PATENT SPECI FI CATI ON (11) 1573 781, (21) Application No. 7658/ 77/ (2
Filed 23 Feb. 1977, (31) Convention Application No. 687 939
(19) (32) Filed 19 May 1976 in (33) U

nited States of America (US) (44)
Conpl et e Specification publigh&di28 Aug. 1980 (51) INT [err] B23K 9/00 (5

| ndex at acceptance B3V 4B1. (54) ELECTRI C ARC CUTTI NG AND QOUG NG

(71). Ve, ALR PRODUCTS AND :‘CHEM CALS, - INC., of P.Q Box 538, Alento
Pennsyl vani a 18105, United- States of Aneri ca a Corporation of the St at e
of Del aware,. UnitedStates of Anericaydo hereby declare the invention, for
whi ch we pray that a patent may be granted to us, and the method by whi ch

it isto5 PATE r Iyd &y i be y the
f o owi ng statP;rrent % S?r@/%n e'rl:':grgrgrto tﬁg flelg%'\7 uﬁir)ﬁg and
gougi pe ) Apgliostion M. J63/T7 a(2?)élﬂa@2&/ by 193n- vol atile lig _The | argest

fi el dOBf @3 EompentiqnoApplicationNo; 6@ i on is in the el ectl® B ng and
_ gougi 2) fled19) May B‘(fts 5brrerged under | arge bodr 5 ' Ne\such as
-“"{,| ver |( e het I&%fh llé # Obj ects can /59 3 .
Vessers, (1) Pﬁ%j;-a‘%‘h%“ €3P$ 8 vVessel s such’ {‘ S ges and
the | e, e %g S ggeq getructures such as- bri dge “ X jy of f er
dans, pre % or oaf r ..merged structural obj ects. ears,
electric-arc cutting. i s ber ng used exten- sively for t " Action an
mai nt enance of of fshore 0il and gas drilling.plat- forns.: The
conventional : el eM)rmmIWCWW@MM@UGMWDMt er ar e det ai-l ed
in 15 U.S. Patent__s g ;_"':'7_ 650 ' 463 a 751, 625. Al'l
t hese patenjs ise jﬁ@g@;{{“ v:lKg %& 3 i ch enpl oy
the wel | - Kngiive of Détad: onk')sme fxd&ﬁ&&ﬁ Mﬂoﬁrfbrpr ocess an
el ectric- arehxdmswesprawmkt d)ﬁtenembe g‘mltddQWuelaﬁtﬂte (ﬁﬂﬁocﬁbl;dwlhdfhﬂt mu kpi ece. -
Si mul t &neoubs! Berf @C‘ﬂ%ﬂ)'f 39C lu@mhbxme ing U cent®r bore
of the elec ;eqﬂ%’ g"ﬁt i ng process.
20 Such pr oasecsewec dﬁgx me: g,bﬁ rg lar n area of
Underwater Imdiasbfrwmrmhaari@brs; gens anﬂ thesmeomeli bjes catcle suaked e to
-7 10 vessels, submerged portions of floating vessels such as ships, barges and the like, 10

1 fixed submérged structures such as bridge pilings, coffer dams, piers, or other sub-

B merged structural objects. In- recent: years, electric-arc cutting is being used ‘exten-

™ :wely for .the construcuon and mamtenance of oﬁshore 011 and gas dnllmg plat-
orms.

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 comstruction and salvage, it is sometimes desirable 1o

remove only a portionn 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 cutung

25 and gouging process which for’ thany- 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 froni the workpiece thus enablmg 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 removmg portwns of metal objects such as studs, bolts, gusset plates, nvets and
the like.

