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optical fibre comprising a core of pure silica (or pure silica lightly
doped with Ge) concentrically This invention relates to an optical fiber
and to a  surrounded by a fluorine-containing quartz glass process for
producing the same and, more par-      cladding. This cladding is composed
of an inner ticularly, to an optical fiber having a cladding    5
cladding having a constant fluorine content comprising  fluorine-containing
quartz  glass      through its thickness and an outer cladding around a
core glass and to a process for produc-    whose fluorine content is
smaller than that of the ing the same.
inner cladding. The outer cladding has a refractive In optical fibers
composed of quartz glass         index intermediate in value between the
refrac- materials, in order to obtain fibers having a high    10   tive
indices of the core and the inner cladding. numerical aperture (NA) by
increasing a differ-     The optical fibre may include a further cladding,
ence of refractive index (An) between a core and a  for instance, derived
from a fused silica preform cladding and to use pure SiO2 glass having
starting tube (see Figure 2). excellent radiation resistance as a core
material, it  If the difference in refractive index between a is heretofore
known to use quartz glass contain-   15   silica outer cladding (22) and
the further cladding ing fluorine which decreases the refractive index
(23) in Fig. 2 is 0.4% or more, gas bubbles tend to of the quartz glass as
a material for the cladding,  remain at the boundary and thus it is very
difficult as disclosed in, for example, U.S. patents          to
satisfactorily produce such a structure. 4,082,420 and 4,161,505. However,
quartz glass        According to the present invention and to meet
containing a large amount of fluorine, though    20   the aforesaid
objects, we provide an optical fibre having a decreased refractive index
by, for          having a core comprising silica glass which may example,
0.5% than that of pure SiO2 glass, is soft  contain a dopant and having
therearound a clad- as reported by K. Rau et al., Topical Meeting on
ding comprising fluorine-containing quartz glass Optical Fiber Transmission
(1977), and likely to be  and composed of inner and outer portions, the
scratched and also inferior in terms of chemical   25   inner portion
having a prescribed thickness and a resistance and the like.
constant fluorine content through said thickness, In order to overcome the
above-described dis-      characterized in that in said cladding the outer
advantage, it has been proposed that a fiber         portion has its
fluorine content gradually decreas- preform composed of a glass rod 1 for a
core and    ing in a radial direction towards its outer surface a glass
layer 3 for a cladding as shown in Fig. 1 is   30   so that its outermost
surface has a fluorine con- inserted in a quartz tube and united into one
tent of about 0.7% by weight or below relative to body, thereby to form a
fiber preform having a      the [err] quartz-jacketed structure 5 as shown
in Fig. 2.       We also provide a process for producing this However, this
improved process has many             optical fiber. problems such that
bubbling frequently occurs   35    The term  An, is used herein to refer to
a from the interface between the cladding and the      difference in
refractive index between the inner jacket upon uniting the fiber preform
with the       and outer portions of the cladding. quartz tube; the fiber
diameter tends to vary or      In the accompanying drawings: breaking of
the fiber occurs upon drawing             Figs. 1 and 2 each shows a
structure of a jacketed preform; and the like. Further, when a    40
conventional fiber preform with a distribution of plurality of fibers
prepared from the preform as    the refractive index thereof; shown in Fig.
1 are bundled up to constitute an       Figs. 3 and 4 show an embodiment of
the image fiber, etc., a bubbling phenomenon is          present invention,
in which a fiber preform for frequently observed in a collapsing step for
unit-   producing an optical fiber is illustrated with a ing the fiber into
a bundle, thus making it difficult  45   distribution of the refractive
index thereof; to obtain satisfactory products.                      Figs.
5 and 6 show another embodiment of the Accordingly, an object of the
present invention    present invention, in which a fiber preform for is to
provide an optical fiber having a high        producing an otical fiber is
illustrated with a numerical aperture  and  excellent radiation
distribution of the refractive index thereof; resistance.
so     Fig. 7 is a partial enlargement of Fig. 4; Another object of the
present invention is to        Fig. 8 is a graph showing a preferred
relation- provide a process for producing an optical fiber    ship between
a difference in refractive index and which lessens the troubles such as
variation of     thickness of an outer portion of a cladding accord- the
outer diameter, breaking, bubbling, etc.        ing to the present
invention. A further object of the present invention is to   55  Examples
of dopants which can be used for the provide a process for producing an
optical fiber    core glass according to the present invention are which
does not cause air bubbles during a col-      [err], preferably [err]. For
lapsing step in the production of image fibers or   example, in a
step-index type fiber, GeO2 can be light guides from a fiber bundle.
