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MEANS (71)   We, MINNESOTA  MINING   irregular edges and hence vary in gap,
or 50 AND MANUFACTURING COMPANY, where the current flow to the arc welder a
corporation organised and existing under  tends to fluctuate, localized
overheating is the laws of the State of Delaware, United  likely to occur.
In such circumstances, it 5  States of America, of 3M  Center, Saint
frequently happens that the refractory Paul, Minnesota 55101, United States
of  material fuses completely and permits a  55 America, do hereby declare
the invention,  channel of the molten weld metal to flow for which we pray
that a patent may be  through. Where a backup bar is employed, granted to
us, and the method by which it such an occurrence may cause the bar 10  is
to be performed, to be particularly  itself to become welded to the joint,
described in and by the following  necessitating inconvenient, expensive,
and 60 statement-                            time-consuming  effort to
separate it This invention relates to fusion welding  therefrom. On the
other hand, where flexi- methods and to novel backup equipment  ble backup
tape is employed, burning 15  for use therein; the invention is
particularly  through the backing may cause the concerned  with  a
pressure-sensitive  development of an irregular weld which  65 adhesive
tape for use in backing up abutted  must be ground down after the welding
metal plates during formation of the weld.  process is completed. This
procedure, too, In the manufacture of large tanks, ships, is extremely
expensive and inconvenient. 20  etc., plates are often joined together by
Welding conditions of the type just abutting their edges and joining them
with  described are particularly common where  70 a welded seam. It is
highly desirable, if not  large plates or other parts are to be welded
absolutely essential, that there be a com-  together, as occurs in the
construction of plete penetration from face to root of the  large storage
tanks, units of a ship, etc. 25  weld material. In order to permit welding
Since such equipment is extremely costly, from one side of the abutted
plates, it has  and since it will be subjected to severe  75 been common
practice to employ metal  operating conditions, it is important that
back-up bars, which may be surfaced with  uniform and structurally sound
welds be glass cloth or other refractory material to  obtained. Prior to
the present invention, 30 prevent inadvertently joining the backup
however, no means was recognized for bar to the weld.
achieving this objective.              80 It is also known to employ
heat-resistant    The present invention provides a sur- tapes, such as
glass fabric tapes, either  prisingly simple solution to the problem of
alone or in combination with a further  obtaining structurally sound and
uniform 35  backing such as a metal or ceramic ply.  butt welds under field
conditions, i.e., Another extremely  popular welding  where the temperature
of the weld is likely  85 backup tape incorporates a flexible back-  to be
extremely high in localized areas. ing coated with adhesive, a strip of
flexible  The invention utilizes an arrangement for refractory particles
being adhered to a cen-  backing up the line of abutment along 40  tral
portion of the coated side of the back-  which welding occurs, constituting
an im- ing; such a tape is then adhered to the por-  provement over
conventional technique in  90 tions of the plates to be welded which are
which refractory material in immediate immediately adjacent to the plane of
abut-  contact with the molten weld material is ment.
supported by a backing member such as a 45   - While both backup bars and
flexible  flexible sheet or a rigid backup bar. backup tapes have been used
effectively in    The present invention consists in a  95 industry, certain
types of welding situations  method of fusion welding abutted metal
continue to plague the welders. For exam-  workpieces which comprises
spanning the ple, where the parts to be joined have  joint between the
workpieces with alayer    
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2 of refractory  material supported  by a  . Understanding of the invention
will be carrier including a layer of carbon fabric,  facilitated by
reference to the accom- In carrying out the foregoing method,  panying
drawings, in which: the invention also contemplates the use of    FIGURE  1
is a cross-sectional view 5   an improved form  of known welding showing
two abutted pieces of metal which 70 backup tape, capable of being wound in
are to be welded, one form of the present roll form  convolutely about a
core and  invention spanning the line of abutment; comprising a narrow,
elongate flexible   FIGURE 2 is a cross-sectional view of a sheet backing,
having, joined to one face . presently preferred embodiment of the in- 10
thereof, a layer of refractory material for  vention; and
.   75 spanning the joint of two abutted pieces to . FIGURE  3 is a
cross-sectional view be welded, and being held in position dur-  similar to
Figure 1, showing abutted metal ing the welding operation to support the
plates which are to be welded, with an em- weld material. At least -part of
the sheet  bodiment of the invention used in connec- 15   backing is a
woven carbon fibre cloth,  tion with a backup bar.                    80
whereby the tape resists extremely high   . In the drawings, Figure 1
illustrates a welding temperatures without burning  comparatively simple
form of the inven- through the backing.                      tion.
