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literally crisscross the Unit ‘mmmwm& many ot her countries. A trench
is normally dug by ditch dig e prescribed route of the

pi peline. 10 Sections of pipe, e.gco®* to 60 feet or so, are hauled into
the area through which the pipeline ii being laid. Ends of adjacent joints
of pipe are connected by welding. TheSe wel ds nust be very precise. Even

little pinholes in the weld cannobﬁgﬁlg,ﬂ@at ed. The ends of the pipe are

normal |y beveled to i nprove the ese pi pes are clanped together
to get as good an alignnent ctions of pipe as
possible. On the inside of t'ﬁg%mogm%mafﬁg joints the welding

mat eri al Sgoﬁld fo[r’?ts r!at hEr snmoot h surface next to the interior of the
pi pe. In 9 o0 the inside of the pipe should have very

little protrusion.. [Excessive protrusion can cause all sorts of problens

when one riins dpgidrafthe lnvention

This invention relates to the field of welding sections of pipe together to form
a long, continuous pipeline. It relates especially to a system whereby the welding
is done with machines. |
5 2 Background of the Invention
One of the major systems for transporting products such as oil, gas, and
water, is by the use of pipelines. These pipelines are usually laid underground and

literally crisscross the United States and many other countries. A trench is normally -
dug by ditch diggers along the prescribed route of the pipeline.

10 Sections of pipe, e.g. 30 to 60 feet or so, are hauled into the area through
which the pipeline is being laid. Ends of adjacent joints of pipe are connected by
welding. These welds must be very precise. Even little pinholes in the weld cannot
be tolerated. The ends of the pipe are normally beveled to improve the welding.
These pipes are clamped together to get as good an alignment between the two

15 sections of pipe as possible. On the inside of the pipe at the welding joints the
welding material should form a rather smooth surface next to the interior of the pipe.
In any event, the weld on the inside of the pipe should have very little protrusion.
Excessive protrusion can cause all sorts of problems when one runs apparatuses
down inside the pipe, such as apparatus useful to detect any possible flaw which

20 may have developed in the pipeline. Also, introduced in the pipelines are pipeline
pigs which separate one product present in a pipeline from a second. It shouid be
understood that sometimes gasoline will be piped through a pipeline. A plug will
be put in to separate the two products, and then crude oil will then be pumped
through the same pipe. One must maintain a consistent separation of the two

25 materials.



domn%inside t he pi pe, such as apparatus useful to detect any possible flaw
whi c 20‘nay have -devel oped in the pipeline. Al so, introduced in the
pipelines are pipeline pigs which separate one product present in a .

pi peli-ne froma second. It should be wunderstood that sonetines gasoline
‘Wi.I I. be piped through a pipeline. Aplug will be put in to separate the
two products, and then crude oil will then be punped through the sane

pi pe. One WMOWIRBNtai n a consistent separation of the twBCT/YUBIAHISA | 5| s,
WO 98/ 15378 PCT/ US96/ 17513 2 In order to prevent the protrusion of wel ded:
nolten welding material into the inside of a pipe, the nore common
practice today is to make the first or root pass of the weld frominside
t he pi pe. Special elaborate, costly naéhines are commercially avail abl e
for this purpose. The cost of renting Such el aborate 5 equi pnent for

wor king on the insjide of a three faot (3 Il aneter nipe nay. much as
$1, 200. 00 per V!EPBA,S"%P p?ﬁ%"‘l"@?\?'ﬂ@ﬁ'%f’éwﬁ%'eﬁé%‘?qfn“ﬁ\'ﬁ'"%l T?ﬁeﬁﬂnﬁ&aﬁgr s per
nont h.  Thiipside ot a\sipe, the Widré @BMMBn radtité t8aay IstorRkd the fipstasredot sass! t 1 s
seen that there is a need for a better, |ess expensive way of wel ding pipe

sections tefgtheaveld fromdaside hepeirene Spacil gjaborateli GRtIUBIICRINES HRet | mes
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wel di ng bugBTg‘%%'?wagﬂafﬂ?hﬁﬁi ﬁﬁgg?&rgg'd gﬁ%ucf[o@;[ %Z'?%ﬂé‘:mﬁgﬂ‘%éﬂﬁ{ tg pi pe at
t he poi Bt equipmenicfor working onithe insideiofa three foatd3") diametenpipermaay he asi pe. The

o sund. t netpptt B ST-2f oBHeF lrald o uld et cBufl be ARk o Mlfibi Torbfipgt 9
when t he weioaihd Thiglig alveryimeé-cansuptinglandicostly walding plocetionepilhnis seeanisatlS are
provi ded to secure the buguto the track. Means are al so provided to

accommodat therg '_Ffaé'ﬁﬁqtfo%ﬁ pattey; jass expensive way of waldling,Ripg seslions tegethert o cause
the welding ti Iﬁhhﬁd&ﬁ%ibélﬁ{eew@mﬁﬁcqz wéldifig Wgﬁié?ﬁ,mih%s Ut Bs/demi-SsO has a

wire feeder whic as a notor drives the wire

10 automatic welding machines. In conjunction with the welding bug is a track which
is secured about the periphery of the pipe at the point it is desired for the welding
bug to rotate around the pipe. The bug has a drive motor which with the help of °
rollers, drives the bug around the track. The rollers hold the welding bug along the
track, even when the welding bug is nearly upside down. Special clamping means

15 are provided to secure the bug to the track. Means are also provided to
accommodate different size pipe. The welding bug has an oscillator to cause the
welding tip to oscillate across the welding puddie.