generally added in the range of from about 15 A still further object of the
present invention is   60   wt% to about 40 wt%, based on the weight of to
provide a process for producing an optical fiber  core glass. In  an
embodiment hereinafter which makes it possible to produce image fibers,
described in Example 3, GeO2 is present in an etc., free from the lack of
picture elements or dark  amount of about 18 wt% to a peripheral portion of
spots.                                              the core glass rod and
in an amount of 36 wt% in GB-A-2105488  discloses  a  single-mode   65    a
center portion of the core glass rod, based on 2 



3                   0 125 828                        4 the weight of core
glass rod.                       this step, a proportion of the
fluorine-containing The inner portion of the cladding generally        gas
to the other starting gases is maintained contain fluorine in an amount of
about 1.5 wt% to   substantially constant so as to give a substantially
about 4 wt% based on the weight of quartz glass.    constant fluorine
content to the accumulated The thickness proportion (t/to) between the    5
glass layer throughout its thickness. For the sake inner portion (to) of
cladding where the fluorine    of convenience, this portion of the glass
layer 3 content is constant and the outer portion (t) of     which has a
constant fluorine content through its cladding where the fluorine content
gradually       thickness will be hereinafter referred to as "inner
decreases in a radial direction, is generally in the  portion". range of
0.04 to 0.2.                          10     Then, the gaseous phase
fluorine concentration The thickness of cladding and jacket, if any,
to be introduced to plasma flame is gradually relative to the core
diameter, can be varied        reduced with the passage of time while
continu- widely. In a fiber comprising a core and a clad-     ing
accumulation of glass film so that the com- ding, the thickness of cladding
is generally in the  position of the thus accumulated glass film is range
of from 1/20 to 112 times the core diameter.   15   gradually changed in
such a manner that the final The thickness of jacket can be typically in
the      fluorine  content in  the  outermost surface range of about 1 to
about 3 times the thickness of   becomes almost zero. For the sake of con-
the cladding, but the present invention is not       venience, this portion
of the glass layer 3 having a limited to the above proportions.
gradually decreased fluorine content in its radial In a glass rod
comprising a core and cladding,   20   direction will be referred to as
"outer portion". the thickness of the cladding where the fluorine     Thus,
by decreasing the fluorine content in the content is constant is preferably
5 to 50% based     outer portion of the glass layer 3 to a final content on
the core diameter. For example, when the core     of zero in the outermost
surface, the refractive has a diameter of 25 mm and the cladding has a
index of the fiber preform thus produced and also total thickness of 5 mm,
the outer portion of the    25   fibers obtained therefrom shows an uneven
dis- cladding (t) is preferably 0.2 to 1.25 mm. The      tribution as shown
in Figs. 4 and 6. If the rate of difference in the refractive index [err]
between     decreasing the fluorine content in the outer por- the inner
portion of the cladding and the outer      tion of the glass layer is too
high, bubbles are portion of cladding is preferably about 0.4% to
likely to generate on the surface of the preform about 1.2%. For example,
when the outer portion    30   during the formation of the glass layer for
clad- of the cladding has a thickness of 0.2 mm, the       ding. In this
connection, Figs. 7 and 8 show a difference in the refractive index [err]
is prefer-  relationship between a glass thickness (t) and a ably about
0.4% or more, and when the outer          difference of refractive index
[err] in the outer portion of the cladding is about 1.2 mm, the
portion wherein a fluorine content is changed. In difference [err] is
preferably about 1.2%.     35    order to avoid the above-described
generation of The optical fiber prepared by drawing the glass    bubbles, a
preferred range of this relationship is rod generally has a diameter of
about 100 [err] to      indicated by slant lines in Fig. 8. about 500
[err], typically 125 [err], 140 [err], 150 [err]         The resulting
fiber preform having the fluorine or 280 [err] as standards.
content in the outer portion of the glass cladding The present invention
will be illustrated in   40   being varied is then drawn to obtain a
desired greater detail with reference to the accompanying    fiber without
causing problems such as variation drawings.
