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(57) Abstract

A new system for welding sections of pipe (10, 12) together to form a long continuous pipeline. A welding bug (16) is mounted on
a guide track (14) which goes around the circumference of the pipe. The welding bug is provided with a wire feeder, a motor (24) to drive
the wire feeder, and driving motor (18) for driving the bug around the track. One may vary the speed of the bug and the wire feeder while
the bug is continously driven around the track. The welding head on the welding bug is powered by a surface-tension-transfer power
source (31). The initial or root pass is made external of the pipe.




1.  Rreld of the Invention
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1
DESCRIPTION

METHOD OF WELDING PIPE

Backaround of the Invention

1. Field of the Invention

This invention relates to the field of welding sections of pipe together to form
a long, continuous pipeline. [t 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 1aid 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 goed an alignment between the two

16 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. |t should 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.



2 & In order to prevent the protrusion of welded nolten wel ding
makerial into the °~  ‘inside of a pipe, the nore comon practice today is
to make the first or root pass of the weld frominside the pipe.

Speci al el aborate, costly machines are commercially available for this
pur pose. The cost of renting such elaborate 5 equipnent for working on the
I nside of a three foot (3') dianeter pipe nay be as much 200. 00
per wel d, or Y& PRt al coul d be nearly Two MI1ion DoIIargcﬁgﬁaWE%m nont h.
This is a very tine-consumng and costly wel ding procedure. It is seen that
there-is a need for a better, |ess expensive way of wel ding pipe sections

t oget her. I n nodern pipeline welding, welding bugs are soneti nes
used as sem - 10 automatic welding nachjnes. In conjunction with the
wel ding bug is a track which I s secured about the periphery of the

pipe at the pointyidydgo gl%%ﬁﬁqe {)t%[ru%i\ﬂf%f"\ﬁéleéﬂﬂwﬂ%n \ﬁrgrﬂg%olﬁﬁgterri‘éﬁ iﬁ?cgﬁhlﬁr ound

the pi pe. The bug has a drive notor h wt ers,
drives the bingide afiapipethemore lcomiioe pradtice teddyds tb make thel filsher roatpasisong t he

track, even whep tiSa"Ehe NG fhe! Sipae X SpboiP Hkerdl BostP Sidchines' SEP! N9
commercially available for this purpose. The cost of renting such elaborate
5 equipment for working on the inside of a three foot (3') diameter pipe may be as
much as $1,200.00 per weld, or the rental could be nearly Two Million Dollars per
month. This is a very time-consuming and costly welding procedure. it is seen that
there is a need for a better, less expensive way of welding pipe sections together.
in modern pipeline welding, welding bugs are sometimes used as semi-
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 track at a szlected
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 conlinues. The movement of the bug is always stopped when making this
change in speed



15 aré provided to secure the bug to the track. Means are al so provided to
actommodat e different size pipe. The wel ding bug has an oscillator to cause
t he wel ding tip to oscillate across the wel ding puddl e. -
The bug al so has a wire feeder which has a notor which drives the wire
t hrough the wel ding head for the actual welding of the two sections of pipe
t oget her. 20 WO915378, operation, the drive notor drives thedmgesrrsnd t he

track at a selected constant rate of speed. However, when the bug is
traveling from 12 o' cl ock, which is the top of the pipe, to about 9
o' clock, which is mdway around, the speed is constant. However, for
t he bal ance of the down novenent of the we|ding bug to 6 o' clock, the

novenent nust be speeded up because of the’gravity pulling the 25 puddle
at a faster rate. |$8toppifgthd dii te this, in current practice, the
bug dri Vﬁﬁ g‘%ﬂtc ?arteclipg g;igppgg. iﬂeEngg é'%ﬁ)@?&ledﬂ campletingithesveld.h Otiepeed
of the drive prehlems such taswinkintdiGing IRE $8F; hen starfs the

§ e oAy, oF b Btheh st Bene

drive notor, agshdidie ' [,0cess conti nues.
bug is al ways sto pe%awmhgk%k?‘f?@ ‘?’Fﬂ ese probiemag ¢e procegwredust discussed is

widely used, mainly because it is better than the prior procedures.

S itis therefore one object of this invention to provide an apparatus and system

whereby the initial or root welding pass can be made from outside the pipe and in
which there is no internal protrusion of the welding puddle.
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St oppi ng the drive notor causes a loss of tinme in conpleting

_the el d. O her associ ated problens such as nmaintaining the continuity
vof the bead nust be consi dered. However, even with these problens,
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Summary of the Invention

This is a method and an apparatus of welding the end of a first pipe section
to the end of a second pipe second by use of an improved we!ding' bug. The
welding bug is provided with a wire feeder, means to drive the wire feeder, and
driving means for driving the bug around a track on the outside of a periphery of
pipe. Control means are provided for varying the speed of the bug whiie the bug
is continuously driven around the track. When the pipe is welded, it is in a
horizontal pasition, that is, the axis of the pipe is normally horizontal. The initial
welding pass or root pass is applied adjacent to the ends of the first and second
pipe from outside the first and second pipe. Nd internal line-up clamps with back-
up shoes are used or needed in this process.

Normaily 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 electrade 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 before 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
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 suriace 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
the pipe. 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, stc. inside the pipe. No such equipment is needed with this

al or
whi ch there

t he



4 . S_Jrrrrary of the Invention This is a nethod and an
.apparatus of welding the end of a first pipe section to the end of a
“second pi pe second by use of an inproved wel ding bug. The
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invention.

Means are also provided for varying the speed of the wire feeder so that
there is the desired amount of wire being fed into the welding puddie. In another
embodiment the speed of the wire feeder drive is controlied by and varies in

5 accordance with varying the speed of the drive motor for the bug such that the
desired rate of feeding the wire is achieved. .

In operation, the welding operator will continuously cbserve the welding
puddie 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.

