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METHOD OF PI.PE WELDI NG The presat&bnvent | onmr eI ates to a nethod of pi pe
wel ding- and-nmore particularly t ngg partlgu,g Mng Wre
with a specific power supply knownr i‘n‘t he p-| pe~welding in tT' he STT
el ectric arc welder for welding the open root between pipe ends. 5

| NCORPORATI ON BY REFERENCE Over the | ast decade, the art of welding |ar 1228
pl at es together has adopted a short circuit electric arc welder for 35' 8
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el ectric ar Gofigindiatariiuld heldnaeie “@mdgpedlﬁ@pmer%applymwﬁme ga;y weldiigiadustry
lines in the field. The inplenentation of a pipe welding nethod utilizing

the uni que sishe STT elnstric ane melder for vrlding thepen fogrbeReenPiEmndss7. Since

t hese t patents and the nate W the STT wel der

by The {Dncol n Electric @man&%@gﬁ@k ?gl ng heavy

plates, such as RHP&Sthe idi€aRAHS, rlbé aﬁro? w&&iﬁéﬂﬁg@?&@es% tﬁéﬁﬁﬁrﬁa@pﬂﬁraeéhbr@ércuzt

background information so that th known tech no & need not be
repeat ed. Calléctricarc welkiepfos maagapeahﬁcgveldhag epplicefions. Tbisavelddr soldbyJhednncoln Electric

Company of Cleveland, Ohio under the trademark STT is disclosed in Stava 5 ,742,029 foruse in a

specific wallpapering application. The unique short circuit electric arc welder is now the power
10 supply of choice for electric arc welding of the spaced ends of pipe sections when laying pipe lines
in the field. The implementation of a pipe welding method utilizing the unique short circuit welder
is disclosed in Parker 5,676,857. Since these two patents and the material disclosed therein define
the STT welder by The Lincoln Electric Company and its application to welding heavy plates, such
as pipes, the patents are ihcorporated by reference herein as background information so that this
15 known technology need not be repeated. Certain concepts regarding the use of a cored electrode and
reverse polarity welding by the STT welder is disclosed in 2 copending application by Elliott K.
Stava, Serial No. 200,594 filed November 27, 1998. This prior copending application is
- incorporated by reference herein as backgroﬁnd information and for technology which also need not
be repeated to understand the present invention.

20 | BACKGROUND OF INVENTION
~ When pipe welding in the field, the joint between the ends of pipe sections is essentially the
same as a joint between two heavy plates, except the pipe joint to be welded includes an open root
where the ends of the pipe are spaced slightly. This open root is a gap normally created by bringing
the two pipe sections into ébutting relationship, followed by a withdrawal of a selected amount to
25 define the minimum open root in the joint. It is essential that this open root be welded tb_gether with
a quality weld throughout the total thickness of the bottom area of the pipe joint; hSWéVer, when

laying the first bead in the open roof, it is also necessary that the molten weld metal does not



reverse. polarity wel ding by the STT welder is disclosed in a copending

appl .cation by Elliott K Stava, Serial No. 200,594 filed Novenber 27,

1998. This prior coperiding application is incorporated by reference herein
as background information and for technol ogy which al so need not be

repeated to understand the present invention. 20 L-12288
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protrusion of molten metal or metal draw back, a short circuit arc welding method of the type made -

possibie by use of an STT electric arc welder has been adopted. This pipe welding process controls

. the initial wélding pass of the pipe welding procedure to fill the open root. Although this type of
welding process is extremely advantageous, a substantial amount of development work has been

10 required to select the welding wire to be used during the short circuit welding process. It has been
found that a cored electrode has substantial advantages when used with an STT electric arc welder

in welding the joint between pipe sections; however, the open root pass weld bead presents unique
welding challenges. It has been found that the root pass weld bead is best accomplished by using

a solid wire with the characteristics of the ANSI-AWS A 5. 1895 solid welding wire. This type of

15 welding wire is used with a shielded gas and has the following specification.
TABLEI
Percentage
Carbon .06 -.15
Manganese .90-1.40
20 Silicon A5-.75
Phosphorous 0-.025
Sulfur : 0-.035
Copper 0-.50
Ni/Cxr/Mo/V 0-.50
25 This standard gas shielded welding wire has been selected as a welding wire which provides

a good appearance and allows the advantages of the STT electric arc welder during the open root

welding pass. Althbugh the weld bead appearance is usually acceptable with standard solid wire,
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L- 12288 protrude inwardly of the pipe section to any substantial distance.
The pi pe nust be clear so that a pig and other cylindrical devices can nove
t hrough the pipe section w thout encountering inwardly protruding weld

netal created during the open root first welding. As another consideration,
the heat of the open root weld cannot be too high causing netal shrinkqgﬁzzgs
and, thus, draw back into the gap 5 formng the open root. To