The bug also has a wire feeder which has a motor which drives the wire

through the welding head for the actual welding of the two sections of pipe together.

20 In operation, the drive motor drives the bug around the Irack at a salected
constant rate of speed. However, when the bug is traveling from 12 o'clock, which
is the top of the pipe, to about 9 o'clock, which is midway around, the speed is
constant. However, for the balance of the down movement of the welding bug to
6 o'clock, the movement must be speeded up because of the gravity pulling the

25 puddle at a faster rate. In order to accommodate this, in current practice, the bug
drive motor is stopped. Then the.operator will adjust the speed of the drive motor
so that it will be speeded up. He then starts the drive motor, and the welding
process continues. The movement of the bug is always stopped when making this
change in speed.



thropugh the wel ding head for the actual welding of the two sections of pipe
Jtogether. 20 In operation, the drive notor drives the bug around the track
at- a’sel ected constant rate of speed. However, when the bug is traveling
from12 o' clock, which is the top of the pipe, to about 9 o'clock, which
‘i's mdway around, the speed is constant. However, for the bal ance of the
down novengyy ogplsaighe wel ding bug to 6 o' cl ock, the novenpaynRegirsiae
speeded up because of the gravity pulling the 25 puddle at a faster rate.
In order to accommobdate this, in current practice, the bug drive notor is
stopped. Then the. operator will adjust the speed of the drive notor so
that it will be speeded up. He then starts the drive notor, and the wel ding
process continues. The novenent of the b8g is al ways stopped when maki ng
this change in 8/ 15378 PCT/ US96/ 17513 3 Stopping the drive
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and



b Vi I Vi around a track on the outside of a
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Normally two bugs are used, one around one-half of the track and the other -
around approximately the other half. From 12 o'clock to 9 o'clock one bug goes
from nearly horizontal to nearly vertical. During this time the Speed of the bug must
be varied so as to keep the electrode with the welding wire just ahead of the
welding puddie. The other bug moves from 12 o'clock, through 3 o'clock, to 6
o'clock. The two bugs are rotating or moving at the same time. However, one bug
will start slightly befare the other and one will stop slightly before the other and be

removed from that immediate area so there is a continuous weld where the welding

15

20 passes from the two bugs meet. In the root pass a surface tension transfer (STT)

power source is used. This is new in this combination. By using this system with
proper bug speed and welding wire speed, there is only a slight burn through on
each edge of the bevel. The surface tension of the welding mode causes it to blend
together, tying in each side of the bevel leaving a small flat weld on the interior of
25 thepipe. Thus, the need to run the initial or root pass from the inside of the pipe,
or use equipment inside the pipe is no longer necessary. Before this invention
when welding pipe together with systems involving welding bugs, the root or initial
pass was always from the inside or involved placing equipment such as clamps,

back-up shoes, etc. inside the pipe. No such equipment is needed with this



invention. Means are al so provided for varying the speed of the wre feeder
.»S0 that " there is the desired amount of wire being fed into the welding
puddle. I'n another enbodi nent the speed of the wire feeder drive is
controlled by and varies in 5 accordance with varying the speed of the
drive nmotor for the-bug such that the desired rate of feeding the wire is
achi eved. Iwoogssati on, the wel ding operator will continuggghiseebsey ve t he
welding puddle inrelation to the electrode or the end of the welding wire
being fed. The operator will want to keep the end of the welding wire just
ahead of the puddle. 10 Therefore, the operator will vary the speed of the
bug to maintain the proper position of the welding head. This is done
whil e the bug and wel di ng operation proCeeds with no stops required.
Duri ng t he aatveatiomovenent of the wel ding bug, the wire feed drives can be
varied to get the, desired anmount of welding wwre to the electrode.

