
,-.. · ...... · ~ ,,. . 
·200001061"'!1 

2 6 FEB ZOUO 

METHOD AND APPARATUS FOR 
ELECTRIC ARC WELDING 

The present invention relates to the art of electric arc welding and more particularly to a 

5 method and apparatus for electric arc welding which is particularly applicable to use in pipe 

welding, especially during the root pass in an open root joint. 

---: INCORPORATION BY REFERENCE 

An electric arc welder of the short circuit type is known in the field as an STT welder sold 

by The Lincoln Electric Company of Cleveland, Ohio and generally described in the background of 

10 Stava 5,001,326, which patent is incorporated herein to illustrate details of the STT welder and 

certain features which are to be used in practicing the present invention. The invention uses a high 

frequency switching power supply,,preferably an inverter. Various inverter based welders can be 

used; however, a representative welder is disclosed in Blankenship 5,351,175 incorporated herein 

as an inverter welder. 

15 BACKGROUND OF INVENTION 

The STI electric arc welder sold by The Lincoln Electric Company of Cleveland, Ohio has 

been used for pipe welding where a molten metal· from an advancing welding wire is deposited into 

a weld puddle in an open root joint betWeen two juxtapositioned ends of adjacent pipe sections. The 
. 

open root joint extends around the pipes in a circular path, which path· may vary somewhat by axial 

20 deviations. The joint between pipe sections is formed by converging walls tenninating in generally 

parallel walls spaced from each other to define a separating gap, known as an open root. The gap 

between the ends of the pipe sections, or plates, is not a fixed distance so the welder as it progresses 

around the open root encounters a gap with a variety of spacings. As disclosed in Stava 5,001,326, 

the STT welder has a contact holder though which the advancing wire passes so the welding current 

25 can be directed through the holder to the advancing wire and then into the molten weld puddle 

formed between the ends of the pipe sections. This puddle bridges the gap to form the root bead of 

the pipe welding operation. The STT welder uses a high frequency switching power supply to create 

a distinct short circuit current wave shape. This frequency relates to the operating frequency of the 
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power supply and not to the frequency of the weld process. The Clectrode stick out or extension in 

the welding field is the distance between the contact holder and the weld puddle. As the gap 

between the ends of the plates fonned by the adjacent pipe sections vary, the puddle formed by the 

first pass of the electric arc welding in a pipe welding operation changes shape. This change presents 

5 known problems in a pipe welding process. 

As disclosed in Stava 5,001,326, the objective of the high frequency switching power supply 

.known as the STT electric arc welder is to maintain a unifonn volume m·the molten metal ball on 

the end of the electrode as the wire advances toward the molten puddle. This prior patent discloses 

how the control system of the STT can be used to detect and measure the actual wattage forming the 

· 10 molten metal ball on the end of the electrode. This wattage is set for an extension and is maintained 

from one welding cycle to the next. As the stick out of the electrode changes, the welding current 

is adjusted to maintain a constant wattage based upon a preset reference wattage obtained at the start 

of the welding operation. In this manner a constant sized ball is created during each welding cycle. 

When using the SIT electric arc welder, if the welding current is not changed to compensate for 

15 changes in the electrode extension or stick out, the shorting frequency will change. This changing 

frequency is not the switching frequency of the power supply, but is the weld shorting frequency. 

As the electrode extension (stick out) is reduced, the volume of molten metal in the advancing ball 

is reduced and the arc length is slightly reduced. This reduction in the size of the molten metal ball 

causes the time between short circuits in the w~lding operation to be reduced. This increases the 

20 shorting frequency, as determined by the number of shorts per unit time. Conversely, if the electrode 

exte~sion or stick out is increased, the heating of the electrode is increased. If there is no current 

adjustment, the vol~e of molten metal on the end of the advanCing wire increases. This action 

slightly increases the arc length to increase the time between short circuits to decrease the shorting 

frequency of the welder. The frequency change during use of the SIT for pipe welding has not been 

25 used as a measuring parameter. 

The STT is used for pipe welding to allow manual control of penetration and heat into the 

puddle; however, it does not solve the problem experienced with variations in the width of the gap 
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when laying the first bead in an open root joint. Stava 5,001,326 does teach a procedure for 

measuring the stick out during use of an STT welder for use in maintaining a given ball size. While 

the electrode or welding wire is short circuited, the voltage drop across the shorted electrode is 

measured and recorded. The value of the welding current is essentially fixed during this 

5 measurement. Consequently, the sensed or measured voltage is directly proportional to the stick out 

or extension of the welding wire. This measured extension voltage is averaged over several cycles 

and then stored in a memory, such as a capacitor. In the Stava patent, this stored value is multiplied 

by the peak current value during subsequent welding cycles. The.result of this multiplication is a 

measurement of the watts during each welding cycle. Calculated wattage is stored in memory, such 

10 as a capacitor, and is referred to as a "reference wattage." This reference wattage is obtained at the 

start of the welding process based upon an adjusted stick out. Thereafter, the reference wattage is 

used for comparison with the instantaneous wattage. A control software program holds the 

instantaneous wattage at the reference wattage. This total control scheme, as shown in Stava 

5,001,326, is used to maintain a fixed volume of molten metal on the end of the wire as it is 

15 advancing toward puddle during the short circuit condition, irrespective of changes in the stick out 

or extension. There is no teaching of changing the stick out during a welding process to control the 

welding process. There is no teaching of changing the heat generated during a single pass. Stick out 

or extension of the advancing wire is used to maintain a constant wattage during the wire melting 

portion of the welding cycle. 

20 The use of a high frequency switching power supply such as the STT electric arc welder for 

pipe welding is well known. However, when laying the root bead ·during the first pass in the open 

root joint between the pipe sections, the power supply can not automatically compensate for changes 

in the gap between the pipe sections. When the gap is wide, the puddle falls through the gap. When 

the gap is narrow, the puddle does not penetrate the gap. Thus, manual intervention is required with 

25 the resulting variations. There is a need for controlling the welding operation during the initial bead 

in the open root joint of the type encountered in pipe welding or other heavy plate welding. 
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The SIT welder sold by The Lincoln Electric Company is a short circuit arc welder which 

is operated by a high :frequency switching network to create a current curve as shown in FIGURE 

4 of Stava 5,001,326. This welder is commercially successful; however, it does not have the same 

capabilities of a constant voltage welder wherein the weld puddle temperature can be controlled by . , 

5 merely changing the wire stick out or electrode extension. This is a limitation of a welder for 

creating the SIT current curve. Consequently, puddle temperature, as important in pipe welding, is 

adjusted when using an STT welder by intervention or presetting of the weld currents. Even with 

this limitation, the STT welder is superior to a constant voltage weld which creates excessive puddle 

heat. 

10 STATEMENT OF INVENTION. 

The present invention is directed toward an apparatus and method for laying the first bead 

in an open root joint of a plate welding process, such as in pipe welding. This method and apparatus 

uses a high frequency switching power supply, preferably the STT welder from The Lincoln Electric 

Company. The invention will be described with particular refei:ence to this type of electric arc 

15 weld~ and use for the root bead in pipe welding; however, the invention is much broader and may 

be used with other electric arc welders used for open root pass such as the first pass between the ends 

of heavy plates and the ends of pipe sections. The invention can also be used during subsequent 

passes in the open root joint. . 

In accordance with the present invention, the electric arc wc;lder automatically compensates 

20 for changes in the gap spacing. This adjustment does not maintain a constant wattage, as disclosed 

in the Stava patent incorporated by reference herein. This patent discloses one high frequency welder 

sold as the STT welder, together with a teaching of a circuit for measuring the stick out of the 

welding wire during the welding process. The ability to measure the stick out during the welding 

process is not used on the commercial STT, but is used in the preferred embodiment of the present 

25 invention. Variation in the gap experienced when laying the initial root bead in a pipe welding 

process can be determined by the instantaneous stick out. When welding an open root joint having 

a gap that varies in width, the molten metal puddle sags through the gap when the gap is wide. This 
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physical phenomenon results in an increase in wire stick out. Such stick out can be detected by the 

circuitry illustrated in the Stava patent. Of course, several circuits can be used with different high 

:frequency power supplies to measure instantaneous stick out. If the gap is too narrow, the initial root 

bead does not penetrate into the gap. The stick out is decreased. This reduced stick out is sensed by 

5 circuitry such as shown in the Stava patent when using the short circuit process. Thus, the present 

invention is the concept of measuring the instantaneous stick out to determine tlJe gap between the 

plates in the welding process. The stick out measurement determines changes needed in the puddle 

heat. Thus, the welding current is increased when the gap is narrow and decreased when the gap is 

wide. 

