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thicknesses. Thus, the signals from the two television cameras are used to
make both polymer coating con- Technical Field
centricity adjustments and carbon coating thickness adjustments in real
time during the optical fiber fabri- This invention relates to methods for
making opt-   5   cation. Ical fibers and, more particularly, to methods
for con-  DE-A-2 855 598 discloses the use of a light beam trolling optical
fiber coatings during optical fiber fab-  for providing a visual indication
of the concentricity of rication.
a conductor in a sheath by projecting an image of the conductor on a
screen. This method is applicable to Background of the Invention
10  optical fibres (description, page 1, line 3), the in- ner/outer
diameters of which can be measured, as Primarily because of their use in
optical commu-  well as the position of the core in the fibre. In order
nications systems, the fabrication of optical fibers has  to observe the
concentricity at orthogonal positions been a subject of intensive research
and develop-  the images are projected side by side on a screen or ment.
Optical fibers are typically made in a continu-  15  by TV display. Signals
are not generated in order to ous process which involves drawing a thin
glass    modify the process of making a conductor. strand or fiber from a
heat-softened glass preform,   While the costof finished usable optical
fiberhas and thereaftercoating it with a polymer to increase its  fallen
dramatically in the lastfive years, continuing ef- structural strength. The
U.S. patent of Andrejco et al.,  forts are being made to reduce the cost
further. 4,450,333, assigned to AT&T Technologies, Inc., de-  20  Worldwide
competition In this technology is extremely scribes in detail a furnace of
the type that can be used  vigorous, and it is dear that any improvement
that will to melt a glass preform to permit a fiber to be drawn.  reduce
the cost of making the finished product with- The paper of Smithgall and
Frazee, "High Speed  out sacrificing quality will be diligently pursued.
Measurement and Control of Fiber-Coating Concen-      According to the
present Invention, there is pro- tricity," the Bell System Technical
Journal, Vol. 60,  25  vided a method as defined In claim 1. No. 9,
November 1981, pp. 2065-2080, describes a      In accordance with an
embodiment of the inven- method for monitoring the concentricity of the
optical  tion, the functions of two TV cameras used In moni- fiber polymer
coating by directing orthogonal light  toring polymer coating concentricity
and/or carbon beams at the coated fiber. Each of the beams imping-  coating
thickness are now accomplished by a single ing on the fiber results in a
pattern of forward-scat-  30  TV camera. Rather than being projected onto
an opa- tered light modes that are projected on orthogonally  que
dispersive screen, the forward-scattered mode constructed screens. Two
television cameras are    patterns of each of the orthogonal beams Is
transmit- used to detect these patterns projected on the     ted through a
translucent screen and reflected to an screens, and more specifically, to
detect asymmetries  Image combining device which transmits both pat- in the
light distribution which indicates a deviation   35  terns to the single TV
camera. The two beams are from concentricity of the polymer coating. Thus,
each  slightly vertically displaced so as to establish dis- of the
television cameras generates signals indicative  placed Images of the two
patterns. This allows the of any deviation from concentricity which are in
turn  two patterns to be viewed simultaneously and distin- used to make
concentricity adjustments.            gulshed by the TV camera. Modified
electronics, as A U.S. patent application of Frazee et al., de-  40  will
be described in more detail below, provide for al- scribes a method for
making, between the glass por-  ternate TV scanning of the two images so
that a com- tion of the optical fiber and the polymer coating, a thin
puter can monitor and correct concentricity and/or carbon coating which can
hermetically seal the glass  carbon coating thickness in real time during
fiber pro- optical fiber to increase its structural strength and its
duction. resistance to environmental contaminants. The Fra-  45 zee et al.
patent application further describes a meth-  Brief Description of the
Drawing od for monitoring the thickness of the carbon coating by using the
same orthogonal optical beam arrange-    FIG. 1 is a schematic block
diagram of apparatus ment as described in the Smithgall et al. paper. How-
for fabricating optical fibers in which the Invention ever, as described in
the Frazee et al. application the   50  may be used; carbon coating
thickness is related to forward-scat-  FIG. 2 is a schernatic view of a
laser ray passing tered mode intensity. As a consequence, the strength
through a section of optical fiber which illustrates of the signals
generated by the two television cam-   certain aspects of the invention;
eras may be used to provide an indication of absolute  FIG. 3 is a graph of
scattering angle [err] of FIG. 2 light mode intensity. if the intensity
falls outside of  55  versus distance x of the ray of FIG. 2 from a cen-
prescribed ranges, the signals are used to adjust au-  ter line of the
fiber; tomatically the thickness of the applied carbon coat-  FIG. 4 is
agraph of intensityof light passing trans- ing so as to maintain it within
a prescribed range of  versely through an optical fiber versus the scat- 2 
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After the carbon coat, the fiber 12 is directed to FIG. 5 is aschematic
view of apparatus in accor-  a polymer coating applicator 17, which coats
it in a dance with the prior art for detecting forward-  known manner with
a polymer such as a U-V curable scattered light modes;
5   acrylate. The diameter of the fiber with the polymer FIG. 6 is a
schematic block diagram of apparatus  coating is typically 250 microns.