of diameter, breaking etc. Further, when the Figs. 3 through 8 show
embodiments according       above fiber preform is inserted in a quartz
tube to the present invention illustrating a process for  and united
therewith into a jacketed structure, producing a fiber of the invention. In
Figs. 3 and 4,   45    bubbles are not produced between the cladding
GeO2-containing SiO2 glass is used as a glass rod    and the jacket, and
the preform  having the 1 for a core aiming at production of a high NA
jacketed structure can be drawn to form fibers fib or a high luminance
image fiber. In Figs. 5   without substantially causing troubles such as
and 6, high purity SiO2 glass is used as a glass rod  variation of
diameter, breaking etc. Furthermore, 1 for a core aiming at production of a
radiation    so    when a plurality of the fibers prepared from the
resistant fiber or a radiation resistant image fiber.  above preforms are
bundled up to constitute In manufacturing fiber preforms according to
image fibers, etc., air bubbles are not formed the present invention, a
fluorine-doped SiO2 glass   during the collapsing step and satisfactory
pro- layer 3 is formed around the glass rod 1 as a        ducts can be
obtained. cladding as shown in Figs. 3 and 5. Formation of   55  It is
thought that the prevention of production the fluorine-doped SiO2 glass
layer can be carried   of bubbles in the cladding-jacket interface accord-
out by, for example, introducing a fluorine-con-     ing to the present
invention results from the taining gas, e.g., CCI2F2 or [err], [err] and 02
to    following mechanism. That is, fluorine-doped high frequency plasma
flame to produce fluorine-     quartz glass has a lower viscosity and melts
at a doped glass in the plasma flame, blowing the    60   lower temperature
as compared with quartz fluorine-doped glass in a molten state onto the
glass. Therefore, in the case of melting both the periphery of the rotating
and reciprocating glass    glass highly doped with fluorine and quartz
glass rod 1 to accumulate a glass film, and repeating      under a high
temperature condition to meet- 



the accumulation until the glass layer thus formed   fusing the boundary
surface, it is necessary to reaches a prescribed thickness (Figs. 3 and 5).
In   65    maintain a temperature at which both of them are    5
0 125 828                       6 co-melting, i.e., about [err] In this
situation,  Example 2 though the fluorine-doped glass per se has a
The core-cladding structure as obtained in siderably reduced viscosity and
is in a molten    Example 1 was drawn so as to have an outer state to a
high extent, SiF4, an easily vaporable    diameter of 7.5mm and inserted
into a quartz tube component, is vaporized to give a high vapor    5
having an outer diameter of 15 mm and an inner
pressureandcomestobepresentbetweenthetwo            diameter of 10 mm. The
quartz glass tube was phases. To the contrary, according to the present
heated by an [err] burner for uniting, thereby invention wherein the
composition of the glass
obtainingatransparentcore-cladding-jacketstruc- cladding is varied by
degrees until it becomes near  ture entirely free from bubbles. The
resulting to that of quartz glass in its outermost surface   10   structure
was drawn in a drawing furnace set at a which is to be melted together with
the quartz     temperature of about 2,000C to obtain an optical glass tube,
the vapor pressure of SiF4 is supposed  fiber having an outer diameter of
250 [err] The to be suppressed so that no gas be present in the   resulting
optical fiber showed a variation of dia- interface, thus preventing
formation of bubbles.    meter of within 1 [err] and a difference in
refrac- The present invention has been described for   is  tive index
between the core and the cladding [err] the embodimentwhere substantially
no fluorine is    of 0.9% and was excellent in radiation resistance,
present in the outermost surface of the cladding,   strength and weather
resistance. but it is to be understood that the object of the present
invention can be achieved by decreasing     Example 3 the fluorine content
to about 0.7% by weight or   20  An image fiber was prepared in the same
below, and the refractive index ratio to 0.2% or  manner as in Example 1
except for using, as a core more with respect to SiO2. Also, in another
glass, a GeO2-containing glass rod having an outer embodiment, an
additional pure silica layer can be  diameter of 25 mm and a difference of
refractive provided over the outermost layer of the cladding  index of 2%
from that of quartz glass in its central having no fluorine content. These
embodiments   25   portion. The difference of refractive index [err] are
also within the scope of this invention.        between the core and the