10 By us~ the stick out measurement, the invention can be used to profile the welding in the 

weld joint. If a serpentine welding process is being used, wherein the .welding wire moves 

transversely across the gap during the welding process along the gap, the electrode extension varies 

as the wire approaches the diverging walls forming the joint. Thus, measurement of stick out 

provides information regarding the position of the weld head as it moves the electrode transversely 

15 in the open root welding process. A more generic definition of the invention is the use of the 

measured stick out during the welding process for controlling parameters of the welding process. 

Parameters being controlled are weld current or weld head direction, to name two. 

The present invention is particularly applicable for pipe welding wherein the measurement 

of the stick out provides information on changes in the gap of the root opening and/or the position 

20 of the electrode relative to the center line of the root joint. As the root opening increases, the weld 
~ 

puddle tends to fall through the gap into the inside of the pipe. The present invention detects the 

beginning of this event by sensing an increase in the electrode stick out. This increased stick out is 

used to reduce the heat of the weld puddle by reducing the weld current. This is done by decreasing 

the background or peak current, or both currents. Thus, the weld puddle temperature is reduced. This 

25 causes solidification of the molten metal in the bead to prevent th~ metal from falling through. the 

gap. When the root gap is reduced, the sensed electrode stick out is also reduced because the molten 

metal does not pass through the gap. The molten puddle accumulates on the top of the gap. Thus, 
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when a decrease in the stick out is sensed, the current is increased to increase the heat in the molten 

metal puddle in the joint. The hotter puddle penetrates into the narrow gap to cause proper fusion 

of the plate ends along the total depth of the gap. 

After the root pass has b~en laid, measurement of the stick out can be used for seam tracking 

5 in accordance with another aspect of the invention. The sensed stick out information is used by the 

mechanism moving the weld head back and· forth. The outboard position of the weld head can be 

detected as a decrease in the electrode extension. When the weld head moves to the outside portion 

of the joint, the stick out is small. As the electrode is moved across the joint, the electrode extension 

will vary in length with the shortest at the outside of the joint. As the electrode reaches one side of 

10 the joint it is reversed to move toward the other side. The electrode stick out will first increase and 

then decr~ase. The use of stick out information controls the weld head mechanism by signaling 

when the transverse movement of the electrode or weld head should be stopped and reversed. This 

action generates the serpentine pattern of the weld head during the welding operation and allows 

joint tracking. 

15 By utilizing stick out information, the electric arc welder of the present invention 

automatically senses changes in the gap that can cause undesired bead profiles. In addition, outboard 
.. . 

positions of the electrode in a transverse direction with respect to the sloping or divergent side walls 

of the joint are detected for direction reversal at the proper position. These two separate functions 

are predicated upon measuring the stick out Stick out measurement can be accomplished by a circuit 

20 dictated by the welding process being performed. In the short circuit process shown in Stava 

5,001,326, an appropriate circuit is disclosed for measuring the stick out between the electrode 
.. 

holder and the molten metal of the weld puddle. 

The present invention is used in both semi-automatic or automatic welding operations. The 

welding power or heat can be changed by using the invention. By changing the electrode extension 

25 during travel of the weld head along a joint, heat can be changed at selected locations in the joint. 

For example, while welding a joint by a robotic welder, if the geometiy of the part is such that more 
, 

or less heat is required at a certain location, the el~trode extension as changed to adjust the heat of 
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the welding operation. This use of the invention does not neeessarily require changing the control 

settings of the welder. The settings remain fixed, but the desired stick out length is changed for 

control purposes. In accordance with another use of the present invention, stick out is used for seam 

tracking during one weld pass so weld head movement is actually controlled by the path of the joint. 

S The path traversed by the weld head in one pass along the joint is stored in memory. Subsequent 

weld passes of the robotic welding equipment duplicates the path memorized during the first pass. · 

Thus, subsequent passes of the welder follow the stored path of the first bead. 

A primary aspect of the present invention is the measurement of the stick out or electrode 

extension during the welding operation in an open root welding procedure. The stick out value 

10 controls the current during· the plasma portion of the welding operation by either controlling the 

maximum current, the background current, or other current. Indeed, an integration.ofthe current 

used during the plasma portion of an SIT welding cycle can be controlled in accordance with the 

sensed stick out or electrode extension. In an SIT welder, the stick out measurements may also be 

sensed by the shorting frequency of the welder. By measuring the shorting frequency in an SIT 

15 welding process, a signal representative of the electrode stick out is created. Thus, another aspect 

of the invention is measuring the shorting frequency of a short circuit welding operation and 

changing the arc welding current to maintain a nearly uniform shorting frequency. 

In accordance with the present invention, an electric arc welding apparatus is provided for 

depositing a molten metal from an advancing welding wire into a weld puddle in an open root 

20 between two juxtapositioned plates. These plates can be the ends of pipe sections, which is the 

preferred use of the present invention. The joint defmes a welding path and is formed by 

converging walls terminating in generally parallel walls spaced to defme a gap at the root of the 

joint. The welding apparatus includes a contact holder with a wire o'utlet. A switching power supply 

directs a welding current to the wire as the wire passes from the outlet toward the root opening of 

25 the joint during the first bead of the welding operation. In accordance with the preferred 

embodiment of the invention, the switching power supply is a STT welder having a wave form as 

disclosed in Stava 5,001,326. The advancing wire defines an electrode stick out between the contact 
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holder and the weld puddle. In accordance with the invention, the length of the stick out is sensed 

and the welding current is adjusted as a function of the sensed stick out length. Preferably, this 

function is an inverse relationship with an increased stick out resulting in a decreased current, or heat 

into the puddle. When using the STI welder, the power supply is a short circuit arc welder having 

5 different current levels which alternate between a shorting condition and an arcing or plasma 

condition. The heat of the weld is controlled during the arcing condition and the stick out is 

measured during the short circuit condition using appropriate circuit, the preferred one of which is 

illustrated in Stava 5,001,326. 

The broad aspect of the present invention is the measuring of the stick out or extension and 

IO using this to control the heat in the weld puddle. As an alternative application of the invention, the 

stick out is used to control other parameters in the welding process. 

In accordance with the preferred embodiment of the invention, the stick out is measured 

instantaneously and is used in a microprocessor software program to select a desired current wave 

form from a look up table, ROM, RAM, PROM mathematical calculation or other algorithm. The 

15 output of the look up table ROM, RAM, PROM or software algorithm is then used in a software 

error amplifier to compare the actual current, which may be the integration of the total current during 

the welding cycle; to adjust the weld current to the desired level dictated by the sensed stick out. The 

current adjustment changes the STT wave form by changing peak current, background current, etc. 

In accordance with still another aspect of the present invention, there is provided a method 

20 for depositing molten metal from an advancing welding wire into a weld puddle at the open root 

joint between two juxtapositioned plates of the type created by flat large plates or the ends of pipe 

sections. The open root extends in a welding path and is formed by converging walls terminating 

in generally parallel walls spaced to define a gap. The method involves the acts of directing welding 

current to the wire by a high frequency switching power supply as the wire advances toward the gap 

25 in the open root by first sensing the length of the stick out of the wire and then adjusting the welding 

current as a function of the sensed stick out length. The preferred implementation of this method 

involves the function wherein the stick out and current are inversely related. As the stick out 
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increases, the current decreases. In a like manner, as the stick out decreases, the current increases. 

This concept is used to compensate for differences in the gap along the joint of an open root welding 

process, such as the first pass in a pipe welding process. 

In accordance with another aspect of the invention, the sensed stick out or electrode extension 

5 is used to reverse the movement of the weld head carrying the we!ding wire holder and moving in 

a serpentine pattern. This concept is used after the root bead has been laid. When using this aspect 

of the invention, the length of the stick out is sensed as the weld head carrying the wire is moved in 

a first direction transverse of the joint. When the sensed stick out is at a given reduced value, the 

transverse direction of the wire is reversed. This reversal is repeated at the opposite side of the joint 

10 so the electrode moves back and forth across the joint. This featwe of the invention is extremely 

advantageous when the gap or root opening increases or decreases or when the path of the joint is 

not consistent By using this aspect of the inventi~n, the welding bead tracks the actual path of the 

joint. Such joint tracking is not obtained when the transverse movement of the weld head 

automatically reverses at a fixed position, irrespective of the geometry of the joint. 

