements (22) in einer einiagigen
Spiralkonfigura-  mit einem AuBendurchmesser von etwa 0,147 cm tion von
gleichem Sinn gewickelt sind und diese     (0,058 englische Zoll), die urn
diese Leiterstrange kontaktieren, wobei diese einlagige Spiralkon-   65
(22) im gleichen Sinn und von der gleichen Lagen- 9    17
0 116 619                      18 lange wie diese Leiterstrange gewickelt
sind und   hermetisch zur Steigerung der Streckgrenze der d
kontaktieren, wobei die Leiterstrange und  fertigen Abschnitte vereinigt
warden. di e Verstarkungsdrahte im gleichen Vorgang         27. Verfahren
nach Anspruch 23, 24, 25 oder 26, hergestellt warden, wobei dieses mittige
Rohr      dadurch gekennzeichnet, dag die gegluhten (12), diese
Leiterstrange (22) und diese inneren    5    Drahte zur Bildung der
metallischen Abschnitte Verstarkungsdrahte (24) ein mittiges BOndel (30)
(20) aus rostfreiem Stahl oder einer hochzug- mit einem Augendurchmesser
von etwa 0,935 cm       fasten Nicht-Eisenlegierung bestehen. (0,368
englische Zoll) bilden; und                   28. Verfahren nach einem der
Anspruche 23 bis vierundzwanzig im wesentlichen runde auBere       27 und
weiter umfassend das Einspritzen eines Strange (32) galvanisierten
Stahldrahts, die um    10   Elastomers in einen Abschnitt (20) und auf
diese diese sechzehn Stringe (24) im linken Wicklungs-   gepufferten Fasern
(14) vor dem Forman dieses sinn gewickelt sind und diese kontaktieren bei
Rohres (12). einer Lagenlinge 8,89 cm (3,5 englische Zoll),       29.
Verfahren nach einem der Anspruche 23 bis wobei diese vierundzwanzig
Strange einen          28 und weiter umfassend die Bildung eines hoch-
Durchmesser von etwa 0,124 cm (0,049 englische   15  temperaturbestandigen
Kunststoffuberzugs und Zoll) derart aufwaisen, daB der gesamte Kabel-
dieses hermetisch abgedichtete Rohr (12). durchmesser einen
AuBandurchmesser von etwa          30. Verfahren zur Herstellung eines
verstarkten 1,191 cm (0,469 englische Zoll) aufweist.          optischen
Kabels, wobei ein mittiges hermetisch 19. Kabel nach Anspruch 18, dadurch
gekenn-      abgedichtetes optisches Faserrohr eingebaut zeichnet, daB das
mittige BOndel (30) mit einer   20   wird, umfassend das Verfahren nach
einem der elastomeren Fullermasse (26) gefuillt ist.         Anspruche 23
bis 29 und weiter umfassend: 20. Kabel nach Anspruch 19, dadurch gekenn-
Wickeln der Leiterelemente (22) spiralformig ;,4chnet, daB die zwischen
diesen inneren Ver-      um dieses Rohr (12), wobei das Wickeln mit
stbrkungsstringen (24) und den 3uBeren Ver-        einem  gegebenen Sinn
und einer gegebenen starkungsstringen  (32) gebildeten Zwischen-   25
Lagenlange vorgenommen wird; raume gefuilt sind mit glanzverzinkten Drahten
Wickeln einer Lage von inneren Verstarkungs- und/oder  einem
Korrosionsinhibitorschmier-      drahten (24) mit dem gleichen
Steigungssinn wie mittel.                                            diese
Leiterelemente (22) und mit der gleichen 21. Kabel nach Anspruch 20,
dadurch gekenn-       Lagenlinge und unter Aufbringung gleichzeitig
zeichnet, daB das Rohr (12) weiter mit einer   30   wie diese
Leiterelemente, spiralformig um diese korrosionsbestandigen Metallschicht
oder einem     Leiterelemente (22); und Hochtemperaturkunststoff bis auf
einen AuBen-        Herstellen einer Lage auBerer Verstarkungs- durchmesser
von etwa 0,305  0,005 cm (0,120 i     drahte (32) mit einem Steigungssinn
entgegenge- 0,002 englische Zoll) uberzogen ist.               setzt zu dem
der Lage von inneren Verstarkungs- 22. Kabel nach Anspruch 21, dadurch
gekenn-   35   drahten (24) und mit einer Lagenlange derart, daB zeichnet,
daB die metallischen Abschnitte (20)      die von diesen  inneren  und
auBeren Ver- durch LaserschweiGen vereinigt sind.
