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(71).   We, AIR PRODUCTS AND CHEMICALS, INC., of P.O. Box 538, Alentown,
Pennsylvania 18105, United- States of America, a Corporation of the State
of Delaware, UnitedStates of Americaydo hereby declare the invention, for
which we pray that a patent may be granted to us, and the method by which
it is to 5      be perforned, to be particularly described in and by the
following statement:- This invention pertains to the field of cutting and
gouging metals submerged in a relatively non-volatile liquid. The largest
field of use of the present invention is in the electric-arc cutting and
gouging of metallic objects submerged under large bodies of water such as
rivers, lakes, oceans and the like. Such objects can be sunken 10
vessels, submerged portions of floating vessels such as ships, barges and
the like,  10 fixed submerged structures such as bridge pilings, coffer
dams, piers, or other 'sub- merged structural objects. In recent years,
electric-arc cutting is being used  exten- sively for the construction and
maintenance of offshore oil and gas drilling plat- forms. 15          The
conventional electric-arc cutting processes used under water are detailed
in  15 U.S. Patents, 2,396,307; 2,417,650; 3,462,463; and 3,751,625. All of
these patents disclose in detail underwater cutting torches which employ
the well-known oxy-arc process. In  the conventional oxy-arc process an
electric-arc is struck between a hollow electrode and the workpiece.
Simultaneously, oxygen gas is forced down through the 20      center bore
of the electrode to provide the chemical reaction in the cutting process.
20 Such processes are limited to through cutting of metals. In area of
underwater construction and salvage, it is sometimes desirable to 



remove only a portion of the surface of a metallic object in preparation
for under- water welding. U.S. Patent 2,706,236 discloses the well-known
air-carbon arc cutting 25      and gouging process which for many years has
been used on 'dry land for preparing  25 metal objects for welding. The
air-carbon arc cutting and gouging process employs at carbon (graphite)
electrode to establish an arc between the electrode and the work- piece to
heat and melt the portion of the workpiece under the arc. Simultaneously, a
stream of compressed air is forced down along the electrode to forcibly
remove the 30      molten metal from the influence of the arc and from the
workpiece thus enabling    30 a skilled operator to gouge the metal for
subsequent filler metal welding. The air- carbon arc process has also been
used for complete cutting of metallic objects as well as for removing
portions of metal objects such as studs, bolts, gusset plates, rivets and
the like. 35          With the conventional oxy-arc process it is not
possible to provide for gouging  35 of metallic workpieces submerged in an.
aqueous environment. Also conventional underwater cutting processes require
a source of oxygen which is usually conducted to 'the torch via a hose from
an oxygen bottle on the diving support boat commonly referred to as a
tender.. With the use of oxygen, the safety hazards increase as well 40
as the opportunity for hoses to become fouled, kinked or severed as they
extend for  40 long distances from the surface to the point' of: use
underwater. It has been found that the use of oxygen in electric-arc
cutting underwater can be eliminated and a process achieved wherein the
electric-arc can be used underwater for both cutting and gouging.
Particularly it has been discovered that the under- 45      water cutting
and gouging process may be achieved by employing an electrode to    45
strike and maintain an arc between the electrode and the workpiece to heat
and melt the workpiece while simultaneously impinging a stream of liquid
against the molten metal to remove the molten metal from the influence of
the arc and from the work- piece.    2
1,573,781                                        2 