15 In accordance with a further aspect of the present invention, a short circuit welder creating 

the STT current curve is modified to measure the stick out and then adjust the weld current to change 

the puddle temperature. this is an important change so the low heat STT welder can operate similar 

a constant voltage arc welder by adjusting puddle temperature by merely changing wire.stick out. 

In accordance with still another aspect of the present invention, the welding wire used in the 

20 welding apparatus and method is a flux cored electrode. Consequently, shielding gas is not required 

during the pipe welding operation. This is an advantage in remote geographical areas where pipe 

welding is normally performed. 

The primary object of the present invention is the provision of an apparatus and method for 

controlling the heat directed to a puddle in an opened root welding process by sensing the stick out 

25 of the electrode and adjusting the current for changing the heat in the weld puddle. This objective 

solves the problem presented by variations in the gap at the open root of the joint. 
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Yet another object of the present invention is the provision of an apparatus and method, as . 
defined above, which apparatus and method automatically compensates for changes in the gap of an 

open root joint when welding the first root pass, especially in a pipe welding operation. 

Still a further object of the present invention is the pro~sion of an apparatus and method, as 

5 defined above, which apparatus and method allows the weld head carrying the electrode to track the 

open root joint between two plate ends or pipe sections, irrespective of the contour or path of the 

joint. 

Another object of the present invention is the provision of an apparatus and method, as 

defined above, which apparatus and method can be easily implemented to compensate for different 

10 profiles and different gaps in open root welding, as well as certain weld passes after the first root 

pass. 

Yet a further object of the present invention is the provision of an apparatus and method, as 

defined above, which apparatus and method is particularly applicable with a high frequency 

switching power supply and specifically a power supply with the pulse wave form of the STT 

15 welder. 

A further object is the provision of an apparatus and metho~ as defined above where a short 

circuit arc welder can change puddle temperature by merely changing wire stick out. 

Yet another object of the invention is the provision of an apparatus and method, as defmed 

above, which apparatus and method is used with a short circuit weld process as disclosed in Stava 

20 5,001,326. 

These and other objects and advantages. will become app~t from the following description 

taken together with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a wiring diagram of a power supply used in practicing the present invention 

25 which is similar to the power supply disclosed in Stava 5,001,326; 
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FIGURE lA is a block diagram of the preferred embodiment of the present invention 

wherein the high frequency switching power supply is an inverter such as disclosed in Blankenship 

5,351,175; 

FIGURE lB is a schematic pictorial view of a flux cored electrode may be used in the 

5 preferred embodiment of the present invention; 

FIGURE 2 is a wiring diagram of the circuit or software program for creating the signal used 

to adjust the heat of the puddle as the wire stick out changes with a start up adjustment; 

FIGURE 3 is a wiring diagram of the circuit or a software program used in the preferred 

embodiment of the present invention for creating a voltage signal representing the actual electrode 

10 extension or wire stick out; 

FIGURE 4 is a wiring diagram of the circuit or software program for converting the signal 

of FIGURE 3 into a voltage signal representing the stick out resistance; 

FIGURE 4A is a wiring diagram of a modification of the diagram shown in FIGURE 4; 

FIGURE 5 is a series of graphs illustrating the operation of the circuits or programs 

15 illustrated in FIGURES 3 and 4; 

FIGURE 6 is a graph of the current and voltage curves of a single cycle by the DC power 

supply as shown in FIGURES 1 and IA when using the short circuit process of a STT electric arc 

welder; 

FIGURE 7 is a chart illustrating the difference in the voltage signal created by the circuit in 

20 FIGURE 3 for different wire stick out lengths; 

FIGURE 8 is a block diagram showing the software program used in a microprocessor for 

practicing the preferred embodiment of the present invention; 

FIGURE 9 is a block diagram showing the software program used in a modification of the 

preferred embodiment of the present invention; 

25 FIGURE 10 is a block diagram showing still a further modification of the present invention; 

FIGURE 11 is a block diagram showing the software program and circuit for using a signal 

created by the circuit in FIGURE 4 for use in controlling the welder; 
• 
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FIGURE 12 is a block diagram showing a software program and control circuit of the type 

illustrated in FIGURE 11 utilizing further parameters ·beyond the signal created by the circuit and/or 

program of FIGURE 4; 

FIGURES 13A and 13B are schematic illustrations of a·welding operation utilizing the 

5 present invention wherein the gap in the joint is relatively narrow; 

FIGURES 14A and 14B are schematic illustrations of a welding operation utilizing the 

present invention wherein the gap in the joint is relatively wide; 

FIGURE 15 is a schematic diagram illustrating a second aspect of the preferred embodiment 

of the present invention wherein the signal created by the circuit or· program illustrated in FIGURE 

10 3 or the signal from the circuit or program illustrated in FIGURE 4 is used to control the lateral 

movement of the weld head when laying subsequent beads in the joint shown in FIGURES 13 and 

14; 

FIGURE 16 is a combined wiring diagram and block diagram illustrating a circuit and/or 

software program for practicing the aspect of the invention as illustrated in FIGURE 15; 

15 FIGURE 17 is a cross sectional view of an open root joint to be welded with a we~d head 

20 

25 

control mechanism of the prior art; 

FIGURE 18 is· a series of views as shown in FIGURE 17 illustrating a problem in the prior 

art· 
' 

FIGURE 19 is a partial top plan view of an open root joint having a curved path P; 

FIGURE 20 is a graph with a pictorial insert illustrating changes in the signal as created by . 

the circuit or program illustrated in FIGURE 3 upon changes in the stick out; 

FIGURE 21 is a graph of a pictorial insert showing the operation of the present invention 

when using the concept schematically illustrated in FIGURE 15 and in the top portion of the wiring 

diagram shown in FIGURE 16; 

FIGURE 22 is a graph similar to the graph shown in FIGURE 21 utilizing ·the full 

implications of the wiring diagram illustrated in FIGURE 16; and, 
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FIGURE 23 is a wiring diagram of a circuit for processing a sign.al representative of the stick 

out using a scheme different than illustrated in FIGURE 3; 

PREFERRED EMBODIMENT 

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

5 preferred embodiment of the invention only and not for the purpose of limiting same, FIGURE· 1 

shows a high frequency DC switching power supply PS for passing a welding current through 

welding wire 10 to workpiece 12 while the wire is supported in an electrical connector or holder 14. 

An appropriate wire feeder 16 pulls wire :from a supply spool 18 at a rate determined by the setting 

of the power supply as adjusted by the operator or programmer. Holder 14 is connected to terminal 

10 22 of the DC power supply PS to receive a DC pulse between tenninals 20 and the opposite polarity 

terminal 22. The shape of the DC current pulse is detennined by an appropriate wave shape circuit 

30 having a current control 32 with an output 32d for adjusting the current of a welding cycle. This 

adjustment of current can involve changes in the maximum current, peak current, background 

current, etc. Wave shape circuit 30 is well known in the control of high frequency switching power 

15 supplies. An output voltage signal on line 34 varies during a weld cycle to control the shape of the 

current between electrode or wire 10 and workpiece 12. The invention is used in the joint between 

two plates; therefore, workpiece 12 is a molten metal puddle between the two spaced plates. In 

practice the plates are pipe sections having an open root joint whereby the puddle or bead defines 

the upper level of workpiece 12. The distance between holder 14 and the puddle or workpiece 12 

20 is the wire stick out for the welding process. This stick out or electrode extension can be measured 

by the stick out measuring circuit disclosed in Stava 5,001,326 when using a short circuit welding 

process such as used in the preferred embodiment. Other known circuits can measure wire stick out 

or electrode extension, especially· when other types of welding cycles are used. The stick .out 

measuring mechanism is illustrated in FIGURES 2, 5, 6 and 7. Of course, even for an SIT welder 

25 other measuring techniques could be used, such as a shorting frequency measuring device illustrated 

in FIGURE 23. Since Stava 5,001,326 concentrates on a down chopper high :frequency power 

supply, this power supply is illustrated in FIGURE 1 for the purposes of explaining.the present 
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invention. Other high frequency switching power supplies are u~ed for creating welding current 

between wire 10 and the molten metal puddle in a joint between two plates. Power supply PS is a 

switching device cycled at a rate over about 18 kHz and preferably about 20-40 kHz. Pulse width 

modulator 40 is standard for creating rapid, variable width current pulses in converters such as down 

