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537 ABRSTRACT

Metlods aud apparatus For initiating an are {e.g.. o welding
arcl by placing liquid droplets containing ons 0 the wap
hetween an electrode and g workpieee. This s done while o
petential diflerence is applied between the electrode and the
workpieee. The presence of the iony renders e sap between
the clectrade and the workpicee more conductive, thereby
reducing the voltage threshold needed to initate an arc
hetween the electrode and the workpiece. When the voltage
thresheld reaches the level of the applied potential ditter-
cnee. the are will be initiated.

8 Claims, 2 Drawing Sheets
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1
METHOLY AN APPARATUS FOR
INTTTATING WELDING ARC USING
CHEMICAL SPRAY

BACKGROUNDY OF TH INVENTION

This nvention generally relates to methods and apparatus
for starting a welding arc. In particular. the invention relates
to methods and apparatus Jor starting a 171G welding are.

Many methods ofwelding are known inthe art, cach with
ity own advantages and disudvantages. Comunon welding
processes nclude gus welding. oxyacetylene braving and
suldering. shielded metal are welding (SMAW or “STICK™
welding. goas metal are welding (GMAWY or “wire feed”
welding., pos tungsten are welding (GTAW) or UG weld-
ing. aud plusim eutting, 110G welding 1s perlups the eleunest.
most precise of all hand-held welding operations. Although
the method and apparstus of the present invention is pred-
crably dirccted to a TIC welding operation, une skilled in the
art will appreciate that the present nvention way have
upplications for many other welding processes.

A conventionul TIG welding process will now  he
deseribed with reference to FIG. 10 In TG welding, a
cuncentrated hivh-temperature are s drawn between a non-
consumable mngsten clectrode 100 and 2 workpicee 14,
workpicee 14 being connected 1o the output ol o welding
puwer seuree (el shown) vid o work elip 24, Nlectrode 10
15 nested in a torch 1o, the torch including o shiclding gas
souree 18, such as o cup, W direet a shielding gas 200 such
us argent helivn. o mixture thereoll or other nert or non-
inert pases. o g welding site 22 on workpicee 14, lorch 16
receives o How ol shielding gas 20 from o pas tank (not
shown). In accordance with g known technique. the welder
may strike an are by ouching or scraping the clectrode 10
ugainst the workpiece 14 to close g elrcuit between the
clectrode 10 and the work clamp 24, As electrode 10 13
drawn away from the workpiece 14, an are 12 15 initiated.
The welder then feeds o bare welding rod 26 o welding site
22 Mare precisely, the tip of the welding rod 260 is dipped
innter the weld puddle. The are that crosses the sup from e
electrade tip to the workpieee cuuses underlying workplece
material at the welding site o melt. therehy creating a
mulien puddle 28, During o single welding pass. the arc 12
und the welding rod 26 must be mweved in unison in order 1w
elfect o weld bead. The displaced are leaves the molten
puddle 28 1 its wake. The portion of the welten puddle
furthest from the are hardens continuonsly to leave a weld
bead 30 juining two pieces of metal.

Numerots prohlems  persist with the aturementioned
plivsicul method of striking an are because the tp of the
tungsten can contuninate e weld doe o touching or
seraping the electrode apainst the warkpicee. Often, dne to
arcing a picee uf the tip remains in the malten puddle and
cuntaminates the weld. Also, the welder must then resharpen
or repluce the electrede. Not only does this process ueon-
venienee the welder but 1t alse wastes time and resources.
which ullimately imparts a higher cost o each weld.

One konown solution 1o the above problems has heen to
nse o high-Trequency signal o initate and maintain the arc.
A high-Trequency sipnal ouizes the shielding sus, allowing
the welding power 1o jump the gap between electrode and
wuorkpicce. However. high frequency. too, has its deawbacks.
The high-valtage, low-amperage noise from the high-fre-
queney ciretitry often canses clectrical interference with
surrounding  eguipiment. wwking iy use unaceeplable in
certain applications. Alse. the high-frequency signul can be
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tough on TG torelwes and work leads because the ligh
voltage causes a stress o he applicd to the insulation of the
weld cahles.