cladding of the resulting The present invention will now be illustrated in
image fiber was about 3%, and the image fiber greater detail by way of the
following test         gave an extremely bright image without any lack
examples.                                           of picture elements,
dark spots, etc. 30 Example 1
Claims Into high pressure plasma flame (output power 3.4 MHz, 6 kV, 2.3 A)
were introduced CCI2F2 and      1. An optical fiber having a core
comprising [err] at rates of 300 cc/min and 400 cc/min,        silica glass
which may contain a dopant and respectively, and the flame flow was
directed to a   35   having  therearound  a cladding  comprising rotating
and reciprocating starting quartz glass rod  fluorine-containing quartz
glass and composed of for a core having a diameter of 25 mm and a length
inner and outer portions, the inner portion having of 200 mm, thereby to
form a glass layer around     a prescribed thickness and a constant
fluorine the periphery of the rod. At the point when the     content
through said thickness, characterized in diameter of the glass layer thus
formed reached 35   40   that in said cladding the outer portion has its
mm, the rates of introducing [err] fluorine content gradually decreasing in
a radial gradually reduced by 10 cc/min and 8 [err]        direction
towards its outer surface so that its respectively, each time the rod
reciprocated.       outermost surface has a fluorine content of about
Finally, the rate of introducing CCI2F2 became 0,   0.7% by weight or below
relative to the [err] and that of SiCI4 was decreased to 160 cc/min. The
45  2. A process for producing an optical fiber as thickness of layer where
the fluorine content        claimed in Claim 1, which comprises forming an
gradual decreased was 1 mm. The thus obtained       inner portion of a
quartz glass layer for a cladding core having therearound an accumulated
glass        containing a prescribed amount of fluorine around layer as a
cladding was drawn in a drawing furnace  the periphery of a glass rod for a
core to a set at about 2,000C into a fiber having an outer   so
prescribed thickness, forming an outer portion of a diameter of 140 [err].
The resulting fiber showed a    quartz glass layer for a cladding around
the variation of outerdiameteralmostwithin 0.5 [err]     periphery of the
inner portion while gradually The fiber (140 [err]) was cut into a length
of 30 cm,  decreasing the fluorine content of the fluorine- and 5,000 cut
fibers were bundled up. The fiber     containing quartz glass layer to
about 0.7% by bundle was inserted in a quartz tube and then   55   weight
or below relative to SiO2 in the outermost united therewith by heating the
outside of the      surface of the quartz glass layer by accumulating
quartz tube by use of an [err] burner to prepare a  glass films which are
formed by introducing a united bundle (preform) for an image fiber. The
fluorine-containing gas into a high frequency resulting preform  had an
almost transparent        plasma flame, and drawing the resulting structure
appearance substantially free from incorporation    60   comprising a core
and cladding so as to have a of bubbles. When this preform was drawn so as
to    prescribed diameter. 



have an outer diameter of 3 mm to form an image       3. A process as
claimed in Claim 2, wherein the fiber, a satisfactory image fiber
substantially free  core-cladding structure is inserted in a quartz glass
from lack of picture elements could be produced.    tube, the structure is
united with said quartz glass 65   tube by heating to form a
core-cladding-jacket 4    5                   0 125 828
6 co-melting, i.e., about [err]. In this situation,       Example 2 though
the fluorine-doped glass per se has a          The core-cladding structure
as obtained in siderably reduced viscosity and is in a molten   Example 1
was drawn so as to have an outer state to a high extent, [err], an easily
vaporable   diameter of 7.5 mm and inserted into a quartz tube component,
is vaporized to give a high vapor    5    having an outer diameter of 15 mm
and an inner pressureandcomestobepresentbetweenthetwo            diameter
of 10 mm. The quartz glass tube was phases. To the contrary, according to
the present   heated by an [err] burner for uniting, thereby invention
wherein the composition of the glass      obtaining a
transparentcore-cladding-jacket struc- cladding is varied by degrees until
it becomes near  ture entirely free from bubbles. The resulting to that of
quartz glass in its outermost surface   10   structure was drawn in a
drawing furnace set at a which is to be melted together with the quartz
temperature of about [err] to obtain an optical glass tube, the vapor
pressure of [err] is supposed  fiber having an outer diameter of 250 [err].