35 With the conventmnal oxy-arc process it is not possrble to prov1de for gt)ugmg 35
of metallic workp1eces 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 eléctric-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 workpicce while simultaneously impinging a stream of liquid against the molten
metal to remove the molten metal from the mﬁuence of the arc and from the work-
p|ece : . .
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renove only a portion of the surface of a netallic object in preparation
for under- water welding. U S. Patent 2,706,236 discloses the well-known

ai r-carbon arc cutting-25 rocess which for many years has
been used on "dry land for preparing 25 netal objects for welding. The
air-carbon arc cutting and gougi ng process enpl oys at carbon (graphite)

el ectrode to establish an arc between the el ectrode and the wor k-_ piece to
heat anlt the portion of the workpiece*under the arc. Si rmltaneously, a

stream df(yqonpressed air is forced down along the electrode to forcibly
renove t 3e nol t en et ak fromthbiﬁsﬂﬂl uence of the arc and fromzhe
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subsequent fill ermasfza’it‘Inl o ekfa%e&%gaﬁ ﬁp%;ﬂf)igﬁgw%@s afso been
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strike and mai ntai.n The nethod emweﬁﬁnﬁohewﬁlmt&méﬁn&ﬂ(bytm SOkdoleqrn t 0 heat
and nelt the wor : Jing a. stream of liquid

vanas
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the arc and from al ri tszdeelevanonalwewofthetorchofogurel
1,573, 781 . Flgure3 Basecnonal vxewtakenaccordmgto sectigh line 3—3 of Figure 1, w:th; . .
the addition of an electrode, illustrating the method .of the invention, ' S
Figure 4 is a front elevational view of a test torch head used to develop the
30 method, of the present invention, . ... e 30
Figure 5 isa section taken along lines 5—3- of Flgure 4. .- ; :
Refemng to the drawing,there is shown in Flgure 1 aprotortype mrch dev1sed-',
for carrying.out the method of the present_invention, Other. torches  have béen
devised .and - are- described in more detail in our copending U. K. Patent’ Apphcanon_
35 No..7659/77 (Serial No. 1,573,782)." 35
The torch 10 of Figure 1 mcludes a handle 12.and & head 14. The. handle,_
portion 12 was fabricated from a.single 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 2 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. insulating coating 28 so that rhe torch can carry a current, 45
and be safely gripped by.an operator. . - ,' '
As shown i Figure:3,.the torch head. 14 mcludes the head block 30 fabncated; =
from a_copper-based . ‘metal alloy having therein- a. first. counter bored portion 32 ‘the -
larger diameter. portion being threaded to receive hose adapter 34. Hose adapter 34 E
50 has a barbed portion for; receiving a liquid.conduit 36 which extends for a. suitable 50
length and terminates with a conventional, hase connector 38 with- smtable _means, :
e.g. threads, for affixing connector 38 1o a. liquid pressure source such as a pumip. Con-
duit or hose 36 is fastened to adapters 34 and 38 respectwely as by convennonal ‘hose”
clamps40and42 ST
55 Disposed . within head’ block 30 ‘s '5-recess 44 of smtable shape to mewe 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.. Alsmall :
passage 54 communicates. with counter bore 32 so that liquid pressure can be employed
60 1N e;ect the stub.of the electrodeafter 1t is partially consumed. - 60
Adjacent to -and having a .center line; generally parallel’ to recess 44. ls a tapered_
passage 56. Tapered passage .56 beglns ar-.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 meral 58 such as copper, the ennre
65 .  surface except the tapered tip 60 of electrode 46 being coated with the copper 65
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Thus according to the present
renovi ng net al
st eps of:

Ivention there is provided a nethod of
froman object subnerged in a liquid nmediumconprising the

establishing an electric arc_between an el ectrode and the object;

and directing at |east oné stream of high pressure |iquid so
bet ween the el ectrode and the S . object and to inpinge upon

nmet al
current

as to pass
and carry

away fromthe object. ' 5 By controlli ng
in the arc and movenent.of 't he arc, an operator can cut, duewve or

gouge a workpiece underwater, It will be appreciated that the invention.
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In addition to the conventxonal round electrode such as shown in Figure 3, a
convmruonal 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
an msulanngcoaungmmhasusedwnhtheroundelectrodes Of course, when using
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-sectmnal shape similar to a
rectangle with semi-circular ends.