Further, if desir¥83n% aalspdrovided ier varging the Bpédibf tHacwih ?%edce?%g%at 15
d will isth ' .of th el di R I |
V0 08/ 15378 BOT] Lenar s oted Bt oflte' BB TEd o aywelding muciie. nigsartiar | s
a schematic GTRRAIRENt the Speed iof dhe avirec fusden aRvs ichoH?@lléd‘Kg%Hgo\?' AIG .2
a piete of

il lustrat8s acodplshddOw d on a track show n p apﬂeﬁe'" whi ch
is to be welded to anowg?}ph@@' .s%eeﬁlcétl:‘% driye matpofar the bugtsuch thét thee

wel di ng bug ¥Asinedcatexf feeding the wite & a@hiévedd €vati on of the wel ding bug of
FIG 3. FIG 515 ft-side evaluation of portions of the welding bug of

I
FIG 4. FIG 6 i Tﬁﬁ’?ﬁ?‘%ﬁ’f‘e %WslﬂnmgpﬁmswmcnontiammbbyeﬁbQﬁ@imihae
gui de rol | erpuddie in relation to the electrode or the end of the welding wire being fed. The

operator will want to keep the end of the welding wire just ahead of the puddie.
Therefore, the operator will vary the speed of the bug to maintain the proper
position of the welding head. This is done while the bug and welding operation
prooe.eds with no stops required. During the actual movement of the welding bug, -
the wire feed drives can be varied to get the desired amount of welding wire to the
electrode. Further, if desired, a control can be made such that the wire feeder
15  speed will vary in accordance with the speed of the welding bug.

10



and,travel drive rollers of the bug to the guide track. 10 FIG 7 is
gSimlar to FIG 6 except that the clanp is illustrated in the disengaged
position. FIGS. 8 and 9 when taken together shows the wobble of the welding
head. FIG 10 illustrates the bottomview of the welding bug. FIG 11
‘il.lustrates the connection between a potentioneter for driving the 15 wre
f eeder and wioes/isetsenti oneter for the travel notor such thalerhdigskizve W re
feeder is adjusted in accordance with the change of the travel speed of the
welding bug. FIG 12 is a schematic of a systemfor controlling the speed
of the travel notor on the welding bug. 20 FIG 13 illustrates pulses in
the control systemof FIG 12. WO 98/ 15378 PCT/ US96/ 17513 7 Description of
the Preferred Embodi ment Attention is fi®st directed to FIG 1 which is a

schematic drmfgsg | key conmponents of a welding systemusing a
nmodi fied welding t]. QrtF\Q is afirst pipe joint 10 and second

521, e ey i el

position where t statera weldingpug:mauntedon a tracis shywing apieceldf sife t 1 ack

t hat the mmrdtmgtbmgvaadédmlgﬂ&he;l};.g&g will normally be two wel ding bugs,
but only é})ne i's ghéh:?vm Position or guide bearings or rollers 20 naintain
t

t he wel di‘ng bug Sk frontelevationeof theyweldingebusg teigeen. There is a travel

motor 18 in the wabdf R ' drives knurled travel rollers 21 about

the track 14. Thﬁiégﬁe_e% fc?fégfpg;‘)aﬁ%é&he%?@f‘ggug EEMerdiled by a -

pot enti omet er cofitG. IS@eﬂkideévﬁlngidmﬂbo?ﬁbds%ﬁh@g@[&irﬁb%ﬁffﬁé;e wel di ng
S thto %e

bug 16 and suppo |, di W, re 28 which exten | di ng
head 30 as the ergtﬁgﬂ%ﬁaéﬁ &gmplng means for releasably clamping the guide rollers

and travel drive rollers of the bug to the guide track.

10 FIG. 7 is similar to FIG. 6 except that the clamp is illustrated in the

disengaged position.

FIGS. 8 and 9 when taken together shows the wobble of the welding head.

FIG. 10 illustrates the bottom view of the welding bug.

FIG. 11 illustrates the connection between a potentiometer for driving the

wire feeder and the potentiometer for the travel motor such that the drive wire

feeder is adjusted in accordance with the change of the travel speed of the welding
bug.

15

FIG. 12 is a schematic of a system for controlling the speed of the travel
motor on the welding bug.

20 FIG. 13 illustrates pulses in the control system of FIG. 12.



A track 14 is positioned on pipe 12 so that the end of welding wire 28 is
sproperly 15 positioned with respect to the ends of the pipes 10 and 12. A
CQ2 solenoid valve 32 is supported fromthe wel ding bug 16 and provi des
CQ2 or other desired gas to be expelled at the | ower end of the wel ding

.head 30 about the end of- the welding wre tip 29. In operation of the
device in kyéosibazst he CO2 solenoid is first opened so thatpersflegizsisot her
gas is flushed out fromaround the el ectrode 29 before it is supplied with
el ectrical power. The power for welding head 30 is provided via conduit 84
from surface-tension-transfer power source 32 which will be explained
further as a new type power source for the automatic wel di ng system usi ng
a welding bug. This STT power source is7now started. 25 Next the wire feed
notor 24 andpbfeifEhdkpd Hug travel nmptor 18 are sinultaneously started.