The to be suppressed so that no gas be present in the   resulting optical
fiber showed a variation of dia- interface, thus preventing formation of
bubbles.    meter of within -1 pm and a difference in refrac- The present
invention has been described for   15   tive index between the core and the
cladding [err] the embodiment where substantially no fluorine is   of 0.9%
and was excellent in radiation resistance, present in the outermost surface
of the cladding,   strength and weather resistance. but it is to be
understood that the object of the present invention can be achieved by
decreasing     Example 3 the fluorine content to about 0.7% by weight or
20  An image fiber was prepared in the same below, and the refractive index
ratio to 0.2% or    manner as in Example 1 except for using, as a core more
with respect to SiO2. Also, in another         glass, a GeO2-containing
glass rod having an outer embodiment, an additional pure silica layer can
be  diameter of 25 mm and a difference of refractive provided over the
outermost layer of the cladding   index of 2% from that of quartz glass in
its central having no fluorine content. These embodiments   25   portion.
The difference of refractive index [err] are also within the scope of this
invention.        between the core and the cladding of the resulting The
present invention will now be illustrated in  image fiber was about 3%, and
the image fiber greater detail by way of the following test         gave an
extremely bright image without any lack examples.
of picture elements, dark spots, etc. 30 Example 1
Claims Into high pressure plasma flame (output power 3.4 MHz, 6 kV, 2.3 A)
were introduced CCI2F2 and      1. An optical fiber having a core
comprising SiCI4 at rates of 300 ccmin and 400 cc/min,         silica glass
which may contain a dopant and respectively, and the flame flow was
directed to a    35   having  therearound  a cladding  comprising rotating
and reciprocating starting quartz glass rod  fluorine-containing quartz
glass and composed of for a core having a diameter of 25 mm and a length
inner and outer portions, the inner portion having of 200 mm, thereby to
form a glass layer around     a prescribed thickness and a constant
fluorine the periphery of the rod. At the point when the     content
through said thickness, characterized in diameter of the glass layer thus
formed reached 35    40   that in said cladding the outer portion has its
mm, the rates of introducing CCI2F2 and SiCI4 were  fluorine content
gradually decreasing in a radial gradually reduced by 10 ccmin and 8 [err],
direction towards its outer surface so that its respectively, each time the
rod reciprocated.       outermost surface has a fluorine content of about
Finally, the rate of introducing [err] became 0,   0.7% by weight or below
relative to the SiO2. and that of SiC14 was decreased to 160 cc/min. The
45  2. A process for producing an optical fiber as thickness of layer where
the fluorine content       claimed in Claim 1, which comprises forming an
gradually decreased was 1 mm. The thus obtained      inner portion of a
quartz glass layer for a cladding core having therearound an accumulated
glass        containing a prescribed amount of fluorine around layer as a
cladding was drawn in a drawing furnace  the 'periphery of a glass rod for
a core to a set at about [err] into a fiber having an outer   so
prescribed thickness, forming an outer portion of a diameter of 140 [err].
The resulting fiber showed a    quartz glass layer for a cladding around
the variation of outerdiameteralmostwithin 0.5 pm.     periphery of the
inner portion while gradually The fiber (140 [err]) was cut into a length
of 30 cm,  decreasing the fluorine content of the fluorine- and 5,000 cut
fibers were bundled up. The fiber     containing quartz glass layer to
about 0.7% by bundle was inserted in a quartz tube and then    55   weight
or below relative to SiO2 in the outermost united therewith by heating the
outside of the      surface of the quartz glass layer by accumulating
quartz tube by use of an H2/02 burner to prepare a  glass films which are
formed by introducing a united bundle (prerorm) for an image fiber. The
fluorine-containing gas into a high frequency 



resulting preform  had an almost transparent        plasma flame, and
drawing the resulting structure appearance substantially free from
incorporation    60   comprising a core and cladding so as to have a of
bubbles. When this preform was drawn so as to    prescribed diameter. have
an outer diameter of 3 mm to form an image       3. A process as claimed in
Claim 2, wherein the fiber, a satisfactory image fiber substantially free
core-cladding structure is inserted in a quartz glass from lack of picture
elements could be produced.    tube, the structure is united with said
quartz glass 65   tube by heating to form a core-cladding-jacket 4    7
0 125 828                       8 structure, and said core-cladding jacket
structure  Mantelstruktur gezogen wird, bis sie den vorge- is drawn so as
to have a prescribed diameter.       schriebenen Durchmesser aufweist.
Patentanspruche                                      Revendications .5 1.
