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(5§7) Claim

1. A method for preducing a lengthwise welded metal tube

with an outside diameter of 1 to & mm, comprising the steps

of:

(a) drawing a metal band from a storage reel, the

metal band having band edges;

(b) using a ferming tool to continuously shape the
metal kand into a lengthwise slotted tube with the band

edges adjacent each other;

(¢) guiding the lengthwise slotted tube through an
inlet guide that contacts a surface of the lengthwise
slotted tube whereby the band edges are kept in contact with

each other:;

(d) welding the band edges in a welding point area
using a laser beam of laser welding device to form a welded

tube having a welded seam;

.2
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(e) guiding the welded tube through an outlet guide
that contacts a surface of the welded tube thereby keeping
the welded seam stress-free; and

{£f) gripping the welded tube downstream cof the weld
point area with a clamping tool so the welded tube is guided
and kept from twisting.
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The following statement is a full description of this invention, including the
best method of performing it known to me/us:-
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Process for the Production of a Metal Tube
with a Longitudinal Welded Seam

1. Technical Field

The invention concerns a method for producing a
5 lengthwise welded metal tube with at ocutside diameter of 1
to 6 mm, whereby a metal band is drawn from a stourage reel
and is shaped inte a lengthwise slotted tube by a forming
tool, and the lengthwise slot is welded by a laser welding

installation.

10 2. Description of the Prior Art

The marufacture of metal tubes in the indicated range

-1, of diameters from a metal band, which is shaped into a
so=st slotted tube and whose lengthwise slot is welded by a laser,
';': is known from EP 0 299 123, The metal band, e.g. a band of
s is stalnless steel, is gradually shaped into a lengthwise

slotted tube by a first forming toel, which contains several
pairs of shaping rollers. A second forming tool, which also
contains several pairs of shaping rollers, transforms the

tube with the lengthwise slot into a tube with abutting band

. 20 edges. The shaping rollers of the second forming tool only
wege, touch the tube on the outside surface. A pair of rollers is
ceee provided downstream of the second forming tool and guides

the slotted tube at a predetermined distance from the focal
point of a laser welding installation. After the welding

- % 25 installation, the tube enters a c¢ooling tube containing a

" large clearance, in which the welded seam is thoroughly
cooled with argon. The welded metal tube then enters a
drawing device which reduces its diameter. The puller which
draws the metal band from the storage reel and pulls it

1R
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thraugh the shaping tools and the drawing device, is a
motorized take-up reel around which the metal tube is wound
180°. The take-up reel has a V-~groove around its periphery,
into which the metal tube is pressed so that a sufficient
pulling force is exerted. However, this can produce an oval
deformation of the metal tube. The lateral orientation of
the lengthwise slot with respect to the laser beam takes
place through the top rollers of the second forming tocl,
which contain peripherally extending protrusions that dig‘
into the slotted tube and guide the band edges.

In addition to the Qanger of deforming the finished
metal tube in the V-groove of the take-up reel, it is a
disadvantage that this method cannot provide an accurate
alignment of the lengthwise seam with respect to tbe laser
beam. The focal point of the laser beam is oftentimes
located above the lengthwise slot creating a large "focal
spot" covering the lengthwise seam, which requires greater
laser energy or leads to a lower production speed.

SUMMARY QF THE INVENTION

It is an cbject of the present invention to improve
the current method s¢ that long lengths, i.e. of more than
3000 m, of the tube can be produced without any welding

defects.

_an erdood snent— )
In practicing bphe-methed of the invention, a metal

band with band edges is fed off of a storage reel and shaped
by a forming tool into a lengthwise slotted tube with the
band edges adjacent each other. In a particularly
advantageous manner, the tube passes through a unitary gquide
made up of inlet and outlet guide portions. The laser beam
is directed to the seam to be welded through a cutout in the

quide. The inlet portion of the guide encompasses 100% of

2
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the tube to be welded to keep the band edges in contact with
each other, while the outlet guide downstream of the welding
point area leaves the seam area open to provide a good

cooling effect but confines the welded tube to keep the weld

5 stress free during cooling.

