« WEEDI NG W RE AND METHOD OF MAKI NG SAME ., ™ The p L
relates to the art of electric arc welding of the t¥yFHIS\BIdEE
“wire is directed toward a workpi ece and an el ectrichl cuRERDACED pas
through the welding wire to the workpiece to create 3 et
melting the end of the advancing wire and depositing the nelted rﬁﬁg’%g onto
the workpiece and nore particularly to an inproved welding wire for "USe in
this arc wel di ng g 0 ' S 4 oved wel di ng
wire. WEEBIR P WRE RN MIEE DI SEM B SARR
El ectric c welding of the type to which the present invention is directed
i nvol ves t hef Rrggent Fiventigurelatestothe art ef elegtricyare welding ofithe type syhsws 2 welding| |
which wire is fed fromthe supply reel toward a workpiece through a
t ubul wire isclinected toward atwoakpiecs andrin etevtridsd cairemtds pabsédwhesigh thdWweldipneRé &y t o
the advancing welding wire and through the welding wire to the workpi ece.
he ' ke i | [ err] ting
To° nag ofiphect S bRk s S Felding PrReUARGIAE AT oP o Uil bl i dirotfille
wor kpjece, by transf t hrough the arc aor by other electrical and_nechani cal
phen %%ﬁd‘?ﬁffi?n@ ﬁ%e E(BG‘QF%F 44 Fore PaGRwady fo amunpreye Welding Wise forst &h
melts the wire for deposition of the nolten metal fromthe end of the wire
ont o thisarewekdingprocesyiand themethed g Emakingithis émpioved wekding sirest ant i al
i mprovenents in the welding wire, which is normally a solid wire having a
predet erm ned di anet er anﬂA@mngﬂgerTf@N{ he wire can be advanced

at a controlled feed speed for melting an epositing the nolten netal
onto the Vﬁi@éﬁ:ﬂé glcceWel%tngolf%en g'pg?os W%J%% tBee pr%ggnq invention is directed involves the use

10 of a welding wire normally stored upon a spool or reel, which wire is fed from the supply reel toward

a workpiece through a tubular connector so that current can be directed through the connector to the
advancing welding wire and through _the welding wire to the Wbrkpiéce. The electric current heaﬁ
the advancing welding wire by PR heating so that the end of the welding wire is melted and
deposited onto the workpiece by transfer through the arc or by other electrical and mechanical
15 phenomenon. Thus, the advancing wire conducts the welding current which melts the wire for
deposition of the molten metal from the end of the wire onto the workpiece. Through the years there
have been substantial improvements in the wélding wire, which is normally a solid wire having a
predetermined diameter and a surface lubricant so the -wire can be advanced at a controlled feed -
speed for melting and depositing the molten metal onto the workpiece. Shielding gas can be used
20 around the advancing welding wire. A solid wire provides superior arc welding properties; however,
it is often necessary to provide the welding wire with flux and alloying metal ingredients to taiior

the molten metal deposition to the desired metallurgical demands of the welding process. To

-1-

This Sheet Has Been Replaced




around the. advancing welding wire. A solid wire pr ?W-H@e‘éﬂ%ﬁ]‘ AS BEEM|c

'_’"vvel ding properties; however, it is often necessary to MEBLACED t he Vel di ng

wire with flux and alloying netal ingredients to tarfor the nolten netal
deposition to the desired netal |l urgi cal demands of the wel ding process. To
2 acconpl i sh these added features, it has become common practii? %%
formthe wire as a steel sheath surroundi ng a center core forned '}
fluxing i di ents an /or, alloying powder. Thus, there_are man cor

wel di n§ %Dgégh apuresy It das {aﬁcP@e&SH’@H&Pfaﬁt}% 9 PQBP @SWé‘Sé\ﬁé%/ﬂ'

distri but ed al ong the | ength of the advancing wel ding wre. Wen

pr oducsumpuhding arenter edre &rmefl fiom fhndngringtedients ant@andhoying peveder. (Thas,chere acan
include all oyi ng powder. These netal cored el ectrodes enploy the powder ed

nmet al o r
#ndn {:;kﬁe& Wefdtﬁ e, b@'{ g.grll% a gcg\ﬁ}r% t%grédgﬁtlt glesffotﬁé:a.é‘vlég bvéily WRlrfbubl along

process. ere IS di ng processes tO

use the flux, car r _netal red vm nst ances en
5 conbpRdenh o s S e /e s S R Lo SOHE S ORE T
advant ages of these cored w res or eI ectrodes for arc welding wire are
s®mewhstandard stsel, the core canduclude siloying paovdes. Fbesd mefai comd elrgtrpdesprmaploy dhe
superior arc welding. The netal is at the center of the arc and in a

sheat hpdiddred iétd)Gn tHEcoRé o taﬁSr {he dapédifed nteedlFor £ EiveR WaRldif® pRitesy. 'EherSRid a
solid nmetal wire and a netal cored wire have a substantlally constant .

or ac o< SR par RGeSt WaRineibociuh TEbE GG sop Pl Bl st " it

there are instances when a combination flux and alloy powder are used in the core of the wire. The

advantages of these cored wires or electrodes for arc welding wire are somewhat offset by the fact
10 that a solid metal wire normally produces superior arc welding. The metal is at the center of the arc
and in a sheath surroundittg the arc, as in a flux cored or metal cored wire. Both a solid metal wire
and a metal cored wire have a substantially constant resistance per length of wire, which resistance
controls the arc welding process especially in constant voltage arc welding procedures. In some arc
welding processes, it is desirable to have an increased resistance pei' length to optimize the welding
15 process, but such a modification affects the amount of metal being deposited. The solid metal wire
and the cored metal wire satisfy the demands of the electric arc welding industry; however, they have
disadvantages caused by the constraints of their physical characteristics which in some instances
does not allow optimum electrical characteristics of the welding process.
THE INVENTION
20  The present invention is a solid metal welding wire which has distinct quantized segments

that facilitate superior droplet transfer. The segments each have essentially the same volume. This
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wel.di ng processes, it is desirable to have an increaggd: §|$‘ I er
““length to optim ze the wel ding process, but suchf a no gi %ﬁggﬁg% fects

t he amount of netal being deposited. The solid netiad—ail LA d t hejfcored

nmetal wire satisfy the demands ofthe electric arc welding industry;

however, they have di sadvant ages caused by the constraints of -thf-ilr859

physi cal characteristics which in sone instances does not all ow optinum

el ectrical characteristics, of the | di n r ocess.

THE | ESUd welding wire B BRI G Soens SeDastec i dging St e o

whi ch has distinct quantized segnents that facilitate superior droplet

t r ansbesn folthé to pepfiernt welk adth domventiemgbearistant yoltdge welding\sotgas . The purrent or

3 use of a solid welding wire with quantized distinct segnents

separ ﬁéa‘%ﬁixﬁ 2%’ coRfrbféd Br}t&hg %ﬁé@ﬁ% ?esﬁlé'ﬁce ofteaktak @ perllehSthPRACR rebiseRIck idthéreased

conventi o consta tage wel ding sources. Theé current or heating is

controlled by the effective resistanc r. resjhstance per |e |

oot s Dupias e omesngmaleE i itnd e PR IR 1A Se ks * Fis dgpel bl

el ements between the |arger segnents. This type of solid wre has the
&dvanwargehasithe advantage dbatilt is migde by spmply precsssing syisting selidhMIGovirg MAG
wrein a manner to produce a series of spaced indentations creating a
quant hya@flert Piditice B RENGT s?ﬁbed@ﬁd&ntatioh@d&ﬁﬁx@g 4 Qiitiz&d sdpnieid betnatn adjacann be

done at the manufacturing tfacility making the solid wire or in a device

adj ac h i . f r ' N AL
r obot ﬁ-’t&te&%ﬁ%:?shguéﬂ é@gn;t%ogs cﬁ@"ﬁ g%g%%%%@ S pggag gﬂg egne rﬁtg g%%ﬁ(g“%g Ioird
wel ding wire, pulsed arc welding can be . . - . .