A large number of tests were run in a diving tank contammg fresh water wherein
workptecw could be supported for trials at a depth of eight feet. Using a torch such
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 manufactired by
Liquid Carbonic Division. of Chemetron Corporation and a SEAPACK—350 diesel

“engine DC power source sold by the Arcair Company. In addmon, various tests were

run using both a surface pump sold as hypro series 5300 piston pump powered by
a Dayton Model 4K783—D meotor, the combination which is sold by Sand M
Pump Company, Houston; Texas and an Aqua-sub model 12D 5A type 70 sub-
mersible pump offered for sale by TRW, Inc.

- On the basis of the tests accomphshed 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 abgve the ambient pressure. surrounding
the. submerged article effective cutting and gouging can take place. As with the con-
ventional hand-operated” air-carbon arc cutting and gouging process, the operator can
influence the quality of the gouge; howéver, éven an inexperienced operator can
make gouges or completely cut through a submerged article. -

Set forth in Table I below are a series of tests Whl.Ch were run to verxfy the
mvennve process.
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Referring to the draw ng,

devi sed:

U K Patent Application 35

35 The torch 10 of Figure 1 includes a handle.

there is shown in Figure
for carrying out the nmethod of the present
t orches have been devised and are_descrihed in nore detai

i nventi on.

No. 7659/77 (Serial

.1 a prototype torch

Q her.

i n our copending
No. 1,573,782).

12 and a head 14. The.

handl e. tion 12 was fabricated fron1a3|ngle pi ece of conductive netal
fabricatediiroma conventional copper alloy'used for underwater torches.
The handl § 12 includes a threaded portion 16 ‘for receiving power cable’
adapter 18 haying a conplementary 40 1,573, 1eaded portlon The” power capl e
adapter 18 isSTTm rarm gonnected 1o a Mmari pPover 20 cabte—20 VWHLIIIT[LU]n
is connected to a sultableipcmer supply (not shown) by a, ower- :s suppl y lug
or connector 22. The ehtifr&s naVRHIRHRS ZQSSHCQ:\@E;CQ‘;W@@TEIHSL& g4- ting
coating 24 as is. well-kn_ Hdin'the art. An insul afi'ng boot 26 coJers cable
adapter 18 and ensures a fluild tight seal bet ween the cabl e adapte,_18 and -
torch handl.e 12. 45 dh. ahgnngaazmhasnan |nsulat| aRg 48 so that.. —
the torch can carry.a- puPQemt~a~~«n45~ahd~bbJ saméfy-gulpped Ey¢ar.f S
operator. As shown-i'n Figure|3, the torch head 14.. includes t:he: -hgad bl ock _§>
30 fabricated from a. bogper-base dnet al allqy- haV|ng thereln @‘flrst '
count er bored portion BZEt-am (=¥ e;mdbélretéir“ g;gl ﬁ@‘t hr‘emiqd' to
recei ve hose adapter 34\¢H6§é‘aﬁa§FE“°3H 50 ‘%as a bar bed: por t|i.on for
receiving a liquid. copduit:d.6 which extends for a sui.table . 50 1length.
and terninates with a colveRtiongl Jwse connector 38 with.sai L,ap @ neans,
e.g. threads, for affi iﬁd%%ﬁnﬁé@torAES 0% i fiiATpresBie FdUFde such as
a punp. Con- duit or.hpse 36]is fastened to- adapters 34 and 38 redpectively
as by conventional hos“~clagﬁs 40 Jand 42. 55 o Exsposed Wi t hin
head bl ock 30 is a reckss |48 cﬁssmaael:e stmre THE By V8 fW%E
el ectrode shown gener_uhg_d§-46 Communi cat j-ng- Wwith the recess. 44 is a
t hreaded port 48. mhlc'<“esg€ osed therein a stem 50 and. knob 54. The
stem .50 'can nove int Ehir ﬂﬁmswwwrhwmmaﬁmsﬂwvgqﬁlpmrm B
force on electrode.46.]. A’sial passage 54 communi cates with.courfter bore
32 so that liquid pres ure cgn e enpl oyed - 60 - " to eject the stjub of the
elanrodeeﬂterit.iS'pgg%mﬁﬁj@ggg@onoo JUdUdd Gudb0sAtdcent to -
and having a center |ipheSg@nerBFEEDIES | -0 Hebéds 141 a-dbpdred |
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of head bl ock 30 adjacent to recess 44 as is' shown in Figure 1. Electrode
46 includes a first thin coating of a netal 58 such as copper, the entire
65 . surface except the tapered tlp 60. i -t h
t he copper 65 3 1,573,781
3 layer. Disposed over the copper layer 58 'is an 'insulating Iayer 62
extending for a substantial Tength along the portion of the electrg
projecting from head bl ock 30. ‘The'preferred-electrode for the pr is a
direct current (DC) electrode which is normally used for the air- pbon arc
cuttimg and gougl ng process.. SuchS®&Mtt r odes 5 _are avail ablé fromthe
Arcair Conpany, Lan aster, Ohio, National Carbon Division of" 5 Union