The inlet guide portion through which the slotted tube
passes precisely aligns the band edges with each other,
thereby permitting a defect-free butt seam to be produced.
The outlet guide portion keeps the band edges together even

10 after welding, so that a particularly intensive cooling of
the welded seam is not reguired thereby economizing on

<owling gas, e.g., argon.

Beyond that, in a particularly simple manner the guide
ensures that both the lateral aligmment as well as the
15 height alignment of the lengthwise seam are optimal with
e respect to the laser beam, e.g. its focal point, so that no
readjustment of the laser beam position is required during

L the manufacture.

A clawmping tool located downstream of the quide
20 provides twist-free guidance of the welded tube after
welding, since the clamping jaws tightly surround the tube.

o Desirably, the lengthwise edges of the metal band are
trimmed before the tube shaping operation so that "virgin®
band edges are available for welding, thus preventing

25 welding defects due to impurities. The trimming is
advantageously done with motorized rotary shears. Since
considerable pressure forces occur during trimming and tube

formation, there is a concern that some metals, such as

aluminum or stainless steel, would be pitted by the tools.
30 To prevent this, the metal band is wetted with a ligquid

lubricant. The simplest way of achieving this wetting is to

3
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pass the metal band through two felt strips, which are

constantly impregnated with the lubricant. The lubricant

also prevents pitting of the metal tube in the guidance tool

area. This is & critical feature that permits achieving the

long production lengths.

Although the method is suitable for nearly all
weldable metals, it particularly solves the problems that
arise when stainless steel bands are welded.

The welding point area is flushed with a protective
gas, preferably helium. In additien to the cooling effect,
it also prevents color changes from taking place in the

welded seam area.

The welded metal tube is advantageously reduced in
diameter downstream of the first clamping tool, and the
reduced diameter tubke is then pulled by the jaws of a second
The diameter of the tube may be reduced by
This allows increasing
Another

clamping tool.
about 15 to 18% with a single pass.
the line speaed with respect to the welding speed.
advantage lies in that the size of the end product can ke
chosen with the widest independence from the size of the
welded tube. Tubes of any desired diameter within a certain
range can be produced by changing the tube reduction tool
(drawing device) and the jaws of the second clamping tool.
If a tube reduction tool is also placed between the outlet
of the guide and the first clamping tool, the diameter can
be reduced twice by 15 to 18%, i.e. the line speed can be

considerably increased.

The method ef~Ehe-inventdien is particularly suitable
for producing optical fiber cables. To that end, one or
more optical fibers are introduced into the still
slotted tube before the welding point area. With such

4

open



-
00 nss

07/31/958

10

18

20

25

30

14:01 200 281 Bo7e WARE FRESS0LA ... KABELMETAL Hlbo‘a/au

cables, it is advantageous to £ill the metal tube with
petroleunm jelly to protect the optical fibers from moisture.

It is particularly advantageous to introduce the
optical fibers into the metal tube by means of a thin
tubelet, and the earliest point at which the coptical fibers
are released is downstream of the welding point area. This
tubelet has the task of protecting the sensitive optical
fibers from the heat radiated by the welded seam. This .
protection is particularly effective if the metal tube is
filled with petroleum jelly through a gar formed by the
tubelet and a second tubelet made of copper, which surrounds
the first tubelet. The earliest point at which the
petroleum jelly reaches the welded tube is the welding point
area. It is useful if the first inner tubelet is also made
of copper, and is longer than the outer tubelet. Its end is
located between the first and the second clamping tool,
whereas the end of the outer tubelet is located in the area
of the first clamping tool. Both tubelets extend from
outside of the slotted tube. The amount of petroleum jelly
being introduced into the welded tube is pressure controlled
to £i11 the empty space between the optical fibers and the
inside wall of the welded tube. The flowing petroleum jelly
dissipates heat, thereby protecting the optical fibers

inside the tubelet.

The cross section of the second tubelet is deformed at
least in the area below the welding point area, so that the
first tubelet gquiding the optical fibers is positioned to an
area lying opposite the lengthwise seam of the slotted tube.
This achieves the greatest possible distance between the
welded seam and the optical fipers in the welding point

area.
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During manufacture, the outer copper tubelet, and with
it the inner tubelet, can be shifted or adjusted lengthwise
to a certain degree. This may be necessary if deposits have
formed on some part of the copper tubelet.