in a device adjacent to the wire feeder at the welding station, which is often a robotic welding

station. By using quantized spaced segments in a solid welding wire, pulsed arc welding can be

10 coordinated so that the pulse frequency and the wire feed rate provide a quantized segment at the
time of each current pulse. This coordination stabilizes the pulsed mode transfer so that a single
droplet detachment is achieved with each current pulse to optimize the welding characteristics in
ways well known in the welding art. The electrode is heated by current passing through the wire.
The resistance of the wire has a direct effect on the heating. Thus, by using smaller areas between

15 the quantized segments, the effective resistance or resistance per length is increased and the current
is decreased when a constant voltage is applied to the welding process. This adjustment of resistance
controls the heating of the advancing welding wire in a2 manner determined by the area and length .
of the bridging elements created by the indentations defining the spaced quantized segments. By
using the present invention, the resistance per length of wire is higher than with a solid wire with the

20 same outer diameter. 'fhis is an advantage at high deposition rates because the heat input into the
workpiece per unit weight of wire can be reduced to extend the stable range of the constant voltage
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coerdi nated so that the pul se frequency and the
‘quant i zed segnent at the time of each current pdlise i ggpor di nation
stabilizes the pul sed node transfer so that a single 2 - hrent
is achieved with each current pulse to optimze the welding characteristics
in ways well known in the welding art. The el ectrode is heated bzfﬁ§Prent
passi ng through the wre. The resistance of the wire has a direct effect:
on th I RY- J | QS r .y '
ceqroAreseit B9 sphilifs o'orts, PIORE SR or e Bl L WM qeil BB berkblh e
and the current I s decreased when a constant voltage is applied to the
wel di ABanizsd segments,ithe registanceperlergth canbe medified in adsifared fashigs. Tag shang off

t he advancing welding wire in a nanner determ ned by the area and | ength

of t heheindeigtationsadreatingttiie bridgihg dlefentstetweshathe quamized degnhenit\of the eolidpwired
guanti zed segnents. By using the present invention, the resistance per

'engt n : : . : > :
di ame?ler. hilagbgezngfﬁ agvgm agéﬂé&%@é%ﬁ’é@%ﬁé&?df |:gontl$°§§ es ge%ause f%égfrﬁrédét
i_nput _intp the workpiece rounjt weight of wire cap be reduce q .extend
tshg < thus ereass dhe resistance ngl't%ﬂhdv\&rf. égt;gveen the quantlzeci] segments. ff tge Lndgmg

4 process. By reducing the cross sectional area of the netal in the

bri dgelementscarenn theefommeof ditvalar grooves, zbel sclatymeta] wiret daa bequoeitied sithgfhuxitgngt h
can be nodified in a tailored fashion. The shape of the indentations _
creat ﬁﬂ&gtdi‘ﬁllgﬁhg A, SheHBANRe %hi’é’%é‘cérﬁé‘d B&Jﬁl@tgk&ﬁz@s Wﬂﬁrﬂfkcﬁﬁg fhaouie! i d
wre electrode Ccan bée in the formof circular grooves or other

confi

uratio whi redyce . .t.he area .and f hys, .incyrease. the.resistance of
Cho sOiAmiPior tang mefab wicé; pComich cPoRR 1€ Aipiniaingd & the Blst Biigns e o8 Fuindld
segments. By adjusting the relative length of the quantized segments and the length of the groove

ggfﬂyxsﬁﬁﬁtb!v de a

. 10 forming the connecting elements, the desired amount of fluxing or alloying agents can be provided
per length of the advancing solid me'tal welding wire. Such solici wire has the advantages of standard
solid wire with the added advantage of a flux cored or metal cored wire. To protect the fluxing,
filling or alloying agents in the space created by the indentations forming the bridging elements,
another aspect of the invention includes the use of a metal sheath around the metal electrode. This

15 sheath can be steel or copper to enhance electrical conduction from the electrical contact in the
welding equipment to the advancing solid metal welding wire. Thus, moisture contamination and

| physical damage to the fluxing, filling or alloying agents is inhibited. The sheath or jacket can be
mechanically wrapped around the wire having spaced quantized segments by using a standard spiral
wrapping techﬁque. The sheath or jacket can be placed around the wire and drawn or rolled with

20 h the wire, using techniques similar to those employed in conventional cored wired manufacturing |

techniques. The sheath or jacket can also be provided by a plating technique or a plasma spray
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ek Can be

Cprovided with fluxing, filling or alloying agentfs éﬁH‘é‘iS BBEN agent s
“are carried by the grooves w thout affecting the t er RERiAGEB: er of the
metal wre. Electrical contact is naintained at the outer portroms” of the
quantized segnments. By adjusting the relative length of the quantjizgso
segnents and the length of the groove formng the connecting elenents, the

desired, anount, of fluxing .or. ' I QM4 h

of ¢ e EXOANE g ot 1 et B aBker Byl PO A g P YR PR dL R
advant ages of standard solid wire with the ad,deqd advant a]ggqlo%a f.(gux ored
or neindeed snehia sheath or jasketrcan be placedearpynd,the guantized segmgnts formmg,the § s in
t he space created by the indentations form ng the bridging el enents,

anot heyeldifi® §fe Withdul the seasTifi g agentsusierely focenhanceahe alevteical chmtreteristics; onnd
the metal electrode. This sheath can be steel or copper to enhance

electric tl . r s b ] el di Lement
ot hEPEATIREieR P Abotde b iy et oh By iR 6 el A e
physi cal damage to the fluxing, filling or alloying agents is inhibited.
Phe shleatrie 256 WeldRg PIO8%SShe mechani cal Iy wapped around the wire having
spaced quantized segnents by using a standard spiral wapping technique.
The sheat h Ipaccordakied with thelpzesehtineahtion therd it provided 8 waliingiwaresfor eise inpglectric wi t h
the wire, using techniques simlar to those enployed in conventional cored

W T ed ofERaRAE Wiletoithhe Tdiﬁ%ﬁgléﬁas M BresRAS fler HanhAGHaRH c6RPristh & erkdth ¢Fseld ded

by a plating®techni que or asma spray

2 o grroFel R a0 o sgrirs 4 Mgt seErpl, cash Havihd &'Sefecftl Yfiind 23 j61iRA tddetitr

by interconnecting bridging elements with the cross sectional area of the solid metal at these

el ements are in the formof circular grooves, the ﬁ%glt%ﬁg

10 segments being greater than the cross sectional area of the solid metal at the bridging elements. In
this manner, the solid metal weldipg wire has distinct quantized segments. By controlling the
contour of the connecting bridging elements, the resistance per length of welding wire can be
changed to control the welding process so that a lesser amount of current will be needed to deposit
a given amount of molten metal.

15 In accordance with another aspect of the present invention, the bridging elements are formed
by indentations, such as circular grooves, which indentations may be filled with a fluxing agent,
alloying metal powder or other constituents to control the metallurgy and fluxing characteristics of
the metal wire while maintaining the advantage of a solid metal arc welding wire.

In accordance with another aspect of the present invention, the quantized distinct metal

20 segments have a maximum cross sectional area essentially defining the effective outer diameter of

the solid metal welding wire while the bridging elements of the wire have a maximum cross
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| ndeed, such a sheath or jacket can be placed arou
. formng the solid netal welding wire w thout the
nerely to enhance the electrical characteristics,
advancing netal wire stored on a spool for use in an automatic or

sem -automatic electric arc wel ding process. I n accordancg _

t he present invention there is provided a welding wire for use in electric

Compr 1 O AR el ;oL ot iy oE5S kB fen B AT 28

segnents, each having a selected volune and joined together by
i nt er c¥$8MEBESi ng bri dging el ements with the cross sectional area of the .
solid netal at these segnents being greater than the cross sectional area

of the sol i bh atedrdhnos twithhstillly fufthiéragpezt 608 besert invehtion thers fprovidee a nedthetl
metal welding wire has distinct quantized segnents. By controlling the

contou f
el ai ri fpaiciie & SGRE e\ i Wietgh Bl 3 Pk Bing, Wi GRLALA dEoHEE 8RS oF

| esser amoynt of current will, be needed to_depgsit a gjven, anount of

nd| t ercomuexdng a solid metal welding worepiprea givem path and &rmingretaries pf indentatiensdp the

I nvention, the bridging elenents are fornmed by indentations, such as

- Ci r cul wire gt sneldysspacdd lobations! edefine a3erievmy diveinétirhétalcbeginetits 2adH haviixrg;a sejeoted

al 'oying netal powder or other constituents to control the netallurgy and

of . S8 RSP bl el slclfed i oited oghiet By BRUNE LR ARGt 0°
et e s, e cplaiaES P LR BT S s

outer diameter of the solid netal welding wire while the br|dg| ng el ements
of t hetheinantized metel segmentsiofthe selid welding wire.