Cat bi de and A rp@& pe,,e(m(:aj;gon and Graphite Divi.si®on of Airjco, Inc. The
graphite elegtrdgé [$=RFSYEded: wRIRGRFNI a~&cat RRG: 9F S& Torduct i ve netal ,
e.g. copper,.| as ®s| well known in the art. For the process |of the instant

< nvention, if nejcessar rovide an electrically insulfating coating on
LhoﬁapoHiorS%f“tM%e§%ﬁ80£éhvmwﬁhﬂhmen @z ®hgeAP,| that are
exposed to -t e Hfver-and 1he" &mrmﬂﬁnm;eanOHM§ﬁ S| 10
~consi derableftesting, a coating such as disclosed in "U.S. Hatent 3,835,288,

the specifi - caég%n,picghlgh i's incorporated here- g% referenCe,-mas f ound
. Wy = lh Ve Ky ] " H
to be satisfdctdeg | FRARRESCHEIFI 3D h@poxyz&eSﬁm% cBHES sl d by M chigan
Chrone and Cheri®al Conpany under the trade desi griati on hWGkTK)+TYPE 650
epoxy is idedlly suqted as a 15 coat i ng.
15 As wi th handg g1, 2 henad. bl ¢k 30, has. an,,l{h?ulqaw,ungvma,u ng -64 to prevent
shock shoul d tH%egser ‘t'ouch thé "head~#4’ l'e"the” térch i s being used. In
use, conduit |36 |S fonnected to a source of | i qui d under prlessure. If the
diver is worRing|ian &kg_ge pqoj,,,ooéf\z&/at@ercs,@ 3% So Iagegg fli tti ng 38 can be
connected tola-2DE |S==subidr ¥ BRE PHimE whkehn | § e nBamed near the site
of torch operd@ gpn.| Connector 22 20 of conduit 20 |s fastlened to a
,melding_pomeﬁ sbqglyngsts vell (knowy i the art. aphi tie el ectrode such
as cormonl y ‘¢npt pyefd” TA% hé 'ai T oear Do ar ¢ cufflng énd gohglng process
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25 The diver then strikes an arc between point 60 of el ectrode 46
and the workpiece 25 (not shown) to initiate heating and nelting of the
under| ying--retal. 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 netal, the streamof ,|iquid under pressure forces
nolten netal away fromthe arc and of f the workpiece thus 30 - enabl i ng
an operatopg to either performa gouging operati‘on on the workpiece or a 30
conpl ete ~through the workpiece. In-addition to the conventianal round
el ectrode\gucle as shown in Figure 3, a cgi#@8itional flat el ectrode such @s
disclosed in U'S  Patent 3,366,069, was'used for testing the met hod of the
instant invention. Thg f an