Another are starting method that avoids the problems
assocluted with the serately start is the “1HT are method. 110
are sturling involves touching the electrode 1o the workpiece
withutt the necessary scraping o gencrate a spark. Suome
knowrn Lift are methods mtilize a separate low-current power
cireuit. in addition to the power circuits ulready present o g
welding deviee, 1o create o small monitoring veltage
between the electrode and work clamp, Control elreuitry
maonitors the voltage between the electrode and work clamp
arl. when a short s detected (e the electrode has been
touched o or brought in close proximilty with the work-
plece). enables the power cireult o provide an initial regu-
lated current o warm, but not melt the electrode. When the
control circuitry detects g significant torch-to-workpicee
voltage (e, the eleetrode 1s no longer onehing or s net in
close proximity to the workpieee). the control elrenitry
crnables the power cireult o provide full user-selected weld-
ing power. However the separate power circuit required to
provide the small monitoring voltage leads to additional cost
and complexity of the cireuitry in the welding power source.
Furthennere, some R are start mwethods fail o reliably
repulute tlwe output current level belre and alter the short is
detected. An improved LT are technigue. directed o
overcoming the foreguing disadvantages. s disclosed n
LS. Patt Noo 003453500 Sl some welding procedures
require that the tungsten not touch the workpicee,

Another knwn solution, disclosed in 118 Pat. No. 6,075,
2240 15 o start o welding are by applying an are starting
signal to wnize the shielding was before cnabling welding
output power, The welding device disclosed in L8, Pat. No,
6.075.224 comprises a power clireuit o provide welding
power. a shiclding was source o provide a shielding gas at
g welding site dispused hetween an electrode and a work-
piece, an are starter cireuit (... a high-freguency stan
cireuit) to apply an are starting signal o lenize the gas. and
a controller coupled to o control input of the power cireuit.
The are starting steps are also controlled by the controller.
First, the controller enables a How control meter to beain
supplying shielding gas o the welding site. When the
pre-fow pened los expired. the controller enables the are
sturter eircull. which generates an are starting signal that is
provided 1o the power output fur g predetermined period of
time during which the resulting are wnizes the flow of
shielding pas particles. The starting are 1s not suitable for
welding. A predetenuined time ulter the are starting signal is
applicd. the controller cnahles the power circuit such that
welding power 1s provided and an are suitable for welding
is drawn between the clectrode and the workpiece.

Tlere s an ongoing need for further improvements n
wwthods and apparatus lor initdating aud maintaining o VG
or uther welding arc.

BRIEE DESCRIPTION OF THE INVENTION

Tl invention is direeted 1o wethods and apparatus {or
indtiating. an are (e, o welding arel hy placing liguid
droplets containing wns i the gap between an electrode and
a workpilece., This is done while o potential ditference is
applivd between the electrode and the workplece. Tle pres-
cnee uf the 1ons renders the gap between the electrode and
the workpicee more conductive. therehy reducing the volt-
age threshold needed o initiate an are between the electrode
and the workpiece. When the voltuge threshold reaches the
level of the applied potential ditlerence. the are will be
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initiated. The size of the droplets is preferably very line. like
a mist. The concentration ot the sohuttion should be sudli-
ciently high o increase the conduetivity 1n the wap between
the electrode and the workpicee eflectively.

Oue uspeet of the invention is o method of initiating an are
between un electrode and o workplece, comprising the
fullowing steps: pusitioning the clectrode and the workpicee
suthat there 1s a gap between atip of the electrode and the
workplece: applving o potential diflerence between the

electrode and the warkpieee: and spraying liquid droplets of

a4 solution of an lonle cewpeund inte the sap between the
clectrode tip and the workpicee.