Thereafter, the fiber for detecting forward-scattered light In accor-  Is
directed through a polymer curing station 19 which dance with one
embodiment of the present inven-  directs the output of ultraviolet lamps
having a power tion; and                                      adequate to
cure the coating material on the fiber 12. FIG. 7 illustrates in more
detail the structure of  10  Prior to orafter curing the polymercoating,
ortho- the viewing screen assemblies of FIG. 6;       gonal beams 20 from a
laser, or other collimated light FIG. 8 illustrates schematically optical
paths of  source, are directed transversely at optical fiber 12, light
beams in the apparatus of FIG. 6;        and the forward-scattered light is
detected by a light FIG. 9 illustrates images detected by the CCTV
detectors 21. The outputs of the detectors are direct- camera of the
apparatus of FIG. 6; and    15  ed to a computer 22 which is connected to
the poly- FIG. 10 is a functional block diagram of circuitry  mer coating
applicator 17 to control the concentricity that may be connected to the
CCTV camera of    of the polymer coat on the optical fiber 12 and also FIG.
6 and the computer of FIG. 1.             to a valve 24 for controlling the
flow of acetylene to the coating chamber 13 to control the thickness of the
Detailed Description                          20  carbon coated on the
optical fiber. FIGs. 2 through 4 are presented in an aid to un- Referring
now to FIG. 1, there is shown, as a   derstanding of how forward-scattered
light mode pat- functional block diagram, apparatus for fabricating  terns
can be used to control polymer coating concen- optical fiber in which the
invention may be used. A  tricity and carbon coating thickness. In FIG. 2,
an opt- draw tower in which the apparatus is used typically in-  25  ical
fiber 12 (shown as a section taken transversely cludes a furnace 11 into
which a glass preform (not  to the fiber's central axis) comprises an inner
silica shown) is fed and from which an optical fiber 12 is  portion 26, an
outer polymer portion 27, and a carbon drawn. The furnace may be of the
general type de-  coating 28 between the silica and the polymer por-
scribed in the aforementioned patent of Andrejco et  tions. Line 29 is a
center-ine containing the axis of al., and may produce a temperature on the
order of  30  the optical fiber. Consider a pencil lightray 30 parallel
[err] which softens or partially melts the preform  to center-line 29 and
displaced a distance x from the and which permits a glass fiber 12,
typically 125 mi-  centerline. It will be scattered due to refraction by
the crons in diameter, to be drawn from the softened pre-  polymer, carbon
and silica components and will exit form at a rate typically between two
and ten meters  the optical fiber at a scattering angle [err] with respect
per second. Experimental work shows that optical fib-  35  to the
center-line 29. ers may also be drawn from preforms of polymer. In
Referring to FIG. 3, It can be shown that, for light any event, the
invention is Intended to be used in an  passing transversely through the
glass fiber, the environment in which an optical fiber of a plastic ma-
scattering angle [err] increases with the distance x until terial is drawn
from a preform, where glass shall be  some maximum angle [err] is reached.
As x Increases considered as one example of a plastic material.  40
further, the angle [err] falls as shown in the graph. The As described in
the aforementioned Frazee et al.  same is true of negative values of x,
below the center- patent application, the heated fiber may be directed
line, which produce negative angles - 0 and a negative through a carbon
coating chamber 13 in which it is  maximum at - [err]. FIG. 4 shows a graph
of the forward- subjected to a carbon-containing gas. For example,
scattered light intensity versus the angle [err]. Ordinate acetylene [err]
fromasource 14 maybefed into the   45  32 represents the point at which the
angle [err] equals coating chamber along with nitrogen from a source  0,
which corrresponds to center-line 29 of FIG. 2, 15. As is described in more
detail in the copending pa-  while ordinates 33 and 34 represent the maxima
val- tent application of DiMarcello et al., Serial No.  ues of + [err] and
- [err] respectively. 098,253, filed September 18, 1987, and assigned to
Curve 36 illustrates a typical distribution of light Bell Telephone
Laboratories, Inc., the object of the   50  intensity versus [err] for an
optical fiber In whichthere Is coating process is to deposit carbon on the
optical fib-  no carbon coating 28 as indicated in FIG 2. Maximum er that
is chemically bonded with silicon atoms of the  light intensities are
symmetrically disposed about glass fiber 12 and which produces a
cross-linked car-  Line 32 at + [err] and - [err], and the light intensity
at all bon network having unsaturated bonds. The flow of  angles is
comparatively high. If, in FIG 2, rather than the acetylene into the
coating chamber 13 Is prefer-  55   a laser ray 30 of indefinitely small
diameter, we were ably adjusted such that carbon coats on the optical  to
consider a collimated light beam having a uniform fiber to a thickness of
500 to 1000 angstroms (0.05 -  intensity across its thickness and having a
thickness 



0.1 microns). A typical acetylene flow rate Is 3.5 liters  approximately
equal to that of the coated optical fiber per minute with a nitrogen flow
of 2 liters per minute.  12, the total distributed forward-scattered
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correspond to Curve 36 if there were no carbon coat-  dance with the
invention, an Improvement over the ing and if the polymer coating 27 were
concentric with  prior art In which a single CCTV camera 48 is used in the
silica portion 26.                             place of the two cameras 42
and 44 of FIG. 5. The as- In the apparatus of FIG. 1, the collimated light
5   sembly of FIG. 6 comprises a structure 49 for defining beam has a
thickness greater than that of the coated  a pair of openings 50 and 51 and
for supporting view- fiber. As described in detail in the Smithgall et al.