10 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
proceeds 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 weiding bug.



wel di.ng bug is provided with a wire feeder, neans to drive the wire feeder,
and 5 driving neans for driving the bug around a track on the outside of

a periphery of pi pe. Control neans are provided for varying the speed
of the bug while the bug is continuously driven around the track. Wen
the pipe is welded, it is in a hori zontal position, tha ié,,séhe axi s
of the pipewiosgngaygnl |y horizontal. The initial wel d?ﬁﬂi’%g s or root
pass is applied adjacent to the ends of the first and second 10 pipe from
outside the first and second pipe. No internal line-up clanmps w th back-

up shoes are used or needed in this process. Normal Iy two bugs
are used, one around one-half of the tragk and the ot her around

appr oxi rrately the other half. From 12 o' Clock to 9 o' clock one bug goes
fromnearly 4R @é § gtlcal During this tinme the speed of
the bug rrust%m fidrt® Wb}é@'“ keep the electrode wth the wel ding

wi re just ahead ofFICBhbisaschemﬂididraynpgldnistaatmﬁheyanmmnemtg ofitheciavéntiom 12

o' cl ock through 3 S are r tatlng or
Tovi g at 't he b amd 132 f5eligiah Heding B pipyPied on ek SHOWIRG aighn SR o o

t he ot her andumams/mlﬂe\eéimmlar@mdnp.é&f ore the other and be renoved
fromthat pnmmedia éjea so there is_a contjinuous weld where the wel ding 20

Gy

passes froththe t 52 frpnlielevaljop gEthewrldipa $9g 9 §lF-t2ace tension transfer
(STT) power TG &% 4 fodr eRNatidi btk Weltfiy bl b¥FI&, 8oNbi nation. By using

this systemwth

FIG. § is a left-side evaluation of portions of the welding bug of FiG. 4.
FIG. 6 illustrates clamping 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 iilustrates the connection between a potentiometer for driving the
15 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.
FIG. 12 is a schematic of a system for controiling the speed of the travel
motor on the welding bug.
20 FIG. 13 illustrates puises in the control system of FiG. 12.



proper bug speed and welding wire speed, there is only a slight burn

t hrough on each edge of the bevel. The surface tension of the wel ding
rode causes it to blend together, tying in each side of the bevel

| eaving a small flat weld on the interior of 25 the pipe. Thus, the need
torun the initial or root pass fromthe inside of the pipe, ﬁr use
equi pnent | 'g%“%?p pi pe is no | onger necessary. Before RGTUSPUTERL i on
when weldinaﬁg € together with systens involving wel ding bugs, the root or
initial pass was always fromthe inside or involved placing equi pnment
such as cl anps, back-up shoes, etc, inside the pipe. No such equi pnment
I's needed with this 7

Description of the Preferred Embodiment

Attention is first directed to FIG. 1 which is a schematic drawing showing the
key components of a welding system using a modified welding bug. Shown thereon
is a first pipe joint 10 and second pipe joint 12 which are to be welded togsther. A
5 guide track 14 is positioned and secured to the cutside of the welding pipe near the
position where the pipe ends are to be welded. It is upon this guide track that the
welding bug 16 travels. There will normally be two welding bugs, but only one is
shown. Pgsition or guide bearings or rollers 20 maintain the welding bug on track
14 as the bug travels thereon. There is a travel motor 18 in the welding bug which
10 drives knurled travel rollers 21 about the track 14. The speed of the travel motor
is conirolled 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 CO, solenoid vaive
32 is supported from the welding bug 16 and provides C0, or other desired gas to
be expelied at the lower end of the welding head 30 about the end of the welding
wire tip 29.
In operation of the device in FlG. 1, the CO, solenoid is first opened so that
20 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
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



5 . i nvention. Means are al so provided for varying the speed
of thé wire feeder so that there is the desired anount of wire being
fed into the wel ding puddle. In another enbodi ment the speed of the
wire feeder drive is controlled by and varies in 5 accordance with
varying the speed of the drive notor for the bug such that the esired
rate of feediyigogiiBssW re i s achi eved. I n operat FS'F{USSFHFI | di ng
operator will continuously observe the wel ding puddle in relation to
the el ectrode or the end of the welding wire being fed. The oper at or
will want to keep the end of the welding wire just ahead of the puddle. 10
Therefore, the operator will vary the spegd of the bug to maintain the

pr oper position of the welding head. This is done while the bug and

wel di ng oper atéd%@nce  of the GIRRE U the Waidi &chqb% s RSUMIRSIpipBUhE Beavity vafied ual
novenent of the we g gm\;n re teed dri vespgan bgg?/ayl ed to get

t he desired an‘BQrWOWQNéPﬁgﬁg?WiGe The epesator will earepansatedor thig by,aperatifg
desired, a conidightigritlellontBlf chdRble P drive peii?® petlWhile the welding is in

progress. If the wire feed motor is not feeding the wire sufficiently fast, then

5 potentiometer control 26 for wire drive speed can be increased or, if the situation
demands, it can be decreased. This too is done while the welding bug 16 is moving
along track 14. (Never before has the speed of the welding bug along the track
been varied while the welding is actually taking place.)

Instead of controlling the drive speed of the travel motor 18 independently

10 fromthe speed of wire feed motor 24, one may make the wire feed motor speed a
function of the speed of the trave! motor. This apparatus for permitting this is
illustrated in FIG. 11. In this apparatus the operator of the welding bdg would turn
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. Inthis case, there is a drive chain or beit 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 44117-1199, U.S.A.

Attention is next directed to FIG. 2 which shows a modified welding bug 16
mounted upon frack 14 which encircles the pipe 44. Track 14 may be a
conventional track which guides a welding bug around pipe. The principal



15 speed_ will vary in accordance with the speed of the wel di ng bug.

6 ¢t -Brief Description of the Draw ngs FIG 1 is a schematic
drawing illustrating key conponents of the invention.
PCT/US96/17513
WO 98/15378
9

components of welding bug 186 include a welding tip or electrode 31 at welding head
30 having a gas cone 50 which directs welding gas, typically CO,, about the
electrode 31. Conduit 84 connects STT power source 31 to welding head 30. The
welding wire, which is an electrode, is wound on wire reel 68, passes through shield
5 60 and 62, with a wire feeder 64 between the itwo shields. The wire feeder is
conventional and has tension adjustment 65. This wire feeder 64 is used to drive
a wire at a selected speed through the welding head 30. CO, supply hose 82
connects the welding head 30 in a conventional manner. An oscillating motor 66
is provided to drive oscillating mechanism 68 which is connected through connector

10 70 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

16 enlarged form. It 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 neit 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 62 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 overall system.