i nsul ating coating sugh: v i L %RMH@%@WB& Sﬁ&@anse, when
using 35 the flat el Ec
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s, the configuration of aperture 44 in forch
head 14 had to be nod 0 accommodate the flat el ectrodes which| have a
cross-sectional shapejf cégvangeg,t(@pgloemmtajﬂgge_,rgmguc(gL,gr (;p,ds. A
| ar ge nunber of tests uh R o di Ve Ag Ak oot el AFRY -+ ReBh waf er
wherein 40 wor kpj eces doul d be supported for trials at a dept hj of
ei ght feet. Using a tprah ch 40 as shown in the draw ng in:conbi L1at|on
with various power supplgs %ﬁm@tm@ﬁmsmgﬁ,{@n@ctgge@d%hta
recorded. The power: shpfld®2d4 IMCTI uded a Fodel ~“SR600 DC power suppl yf.
manuf actured by the MIler Hlectric Conmpany of Appl eton Wscon5| n, {a Model
LSR- 1400 |iquid carbopi ¢ & |ar c_ve| der napufastused r___ngu d
Car boni ¢ Di vi si on of b‘néﬁzegron 2B0T par &AF3T and a- SEM A B ‘& esel
45 engi ne DC power so | d by' the Arcair Conpany. In addi tion, | vari ous
tests were run using urf Ge.p 0, Serigs o Di st on
punp powered by a Dayforg %% %@Q%%€:%%£é%§ﬁ%§|§%ﬁé§%h is sold
by Sand.. M Punp Conpa 'ston Texas and an Aqua- sub nodel 12D 5A type
70 sub- 50 mer si b| & offered for. sal e_by_ TR\L\LMCM.° :
50 On the basis of th RSP AT A T Pies v B HaB Suhen t he
power source setting ijnt ai ned bet ween 80 and 100% of the duty]cycle
and the water pressur etween 80 and 100 psi abave the' anbi 'en{ :
pressure surroundi ng bR EgEdE artd i) @6k (vl duk | dg Giddgpugi ng
can take place. As3wi | cpHh< 25&"5«: -‘-‘-\-}e’n’c-i‘dnla-f—’ﬁa’nﬂ-’dp’er-ét-'eb-’dr-‘r car bon
arc cutting and go8gi hg prodess, 'the operator can 55 :
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bel ow are a series of tests whi-ech—were—+ohr—teo—very—the—avert+ve

Set forth

even an inexperienced operator

however,

can nmake gouges or conpletely cut through a subnerged article.
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I nfluence the quality of the gouge;
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9 1,573,781

9 severed. Another test perfornmed a gouge 1-1/2" wide 3/8" deep in a steel
pi peline 12' long. The nethod of the instant invention was found applicable
to cutting brass, alum numand a proprietary corrosion resistant alloy of
the field trial conmpany. Lastly, 1" diameter steel _wre rope could be cut
conpletely through in 10 seconds 5 during the test. <

5 During t ‘developnent of the invention, varicous configurations for the
fluid passagg. 56 were tried. The one shown in Figure 3 where the

| ongi t udi nal"gaxi s of passage 56 is of fs&p73¥mbm t he | ongi tudinal axis of 8
counter borée 3Z,was tound to be satisfactory. 10 . There i s shown