pa-  ing screen assemblies 52 and 53. A laser beam from per, if there Is a
lack of concentricity of the polymer  a laser 55 Is divided by a beam
splitter 56 into two light coating 27 with respect to the silica portion
26, the re-  beam components 57 and 58, each being collimated gions of
maximum intensity, regions 33 and 34, will  10  light of somewhat greater
thickness than that of the not be symmetrical with respect to center-line
32. The  coated fiber 12. The light beam components are di- Smithgall et
al. paper explains how asymmetries in  rected into unit 49 through openings
50 and 51 so as light Intensity at regions 33 and 34 are used to correct
to impinge on an optical fiber 12 which is shown In automatically the
centering of optical fiber 26 within  horizontal section. As In the
previous embodiment, ro- polymer coating 27 of FIG 2.                  15
tatable cubes 60 and 61 permit the beams to be cen- As described in the
aforementioned Frazee et al.  tered on the coated fiber which both
maximizes the application, the area under Curve 36 is inversely  energy In
the light scattered pattern and allows the monotonically proportional to
the thickness of the  use of the detected laser signal as an accurate meas-
carbon layer 28 of FIG 2. For example, one could take  ure for the optical
axis. Curve 36 as Indicative of a substantially zero carbon   20  The
forward-scattered light patterns are project- coating thickness; Curve 36A
of FIG. 4 as a proper  ed through translucentviewing screen assemblies 52
carbon coating thickness; and Curve 388 as being in-  and 53, one of which
is illustrated schematically In dicative of a carbon coating thickness
thatis too thick.  FIG. 7. Each viewing screen assembly comprises a In the
FIG. 1 embodiment, the computer 22should be  transparent slot 63 and a
glass plate 64 backed by programmed so as to adjust the valve 24 in
response  25  translucent paper. In the center of the viewing screen to
computed integrated light intensity until the total  assembly is a filter
65 which is Intended to screen out area undera curve such as Curve 36A is
ofthe proper  all or part of the unscattered light beam component. value
indicating a desired carbon coating thickness.  The length of the slot 63
limits the viewed angle of the For both of these measurements, it is
preferred  scattered light, preferably to an angle such as [err] 40 that
two orthogonal beams be used because, for the   30  for a fiber located one
inch from the screen. The two concentricity measurements, it is important
that the  patterns are directed through the viewing screens 32 optical
fiber be properly centered in two dimensions,  and reflected by mirrors 66
to an image combining de- and for the carbon thickness measurements, it is
im-  vice 67 which may be a light beam splitter. The com- portant that
thickness around the entire periphery of  bined images are then viewed by
the single CCTV the optical fiber be monitored. Moreover, it is prefer-  35
camera 48. able that the detecting function shown by detectors   Displaced
images of the two patterns are as- 21 be accomplished by the closed circuit
television  sured by displacing slightly the two beams 57 and 58 cameras
rather than photodetectors. This Is illustrat-  along the axis of the fiber
12. Referring to FIG. 8, this ed In FIG. 5 in which the output of a laser
37, typically  is accomplished by tilting slightly the reflectors 68 and a
one milliwatt helium-neon laser, is split into two   40  69 so that beam
portion 58 passes slightly under the components 38 and 39 which are each
reflected to In-  origin, at [err] of the xyz coordinates, while the beam
tersect at the central axis of fiber 12. Located approx-  portion 57 passes
slightly above the origin, at [err]. The imately four centimeters from the
fiber are viewing  patterns are elongated and transverse to the optic fib-
screens 41 and 42. The screens may be white bond   er axis and when
projected through the viewing paper which provides a high contrast
background and   45  screens 52 and 53 are slightly displaced along the z
partially diffuses the scattering pattern, eliminating  axis. In the
embodiment shown, displacement at the the fine structure corresponding to
interference of re-  location of the viewing screens is 1/2 inch so that
the fracted and reflected rays. The scattering pattern on  slot 63 of FIG.
6 Is vertically displaced 1/2 Inch in the screen 42 is viewed by dosed
circuit television cam-  path of beam 57 with respect to the corresponding
era (CCTV) 43, and the pattern on screen 41 is  so  slot in the path of
beam 58. viewed by closed circuit television camera 44. By ex-  The camera
48 is rotated ninety degrees with re- tracting this information from the
camera output, the  spect to the projected images so that the projected
scattering pattern can be reconstructed to give the in-  images are
displayed on the camera tube face as hor- tensity distribution shown in
FIG. 4. The Smithgall et  izontally displaced images rather than as
vertically 



al. publication and the Frazee etal. patent application  55   displaced
images. Referring to FIG. 9, the images are describe in detail video
circuitry that can be used so  projected onto the TV camera as horizontally
dis- that the television camera output appropriately drives  placed images
or patterns 72 and 73, which are then the computer 22 of FIG. 1.
scanned by the horizontal scan lines of the camera. Referring to FIG. 6,
there is shown, in accor-  High Intensity locations 74 and 75 correspond to
lo- 4    7                   EP 0 400 912 B1                 8 cations 33
and 34 of FIG. 4. In the absence of filter  simply by the line connecting
the computer to the 65 of FIG. 6, there would also be a high intensity re-
polymer coat functional block 17 shown In FIG. 1. In gion atthe centerof
each pattern representing the un-  a somewhat similar manner, the
integrated light inten- scattered laser light portions. The horizontal
separa-   5   sty is measured so as to control the valve 24 of FIG. tion of
the patterns 72 and 73 results directly from the  1, controlling carbon
coating thickness. vertical separation of [err] and [err] of FIG. 8.