FIG. 3 aiso 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 outiet hose 82 which goes
to the welding head. Gas is provided through the solenoid when it is opened. A



FIG .2 illustrates a welding bug nounted on a track show ng a pi ece of

pizpe  which is to be welded to another piece. 5 FIG 3is a
front elevation of the welding bug of FIG 2. FIG 4 is arear
el evation of the welding bug of FIG 3. FI G 5|saleft si de

eval uati on of portions of the welding bug of FIG 4.

i|lustrates G’chmlsng means for rel easably clanping the gui 38""[“8?6(18?% .
and travel drive rollers of the bug to the guide track. 10 FIG 7 is
simlar to FIG 6 except that the clanp is illustrated in the

di sengaged position. FIGS. 8 and 9 when taken together shows

t he wobbl e of the wel di ng head. ' 1 FIG 10 illustrates the bottom
vi ew of the welding bug. FI G Q1 illustrates the connection

between a pot e?%«rfé?%sﬁ&ﬁtéﬁ fre "Sﬁgp&ly&f s@ﬁrc?‘fzﬁégﬁﬁgﬂh a&b%éédh% curreptfor

pot enti onet er he t rave not or rrve
adj usted i n acwedihwhead@® h t he change of the travel speed of the wel di ng
IS a system for controllin

b Fi . t he
s gged of the travel® "a"a%"?rﬁvwﬁﬁ%ﬂ“%q%s"m o Wﬁeé {Rgans dor adjusting thean qB
i | lustrates puiheateldifg hbad &9 idyde messeam of FIG 12

5 Attention will next be directed to the travel motor 18 and travel and drive
rollers 20 as they relate to staying on and moving along track 14. Travel and drive
roliers may be conventional and are shown here to complete the overall new
combination. Aftention is next directed to FIGS. 6, 7, and 10. FIG. 10 is a bottom
view of the welding bug 16. Shown thereon are blocks for housings 88A, 888, 88C,

10 and 88D for the rollers. Shown within the biocks 88A and 88C are the side rollers
80, and in blocks 88B and 88D are shown knuried 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 roliers 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 bugto 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 tracké 14
has been modified from that of the conventional welding bugs mostly in that the



7 Description of the Preferred Enbodi nent

firsttdirected to FIG 1 which is a schematic draw ng show ng the
conponents of a welding systemusing a nodified welding bug. Shown thereon
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speed of the travel motor can be varied without stopping the welding process.
Control means for controlling the speed of the bug travel motor and the
speed of the wire drive motor will now be discussed in relation to FIGS, 12 and 13.
Attention is next directed to FiG. 12 which shows one control means in
schematic form for use in controlling the speed of trave! motor 18. (The illustrated
system may also be used to control the speed of wire feed motor 24.) It includes
a pulse width oscillator 120 which has a power input 122. The puise width oscillator
120 has a reference voitage 124 which typically is 2 1/2 volts. The power circuit
132 connects to motor 18. The speed of motor 48 varies as a function of the
voltage of the current on line 132. The outlet of the motor is provided through line

134 and 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
128 is varied, the output voltage varies on line 132. This voltage on line 130 is then
compared {o the oscillator reference voltage 124. The width of the pulses 149, 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 couid easily implement this speed control system from the above schematic
drawing and explanation. Other means of providing this motor cantrol speed may
be used.

FIGS. 4 and 5 iliustrate potentiometer welding bug trave! 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 controi of FIG. 2 to adjust either or both
of the speed of the bug travel motor or the wire feed motor. Contro! 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

Attention is

key



is a first pipe joint 10 and second pipe joint 12 which are to be wel ded

together. A 5 guide track 14 is positioned and secured to the outside of
t'he wel di ng pi pe near the position where the pipe ends are to be

wel ded. It is upon this guide track that the wel di ng bug 16 travels.

There will normally be two wel ding bugs, but only one is SE{] g@
Posi tion or gybggsseari ngs or rollers 20 maintain the wel cﬁqT&] ’3 n track

14 as the bug travels thereon. There is a travel notor 18 in the wel ding
bug which 10 drives knurled travel rollers 21 about the track 14. The
speed of the travel notor I's controlled by a potentioneter control 22.
A wel ding head 30 is supported fromthe wel ding bug 16 and supports a

wel ding wire 28 which extends through the wel ding head 30 as the el ectrode

29. At agetidnd 105arRIof will BB priced adiadian ddctbther)ak shben anFIR 1. Weirdelng
and 12, A o0l oV s cbanedtest boutihg eipe seclopyTZ e GRS SPRGRAE CABRRRRR) bUg
over end of tRE el treckir QipREfiof BS1d BtRAk bower for¥le ihy pefltch!? | |
29. Traghibissetso the welding Eip @8 pesitionem rEoparly wittereSpeesrto thesgarenoi d
et e 28" i 9 Bl o et aSLHRA Ollbe i 8 BRBAGHLS,
for wel ding heagh cillafioR bPWEHRR Nead FpoNdui t 84 from
Carbon dioxide solenoid 80 is then energized to open up the CO, supply
source so that the C0, can be transported to the welding head 30. Now the travel
motor 18 and wire feed motor 24 will be started essentially simultaneously after the
10 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 FIG. 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 molor causes the welding belt 16 to progress around track 14,

20 the operator ciosely 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 puddie 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



surface-tension-transfer power source 32 which will be
a, new’ type power source for the automatic wel di ng
vel di ng bug. This STT power source is now start ed.
wire feed notor 24 and the wel ding bug travel notor 18
si mul taneously started. This causes the wel ding bug 16

al ong track wooesnss The operator watches the operation,

wel di ng puddl e. The speed ~ of the welding bug shoul

expl ai ned further as
systemusing a

25 Next the
are
to start noving

eBOHEFUATHS ¢ he
d be such that the

wire tip 29 should just maintain itself in

10

13

welding beads begin; and one of the bugs will stop before the other so that the one
bug can continue the weiding bead until it is continuous at the bottom. This
operation is all from the outside of the pipe. There is no protrusion into the pipe of
drippings and the lika because of this new system described herein. There is no
need for the root pass to be made on the inside. This eliminates a very costly
procedure. After the root pass has been made, then additional welding passes may
be made using conventional welding technigues as desired.