acconplish a quality pipe open root weld, ,w.thout substantjal inpar )
ot 0! on GRS R Em B AP oA i RblAe ook e e e botm B Beherdiorsing
met hod of t@gp%g&ﬂg&ﬁiogpssi ble by use of an STT electric arc wel der has

been adopte 'S 'pr pe wel ding process controls the initial welding pass

of the pipe welding procedure to fil | THEINVENTION . Al t hough this type of
wel di ng process is extrenely advantageous, a substanti-al amount of .
devel opnent wor kAltessubstantialexperimenfationsand eostly investigation dihagibsen fund tha amality

d duyri h ' ' di .1t has. f d,th
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root pass we presents ‘unique we ng chall enges. It has been foun
that the rddghbass inthkdpadficringe bEeverdoQISHpby wietght byd less thgn4).0351% Hy wreight in the

with the characteristics of the ANS|-AW A 5..1895 solid weldin ire, Thi
type of welding wire. By controlling and magntaining these limits for phosphorous and SIAT in the ledlsng

wire, a consistent good appearing open root weld is accomplished. Consequently, in accordance
10 with the present invention there is provided a method of welding the ends of two pipes at the gap or
open root between the spaced ends. This method comprises selecting a welding wire having 0.06-
.15% by weight of carbon, .90-1.40% by weight manganese, and .45-.75% by weight silicon. In
addition, the wire includes phosphorous, copper, stainless steel alloys and sulfur. The method
involves maintaining the sulfur at a given percentage level of the selected wire in the specific range
15 of .015 - 0.35% by weight and maintaining the phosphorous at a given percentage level of the
selected wire in the specific range of less than about .015%. Indeed, the phosphorous is normally
at a trace or tramp level of .006-.008% by weight of the welding wire. In this invention, the selected
welding wire is advanced at a given wire feed rate toward the open root between the spaced pipe
ends to weld the sections together by filling the open root in a first weld pass, creating a welding
20 current with a controlled wave form, which wave form includes a succession of welding cycles each
having a short circuit portion and a plasma arc portion with the plasma arc portion including in
sequence a plasma boost segmeﬁt, a tailout segment and a background current segment. The welding
wire is moved along the open root as the welding current is passed through the wire to melt the wire
and transfer the wire by surface tension transfer to the pipe ends thereby filling the open root. The
25 current wave form is formed by a rapid succession of current pulses created by an oscillator at a rate
of at least 18 kHz and with a width controlled by a pulse width modulator. By using the invention,
a high quality weld bead is deposited in the open root during the first pass of a welding process.
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15 wel d| ng wire is used with a shielded gas and has the follow ng

speci f I cation. TABLE | Percentage Carbon .06- .15 Manganese

.90 - 1.40 20 Silicon .45-.75
Phosphor ous .0 -.025 Sul fur 0-. 035 Copper 0-.50
Ni/Cr/ Mo/V 0-.50 25 This standard gas shi el ded wel di ngr]ezzss

w re has been. sel ected as a welding wire which provides a good appear afc
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wth st andaj’oﬂlts %{19 14 o6t passzls filled by an optimized weld procedure and the remaining joint is filled
by a procedure tailored to high deposition demands

The primary object of the present invention is the provision of a method of filling the 6pen

5 root in a pipe welding process, which method employs a specific type of short circuit welding
process and a solid welding wire having certain maintained levels of phosphorous and sulfur.

Yet another object of the present invention is the provision of the present invention is the
provision of a method as defined above, which method consistently produces a quality open root
weld in a pipe welding procedure.

10 These and other objects and advantages will become apparent from the following description
taken together with the accompanying drawings.

FIGURE 1 is an enlarged partial view showing a welding wire passing through a torch
movable along an open root between two pipe sections;

FIGURE 2 is a view similar to FIGURE 1 with the welding wire in the short circuit, metal

15 transfer condition; '
'~ FIGURE3isa simplified diagram of an STT welder used in the invention; and,
FIGURE 4 is a current wave form of the type used in practicing the present invention.
PREFERRED EMBODIMENT
The present invention relates to a method of welding the ends of two pipes at the open root
20 between the ends by using a special welding wire in combination with the STT welding procedure.
In FIGURES 1 and 2 the pipe welding operation 10 is used to weld the pipe sections 12, 14 having
a gap or openroot 20 defined by fapered ends 16, 18, which ends are spaced apart in accordance with
standard practice. The invention relates to the laying or deposition 6f the first weld bead B in the
open root 20 by moving torch 30 around the pipe sections 12, 14 while the torch follows a path
25 determined by the joint including root pass 20 at the bottom. In accordance with the invention, a
wire 40 is fed at a selected rate through torch 30 toward root pass 20 while welding current is passed
through the welding wire, The welding current creates an arc 50 as shown in FIGURE 1 to melt the
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a substantial inprovenent in bead appearance is obtained on the top and
bottom of t he bead by using the present invention. THE | NVENTI ON After
substantial experinmentation and costly investigation it has been found that
a quality 5 wel d is produced consistently with an excel |l ent appearance
and hi ghest travel speed because of better flow characteristics when
phosphorous is maintained at only a trace and sulfur is maintained at 312288
high level in the specific range of over 0.015% by wei ght and | ess than