=1

10 In accordance with still a further aspect of the invention, this method includes the step of
depositing granular flux into the indentations or depositing powder alloying metal into the
indentations. In this manner, the indentations can control the even distribution of alloying agents
and/or fluxing agents along the length of the solid welding wire, without requiring the use of a cored
wire concept. The method also contemplates the further implementation of an aspect of the

15 invention wherein a metal sheath of steel or other qonductive material is placed around the solid
metal welding wire,

By using the invention, the seﬁeé of distinct quantized metal segment; that are joined
together by interconnecting bridging elements can have effective resistance of the solid metal
welding wire accurately controlled by adjusting the relationship of the segments and bridging

20 elements. |

i

In accordance with another aspect of the present invention there is provided a method of
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6 .- sectional area that is substantially less than the nmaxi num cross

‘'sectional area of the quantized segnents. ith still
a further aspect of the present invention, there TH!?S'S!-&?‘%? ’%agm hod of
producing a solid welding wire for electric arc| hod

conprises the steps of conveying a solid netal welding wire along_fgqy ven
path and form ng a series of |ndentat|ons in the wre at equally spaced

| ocati ons.to i ne a seri.es_.of d| e

sl oct oL fenRatieae aer ot heqlid ety T5i e IR4TRR Brragtab e Reothe
bridging elements deternmined by the shape of the separ at| n I ndent, atlons
I'n priachiding the steps ofcpnvidingarsolid mstad weldimewirgs ooning arerigpel ndemationsdnhe; ed
netal segnents of the solid welding wire. In accordance with still

a furiierat spaed tlo@hohmheﬂauy: tHel registahidd fser Netightosk the dddedasiondis geater thin the
depositing granular flux into the indentations or depositing powder

al | I
oSl A A e el e
A RUARELE RACEIER TR R

I npl ement ati on of an aspect of the invention wherein a netal sheath of
st eel therstep bE contoolting tthes spated betiwetn itlse fridantetiors wuprdvideaqumntizad segateats of

wel di ng wre. By using the invention, the series of distinct
guant %&m Itu Sefapat are joined together by interconnecting
brid ng e nts can have effectlve resi stance of the solid netal welding

W e accur ﬁge controlled by adjusting the relati onship: of .t heyseoent
which wire has a series of distinct, quantized segments joined together by bridging elements.

10 Another object of thg present invention is the provision of a solid metal wire, as defined
#bove, which solid metal wire can l?e produced from a standard MIG wire at the manufacturing
facility or adjacent the wire feeding device in the welding area.

Yet another object of the present invention is the provision of a solid metal welding wire, as
defined above, which wire has improved arc stability and controlled heat input. The wire can greatly

15 facilitate pulse arc welding in a constant voltage welding process.

Still a further object of the present invention is the provision of a solid metal welding wire,
as defined above, which wire can be produced to have a controlled resistance per length greater than
the resistance per length of a metal wire of the same diameter.

A further object of the present invention is the provision of a solid metal welding wire, as

20 defined above, which wire can be produced to control the resistance of the wire stick out per unit

volume of wire directed to the workpiece.
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el ements. . I n accordance with another aspe tTH63 SHEET ppeSf

“invention there is provided a nethod of REP LAC D
7 controlling the resistance per |length of a solTd—metal-ueldijng wire
used for electric welding i ncluding the steps of providing a solid netal

welding wire, formng a series of indentations in the wre at spgcegs9
| ocati ons V\/nereby the resistance per length at the indentations is greater

h
control 11 g e ek of FpmeePiimplipn (udbiofigBEERERR Ml BURMIE B AIANC

resi stance per length of the wre. ThIS met.hod, js further fi
i ncl udwirg has aigseaterapsigtaneeer length than arfelid yareef the sapeflameter; &h—b‘rﬂ %%mn to

provi de quanti zed segnents of general ly equal volunme of netal.

The pradvantig®Riwef high depiitiohastestue to\aaediced heat inpuetopthe woskpiecegfer anit dength
nmetal welding wire, which wire has a series of distinct, quantized

segment s | ﬁm Anot her obj ect of
‘the pré\ en? nven‘??%ﬁréﬁes%e pr%?@?%‘ﬁéso E?Pffcﬁ%sta W re, as dJefi ned

above, which solid net re can pe produced from a st W re at
t Ae manuf acBtll pAyrther SBIFFF‘{ yhegresegf myention I ergspgé)éla ‘g&?gaégve%in% R
wel di ng ar ea. Yet anot her object ofthe present | nvention is the

pr ovi sasdefirfed abevs, whicieweldingsiiit can iveepntislleddesistanes pepuuis length ercopiteliedas
i nproved arc stability and controlled heat input. The wire can greatly
resistance of the stick out merely by utilizing a series of indentations defining the distinct quantized
segments of the wire.
Another object of the present invention is the provision of a solid metal welding wire, as
10 defined above, which welding wire can be coordinated with a pulse welding process so that a
quantized segment of the wire is prqvided to the arc of the welding process simultaneously with each
current pulse.
A further object of the present invention is the provision of a solid metal welding wire, as
defined above, which welding wire can be provided with fluxing, filling and/or alloying agents that
15 can be carried with the wire while maintaining the solid metal characteristics of the welding wire. |
In addition, the wire of the present invention can be provided with an outer metal sheath to hold the
| fluxing, filling or alloying agents and/or to increase the conductivity to the advancing metal welding
wire during the welding process.
Another primary object of the present invention is the provision of 2 method of producing

20 a welding wire for electric arc welding, which method forms a series of indentations in the wire to

quantize segments of the wire so the wire can accept fluxing, filling and/or alloying agents and can
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facilitate pulse arc welding in a constant voltage wele
‘Still a further object of the present invention is {THSPREN s
netal welding wire, as defined above, which wire cgn beP@P
controll ed resistance per length greater than the kestrSTance per |ength of
a netal wire of the sane dianeter. A further object of the_ggsgsent
i nvention is the provision of a solid netal welding wire, as defined

abov%avgv?&ﬁjfbli@hrr%iﬁ%e%Wn%ﬁ*’&ﬁgiré.o control the resistance of the wire
ut per u volTume

stick 0 NI Wire'directed to the workpiece.

8 Anot her obj ect ,of the present, i nyention i h rovi si on of
a sol i d metnatherobischef the presentinveption wﬂreeprﬂ%wméa @aﬁb@ﬁaﬁaﬁ@gaﬁ% ’EYB%C%

l ength than a solid wire of the same dianmeter. This object is an

advamethed edn weraystdvidgid MEGoélting wirednescar be performedent aceldtivedpniow ogstit to t he
wor kpi ece per unit |ength of wire, thus extending the stable range of a
const ant : ' : nt

i nventi on\q?lsegt e ﬁ%&? ieligsnangfﬁd \éanga (ﬁe%ﬂin%%cgﬁng\%gé%ﬁtlgg % trﬁg?olﬁfvvggé%‘egﬁ;ﬁ%g
sabove, whi ch wel.%_ié wire can have.controll ed resistance per unit length or
cont ffeRdagetherg) REEOBPAPIRE TAVEESout nmerely by utilizing a series of

I ndentati ons defining the distinct quantized segnents of the wire.