While the invention has been described with a certain degree of particularity,
it is manifest that many changes may be made in the details of construction without
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.



8 _advance of the puddle. As the welding bug goes around the pipe, the
gravity varies t he nmovenent of the puddte—.The operator wll conpensate
for this by operating potentiﬁ"ﬂﬂw change the drive speed
22 speed while the welding is in 8 %m#mg”mt he wire feed notor is
not feeding the wire sufficiently fasft, then 5 4 otentio%ﬁ{w@ﬁg{?’rol 26
for wire driyweogpeed can be increased or, if the situatio emands, it
can be decreased. This too is done while the welding bug 16 is noving

along track 14. (Never before has the speed of the wel ding bug along the
track been varied while the welding . is actually taking place.)

I nstead of controlling the drive speed of 4t he travel notor 18 independently
1 0 fromthe speed of wire feed notor 24," one nay nake the wire feed notor

speed a function of the speed of th irh vel motor. This apparatus for
permtting this is illustrated in F 1. In this apparatus the
operator of the welding bug would turn knob 38 to adjust the travel

Speed o N B! < A%l of i) B Yo A e I et SR bR
IS Ea]g thls S casp, useeyie wealding bl \Havinga weldingWitd fedforcdtNRarifob 8hivieg thel By
3 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 without use of internal
equipment;

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

W O ~N O W M

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

P 3

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

1 3. A method as defined in claim 1 in which said initial pass is made by

2 using a 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 _ 5. A method as defined in claim 1 including 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.
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or rotor 34 of potentioneter for '{Ejmwre  feeder 26 and the rotor 36 for

poten%loneter for travel notor m 38 is rotated, the drive
. he potentioneter for drive

¢hain 40 will drlvetherot
wire feeder 26. Thus, as the spee e Wel di ng bug vari es, the

speed of the drive wire feeder can vary 20 accordi ngly. og17s13

pi pel i ne tr agd euddrshas a generat or which provides electrlgg?“% r to t he
surface-tension-transfer (STT) power source 32. In principle, the STT power
source is a power source which has the capability of delivering and

changi ng el ectrode current in the order of m croseconds, for exanple
about 750 25 mi croseconds has been effecgygve. The STT power source is
comercially avail abl e fromthe Lincoln Electric Conpany, C evel and,

Chio 441171199, @.S. AAmethod asdefneﬁtiﬁ €8l & h Wisiclietspdied ofwiee disehdrged 2
whi ch shows armdlfled wel di bug nmount ed upon track 14 which

encircles the bﬁ%%wslﬂmgrw&eﬁeep@r fﬁa@/ﬂlﬂét'%[’ of the spepf, @iihe Means forivingdhen
gui des a we dbG@aMBd%é)HQ&.p' pe. The princi pal

7. An apparatus for welding one end of a first pipe to a first end of a
second pipe which comprises:

a welding tractor;

a power generator on and powered by said fractor,;

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
power source;

© o ~N O H W =

- b
- O

speed control means for remotely varying the speed of said welding bug as

Y
N

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.

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:
awelding bug including a wire feeder, a welding head, and means to drive

the wire feeder to have output wire;

h H W N -

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

Sheet Has Been Replaced
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9 ; conponents of welding bug 16 TTctude—a-wetding-tip or electrode 31
at wel di ng head 30 having a gas ﬂmﬂum!:lm iaf ect s wel di ng gas,
typically CO[err], about the el e ” IH -[ft 84 connects STT
power source 31 to welding head 30. The ¢ t weldsng wWire, which is an

el ectrode, is wound on wire reel 58, passes through shield 5 60 and 62,

with a wire fW@eRMS384 between the two shields. The wire fe@GyPS?6§7513
conventional and has tension adjustnment 65. This wire feeder 64 is used to

drive awre at a selected speed through the welding head 30. CO[err]
supply hose 82 connects the welding head 30 in a conventional manner.
An oscillating notor 66 16

6 head and connected to receive power from said power generator, said STT power
7 source having the capability of delivering and changing electrode current in the
8 order of microseconds;

9 a removable track mounted about said pipe to guide said welding bug along
10 the track about the outside periphery of said pipe near the two ends to be welded:
11 a drive motor for driving said welding bug along said track:

12 a welding bug including a wire feeder, a welding head, and means to drive

13 the wire feeder to have output wire:
14 connecting means for connecting the STT power source 1o 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. A method 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 pipse;
varying the speed of said welding bug without stopping it while it is

© @ N O O b WN -

continuously moving about said track on said pipe to maintain a desired

-
o

welding puddle;

-—
—s

when applying the initial welding pass using power from a surface-
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Is provided to drive oscillating nechanism 68 which is connected through

connector 10 70 to oscillate the y ' _hea So that the electrode is
‘nmoved back and forth acr oss H\iﬁ NBE'J gﬂ E“t en the ends of the pipe
bei ng wel ded. Connector 70 can . & ust the positioning of

wel di ng head 30. Knob 85 is used for adjusting t he hej t he

wel di ng heago o8/15378 Attention is now best directed tPSLrg‘Ig%flﬁglsv\hi ch
shows the welding bug 16 in 15 enlarged form It shows an oscillator

adj usting nechanism 74 to adjust the height of the oscillation curve,
i.e. the width of oscillation. (This oscillating system may be t he
sanme as shown as used on conventional wetding bugs.) Attention

is next directed to FIG 8 which shows oscillator tip in one position

and in FhG 9 whesmich-frassfiddWdr@olice. i s i n a second position. The wel ding
tip 52 is 20 supported by welding head 30. This oscillating systemis used
I n the conventi onal wel di ng bugs and is shown here only for ease of