Pressure-sensitive  adhesive-coated While the high temperature resistance
of  welding backup tape 10 comprises backing 20   carbon fabrics is known,
the use of such   II, which is formed of a woven carbon  85 fabrics in
welding procedures goes con-  cloth. As used throughout this description,
trary to the experience of the industry.  the term "carbon cloth" is
intended to em-. Because welds occupy a comparatively  brace those types of
structures which small part of the workpieces being joined,  may contain
from 35 to nearly 100% car- 25  they tend to cool rapidly and to develop
bon, such as are commonly formed.by  90 highly brittle marlensite. It has
been found  rayon cloth which has first been saturated that the use of
carbon electrodes in  with nitrogenous or other salt and then welding tends
to introduce carbon into the  pyrolyzed; see, e.g., U. S. Patents No. weld
material and further embrittle it since  3,235,323 and 3,484,183, the
disclosures of 30  high carbon content promotes martensitic  which  are
incorporated herein by  95 formation. Prior attempts to use carbon
reference. Coated over one face of backing blocks to back up welds have met
with the   11 is normally tacky and pressure-sensitive same unfortunate
embrittling effect and   adhesive layer 12. The specific nature of have
been discontinued. Indeed, welding this adhesive is not especially
critical, 35   backup tapes which employ' refractory  although it has been
found advantageous to  100 particles in an organic binder for contac-  use
silicone-based  adhesives where ex- ting weld surfaces have generally found
it  tremely high temperature resistance is im- essential to incorporate a
carbon scavenger  portant. Medially located along pressure- to prevent
embrittlement of the weld from   sensitive adhesive layer 12 . is narower
40  the minute amount of organic material pre   refractory layer 13, which
in the specific  105 sent.              embodiment depicted in Figure-l, is
glass In its simplest form, the present inven-  cloth. Tape structure 10 is
shown adhered tion contemplates the use of a backing  in position along the
line of abutment formed of carbon fabric and bearing on   between
workpieces 14 and 15, which are 45  one face a layer of refractory material
such  to be but-welded together.            110 as.glass cloth, refractory
particles, etc., for-  Figure 2 depicts a' somewhat more ming a surface to
accept the weld metal.  sophisticated form of the tape made in ac- For many
purposes, it is considered   cordance with the present invention. In
desirable  to  have  a somewhat more  this figure, tape 20 comprises
backing 21, 50  sophisticated backing which includes, in   which in turn is
made up of four separate  115 addition to the carbon fabric, a layer of
layers laminated together. Backing 21 com- glass cloth to impart additional
strength  prises metal foil 22, having a normally (and, upon fusing, to
plug the carbon fabric  tacky and pressure-sensitive coating 23, pores), a
crepe paper or metal foil carrier,  along the upper face thereof. Medially
55  or combinations of such components.        located along foil strip 22
is woven carbon  120 Where a metal backup bar is used, it has  cloth 24, to
the upper surface of which is been found that good results. are obtained
applied adhesive layer 25, in turn being by merely adhering the carbon
fabric to  joined to glass cloth layer 26. Coated on the backup bar and
superposing a layer of  the upper surface of glass layer 26. is 60  glass
cloth or other refractory material for  adhesive layer 27, refractory layer
28 being 125 



directly contacting the weld surface, the   adherently bonded thereto. In
this in- refractory material being replaced after  stance, refractory
layer 28  constitutes each completed weld, and the carbon   refractory