stirkungsdrahten  ausgeObten  Momente  im 23. Verfahren zum Herstellen
eines hermetisch     wesentlichen ausgeglichen warden, wenn das
versiegelten optischen Faserrohrs umfassend:        Kabel unter Spannung
steht. (a) Walzen wenigstens zweier gegluhter metalli-   40  31. Verfahren
nach Anspruch 10, dadurch ge- scher Drahte in metallische Abschnitte (20)
mit    kennzeichnet, daB  die Herstellung weiterhin einer Bruchdehnung von
mehr als 0,85, wobei        umfaBt: Ablegen von Kabelelementen in den diese
Abschnitte (20) in der Lage sind, unter      Zwischenraum, der zwischen
diesen  Leiter- 'ildung eines zylidrischen metallischen Rohrs
elementen (27) und dieser Schicht innerer Ver- ,4i2) zusammenzupassen, das
von einem Innen-   45   starkungsdrahte (24) gebildet ist, und zwar zur
durchmesser ist, der ausreicht, um wenigstens      gleichen Zeit wie diese
Leiterelemente (22) und eine gepufferte optische Faser (14) anzunehmen;
diese Lage aus inneren Verstarkungsdrihten (24) (b) Formen eines solchen
Rohres (12) um eine      geformt warden. oder mehrere gepufferte optische
Fasern (14) aus den metallischen Abschnitten (20) der Stufe (a);   50
Revendications und (c) hermetische Verbindung dieser Abschnitte        1.
Tube A fibres optiques, scelI6 hermetique- (20) zur Bildung dieses
hermetisch abgedichteten   ment, destin6 A etre utilise dans des milieux
Rohres (12).                                       exigeant une resistance
au flambage sous pres- 24. Verfahren nach Anspruch 23, dadurch ge-   ss
sion et a son etirage inelastique lorsqu'il est kennzeichnet, daB die
Verbindung durch Laser-      soumis a un allongement longitudinal, a une
schweiBung hergestellt ist.                        relaxation et A des
forces de flexion, ledit tube 25. Verfahren nach Anspruch 24, dadurch ge-
comprenant une Ame int6rieure (16, 18) compor- kennzeichnet, daR das die
Fasern (14) enthaltende.  tant une ou plusieurs fibres optiques tamponnees
Rohr (12) auf zwischen 149 bis 260C (300 bis   60   (14) et un tube
m6tallique cylindrique (12) s'ajus- 



5000F) wahrend der Vereinigung der.metallischen    tant autour de ladite
Ame interieure (16, 18), Abschnitte erwarmt wird.
caracterise en ce que le tube metallique cylin- 26. Verfahren nach Anspruch
23, 24 oder 25,      drique (12) comprend au moins deux sections dadurch
gekennzeichnet, daB diese Abschnitte       metalliques (20) reunies
hermetiquement l'une A eine Ausscheidungshartung erleiden, bevor sie   65
I'autre pour former ledit tube (12), chaque section 10    19
0 116 619                       20 metallique (20) etant pr6faconnee par
laminage a     desdits fils interieurs (24) de blindage de maniere partir
d'un fil m6tallique recuit et choisi pour avoir  que les couples exerces
par lesdits fils interieurs une deformation A la limite d'elasticite
sup6rieure  de blindage et lesdits fils exterieurs de blindage A 0,85.
soient sensiblement equilibres sous traction. 2. Tube selon la
revendication 1, dans lequel    5   12. CAble selon la revendication 11,
dans lequel lesdites sections metalliques sont des sections      lesdits au
moins six e6lments (22) sont de brins durcies par precipitation.
conducteurs d'un conducteur constitue de fils 3. Tube selon la
revendication 1 ou 2, dans        d'acier cuivre. lequel lesdites sections
metalliques (20) sont for-    13. CAble selon la revendication 12, dans
lequel m6es d'acier inoxydable ou d'un alliage non    10   le fil interieur
(24) de blindage est un fil d'acier ferreux.
galvanise. 4. Tube selon la revendication 1, 2, ou 3, dans      14. CAble
selon la revendication 13, dans lequel lequel lesdites sections metalliques
sont reunies    les brins conducteurs (22) et les fils interieurs (24)
herm6tiquement par des joinss longitudinaux.         de blindage forment
des espaces interstitiels (28) 5. Tube selon la revendication 3, dens
lequel les    15   qui sont occup6s par des fibres optiques gainees
sections (20) sont fabriqu6es de maniere qua les     ou par des charges de
fil d'acier galvanise. fils m6talliques fagonnes par laminage forment
15. CAble selon la revendication 14, dans lequel un tube (12) ayant un
diametre exterieur de 0,110    les fils exterieurs (32) de blindage sont
des fils 3 0,120 inch (0,279 a 0,305 cm) avec une epaisseur   d'acier
patentes galvanises et pr6fagonn6s. de paroi d'environ 0,027 inch (0,069
cm) et un    20   16. CAble selon la revendication 15, dans lequel diametre
int6rieur d'environ 0,06 inch (0,15 cm).    lesdits au moins six 6lements
(22) sont huit 6. Tube selon la revendication 4, dans lequel le   6l6ments.
tube m6tallique cylindrique (12) est forme de          17. Cable selon la
revendication 11, 14, 15 ou z-/  deux sections (20).