under st andi ng thq,;pvehq,},éé?&yg@gﬁﬁ,eﬂienﬁ{ngﬁing?qlatq%geﬁhakrﬁ%el?g%pWhg

adj ust mrent knob 85 for adjusting t I ng head with

respect t@ tadditignalipagpeBug and in effect the height in relation to t he
pi pe bei ng wel ded. 25 It is essential to provide an insert gas which
is preferably carbon dioxide to the wel ding head. This is provided as

shown in Kl G 4 f45om Anappardtuy axaddiiped i/ Baim 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,

abserving the end of the welding wire in relation to the welding puddie,

W MmO N O N h W

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

-
-t

wire just ahead of the puddie.
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whi ch gi s connected to a sol enoid v
goes to the wel ding head. Gas
is opened. A

power conduit 84 fromthe STT power source 32 prOV|des t he operating
current for
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AMENDED CLAIMS
[received by the International Bureau on 12 August 1997 (12.08.97);
original claims 1, 5, 7, 13 and 16 amended;
original claims 10-12 and 15 cancelled;
new claims 17 and 18 added;
remaining claims unchanged (5 pages) ]

1 1. A method of welding the end of a first pipe to the end of a second pipe
2 by 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 comprises:

4 continuously moving said bug along said track;

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 line-up clamps with back-up shoes and using a welding wire to form a puddle

8 between the ends of the pipe; -

9 during said initial pass varying the speed of said welding bug without
10 regard to the angular position of the welding head and without stopping it
11 while it is continuously moving about said track on said pipe to maintain the
12 end of the welding wire at a desired position with respect to the welding
13 puddle. '

1 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 using a surface-tension-transfer power source in said initial welding pass.

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

2 capability of delivering and changing electrode current in the order of

microseconds.
5. A method as defined in claim 1 including varying the speed of said

2 bug in response to an observation of the welding puddle as the welding bug is

moving about the periphery such that the welding wire is just ahead of the puddle.
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wel di ng head 30. A variabl e sw vel adjustnment 86 provides neans
far adjusting the angle of Hwﬂuwllﬂjﬂuu H as may be needed. 5
Attention will next be directed tor 18 and travel and drive
rollers 20 as they relate to staying on and® novi ng along track 14. Travel
and drive roll ers may be conventional and are shown here to conplete
the overal | r¥Q9/15378 conbi nation. Attenghon is next direct RFNEEE 6, 7,
and 10. FIG 10 is a bottom vi ew of the wel ding bug 16. Shown thereon
are bl ocks for housings 88A, 88B, 88C, 10 and 88D for the rollers. Shown
wi thin the bl ocks 88A and 88C are the side rollers 90; and in bl ocks
88B and 88D are shown knurl ed wheels 92A and 92B which are driven by
drive notor 18. The side rollers keep the wel ding bug snug on the track.

The knurlad roller @auseméiﬁod@édéﬂa@dhwaaummwcmh@%?eé@efwa%chﬂg% 6
0

and 7 show the clanmping |ever for clanping the rollers in position

FIG 7 shéws a %al%walﬁmwrm&eﬁahismdmmamapw efithe meass fe drtyprzg toan be
properly gositi roll ers should be snug agai nst the track
band. Thus thermée%og?%m %&a spring and adjusting nuts 104.

As shown in FIG 5, support bearings 141 and 143 on top of track 14 and

beari ngs 3145 and 14%'0n hpweap%%gétggq fgrfwéléf%gkonleélenléeoefp I’ rs?plpe to anﬁrspe'% O?al "

cont act
2 second pipe which comprises:
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 means to guide
8 said bug around the periphery of said pipe;
9 connection means for connecting the welding head of said bug to said STT
10 power source;
11 manual speed control means, independent of any angular position of the
12 welding bug, for remotely varying the speed of said welding bug as it moves about
13 said track on said pipe.

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
2 rate at which said wire is fed from said wire feeder as a function of the speed of said
welding bug. ' .
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20 with track 14. Al so in FlG I0 are: Bottom view of the
wel di ng head 30, oscillator amgn MH' nd oscillator adjustnent
74. : The wire guide rrec dified fromthat of the
previous wire drive systens on convent’t odal * wel di ng bugs Conventi onal
wel di ng bugs require 25 the bug to be stopped before a change of speed of
the wire fee®OB¥158780r drive mot or dpor the bug was nmad€T/UBM/ATHB S

i nvention, a nodification has been nade such that the drive speed of
the wire can be changed wi thout stopping the novenent of t he wel di ng
bug The drive nmechanismfor driving the welding bug about tracks 14

has been nodified fromthat of the conventional welding bugs nostly in that
t he

1 13. A method of welding the end of a first pipe to the end of a second pipe
2 by use of a welding bug having a welding wire feeder for supplying welding wire
3 and means for driving the bug along a track on the outside periphery of pipe which
4 comprises:
5 positioning the ends of the first and second pipe in close proximity to one
6 another to have an unobstructed gap therebetween;
7 continuously moving said bug along said track;
8 applying the initial welding pass to the adjacent ends of said first and
9 second pipe from outside said first and second pipe;
10 varying the speed of said welding bug without stopping it while it is
11 continuously moving about said track on said pipe to maintain a desired
12 position of welding wire with the welding puddie;
13 when appiying the initial welding pass using power from a surface-
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11 . speed of the travel notofr can hout st opping the
wet di ng process. Control ﬁu‘\m\“ﬂﬂr“\[ﬂﬁ)l ling the speed of the
bug travel notor and the wresdrtve notor will now be

di scussed in relation to FIGS. 12 and 13. Attention is next
directed to FIG 12 which shows one control neans in 5 schematic formfor
use i n controMG%ys3”e speed of travel mptor 18. (The il | usRGTRARIEN7513
system may al so be used to control the speed of wire feed notor 24.) It