particles such as aluminum ox- fabric being reused for many successive
ide, glass, mixtures thereof, etc., blended 65  welding operations.  -
-   with a minimal amount of adhesive which 130    3
1,525,881                                     3 is  just sufficient to
maintain the integrity of    An aluminum  foil backing tape was layer
28.Pressure-sensitive  adhesive  formed -by coating soft aluminum  foil,
coating 23 may be protected by liners 29  about 75 microns thick, with a
pressure- which are removed before application of  sensitive adhesive
formed from a mixture 5   the tape to the joint to be welded. Tape 20  of
styrene-butadiene rubber and a 95.5:4.5  70 is employed in the same manner
as tape 10,  isooctylacrylate:acrylic acid copolymer. A providing even
greater insurance against  2.5-cm wide strip of the adhesive-coated
"burn-through."                          carbon cloth was then positioned,
adhesive Where work is repetitive in nature,  side outward, along the
middle of a 5-cm 10   welders still find it convenient to use  wide strip
of the adhesive-coated aluminum   75 backup bars. Figure 3 illustrates a
means of  foil. On the exposed adhesive-coated incorporating the present
invention into  surface of the carbon cloth was then such an application.
Metal weld backup  adhered a woven glass cloth tape, which in bar 31
optionally has channel 32 extending  turn had a pressure-sensitive adhesive
on 15  longitudinally down the central portion of  the exposed outer
surface. An extruded  80 its upper face. Positioned centrally on
refractory strip, appoximately 10 mm thick backup bar 31 (in channel 32, if
such is  and 2.5 cm wide, was then adhered to the present) is woven carbon
cloth  35,  exposed pressure-sensitive adhesive on the preferably bonded to
central portion of  glass cloth. This refractory strip comprised 20
backup bar 31 by adhesive 36 Positioned  approximately 400-micron particles
offused  85 above carbon cloth 35 is a layer of refrac-  aluminum  oxide
and glass cullet, lightly tory material 37, in this instance depicted
bonded together with a polyisobutylene as aluminum  oxide  material,
although  adhesive (constituting about 10% by weight layers of glass cloth,
a refractory layer of  of the total strip) and contained ammonium 25  the
type shown in Figure 2, or com-  nitrate as a carbon scavenger. Refractory
90 binations thereof might also be employed.  layers of this type are
described in-more. Backup bar 31 is clamped firmly over the  detail in U.
S. Patent No. 3,494,020. Until line . of abutment. between  metal  the
backup strip is actually to be used, a workpieces 33 and 34 -which are to
be  removable liner is desirably applied over 30  welded together. This
arrangement permits  each  of the exposed pressure-sensitive  95 welding to
occur while obviating the   adhesive-coated areas along the foil
possibility that molten weld material can   backing. When the liners are
removed and strike through to ' contact the base of  the tape of this
example is adhered in channel 32 and thus inadvertently weld  position
along the abutted edges of two 35  workpieces 33 and 34 to backup bar 31.
workpieces to be welded, there is no "burn- 100 Understanding of the
invention will be  through, even when the edges are further facilitated by
discussion of present-  extremely irregular or when the welding ly
preferred embodiments, which are in-  current varies markedly. tended to be
purely illustrative and not to    While it is convenient to use normally 40
be considered in a limiting sense.        tacky and pressure-sensitive
adhesives for 105 Example                 preparing the various plies of
backing A plain weave spun viscose rayon yarn   material, thermoplastic  or
solvent- cloth having 8.7 warp yarns and 9.4 weft  activated  adhesives
may  likewise  be yarns per centimetre, a thickness of about  employed.