With the standard 525 line frame of 33 millisec- A single TV camera can
conveniently be used to  ond duration, each of the patterns is described by
a generate information representative of both patterns  262 line field,
which will normally give sufficient reso- 72 and 73 by generating
information concerning pat-  10  lution. Alternatively, to avoid sacrifice
of resolution, tern 72 during alternate field scans and information  the
circuit of FIG. 10 could be modified so that suc- concerning pattern 73
during the remaining alternate  cessive fields scan only one pattern, such
as pattern field scans. As is known, two successive field scans  72, and
that the next pair of successive fields scan normally constitute a single
frame, so the frame rate  only the other pattern such as pattern 73. This
would of transmission of the two patterns is not changed;  15  give a 525
line resolution for each pattern, but would rather, resolution is reduced
through the use of only  require a 66 millisecond duration for complete
frame one field per frame for each of the patterns rather  scan of both
patterns. than two fields per frame. It is also possible to com-  As a
third alternative, the image separation cir- bine the field and line synch
pulses to collect two full  cuit 76 could be designed to transmit half of
each scan fields of data-one complete frame-for each pattern,  20  line to
an integrator 81, as shown by the dashed oon- thereby doubling the
resolution as may be desired for  nection line, and the other half of each
scan line to in- the concentricity measurement.
tegrator 77. Sample and hold circuit 82 and converter These functions are
illustratively accomplished  circuit 83 work in the same manner as circuits
78 and by the video circuitry of FIG. 10, shown In functional  79. The
signal from circuit 83 would then represent block diagram form, in which
the output of camera 48   25  one pattern, such as pattern 72, and the
output of cir- contains line synchronization, frame synchronization,  cult
79 would represent the other pattern, such as and Image or pattern data,
all designated as compo-  pattern 73. Rather than blanking half an image,
the site video. Synchronous separation circuit 85 re-  image separation
circuit would, in response to the moves the image data, and directs field
and line syn-  multiplex circuit 80, switch outputs between Integrator
chronization signals to a multiplex control circuit 80.  30  77 and
Integrator 81 In the middle of each scan line. Circuit 80 generates as a
multiplexing signal a series  Each pattern would be represented by a
standard 525 of pulses each of a duration of one-half a horizontal  line
frame having the standard 33 millisecond frame scan line that are directed
to an Image separation cir-  duration. Thus, at the expense of some further
hard- cuit 76 to blank half of the image of FIG.9 during each  ware, one
would get full resolution at the standard line scan. A video separation
circuit 86 removes field  35  frame repetition rate. and line
synchronization data and transmits the im-    In an Illustrative embodiment
of the invention, the age data to circuit 76. By the alternate blanking of
the  uncoated optical fiber diameter was 125 microns, and patterns of FIG.
9, circuit 76 transmits video signals  the diameter with the polymer coat
was 245 microns, of pattern 72 during alternate frames and signals of  both
of which are typical dimensions for a coated fib- pattern 73 during other
alternate frames. An integra-  40  er. The carbon coating had a thickness
of 500 to 1000 tor circuit 77 sums the signal levels contained in each
angstroms (0.05 - 0.1 microns) and therefore did not horizontal scan line.
The output is directed to a sam-  significantly affect the overall diameter
of the fiber. ple and hold circuit 78 which is controlled by line syn-  The
principle features shown at 33 and 34 of FIG. 4 chronization pulses to form
a serialized box car rep-  appear in the angular range of twenty to thirty
de- resentation of the intensity envelope which Is directed   45  grees as
measured from the optical fiber, with fiber to a high speed
analog-to-digital converter 79, which  eccentricities generating
asymmetries of up to thirty- converts the scan line level to eight bits of
binary data  five to forty degrees on eitherside of the optical axis. which
are directed to the computer. Each line of the  The optics package
structure 49 shown In FIG. 6 was video scan signal may have a duration of
approxi-   an enclosed unit four Inches high, 24 inches In length mately 63
microseconds.                        so  and 15 inches in width, with a
five inch square open- Using the signal from the multiplex circuit 80 to
Ing through which the fiber 12 passes. The fiber 12 



separate the data representing each of the signals,  was one Inch from the
viewing screens 52 and 53. A the computer 22 stores the signal strength and
envel-  one milliwatt helium-neon laserwas used as the laser ope data.
Signal strength information Is preferably  55. The aperture or slot 63 of
FIG. 7 was two Inches displayed separately for each channel and is used to
55  by 3/16 Inch, and the filter 65 was 1/4 inch long. The center the laser
beam on the coated fiber. Coating ec-  vertical displacement of the slots
of the two viewing centricity is displayed on a monitor (not shown) and
screen assemblies was 1/2 inch. The slot length lim- used to control a
coating cup position through a step-  ited the viewing angle to [err]  for
a fiber located one per motor-driven x-y stage, as is known; this Is shown
inch from the screen. The filter 65 was a 1/4 Inch wide 5    9
EP 0 400 912 B1                  10 piece of blue gelatin filter. The beam
splitter 67 was  of the optical fiber, thereby displacing forward- a 50
millimeter cube beam splitter. The CCTV camera     scattered light of the
two beams. was a vidicon of known construction. While the laser is the most
practical device for   5   4. The method of Claim 3 further characterized
in forming a collimated light beam, in principle, other de-  that vices
could alternatively be used. It is preferable to        the television
camera output is used to screen the non-scattered laser beam so as to
obtain     generate a first signal representative only of for- a total
integrated intensity that is more sensitive to  ward-scattered light from a
first one  of two light changes in carbon coating thickness. On the other
10   beams; hand, because of the Gaussian distribution of light in-
the television camera output is used to tensity within most laser beams, If
the beam is cen-    generate a second signal reDresentative of for- tered
on the fiber, a large proportion of the light inten-  ward-scattered light
only from a second one of sity will be transmitted through the carbon
coating     two light beams. even if the thickness of the beam is
significantly larg-  15 er than the carbon coating diameter; this means
that  5. The method of Claim 4 further characterized In a large proportion
of the detected light will beforward-  that: scattered light even if the
non-scattered portion is not      the first and second signals are used to
screened out. While the embodiment described            control the
concentricity of a polymer coating on shows a single television camera for
making both  20    a fiber. polymer concentricity and carbon thickness
meas- urements, it could be used for only one such function;  6. The method
of Claim 7 further characterized in i.e., it could be used for only the
concentricity function  that: or only for the carbon thickness function.