i ncl udes a pulse width oscillator 120 which has a power input 122. The
pul se wi dth oscillator 120 has a reference voltage 124 which typically
Is 2 112 volts. The power circuit 132 connects to notor 18. The speed
of notor 18 varies as a function of the 10 voltage of the current on |ine
122 ot i SRR Pk o LU LS a3 S
1 14. A method as defined in claim 13 in which after the initial pass applying
2 additional passes.
1 16. A method of welding a first pipe to the end of a second pipe by use of
2 a welding bug having a welding wire feeder and means for driving the bug along a
3 track on the outside periphery of said pipe which comprises:
4 connecting the welding bug to an STT power source,
5 continuously moving said bug along said track,
6 applying the initial welding pass to the adjacent ends of said first and second
7 pipe from outside said first and second pipe,
-8 observing the end of the welding wire in relation to the welding puddle,
9 varying the speed of said welding bug without stopping it while it is
10 continuously moving about said track on said pipe to keep the end of the welding
11 wire just ahead of the puddie.
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fromlines 134 to the oscillator This has a resistance 126 and

provi des a m nute feedback to m m g”uﬂﬂm"ﬁgm stor 128 can be
varied to change the speed vi ng knob on
potentioneter 22). As the reS|stance of reS|stor 15 128 is varied, the
out put voltage varies on |line 132. This voltage on line 130 is then
conpared to twegsasiis| ator reference voljhage 124. The wi dt hraUSIReTSEd| ses

140, 142 shown in FIG 13 changes until the m nute feedback on |ine
130 equal s the reference voltage. This will then control the speed of
notor 18. One skilled in the art could easily inplenment this speed
control systemfromthe above schematic 20 drawi ng and expl anati on. O her
means of providing this notor control speed nay be used.

FIGS. 4 angd 5 illust1ate paetiabicPWBldfig theERd ot ibs BMBé eAd) BESlsaudntipRde
knob 26A and wre drive speed control knob 26A npunted on control box

27. These 2 Pwyﬁ%%weﬁ@gmch\awm@d@b@nwrefﬁaﬁpt #nd meansyRf AoYingthedpyg 2
to adjust githe & tor or the
wire feed ?mt or %IO%% %{%‘?{ con (t}lfuttélsgglaﬁ%@&%qy Bﬁhérb fgqg\béﬁne\c‘@ € control box

27 respectdvely to tmcmhehomjymovtr@ saidbug alenf seid track; notor 24.
Havi ng desgri bed the rlnc nents .o vent i ttention II
now be di rgct ed bri e? '%Hg)(@? wstt%&]e@faoe ?ﬁqugﬁst aPHSeE

pi pe 6 pipe from outsnde said first and second.pipe using a weidmg wire to form a puddie
7 between the ends of the pipe;
8 varying the speed of said welding bug without stopping it while it is
9 continuously moving about said tracks on said pipe to maintain a desired welding
10 puddle;
11 varying the speed of wire discharged on said welding wire feeder as a
12 function of the speed of the means for driving the bug around the track.
1 18.  An apparatus for welding one end of a first pipe to a first end of a
2 second pipe which comprises:
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 means to guide
8 said bug around the periphery of said pipe;
9 connecting means for connecting the welding head of said bug to said STT
10 power source;
11 speed control means for remotely varying the speed of said welding bug as
12 it moves about said tracks on said pipe;
13 means for varying the rate at which said wire is fed from said wire feeder as
14 a function of the speed of said welding bug.
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12 " sections 10 and 12 will be placed adjacent each other, as shown in

FIG 1 Atrack 14 i s connected about the pipe section 12 The STT
power source 31 is connected to pipeline tractor generator 33 to
provi de the power for the wel ding operation. Track 14 is set so the
welding tip 29 is positioned properly with respect to the gap
WO 98/15378 PCT/US96/17513
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5 between pipe sections 10 and 12. Nornal adjustnents will be nmade to the
hei ght and oscillation of welding head 30. Car bon di oxi de
sol enoid 80 is then energized to open up the CJerr] supply source so
that the CJerr] can be transported to the wel ding head 30. Now the travel
nmotor 18 and wre feed notor 24 will be started essentially sinultaneously

after the 10WO#8/1837ip 29 is in proper position. PCWHSISIAIB | al or
root pass of the welding operation is made on the outside of the pi pe
in the position shown in FIG 1. The arge of the surface-tension-transfer
(STT) - power source 31 is nost essential. The STT power source operates
neither in the constant current (CC) or constant voltage (CV) node.
Rat her, it is a high fsr guency 15 84(W| dgpband-g#dt h), current-controlled
machi ne wherein the power to the arc is ased on the instantaneous arc
requi renents, not on an "avgzg:q yol fage". It 5 S a power source
whi ch has the capability del i veri d ch I ng qect r ode current
in the order of m croseedngds. ' t trdvel notor causes the
wel di ng belt 16 to.prog@ress - he oper at or cggsely
wat ches the wel di nd“pugldl e/ g JUT, | ust head of
the puddle. As the wel di u ge ¥ AR orce off gravity
causes the wel di ng6 dl 0 nt” r. wel di ng
oper at or = 0 3 N
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wil |
required.

stopping either the travel
i s anot her wel di ng head (not shown) which is on

start slightly before the other,

where -t he

65

64

80

N

%!

not or

60

T

62 ll‘”

18

or

merely turn a knob 22A as shown in FIG 4 to adjust the speed as
The operator can al so adjust the speed of the wire feed
not or 24. by adjusting knob 25 26A as shown in FIG 4. This is done w thout
the wire feed notor 24. There
t he ot her

side of the

PCT/USIIF51At e t hat
Wil |

SO Fﬂ@t there will be no gap at the top

pi pe fromthdOo%¥/is¥8d in FIG 1. The second operator wll
wel di ng bug in the same nanner as just described. One of the bugs
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13 wel di ng beads begin; and one of the bugs will stop before the other
so that the one bug can continue the welding bead until it is
continuous at the bottom This operation is all fromthe outside of the
pi pe. There is no protrusion into the pipe of drippings and the |ike
because of this new system described herein. There is no 5 need for the
root pass towoesnsaie on the inside. This elimnates a veryPCDUS46§17513
procedure. After the root pass has hegn made, then additional welding
passes nmay be made using conventional welding techniques as desired.
Wil e the invention has been described with a certain degree of

particul arity, it is mani fest that many changes nay be made in the
details of construction without 10 departing fromthe spirit and scope of
this disclosure. It is understood tha the invention is not limted to
the enbodi nent set forth herein for fRirposes of

exeqpl i fication, but
is to be limted only by the scope of| t he atbaghed cl ai N\or o cl ai s,
i ncluding the full range of eqU|vaIen o which™sach ellgme t hereof is
entitled. 7 o N
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CLAI M5 1. A nmethod of welding the end of a first pipe to

t he end of a second pipe by use of a wel di ng bug havi ng a wel di ng
wire feeder and means for driving the bug along a track on the outside

periphery of pipe which conprises: a.