In optical cables, it is necessary for the optical
fibers to have a certain excess length inside the metal
tube, in order tec keep mechanical stresses away from the
sensitive optical fibers when the metal tube expands.

Such an excess length can be obtained if the nmetal tube
containing the optical fibers and the petroleum jeliy is
wound at least one winding onto a take-up reel, and then is
wound with a slight tension onto a storage reel, and if the
metal tube is elastically expanded between .2 and .8 %
between a fixed point formed either by the first clamping
toel, the tube reducing tool or the second clamping tocol and
the take-up reel, and the elastic expansion is discharged by

the take-up reel.

The invention will be fully understood when reference
is made to the following detailed description taken in
conjunction with the accompany drawings.

BRIE¥ DESCRIPIION OF THE DRAWINGS

FIG. 1 is a perspective view of a tube manufactured in
an LrARR

accordance withfghe=p§aas@g%o»cf the invention;

FIG. 2 is & side elevational view of a device for
. @ exarmpels . ]
carrying outﬁg¥e=swﬁ§mdkcf the invention;

FIG. 3 is a top view of the tube guide located in the

welding point area;

Boos/a1s
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FIG. 4 is a cross-secticnal view taken along the 4-4
line of FIG. 3;

FIG. 5 is a cross-sectional view taken along 5-5 line

of FIG. 3; and

5 FIG. 6 is a cross-sectional view of a pair of clamping
jaws of the clamping tool located downstream of the guide of

Fie. 3.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a perspective view of part of a tube

10 manufactured in accordance with the principle of the
invention. Tube 1 contains a lengthwise welded seam ia. A
preferred application area for such lengthwise welded tubes
1 is the protective sheath of an optical c¢able. The inside

Tt of the tube 1 then contains one or more optical fibers 2.

seeel 15 The open space between the optical fibers 2 and the metal

el tube 1 can be filled with petroleum jelly, to prevent the

e lengthwise migration of water. The number of optical fibers

T, 2 is usually between six and twenty, even up to forty in
exceptional cases. The optical fibers 2 are longer in

s 20 length than the metal tube 1 so as to be helicoidal or

o: sinusoidal inside the metal tube 1. The excess length is
normally about .3 3. The wall thickness of the metal

tube 1 is about 0.2 mm, while its outside diameter is 3.5

- mm. This is €ypical data for am optical cable used instead
o 25 of a wire in a stranded comductor. Alloyed special steel is
the preferred material for metal tube 1.

Turning now to FIG. 2, therein is illustrated a device
for carrying out the method of the invention. A metal band
5 is continuously drawn from a supply reel 4 and fed to 2
30 forming tool 6, in which the band 5 is shaped into a

7
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lengthwise slotted tube 19 (FIG. 3). fPart of this forming
tool 6 is a trimming device {(not shown in detail), in which
the band 5 is cut te the ewact required width. The forming
tocl & further contains several sets of shaping rollers {(not
shown in detail). The lengthwise slot 19a (FIG. 3) of the
slotted tube 19 is closed by a laser welding installation 7
which forms the lengthwise welded seam la (FIG. 1) in a
semi-finished welded tube 19b (FIG. 3). A first clamping
tool 8, <¢omprising a number of clamping jaw sets 8a (one set
shown in FIG. 6), which surround and tightly grip the tube
1%k and are driven by an sndless chain (not shown),
precisely guides the slotted tube 19a under the welding
installation 7. A tube reducing twol 9, e.g. 2 drawing
device that reduces the diameter of the tube, is located
downstream of the first clamping tocl 8. A second clamping
toocl 10, which grips the drawn tube and pulls it threough the
drawing device, is located downstream of the tube reducing
tool 9. The drawing speed of the second clamping tool 10 is
adjusted with respect to the drawing speed of the first
clanping tool 8 as a function of the tube passage through
the drawing device and the first clamping tool 8. The
finished tube 1 can then be wound onto a storage reel 12.