in Figure 4 and thy@' 5 a preferrled nozzl e ‘configuration, the 10 figures
illustrating a esj'ﬁ@ ER: G838 verify. the nozzle configuration. The test
bl ock (head) 70] of i&gure 4 is fabricated froman alloy similar to the
all oy used for the head 14 of the jtorch of Figures 1-3. Block 70 includes a =
first recess 72 _f(ﬁ%@e piad Qg cihe el ectrode. The outer- end of recess 72 . .
contains a tapele®®penrng-+4t-o-flaci-litate 15 -entty and 'renoval of .
el ectrodes. Heafl 70 aljso includes jJa threaded passage 76 - =~ . 15 which ' s
recei ves a threadeﬁggtud-gpot gbo ) §o secure the el ectrade:w thin the
recess 72. Adjapeniziso| BIfEiE¥&CEsS 72 bs a:tapered passagé’78:which |
conmuni cat es wi { h $°Thr eaded bore {80 £o recei ve the hase2(not sh&mn). &
Passage 78 was found tjo provide the bgst gougjng characteristics when it
was 1-3/8" |ong| haglng a |arge dijmeger. of 5% & gg%g'ﬁ,ég small". 8
di anet er of .MBT‘E“'a%mﬂwmmwanS(ﬁ'@Qﬁrfmﬂz_aﬁi@- 20 ©
sition 82 between thé: passage 78 and Ehe bor‘?,,,«,&(ﬁgd: BT LeP t he g
possibility of establps . Jjbhgdber| pagsage -Fyr at ig §_-§\M de, and thg -
H . . . o. . = - 3 B P e ® e g - b & .
invention in ity b ng HISIERI]FS| nok Tem ted ? % a-§ 3| ®avi ng t he z
f oregoi ng confiyggulp s. For exanpl €Y aSno&l, £ nfgghtg & could be g
provided i n whi £h & eone of vater, surEouddi thSthg el BEEEEE 2 g .
directed at the|wdrkgi eCYTTeNDVE ngl tEn PEB§- .g FEE=a & gy S
25 Set forth in{Table JI is a corrparigon;swxgm@% f'g %’%Etgﬁ@i n é%egq_ §
orifice of Figufes 4 apd 5 which ip dgnoged fgﬁagiwgﬁﬁﬁzgnﬁ er A -
conparison to the §fanfarikodude| (Feg.53) 25228538 g8gc ¢ >
23 2 GPpiffadifes’ S =
5 25 3 SCodBiosnErlE i
6 S =z = =2z = = = 2:: (2 ‘55 E'ﬁgsﬁsgg,ﬁg =
- SSSSSE S I Y B EELE 2
w | e |ITITITIT |08 & 2EgEEZ 88985 o o
a2 e Xxxxxxxx |5 = ';usmngﬁ 28 e g 8 3
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10 1,573,781

10 [err] 11
1,573,781 . 11 [err] 12
1,573, 781 ' o ' 12-cess of the instant -

I nventi on enabl es the underwater sal vage operator to performweld renoval,
groovi ng, and gougi ng operations ‘heretofore not possible with an oxy<arc
torch. The process of the instant invention is al so usuable for csf:é i ng
surface scale 5 and renovi ng barnacl es from subnerged obj ect{s.

5 WHAT YE CLAIM'IS:- 1.-A method ofsysegpoving netal from an obj ect gubnerged
in a Ilmmmmmmmmm arc
petvicen an oL¥TE LT TR RO, A, M T AL NEIING ot | cast one
Stream of hi e St b Crigridtdly Do S Srelit Ay D MR 1 el ectrode and
the obj ect aluskly, Q” idigfnetdr) Geell prire) raépd Gouldibé Wit NBinpltelf Withugh MO M0 kdaendObj €Ct. 2. A

met hod %of r edveing tal from an_object subner n%d in a liquid. medi dm
conpri sing t;ﬂ%a ﬂoﬁg@#ﬁ (f:ls P‘#‘fg“%;ég%tiu iy m ‘fi‘fl an el ongat ed
sotid el eCt rigiitse g0 oher Rbth kel loreRudinal aiiy bEScolkR HoRU320M ol s BY t hat portion
of t hemca)bj echtstad®r the arc; an - .15 rer_mmg the nolten net al
K ' i is shaem dnyFi 4 i @?d e configuration, the 10
from t poréghﬁmztraﬁng a gg};)ﬁfkp usgc‘l|3 gor‘:%‘;getﬁfrggfle onhagﬁgtion. 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 establish-
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. :