continuously moving said bug along said track during said welding; 5

appl yi mpesns3®nitial wel di ng pass to the adj acent en®CTHBIHANG fir st

pi pe fromoutside said first and second pipe and using a
he ends of the pipe; and

t he speed of said wel ding bug

b.

and second
welding wire to forma puddl e between

C. during said initial pass varyin
W t hout st opping
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It while it is continuously noving about said track on said pipe to

ngintéin the end of the welding 10 w re ahead of the wel ding puddle.
2. A nmethod as defined in claiml1l in which after the initial pass
appl yi ng addi ti onal passes. 3. A nmet hod as

defined in clainms 1 or 2 in which said initial pass is made by using a

surface-tens@vggsjggszé]sf er (STT) power source in said initiapcresodinrsys pass.
4, A nmethod as defined in claim3 in which the power source has the
capability of delivering and changi ng el ectrode current in the

order of m croseconds. 6/9 5. A nethod as defined in
clainms 1 to 4 in which the end of the welding wire is observed
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in relation to said wel ding puddl e. 6. A net hod as
definéd in claims 1 to 5 including varying the speed of said bug in
résponse to an observation of the wel ding puddl e as the welding bug is
novi ng about the periphery such that the welding wire is ahead of

t he puddl e.
-14- WO 98/15378 PCT/US96/17513
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7. A nmethod as defined in clains 1 to 6 in which the speed of wire

di schatrged by a welding wire feeder is variable. 8. A net hod as
défined in claims 7 in which the speed of wire discharged by a welding wire
feeder is a function of the speed of the welding bug around the track.

9. A nmethod as defined in clains 6 to 8 in which the speed of the

wel di ng bug iwo ssgE®isel y vari ed. PCT/US96/17513
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10. A nmethod as defined in clains | to 9 in which said initial welding

pass formed without use of internal line up clanps wth back-up shoes.

11. A method as defined in clains 1 to 10 in which said welding head-is
oscillated between said first and second pi pe ends. 12. A

met hod as defined in claim11l in which the wdth of said oscillations is
adj ust abl e. woosrtss7s 13. A nethod as defined in clains Pcrasisi?sis whi ch
t he hei ght of said welding head from said first and second pipe ends is
adj ust abl e. 14. A nmet hod9/8s defined in clains 1 to 13 in which

an inert gas is applied to said welding head during the formation of said

wel di ng puddl e. 34
\ i POTENTIOMETER 26
] FOR "
40\= DRIVE WIRE FEEDER
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: FOR
TRAVEL MOTOR \_
38 36 28
Fig. 11
120
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wel di ng head

Ty R T TNy

15. A nethod as defined in clains 1 to 14 in which the angliaZoﬁUgeU%T 1937

relative to said first and second pi pe ends is adjustable.

167 A nmethod as defined in clains 1 to 15 in which a plurality of bugs

wel d together said first and second pipe ends. —

14
Claims
1. A method 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 adjécent ends of said first and
second pipe from outside said first and second pipe without use of internal
line-up clamps with back-up shoes and using a weiding wire to form a puddie
between the ends of the pipe; -
during said initial pass varying the speed of said welding bug without
regard to the angular position of the welding head and without stopping it
while it is continuously moving about said track on said pipe to maintain the
end of the welding wire at a desired position with respect to the welding
puddle.

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

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

4. A method as defined in ciaim 3 in which the power source has the
capability of delivering and changing electrode current in the order of
microseconds.

5. A methed as defined in claim 1 including varying the speed of said
bug in response to an observation of the weiding puddle as the welding bug is
moving about the periphery such that the welding wire is just ahead of the puddle.
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- 15- 17. A method as defined in cI ai NEZIALI(GUI@'M@Q?
whi ch the speed of said welding bug is varied wthout regard to the
position of the weld head on said pipe. _18. _.Arl_appaJat us
for welding one end of a first pipe to a first end of a second pe which

g?nprl Ze;ower generator on and poaléred gng!ild:jn?r;(r:?g ﬁm“!mll““!“ml”l“l

C. a surface-tension-transfer (STT) powes source conhected t 8§ sdid power
gener at or;

8. ) A method as defined in claim 4 in which the speed of wire discharged
2 by said welding wire feeder is a function of the speed of the means for driving the
bug around the track.

1 7. An apparatus for welding one end of a first pipe to a first end of a
2 second pipe which comprises:

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 means to guide
8 said bug around the periphery of said pipe; '
9 connection means for connecting the welding head of said bug to said STT

10 power source;

11 manual speed control means, independent of any angular position of the

12 welding bug, for rémotely varying the spéed of said welding bug as it moves about

13 said track on said pipe.

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

2 rate at which said wire is fed from said wire feeder as a function of the speed of said
3 welding bug. '
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a welding bug including a wwre feeder, a welding head, and a

ismto gui de sai-d..bug around the pergpheny‘ of' sa|.c| grpe;s tee,.e
a connector to connect the wel ding head ¢f° $ai dibgg ¥ o said STT " v

h f said fi ned
455, wherei n {HE- s pémenpedAmeiodipfigeining 3§ w3FRS ® 1R iltE Gty | oa.
2 A{lhgpggggﬁcfs@b%séﬂ@fa e’ing'bed Ravidg 3 vdlding anr‘éhéé@érranaahéarvs fopdfiaRrgler

3 the bug along a track on the outside periphery of said pipe which comprises:

] &

14 source; and . a speed tontTol I'8t Yo

o t nuousl y nove tuu‘ﬂuul‘”lgeuuylm)out said track on sai d pipe
diEng the formation of t He sai d speed controller controlling the
S d of said wel di ng bug during said weld formation.