the first and second signals are used to 25      control the thickness of a
carbon coated on the fiber. Claims 7. The method of Claim 5 further
characterized in 1. Amethodformaking optical fibers comprising the
that: steps of:                                   30            the
symmetries of the first and second sig- drawing a light-guiding fiber (12)
from a      nals are measured and the concentricity of the heated body of
plastic material;                    fiber within the plastic coating Is
adjusted until a coating (13 or 17) the fiber,
predetermined value of signal symmetry is directing two light beams (57,58)
at differ-   reached. ent angles at the coated fiber,             35
projecting forward-scattered light from the  8. The method of Claim 6
further characterized In fiber through two translucent screens (52, 53);
that directing light transmitted through the two          the intensities
of the first and second sig- screens to a light-combining device (67) where
It    nals are measured, and the carbon coating thick- is combined for
transmission to a single detector;  40  ness Is changed until the
Intensities of the first detecting light from the light combining de-   and
second signals are approximately of a prede- vice through the use of a
single closed circuit tel-  termined value. evision camera (48); analyzing
(FIG. 10) the detected light to  9. The method of Claim 5 further
characterized in generate information;                       45       that:
and using (FIG. 1) the information to mod-          the first and second
signals are used to ify the coating.
control the thickness of a carbon coating on the fiber. 



2. The method of Claim 1 further characterized In that
50   10. The method of Claim 9 further characterized In the two light beams
are directed substan-      that tially orthogonally at the coated fiber,
and both         thesymmetriesof the firstand secondsig- light beams are
substantially orthogonal with re-    nals are measured, and the
concentricity of the spect to a central axis of the fiber.
optical fiber within the plastic coating is adjusted 55      until a
predetermined value of concentricity is 3. The method of Claim 2 further
characterized in       reached. that the two light beams impinge on the
optical  11. The method of Claim 10 further characterized in fiber at
slightly different locations along the axis  that: 6    9
EP 0 400 912 B1                  10 piece of blue gelatin filter. The beam
splitter 67 was  of the optical fiber, thereby displacing forward- a 50
millimeter cube beam splitter. The CCTV camera    scattered light of the
two beams. was a vidicon of known construction. While the laser is the most
practical device for   5   4. The method of Claim 3 further characterized
in forming a collimated light beam, in principle, other de-  that: vices
could alternatively be used. It is preferable to       the television
camera output Is used to screen the non-scattered laser beam so as to
obtain     generate a first signal representative only of for- a total
integrated intensity that is more sensitive to  ward-scattered light from a
first one of two light changes in carbon coating thickness. On the other
10   beams; hand, because of the Gaussian distribution of light in-
the television camera output is used to tensity within most laser beams, if
the beam is cen-    generate a second signal representative of for- tered
on the fiber, a large proportion of the light inten-  ward-scattered light
only from a second one of sity will be transmitted through the carbon
coating     two light beams. even if the thickness of the beam is
significantly larg-  15 er than the carbon coating diameter; this means
that  5. The method of Claim 4 further characterized In a large proportion
of the detected lightwill be forward-  that: scattered light even if the
non-scattered portion is not     the first and second signals are used to
screened out. While the embodiment described            control the
concentricity of a polymer coating on shows a single television camera for
making both  20    a fiber. polymer concentricity and carbon thickness
meas- urements, it could be used for only one such function;  6. The method
of Claim 7 further characterized in i.e., it could be used for only the
concentricity function  that: or only for the carbon thickness function.
the first and second signals are used to 25      control the thickness of a
carbon coated on the fiber. Claims 7. The method of Claim 5 further
characterized in 1. Amethod formaking optical fibers comprising the
that steps of:                                   30           the
symmetries of thefirstandsecondsig- drawing a light-guiding fiber (12) from
a      nals are measured and the concentricity of the heated body of
plastic material;                    fiber within the plastic coating is
adjusted until a coating (13 or 17) the fiber,
predetermined value of signal symmetry Is directing two light beams (57,58)
at differ-  reached. ent angles at the coated fiber,             35
projecting forward-scattered lightfrom the  8. The method of Claim 6
further characterized in fiber through two translucent screens (52, 53);
that: directing light transmitted through the two         the intensities
of the first and second sig- screens to a light-combining device (67) where
it   nals are measured, and the carbon coating thick- Is combined for
transmission to a single detector;  40  ness is changed until the
intensities of the first detecting light from the lightcombining de-    and
second signals are approximately of a prede- vice through the use of a
single closed circuit tel-  termined value. evision camera (48); analyzing
(FIG. 10) the  detected light to  9. The method of Claim 5 further
characterized in generate information;                       45      that 



and using (FIG. 1) the information to mod-          the first and second
signals are used to ify the coating.