Thus according to the present ivention there is provided a method of
removing metal from an object submerged in a liquid medium comprising the
steps of: establishing an electric arc between an electrode and the object;
and directing at least one stream of high pressure liquid so as to pass
between the electrode and the 5 . object and to impinge upon and carry
metal away from the object..                     5 By  controlling the
current in the arc and movement of the arc, an operator can cut, groove or
gouge a workpiece underwater. It will be appreciated that the invention.
encompasses electric-arc cutting or gouging in any relatively non-volatile
liquid medium wherein the medium can be employed to remove the molten metal
from the influence 10     of the arc.
10 The process of the present invention can rely upon the liquid
environment (e.g... water) as the means for removing molten metal from the
influence of the arc and 'from the workpiece thus enabling a skilled
operator to make a groove or gouge or to completely cut though a metallic
object submerged in the environment. If the 15     liquid environment is
water or some other relatively non-volatile liquid, a submersible  15 pump
can be used to. provide the, liquid stream  thus obviating the need for
long support hoses from a. remote source of liquid under pressure.
Alternatively, liquid can be supplied by .a conventional pump maintained on
the diving tender. The invention thus provides a new electric-arc process
for cutting or gouging 20      metallic articles submersed in a liquid
medium, which is not dependent on.oxygen     20 or chemical reaction to
carry out the cutting process. The method of  the invention will now be
described by way  of example with particular reference to the accompanying
drawings in which: Figure 1  is  a  front elevational view of an underwater
cutting and gouging 25     torch useful in performing the method of the
invention.                                  25 Figure 2  is a partial
sectional right side elevational view of the the torch of Figure 1. Figure
3 is a sectional view taken according to section line 3-3 of. Figure 1,
with the addition of an electrode, illustrating the method of the
invention. Figure 4 is a front elevational view of a test torch head used
to develop. the 30      method ofthe present invention.
30 Figure 5 isa section taken along lines   5-5 of Figure 4. 



Referring to the drawing, there is shown in Figure .1 a prototype torch
devised: for carrying out the method of the present invention. Other.
torches have been devised and are described in more detail in our copending
U.K. Patent Application 35      No. 7659/77 (Serial No. 1,573,782).
35 The torch 10 of Figure 1 includes a handle.. 12 and a head 14. The.
handle. portion 12 was fabricated from asingle piece of conductive metal
fabricated from a conventional copper alloy used for underwater torches.
The handle 12 includes a threaded portion 16 for receiving power cable
adapter 18 having a complementary 40      threaded portion. The power cable
adapter 18 is in turn connected to a main power  40 cable. 20 which in turn
is connected to a suitable power supply (not shown) by a power. supply lug
or connector 22. The entire power cable 20 is covered by an insula- ting
coating 24 as is. well-known in the art. An insulating boot 26 covers cable
adapter 18 and ensures a fluid tight seal between the cable adapter 18 and
torch handle 12. 45      Torch. handle 12 has an insulati   ang .28 so that
the torch can carry a current      45 and be. safely gripped by.an
operator. As shown in Figure 3, the torch head 14. includes the head block
30 fabricated from a. copper-base dmetal alloy having therein a first
counter bored portion 32 the larger diameter portion being threaded to
receive hose adapter 34. Hose adapter 34 50      has a barbed portion for
receiving a liquid. conduit 3.6 which extends for a suitable  50 length.
and terminates with a conventional hose connector 38 with suitable means,
e.g. threads, for affixing connector 38 to a liquid pressure source such as
a pump. Con- duit or hose 36 is fastened to adapters 34 and 38 respectively
as by conventional hose clamps 40 and 42. 55         . Disposed. within
head block 30 is a recess 44 of suitable shape to receive an    55
electrode shown generally as 46. Communicating with the recess  44 is a
threaded port 48. which has disposed therein a stem 50 and knob 52. The
stem .50 'can move into the recess 44 thus exerting a positive gripping
force on electrode 46. . A small passage 54 communicates with.counter bore
32 so that liquid pressure can be employed 60      to eject the stub of the
electrode after it. is partially consumed                  60 Adjacent to
and having a center line,generally parallel to recess 44 is a tapered
passage 56. Tapered passage 56 begins at counter bore 32 and ends 'on the
face 