Anot her object of the present invention is the provision of a solid netal
welding wire, as defined above, which welding wire can be coordinated with

a pul se wel ding procesBRIEF DPESGRIPTION OF DRAWINGS

FIGURE 1 is a side elevational view showing a solid metal welding wire constructed in
accordance with the present invention;

10 FIGURE 2 is a cross sectional area taken generally along line 2-2 of FIGURE 1;

FIGURE 3 is an enlarged pé.r?ial &oss-secﬁonﬂ view illustrating one quantized segment of
the wire shown in FIGURES 1 and 2 with the indentations forming the bridging elements filled with
a ﬂu‘xing agent; |

FIGURE 4 is a view similar to FIGURE 3 with an outer metal sheath over the metal welding
15 wire; |

FIGURE 4A is a figure similar to FIGURE 4 with the indentations filled with powdered
| alloying metal;

FIGURE4Bisa v1ew similar to FIGURE 4 with the indentations filled ﬁth a fluxing agent;

FIGURE 5 is a side elevational view schematically illustrating a procedure for forming the
20 spaced quantized segments in the solid metal welding wire by using two rotating forming wheels;

FIGURE 5A is an enlarged cross sectional view taken generally along line SA-5A of
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: quantlzed segnent ofthe wire is provided to the arc of M

g %E&-IH@ BEEW ss

“'simul taneously with each current pulse. A f

present invention is the provision of a solid nmetal wel ding W|re, -

defined above, which welding wire can be provided with fluxing, fiIIing
and/or alloying agents that can be carried with the wire while malrlh

the solid netal characteristics of the welding wire. |In addition, the vmre

of the (ﬁ?ﬁﬁt‘ja{t ﬁmehgarﬁoﬁ?t?}nﬁi%ﬁ{e%\ﬁi "n e‘ﬂQ ¢an outer netal sheath to hold

t he quxmg, f|| n RLS “an o’r to increase the

conductivity e advanm ng metal welding wre during the wel
process. F &kg B e AN Splapgadycrass seetions! a{qa}éalgﬁnegmalgfn@lgpg liae 5|Asgﬁl'?é a

provi sion of a method of producing a welding wire for electric arc
wel di ngquantizedhsegriehbaf themime; a series of indentations in the wire to

quantize segnents of the wire so the wire can accept fluxing, filling

and/ or all oy heel di

) have N s?&‘%@"em%lér‘“ ORISR e ommine el Pt
the J nven nis ro i si on af s defined above,

V\:h?Ch a&ﬁﬂs s‘f? © b2 8}‘ %‘%EHFW%W@“E WBE perforned at a

relatively | ow cost. These and ot her objects and advantages w |l |

becone apparBKIURE 6B)is heide elevatidnalyviek i partialicooss section shewing theewireptoduceddy

acconpanyi ng draw ngs.
rotating forming wheels, as shown in FIGURE 5; and,

FIGURE 6 is a composite view showing the coordination between current pulses in a pulse

arc welding process and the mechanical aspects of the welding process explaining the relationship

10 between the pulses and the quantized segments of a welding wire constructed in accordance with
| the present invention.

PREFERRED EMBODIMENT OF THE INVENTION

Referring now to the drawings, wherein the showings are for the purpose of illustrating a

preferred embodiment of the present invegtion-and not for the purpose of limiting same, FIGURES

15 1 and 2 show a welding wire W constructed in accordance with the present invention. This wire has

a series of distinct, quantized segments Q separated by connecting or bridging elements B. These

bridging elements are formed by a series of axially spaced indentations 10 inward of cylindrical

surface 12 for welding wn'e W. Quantized segments Q can take a variety of shapes from cylindrical

to spherical and connecting elements B can have a variety of shapes determined by indentations 10

20 or other groove like modifications extending inwérdly of surface 12. In accordance with the

invention, quantized segments Q have a maximum diameter which corresponds to diameter g of wire

-10-
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BR. EF DESCRI PTI ON OF DRAW NGS FIGURE 1 is a bidis SHERTAHADBEENi ew
“‘'showi ng a solid netal welding wire constructed in agcor dREPEAREDR h t he

present invention; FIGURE 2 is a cross secti epatl—areataken
generally along line 2-2 of FIGURE 1; FIGURE 3 is an enl arged
partial cross-sectional view illustrating one quantized segnent ofy_{

wire shown in FIGURES 1 and 2 with the indentations form ng the bridglng

element,s filled with. a fluxing agent; . FI s 4| j | Mgk ar
o P obrelt mEitsh Gapfster oenBeBRER: deispmines fhd ilbRRCAL B8 T2 Rl W,
FIGURE 4A is a figure simlar to FIGJRE 4 with the indentatigns filled with
powd e (Gaginecting @jameants B have a diameter b. A5 dlysizatedin EIGURE 2wa s10s55 sestiona] apsaduref 4
with the indentations filled with a fluxing agent; FIGURE 5 is a

si de ebguaits @& subsRitisley gfater ¢hdn thel drbdssdettidrial Grea AL OF elbutentsi Bl Thusrtheg
the spaced quantized segnents in the solid netal welding wire by using two
rotatin ' e ; PR 2 LS, : j.amal
Vi ew ggﬁ%%ﬁ%{;}}eg a%gg %ﬁ SV sllﬁxgreﬁd%*a Hdehfutidfls $6 fFALARSLAGHRS efofifehts

10 FIGURE 5 at an-indentation formng the bridgjing el egent,; .
5 The relationship between the length ¢ of segment Q and length 4 of bridging element B determines

the change, or modification, in the resistance per length of wire W over the resistance per length of
a standard wire having the diameter a. Thus, indentations 10 have two overall functions. The
indentations separate wire W into a éeries of quantized segments Q each having essentially the same
volume of metal. These indentations also increase the resistance through wire W so that the effective
10 resistance per length of wire W is controlled by the contour, size and configuration of indentations
10. Thus, indentations 10 are usgd to control the effective resistance of wire W, whereaé the
quantized segments Q provide controlled droplet transfer of molten metal from wire W during the
arc welding process. As can be seen, a variety of dimensions can be provided for segments Q and
indentations 10 to accurately control the resistance and welding characteristics of solid wire W.
15 However, wire W still functions as a solid welding wire. The quantizing of segments on the solid
welding wire and the control of resistance through the wire is unique and forms the advaptages of

the invention, as previously discussed.
In the preferred embodiment shown in FIGURES 1 and 2, indentations 10 are in the form of
generally circular grooves having a diameter b and a length d. By using this, or any similar
20 construction of the indentations, it is possible to load the solid welding wire W with fluxing agents,

filling agents, and/or alloying agents. As shown in FIGURE 3, grooves or indentations 10 are filled |

-11-
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T HAS BEEN
FI GURE 5B is an enlarged cross sectional area taken J&%r ;m@_bong Il ne

| ~'BA-5A at a quantized segnent of the wre;

enl arged, partial cross sectional area of the form ng vvheel s used in
formng the indentations to define spaced quantized segnents in the netal
wel ding wre; FIGURE 5D is a side elevational viewin partijahggy oss
section show ng the wire produced by rotating formng wheels, as shown in

e im0 S e o AT oK BTN gt e

mechani cal aspects of the wel ding process explaining the rel atlonsmé)
bet weeeasilyidepmsitedin groaves 10 agd emainsdu indeniationssor grocyestd. dTus fluxet ed

in accordance with the present invention. PREFERRED
EVBOD! MEbiTed¥ tHE ! itMENTEIR Mg process is d3afrelléd bygthe @ixetand hkial shasingvggrooveesei n
the showi ngs are for the purpose of illustrating a preferred embodi nent of

th t f

bna b SRERRACTRFS RAE WA el Has I et scHeiBPG s Blid mit i, FERE chatabtoiiin
invention. This wire has a series of_.distinct, uantlzed grrrant,si§$E
s@par aprodudss aorhiliy; whilestilbhaving theakiligipfcraying 2 COBW@& Hiiesfa the

are fornmed by a series of axially spaced indentations 10 i nward of

cyli ndirb@ﬁhn%ﬂiérvﬁaﬁmgﬁoéeéﬁ Tnethelpast, use bW inRobvet iafbnt corghweeltimgicgwhictke a
variety of apes fromcylindrical to spherl cal and connecting elenments B

can ha«rge ?.1&’1'?0[ ¢ hieih ngééﬁgﬁ?&agﬁkﬁsﬂ%mfs geﬂé} &%@ﬁcﬁ@lecﬁ:br eSWHRh havoove

i ke I ons extendl ng I nwar o ace I'n accor ance with the
i nventjion, quantized segnen{ have a X m di gmet et whi rres
to di afex éggrgs geated pa thg outside o?the electrodre?s51 bg& outsﬁe coating couﬂ] notQDe useﬁ%r

welding wire of the type to which the present invention is directed. In some instances it may be