0. 035% by wenidyofithe advancinganinti 40y As the witsys eonrierted!to B mplign balkandimaved tayvard bead B,

T for phespnergue A0S LUt AR SUEUELC PR S RORSLTL SN o
e O Bk e 0, AL SRR gt it g
conpri ses sedritiomandishuet ciroudt, nictad thansfengpnditiofiis cahfittidely Weldisg wirk 40aberspecial
D 0% LGN, TR SOl P el o
The et hod 1.40% by weight manganese, and .45 - .57% by weight silicon. In addition, the wire includes
phosphorous, copper, stainless steel alloys, such as nickel, chrome, molybdenum and vanadium, and
sulfur. In accordance with the present invention, wire 40 has a sulfur percentage level maintained
in the specific range of .015 - .035% by weight. In a like manner, a trace amount of phosphorous
10 is maintained in electrode 40. This trace amount is in 'the general range of :006 - .008% by weight
and in accordance with the invention is always maintained at a level of less thaﬁ .015%. By
selecting and maintaining the composition of eléctrode 40, the advantages set forth in the
introductory portion of this disclosure are realized. In addition, the ST T welding process used in
combination with the specifically tailored electrode 'or'welding wire is critical. This welding process
15 used in accordance with the present invention is illustrated in FIGURES 3 and 4.
Referring now to FIGURES 3 and 4, the waveform W shown in FIGURE 4 is the STT
waveform created by the STT welder 100. This welder uses either a down chopper or the illustrated
high speed, switching inverter 102 with a2 DC input link having a positive terminal 110 and a
negative terminal 112. In the field, the STT welder or power supply is normally driven by a motor
20  generator; however, for simplicity, the input is illustrated as a rectifier 120 with a three phase input
~ power supply 122. The output 130 of STT welder is used to melt and deposit electrode or-welding
wire 40 from a Supply reel 132 advancing toward the open root 20 between pipe sections 12, 14 by
an electric motor 134 driven at a selected speed to control the wire speed rate. In accordance with
~ standard STT practice, a relatively small inductor 140 is provided in output 130 with a freewheeling
25 diode 142 for the purposes of stabilizing the output welding procedure to follow the waveform.
Wave form W, as shown in FIGURE 4, is controlled by the voltage on control line 150 of inverter

102. This input or control line has a voltage determined by the output of pulse width modulator 152

{
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i nvol veés mai'ntai ning the sulfur at a given percentage | evel of the selected
wire in the specific range 15 of .015 - 0.35% by wei ght and mai nt ai ni ng
t he phosphorous at a given percentage | evel of the selected wire in the
specific range of |ess than about .015% I|ndeed, the phosphorous is

normal ly at a trace or tranp | evel of .006-.008% by wei ght of the wel %—32288
wire. In this invention, the selected welding wire is advanced at a gi

wire feed rate toward the en Lot between e, spaced pi ends to I .

the sect i oRperatsdat Aaptersyceeting gty GiiReR 460 PRtaSHY it Fle fP s on e 501
creating a ' 14 P : '

Form | nol oguuitiifly gheeter i 1H. Phsinfe 07 Blpffs 128 shectbio OF Erbroft s
‘portion andreatqd Wysosciliater 160rat & weryviiighvratd) Pylseawidth modulator 162 defennined ithreowidth of
sequence a plasma boogst segnen a tailout segnment and,a background current

t, .
segnent . THechgawmgntRylseifram inyertas\ 2@ to-quim 130 dnaprordange with stapdard wd [l ragice, wave
IS

curre [ a d o M4 . It .t i o . i
by, surt ace PR St ARt Byl Pl T P oo RS AT iRy G fRe
The 25 10 Wf'SiNa SWFUE00N" The SralOEhnpe chitral chrdiit d0G HeCABSUtBRt With @UFIlRPE that is
pul ses created by an oscillator at a rate of at |east 18 k and with a

wi dt h cont compagdiy the peltage oniliner202o dhisfeadbackyoliegeriy representalizrn of dhe arg curmght

qual Y. el SR e 30  SPOSHab S el 90 55lag? N poialelnf e BhsoP B3P reivihe
current information from shunt 206. Waveform W as used in the present invention is a single

10 welding cycle repeated successively as wire 40 is melted and deposited between pipe sections 12,
14. Waveform W, in accordance with STT technology includes a short circuit portion including a
metal transfer short circuit pulse 210 where the current is dropped when the metal being transferred
is electrically necked down and then ruptured. After the rupture or "fuse” waveform W transitions
into an arc or plasma portion, comprising a plasma béost 220 having a controlled maximum current

15 220a, a tailout portion 222 and a background portion 224. Background current is provided for
sustaining the arc until the next short circuit at point 226 when the molten metal ball on the wire 40
shorts against pipe sections 12, 14 or against the bead B filling root pass 20.