Thi s causes g2 remepaimentovi ng al ong track 14. The

of “the el di 0 Bua shoubd be sae i i #B.tFefnes i showing trai nt ai
itself in m&%s?*’?@gwf&eﬁ? welsaisysten uﬂn@dmd%l&ihgbgbl.dghgwn/gﬁ%rgg$

Jo) 20 42 St i 000 A s o
control t @YRdeackild isipositoredand setured es theMiidide %ﬂﬁe%&&ié@%}de&ﬁgmw fast.

progress. |f \ ed notor is not feeding the wr

then 5 potemt %@ﬁ%%%'%c‘bﬁﬂﬁﬁe ?fertoxner\ueldew.vnismﬂtm@@iaetﬂgaﬁir?a\}hﬂﬁ‘r{’ Or’h

i f the situakelding bdgmereveld, t sed. This too is done while the

wel di ng bug gg‘rgngﬂgﬁff;l{]g eqj‘ oE@é}tgﬁ@?gﬁﬁé'ﬁ?qﬁe@”&wggmr@mabu&My speisi Orl

t he wel di ng -a Plcguidenbeéaririgsaor rofers i ing is, actually
ac s a0 alhieh oS B bl onee

taki ng pl acq4askms trolling the drive spe tor
18 i ndependent Isy 1 r\%ﬁﬁtﬁﬁ ogpé—bﬁr%'ﬁ airavel mater thindhe MeldingBugWhigipke t he

wire fed@ nftives knusied teavel rollers 21 about the track 14. The speed of the travel motor
is controlled by a potentiometer control 22.
' A welding head 30 is Supported from the welding bug 16 and supports a .
welding wire 28 which extends through the welding head 30 as the electrode 29.
A track 14 is positioned on pipe 12 so that the end of welding wire 28 is properly
15 positioned with respect to the ends of the pipes 10 and 12. A C0, solenoid valve
32is supported from the welding bug 16 and provides CO0, or other desired gas to

be expelled at the lower end of the welding head 30 about the end of the welding
wire tip 29.

In operation of the device inF IG. 1, the CO, solenoid is first opened so that
all other gas is flushed out from around the electrode 29 before it is supplied with
electrical power. The power for welding head 30 is provided via conduit 84 from

surface-tension-transfer power source 32 which will be explained further as a new

20

type power source for the automatic welding system using a welding bug. This STT
power source is now started.

25 Next the wire feed motor 24 and the welding bug travel motor 18 are

simultaneously started. This causes the welding bug 16 to start moving along track
14. The operator watches the Operation, especially the welding puddie. The speed
of the welding bug should be such that the wire tip 29 should just maintain itself in



[ [ for permtting
- n of the speed of the travel notor. This apparatus
:Iﬁpgt:g_ iIIustra?ed in FIG 11. In this apparatus the operator of trgl
"meldrng bug woul d turn knob 38 to adjust the travel speed of the welding
bug. This change would be in the general nmanner of chﬁnglng potsRéLgn?ge;
i [ In this case,
settings for control-ling the speed of a 15 notor.
3$ive ghainwgbwhgm; 40 connect ed between éhehshafts gg ;g$gmggﬁgﬁ??oneter
tiometer for drive wire feeder 26 and the rotor _ _
Pgﬁe?ravel notor 28. Thus when wheel 38 is rotated, the drive c_halnf 48
will drive the rotor 34 to adjust the potentioneter for drive wire Se_er
26. Thus as the speed of the welding byg varies, the speed of the r|v? r
wire feeder can vary 20 accordingly. A pPipeline tractor 42 has a generato
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reel 58, passes fristeatybf conitrolihgihd Arigd ﬁggedn ?ﬂg}?g{ﬂgﬁégﬁggﬁﬁgﬁé@%ﬁeﬁﬁ}( neen
the two fd] ! gliiﬁnskhﬁnggm\gm prgezfrfg Eggtfr[nellmsr izgf:gse thalyanake the wire feed motor speed a
adj ust me . |
function of the speed of the travel motor. This apparatus for permitting this is
illustrated in FIG. 11. In this apparatus the operator of the welding bug would tum
knob 38 to adjust the travel speed of the welding bug. This change would be in the
general manner of changing potentiometer settings for controlling the speed of a
15 motor. In this case, there is a drive chain or belt 40 connected between the shafts
or rotor 34 of potentiometer for drive wire feeder 26 and the rotor 36 for
potentiometer for travel motor 28. Thus when wheel 38 is rotated, the drive chain
40 will drive the rotor 34 to adjust the potentiometer for drive wire feeder 26, Thus,
as the speed of the welding bug varies, the speed of the drive wire feeder can vary
20 accordingly.

A pipeline tractor 42 has a generator which provides electrical power to the
surface-tension-transfer (STT) power source 32. In principle, the STT power
source is a power source which has the capability of delivering and changing
electrode current in the order of microseconds, for example about 750

25 microseconds has been effective. The STT power source is commercially available
from the Lincoln Electric Company, Cleveland, Ohio 44117-1 199, U.S.A,

Attention is next directed to FIG. 2 which shows a modified welding bug 16
mounted upon track 14 which encircles the pipe 44. Track 14 may be a
conventional track which guides a welding bug around pipe. The principal
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to oscillate the welding head 30 so that the electrode is moved back and forth

across the opening between the ends of the pipe being welded. Connector 70 can

be used to adjust the positioning of welding head 30. Knob 85

is used for adjusting
the height of the welding head.