10 advisable to cover indentations 10 with an appropriate metal sheath 30, as illustrated in FIGURE 4.
This sheath can be a steel sheath as used in flux cored wire. In addition, it could be a copper sheath
to enhance the electrical contact with wire W in the welding equipment. By using sheath 30,
indentations or grooves 10 are closer so that they can retain alloying powder 32, as shown in
FIGURE 4A, or granular fluxing agents 34 as shown in FIGURE 4B. The disclosure of FIGURES
15 | 3,4,4A anci 4B show that a variety of structures can be used for either closing indentations 10 and/or
loading indentations 10 with several additional constituents, without compromising the soli& wire
characteristics of wire W or the resistance controlling characteristics obtainable by use of spaced
indentations 10. As shown in FIGURE 3, electrical contact is maintained with surface 12 and the
ratio of diameter a to diameter b and length ¢ to length d can be adjusted to control the ratio of the
20 quantity of materials 20, 32 and 34 with respec.t th the §OIMe of wire W. Jacket or sheath 30
prevents moisture and other contaminations from entering indentation 10 and maintains agents 32
-12-
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B W .The maxi mum di ameter of the segnents determnes the cylindrical
- surface 12 of wire W Connecting elenents B
illustrated in FIGURE 2, a cross sectional are TN_\&!SH
substantially greater than the cross sectional tarea
t he resi stance per length of wire Wis incre e i ndent attqlgg 10
formng bridging el enents B. The relationship between the |ength~c ?
segnent and length d of pri el enent det erm nes the ch

ol PO Ghplass, pgactiss; whem DErh 4P 5 GREIPHEd i R FePD G tHea B EREL Wirke
per | ength of a standard wre having the dianeter a. Thus, indentations
10 haweamvetaldoi jadket dtilizing ospiral Wapping tachmiqust | ons separate wire Winto a
series of quantized segnents Q each having essentially the sane vol une of

metal . TheggqdnpdRhs 80 tAMvE a Varidty Gfﬁfaﬁ&s ahhemr BShrovidRE By kivagsty bfptog@%xgéf ﬁe

that the effective resrstance per l'ength of wire Wis control

conto I ze ar confl t|on of dentatl . opns 10
are v gueed, ERsfigRe o Bnsli i oBmet Citihe Wohetgr DA R R dhicRS 10
quanti zed segrrents Q provi de control |l ed dropl et transfer of nolten netal

f5r om wonténugudwire V.t Feus, "indentatons’ indipate thesexisteacesfia tsducsdaiplume inwardiof of
‘di mensi ons can be provided for segnents Q and I ndentations 10 to

accur giagheterci2Dbiitdot hétRssafiBi thé pRdeeluad for Wbt dithplizhinigahft Mebrchsetlisize of theswdlingle Wi 1 e
W However, wire Wstill functions as a solid welding wire. The

ool s AR iﬁ%& Ao st Oae ﬁ‘?%g?'%?ré*‘ eFo BBl g el 10
i nventi on, revi ously di scussed t he preferred enbodi nent
shownis sshem ilustrated n FIGURES & 5An3Ba1C a%SD ﬁvheren fomingwhegle pr34 aty

circular grooves having a dianeter b and a length d. By using this, or any

si m | ddocated@dpcentahe auleodf wire extruderd®thatprsduces a standacd MIGH wird C. I\?‘dmﬂlstﬂ@eSEol id
wel ding wire Wwith fluxing agents,

10 have a series of circumferentially spaced cogs or blades 70, 72 coming together at joint 74, as shown

in FIGURE 5A to upset wire C at ?xially spaced locations to create grooves or indentations 10.
Relief areas 80, 82 are provided on wheels 50, 52, respectively for accommodating spaced, quantized
segments Q to eroduce a wire W, as shown in FIGURE 5B. As shown in FIGURE 5D the outer
surface 12 of the wire may have a certain unevenness created 5y upsetting the metal forming wire
15 C to create the spaced, quantized segments Q. This upsetting action is minor and still produces a
generally cylindrical outer s_urface, which surface can be used for directing electrical current into
wire W' during the welding process. Forming wheels 50, 52 could be located adjacent the welding
operation in front of the wire feeder for driving welding wire W to the welding area. In this manner,
an operator could customize the size of segments Q and the configuration of indentations 10 with
20 respect to the actual welding process to be performed. A different set of wheels 50, 52 could be

provided for various welding operations. A standard MIG wire C could be provided to the welding

-13-
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‘indentations 10 are filled REPLACED

12 with a fluxing agent 20 which is normally granular in natiure and
formed into a paste. The paste is easily deposited in grooves 10 and
remains in indentations or grooves 10. Thus, the anount of flux  gdijcegted
to the arc in the welding process is controlled by the size and aX|a]1

spaci ng of grooves or , .ndentatjons . Jhe wire sti.ll s, t.he . :

char alacations; andsthgrquantizad; seements) vvm"é&?w%ﬂe@”ﬂsi%%ﬁ %ttqﬁ%t SIg’pr §é&&rc
stability, while still having the ability of carrying a_ flux of controlled
quant advaatagt of the@resemtrinvention ang allowswustdinizgd prasitetion of ssolidevelding wirgdiavigg
flux involved a flux cored welding wire, which wire did not have the

benef yirized B3RRAGIT) sepalic 8)f britgh dlémaits B. dfﬁ&raﬁ'alta%@n&itd @uldbemrovided for

whi ch ux agents coated on the outside of e el ectrodes. Such

out si de goating,coul d t be used far | dij n i e of the type to which
t he pF@%@?ﬁ%heﬁg@W#ﬂsiq ’%lFﬁéfzfaﬁ e msgﬁmﬁks%ﬁ%‘,g@ it may be advisable
to cover indentations 10 with an appropriate netal sheath 30, as., .

51 | ust r at e@neradvantigrpfa solid weldingswiaaeonstustedin accardange Wibhe RTSSENYJEENLOR
flux cored wire. In addition, it could be a copper sheath to enhance the
el ect iJ @@ it ebSEdordinkted Withea piliewélamgrbetiss) s schenpatieally ilRstrated imFKHIRE
30, I ndent ati ons or grooves 10 are closer so that they can retain

I 1 oyi wder . 32 | - El ' 34
s ShoPReRt R pesk ot stert B, \dY ol il vollpe SRS pply S i ATinE
that a variety of structures can be used for ?ither cl sh@g inde.nj.%f{i ns 10
and/ of; to t3 Jeheipulseifisquency of thepulsss WP 16 almpwmyyalug, §Reh 254 PUISEHRT TIRRIG o nc

W t hout conmprom sing the solid wire o .
lower portion of FIGURE 6 illustrates schematically the welding process, wherein wire W is passed

fiJ:I i ng agents, and/or alloying agents. As shown in F'&IﬁzngE H&%\ﬁggmjr

10 through a contact sleeve 110 toward a workpiece 112 so that wire W is melted at arc D by pulses
from a power supply connected to negative lead 120 and positive lead 122. As pulses 100 are
directed thréugh arc D, wire W is moved at a wire feed speed providing a quantized segment Q at
the same time as a current pulse 100. The wire feed speed is coordinated with the frequency of the
current pulses so that a quantized amount of metal is provided for each pulse to melt during the pulse

15 welding procedure. This ability to coordinate specific quantities of metal for each current pulse is
an advantage of the present invention. There are other advantages as previously discussed whereby
the novel concept of quantized segments joined together to form a solid metal welding wire can