Indeed, it is entirely possible to 45  0.6-0.7  mm  and weighing about 240
join plies of a compound backing together 110 [err], was treated with an
aqueous solu-  by sewing or stapling along the marginal tion of nitrogenous
salt, dried, and heated   edges to minimize manufacturing cost. at about
[err] for 12-15 minutes,    Where woven glass fabric has been dis- all as
described in detail in U. S. Patent  closed   in   constructions,
suitable 50  No. 3,235,323, the disclosure of which is in-  replacements
include thin asbestos sheets 115 corporated herein by reference. The ul-
or boards. Similarly, paper-like sheets can timate cloth was strong,
flexible, resilient,  be formed of glass fibres either alone or in 



and black, having a carbon content of  combination with such other
refractory about 55%, with tensile strength in the   materials as
magnesite, gypsum, alumina- 55  warp and weft directions of, respectively,
silica fibre or powder, asbestos, rock wool, 120 about 8 and 4.5 kg/cm of
width.          etc. Likewise, although somewhat more The carbon cloth just
described was  bulky, mats of fibreglass, rock wool, etc. reverse-roll
coated on one side with a  may be employed. polyvinyl chloride plastisol,
as further   ..Another substitute for glass cloth which 60  described in
the aforementioned U. S. Pa-  may be used in the present invention is a 125
tent No. 3,235,323. The opposite surface of more or less conventional
coated abrasive the carbon cloth was then provided with a  construction in
which silicon carbide par- normally  tacky  and pressure-sensitive   ticles
having an effective diameter in the silicone adhesive, for example as
described  range of 100-500 microns are bonded to a 65  in U. S. Patent No.
3,372,852.           suitable backing sheet.                  130    [err]
4                                  1,525,881
4 WHAT WE CLAIM IS:-                  carbon fibre cloth, the inorganic
particles 1. A method of fusion welding abutted  being bonded to the
exposed face of the metal workpieces which comprises span-  glass cloth;
said glass cloth imparting ad- ning the joint between the workpieces with
ditional strength to facilitate handling of 5  a layer of refractory
material supported by  the tape. a carrier including a layer of carbon
fabric    8. A tape according to claim 7 wherein 2. A welding backup tape
particularly  the backing includes an additional ply of suitable for use in
the method of claim 1,  sheet material adhered to the back of the  45 said
tape being capable of being wound in  carbon fibre cloth. 10  roll form
convolutely about a core, com-    9. A tape according to claim 8 wherein
prising a narrow, elongate flexible sheet  the additional ply of sheet
material is backing having, joined to one face thereof,  aluminum foil,
said foil extending laterally a layer of refractory material for spanning
beyond both edges of the remainder of said  50 the joint between two
abutted pieces to be  tape and being provided on the extended 15  welded
and being held in position during  surfaces, with a tacky and pressure- the
welding operation to support the weld  sensitive tape to facilitate
mounting on material, wherein at least part of said back-  each of the
abutted pieces to be welded. ing is a woven carbon fiber cloth, whereby
10. A tape according to any of claims  55 said tape resists extremely high
welding  2-9 wherein the surface of said backing 20  temperature without
burning through said  which is opposite the surface to which the backing.
layer of refractory material is joined, is 3. A tape according to claim 2
wherein  provided with a layer of adhesive to the layer of refractory
material  facilitate attachment to a metal backup   60 comprises glass.
bar. 25    4. A tape according to claim 3 wherein   11. A method
substantially as herein the glass is in fibrous form.          described of
fusion welding abutted metal 5. A tape according to claim 3 wherein
work-pieces. the glass is in the form of a woven fabric.    12. A welding
backing tape substantially  65 6. A tape according to claim 2 wherein  as
herein described with reference to the 30  the layer of refractory material
comprises  Example. inorganic particles bonded together with a   Agents for
the Applicants:- minor amount of flexible organic binder,   LLOYD WISE,
BOULY & HAIG, said layer being adhered to said one face of   Chartered
Patent Agents, the backing.                                     Norman
House, 35    7. A tape according to claim 6 wherein          105-109
Strand, the backing comprises an adhesively joined       London, WC2R OAE.
laminate of woven glass cloth and woven Printed for Her Majesty's
Stationery Office by the Courier Press, Leamington Spa 1978 Published by
the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which
copies may be obtained.    