5 choppers and inverters. Control line 42 shapes the output current pulse with short current pulses 

having a rate controlled by driving oscillator 44. Consequently, the voltage on line 42 indicates the 

width of the rapid current pulses allowed to pass through switch 50 at a high rate, such as over 18 

kHz. hi this manner, the welding current through wire 10 is controlled by the voltage on output line 

34 from wave shape circuit 30, which circuit is illustrated in Stava 5,001,326 and is incorporated by 

10 reference herein. The pulse width controlling voltage on line 42 is a DC voltage level at the output 

of error amplifier 60 appropriately biased by resistor 62. An oYerride or parallel circuit 70 is 

operated to maintain line 34 at zero voltage by the voltage on line 42. The input of error amplifier 

60 is the voltage at the output of circuit 30, which is controlled by a plurality of switches used in an 

STT welder and generally shown in Stava 5,001,326. Control of the wave shape does not form a:part 

15 of the present invention. The current drawn from error amplifier 60 controls the voltage applied by 

line 42 to pulse width modulator 40 for controlling the magnitude of the current pulses created by 

oscillator 44. Pulse width modulator opens and closes set FET switch 50 to direct a current wave 

as shown in the upper curve of FIGURE 6. Vertical lines represent the rapid current pulses 

constituting the STT wave shape. The STT welder utilizes a spatter control circuit 70 which is 

20 operated in response to an impending fuse by a signal on line 72. This fuse signal is created by a 

dv/dt premonition circuit 74 so the logic on output line 76 will render power switch 80 non­

. conductive immediately before a fuse is created during a short circuit or pinch pulse of a given weld 

cycle. Operation of switch 80 changes flow of the welding current through a small inductance 

inductor 82 from a generally high level current through switch 80 to a generally low level current 

25 through a snubber circuit 84. As the short circuit condition of a welding cycle is in progress, the 

measured dv/dt exceeds a set value to indicate an impending fuse. The logic on line 72 immediately 

shifts. Consequently, the welding current from switch 80 is shifted to· a low level to reduce the 
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energy released by the fuse explosion to thereby reduce spatter. This concept does not form a part 

of the improvement constituting the present invention, but is a part of the SIT welder used in the 
• 

preferred embodiment of the present invention. 

The present invention senses the length of stick out or electrode extension a and controls 

5 current circuit 32 to either (a) control the amount of heat generated by the welding process during 

a root bead or (b) detect the position of wire 10 as it moves laterally between the spaced walls of 

the juxtapositioned plates during filling of the joint between th~ plates. The first aspect of the 

present invention is primarily applicable in laying the root bead in pipe welding. The second aspect 

of the present invention is primarily applicable during subsequent passes filling the joint where the 

10 wire is moved in a serpentine pattern. The SIT was originally designed to use a down chopper 

. power supply as shown in FIGURE 1; however, the SIT now uses an inverter 100 operated at over 

18 kHz as shown in FIGURE IA. A representative inverter archit~cture for electric arc welding is 

disclosed in Blankenship 5,351,175. Either type power supply uses a wave shape control 30 and 

includes an arrangement for adjusting the various current levels as illustrated by current control 32 

15 to provide the wave shape shown in FIGURE 6. Inverter 100 has an appropriate input power supply, 

which may be a motor generator, but is shown as a three phase line voltage 102. This line voltage 

is first rectified to a DC link that inverter I 00 switches at a high rat~ to create a current wave, which 

in the preferred embodiment is art SIT short circuit wave as shown in FIGURE 6. As an addition 

to the invention, wire 10 is a flux cored electrode B, as schematically illustrated in FIGURE lB. 

20 Such an electrode has an outer sheath 110 and a hollow core 112 filled with ingredients of a fluxing 

system and/or alloying particles. By utilizing a flux cored electrode for pipe welding in remote 

areas, the need for shielding gas is eliminated. This is an advantage in some remote sections of the 

world. 

The invention relates to the concept of (a) measuring the stick out or electrode extension a 

25 and (b) using this measurement for controlling the heat in the root pass of a pipe welding operation. 

The root is between the edges of the plates. As will be explained later, the measurement of stick out 

a is also applicable for moving the weld head back and forth between the diverging side walls of the 
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joint when filling the space between the side walls with molten metal. FIGURE 2 illustrates a circuit 

similar to Figure 2 in Stava 5,001,326 which is a software program or hardwired circuit for 

measuring stick out a and for allowing the welder to adjust or calibrate itself based upon a stick out 
.. 

reading made during a 5.0 sec start up by an operator. To. accomplish this objective, stick out 

5 measuring circuit 120 is used to create a voltage in line 122, which voltage represents the stick out 

a during a DC welding cycle. The process used in the preferred embodiment is the STT cycle 

illustrated by the voltage and current curves in FIGURE 6. These curves are generated by an STT 

welder using the inverter shown in FIGURE IA. Arc voltage v. is monitored at input 124 and is 

used to charge capacitor 130 through resistor 126 by operation of software switch 128 for short 

10 periods imµlediately after the break point current at time T2 as shown in FIGURES 5 and 6. In 

practice, the delay after the break point is about 100 microseconds. Switch 128 is closed between 

times T3 and T4 during the short circuit condition of the welding cycle. Switch 128 is closed for a 

time less than 500 microseconds and preferably approximately 300 microseconds. Upon closing of 

the switch, capacitor 130 is charged to create a voltage on line 122. This voltage is representative 

15 of the running average of short voltage spikes or slices. These voltage spikes occur when wire 10 

is shorted to the molten metal puddle 12. Consequently, the voltage on capacitor 130 is proportional 

to stick out because this voltage is measured while the current is the same magnitude cycle-to-cycle. 

Thus, voltage V so is representative of stick out a Of course, if other welding cycles are used, stick 

out voltage can be measured by a variety of circuits specific to the particular type of welding 

20 operation being performed. Current control circuit 32 in FIGURE 1 could be directly responsive to 

the voltage in line 122; however, the voltage on this line is not only controlled by the length of the 

stick out, but is also controlled by other parameters, such as the diameter of the wire, the 

composition of the wire, the resistivity of the wire and the shieldin~ gas to name a few. Thus, stick 

out in the present application is a length. However, the "stick out" being monitored and used in the 

25 invention has other controlling parameters. Voltage on line 122 for one welder using a certain weld 

wire may be a different value than the voltage for the same stick out length in another welding 

operation. Stick out is sensitive to variables and is used in this description as a general concept of 
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measuring a voltage indicative of a representative stick out and variable with the length component 

during a specific welding operation. In view of these necessary variables, a circuit as shown in 

FIGURE 2 is sometimes used. This circuit not only reads the voltage on line 122, which is generally 

length sensitive, but also the actual arc of the currentia during plasma boost at line l32. Thus, the 

5 variables are factored into the control signal. The voltages on lines 122 and 132 are directed to the 

inputs of multiplier circuit 134 which is, in practice, a software multiplier having an output 136 

which is the average stick out voltage combined with the arc current measured at a selected time in 

the weld cycle. Thus, the voltage in line 136 is extension wattage and considers the variables of the 

welding process. The circuit shown in FIGURE 2 is used to control the peak current IM during the 

10 power boost pulse. To teach control 32 of the desired welding current to be used during a specific 

welding process, a start up circuit 140 is used wherein software switch 142 is close4 for prescribed 

time at the start of the welding cycle, such time is normally about 5.0 seconds. The extension 

wattage voltage on line 136 charges capacitor 150 through resistor 144 during the initial start up of 

the welding cycle to teach current control 32 the desired stick out for the total process. Circuit 140 

15 also includes software switch 146 which switch is closing during the plasma boost pulse T6-T7. By 

using circuit 140, capacitor 150 is charged to a voltage indicative of the plasma boost wattage for 

the adjusted stick out at the start of the welding process. Sample and hold circuit 142 holds the 

voltage across capacitor 150 on output line 154 directed to the input of error amplifier 160. Error 

amplifier 160 creates an error signal in line 160a proportional to the reference wattage in line 154 
; 

20 and the actual wattage in line 136. This error signal is used to control the peak current IM only during 

the plasma boost pulse by switch 162. During start up, switch 162 is opened. Thereafter the signal 

on line 160a is the input 32a of control 32 when switch 162 is closed during the plasma boost pulse. 