Attention is now best directed to FIG. 3 which shows the welding bug 16 in
15 enlarged form, jt shows an oscillator adjusting mechanism 74 to adjust the height

of the oscillation curve, i.e. the width of oscillation. (This oscillating system may be
the same as shown as used on conventional welding bugs.)

Attention is next directed to FIG. 8 which shows oscillator tip in one position
and in FIG. 9 wherein the welding tip is in a second position. The welding tip 52 is

20 supported by welding head 30. This oscillating system is used in the conventional
welding bugs and is shown here only for ease of understanding the overal| system.
FIG. 3 also shows an adjustment knob 85 for adjusting the height of the
welding head with respect to the welding bug and in effect the height in relation to
the pipe being welded.
25

It is essential to provide an insert gas which is preferably carbon dioxide to
the welding head. This is provided as shown in FIG. 4 from a gas source hose 78
which is connected to a solenoid valve 80 which has an outlet hose 82 which goes

to the welding head. Gas is provided through the solenoid when it is opened. A



- ing head as may be needed. 5 Attention will next be directed to the
.:Ergvﬁflgétgr 18 and trgvel and drive rollers 20 as they relate to staylngI
"on and nmovi ng al ong track 14. Travel and drive rollers may be conventiona
and are shown here to conpl ete the overall new conbination. Attention is
-next. directed to FIG. 6, 7, and 10. FIG 10 is a bottom view of the 4
wel di ng bugvdésnssigown t hereon are bl ocks for housings 88Apcﬁﬂﬁg5/ﬁ8§, 10 an
88D for the rollers. Shown within the bl ocks 88A and 88C are the side 028
rollers 90; and in blocks 88B and 88D are shown knurled wheel s 92A_andb
which are driven by drive motor 18. The side rollers keep the welding Iug
snug on the track. The knurled roller causes the welding bug to nove ? ong
the track. FIGS. 6 and 7 show the clang®ng | ever for clamping the rollers

. ar : . . hat the
tion. a,l5 anpi ng mechani sm di sengaged so t
rol lers can %@eg%%%ﬂ i ShEAoversurep? er@ﬂcémbeqppeetm;@r?gﬁmzts t he
d. wWéldin 4e30.s provided a spring and adjusting nuts .
oo an s ort bgari ngs 141 and 143 on top of track 14 and

Egg\rlvinni 2 ?4? aﬁa Ai‘?&%wp swivehadiusiment 86 papMiddsimearpfdriajustihg ithe ahgie of6 i n
J ' . in FIG 10 are: Bottom vi ew of the
contact 20 twb MIéﬁéﬁF?&és rri%lygsr%..I @%

wel di ng head 30, oscillator or 66, and oscillator adjustnment 74.

B Ly oo s ad o 1 kvt 18 ) 0 B '
dar ve. syst g’F@lhegggﬁggﬁe%lglggef\g%@%%m@%wvm@{%@g tﬁgclsmteiﬂfga:bl sk dive ¢ f eed
ot Cat on e hcen mett ot e e fiel' b eofSGiS v nom e
Changed, | I mvobhienas ot FISS e . D1 ity
From thar. or s e R RAAEts” SRR b3S orninae aoke sve Bagu e
PCT/ US96Y0L790d 88D for the rollers. Shown within the blocks 88A and 88C are the side rollers
90, and in blocks 88B and 88D are shown knurled wheels 92A and 92B which are
driven by drive motor 18. The side rollers keep the welding bug snug on the track.
The knurled roller causes the welding bug to move along the track. FIGS. 6 and 7
show the clamping lever for clamping the rollers in position. FIG. 7 shows a
15 clamping mechanism disengaged so that the rollers can be properly positioned.
The rollers should be snug against the track band. Thus there is provided a spring
and adjusting nuts 104.
As shown in FIG. 5, support bearings 141 and 143 on top of track 14 and
bearings 145 and 147 on the bottom of track 14 keep the welding bug 16 in contact
20 with track 14.
Also shown in FIG. 10 are: Bottom view of the welding head 30, oscillator
drive motor 66, and oscillator adjustment 74.
The wire guide mechanism has been modified from that of the previous wire
drive systems on conventional welding bugs. Conventional welding bugs require
25 the bug to bé stopped before a change of speed of the wire feed motor or drive
motor for the bug was made. In this invention, a modification has been made such
that the drive speed of the wire can be changed without stopping the movement of
the welding bug. The drive mechanism for driving the welding bug about track;c, 14

has been modified from that of the conventional welding bugs mostly in that the



11 speed of the travel notor can be varied w thout stoppigg t??a&ﬁldhg?or
‘ roégss' Control means for controlling the speed of the ug frave motor
"gnd the"speed of the wire drive notor will now Pg-di;cazfgh ;homs at
) . . . F
13. Attention is next directed to _
-Egg??o%2ngggs in 5-schematic formfor use in controlling the Spﬁggp?fthe
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S tamme o (30 o mniC?htypicaglgfl§0503/58v8;£?és as g function of the
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igzvgf?gggtzf the current on line 132. Tt outlet of the notor is provide