~ produce controlled resistance and superior droplet transfer.
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char acteristics of wire Wor the resistance control IL%H‘%%{%EHQ&%EN
‘obt ai nabl e by use of spaced i ndentations 10. As shown_i i

el ectrical contact is maintained with surface 12 and the _ratro-of==-.
dianeter a to dianmeter b and length ¢ to length d can be ad usted to :
control the ratio of the quantity of materials 20, Bps s¢sect

t'o the volume of wire W Jacket or sheath 30 " prevents her o
contam nations fromentering indentation 10.and mai nt ai

13 and 34 in place. |l.n practice, when ath 30 is enployed it Is
wrapped around the quantized wire as & foil jacket utilizing a
spi ral wrappi ng techni que. | ndent-ati ons 10 can have a variety of

shapes and.can Aevejding wiredobyseinesotrit ;mcoie!qhng,cﬁatﬂmu‘sha\lma@a@ﬁwﬂw outer
|ndent atlons an nerely be fornmed. by jOI ni n oget her antized elenmepts Q

i nt o diametehandh (YBROYRS 2 lenethof solid pistal foums iSFRASOk sneh SERMENSEHR of o

or dF 8#%“3 4 00 4 e e B ik R GRE Leminly WHE RSN’ ©

resi sbeomat Aréu@ﬂsaﬂmna nfdtal Qi Edanfaty lgégmﬂmmthe 2ivsh gectibgaliangafisati ons
10 is schematically illustrated in FIGURES 5, 5A, 5B, 5C and 5D wherein

5 or miseljd metadat s bridging elementc at ed adj acent the outlet of wire extruder 60
that produces a standard MG wire C. Weels 50, 52 have a series of
circunferentially spaced cogs or blades 70, .72 com ng together at joint 74,

as shown 4 n Fi &ewmumxﬁnﬁ Fhoreti 8lidl YegRRRRAHe k@Al efiindiieal

create grooves or Indentations 10
with an outer diameter correspording to said effective outer diameter of said wire.

3. A welding wire as defined in claims 1 or 2, wherein said comnecting bridging
clements havc a diameter less than said sffective diameter 1o define circular grooves between said

scgments.

4, A welding wire as defined in claims 1 to 3, wherein said grooves contain granular

flux.

5. A welding wire as defined in claims 1 to 4, wherein said grooves contain alloying
metal powder.

6. A welding wire as defined in claims 1 to 5, including an outer metal sheath encircling
said length of solid metal.

7. A welding wirc as defined in claims 1 to'6, wherein said connecting bridging
elements are gencrally cylindrical with a diameter less than said effective diameter to define circular

grooves between said segments.

8. A welding wire for use in electric arc weldﬁxé, said wire formed from a solid metal

g



Rel | ef areas 80, 82 are provided on wheel s 50, 52 ;sp@«;gﬁwmgaﬁ‘pn !

‘accommmodat i ng spaced, qua pro uce as [shown
in FIGURE 5B. As shown innﬁléhgg G ch(p sur M&N& e my
have a certai n unevenness cr ‘ |ng the netal formng wire Cto
create the spaced, quantized I's upsetting action is mnor and
still produces a generally cyllndrlcal out er ‘surface, which surface can be

used fop dir t '

o oce Bl bt SRR, BLEC il S FRbriAhC sHiGF of i} Wb VEials
oper a‘iﬂt@&ohﬁ!ecfhh@%dgfngt dlem¥hts, SaldeRiflenfs Havidigi a/i0en velhxﬂiermvu m%hhpcrbhne
wel ding area. In this manner, an operator could custom ze the size of
segmestatiofaharda ghnemldmﬂetgumaed by said effediive outendigmeter wid isaid bridgingtelements e
act ual weldin rocess to, be perfor med, A different set . of eel,s 50, 52
Soul YRS B FRRRIBUR PO SEHOPEFE=a T L BISRHTAT GTP80 SoRHORA) AT Y SHH GBSl C

| d
cou 143&1 oca%mg?gmandmtalﬁﬁe ql?gdr#?ze %sesé?rcenr?{‘gl eaOfﬂm(f%“dQ%%d%n the wire

at that site. This is an advant age of the present invention and all ows

custom zed productlon of a soliid welding wre:having quanti zed segments Q
separ at ed br i Algieldingwvieasdefing! inQlaiws, Hhm%mmmb‘rww&!@ f or

t th t at 10 £ d | | t
e oG GG PRERERir | 4 SRCBTEPrEtameleh oL MMt w (h he

pr esent |nvent|on is that it can be coordinated with a pul se wel ding
process, as schematically illustrated in FIGURE 6 wherein a series of
current pull®es 1AGvdldimg wire anslefinéd itptlanpe 8 poyvé; rwisergipl saideammecting bedgiaci ng

elements have a diameter less than said effective diameter to define circular grooves between said

segments.

11. A welding wire as defined in claims 8 to ;ld, wherein said connecting bridging
elements are gencrally cylindrical with a diameter less than §4id effective diameter to define circular

grooves between said segments.

12.  Awelding wire as defined in claims 8 to 11, Wherein said interconnecting bridging

clements are formed by a series of indentations in said solid metal between said segments.

13. A mecthod of producing & welding wi:é-'t.'dr. electric arc welding. said method
comprising the steps of: | _

(8  conveying a solid metal welding wire alon'gfé given path; and,

®) formmg a scrics of indentations in saxd wire at equally spaced locations to define a

5 series of dxstxnct metal segments each having a sclccted volume

14. A method as dcfined in claim 13, wherein said indentations are circular grooves
between said equal volumc metal segments. -
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t[herr] to t[err]. The pulse frequency of the pul shIHISORHEET WA mepg Jval ue,
- such as X pul ses per niThisiSbeetHae Be acgértion of FI GHRELAGH] | ust nat es
schematically the wel di ng mm&n ein wire [ ed—t-hF h a

contact sleeve 110 toward 12 so that wire Wis nelted at arc D.
by pulses froma power supply connected to negative |ead 120 and positive
| ead 122. As pulses 100 are directed through arc D, wire Wis noved at a
wire feed gpeed hdl| NddiAR 3SQOME Ricl6diag the faethestep bf depositi
current puﬁge 1%8#anrﬁgelh€mg$éh%d speed is coor diﬁ%t ed vvithﬁte%e fafpequggcy,of
the graulanflupintesdd dentationsa quant i zed anount of netal is provided for
each pulse to nelt during the pulse welding procedure. This ability to
coordi nate specific quantities of netal for .each current pulse is an
advant age th [ nt . | Qi TRELE1 ALERERE theP BV

previ ousl yPgdi scgsrgg‘gg&haérd g%ee&{hh%mnmévge{oc%%é%&?&%? quant'%g‘tzgt ?ggﬁ%??%“é‘g

j Oi n%ﬁ&ggnaﬁﬁgﬁmﬂ(mmsgdsmmtmg_al wel ding wire can produce controlled
resi stance and superior droplet transfer. ' '
15 The clains, defining the invention are as foll ows:

1, A -
wel di ng wi for use [n electric .arg.vweldi.ng. :sai,d wire having a faective
out er di arr{afer Mﬁ%ﬁ‘feﬁ%mﬁ?@ﬁal}ﬁ"gg’ ‘E‘gﬁ'ﬁg hﬁt%ﬁmp QSPEW%"\X#E %Iegﬁl
outer et plaighgath encircling said length, said length forned into a series
.of distinct segnents each having a sel ected vol une and joi ned together by

i nterconnecting bridging el ements, wherein the cross sectional area.of said.. 
solid netal at said segnents is_greater thalgi?the gross sectiongl .area of

sai d sol i dlfret afs Welding wire a1 ge injclesteigarg welding, said wige having 38 SHESCHYS OIS (o

as def.ined in,claim. 1, whegein sai t. . nesak ' l:
ot h Gt e SoRlpBbink 2 180 A o piled SHERR BT Seri PRt sEpmidlEfdifid
sai d {Ygedher by interconrfectin bnﬂgﬂ\@' | dlérRentyiwith resistaiidel pee terigth 8 iidBegine@ifs béin
wher el |§ sgir dyéonnecti nggb_r i dging el ements have aﬁgi ar;‘g?t er | essgk% han sagl d
ef f ecubstantialijniessthan thecresistancerper denigth atgaulelemenitst ween sai d segnents.