The signal in line 162 is directed to input 32a so that variations in the voltage on line 136 will adjust 

the current in circuit 32 to change the current between wire 10 and puddle 12 during time T6-T7. , 
25 At other times control 32 follows the settings for the SIT curve of FIGURE 6. By using circuit 140, 

control 32 is adjusted at the start of the welding operation for a preferred stick out. Thereafter, the 
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stick out is monitored to adjust the welding current, either the total inte~ted current, the maxinium 

current, the peak current or ~e background current as desired. 

In accordance with the invention, the voltage on line 122 represents-the stick out a for a given 

welding process. This voltage is used in the present invention to shift the weld current to the desired 

5 level based upon the magnitude of stick out voltage V so· The basic circuit representing this concept 

is illustrated in FIGURE 3 which is the inpU:t portion of FIGURE 21hat creates a voltage in line 122 

for inputting to control circuit 32 on line 32a as shown in FIGURE 1. The measured stick out is used 

to control the welding current, or at least portions of the welding current for adjusting heat in the 

weld puddle during the root pass of an open root welding process. As indicated before, the voltage 

10 on line 122 does not factor in the variables in the particular welding process being implemented; 

therefore, in accordance with one aspect of the invention, the voltage on line 122 is combined with 

the arc current. This is shown in FIGURE 2. In practice, the circuit for combining these values is 

illustrated in FIGURE 4. Dividing circuit 180 is a software circuit but may be a hardwired circuit. 

This circuit divides the stick olit voltage by the arc current. As illustrated in FIGURE 5, this arc 

15 current is the instantaneous arc current occurring when the voltage is being measured. 

Consequently, the voltage on line 182 is representative of the stick out voltage divided by the short 

circuit current between times T3 and T4 of the SIT wave. The voltage on line 182 is stick out 

resistance, which parameter is a more accurate for control of the welding process. Stick out 

resistance Rso is used by control circuit 32 in the same manner as the stick out voltage V so is used. 

20 In both cases, the signal on line 122 or the signal on line 182 is representative of stick out a. 

Throughout this description, stick out means stick out voltage or stick out resistance. The terms are 

used interchangeably in the implementation of the present invention. Current circuit 32 has a first 

input 32a for the stick out voltage and a second input 32b for stick out resistance. To assure that the 

voltage on line 32b CR.so) uses the same current as used for measuring the stick out voltage, the 

25 switch 128 is used to charge capacitor 184, as shown in FIGURE 4. The voltage and current 

introduced to circuit 180 are voltages and currents measured during the same short time period of 

less than 500 microseconds and preferably about 300 microseconds directly after the break point in 
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the short circuit condition. A modification of the circuit shown in FIGURE 4 is shown in FIGURE 

4A where divider stage 180a divides arc voltage v. by arc current Ia and is read during the arcing 

condition during time Tl-T8. This gives the stick out resistance as the voltage on capacitor 184a 

in line 182a. 

The measurement of stick out voltage is dictated by the welding process being performed and 

the available parameters for obtaining a signal representative of stick out, whether it is voltage V so 

or resistance Rso . Since the preferred embodiment of the invention utilizes the SIT arc welder, the 

stick out measuring circuit ofStava 5,001,326 is employed in the preferred embodiment. This circuit 

is known and is explained in the views constituting FIGURES 5-7. The current and voltage curves 

10 for the STT welder are illustrated in FIGURE 6 wherein a weld cycle extends between times TO and 

T9. At time T9, the weld cycle is repeated. At time TO, the voltage v. shifts to a low value 

indicating a short circuit between the molten metal ball on the end of the advancing wire and the 

molten metal puddle 12 already deposited in the weld joint. Until time Tl, the current is maintained 

low. Thereafter, the current is controlled as indicated by pinch pulse 200 resulting in voltage pulse 

15 202. At break point 204, occurring at time T2, the current shifts to a lower controlled slope for the 

remainder of the pinch pulse. Current at break point 204 is a fixed value. The switch 128 is closed 

between times T3 and T4. Time T3 is delayed from time T 2by·about 100 microseconds. This 

provides a voltage pulse 210 which is relatively narrow and is created near break point 204. Thus, 

the weld current is always at the same level when voltage pulse 210 is created. When premonition 

20 circuit 74 indicates a fuse is imminent, pinch pulse 200 is shifted to the background current level at 

time TS. This current level is held until time T6 when a plasma boost pulse 212 is created by the 

wave shape circuit 30 shown in FIGURE. I. This pulse has a maximum current and then a tail out 

current in portion 214. The vertical lines represent the high speed pulse from switch 50. The tail out 

of plasma boost pulse 212 is terminated at time TS. Thereafter, the background current is held to 

25 maintain the molten metal of the ball liquefied until a short circuit occurs at time T9. This is the 

same short circuit condition that started the cycle at time TO. The next welding cycle is thus started 

at time T9. The heat created in the welding operation is determined by integrating the current curve 

-19-



between times T6 and T9. This heat can be controlled by changing the peak or maximum current 

of the boost pulse 212 or the background current level between times T8 and T9. By adjusting the 

maximum current IM or the background current I 8 the heat in pu~dle 12 is changed to adjust the 

viscosity of the molten metal. Pinch pulses 200 and 202, together with the voltage spike or slice 210 

5 are schematically illustrated in FIGURE 5. By accumulating these spikes, the stickout voltage Yso 

is created for use in the invention. As explained earlier, the stick out voltage V so is divided by the 

arc current Ia to create a stick out resistance Rso· The stick out resistance is shown as pulse 220 in 

the bottom graph of FIGURE 5. Pulse 220 is accumulated to give the instantaneous stick out 

resistance for use in the present invention. Both the stick out voltage and the stick out resistance are 

10 indicative of the stick out length during the welding process. They are used in the present invention 

for controlling the heat in the puddle, especially during the root pass of the welding process. These 

same values are used to control the oscillation of the weld head during filling of the joint between 

two adjacent plates. Assuming that the current is constant between times ·T3 and T 4• which is 

generally true, voltage spikes 210a, 210b and 210c are representative of variable stick out lengths 

15 m, n and o in examples I, II and m ofFIGURE 7. The corresponding voltage spikes shown in the 

chart of ~IGURE 7 are used as the stick out parameter. 

In aecordance with the present invention, stick out voltage V 50 on line 122 is directed to input 

32a of current control circuit 32. This circuit is schematically illustrated in FIGURE 8. The stick 

out voltage on line 32a is directed to the input of a look up table, ROM, PROM or other memory 

20 device 250, which device outputs a desired current 252 correlated with the input stick out voltage. 

Output 254 is a voltage indicative of the desired current based upon the measured stick out voltage 

V so· In the preferred embodiment of the invention, arc current on line 132 is directed to circuit 32 

on line 32c. In circuit 32, the arc current is integrated by integrator 260 between times TO and T9. 

This gives the actual current of the welder for a welding cycle. Consequently, the voltage on line 

25 264 represents the actual current which is one input to error amplifier 270. The other input is the 

desired current on line 254. Output 272 of amplifier 270 is the output 32d of circuit 32. the voltage 

on line 32d controls the actual current during subsequent welding cycles. Thus, as the stick out 
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increases, the heat in puddle 12 decreases. This inverse relationship is programmed into look up 

table 250. Wave shape circuit 30 forms the current ·wave shape as shown in FIGURE 6 using the 

desired current levels to shift the actual integrated current toward the desired value. Current 

adjusting circuit or stage 272 changes the maximum current IM, the background current IB or both 

5 currents according to the desired system programmed into stage 272. In the preferred embodiment, 

background current I8 is adjusted to maintain the desired heat in puddle 12. 