16, dans lequel le tube central (12), les brins 7. Tube selon la
revendication 5, dans lequel le   25   conducteurs (22) et les fils
int6rieurs (24) de tube m6tallique cylindrique (12) est revetu d'une
blindage sont revAtus d'un compose (26) de couche de m6tal resistant A la
corrosion ou d'une    charge a base de caoutchouc nitrile. matibre
plastique resistant aux temperatures 6le-      18. Cable optique blinde
selon la revendication veas jusqu'A un diametre ext6rieur d'environ
11 at comprenant: 0,120  0,001 inch (0,305  0,0025 cm).        30      un
tube central sensiblement rond, scelle her- 8. Tube selon la revendication
4, dans lequel les  metiquement (12), ayant un diametre exterieur sections
metalliques (20) ont ete assemblees par     compris entre 0,110 et 0,120
inch (0,279 et 0,305 soudage au laser.
cm), et un diametre interieur d'environ 0,06 inch 9. Tube selon la
revendication 3 ou 4, dans        (0,15 cm), ledit tube (12) renfermant
plusieurs lequelletubem6talliquecylindrique(12)reqoitun    35   fibres
optiques (14) noy6es dans un elastomere revetement exterieur forme d'un
tube metallique      (16, 18); faqonn6 par laminage, ledit tube metallique
exte-      huit brins conducteurs sensiblement ronds (22) rieur etant soude
jusqu'a une profondeur supe-       enroules autour dudit tube central (12)
vers la rieure A sa propre epaisseur.                        droite et
ayant une longueur de pose d'environ 10. Tube selon la revendication 5 ou
7, dans    40   3,5 inches (8,89 cm) et un diametre de 0,071 inch lequel
les fibres optiques sont des fibres optiques  (0,180 cm) de maniere que le
diametre ext6rieur monomode.                                            du
tube central et des brins conducteurs soit 11. Cable blind6 3 fibres
optiques comprenant      d'environ 0,262 inch (0,665 cm); un tube central
selon la revendication 1, 2, 3, 8, 9   seize brins sensiblement ronds (24)
de blindage ou 10 et comportant en outre:                  45   interieur
en fil d'acier galvanise ayant un diametre au moins six elements
sensiblement pleins (22)     exterieur d'environ 0,058 inch (0,147 cm)
enroules enroules en helice autour dudit tube central (12)    autour de et
an contact avec lesdits brins conduc- dans un sens donne;
teurs (22), dans le meme sens et A la meme un nombre de fils int6rieurs
(24) de blindage      longueur de pose qua lesdits brins conducteurs, egal
au moins au double du nombre desdits au    50   lesdits brins conducteurs
et lesdits fils de blin- moins six elements, enroules autour desdites et
dage interieur etant fabriqu6s au cours de la en contact avec lesdits au
moins six elements (22)   meme operation, ledit tube central (12), lesdits
en une configuration helicoidale a une seule         brins conducteurs (22)
et lesdits fils de blindage couche dens le meme sens, ladite configuration
interieur (24) formant un faisceau central (30) hdlicoidale en une seule
couche pouvant Atre   55   ayant un diametre exterieur d'environ 0,368 inch
obtenue par assemblage desdits au moins six          (0,935 cm); et
elements (22) at desdits fils interieurs (24) de       vingt-quatre  brins
exterieurs sensiblement blindage autour dudit tube (12) en meme temps,
ronds (32) en fil d'acier galvanise enroules autour les elements (22) et
les fils interieurs (24) du     de et en contact avec lesdits seize brins
(24), vers 



meme sens et le tube (12) formant un faisceau.   60   la gauche, avec une
longueur de pose de 3,5 central (30); et            I I
inches (8,89 cm), lesdits vingt-quatre brins ayant plusieurs fils
ext6rieurs (32) de blindage en      un diametre d'environ 0,049 inch (0,124
cm) de contact avec lesdits fils int6rieurs (24) de blin-   maniere que le
diametre exterieur total du cAble dage, lesdits fils exterieurs (32) de
blindage etant  soit d'environ 0,469 inch (1,191 cm). enroules dans un sens
helicoidal oppose au sens    65  19. Cable selon la revendication 18, dans
lequel 11    21                   0 116 619                       22 _t
1isceau central (30) est rempli d'un compos6        27. Pracede selon la
revendication 23, 24 25 ou 4&L~omkrique (26) de charge.