4. A welding wire as defined in clainms 1 to 3, wherein said grooves

19. A welding wire as-defined in claim 18; ;'Wherein said segments are generally

cylindrical with an outer diameter corresponding to said effective outer diameter of said wire,
20. A welding wire as defined in claims 18 or.' 19, wherein said connecting bridging
clements arc generally cylindrical with a diameter less than said effective diameter to define circular

grooves between said segments.

21. A welding wire as defined in claims 18 to 2@‘wherein said grooves contain granular

flux.

_ 22. A welding wirc as defined in claims 18 to 21, wherein said grooves contain alloying
metal powder.

23. A welding wirc as defined in claims 18 to 22, including an outer metal sheath
encircling said length of solid metal. '

LT



contaln granul ar qux A welding wire as d

*to 4, wherein sai d! Platasldl oyi ng net BET HAS BEEN 6. A
wel ding wire as defi I 1 to 5, wherei AT r.gqpr;tgctl ng\ bri dgi ng
el ements are general vvith a di anetler Iess than—sard effective

di.aneter to define circular grooves bet ween sai d Segrrents 7.

A welding wire for use in electric arc.wel di ng said wire fornmed froma
length of zpli dArwsmhgm&\usdeﬂnemamaﬁs PRi0S3, Whbrein safifificioffiédting biidgingai d
length, said wire having an effective-outer. di amet er and conprising a
ser | esleméntsiaxet formed bye g semesofjindentations/ini satderolid mutalthetween shidgegrmenss.enent s,
sai d segnents having a given volune and cross sectional area generally
determ ned by said effective outer dianeter and said bridging el errents
havi ng a SsS I STEIN I

segnent s |%§sub§£ﬁ?&§%§gé€g§%g @ﬁ%ﬁhgéfi ﬁoss slgggl?gﬁglﬁ&g?g%cho sal d
bri dogivén edlament s. A welding wire as defined in claim?7,
wherein said segments are general ly cylindrical with an outer di arreter
correspondi ng to said effective outer dianmeter of said wire.

A wel di d | wh d. t b d
ol emont & e e ey HEeRForkuiBtr Bit Ve paaR ANGIES L OB b RS aing )
et e S Sy B oo s o spiy s

wher ethan sad segruentss whisrein said shgrxregtsetwﬂdsakargesam abdlgctahdistante] said weldt h a
dianeter |ess_than said effecti ve di aneter to define circul ar grooves
© bet weRSHPERISIE besiepn ek, A vel ding wire as defined in-any one

or e by ® cor E’?ﬁfdﬁaﬁn@%ﬁ?‘?‘%&é’ P B e et BRI e

: segn&ﬁﬁﬁberofsegmmtigermu& nmet hod of produci ng a welding wire for electric
arc weldin sai d method conpr.ising the steps of: '

() co y| n@%&hpﬁlﬂﬂéwaldlmuumdmwmsgﬂmga aadgaxdmrlgmwnha'plﬂse (b).” |
form eries o tions in said wire at equally spaced | ocations
to de?‘&n%aag‘gﬁqwggggf&d@“gﬁﬂ?tmw ‘gegments each having a sel ected
vol une; an
13. &ghod as d |?laeI |n c a| m fmtfg\%? %&Fﬁ&é‘a?g I ndent atlongsa%glregts

1Qi rc@merajﬂycaquels saidigmemmeabed ofpulads. vol une netal segnents. 14. A
nmet hod as defined in claim12 or 13, including the further step of :
depositing granular flux into said indentations.

27. A method of arc welding as defined in claimi 26, wherein said pulséd welding current
is provided by a constant voltage during each of said pulséé-.

28. A method of controlling the resistance per length of a solid metal welding wire used
for clectric arc welding including the steps of: B
(e)  providing a solid metal welding wire;
(b) forming a series of indentations in saxdwue at spaced locations whereby the
5 resistance per length of said wire at said indentations is g:-é.;'aief than the resistance per length of said '
wire between ..said indentations; and, _
() conirolling the size of said indentations t6 control the resistance-per length of said

wire,

L



" indentations in sal

15'_ A nmet hod as defi ned |n aii one of clainms 12 tm,sléﬁr;ﬂ ﬁég
i o

*further step of depositingr a¢fdt al ihto sy
ﬂ rc wel d-rgs— e ha |ng an
effective outer dianeter and ength of soI id netal provided

16. A welding wire for us

Wth an outer netal sheath enC|rcI|ng said length, sai'd length fornmed into

a series of distinct segnments joined together -by interconnécting bridging

el ements wg h 1 &HhRhc sUeBREd inMin 28 i mug&@em&e{amamsmanpml y

| ess than the resistance per length at said el ements

wel ditiegweén the drdetiedtione tb providleajuantiféd segmertts of geniethllyoguaivalume betiisrr said| y

cylindrical with an outer dianeter corresponding to said effective outer

di amdndmtationsai d wire. 18. A welding wire as defined in claim

16 or 17, wherein said connecting bridging elenents are generally

cylindrical with a diameter |ess than said effective dianeter to define

. circul ar g@movea rhehve as defihadl 15UIRE RS or 29, wheréin shill indentdtioms| an¢ fogmed by as -

defined in any one of clains 16 to 18, wher ei.n said grooves contain

_gr anulefiorniing gaid wire, 20. A welding wire as defined in any one of

clains 16 to 19, wherein said grooves contain alloying netal powder. :

17 21 Avvelding wire as defined in any one of clains 16 to 20,

wherein sajgd '“Io.eﬁﬁ ?dag ﬂlu?%‘%ﬂﬁ”fo? Abckrid Qfml&yg,asameﬁeﬁﬁdof
rreta etween sai'd segnents.

" wel dlmmmmﬂoﬁed |n any one of clains 16 to 21, wherein sal d

segnent s each have a gi ven vol yne thod of arc welding a -

wor kpi ece (@t h sonyeyiEg ﬂtﬂ?@“\ﬂ?ﬁ@%ﬁﬂ@%ﬁ@%ﬁ%‘ﬁﬂ!?&ﬁ#%l id metal  provi ded...---".

S0 ot ool LBAE0 o SRLLeELoR 0 T sl B1R0LRAY Lallly Dl 96EbF !

int er géfinges lsefigs Bf uﬁﬁheg:ﬁt&mghsn@m éhhh‘ﬁgsdfﬁélb&éd VoRiing; Gald dienenién,

wherein said segments are spaced along sai-d wire a sel ected distance, said

'wel d pusitioniediah tpastipaitiailyabout the peripheral sqefyce ofthmwirng said wire toward said

- wor kpi ece at a controlled feed speed delivering a given nunber of -segnents- e

per mnute; (b) appl yi ng ‘a pul sed wel-ding current between said

wire and sgd r r . FH&EE%F ng.nggaa r\ er
'm nut e; %‘2 méﬁ%?%“’ ontr e’llng;hgrglﬁfds%%mgémrggﬂ e an @éﬁﬁ ee ygpeed
SO sabqhagwl&m«:nunber of segnments generally equals said given nunber of ‘
pul ses. 24. A net hod of arc wel di ng as defined in claim 23,

"wherein said pul sed
33.  Amethod as defined in claims 31 or 32, wheréin said indentations havmg a generally

rectangular cross-scction shape.

34, A method as defined in claims 31 to 33, including the fusther stép of depésiting
granular flux into said indentations.

35. A mcthod as defined in claims-31 to 34, mcludmg the further step of depositing
powder alloying metal into said indentations.

36. A method as defined in claims 31 to 35, inéiuﬁih:g'the“sbep of placing a metal sheath

around said wirc.
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wel ding current is provided by a constant vol tag. Friag_each of said

pul ses. 25. IThis S’neteelﬂéuﬂheoﬂeplecﬁdrol ling t | engt h of
a solid netal welding | ectric ard t he

st eps of : (a) solid netal . (b)
forming a series of in nalonsm said wire at spacedlocat asi wher eby

the resistance per length of said wire at said indentations is greater than "~ .