FIGURES 9-12 are modifications of the preferred embodiment of the present invention for 

controlling electric arc welders by the stick out length as represented by either stick out voltage 

V so or a stick out resistance R80• These software diagrams are sch~matically illustrated and can be 

10 implemented by various software techniques. FIGURE 9 illustrates current control circuit 30' 

wherein a function generator 280 is used instead of the programmed look up table 250. This 

function generator may be analog or digital device and can have an input which is either the stick 

out voltage V50 or the stick out resistance R.g0 • The output of the function generator is the desired 

current of stage 282. The level at this stage controls the welding,current as indicated by block or 

15 stage 284 having output 286. This output value is directed to the controller of.the arc welder, such 

as the wave shape circuit 30 of the welder in FIGURE 1. In a like manner, FIGURE 10 illustrates 

a control circuit 30" using a programmed look up table 290 to create a desired current at stage 292 

for controlling the current adjusting stage 294. The signal on output line 296 is directed to the 

controller of the welder. Both FIGURES 9 and 10 indicate that ejther the voltage or resistance of 

20 the stick out can be used as a direct control of the welder. There is no use of an actual current feed 

back. These embodiments of the invention are open loop controls where the curr~t is an absolute 

figure determined by the output of function generator 2_80 or look up table 290. In practice the 

closed loop system shown in FIGURE 8 is used. The systems shown in FIGURES 8-10 are 

implemented by software in a microprocessor; however, they can be implemented by analog circuits. 

25 Stick out resistance contains more information and is a more precise parameter representative 

of stick out. Consequently, welder control systems shown in FIGURES 11 and 12 use the stick out 

resistance Rso as the measurement of stick out. In FIGURE 11, circuit 300 has a look up table 302 
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having an input 182 which is the real time variable stick out resistance. This table is modified by · 

a variety of parameters, such as the electrode composition and size, the shielding gas and other 

variables. These variables shift look up table 302 to adjust for the additional parameters. The output 

of all of these parameters from the programmed look up table i~ stick out at stage 304. In accordance 

5 with the present invention the stick out signal from stage 304 is preferably digital and is directed to 

controller 306 of welder W. Thus, the variable for the controller is the stick out resistance measured 

in accordance with the present invention. Circuit 310 in FIGURE 12 follows by the stick out 

resistance value on line 182. This value is directed to a programmed look up table, which table is 

indexed by the parameters shown in FIGURE 11 to create a stick out signal at stage 314. The 

IO magnitude of this si~ is directed to the controller 316 of welder W. Process controller 316 also 

includes inputs such as current, voltage, time, electrode, shielding gas and wire feed speed. All of 

these parameters are used to control the welding process executed by welder W. As in FIGURE 11, 

circuit 310 adjusts the standard controller 316 for electric arc welder W by a parameter representing 

wire stick out. In these two examples, the parameter is stick out resistance R80• Of course, the 

15 parameter could be stick out voltage V80• 

The present invention employs stick out length, either stick out voltage V 80 or stick out 

resistance Rso. to control the welding current for adjusting the heat in the puddle of an open root 

welding process as used in pipe welding. The advantage of the present invention is illustrated in 

FIGURES 13A, 13B, 14A and 14B which show weld joint J between spaced plates Pl and P2. In 

20 practice, adjacent ends of pipe sections fonn joint J. Joint J in~ludes diverging walls 320, 322 

terminating in generally vertical walls 330, 332 defining a gap g, which gap is the open root of the 

joint. As the joint is being welded with the first pass at the root, changes in the magnitude of gap 

g seriously affect the laying of the root bead by an automatic welder. The present invention controls 

the heat in molten puddle or bead 340 according to the size of gap g. In FIGURES 13A and 13B, 

25 gap g is relatively narrow. Consequently, puddle 340 does not pen~trate into the gap. This problem 

is shown in FIGURE 13A. Thus, the puddfo accumulates above the gap to increase the height. This 

action reduces the stick out SO between the end of holder 14 and the top of puddle 340. 
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Consequently, there is an insufficient joining between walls 320, 322. In accordance with the 

invention, stick out SO is measured as a stick out voltage or stick our resistance and the look up 

table, ROM or other function generator creates a signal corresponding to an inverse relationship . 

. The less the measured stick out the more the welding current and vice versa. By increasing the 

5 welding current, puddle 340 penetrates into gap g and joins plates Pl and P2 between walls 330, 332 

as shown in FIGURE 13B. Thus, when the gap is small, the heat of the puddle is increased to reduce 

metal viscosity and allow better penetration during the root pass. Iii a similar manner, if walls 330, 

332 are too wide indicating a large gap g, as shown in FIGURE 14A, molten metal puddle 340 falls 

throU;gh the gap into the inside of the pipe. When the gap increases, the stick out increases. In 

10 accordance with the invention, the inverse relationship exists between the stick out and the heat 

created in the puddle by the welding current; therefore, the weld current is reduced to create the 

welding puddle shape as shown in FIGURE 14B. As shown in FIGURES 13 and 14, the invention 

maintains the desired welding current for creating the proper heat in puddle 12 to compensate for 

changes in the spacing between the plates being welded. This is an extremely advantageous welding 

15 process for the root bead in an open root joint. The invention, thus compensates for the differences 

in the gap when laying the initial root bead in a pipe welding environment, especially when using 

the short circuit weld process obtained when using. the SIT electric arc welder. Of course, the 

invention can be used with other electric arc welders, whereby the stick out is meastired and the 

current is inversely controlled according to the measured stick out. 

20 Although the invention is particularly applicable to laying the root bead in joint J, it can also 

be us~ for subsequent passes where the welding operation fills joint J above the original root pass. 
' . 

During the root pass, the weld head mechanism is held in a single position above gap g. In 

subsequent passes, the weld head moves holder 14 transversely back and forth in a serpentine pattern 

as the weld head moves around joint J of the pipe sections between plates or sections Pl, P2. This 

25 transverse action is schematically illustrated in FIGURE 15 where weld bead 400 includes an upper 

molten metal puddle 402. The weld head is moved back and forth as indicated by arrow 41 Oto· lay 
~ 

metal in joint J to join plates Pl and P2 as shown in FIGURE 15. As holder 14 moves back and 
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forth, stick out SO becomes small at the outside edges of walls 320, 322 and is larger toward the 

center. Thus, the stick out shifts from a fow value to a high value and back to a low value with 

movement of the weld bead across joint J. Since the invention allows control of the welder by 

measuring the stick out, the invention is also used as an improvement in the mechanism for moving 

5 the weld head back and forth during welding of joint J. 

In FIGURE 17, the prior art welding procedure is illustrated. Plates Pl and P2 are assumed 

to have a joint J which is accurately positioned in a fixed weld path and has a fixed root gap. The 

head oscillates back and forth between points A and B as indicated by arrow 420. Assuming joint 

J remains aligned with the proper path and the gap remains the same width, adequate welding can 

10 be accomplished without manual intervention. This prior art concept is also shown in FIGURE 18. 

The top view depicts a properly aligned joint to produce good results. As the gap increases, or the 

joint is outset to the side of the desired path, the movement of the weld head between points A and 

B will not produce a quality weld. Manual intervention is necessary to track joint J to effect the 

desired weld joint. This problem is serious when the gap is too wide or drastically offset as shown 

15 in the.bottom two views of FIGURE 18. In accordance with the present invention, as the weld head 

moves back and forth in the manner shown in FIGURE 15, the stick out or electrode extension is 

measured and the operation of the weld head drive is modified as illustrated in FIGURE 16. The 

weld head shown as holder 14 is moved back and forth by mofor M. Circuit 440 reverses the 

transverse direction of motor M when the stick out reaches a preselected magnitude indicated as 

20 length X. Switch 442 directs a voltage level indicative of stick out to one input of comparator 450. 