of head block 30 adjacent to recess 44 as is' shown in Figure 1. Electrode
46 includes a first thin coating of a metal 58 such as copper, the entire
65 .   surface except the tapered tip 60 of electrode 46 being coated with
the copper        65    3                                        1,573,781
3 layer. Disposed over the copper layer 58 'is an 'insulating layer 62
extending for a substantial length along the portion of the electrode
projecting from head block 30. The preferred electrode for the process is a
direct current (DC) electrode which is normally used for the air-carbon arc
cutting and gouging process. Such electrodes 5      are available from the
Arcair Company, Lancaster, Ohio, National Carbon Division of  5 Union
Carbide and Airco-Speer Carbon and Graphite Division of Airco, Inc. The
graphite electrode is provided with a thin coating of a conductive metal,
e.g. copper,. as is well known in the art. For the process of the instant
invention, it is necessary to provide an electrically insulating coating on
those portions of the electrode except 10      for the tip, that are
exposed to the diver and the surrounding environment. After  10
considerable testing, a coating such as disclosed in U.S. Patent 3,835,288,
the specifi- cation of which is incorporated here by reference, was found
to be satisfactory. In particular, an epoxy resin such as sold by Michigan
Chrome and Chemical Company under the trade designation MICCRON-TYPE 650
epoxy is ideally suited as a 15      coating.
15 As with handle 12, head block 30 has an insulating coating 64 to prevent
shock should the user touch the head 14 while the torch is being used. In
use, conduit 36 is connected to a source of liquid under pressure. If the
diver is working in a large pool of water such as a lake, fitting 38 can be
connected to a 20      submersible pump which is maintained near the site
of torch operation. Connector 22  20 of conduit 20, is fastened to a
welding power supply as is well known in the art. A graphite electrode such
as commonly employed in the air-carbon arc cutting and gouging process
having first been provided with an insulating coating 62 is placed in
recess 44. 



25          The diver then strikes an arc between point 60 of electrode 46
and the workpiece  25 (not shown) to initiate heating and melting of the
underlying metal. After the arc is struck, liquid is forced through conduit
36 and out through tapered passage 56 and generally in the direction of the
arc. As the arc heats the metal, the stream of liquid under pressure forces
molten metal away from the arc and off the workpiece  thus 30      enabling
an operator to either perform a gouging operation on the workpiece or a  30
complete cut through the workpiece. In addition to the conventional round
electrode such as shown in Figure 3, a conventional flat electrode such as
disclosed in U.S. Patent 3,566,069, was used for testing the method of the
instant invention. The flat electrode was also provided with 35      an
insulating coating such as used with the round electrodes. Of course, when
using  35 the flat electrodes, the configuration of aperture 44 in torch
head 14 had to be modified to accommodate the flat electrodes which have a
cross-sectional shape similar to a rectangle with semi-circular ends. A
large number of tests were run in a diving tank containing fresh water
wherein 40      workpieces could be supported for trials at a depth of
eight feet. Using a torch such  40 as shown in the drawing in combination
with various power supplies, diving tank tests were conducted and data
recorded. The power supplies included a Model SR600 DC power supply
manufactured by the Miller Electric Company of Appleton, Wisconsin, a Model
LSR-1400 liquid carbonic DC arc welder manufactured by 45      Liquid
Carbonic Division of Chemetron Corporation and a SEAPACK-350 diesel
45 engine DC power source sold by' the Arcair Company. In addition, various
tests were run using both a surface pump sold as hypro series 5300 piston
pump powered by a Dayton Model 4K783-D motor, the combination which is sold
by Sand. M Pump Company, Houston, Texas and an Aqua-sub model 12D 5A type
70 sub- 50     mersible pump offered for sale by TRW, Inc.
50 On the basis of the tests accomplished, it was discovered that when the
power source setting was maintained between 80 and 100% of the duty cycle
and the water pressure was between 80 and 100  psi above the'ambient
pressure surrounding the. submerged article effective cutting and gouging
can take place. As with the con- 55     ventional hand-operated air-carbon
arc cutting and gouging process, 'the operator can  55 