In accordance with a limited aspect of the preseﬁt invention, the composition of welding wire
40 includes less than 0.50% by weight copper and less than 0.50% of the stainless steel alloys. After

20 the open root is closed by bead B, the welding method shifts to a rapid filling of the remainder of
the joint. This is accomplished either by using a solid wire with gas or, preferably, by using a cored
w‘élding wire' with a flux so shield gas is not necessary. Preferably the STT welder or power supply
is also used in the joint filling operation where a number of high deposition passes are made around

the pipe.



Ther'eafte‘r,' anot her welding wire, such as a flux cored wire can be used to

fill the remainder of the joint. Thus, the root pass is fi mﬁmmumuullluellll
opti'm zed weld procedure and the remaining joint is filled

tailored to high deposition demands. The prinary object of fhe‘preseht ¥ *
I nvention is the provision o L)l pen 5 root in a
pi pe wel di ng process, which f—rﬂaﬁg@@%@%%ﬂﬁ@%ﬁ pe of short circuit
wel di ng process and a solid welding wire having certain maintained | evels
of phosphorousland duhéthed ofieclding tielends afltyve oetal fvorkpicqes atdheopantoethetween ssid

the provision of the present invention is the provision of a nethod as
defi ned aﬂlﬂ?é@e‘%ﬂﬁiﬁﬁdﬁ’@ﬁﬁgﬁo@aﬂgﬁt ently produces a quality open root weld

in a pipe veldif§9 PEgeamy: i ining PHS QhIAG aftPbibs and
advant ages wi | fdjbec%érire aggggeel%i?gﬁugr%o? et oa?ﬁggsdescrl’glt&?on t aken
together with {d)e anminmyiningisaid sdlfavit agivenipetdeiagd lavel afisaribeloctsddvipar t i al
vi ew showi ng a wel ding wire passing through a torch . .
(c) maintaining said phosphorous at a given percentage level of said selected wire;

(d)  advancing said welding wire at a given wire feed rate toward said open root to weld
said ends together by at least partially filing said open root in a first weld pass;
(&)  creating a welding current with a controlled waveform, said waveform including a
succession of welding cycles each having a short circuit portion and a plasma arc portion;
10 ® moving said welding wire along said open root as said welding current is passed

through said wire to melt the wire and transfer the melted wire to said ends in said open root.

2. The method as defined in claim 1, wherein said welding wire includes at least about
0.06 weight percent carbon.
3. The method as defined in claim 2, wherein said welding wire includes about 0 .06 -

0.15 weight percent carbon.

4, The method as defined in claims 1-3, wherein said welding wire includes at least

about 0.9 weight percent manganese.

5. The method as defined in claim 4, wherein said welding wire includes about 0.9-1.4
weight percent manganese.
6.' The method as defined in claims 1-5, wherein said welding wire includes at least

about 0.45 weight percent silicon.
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nmovabl e al ong an open root between two pi peLﬂﬁmllummum 2 is a view
simlar to FIGURE 1 with the welding wire i it, metal 15
transfer condition, FIGURE 3 is a sinplifi ed*di &gram™f *an*STT wel der used
in the invention; and, FIGURE 4 is a current wave form of the type used in

practicing the,presgnt invention. PREEE E . . .0 3

I nvention rel a?’es t?ﬂg‘l"ﬁ&%ﬁ ‘%ﬁnegmtﬁl‘ﬂ ?RQ@E’&@C%%%&W c\ll%g g‘fl%elgagpést%gu%%é%

root 20 0.79%34\?@@,3&@&%. by using a special welding wire in conbination
d

with the STT welding procedure. In FIGURES 1 and 2 the pipe wel ding
operation 10 is used to weld the pipe sections 12, 14 having a gap or open

root 20 defineg by ered-.ends.16,. 18, l.eh.ends are aced apart in
accordance wit# st a&ﬁgmt é’é%\e@é?d.l_?ﬁglm\é\@?ﬁﬂhﬁﬁm %ﬁlé?vgid%f%wfrﬁé&q‘ééﬁsﬁap%ef'
deposition of the first weld bead B in the open root 20 by noving torch 30
around the pipe sections 12, 14 while the torch follows a path 25

determ ned by ®¢he | Theinethud asdiefiged inatlaimes; witPein saitl melding twire intlndesagpoiocboute
with the invention, a wi.re 40 is fed at a selected rate through torch 30
t oward r o®f Vraght persenkopEeiael di ng current is passed through the wel di ng
wire. The welding current creates an arc 50 as shown in FIGURE 1 to nelt

t he

10.  The method as defined in claims 1-9, wherein said welding wire includes stainless

steel alloys.