control the thickness of a carbon coating on the fiber. 2. The method of
Claim 1 further characterized in that
50  10. The method of Claim 9 further characterized in the two light beams
are directed substan-     that: tially orthogonally at the coated fiber,
and both        the symmetries of the first and second sig- light beams are
substantially orthogonal with re-   nals are measured, and the
concentricity of the spect to a central axis of the fiber.
optical fiber within the plastic coating is adjusted 55      until a
predetermined value of concentricity Is 3. The method of Claim 2 further
characterized in      reached. that the two light beams impinge on the
optical  11. The method of Claim 10 further characterized in fiber at
slightly different locations along the axis  that: 6    11
EP 0 400 912 B1                  12 the intensities of the first and second
sig-  Patentanspriche nals are measured, and the carbon coating thick- ness
is changed until the intensities of the first  1. Verfahren zur Herstellung
optischer Fasern mit and second signals are approximately of a prede-   5
den Schritten: termined value.                                     Ziehen
elner lichtltetenden Faser (12) aus einem orhitzten Korper aus plastischem
Material, 12. The method of Claim 11 further characterized In
Beschichten (13 oder 17) der Faser, that
Rlchten von zwel Uchtstrahlen (57, 58) unterver- the heated body of plastic
material con-  10  schledenen Winkein auf die beschichtete Faser, sists of
glass;                                     Projizieren von der Faser
vorwirts gestreuten and the fiber is coated first with a coating  Lichtes
durch zwel durchachelnende Schirme of carbon and thereafterwith a coating
of a poly-   (52, 53), mer material.
Rlchten von durch die zwel Schirme hindurchge- 15     tretenem Ucht auf ine
lichtereinigende Elnrlch- 13. The method of Claim 4 further characterized
in     tung (67), In welcher dieses frr die Obertragung that
zu elnem einzelnen Detektor vereint wird, the forward-scattered light from
the two      Erfassen des Llchtes von der lichtverelnigenden beams form
first and second elongated patterns      Einrichtung durch die Verwendung
eher Internen each having a length dimension orthogonal to  20
Fernsehanlagenkcamara (48), the axis of the fiber,
Analysleren (Fig. 10) des erfafften Uchtes zum the television camera is
oriented so that     Erzeugen von Information, normally horizontal scan
lines of the camera are    und Verwenden (Fig. 1) der Information zum Mo-
orthogonal to the first and second patterns,        difizieren der
Beschichtung. whereby the TV camera scans the first and sec-  25 ond
patterns successively.                       2. Verfahren nach Anspruch 1,
ferner dadutch go- kennzelchnet, da6 14. The method of Claim 13 further
characterized In     die zwel Lichtstrahlen im wesentilchen orthogo- that
nal auf die beschichtete Faser gerichtet werden during first alternate
field scans of the pat-  30  und beide Lkchtstrahlen relatlv zu elner
Mitten- terns, signals representing the second pattern      achee der Faser
mkn wesentilchen orthogonal are blanked out and during second alternate
field   sind. scans of the patterns, signals representing the first pattern
are blanked out, whereby the first  3. Verfahren nach Anspruch 2, ferner
dadurch go- and second signals representing the two patterns   35
kennzelchnet, daft can be distinguished.                               die
zwei Llchtstrahlen auf die optieche Faser an geringfilgig verschiedenen
Orten entlang der 15. The method of Claim 13 further characterized in
Aches der optischen Faser auftreffen, wobel das that
vorwartsgestreute Ucht der zwel Strahlen ver- during the first half of each
line scan by the   40  setzt wird. camera, the first signal, representing
only the first pattern, is directed from the camera to a first  4.
Verfahren nach Anspruch 3, ferner gekenn- 



circuit;                                            zeichnet dadurch, daB
during a second half of each scan, the sec-   des
Fernsehkamnera-Ausgangssignal zum  Er- ond signal, representative only of
the second pat-  45  zeugen sines ersten Signals verwendet wird, das tern,
Is directed to a second circuit.              nur vorwarts gestreutes Ucht
eines ersten von belden Uchtstrahlen darsteilt, des Fernsdhkame- 16. The
method of Claim 13 further characterized in    ra-Ausgangesignal verwendet
wird, um sin zwel- that                                                tea
Signal zu srzeugen, dall nurdas vorwkrtsge- during first alternate frame
scans of the   50  streute Ucht eines zwelten von belden Uchtstrah-
patterns, signals representing the second pattern   Ien darstellt. are
blanked out, and during second alternate frame scans of the patterns,
signals representing  5. Verfahren nach Anspruch 4, ferner dadurch go- the
first pattern are blanked out, whereby signals  kennzolchnet, daf
representing the two patterns can be distinguish-  5s  des erste und des
zweite Signal verwendet war- ed.