influence the quality of the gouge; however, even an inexperienced operator
can make gouges or completely cut through a submerged article. Set forth in
Table I below are a series of tests which were run to verify the inventive
process.    4                  1,573 781
4 [err]    [err]    1,573,781 [err]    1,573,781. .      .,.
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9                                        1,573,781
9 severed. Another test performed a gouge 1-1/2" wide 3/8" deep in a steel
pipeline 12' long. The method of the instant invention was found applicable
to cutting brass, aluminum and a proprietary corrosion resistant alloy of
the field trial company. Lastly, 1" diameter steel wire rope could be cut
completely through in 10 seconds 5      during the test.
5 During the development of the invention, various configurations for the
fluid passage. 56 were tried. The one shown in Figure 3 where the
longitudinal axis of passage 56 is offset from the longitudinal axis of
counter bore 32 was found to be satisfactory. 10           There is shown
in Figure 4 and Figure 5 a preferred nozzle configuration, the   10 figures
illustrating a test block used to verify the nozzle configuration. The test
block (head) 70 of Figure 4 is fabricated from an alloy similar to the
alloy used for the head 14 of the torch of Figures 1-3. Block 70 includes a
first recess 72 for receiving the electrode. The outer end of recess 72
contains a tapered opening 74 to facilitate 15      entry and 'removal of
electrodes. Head 70 also includes a threaded passage 76       15 which
receives a threaded stud (not shown) to secure the electrode within the
recess 72. Adjacent to the recess 72 is a tapered passage 78 which
communicates with a threaded bore 80 to receive the hose (not shown).
Passage 78 was found to provide the best gouging characteristics when it
was 1-3/8" long, having a large diameter of 20      .1224", a small'
diameter of .1137" and a maximum radius of 0,020" at the tran-      20
sition 82 between the passage 78 and the bore 80. Of course, the
possibility of establis- ing other passage configurations is wide, and the
invention in its broadest sense is not limited to a passage having the
foregoing configurations. For example, a nozzle configuration could be
provided in which a cone of water surrounding the electrode is 25
directed at the workpiece to remove molten metal.
25 Set forth in Table II is a comparison summary of results using the
orifice of Figures 4 and 5 which is denoted as radius and centered in
comparison to the standard orifice (Fig. 3). 
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1,573,781                                      12 cess of the instant
invention enables the underwater salvage operator to perform weld removal,
grooving, and gouging operations heretofore not possible with an oxy-arc
torch. The process of the instant invention is also usuable for cleaning
surface scale 5      and removing barnacles from submerged objects.
5 WHAT WE CLAIM IS:- 1. A method of removing metal from an object submerged
in a liquid medium comprising the steps of: establishing an electric arc
between an electrode and the object; and 10          directing at least one
stream of high pressure liquid so as to pass between  10 the electrode and
the object and to impinge upon and carry metal away from the object. 2. A
method of removing metal from an object submerged in a liquid medium
comprising the steps of: establishing an electric arc between an elongated
solid electrode and the object 15     thus heating and melting that portion
of the object under the arc; and            15 removing the molten metal
from the portion of the object being heated by and 



beneath the arc by directing at least  one stream of high pressure liquid
so as to pass between the electrode and the object being heated and to
impinge upon and carry molten metal away from the object. 20          3. A
method according to Claim  1 'or Claim 2 wherein the arc maintained be-  20
tween the electrode and the object and the point of impingement of the
stream of liquid upon the object are continuously moved along the surface
of the object to effect continuous metal removal from the object. 4. A
method according to any preceding claim wherein the liquid is the medium 25
in which the object is submerged.
25 5. A method according to Claim 4 wherein the liquid is water. 6. A
method according to any preceding claim wherein the electrode is a solid
carbonaceous rod covered with a first thin layer of a conductive material
and a second - layer of an electrically insulating material covering a
substantial portion of the first 30     layer and the electrode.
30 7. A method according to any preceding claim wherein the electrode is
held in a suitable gripping device and the stream of liquid is directed at
the object from the location at which the electrode is gripped. 8. A method
of grooving,  gouging or cutting a metal workpiece submerged in 35
water comprising the steps of:
35 positioning a consumable solid elongated electrode held in a suitable
gripping device so that a portion of the electrode projects toward the
workpiece; establishing and maintaining an electric-arc between the
projecting end of the electrode and the workpiece to melt that portion of
the metal under the arc; and 40         directing at least one stream of
water under pressure to impinge upon and remove  40 the molten metal from
the workpiece beneath the arc. 9. A method according to Claim  8 wherein
the electrode is a carbonaceous material covered by a thin conductive
coating which in turn is covered by an elec- trically insulating coating,
the electrically insulating coating covering the projecting 45     length
of the electrode.
45 - 10. A method  according to Claim 8 or Claim 9 wherein a water stream
is directed toward the workpiece from the location at which the electrode
is gripped. 