11.  Themethod as defined in claim 10, wherein said stainless steel alloys include metals
selected from the group consisting of nickel, chromium, molybdenum, vanadium and mixtures

thereof.

12.  The method as defined in claim 10 or 11, wherein said welding wire includes up to

about 0.5 weight percent stainless steel alloys.

13.  Themethod as defined in claims 1-12, wherein said welding wire includes up to about

0.015 weight percent phosphorous.

14. A method as defined in claim 13, wherein said welding wire includes about 0.006 -

- 0.008 weight percent phosphorous.

15.  The method as defined in claims 1-14, wherein said welding wire includes at least

about 0.015 weight percent sulfur.

16.  The method as defined in claim 15, wherein said welding wire includes about 0.015-

0.035 weight percent sulfur.
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-4- " end of the advancing wire 40. As the wire i s conver dtoarmlten
ball and noved toward bead B, a short circuit condltlon lﬁmﬁﬁ"’
shown in FIGURE 2. This condition causes a transfer of |

wire 40 to bead B By novi ng torch 30 around open root 20 thIS aI f'erﬁate

a9 CONd L fy anCghctl 1 iy o o RO S R b

i nventi on, Ms! Se. tQﬁﬁn‘ 15% by wei ght of carbon, .90 - 1.40% by
- wei ght nan%gélsese@hpﬁég n45 - .75% by weight silicon. In addition, the wire

I ncl udes phosphorous, copper, stainless steel aIons such as ni ckel,
chrone, nol ybdenum and vanadi u d sul fur, accar.dapnce with rese
i nvention, wirel&o h%me@eﬂ%ﬂ%%il 13 17se‘V relﬁﬁ?lﬂf"?ﬂﬁ%&w?rﬁ Woh‘é‘ﬁég&‘f‘fef
range of e}ée fage 035% by weight. In a like nmanner, a trace anmount of
phosphorOLP k3 |$a| ntained in electrode 40. This trace anount is in the

general range of .OQBarbon 008% by wei ght and 006005 dance with the
invention is always ¢igjpef ai ned at a level of |gpsgyhan .015% By

5 Manganese 09-14
Phosphorous 0.006 - 0.25
Silicon 0.45 - 0.75
Stainless steel alloys 0-05
Sulfur 0.015 - 0.035

19.  The method as defined in claims 1-18, wherein said two metal workpieces are two

pipes.

" 20.  Themethod as defined in claims 1-19, wherein said step of advancing said selected _

welding wire fills said open root in said first weld pass. -

21.  Themethod as defined in claims 1-20, wherein said plasma arc portion includes, in

sequence, a plasma boost segment, a tailout segment and a background current segment.

22. Themethod as defined in claims 1-21, wherein said wire is melted to melt the wire

and transfer to said open root by surface tension transfer.

23.  The method as defined in claims 1-22,'including the step of forming said 6urrent
waveform by a rapid succession of current pulses created by an oscillator at a rate of at least about

18 kHz and with a width controlled by a pulse width modulator.

24.  Themethod as defined in claims 1-23, including filling the joint above said metal in

said open root after said first weld pass by a filler welding wire.
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sel ecting and muintai ning the conmposition of el ectrode 40
set forth in the introductory portion of this disclosure Immﬂmﬂmlm
addi'tion, the STT wel di ng process used in conbi nati on vvit Spea |sca

tailored el ectrode or weldi ng wireis critical. This vvel di ng process used

in accordance w t S v nt| | lustr nd. 4.
Ref erri ng now }[,# Cﬁﬁi’g 'g ‘i A’J']’ ‘? %bﬁ\)e@&’ qufgii‘jﬁﬁls% ffgre ﬂféom
STT wavef qhifwélg ir@y the STT wel der 100. Th| s wel der uses either a down
chopper or the illustrated high speed, switching inverter 102 with a DC
dinput link having a positive termnal 110 and a negative termnal 112. In
the field, the STT | der o ply .is_pornall ven,b a
generat or; howefer , mgtp?é)ﬁp% %%&a?&@%ﬁ%&ﬁh %&?@P@*
120 with a three phase input power supply 122. The out put -130 of STT wel der
is used to nelt and deposit electrode or-welding wire 40 froma supply reel
132 advanci ng tpnar dA dithodpsdefined in 2Rihe1-86 o%hdréin 8aid el dingnerire 2s a ddreld ¥leattode. -
el ectric notor 134 driven at a selected speed to control the wire speed
rate.. In accordance with standard STT practice, a relatively small inductor
140 is provided in output 130 with a freewheeling diode_142 for the
purposes of stabilizing the output welding procedure to fm\
wavef orm. Wave formW as shown in FIGJRE 4, is control I eThidBhedt Ings R