Set forth in Table II is a comparison summary of results using the orifice of
. Figures l‘; and 5 which is denoted as radius and centered in comparison to the standard
v : orifice (Fig. 3). ' 3 . '



beneath the arc by directing at

| east one

stream of high pressure liquid

So as to pass between the el ectrode and the object being heated and to

i mpi |
met hod according to Claim 1
st ream of

of the o
net hod a

25 5. A net

met hod accordi ng to" any precedl ng ¢l ai mvvherel n the el ectrode is g solid V

car bonaceous rod covered with

and a second - |ayer: of an elg
substantial- portion of the fgr
30 7. A nethod according jggﬁ 4
held in a suitable grippi.n& ge
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nthe object. 20

i mpi ngenent of the

iquid upon the object are continuously noved al ong the surface
t to effect continuous netal
ding to any preceding clai mwherein the | |qU| d is the nmedium 25
in which thggobject is subrrerged

fromthe object. 4. A

10

| ayer of .a conductive. materi al
ulating nmaterial coveri:ng a
er and the el ectrode. -

| ai m wher ei n the el ectrode i's
stream of

rkpiece subnmerged in 35

‘el ect T otle hel.®in a suitable

ect g CloSa toward the
i Tit-ai niingTan lel ed cf §%§/§en t he
proj ecting end of the. el ectro & and ‘the worlkpi. at portion of

the netal under the arc; and 40 . dl_rect & §t gg@ st ream of
wat er under. pressure to.i -a'e-ﬁup-op ang r g} 4- t_- o met-al from
t he workpi ece beneath the-@ At Bod faccotgli iy 08 ElFpF Mg 8 wherein
the electrode is a car bonade us material® c Ver gd. bys a-3 Tt ii! uctive
coating which in turn is.coverjed-by an eled tEBigaly ya " g coatl ng,
the electrically-insul atl ‘ng cdati ng covering: t pr”—'oj', , -l ength
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11. A method according to Claim8 or Claim9 wherein a plurality of streans
are directed at the workpiece. 50 12. A nethod according to Claim
8 or Caim10 wherein a cone of water surround- 50 ing the electrode js
directed at the workpiece to renove the nolten netal. 13. A nethod of
renoving material froman object according to Claim1 and substantially as
her ei nbef ore described with particular reference to the acconpanyi @)

drawi ngs. MATHYS & SQUI RE, Chart.ered Patent Agents, 10 Fleet Street
London, E.C 4, Agents for the Applicants. Printed for Her Mjesty’
Stationery O fice by the Courier fy83% Leam ngton Spa, 1980. Pullyi shed by
the Patent OTTCe,” 25 Southanpton Bul I armgs;— Londor, vm'rm‘,—f—rmn whi ch

coﬁ)’fes may be, obt ained.. . 12 1,573,781
12 cess of tie gnistant invention enabl s the underwater sal vage operator to
per form wel d;rga p\eal ,oog&oow .ng,o\o @ndo_g ging operations heretofore not
possi bl e wit B oxy-r;(ar % tgru h;:'a'hen griocess of the instant invention is
al so usuabl egfUH Clj;ea.nl Ag sugfa g <calle 5 and renovi ng barnacles from
sibrrer ged objgecfd.8 ¥ & S & SE o 5 WHAT WE CLAI M
1S:- 1. A rretlhodeﬁ (Semoli 6 netal I #om an obj ect subnerged in a |iquid
medi um conpri si ng the steps of: establfshing an el ectri c arc between an
el ectrode ang tBe object; and 10 - directing at least one stream of
hi gh pressurgog Uk d 5§O<~as§;to gass chetpeen 10 the el ectrode and the obj ect
and to inpi nge-_qpon ahd tarry met al® away fromthe object. 2. A method of
renmovin metal "f'nom an obj ect subner ed ina.lic UId e &ug1§
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conprising the steps of: establishing an electric arc between an el ongated
solid el ectrode and the object 15 thus heating and nelting that portion
of the object under the arc; and 15 renoving the nolten neta
fromthe portion of the object being heated by and beneath the arc by .
directing at | east one stream of high pressure liquid so as to pass between
the el ectrode and the object being heated and to inpinge upon and, carry