den, urn die Konzentrizltat elner Polymerbe- schichtung auf der Faser zu
steuern. 6. Verfahren nach Anspruch 4, ferner dadurch go- 7    13
EP O 400 912 B1                14              L       S -kennzelchnet, dag
horizontale Ablastmellen der Kamera orthogonal das ersb und das zwete
Signal verwendet war-      zu den ersten und zweiten Mustbrn angeordnet
den, um die Dickeieiner Kohlenstoffbeschichtung   sind, wobei die
Fernsehkamera die erstan und auf der Faser zu steuern.                 5
zwelten Muster nacheinander abtastet. 7. Verfahren nach Anspruch 5, ferner
dadurch go.  14. Verfahren nachAnspruch 13, fernerdadurch go- kennzelchnot,
daB                                 kennzelchnot, daO die Symnetrien des
ersten und des zwelten Si-     wahrend erster abwechselnder
Tellbildabtastun- gnals gemessen werden und die Konzentrizlt  io    gen der
Muster Signal., die die zweiten Muster der Faser innerhalb der plastischen
Beschich-     darstellen, dunkelgetastet werden und wahrend tung justiert
wird, bis ein vorbestirnmter Wart an  zwelter abwachselnder
Teffbildabtastungen der Signalsymmetrie errelcht ist.
Muster Signals, die die ersten Muster darstelbn, dunkelgetastet warden,
wobel die ersten und 8. Verfahren nach Anspruch 6, ferner dadurch go-  15
zwelten Signal., die die zwel Muster darstellen, kennzelchnet, daB
unterscheidbar sind. die Intensitat des ersten und des zweiten Signals
gemessen warden und die Kohlenstoffbeschich-  15. Verfahren nachAnspruch
13,fernerdadurch go- tungsdicke geindertwird, bis die Intensititen des
kennzelchnot, dafg ersten und des zwelten Signals ungefahr bel el-  20
wahrend der ersten Hlfbe jeder Zellenabtastung nem vorbestimmten Wart sind.
durch die Kamera des erstb Signal, das nur des K.>
erste Muster darstellt, von der Kamera zu elner 9. Verfahren nach Anspruch
5, ferner dadurch go-     ersten Schaltung gef0hrt wird, wahrend eaner
kennzeichnot, da6                                zweiten Half
tojederAbtastung das zwitae Signal, das erste und das zweibe Signal
verwendet war-  25  welches nur das zweiba Muster darstellt, zu eaner den,
um die Dicke elner Kohlenstoffbeschichtung   zwelten Schaltung gefOhrt
wird. auf der Faser zu steuern. 16. Verfahren nachAnspruch 13,fernerdadurch
ge- 10. Verfahren nach Anspruch 9, ferner dadurch go-    kennzelchnot, dalS
kennzelchnet, daB                         30      wahrend erster
abwechseinder Bildabtastungen die Symmetrien des ersten und des zwelten Si-
derMusterdaszweiteMusterdarstelendeSigna- gnals gemessen warden und die
KonzentrizltAt      le dunkelgetastet werden und wahrend zwelter der
optischen Faser Innerhalb der plastischen     abwechselnder Blidabtastungen
der Muster des Beschichtung Justiert wird, bis in vorbestimmter  erste
Muster darsteliende Signals dunkelgetastet Wart an Konrentrizitat erreicht
ist       35      warden, wobel die zwel Muster darsteilenden Si- gnale
unterscheidbar stnd. 11. Verfahren nach Anspruch 10, fernerdadurch go-
kennzelchnot, daft die Intensiten des ersten und zweften Signals
Revendlcatlons gemessen warden und die Kohlenstoffbeschich-  40 tungsdicke
geandertwird bis die Intensititen des  1. Un procede de fabrication de
fibres optiques 



ersten und des zweiten Signals ungefghr bel el-   comprenant les 6tapes
sulvantbs: nem vorbestimmtbn Wert sind.                           on 6tere
une fibre de guidage de lumlere (12) A partir d'un bloc chauffe de mat6rlau
pias- 12. VerfahrennachAnspruch11,fernardadurchgo-  45    tique;
kennzekchnet, da6                                      on enduit (13 ou 17)
la fibre; dererhitzte K5rper aus plastischem Material aus        on didge
sur la fibre enduite deux fals- Glas besteht, und die Faser zuerst mit
einer Be-  ceaux de lumibre (57, 58), sous des angles diff- schichtung aus
Kohlenstoff beschichtet wird und  rents; danach mit eaner Beschichtung aus
Polymerma-  6o       on projette a travers deux 6crans transiu- teial
beschichtst wid.                            cides (52, 53) la lumlere qul
est diffusee vers I'avant A partir de la fibre; 13. Verfahren nach Anspruch
4. fernor dadurch go-         on dilge la lumiere transmise A ttavers lee
kennzolchnet, daf                                 deux 6crans vers un
dispositif de combinalson de das vorwirtsgestreutb Ucht der belden Ucht-
55  lumlere (67) dans lequel la lumlere est combin6e strahlen erste und
zwmate ausgedehnte Muster      pour etre transmise vers un soul d6tecteur,
bilden, die jewells ehe Langenabmessung ortho-         on d6tecte la
lumlire provenant du dispo- gonal zurAchse derFaser haben, wobel die Fern-
siff de combinaison de lumiere, par l utillsatlon sehkamera so orientiert
Ist, daal normalerwelse   d'une seule camem de televislon en circuitfermi 8
15                 EP O 400 912 B1                16 (48);
cond signaux; et on change l'6paisseur do l'en- on analyse (figure 10) la
lumlAire d6tect6e  dult de carbons jusqu'A ce quo lea intensites des pour
produire de l'information;                   premier et second signaux
alent approximative- et on utiliso (figure 1) l'informatlon pour     ment
une vaelour pr6d6terminde. modifier l'op6raton d'enduction. 0. Le procede
de la revendbcation 5. caracterls6 en 2. Le proo6d6 de la revendication 2
caract6ers6 en   outre en ce quo.: outre en ce quo:
on utiWise loes premier et second signaux les deux faisceaux de lumiere
sont dfrigds  io  pour commander l!6palsseur d'un endult de car- de fagon
pratiquement orthogonale vers la fibre   bone sur la fibre. enduite, et les
deux faisceaux de lumiere sont pratlquernont orthogonaux par rapport A un
axe  10. Le promcdo de la revendloation 9, caracteris6 on central de la
fibre.                              outre en ce quo: is           on mesure
los symetries des premier et 3. Le procodo do la revendication 2,
caracterise en  second signaux et on ajuste lo caractere concen- outre en
co quo:                                 trique de lafibre a rlnt6rleur de
l'endult plastique, lea deux faisceaux de lumlire tombent sur   Jusqu'A ce
qu'on obtienne une valeur pr6d6terml- la fibre optique A des emplacements
legerement    n6e pour le caractbre concentrique. differents le long de
l'axe de la fibre optique, ce  20 qui a pour effet de decaler la lumiere
diffusee  11. Le proced doela revendication 10, caractrise en vers l'avant
qui correspond aux deux faisceaux.   outre en ce quo: on mesure
lesintensitbs des premier et se- 4. Le procidA de la revendication 3.