on ot ro1 117 150 of [nverter lIHIIIHMIHIIHIHHI
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10Z. This input or control line has a voltage determ ned by the output of
pul-se wi dt h nodul at or 152 -5- operated ‘at a rate exceeding 18 kHz by
oscillator 160. Preferably the rate of pulses on line 150 is substantially
greater than 20 kHz. Thus, inverter 102 outputs a rapid succession of
‘current pul ses created by oscillator 160 t a very high rate. Pulse wdth
modul at or*+152 determnes the width of each/&irrent pul se frominverter 120
to output 130. In accordance with standard STT practice, wave 5 shape W
is determ ned by control circuit 200. This standard practice is shown
generally in FIGURE 10 of Stava 5, 742,029. The wave shape control circuit
200 has an -output with a voltage that is conpared to the voltage on |ine
202. This feedback voltage is representatjve of the arc current through
wire 40. A voltage representing arc voltﬁée i s 46nerated by current sensor
06. Waveform Was used in the
cle reéeated successively as-

| /IO
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204 receiving current information froms
present invention is a single 10
wire 40 is nelted and deposited bet
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14.7 Waveform W in accordance with STT technol ogy includes a short circuit
portion including a netal transfer short circuit pulse 210 where the
current is dropped when the netal being transferred is electrically necked
down and then ruptured. After the rupture or "fuse" waveform Wtransitions
into an arc or plasma portion, conprising a plasma boost 220 having a
control |l ed maxi num current 15 220a, aﬁi il out portion 222 and a
backgtound portion 224. Background currentc/is provided for sustaining the
arc until the next short circuit at point 226 when the nolten netal ball on
the wire 40 shorts against pipe sections 12, 14 or against the bead B
filling root pass 20. In accordance with a |imted aspect ofthe present
“invention, the conposition of welding wire 40 includes |ess than ﬁ.%O@bby
wei ght copper and | ess than 0.50% of the stainless steel "alloys. r 20
the open root is closed by bead B, the welding nethod shifts to a rfapid

filling of the remainder of the joint. This is acconpltitshed eit usi ng
a solid wire with gas or, preferably, by using a cored welding ith a
flux so shield gas is not necessary. @Uafe@QIy the STT wel der pr

hi gh

supply is also used in tﬁﬂ310|n“ |hé|ng Ojfratlonsamer &40 nuntj?

. deposition passes are mad/s arou p! pe / ‘ \
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L- 12288 FOREIGN FILING CLAIMS 1. . A nethod of welding the ends of two
met al wor kpi eces at the open root between said spaced ends, said nethod
conprising: (a) ‘sel ecting a wel ding wire containing phosphorous, sulfur,
and carbon; (b) mai ntai ning said sulfur at a given percentage |evel of
said selected wire; (c) mai nt ai ni ng sai d phosphorous at a given .
percentage tevel of said selected wre; (d) advanci ng sai d wel di n&'ﬁzrsg

t [ ' feed rat d i d t ot . id ds t
by a1 ") E88 olneadvieing Witk #ho X8 e solranet frd motfen S sl ysidtnarditia &'
<t eat i ng ok dofdiiio B2 i¥breftod af ibhinth FAGUIBYE A boriich HRVE Pfcdsfer of

I ncludi ng a succession o I ng cycl es eac aving a short circul,

por t i onniliEnamgtdldmmwineelOpobeaddB, By movingiwrch BQareandiopea robt 20, thisraltenlatewyciagi d
open root as said welding current is passed through said wire to nelt the
Wi re angorditinnmad shewt cieyif,dneta) fransfes candivonsis gantinyied o Welding Wirm4q has a special

composition. In accordance with the invention, it includes .06 - .15% by weight of carbon, .90 -

1.40% by weight manganese, and .45 - _7_5‘1/_9 by weight silicon. In addition, the wire includes
phosphorous, copper, stainless stéel alloys, such as nickel, chrome, molybdenum and vanadium, and
sulfur. In accordance with the present invention, wire 40 has a sulfur percentage level maintained
in the specific range of .015 - .035% by weight. In a like manner, a trace amount of phosphorous
is maintained in electrode 40. This trace amount is in ihe general range of .006 - .008% by weight
and in accordance with the invention is always maintained at a level of less than .015%. By
'selecting and maintaining the composition of electrode 40, the advantages set forth in the
introductory portion of this disclosure are realized. In addition, the STT welding process used in
combination with the specifically tailored electrode or welding wire is critical. This welding process
used m accordance with the present invention is illustrated in FIGURES 3 and 4.