11. A method according to Claim 8 or Claim 9 wherein a plurality of streams
are directed at the workpiece. 50          12. A method according to Claim
8 or Claim 10 wherein a cone of water surround-  50 ing the electrode is
directed at the workpiece to remove the molten metal. 13. A method of
removing material from an object according to Claim 1 and substantially as
hereinbefore described with particular reference to the accompanying
drawings. MATHYS & SQUIRE, Chartered Patent Agents, 10 Fleet Street,
London, E.C.4, Agents for the Applicants. Printed for Her Majesty's
Stationery Office by the Courier Press, Leamington Spa, 1980. Published by
the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which
copies may be obtained.    12                                  1,573,781
12 cess of the instant invention enables the underwater salvage operator to
perform weld removal, grooving, and gouging operations heretofore not
possible with an oxy-arc torch. The process of the instant invention is
also usuable for cleaning surface scale 5      and removing barnacles from
submerged objects.                                      5 WHAT WE CLAIM
IS:- 1. A method of removing metal from an object submerged in a liquid
medium comprising the steps of: establishing an electric arc between an
electrode and the object; and 10          directing at least one stream  of
high pressure liquid so as to pass between  10 the electrode and the object
and to impinge upon and carry metal away from the object. 2. A method of
removing metal from an object submerged in a liquid medium 



comprising the steps of: establishing an electric arc between an elongated
solid electrode and the object 15     thus heating and melting that portion
of the object under the arc; and              15 removing the molten metal
from the portion of the object being heated by and beneath the arc by
directing at least one stream of high pressure liquid so as to pass between
the electrode and the object being heated and to impinge upon and carry
molten metal away from the object. 20          3. A method according to
Claim 1 or Claim 2 wherein the arc maintained be-     20 tween the
electrode and the object and the point of impingement of the stream of
liquid upon the object are continuously moved along the surface of the
object to effect continuous metal removal from the object. 4. A method
according to any preceding claim wherein the liquid is the medium 25     in
which the object is submerged.
25 5. A method according to Claim 4 wherein the liquid is water. 6. A
method according to any preceding claim wherein the electrode is a solid
carbonaceous rod covered with a first thin layer of a conductive material
and a second layer of an electrically insulating material covering a
substantial portion of the first 30     layer and the electrode.
30 7. A method according to any preceding claim wherein the electrode is
held in a suitable gripping device and the stream of liquid is directed at
the object from the location at which the electrode is gripped. 8. A method
of grooving, gouging or cutting a metal workpiece submerged in 35     water
comprising the steps of:
35 positioning a consumable solid elongated electrode held in a suitable
gripping device so that a portion of the electrode projects toward the
workpiece; establishing and maintaining an electric-arc between the
projecting end of the electrode and the workpiece to melt that portion of
the metal under the arc; and 40         directing at least one stream of
water under pressure to impinge upon and remove  40 the molten metal from
the workpiece beneath the arc. 9. A method according to Claim 8 wherein the
electrode is a carbonaceous material covered by a thin conductive coating
which in turn is covered by an elec- 



trically insulating coating, the electrically insulating coating covering
the projecting 45     length of the electrode.
45 10. A method according to Claim 8 or Claim 9 wherein a water stream is
directed toward the workpiece from the location at which the electrode is
gripped. 11. A method according to Claim 8 or Claim 9 wherein a plurality
of streams are directed at the workpiece. 50          12. A method
according to Claim 8 or Claim 10 wherein a cone of water surround-  50 ing
the electrode is directed at the workpiece to remove the molten metal. 13.
A method of removing material from an object according to Claim 1 and
substantially as hereinbefore described with particular reference to the
accompanyg drawings. MATHYS & SQUIRE, Chartered Patent Agents, 10 Fleet
Street, London, E.C.4, Agents for the Applicants. Printed for Her Majesty's
Stationery Office by the Courier Press, Lcamington Spa, 1980. Published by
the Patent Office. 25 Southampton Buildings, London, WC2A 1AY, from which
copies may be obtained.    