caractbrisb en  cond signaux. et on change l'bpalsseur de I'en- outre en ce
quo:                          25      duit de carboneJusqu'A ce que les
Intensites des l'lnformation de sortie de la cambra de tb-  premier et
second signaux alent approxlmative- levislon est utilbs6e pour produire un
premier si-  ment une velour pr6determln6e. gnal representant seulement la
lumlere diffusee vers l'avant A partir d'un premier des deux fais-  12. Le
procbd6 de la revendlcation 11 caractbrisb en ceaux de lumlire; et
30       outre en ce que: I'information de sortie de la camera de te-
le bloc chauff6 de matbfiau plastique levision est utilisee pour produire
un second si-  consiste en verre; gnal representant seulement la lumiere
diffusbe        on endult la ifibre premiremoent avec un vers l'avant A
partir d'un second des deux fals-  endult de carbone at onsulto avec un
endult d'un ceaux de lumlire.                        35       materiau
consistant on un polymere. 5. Le procede de la revendication 4, caractdrise
en  13. Le proc6d6 de la revendlcation 4, caractrisA en outre on co que:
outre en ce quo: lee premier et second signaux sont utlilss        la
lumlere diffusbe vers I'avantA partirdes 



pour maintbnlr le caractdre concentrique d'un en-  40  deux faisceaux forms
des premlbre et seconds dult de polymre sur la fibre.
configurations allongees ayant chacune une di- mension longitudinale
orthogonale A l'axe de la 6. Le proc;dW de la revendication 4. caractdris
en   fibre; at outre en co quo:                                       la
cambra de telbvislon est orientoe de fa- los premier at second signaux sont
utilses  45  con que des lignes de balayage normalement ho- pour commander
rlpalsseur d'un enduit de car-     rizontales de la caMrra solent
orthogonales aux bone sur la fibre.                                premlere
et seconds configurations, grace a quol la cambra de tdlevialon balale
successlvement 7. Le proced de la revendication 5, caracterise en  les
premibre et seconds configurations. outre en ce quo:
50 on mesure les symetries des premier et   14. Le procede de la
revendicatbon 13, caraderis en second signaux et on ajuste le caractbre
concen-  cutre en ce que;: trique de la fibre A l'interieur de l'enduUt
plastique,  pendant ddb premilers balayages de trams jusqu'A ce qu'on
obtienne une valeur predetermi-  alternbs des configurations, on efface des
si- nea de symrtrie des signaux.             55       gnaux representant Ia
seconds configuration, et pendant des seconds balayages de trams alter- 8.
Le procd de la revendication 6, caracteris en    nes des configurations, on
efface des signaux re- outre en ce quo:
presentant la premibre configuration, grace A on mesure les Intensites des
premier etse-  quol on pout distinguer lea premier et second sl-    T
l~~~~~~~~~~~~~~~~~~~~~~ 1IC  1l 111!!  Nll II1I I!II 17
EP0400012B1                    18 gnaux representant lea deux
configurations. 15. Le procede de la revendication 13; caract6ris6 en outre
en ce que:                          5 pendant la premiere moitie de chaque
ba- layage de ligne par la camera, le premier signal, repr6sentant
seulement la premibre configura- tion, est dirig6 de la camera vers un
premlercir- cuit; et                                  10 pendant une
seconde molti6 de chaque balayage, le second signal, representant seule-
ment Ia seconde configuration, eat dirig6 vers un second circuit. 15 16. Le
proced6 de la revendication 13, caracteris6 en outre en ce que: pendant des
premier balayages d'image altern~s des configurations, on efface leb 91-
gnaux representant la seconde configuration, et  20 pendant des seconds
balayages d'image alter- nes des configurations, on efface les signaux re-
pr6sentant la premibre configuration, grace A quol on peut dibtinguer des
signaux repr6sentant les deux configurations.                  25 30 35 40
45 50 55 10    