[ ' [ 128 back to oscillator 120. There
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is a 19 eedbacﬁp?q%%ﬁﬁgéfavﬁlrfaﬁﬁor FAR be vaded withbet s16spihg HePweibinly B el
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wire feed 134and variable resistor 128 back to oscillator 120. There is a feedback line 130 ,
: from lines 134 to the oscillator 120. This has a resistance 126 and provides a

minute feedback to oscillator 120. Resistor 128 can be varied to change the speed

of motor 18 (as by moving knob on potentiometer 22). As the resistance of resistor

15 128 is varied, the output voltage varies on line 132. This voltage on line 130 is then

Compared to the oscillator reference voltage 124. The width of the pulses 140, 142

shown in FIG. 13 changes until the minute feedback on line 130 equals the

reference voltage. This will then control the speed of motor 18. One skilled in the

art could easily implement this speed control system from the above schematic

20 drawing and explanation. Other means of providing this motor control speed may
be used.

FIGS. 4 and 5 illustrate potentiometer welding bug travel speed control knob
26A and wire drive speed control knob 26A mounted on control box 27. These
knobs can be used in cooperation with the control of FIG. 2 to adjust either or both

25 ofthe speed of the bug travel motor or the wire feed motor. Control conduits 147
and 149 connect the control box 27 respectively to travel motor 18 and wire feed
motor 24.

- Having described the principal components of the invention, attention will
now be directed briefly at the operation thereof. In operation, the ends of pipe



[ [ I nci ts of the invention,
4. Having described the principal conponen _
g?t (Cé)':]t i20'n w | | gnow be directed briefly at the operation there;)}c : nIsn10 and
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wire tip 29 is in proper position.

The initial or root pass of the welding operation is made on the outside of the
pipe in the position shown in #IG. 1. The use of the surface-tension-transfer (STT)
power source 31 is most essential. The STT power source operates neither in the
constant current (CC) or constant voltage (CV) mode. Rather, it is a high frequency

15 (wide-band-width), current-controlled machine wherein the power to the arc is
based on the instantaneous arc requirements, not on an "average DC voltage"”. It
is a power source which has the capability of delivering and changing electrode
current in the order of microseconds.

As the travel motor causes the welding belt 16 to progress around track 14,

20 the operator closely watches the welding puddle to keep the welding tip 29 just
ahead of the puddle. As the welding bug 16 moves downwardly, the force of gravity
Causes the welding puddle to want to move faster. Therefore, the welding operator
will merely turn a knob 22A as shown in FIG. 4 to adjust the speed as required.
The operator can also adjust the speed of the wire feed motor 24 by adjusting knob

25 26A as shown in FIG. 4. This is done without stopping either the travel motor 18
or the wire feed motor 24. There is another welding head (not shown) which is on
the other side of the pipe from that viewed in FIG. 1. The second operator will
operate that welding bug in the same manner as just described. One of the bugs

will start slightly before the other, so that there will be no gap at the top where the



will nmerely turn a knob 22A as shown in FIG 4 to adjust the speed as

., required. The operator can also adjust the speed of the wire feed notor 24
by adjusting knob 25 26A as shown in FIG 4. This is done w thout stopping
either the travel notor 18 or the wire feed notor 24. There is another

-wel di ng head (not shown)' which is on the other side of the pipe fromthat
vi ewed i n Kémwsris3zgThe second operator will operate that \Wweriisegi7eisd I n the
same nmanner as just described. One of the bugs wll start slightly before
the other, so that there will be no gap at the top where the WD 98/ 15378
PCT/ US96/ 17513 13 wel di ng beads begin; and one of the bugs will stop
before the other so that the one bug c continue the wel ding bead until

it is continuous at the bottom This operation is all fromthe outside of

the pipe. Thelding Bedtis HegRt AHE bR of t i | AR the |ike
because of bhi S new systbem descr?bgggﬁgggv{"%tw}ﬁg{%e ?Le!én}gég&?\g%g o7 't he
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scope of the At achad (eyenional waldingtechniques@sidpsirad. ful | range of
equi val ency to WhIB tRARVerEbR MBS bebh 86 Y G hhh&flar it
PCTI US96/ 17@13 14 Qajinms 1 1. A et hﬁ%?%%?&%ﬁé‘hﬁ%@'e\eéﬁz’cf%%/f&%’%?'ﬁ}"st pi pe
to the end BfS Hafestihat mamechapges may be made in the details of construction without

10 departing from the spirit and scope of this disclosure. It is understood that the

invention is not limited to the embodiment set forth herein for purposes of

exemplification, but is to be limited only by the scope of the attached claim or -

claims, including the full range of equivalency to which each element thereof is
entitled.