Anuther aspect of the invention s a method of initiating
an are between an electrode and o workpiece. comprising the
follewing steps: positioning the electrode and the workpiece
suthat there 1s a gap between atip of the electrode and the
workpiece: applying a potential diflerence between the
clectrode and the workpieee: and placing a mist containing
iens nte e sup between the electrode tip and e work-
pleee.

A further aspect of the invention is an apparatus compris-
g an clectrode comprising a tip: a shield surrounding the
clectrode 1o fonn d passagew ay thwrebetween: und dau atem-
lrer that emits liquid droplets of o solution of an 1ol
compound threugh an outlet.

Yot another aspect of the invention 1s g svstem compris-
iy an clectrode comprising a tip: g workpicee separated
romm the tip of the electrode by o gap: g power elreuit lor
upplying o predetermined potential ditterence between the
clectrode and the workpiceer and an atomizer that cmits
liquid droplets containing 1ons through an outlet. the atom-
irer being arranged such that ot Jeast some of the emitted
liquid droplets enter e gap between the electrode tip and
the workplece.

A further aspect vithe mvention s a method for initiating
an are hetween an electrode and o workpiece separated by a
eap, comprising the following steps: applying o potential
diflerence between the electrode und the workpieee: and
placing a dispersed solution ol an ionie cempound i the pap
between the electrode tip and the workpiece.

Other aspects of the mvention are disclosed and claimed
below,

BRIEF DEESCRIPTION OF THIE DRAWINGS

FIC. 1 is a drawing illustrating o conventional TG
welding operation. deseribed n the Background of the
[ivention section.

FICH 2 s o drawing showing a partial sectional view of an
apparatiis comprising an atomizer and a TG welding toreh
i aeeordanee with one cuibodiment of the present inven-
tion.

Relerenee will now be made o the drawings in which
similar elements i diflerent drawings bear the same refer-
ence numerals.

DETAILLD DESCRIPTION OF T
INVENTION

In accordance with the basic concept of the invention, arc

initiation 15 gided by the presence ol a dispersed solution of

unn ionie cemnpound o the sup between an electrode and o
wuorkpicce that have o difference in their electric potentials.

[n accordance with une method. a spray of lquid droplets of

the solution 1s divected into the gap. e nsing g spray
noszle. The spray novsle may be o separate device held and
manipulated by the systewn operator or 10 may be an attaeh-
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went 1o the torch of which the electrode 15 part. [n accor-
dance with another method, 2 mist of fine liquid droplets of
the solution may he generated in sutticient proximity 1o the
wap that the mist spreads o the wap.

Tl busic coneept of au apparatus that cploys spraying
1y Ulustrated n FIG. 20 which shows o setup Tor TG welding
are imtiation. The workpiece 14 15 positioned with the
welding site disposed directly underneath the tip of a ting-
sten electrode 10 of o TIG welding torel 20 The electrode 10
receives electrical power from g power supply 48 via a
powrer eireuit 30, When the power cirenit 40 is turned ow. the
power supply 48 produces a difference i the electric poten-
tials at the electrode 10 and the workpiece 14 respectively.
During welding are formation. the electrode 10 receives
current vig the power cireuit 500 A workpiece lead 52
provides o return path for the current and s typically
coneeted o the warkpicee 14 by o clamp (oot shown). In
the ghsence of an arc, current does ot {low through the
clectrode aud the workpiece,

Tl TG welding toreh 2 Hurther comprises o generally
circular cyvlindrical gas cup or shicld 18 that surrounds and
15 penerally coaxial with the electrode 100 The cup 18 defines
the outer boundary ol o penerally annular passageway
tronel which a shielding gas. suclh as arpon. helium. o
wmixture thereoll or otler inert or non-inert gas. Qows, The
shielding was flow 15 indicated by arrows 2001 I'IC. 20 The
shiclding pas is conveved o the welding torch from o pas
supply lank by means not showi. which means typically
inelude a cable that connects the welding terch te the power
stpply unit., Typically the cable carrics hoth shiclding vas
and clectric power to the welding torch.