The other input is adjusted to a voltage representing the desired stick out length X. Output 452 

changes logic when the stick out reaches length X. This logic signal change activates reversing 

switch 454 to give a direction reversing signal in line 456. The dir~tion of motor Mis reversed to 

move the weld head iri. the opposite transverse direction. The head is moved along joint J to create 

25 a serpentine pattern. When the direction has been changed, a signal in line 460a activates direction 

control 462 to change the logic on line 462a. Thus, when the welding head reverses direction, circuit 

462 resets the reverse switch 454 awaiting a new detection of a stick out length equal to X. By 
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closing switch 442, the welding head moves back and forth across joint J as the welding process 

travels along joint J. Of course, X can change as weld bead 400 grows by successive weld passes 

so a greater distance is created between the reversal points. During the back and forth movement 

of the welding head, it may be desired to increase or decrease the amount of beat at different 

5 transverse locations in the weld bead. Greater heat is helpful at the outside edges of joint J and 

lesser heat is needed in the center of the joint. To accomplish this objective, the circuit shown in 

FIGURE 16 includes two additional control branches. In branch 460, switch 462 compares the stick 

out signal with a signal in line 464 by a comparator 470." When the stick out voltage is greater than 

a level indicated as Y, a signal appears in output 472 of comparator 470. This starts a downward 

10 incrementation of input heat by gradually reducing the current through an incrementing current 

control 474 to give a signal 476 for adjusting current of the we~ding process. In a like manner, 

branch 480 is activated by closing switch 482 that combines with the value on line 484 to control 

comparator 490 so that an output signal is created in line 492 when the stick out is less than Z. Thus, 

as the weld head moves closer to the edges, the heat is incremented· by incrementing current control 

15 circuit 492 to increase the current signal in line 496. By using branches 460, 480, the heat created 

in the passes after the root pass is controlled by the stick out. The stick out decreases when the weld 

head moves close to the edge. Thus, the heat is increased. As the weld head moves toward the 

center of the joint, the heat is incremented down. This aspect of the present invention controls heat, 

but is not used to control the root pass in an open root welding operation as described in FIGURES 

20 1-14. By using the direction reversing circuit 440, the weld hea:d will track path P even when the 

path is curved as shown in FIGURE 19. As the weld head moves along the path P, it reverses 

direction upon reaching a particular outboard position in joint J. The reversal is not at a fixed point 

as shown in FIGURES 17 and 18. Thus, the present invention can be used for seam tracking even 

when there is no open root. The diverging sides between plates P1, P2 are used to define reversal 

25 points. 

FIGURE 20 shows an operating characteristic of the invention. Curve 500 has a first stick 

out voltage at about 2.0 volts until section 502. The stick out voltage then shifts to approximately 
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.75 volts. This curve represents the operation of the present invention. The weld head moves along 

a weld puddle 500a with a first height and then reaches an area 502a where the puddle 504a has a 

second height, which is 114 inch higher than the height of puddle 500a. When this change in puddle 

h~ight occurs, the stick out drastically reduces and the stick out voltage is reduced correspondingly. 

5 This reduced voltage is used in a root pass to increase the curren~ as the voltage decreases. This 

inverse relationship is preferably a straight line; however, it can be a curve to obtain any desired 

effect. Another graph is shown in FIGURE 21. Curve 510 shows the stick out voltage as the weld 

head moves back and forth between walls 320, 322 of joint J. As the stick out decreases, it 

ultimately reaches the low stick out indicated by the value X. This causes a reversal at point 512 

10 until the weld head reaches the opposite diverging wall. Inbetween,_ the stick out reaches a high level 

514 indicating the center of the joint J, assuming that the joint is not substantially filled with molten 

metal. Curve 510 represents the embodiment of the invention wherein the stick out is used to reverse 

the direction of the weld head as it progresses along path P of joint J. The invention is used for 

tracking and filling joint J during the subsequent passes in a pipe welding process. A third graph is 

15 shown in FIGURE 22. Curve 520 is followed when all three switches 442, 462 and 482 of FIGURE 

16 are closed. As the wel~ head moves back and forth across joint J, the stick out voltage decreases 

until the direction reversing point X. Inbetween the reversal points, the stick out voltage gradually 

increases and decreases as shown in FIGURE 21. When the stick out voltage reaches a level Z at 

point 522, the· puddle heat starts incrementing up by increasing the welding current. This 

20 incrementing of the weld current occurs in area 526 of curve 520 until point 524 is reached. In a like 

manner, as the weld head moves toward the center of joint J, the stick out may reach the level Y at 

point 530. As long as the stick out voltage tends to increase above point 530, the welding current 

is incrementally reduced to reduce the heat in the puddle. Area 334 represents this action which is 

retained until the stick out is reduced below level Y at point 532. Thus, weld puddle temperature 

25 control can be used during subsequent weld passes in joint J. However, the basic advantage .of the 

invention is set forth and explained with respect to FIGURES 13 and 14. 
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It has been found that the shorting :frequency in an STI welder, i.e. having a cycle as shown 

in FIGURE 6, is a function of stick out. By measuring the shorting frequency by recording shorts 

at time TO, the stick out can be determined and used in practicing the invention. This concept is 

illustrated in FIGURE 23. Pulses in line 600 are the pulses created at each successive short circuits 

5 in the STT curve of FIGURE 6. A frequency to voltage converter 602 creates a voltage in line 604 

based upon the shorting frequency of the STT. This voltage, representative of the stick out length 

is the "stick out" as used in this description. This voltage is used to control weld current. In the 

illustrated embodiment, actual :frequency fa is compared with a reference :frequency voltage ~ in line 

610 as adjusted by potentiometer 612. Error amplifier 620 creates an error signal in line 622 for 

10 controlling the current 630 to adjust the current to the desired level set by potentiometer 612. This 

will operate as shown in FIGURES 13 and 14. The use of the shorting frequency in the SIT welder 

is another circuit concept for measuring stick out for use in the present invention. 
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Having thus described the invention, it is claimed: 

1. An electric arc welding apparatus for depositing molten metal from an.advancing 

welding wire into a weld puddle in an· open root between two juxtapositioned plates, said root 

extending in a welding path and being formed by converging walls terminating in generally parallel . . 
walls spaced to define a gap, said apparatus comprising: a contact holder with a wire outlet, a 

5 switching power supply directing welding current to said wire as said wire passes from said outlet 

toward said root, said advancing wire defining an electrode stick out between said contact holder and 

said weld puddle, a circuit for sensing the length of said stick out'and control means for adjusting 

said welding current as a function of said sensed stick out length. 

2. An electric arc welding apparatus as defined in claim 1, wherein said function is 

inverse. 

3. An electric arc welding apparatus as defined in claim 2, wherein said control means 

comprises a device for measuring the actual weld current, means for determining the desired weld 

current based upon said sensed stick out length and means for adjusting said actual weld current 

toward said desired weld current. 

4. An electric arc welding apparatus as defined in claim 1, wherein said control means 

comprises a device for measuring the actual weld current, means for determining the desired weld 

current based upon said sensed stick out length and means for adjusting said actual weld current 

toward said desired weld current. 

5. An electric arc welding apparatus as defined in claim 4, wherein said switching power 

supply is a short circuit.arc welder comprising a D.C. power supply for causing a welding current 

of different levels to pass through said welding wire in a succession of welding cycles, each of said 

welding cycles including an arcing condition during which said wire is spaced from said puddle 
;. 
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5 where energy applied to said wire forms a molten metal ball on the end of said wire and a short 

circuit condition during which said molten metal ball on the end of said wire first contacts said 

puddle and then transfers from said wire to said puddle by a necking action breaking said molten ball 

from said wire to initiate a subsequent arcing condition. 

6. An electric arc welding apparatus as defined in claim 2, wherein said switching power 

supply is a short circuit arc welder comprising a D.C. power supply for causing a welding current 

of different levels to pass through said welding wire in a succession of welding cycles, each of said 

welding cycles including an arcing condition during which said wire is spaced from said puddle 

5 where energy applied to said wire forms a molten metal ball on the end of said wire and a short 

circuit condition during which said molten metal ball on the end of said wire first contacts said 

puddle and then transfers from said wire to said puddle by a n~king action breaking said molten ball 

from said wire to initiate a subsequent arcing condition. 

7. An electric arc welding apparatus as defined in claim 1, wherein said switching power 

supply is a short circuit arc welder comprising a D.C. power supply for causing a welding current 

of different levels to pass through said welding wire in a succession of welding cycles, each of said 

welding cycles including an arcing condition during which said wire is spaced from said puddle 

5 where energy applied to said wire forms a molten metal ball on ihe end of said wire and a short 

circuit condition during which said molten metal ball on the end of said wire first contacts said 

puddle and then transfers from said wire to said puddle by a necking action breaking said molten ball 

from said wire to initiate a subsequent arcing condition. 

; 

8. An electric arc welding apparatus as defined in claim 7, wherein said wire is a flux 

core wire. 
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9. An electric arc welding apparatus as defined in claim 2, wherein said wire is a flux 

core wire. 

10. An electric arc welding apparatus as defined in claim 1, wherein said wire is a flux 

core wire. 

11. An electric arc welding apparatus as defined in claim 7, wherein said stick out length 

sensing circuit includes sampling means for measuring the voltage level across said holder and 

puddle for a short time at a precise time during said short circuit condition and means for using said 

measured voltage levels to create a stick out signal representative'Of said stick out length. 