Referring now to FIGURES 3 and 4, the waveform W shown in FIGURE 4 is the STT
waveform created by the STT welder 100. This welder uses either a down chopper or the illustrated
high speed, switching inverter 102 with a DC input link having a positive terminal 110 and a
negative terminal 112. In the field, the STT welder or power supply is normally driven by a motor
generator; however, for simplicity, the input is illustrated as a rectifier 120 with a three phase input
power supply 122. The output 130 of STT welder is used to melt and deposit electrode or-welding
wire 40 from a éupply reel 132 advancing toward the open root 20 between pipe sections*12, 14 by
an electric motor 134 driven at a selected speed to control the wire speed rate. In accordance with
standard STT practice, a relatively small inductor 140 is provided in output 130 with a freewheeling
diode 142 for the purposes of stabiliziﬁg the output welding procedure to follow the waveform.
Wave form W, as shown in FIGURE 4, is controlled by the voltage on control line 150 of inverter

- 102. This input or control line has a voltage determined by the output of pulse width modulator 152

-5.
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2. The nethod as defined in claiml1, V\,herei n said wel ding wire includes
at | east about 0.06 weight percent carbon. 3. The nmethod as defined in
claim2, wherein aid wel di ng WiTe inctudes awut 0 .06 - 0.15 weight
percent carbon. 4. The rret clainms 1-3, wherein said
wel ding wire includes at |eas ﬂﬂmml "’H ﬁi"ﬂ percent manganese. 5.

The nethod as defined in claim*4, cwheres n sai-d0 wel ding wire includes about
0.9-1.4 wei ght percent nanganese. 6. ‘The nmethod as defined in clains
1-5, wherein said welding wire includes at |east about 0.45 wei ght percent

-sil'icon. 7. The net Wc)’_q%gg Wﬁﬁ‘lmﬂﬁ@ Symgherein said wel ding

W re includes about 0.45- ght percent SI I con.
1. A method of welding the ends of two metal workpieces at the open root between said

spaced ends, said method comprising: _
. (@ selecting a welding wire containing phosphorous, sulfur, and carbon;

(b)  maintaining said sulfur at a given percentage level of said selected wire;

()  maintaining said phosphorous at a given percentage level of said selected wire;

(d)  advancing said welding wire at a given wire feed rate toward said open root to weld
said ends together by at least partially filing said open root in a first weld pass;

(¢)  creating a welding current with a controlled waveform, said waveform including a
succession of welding cycles each having a short circuit portion and a plasma arc portion;

® moving said welding wire along said open root as said welding current is passed

through said wire to melt the wire and transfer the melted wire to said ends in said open root.

2. The method as defined in claim 1, wherein said welding wire includes at least about
0.06 weight percent carbon.
3. The method as defined in claim 2, wherein said welding wire includes about 0 .06 -

0.15 weight percent carbon.

4, The method as defined in claims 1-3, wherein said welding wire includes at least

about 0.9 weight percent manganese.

5. The method as defined in claim 4, wherein said welding wire includes about 0.9-1.4

weight percent manganese.

6. The method as defined in claims 1-5, wherein said welding wire includes at least

about 0.45 weight percent silicon.
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8. "The nethod as defined in clainms 1-7, wherein said welding wire

I ncl udes copper. 9. . The nmethod as defined in claim8, wherein said

wel ding wire inclddes up to about ' At- copper. 10. The

nmet hod as defined in clainms 1-9, Ing wire includes _

stainless steel alloys. 11. The | in claim210, wherein
fromthe group

said stainless steel alloys inclu e* : . :
consi sting of nickel, chrom um nol ybdenum vanadi um and m xtures$ thereof.

12. The net hod as defined in claim10 or 11, wherein said welding wire

4 ncludes up tg about bgﬁgﬁg t gﬁM

nmet hod as def ?ned In %Fal ns 1- gvﬁglrg%nﬁ anjﬁﬁﬁﬁaain rg?'r%%x}d]egggmﬂc
about 0. 0I5 weighthser¢ent sitivén. phosphor ous. 14. A et hod as defined in cI ai m
13, wherein said welding wire includes about 0.006 - 0.008 wei ght percent

phosphorous. 15. The met hod as defined in clains 1-14, wherein said
wel ding wire igncl uqgs b £AMefined in claims 1-7, wherein said welding wire includes copper.

9. The method as defined in claim 8, wherein said welding wire includes up to about

0.5 weight percent copper.

10.  The method as defined in claims 1-9, wherein said welding wire includes stainless

steel alloys.

11.  The method as defined in claim 10, wherein said stainless steel alloys include metals
selected from the group consisting of nickel, chromium, molybdenum, vanadium and mixtures

thereof.