Tu initiate an arc 0 accordance with one cmhbhodiment of
e invention. the fow of shielding gas s turmed on and o
potential ditterence is upplicd between the electrode 10 and
the wuarkpicee 140 Initally, the conditions are such that an
are s not initiated, 1ol the resistance across the gap sepa-
rating the tip of clectrade 10 and the workpicee 14 15 too
areal relutive 1o the potential diflerence or voltuge being
applicd. The present invention employs meuns lor inereas-
ing the conductivity of the gap to a point whereat the arc will
he initiated at the applied voltage.

116, 2 deplets an instant in tine nunediately following
initiation of & welding are 12 between the electrode 10 and
e workplece 14, In aceordunce with tle cinbodiment
depicted in FIC. 20 the welding are is mnitiated with the aid
ub a sprav norzle 320 which dircets a spray 44, made up of
liquid droplets of u solution of an lonie compound. toward
e gap between the electrode 10 and the workpiece 14,
Althongh many different tvpes of spray nozzles may be
utilizedd. for the sake of illustration, FIG) 2 depicts an
alr-assisted stomizing spray norrle 32 that produces a fan-
shuped spray 34, Tle structure and operation of such spray
naszles is well knowi For exanple. U8, Pat No, 0,036,110
discloses such a spray norele.

[n the particular example depicted in FIC 20 the spray
neszle 32 comprises o novzle Up assebly 34, 0 nozsle body
sewbly 36 and an extension tube 38 that provides {oid
comunication belween e wozzle tp assainbly 340 o
norzle hady assembly 36, The nozrle body assembly 36
includes o norzle hody 37 and o thuid inlet fitting 39 that 1s
coupled to the nosede body 37 and o a tbe or pipe 40 tha
carres the alorementioned lonic compeund solution under
pressire. An air inlet member s disposed inside an elon-
gated passaue i1 the inlet end of the norrle body 37 (not
visihle in I'IGL 21 41 of the norzle bady 37, The air inlet
wenber 1s coupled toan air intake line 42, wlich provides
pressurized ain The pressured liguid and the pressured air
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are mixed ina mixing chamber inside the noszle body 37,
causing the liquid to stomize. The atomived Dgquid travels
axially throngh the extension mihe 38 and becomes a uni-
form stream as it enters @ chamber in the novzle tip. The
unitorm stream iy divided into twe unilonu-How liguid jets
us 11 passes around o detlection pin (uet shown in 116G, 20 A
hemispherical bottom surface inside the nozzle tip redireets
the How of cach jet nrward cach other causing them 1o
inplnge against one another and. thereatter. exit the wosele
tip threugh o discharpe orifiee. hupingement of the jet
stresins apuinst one unother lurther atomizes e liquid
spray. The discharge orifice has a beveled periphery that
helps to form a fan-shaped spray 44 as it exits the novzle.
Tl shupe of the dischareed liquid spray is substutiully
determined by the shape of the disclarpe orifice.

The Liquid spray 44 1s dirccted toward the gap between the
clectrode L0 and the workpiece 14, The spray nossle 32 may
be held and aimed by the welder or may be supported in a
lixed positional relationship with the TIG wrel. ep.. by
means ol a support member 44, the ends of which are welded
ar clamped to the gas cup 18 and to the spray nozele 32
respectively.

[ geeordanee with one embodiment of the invention.
solution cemprises water as e selvent and an lonie com-
pound as the solute, When the lonie compoeund is dissolved
i water, the solution contains a mixture of positive and
nesative 10ons and water molecules. When these s are
present in the gap between the electroede aud the warkplece
i sutlicient quantity while u predeternined thresheld volt-
aye 15 heing applicd across the electrode and workpiece. an
arc 15 anitiated hetween the clectrade and the workpieee.
This is facilitated by the merease in clectrical conductivity
i the pap due w twe presence of positive und negative lons,
Tlree exumples of suitable ionie compounds are sodionm
carbonate, putassium dichromate and  sodinm chloride.
Howoever, the invention 1s not limited 1o use ol these specitic
chemicals.