2 use of a welding bug having a welding wire feeder and means for driving
the ‘bug’ 3 along a track on the outside periphery of pipe which conprises:
"4 contintously moving said bug along said track; 5 applying the initial
wel di ng pass to the adjacent ends of said first and 6 second pipe from
.outside said first and second pipe wthout use of internal 7 equipnent; 8
varyi ng t hewepssdrgof said wel ding bug wi thout stopping it pdids9eiiss3 S 9
continuously noving about said track on said pipe to maintain a desired 10
wel ding puddle. 1 2. A nethod as defined in claiml in which after the
initial pass applying 2 additional passes. 1 3. A nmethod as defined in
claiml1 in which said initial pass is nmade by 2 using a
surface-tension-transfer power source in4aid initial welding pass. 1 4. A
met hod as defined in claim3 in which the power source has the 2

capability of delivering and changi ng ' rode current in the order of 3
m cr oseconds. 1 5. A nethod as defined in claiml including varying the
speed of qalg lrjrge‘jﬁ 1e onse to an observation of the welding puddle as
t he wel di ng bug i ‘Hg Qﬂd@fﬁrsbhpeyo the-brwd 8 fr5dcdiitf E %y I
claim

REPLACED 2 \W3edo¥ 48 VA t hod def
4 in whi cg %’\ eed%féma-é ﬁﬁé% h‘gérﬁlggjﬁ? 89"%?’2?%@3@# fos %Stﬂlgntge@uer is a
f

function ﬁ@@ﬂ %th@ﬁytmlﬁhwy dfp.pemudﬂ*@,mﬁ,slégg around the track.
1 7. An apparatus for C&ﬁﬂ"{uolaglylﬂgvmgsaldbuagglérggsga,gt%%ktO a first end of a

5 applying the initial welding pass to the adjacent ends of said first and
-6 second pipe from outside said first and second pipe without use of internal

7 equipment;

8 varying the speed of said welding bug without stopping it while it is

9

continuously moving about said track on said pipe to maintain a desired
10 welding puddie.

-t

2 A method as defined in claim 1 in which after the initial pass applying
2 additional passes.

3. A method as defined in claim 1 in which said initial pass is made by
2 usinga surface-tension-transfer power source in said initial welding pass.

1 4. A method as defined in claim 3 in which the power source has the

capability of delivering and changing electrode current in the order of
3 microseconds.

1 9. A method as defined in claim 1 mcludmg varying the speed of said
2 bug in response to an observation of the welding puddle as the welding bug is
3 moving about the periphery.

THIS SHEET HAS BEEN |
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2 second pipe which conprises: 3 a welding tractor; 4 a power generator on
.'and’ ‘powered by said tractor; 5 a surface-tension-transfer (STT) power
source. connected to said power 6 generator, 7 a welding bug including a
wire feeder, a welding head, and neans to guide 8 said bug around the
.periphery of said pi-pe; ‘9. connection nmeans for connecting the welding head
of said bugvpes/sargd STT 10 power source; 11 speed contr olpciRRBE1RDY
renotely varying the speed of said welding bug as 12 it noves about said
track on said pipe. 1 8 An apparatus as defined in claim7 including neans
for. renotely 2 varying the speed of the wire fed fromsaid wire feeder. 1
9. An apparatus as defined in claim?7 i udi ng .nmeans for varying the 2
rate at which said wire is fed fromsaid"w re feeder as a function of the

eed of daid 3 @wldi ) ; Ll or wel dj ng one end of a
i Al s el AU, i 50358 Wi lnchomes

first pi Pg to another end of a
gener at or “whP%:$RI¢ Welsing wire faederisea functioh of thespaédi GTsh@ mbkahe fgrqﬁgﬁ{g th@
u

wel di ng hgactbugpaduRB dsSyhd drive 4 the wire feeder to have output” Wre; 5
a surface-tension trans}rer "(STT) power source connected to said welding

THI S SHEET HAS BEEN - PLACED WD 98/ 15378 PCT/ US% 17513 16 6 head and

connectedqto recei ve Bg\v%{ fr@rﬁnfsai d power generator, said STT power 7
source having the capabi THRATAYP 1gLwe oRe 8Ad of Adingli pipe ¢ adfirstosred oiar ent

in the 2 second pipe which comprises:

a welding tractor;

a power generator on and powered by said tractor;

a surface-tension-transfer (STT) power source connected to said power
generator;

a welding bug including a wire feeder, a welding head, and means to guide
said bug around the periphery of said pipe;

connection means for connecting the welding head of said bug to said STT
10 power source;

O @ N O 0 A W

11 speed control means for remotely varying the speed of said welding bug as
12 it moves about said track on said pipe.

1 8. An apparatus as defined in claim 7 including means for remotely
2 varying the speed of the wire fed from said wire feeder.

9. An apparatus as defined in claim 7 including means for varying the

rate at which said wire is fed from said wire feeder as a function of the speed of said
3 welding bug.