1 An apparatus as defined in claim18, }ncl udi ng a nmechanismto varying
t speed of said wel di ng bug as t11e wel di ng bug rmves about the
p

c

2

%

4 connecting the welding bug to an STT power source,

5 continuously moving said bug along said track,

6 applying the initial welding pass to the adjacent ends of said first and

7 second pipe from outside said first and second pipe,

~ 8 observing the end of the welding wire in relation to the welding puddle,
;;.9 varying the speed of said welding bug without stopping it while it is
510 continuously moving about said track on said pipe to keep the end of the welding
11 wire just ahead of the puddle,[.]
12 i ditional fter the initial
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iire fed by said wire feeder. 22, ., An, appar al.us as,  ee
ftned in claim 21, wherein the speed of w re:'ch.schatrg.ed. y '§a|-d- R --'
feeder is a function of the speed of the Mel:di ng.pugsar oit0d. Said.t e’

. 17/2
19. A method as defined in claim 16 in which the speed of wire
2 discharged by said welding wire feeder is a function of the speed of the means
3 for driving the bug along the track.
-
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REPLACENENT SHEET An apparatus as defi nedmb@ gﬂ{Eﬂ'o
€

2na socond ool IRHEANI lflﬂ Iﬁﬂi' A Spparatus as defined in ol aim 2,

wherein the width of said o§C|TIat|ons I s adj ust abl e. _ 25.  An
apparatus as defined in clains 18 {dLAMSi ncl uding a nechani smto adjust
the height of said welding head fromsaid first and second pi pe ends.

26. | /;n apipar gtmﬂ?egﬁ)ddﬂ'fwdl‘tﬁﬁlg the efd 8f AErsi Pipk @ e end BEA LdoRpip 87 usddtS
applied to said weldin

PP welding bug having a welgmg wire feeder and means for driving the bug along a track on the outside

periphery of pipe which comprises:
a. continuously moving said bug along said track during said welding;

5 b. applying the initial welding pass to the adjacent ends of said first and second
pipe from outside said first and second pipe and using a welding wire to form a puddle between the
ends of the pipe; and

c. during said initial pass varying the speed of said welding bug without stopping
it while it is continuously moving about said track on said pipe to maintain the end of the welding

10 wire ahead of the welding puddle.

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

passes.

-~

3. A method as defined in claims 1 or 2 in which said initial pass is made by using a

surface-tension-transfer (STT) power source in said initial welding pass.

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 microseconds.

5. A method as defined in claims 1 to 4 in which the end of the welding wire is observed
in relation to said welding puddle.

6. A method as defined in claims 1 to 5 including varying; the speed of said bug in

response to an observation of the welding puddle as the welding bug is moving about the periphery

such that the welding wire is ahead of the puddle.

-14-
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\Y&e‘ﬁ{\“ﬂmﬁld?ng a mechani 5; to ng 3%&2&“@&@?@@

ﬁeadﬁduring'theifé} “
vt sdid first and second pi pe ends.

defined in clai nﬁ\“@w
sai d wel di ng headiXker

28. An apparatus as defined in clains 18 to 27, including a plurality of
wel di ng bu@s. A method as defined in claims 1 to 6 in which the speed of wire discharged by a

welding wire feeder is variable.

8. A method as defined in claims 7 in which the speed of wire discharged by a welding

wire feeder is a function of the speed of the welding bug around the track.

9. A method as defined in claims 6 to 8 in which the speed of the welding bug is

remotely varied.

10. A method as defined in claims 1 to 9 in which said initial welding pass formed

without use of internal line up clamps with back-up shoes.

11. A method as defined in claims 1 to 10 in which said welding head is oscillated

between said first and second pipe ends.

12. A method as defined in claim 11 in which the width of said oscillations is adjustable.

13. A method as defined in claims 1 to 12 in which the height of said welding head from

said first and second pipe ends is adjustable.

14. A method as defined in claims 1 to 13 in which an inert gas is applied to said welding
head during the formation of said welding puddle.

15. A method as defined in claims 1 to 14 in which the angle of said welding head

relative to said first and second pipe ends is adjustable.

16. A method as defined in claims 1 to 15 in which a plurality of bugs weld together said

first and second pipe ends.
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17. A method as defined in claims 1 to 16 in which the speed of said welding bug is

varied without regard to the position of the weld head on said pipe.

18.  Anapparatus for welding one end of a first pipe to a first end of a second pipe which

comprises:

a. a welding tractor;
b. a power generator on and powered by said tractor;
c. a surface-tension-transfer (STT) power source connected to said power
generator;
. d. a welding bug including a wire feeder, a welding head, and a mechanism to

guide said bug around the periphery of said pipe;

e. a connector to connect the welding head of said bug to said STT power
source; and

f. a speed controller to continuously move the welding bug about said track on

said pipe during the formation of the weld, said speed controller controlling the speed of said

welding bug during said weld formation.,

19.  An apparatus as defined in claim 18, including a mechanism to varying the speed of
said welding bug as the welding bug moves about the periphery of said pipe.

20.  An apparatus as defined in claim 19, wherein the speed of said welding bug is
remotely varied.

21.  An apparatus as defined in claims 18 to 22 wherein said wire feeder varies the speed

a wire fed by said wire feeder.

22.  An apparatus as defined in claim 21, wherein the speed of wire discharged by said

wire feeder is a function of the speed of the welding bug around said track.
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23.  Anapparatus as defined in claims 18 to 22, including a mechanism to oscillate said

w

welding head between said first and second pipg ends.

24.  An apparatus as defined in claim 23, wherein the width of said oscillations is

adjustable.

25.  An apparatus as defined in claims 18 to 24, including a mechanism to adjust the

height of said welding head from said first and second pipe ends.

26.  Anapparatus as defined in claims 18 to 25, including inert gas applied to said welding

head during the formation of a weld.

27.  Anapparatus as defined in claims 18 to 26, including a mechanism to adjust the angle

of said welding head relative to said first and second pipe ends.

28.  An apparatus as defined in claims 18 to 27, including a plurality of welding bugs.
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