Optische Faser, die einen Kern aus Siliciumo-    1. Fibre optique ayant un
noyau comprenant du xid-Glas enthalt, welches ein Dotierungsmittel
verre silicieux qui peut contenir un agent de enthalten kann und darum
herum eine Verklei-        dopage et qui est entoure d'une gaine compre-
dung, die fluorhaltiges Quarz-Glas enthalt, auf-    nant du verre de quartz
contenant du fluor et qui weist und aus inneren und ausseren Teilen    10
est composee de parties interieure et exterieure, zusammengesetzt ist,
wobei der innere TeOl eine     la partie int6rieure ayant une epaisseur
prescrite vorbestimmte Dicke und einen Konstanten Fluor-      et une teneur
en fluor constanta a travers toute la gehalt durch  die genannte Dicke
aufweist,          dite epaisseur, caracterisee en ce que la portion
dadurch gekennzeichnet, dass in der genannten       exterieure dans la dite
gaine a une teneur en fluor Beschichtung der aussere Til einen Fluorgehalt
15   qui diminue graduellement en direction radiale besitzt, welcher
graduell in radialer Richtung      vers sa surface ext6rieure de sorte que
sa surface gegen die aussere Oberfliche abnimmt, so dass       exterieure
extreme presente une teneur en fluor seine ausserste Oberflache einen
Fluorgehalt von    d'environ 0,7% en poids ou moins par rapport au etwa 0,7
Gew.-% oder weniger, bezogen auf das       Sio2. SiO2, aufweist.
20      2. Procede de fabrication d'une fibre optique 2. Verfahren zur
Herstellung einer optischen      selon la revendication 1, qui consiste
entre autres Faser gemass Anspruch 1, umfassend die Bildung      a former
d'une couche de verre de quartz une eines inneren Teiles einer
Quarz-Glasschicht for    partie interieure de gaine contenant une quantite
eine Verkleidung, welche einen vorgeschriebenen     prescrite de fluor et a
epaisseur prescrite, autour Fluorgehalt uum die Peripherie eines Glasstabes
25   de la periph6rie d'une tige de verre de noyau, A fOr einen Kern
enth3it in vorgeschriebener Dicke,   former d'une couche de verre de quartz
une partie Bildung eines ausseren Toils einer Quarz-Glas-      exterieure
de gaine autour de la peripherie de la schicht fOr die Verkleidung rund um
die Periphe-    partie interieure, tandis qu'on diminue graduelle- rie des
inneren Teils, wobei der Fluorgehalt der    ment la teneur en fluor de la
couche de verre de fluorhaltigen Quarz-Glasschicht graduell auf etwa    30
quartz a contenance de fluor jusqu'3 environ 0,7% 0,7 Gew.-% oder weniger,
bezogen auf das SiO2,      en poids ou moins par rapport au SiO2 dans la in
der aussersten Oberflache der Quarz-Glas-        surface ext6rieure extr6me
de la couche de verre schicht abnimmt, indem Glasfilme akkumuliert
de quartz, par accumulation des films de verre qui werden, welche durch
EinfOhrung eines Fluor          se forment par introduction d'un gaz
contenant enthaltenden Gases in einer Hochfrequenz-Plas-   35   du fluor
dans une flamme plasmatique A haute maflamme gebildet werden und Ziehen der
resul-      frequence, et a tirer la structure resultante corn- tierenden
Struktur, welche einen Kern und eine       prenant un noyau et une gaine
jusqu'A ce qu'elle Verkleidung aufweist, bis sie den vorgeschriebe-    ait
le diametre prescrit. nen Durchmesser aufweist.
3. Procede selon la revendication 2, dans lequel 3. Verfahren gemass
Anspruch 2, worin die   40   la structure corps-gaine est inser6e dans un
tube Kernverkleidungs-Struktur in ein Quarz-Glasrohr     de de verre de
quartz, la structure est unie au tube eingesetzt wird, die Struktur mit dem
genannten      de verre de quartz en la chauffant pour former
Quarz-Glasrohr durch Erwarmen vereinigt wird,        une structure
noyau-gaine-enveloppe, et la dite wobei eine Kernverkleidung-Mantelstruktur
gebil-     structure noyau-gaine enveloppe est tiree jusqu'a det wird und
die genannte Kernverkleidungs-   45   elle soit d'un diametre prescrit. 60
55 60 65 5    