nolten ne away fromthe object. 20 + .3. A method according to
daiml aim 2 wherein the arc maintained be- 20 tween the
el ectrod ndl2t he object and the point afs73, i ngenent of the stream of 12

i qui d th i
objct 1o o1 ett e “‘*’fé?#eiﬁ s M et At

according to any pordr;edl ng claim EI‘EJ n.the liquid is the medi.um.25
whi ch the object is gf the instant invention is also usuable for cleamng surface scale .

25 5. A met hod ac%‘?ﬁ“ﬁmmﬁk&frm’i"%ﬁ'& Ll He 1iquid is water. 6. A S

nmet hod according to spaPwec@divaselai m wherein the el ectrode i's a solid ..
car bonaceous rod covéys Acmeniot fof aenfovmsmemhimn hraylmct ebmergaion duliduidvieedingt er i al e

and a second Iayet"“"’(%l?rls thEF’@’é i nsu 2 r| al cover| ng a
substanti al fort ion ﬁfﬂem e l:eéfxeﬁfﬁgfc reéﬁﬁﬂE g, Shetween . 10
30 7. A nethod ace@reltttrge ind r.aemjs;earaﬁa:e inpifigeGap rn&tanavt @roﬁtl&(‘d:fe@de IS
held in a suitable gilppnengdéémengamlaltm ant pmttbme!’quq!madlqud mediugct ed at

the obj et from t M TERRMET dhall'h LS 5 B8 BB e fiec o 10
of gr 00Vi NG, 15J0UGiyRY hidkin e ichelifhg B wayiser
conpri sing the stepsregbving the moleen metal ftom the portmn of the ob;ect being heated by and

35 positionihg a.bmeattibhe byglifeding |ap lrgvit e sedamcofr igheprigsyrel Linwid g0 suky abl e
gri ppi ng device s&% j ﬁ’F ﬂf i ?’%‘F@@P&Bﬁ?dMJ“&T%"gfd’\R&’rb“dt

wor kpi ece; ezt abl TSTb1W olidd Bbiinged Clath 2Mor QU8R 2T bzl e belRRled B 20
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el ectrode is a car boﬁatmahoﬂmt@»gmﬂammmw tpliqaidiswarr.conduct i ve coat.i ng
which int ur nis COV@rﬁe@eﬂd e:gm@ any preceding claim wherein the electrode is a solid
wi

a first thin layer of a conductive material and a second
layer of an electrically insulating matena.l covering .a substantlal portion of the first
30  layerand the electrode. - 30
7. A method according to any preced.mg 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 workpxece submerged in
35 ‘water comprising the steps of: - 35
positioning a  consumable sohd elongated electrode held in a ‘suitable gnppmg
device so that a portion of the electrode projects toward the workpxece,
establishing and thaintaining an electric-arc between the projecting end of the
- . electrode and the workpiece to melt that portion of the metal under the arc; and
0 . “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 du'ected
" 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 descnbed with pamculat reference to the accompanying

drawings.
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copi es may be obt @i B&fkthod 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
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

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-
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.

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. -

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:

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
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 tum is covered by an elec-
trically insulating coating, the electrically insulating coating covering the projecting

45 length of the electrode. .

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-
ing the electrode 1s 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.
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