Eg)e resgg'ﬁl glelg%el'?ﬁg%sl?ezfe&o @iggﬁl égagq%é@gghéao cogﬁﬂgﬁﬁbﬁg&?’ey setrance

per | gadétr 8id a%ﬁipﬁswgra%ngﬁi‘@fschd metal ha@ a first MBjA6 Hidensiol Pdshdped bftéh Berisound

said wire. met hod as.defined 1n.claim.z25, including the
f ur t nfidistinctscgicats) e@cln pfispidsegments Aeving b s¢lesedvalisae andie sacand major dimepsioni de

- Cluantmﬁed S‘fﬂ’gg&ib q(gYePE@r al | &F@gwgf%%ﬂl‘o %&ﬁg&%% afJ Oﬁﬁs are
§or nﬁﬂ‘m"‘“qgﬁ%@'&&% éf@a {e?ﬁlanfhglcmss 5ai ﬁmatﬁoggﬁ BEQSE&H:;P&%EG S

welding wre fo ectr arc we ng, , conprising t
18  elements, sl first majon dixgersipnebeiny greaterthan said kebond mijoralimbesin. a gi ven pat h;
(b) formng a series of indentations in said wire at generally equally

spaced | ocations to define a series of di stinct nmetal segnents each having

‘a sel ectedyg/ol u ai d .inde jti.oned at |eas rtial.ly;about
Tnetpert prbar el e HbRh B afs?, WiRASS o pot SilsrBRbh stior iR

. sheatdenahaly '&S’hﬁé’i&l With@n outer dmmet&%orres oﬁdﬂiﬁtt@ Qﬂd%&‘e&ﬁe' JUBH didhetdrs %38
wherein sard netal segments having a general’ly equal vol ume.

. A netwigel as defined in claim28 or 29, wherein said indentations havi ng a

general ly rectangul ar cross-section shape. - 31. - A nethod as
defined in any one of claims 28 to 30, i ncl udi.ng the further step of

“deposi ti ngggr any! E@@d hat {1?5 hod as
. defined i %%ny %n@élg*#gcl al %3 qnfimgr%loagﬁh ?%‘“‘s“'t%g‘o
.depogpattially spherieal with oyiarignun oater dimt&ab&espaﬁmgm m.m sﬁ‘ecnve outer diddheter A

wel di ng wire for use in electric arc welding, sald wire having an effective
“out er@ ®r- and conprising a length of solid nmetal provided with an -

eps of:

" outer netal sheath encircling said length, said |length having a first najor- -

“di nension reshaped into a series of distinct: segnents, each of said

segment s hey i NgAswaBlaCkRE oY AeBhR) B aitisSTCRNY, rﬁ*}e?erm JLifeRRhREng B ed

toget her by interconnécting bridging el ements Wit
elements have a diameter less than said effective outer diameter to define circular indentations

between said scgments.

41. A wclding wire as defined in claims 37 to 40 whemn said mdemanon section having
a generally rectangular.cross-sectional shape.

42.  Awclding wire as defined in claims 37 to 41, wherein said indentafion section having

a diameter less than said diameter of said non-indentations section.

43, A weldmg wire as defined in claims 37 to 42 wherem each of saxd segments having
substantially thc same volume of solid metal.

44. A welding wirc as defined in claims 37 to 43.Where1.n at least ofie of said indén th&on
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el enents, said first mjor g greater t HREPLA second maj or
di nensi on. 34. as defTm&d 1n claim33, wherein
sai d non-indentation section being generally cylindrical with an outer
di ameter corresponding to said effective outer dianeter of said wre.
35. . i i L,as defined in claim33 or 34, wherein said segnents
are ﬁ%g#ﬂ%ﬁﬁx spherical w th a maxi num outer dianeter
corresponding to said effective outer dianeter of said wre. 36.
A welding wwre as defined in any one of clains 33 to 35, wherejin said .'
connect i ng#Sor i cdywelding wirens defined én claimis37eto 44, whetein atlepst on¢ of saidripdentafign oyt or
di anmeter .t.o defjne circylar .indentations between said segnents.
37. con@ining an Alloyipg melAl pg¥AF%ed i n -any one of claims 33 to 36, wherein
sai d indentation section having a general ly rectangul ar cross-section :
- shape. 38. A welding wire as defined in any one of clainms 33 to- .
" 37, wher eids.sai A welditgt wire@s defiaéd om clairms 37 ta'45) dhiding he iter mstalssheath '
di ameter of said non-indentations section. - '
19 encircling 24d lengthipfigaidsolid matale as defined in any one of clains 33 to 38,
- wherein each of said segnents having substantially the sane volune of solid

the cross-sectional area_Qf .sai¢d_sgli tal at t~€--SE Ilng greater
»than the cross sectional T@? e ﬁiﬁe ¥ a]cgo rret%ﬁ'HbﬁSg Fig" ;%glﬁ g
I

- metal . - - - 40. A welding wire as defined in any one of claims 33 to
139, whereijyat hegalling Wirelas Jefited RAGRR 3705 48) iithdih REidecodhesting ridiingx
41, A welding wwre as defined in any one of clains 33 to.40; wherein at

| eastelementoaregEnerally dykindricabwith adiahetenigssthansdid eifetiveouter dismetss to define .
42, . A welding wire as defined in any one of. clains 33 to 41, wherein
sai d mﬂfﬁ?&%ﬁwﬁif?’ﬁﬁné‘}’@m%n%re generally cylindrical with a dianmeter = .
| ess than said effective outer dianmeter to define circular indentations L
bet ween sai d segnents. 43. A wel ding wire as defined in any one -
-of clains 8 toAdleldingevirs i3 definell inedadinBY roid7 ewhere baid iwelidifg enrafosmed)fremsol id ..
metal material. . 44 A nmet hod of producing a welding wire for
".el ect s sioglarselidemetpl materdali d et hod conprising the steps of: (a)
conveying a solid netal welding wire along a:given path, said solid wire
having a first nmjor dinension, . (b) . .-reshaping the solid wire
into a ref g§ med AWnjelhd¥auf m&&g%%&mg QUirdl e asiae 20 Wweldihk,csaid imethod

indentations in said refo d wre at generally equally spaced | ocations to )
. def i neoraprising the steéfpsdfist i nct netal segnments each having a sel ected vol une,
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major dimension; and, ' '
®) rcshaping the solid wire into a reformed wifé .havin'g a second major dimension and
series of inderitations in said reformod wire at generally equally-spaced locations o define a series
of distinct metal segments each having a selccted volume, said first major dimension being greater

than said second major dimension.

50. A mecthod as defined in claim 49, wherein sdid indentations are generally circular

graoves between said equal volume metal segments.

51. A method as defined in claims 49 or 50, irichiding the further step of depositing

granular flux into said indentations.
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(é) placing a HB{,@ slaeaidseth®epricani d Wi r g A met hod as
- defined in claim 44, dent ation mgm dcul ar
grooves between said M“ﬂm tal segne Rg géffé% A net hod
as defined in claim4 'udi ng the f M depgsiting
granul ar flux into said i ndent ations. 47, A method as defi ned
I n any one of clains 44 to 46, |nclud|ng t he further step of depositing

powder al | @yi ngsBbdbd! i N gt
def i ned |n%ny OE 0 aPal s % %ﬂﬁmgaf\f\’hse)lfz?crlludsm ?‘- %pgrrents%agl ng a -
gener gdvwder alloying weltalritto said indentatiofif). A net hod as def| ned in any one of

clainse 44 to 48, wherein said indentations Waving a generally rectangul ar
cross-section shape.

501t g T TR o815 S 4 Bl i,

- et hogloasd ¢6d waed i n any one of clainms 44 to 50, wherein said welding wire kN
is formed froma single solid netal materlal

S4. A method as defined in claims 49 to 53, " whisiin said metal segments having a
generally equal volume. |

55.  Amethod as defined in claims 49 to 54, whaem smd indentations havmg a gmemlly
‘tectangular cross-section shape.

6. A mcthod as defined in claims 49 to 55, Wherein: sid welding wore formed from a
single solid metal material.
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