However, if the tube is to be used as a protective
sheath for optical fibers, it is necessary for a driven
take-up reel 11 to be locatesd downstream of the second
clamping tocl 10, and the tube is wound several times around
its periphery. The take-up reel 11 is driven at a slightly
faster speed than the speed of the second clampisng tool 10.
The take-up reel 12 winds the tube 1 with a slight tension.

A supply device 14 for a number of aptical fibers 2 is
located between the supply reel 4, and the forming toeol 6.
The supply device 14 is egquipped with a number of spools 15,
on which the optical fibers 2 are wound.

8
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The optical fibers 2 are drawn from the spoois 15 and
guided into the slotted *ube 19 (¥IG. 3) in front of the
welding installation 7. To protect the sensitive optical
fibers 2, a fixed metal tubelet 23 (FIGS. 4 and 5) protrudes
into the slotted tube 19, and the optical fibers 2 are
quided through its inside. The earliest point at which the
metal tubelet 23 releases the optical fibers 2 is downstream
of the welding installation 7. The metal tubelet 23 is
surrounded by ancther metal tuybelet 24 (FIGS. 4 and 5). The
gap formed by the two metal tubelets 23, 24 is filled with
petroleum jelly under pressure. To ensure that the optical
fibers 2 have excess length inside the metal tube 1, the
metal tube 1 is continucusly and elastically deformed, i.e.
expanded lengthwise, between the second clamping tool 10,
whose pairs of jaws tightly grip the metal tube 1 and
produce deformation ferces, and the take-up reel 11. In
this way, the same length of metal tube 1 and optical fibers
2 is wound onto the take-up reel 1i. The elastically
deformed cendition "relaxes® on the take-~up reel 11, the
metal tube 1 shortens toc its normal condition, resulting in
the excess length of the optical fibers 2 with respect to

the shrunk-back metal tube 1.

The elastic deformation is caused by force F, which
deflects the metal tube 1 between the second clamping tool
10 and the take-up reel 11. This is achieved with a weight
16, which hangs on the metal tube 1, e.g. through a roller
17. The force F, i.e. weight 16, determines the nmagnitude
of the deflection and thereby the magnitude of the

expansion.

An accurate excess length of optical fibers 2 in tube
1 can be produced with a specified geometry and selection of
the material for the metal tube 1.
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In FIGS. 3 to 5, a quide 18 for the metal tube 1 in
the area of the welding installation 7 includes first and
second halves 18a and 18b, each of which has a groove 20 in
its adjeoining surface, with a radius that corresponds to the
radius of metal tube 19. The two grooves 20 thus form an
essentially cireular guide path for the slotted metal tube

19.

One of the two halves 18a or 18b remains stationary,
while the other half is adjustable or spring-biased, so that
the pressure on the slotted tube 19 can be varied. The
guide 18 is made of a steel alloy (preferably stainless
steel), which has cutstanding antifriction properties. The
guide 18 contains a cuteut 21 through which the laser beam
of the laser welding installation 7 is directed onto the
lengthwise seam 1%a of the slotted metal tube 19 for the
welding thereby creating a semi~-finished welded metal tube
19b. Next to the cutout 21 is a gap 22 between the halves
18a and 18b, which exposes the welded seam la for heat

dissipatioen.

Referring in detail to FIGS. 4 and 5, the tubelet 23
fer the gptical fibers 2 and the tubelet 24 for the
petroleum jelly are shown inside the metal tube 19.
24 is equipped with an indentation 24a, which spaces tubelet
23 from the lengthwise seam 1%a or the welded seam 19. Both
tubelets 23 and 24 are thin-walled copper tubelets, which ‘
protect the petroleum jelly as well as the optical fibers
from excessive heat in the welding area. The tubelets 23
and 24 are adjustable lengthwise inside the slotted metal
tube 19 and the semi-finished welded metal tube 19b.

Tubelet

10
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The preferred embodiment described above admirably

achieves the objects of the invention. However, it will be

appreciated that departures can be made by those skilled in
the art without departing from the spirit and scope of the
invention which is limited only by the fellowing claims.