12.  The method as defined in claim 10 or 11, wherein said welding wire includes up to

about 0.5 weight percent stainless steel alloys.

13.  Themethod as defined in claims 1-12, wherein said welding wire includes up to about
0.015 weight percent phosphorous.

14. A method as defined in claim 13, wherein said welding wire includes about 0.006 -

0.008 weight percent phosphorous.

15.  The method as defined in claims 1-14, wherein said welding wire includes at least

about 0.015 weight percent sulfur.

16.  The method as defined in claim 15, wherein said welding wire includes about 0.015-
0.035 weight percent sulfur.
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about " 0. 015 wei ght percent sul fur. 16. The nethod as defined in claim15,
wherein said welding wire includes about 0.015- 0.035 weight percent

sul fur. 17. The nmethod a alim 16, vvherel n said wel di ng

wi re includes about 0.025- 0.0 sul fur. The met hod as
defined in clainms 1-17, wherei ﬁﬂmH ‘“E“ﬂwmm“e I ncl udes by wei ght

percent age: Carbon ® 0s06*- 0.15 Copper

0 - 0.5 Manganese 0.9 - 1.4 Phosphorous '

0.006 - 0.25 Silicon 0.45 - 0.75
) 17. The method as defined in claim 16, wherein said welding wire includes about 0.025-

0.035 weight percent sulfur.

18.  Themethod as defined in claims 1-17, v;rherein said welding wire includes by weight

percentage:
Carbon 0.06 - 0.15
Copper 0-0.5
Manganese - 09-14
Phosphorous 0.006 - 0.25
Silicon 0.45-0.75
Stainless steel alloys 0-05

Sulfur 0.015 - 0.035

19.  The method as defined in claims 1-18, wherein said two metal workpieces are two

pipes.

20.  The method as defined in claims 1-19, wherein said step of advancing said selected

welding wire fills said open root in said first weld pass.

21.  Themethod as defined in claims 1-20, wherein said plasma arc portion includes, in

sequence, a plasma boost segment, a tailout segment and a background current segment.

22.  The method as defined in claims 1-21, wherein said wire is melted to melt the wire

and transfer to said open root by surface tension transfer.

23.  The method as defined in claims 1-22, including the step of formihg said Eunent
waveform by a rapid succession of current pulses created by an oscillator at a rate of at least about

18 kHz and with a width controlled by a pulse width modulator.

24.  The method as defined in claims 1-23, including filling the joint above said metal in

said open root after said first weld pass by a filler welding wire.
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Stalnless steel alloys 0- 0.5 Sul fur 0. 015
- 0.035 19. The nethod as defined in clainms 1-18, mhereln said two netal
wor kpi eces are two pi pes. 20. The nethod as defined in clainms 1-19,
wherein said step of advancing said selected welding wire fills said open
root in said first weld pass. 21. The nethod as defined in clainms 1-20,
wherein said plasma arc portion includes, in sequence, a plasm boost
segnent, a tailout segnent and a background current segment. 22. The

met hod as defined in clainms 1-21, wherein said wire is nelted to nelt the
‘wire and transfer iR méhéd 2nRAinsORlcldm 2vhesia shid fllepoweldirpnsifeis diffdent frofie
nmet hod as defined in clainms 1-22, |nclud|ng the step of formng said

curr ent smwedldingiwiye.a rapi d successi on of current pul ses created by an
oscillator at a rate of at |east about 18 kHz and with a width controlled
by a pulse w dth nodul ator. The nethod as defined in clainms 1-23,

24.
i ncl uding filjgi ng —fﬂgq?éltﬁaevérs &hﬁ%ﬁﬁ%ﬂzﬁ%}% wuare%?éa&hﬁmwéi@h céHell Elecéed

first weld pass by a ng wre

27. A method as defined in claims 1-26, wherein said welding wire is a cored electrode. -

R
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9" T 257 The nethod as defined in claim24, wherein said filler welding
wire is different fromsaid welding wire. 26. - The nethod as defined in
claim?24 or 25, wherein said filler wire is a cored el ectrode. 27. A

met hod as defined in clains WHmFiﬂPML‘ﬁﬁéng wireis a cored

el ectrode. REPLACEMENT SHEET “-10-
ABSTRACT

A method of welding the ends of two pipes at the open root between the spaced ends
by an STT electric arc welder, which comprises: selecting a welding wire having .06 - .15%
by weight carbon, .90 — 1.40% by weight manganese, and .45 - .75% by weight silicon, as
well as phosphorous, copper, stainless steel alloys and sulfur; maintaining the sulfur at a given
percentage level of the selected wire in the specific range of .015 to .035% by weight; and
maintaining said phosphorous at a given percentage level of said selected wire in the specific
range of less than about .015%. '
Figure 1
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