The person skilled in the art will appreciate that in order
o nitiate an are. other foetors being constunt. the conduce-
tvity of the gap must increase as the potential difference
across the wap 1s decreased. The applicd open-cirenit valtage
may be on tlwe order of 70 or 80 volts, but any other voltuge
suflicient for TICH welding cun be applied during are initia-
tion.

[n accordance with the embodiment shown in FIG. 20 a
welding are s initiated between the tunwsten clectrode 10
und the workpieee 14 by holding the TG wreh 2 in 4
pusition wherein the tip of the tngsten electrode 10 13
separated from and not in contact with the workpicee 14:
mrning on the shielding was Gow 200 applying a predeter-
mined potential difference between the clectrode 10 and the
workpieee 14: and then spraying liquid droplets oo selution
el an lonie compound oo the gap sepurating the electrode
and the workpicee. The wons in the sulution inerease the
clectrical conductivity in the space separating the TIG
clectrode 10 and the workpieee 14, This, In tum. has the
ellect of reducing the voltage threshold ot which un are
between the electrode tp and the workpieee will be pro-
duced. For example, the potential difference initially applicd
between the tungsten clectrode 10 and the workpicee 14 15
less than the voltage threshold required to nitiate an are
when the tenized droplets are not present. but greater than or
cqual o the vollage threshold required o initiate an arc
when the wnized droplets are preseat. Thus, by directing a

2

1.

o

a

0
chemical spray inter the gap between the electrode 10 and the
workpicee 14, a welding are 12 can he inttiated.

The size ubthe droplets is preferably very fine. Tike o mist
The concentration ui’ the solution should be sulliciently high
10 inerease the conduetivity o the pap between the electrode
and the workpiece ellectively,

[t shonld he appreciated that the method of the invention
cant be practiced mamally without the use of dedicated
equipment, For example. o commereially available plastic
bottle huving o push-down spray novsle can be lilled with
e deseribed solution., Tl systew operater can then hold
the welding worch i one hand while manipulating the bottle
ab soltion with the other hand, using an index finger o
spray solution into e gap between the electrode aud the
workpiece,

While the invention has heen deseribed with relerence o
preferred emboediments, ot will be understoad by thuse
skilled in the art that varous changes may be made and
equivalents may be substituted for menbers thereo! without
departing Trom ke scope of the Invention. In addition. many
madifications may be made to adapt a particular situation to
the teachings of the invention withow departing from the
essentinl scope thereoll Therefore 1 1y intended that the
invention noet be limited 10 the particular embodiment dis-
closed as the best mode contewplated or carrving out this
ivention, bt that the invention will inchile all embuodi-
ments falling within the scope uf the appended claims.

Tl invention elaiined is:

1. A method of initiating an are between an electrode and
awaorkpiece. comprising the following steps performed prior
L are initiation:

pusitioning the clectrode and the workpicee so that there

15 4 gap between a tip of e electrode and the work-
plece:

applying a potential difference hetween the electrode and

the warkpicee: and

placing & mist containing s e said gap while said

polential diflerence is being applied. said gap. said
potential difference and the amount of lons insald gup
creating a state in which an are is initisted hetween the
clectrade and the warkpiece, said wap and said potential
diflerence being suel that an are would not have been
nitiated in the absenee of sald lon-contuining wist in

suld gap.
2. The method as recited in claim 1. wherein said ons
comprise sodimm ions.
3 The wethed as recited i clalm 1. wherein said ions
comprise potassium ions,
4. The methud as recited o claim 1. further comprising

the following steps:

dissolving an wnic compound in water to form g sulution:

and

atomizing said selution w fenn sald mist.

5. The methad as recited in claim 1. wherein said mist
comprises fine liquid droplets of a
commpeud,

6. The wethod as recited o claim 3.
compoeund 1s sodium chloride.

7. The method as recited in claim &, wherein said jonic
compoutid s sudium carhonate.

8. The method s recited in claim 5.
compound 1s potassimn dichromate,

solution uf an onic

wherein said lonic

wherein said lonic