11
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et 1aimod—ins

Tha claims definlng the Inventlon are as foilowst

1. A method for producing a lengthwise welded metal tube
with an outside diameter of 1 to 6 mm, comprising the steps
of:

5 (a) drawing a metal band from a storage reel, the

metal band having band edges;

(b) using a forming tool to continuously shape the
metal band into a lengthwise slotted tube with the band

edges adjacent each other;

(c¢) guiding the lengthwise slotted tube through an

10
inlet guide that contacts a surface of the lengthwise
slotted tube whereby the band edges are kept in contact with
DOCh each other;
‘., (d) welding the band edges in a welding point area
.2 15 using a laser beam of laser welding device to form a welded
"ot ture bhaving a welded seam;
JRLR (e) guiding the welded tube through an outlet guide
;.3 that contacts a surface of the welded tube thereby keeping
“ the welded seam stress—free; and
LS 20 (f) gripping the welded tube downstream of the weld

o point area with a clamping tool so the welded tube is guided

and kept from twisting.

12
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2. 2 method as claimed in claim 1, wherein the inlet and
outlet guides form a unitary guide and the laser beam of the
laser welding device is directed onto the band edges Lo be
welded through a cutout in the unitary gquide at the welding

5 point area.

3. A methed as claimed in claim 1, further including the

step of trimming the metal band to create the band edges .
before the metal band is formed into the lengthwise slotted

tube.

10 4. A method as claimed in claim 3, further including the
step of wetting the metal band with a ligquid lubricant prior

to the trimming step.

A method as claimed in claim 1, wherein the metal band

5.
15 is a band of stainless steel,

] 6. A method as claimed in claim 1, wherein the welding

e point area is flushed with a protective gas.

<y 7. A method ag claimed in claim 1, further including the
steps of reducing the diameter of the welded tube and

L2 20 pulling the tube with the reduced diameter using a second

e clamping tool.

e 8. A method as claimed in claim 1, further including the

. step of inserting at least one optical fiber into the
slotted tube before the welding point area.

o3 25 9. A method as claimed in claim 8, further including the

step of filling the welded tube with petroleum jelly.

i3
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10, A method as claimed in claim 9, further comprising the
step of elastically expanding the welded tube containing the
optical fibers and petroleum jelly between .2 and .8 % and
releasing the elastic expansion so that the optical fibers
have a preclise excess length with respect to the welded

tube.

i1. A method as claimed in claim 8, wherein the optical
fibers are inserted inte the slotted tube by means of a
first tubelet and the optical fibers are released from the
first tubelet downstream of the welding point area.

12. A method as claimed in claim 11, further including the
step of filling the welded tube with petroleum jelly through
a gap formed between the first tubelet and a second tubelet
surrounding the first tubelet, the petroleum jelly being
released into the welded tube downstream of the welding

point area.

13, A method as ¢laimed in claim 12, wherein the welded
tube is filled with an amount of petroleum jelliy under
pressure that is sufficient to completely fill the empty
space between the optical fibers and the welded tube.

14. A method as claimed in claim 12, wherein at least in
the welding point area, the second tul«~lel is deformed to
position the first tubelet to an area of the second tubelet

lying opposite the band edges.

15. A method as claimed in claim 12, wherein the tubelets

are adjustably positioned within the welded tube.

16. A method as claimed in claim 1, further comprising the
etep of winding the welded tube onto a storage reel.

14
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17. A method for producing a lengthwise welded metal tube, substantially as
hereinbefore described with reference to any one of the Examples.
18. A lengthwise welded metal tube produced by the method of any one of claims
1to 17.

Dated 21 September, 1995
Alcatel Kabel AG & Co.

Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON

INALIBT]20403: ZLA



Process for the Production of a Metal Tube with a Longitudinal
Welded Seam

Abstract

In a method for producing a lengthwise welded metal tube (1) with an outside
5 diameter of 1 to 6 mm, whereby a metal band (5) is shaped into a lengthwise slotted tube
(19) by a forming tool (6), and the lengthwise slot (19a) of the tube is welded by a laser
welding installation (7), the tube to be welded passes immediately before and immediately
after the welding point area through a guide that guides the surface of the tube (1) t6 keep
the edges of the band in contact with each other and keeps the welded seam stress-free.
10 The jaws of a clamping tool (8) grip the welded tube immediately downstream of the

guide to keep it from twisting,
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