26, dans lequel les fils recuits destines a former 20. CAble selon la
revendication 19, dans lequel   les sections metalliques (20) sont
constitues les interstices formes entre lesdits brins interieurs  d'acier
inoxydable ou d'un alliage non ferreux A de blindage (24) et lesdits brins
exterieurs de    5    haute resistance A la traction. blindage (32) sont
combles de fils galvanises          28. Proc6d6 selon  l'une quelconque
des brillants pleins etlou d'un inhibiteur de corrosion-  revendications 23
a 27 et consistent en outre a lubrifiant.
injecter un 6lastomere dans une section (20) et 21. Chble selon la
revendication 20, dans lequel   sur lesdites fibres tamponn6es (14) avant
de ledit tube (12) est en outre revetu d'une couche de   io   former ledit
tube (12). m6tal r6sistant A la corrosion ou de matiere           29.
Proc6de selon  l'une quelconque  des plastique risistant aux hautes
temperatures jus-     revendications 23 A 28 et consistant en outre A qu'a
un diametre ext6rieur d'environ 0,120 +         former un revitement de
matibre plastique resis- 0,002 inch (0,305  0,005 cm).
tant aux hautes temperatures autour dudit tube 22. CAble selon la
revendication 21, dans lequel   JS   scelle hermetiquement (12). les
sections m6talliques (20) ont ete assemblees       30. Procede pour
fabriquer un cAble optique par soudage au laser.
blind6 comprenant un tube central a fibres opti- 23. Procede pour fabriquer
un tube a fibres        ques, scelle herm6tiquement, comprenant le pro-
optiques, sceIl6 herm6tiquement, consistant:         ced6 salon l'une
quelconque des revendications (a) a former par laminage d'au moins deux
fils   20   23 A 29 et consistent en outre: m6talliques recuits des
sections metalliques (20)      A enrouler des 6lements conducteurs (22) en
k/ant une deformation a la limite d'elasticite         helice autour dudit
tube (12), ledit enroulement '-up6rieure a 0,85, lesdites sections (20)
etant       etant d'un sens et d'une longueur de pose capables d'Otre
ajustees l'une a I'autre pour for-   donn6s; mer un tube metallique
cylindrique (12) ayant un    25  a enrouler une couche de fils int6rieurs
(24) de diametre int6rieur suffisant pour recevoir au        blindage de
mime sens que lesdits elements moins une fibre optique tamponn6e (14);
conducteurs (22) et a la meme longueur de pose, (b) A former un tel tube
(12) autour d'une ou      et appliques en mime temps que lesdits elements
plusieurs fibres optiques tamponn6es (14) A partir   conducteurs, en hMlice
autour desdits el6ments des sections m6talliques (20) de l'etape (a); et
30   conducteurs (22); et (c) a joindre hermetiquement lesdites sections
A appliquer une couche de fils ext6rieurs (32) de (20) l'une A l'autre pour
former ledit tube scelie   blindage de sens oppos6 A celui de ladite couche
hermetiquement (12).                                 de fils interieurs
(24) de blindage et avec une 24. Procidi sclon la revendication 23, dans
longueur de pose telle que les couples exerces lequel la jonction est
r6alisee par soudage au    35    par lesdits fils int6rieurs et exterieurs
de blindage laser.                                               soient
sensiblement equilibres lorsque le cAble 25. Procede sclon la revendication
24, dans        est sous traction. lequel le tube (12) contenant les fibres
(14) est     31. Procede selon la revendication 30, dans chauffe entre 300
et 500F (149 et 2600C) durant la  lequel l'application consiste en outre A
deposer jonction des sections metalliques.             40   des elements de
cAble dans l'espace interstitiel 26. Procede selon la revendication 23, 24
ou 25,   forme entre lesdits elements conducteurs (27) et dans lequel
lesdites sections subissent un          ladite couche de fils interieurs
(24) de blindage en durcissement par precipitation  avant d'Atre
meme temps que lesdits el6ments conducteurs <  ointes hermetiquement afin
d'augmenter la            (22) et ladite couche de fils interieurs (24) de
limite Mlastique des sections finies.          45    blindage sont formes.
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