N

10.  An apparatus for welding one end of a first pipe to another end of a
second pipe with power from a power generator which comprises:

a welding bug including a wire feeder, a welding head, and means to drive
the wire feeder to have output wire;

WD A

a surface-tension transfer (STT) power source connected to said welding

THIS SHEET HAS BEEN
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8 or.der of mcroseconds; 9 a rempvable track nounted about said pipe to
gui de said welding bug along 10 the track about tte outsi de peri phery of
"sai d’ pi pé near the two ends to be welded; 11 a drive notor for driving
said wel ding bug along said track; 12 a welding bug including a wire
‘feeder, a welding head, ‘and neans to drive 13 the wire feeder to have

out put W r eyodgnsamnecti ng neans for connecting the STT pawayssgivsee to the
wel di ng head 15 of said bug. 1 11. An apparatus as defined in claim10

i ncluding nmeans to vary the .2 speed of said drive notor connected to said
wire feeder. 1 12. An apparatus as defined in claim 10 including neans to
vary the 2 speed of said welding wire fging fed fromsaid wire feed in
response to the speed 3 of the bug. 1 13. A nethod of welding the end of a

fi Irzt pi |§e h@?@ ARd eonnegteddo seeivecpqwgrdron? shid pugiér@egarﬁt&, ggiags-ppg?p@,vi n% a
wel ding wr : ns..for, driving the bug, along a track on the
out si de \gerlggwg:r%ﬁﬁd;?’p?e%?ﬂ'k o WPQE&?”Q “t’f‘éﬁgﬁnﬂlﬁiﬁ%tf engyreny isthied bug
al ong saiBd ordeclof Micrppégands; t he initial wel ding pass to the adjacent ends

of said fgrst an S nd, pi pe, fromoutside said first and second pipe

usi ng onlgy equi p%gw?ovaﬁfeg&a(cg egkaboybsaid pipe 19 guide said welding pugdlamg sai d
wel di ng 1Bugthei ttdek abogtitee BLERHE ehEof daid Bi | P Vi bout

sai d tracik on saé ﬁ%%@ﬁ‘;ﬁ g‘?i_%ﬁfﬁ“ﬁ?ﬁe"é‘? Egg%e%gm&% %@%ﬁ%%ﬁgﬁ » when
appl yi nd 't he ini i"efarpangssaid iweldipg meg alongsaid track;ace- THI S SHEET
HAS BEEM2 REPLAGRWeMfAgSlig miliding e Wirg 164der 4 welding head. and means to drive

13 the wire feeder to have output wire;

14 connecting means for connecting the STT power source to the welding head
15 of said bug.

1 11.  An apparatus as defined in claim 10 including means to vary the -
2 speed of said drive motor connected to said wire feeder.

1 12.  An apparatus as defined in claim 10 including means to vary the

2 speed of said welding wire being fed from said wire feed in response to the speed
of the bug. |

13.  Amethod of welding the end of a first pipe to the end of a second pipe
by use of a welding bug having a welding wire feeder and means for driving the bug
along a track on the outside periphery of pipe which comprises: '

. continuously moving said bug along said track;
applying the initial welding pass to the adjacent ends of said first and
second pipe from outside said first and second pipe using only equipment
external of the pipe;
varying the speed of said welding bug without stopping it while it is
continuously moving about said track on said pipe to maintain a desired
welding puddle; |
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when applying the initial welding pass using power from a surface-
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17 .:12 tension-transfer power source. 1 14. A nethod as defined in claim13
.in Whichqafter the initial passapptyrng—2—additional passes. 1 15. An
appaifatus as defined in claim 10 in which the STT power source 2 can
deliver and change the el ectrode current in the order of about 750 .3
‘m-cr-oseconds. 1 16. *A nethod of weldi.ng a first pipe to the end of a second
pi pe by usevmdsns®rsa wel di ng bug having a wel ding wre feegerugsghrsans for
driving the bug along a 3 track on the outside periphery of said pipe
whi ch conprises: 4 connecting the welding bug to an STT power source, 5
continuously noving said bug along said track, 6 applying the initial
wel di ng pass to the adjacent ends of sat first and second 7 pipe from
outside said first and second pi pe w thout use of internal equipnent, 8
observi 1@ t he ennsibnithansii?pdwepsiiiicg, i " rel ation to the wel ding puddie, 9
varyi ng the speed of said welding bug w thout stopping it while it is 10
conti nuously noving about said track on said pipe to keep the end of the

vel ding 111 wiret4, usta mefdd a8 defitsy #R‘é?'a%% in uh%saﬁgﬁ{m%t?al?)ggg apS)E'EI:tléACED
2 additional passes.

1 15.  Anapparatus as defined in claim 10 in which the STT power source

2 can deliver and change the electrode current in the order of about 750
.3 microseconds.

16. A method of welding a first pipe to the end of a second pipe by use of
a welding bug having a welding wire feeder and means for driving the bug along a
track on the outside periphery of said pipe which comprises:

connecting the welding bug to an STT power source,

continuously moving said bug along said track,

applying the initial welding pass to the adjacent ends of said first and second
pipe from outside said first and second pipe without use of internal equipment,

observing the end of the welding wire in relation to the welding puddle,

varying the speed of said welding bug without stopping it while it is
continuously moving about said track on said pipe to keep the end of the welding
wire just ahead of the puddle. '
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