12. An electric arc welding apparatus as defined in claim 11, including means for 

converting said representative stick out signal into a resistance signal proportional to the resistance 

of said wire in said stick out length. 

13. An electric arc welding apparatus as defined in claim 12, with means for controlling 

said switching power supply with said resistance signal. 

14. An electric arc welding apparatus as defined in claim 11, with means for controlling 

said switching power supply with said stick out signal. 

15. An electric arc welding apparatus as defined in claim 6, wherein said stick out length 

sensing circuit includes sampling means for measuring the voltage level across said holder and 

puddle for a short time at a precise time during said short circuit condition and means for using said 

measured voltage levels to create a stick out signal representative ·of said stick out length. 
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16. An electric arc welding apparatus as defined in ... claim 15, including means for 

converting said representative stick out signal into a resistance signal proportional to the resistance 

of said wire in said stick out length. 

17. . An electric arc welding apparatus as defined in claim 16, with means for controlling 

said switching power supply with said resistance signal. 

18. An electric arc welding apparatus as defined in claim 15, with means for controlling 

said switching power supply with said stick out signal. 

19. An electric arc welding apparatus as defined in claim 5, wherein said stick out length 

sensing circuit includes sampling means for measuring the voltage level across said holder and 

puddle for a short time at a precise time during said short circuit condition and means for using said 

measured voltage levels to create a stick out signal representative of said stick out length. 

20. An electric arc welding apparatus as. defined in ·claim 19, including means for 

converting said representative stick out signal into a resistance signal proportional to the resistance 

of said wire in said stick out length. 

21. An electric arc welding apparatus as defined in claim 20, with means for controlling 

said switching power supply with said resistance signal. 

22. An electric arc welding apparatus as defined in claim 19, with means for controlling 

said switching power supply with said stick out signal. 

23. An electric arc welding apparatus as defined in claim 5, wherein said short circuit arc 

welder is an SIT welder. 

-31-

IJ1J1p11fH•u1 
. s * 



24. An electric arc welding apparatus as defined in claim 8, wherein said short circuit arc 
~ 

welder is an STT welder. 

25. An electric arc welding apparatus as defined in claim 7, wherein said short circuit arc 

welder is an STT welder. 

26. An electric arc welding apparatus as defined in claim 6, wherein said short circuit arc 

welder is an STT welder. 

28. An electric arc welder as defined in claim 1, wherein said plates are the cylindrical 

ends of pipe sections. 

29. An electric arc welding apparatus as defined in claim 28, wherein said wire is a flux 

core wire. 

30. An electric arc welding apparatus as defined in claim 27, wherein said wire is a flux 

core wire. 

31. An electric arc welding apparatus as defined in claim 27, wherein said switching 

power supply is an SIT welder. 

32. An electric arc welding apparatus as defined in claim 28, wherein said switching 

power supply is an SIT welder. 
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33. An electric arc welding apparatus as defined in claim 5, wherein said short circuit arc 

welder is an inverter. 

34. An electric arc welding apparatus as defined in claim 8, wherein said short circuit arc 

welder is an inverter. 

35. An electric arc welding apparatus as defined in claim 7, wherein said short circuit arc 

welder is an inverter. 

36. An electric arc welding apparatus as defined in claim 6, wherein said short circuit arc 

welder is an inverter. 

37. An electric arc welding apparatus as de.fined in claizn 3 wherein said switching power 

supply is an inverter. 

38. An electric arc welding apparatus as defined in claim 2 wherein said switching power 

supply is an inverter. 

39. An electric arc welding apparatus as defined in claim 1 wherein said switching power 

supply is an inverter. 

40. An electric arc welding apparatus as defined in claim 39 wherein said sensing circuit 

is a software algorithm. 

41. An electric arc welding apparatus as de.fined in claim 28 wherein said sensing circuit 

is a software algorithm. 
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42. An electric arc welding apparatus as defined in claim 10 wherein said sensing circuit 

is a software algorithm. 

43. An electric arc welding apparatus as defined in clai.In 7 wherein said sensing circuit 

is a software algorithm. 

44. An electric arc welding apparatus as defined in claim 4 wherein said sensing circuit 

is a software algorithm. 

45. An electric arc welding apparaµIs as defined in claim 2 wherein said sensing circuit 

is a software algorithm. 

46. An electric arc welding apparatus as defined in claim 1 wherein said sensing circuit 

is a software algorithm. 

47. A method for depositing molten metal from an advancing welding wire into a weld 

puddle in an open root between two juxtapositioned plates, said root extending in a welding path and 

being fonned by converging walls terminating in generally parallel walls spaced to define a gap, said 

method comprising the acts of: 

(a) 

(b) 

(c) 

directing welding current to said wire as said wire advances toward said root; 

sensing the length of sai4 stick out of said wire; and, 

adjusting said welding current as a function of said sensed stick out length. 

48. A method as defined in claim 47 wherein said sensing is by a software algorithm. 

49. A method as defined in claim 47, wherein said function is inverse. 
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50. A method as defmed in claim 49, wherein said current adjusting act comprises: 

( d) measuring the actual weld current; 

( e) detennining the desired weld current based upon said sensed stick out length; 

and, 

(f) adjusting said actual weld current toward said desired weld current. 

51. A method as defined in claim 4 7, wherein said weld current directing act is 

accomplished by a short circuit arc welder comprising a D.C. power supply for causing a welding 

current of different levels to pass through said welding wire a succession of welding cycles, each of 

said welding cycles including an arcing condition during which said wire is spaced from said puddle 

5 where energy applied to said wire fonns a molten metal ball on the end of said wire and a short 

circuit condition during which said molten metal ball on the end of said wire first contacts said 

puddle and then transfers .from said wire to said puddle by a necking action breaking said molten ball 

from said wire to initiate a subsequent arcing condition. 

52. A method as defined in claim 49, wherein said weld current directing act is 

accomplished by a short circuit arc welder comprising a D.C. power supply for causing a welding 

current of different levels to pass through said welding wire a succession of welding cycles, each of 

said welding cycles including an arcing condition during which said wire is spaced from said puddle 

5 where energy applied to said wire fonns a molten metal ball on the end of said wire and a short 

circuit condition during which said molten metal ball on the end of said wire first contacts said 

puddle and then transfers from said wire to said puddle by a necking action breaking said molten ball 

from said wire to initiate a subsequent arcing condition. 

.• 

53. An electric arc welding apparatus as defined in claim 50, wherein said weld current 

directing act is accomplished by a short circuit arc welder comprising a D.C. power supply for 
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causing a welding current of different levels to pass through said welding wire a succession of 

welding cycles, each of said welding cycles including an arcing condition during which said wire 

5 is spaced from said puddle where energy applied to said wire forms a molten metal ball on the end 

of said wire and a short circuit condition during which said molten metal ball on the end of said wire 

first contacts said puddle and then transfers from said wire to said puddle by a necking action 

breaking said molten ball from said wire to initiate a subsequent arcing condition. 

54. A method as de.fined in claim 47, wherein said wire is a flux core wire. 

55. A method as defined in claim 49, wherein said wire is a flux core wire. 

56. A method as defined in claim 50, wherein said wire is a flux core wire. 

57. A method as defined in claim 51, wherein said stick out length sensing act includes 

sampling measuring the voltage level across said stick out for a short time at a precise time during 

said short circuit condition and using said measured voltage levels to create a stick out signal 

representative of said stick out length. 

58. A method as defined in claim 57, including converting said representative stick out · 

signal into a res~stance signal proportional to the resistance of said wire in said stick out length. 

59. A method as defined in claim 49 wherein said sensing is by a software algorithm. 

60. A method as defined in claim 51 wherein said sensing is by a software algorithm. 

61. A method as defined in claim 54 wherein said sensing is by a software algorithm. 
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62. An electric arc welding apparatus for depositing molten metal from an advancing 

weld.in.A wire into a weld puddle in a joint between two juxtapositioned plates, said joint extending 

in a welding path and being formed by converging walls, said app~tus comprising: a contact holder 

with a wire outlet, a switching power supply directing welding current to said wire as said wire 

5 advances from said outlet' toward said joint, said advancing wire defining an electrode stick out 

between said contact holder and said weld puddle, a circuit for sensing the length of said stick out, 

and means for reducing said welding current when said sensed stick out length exceeds a given 

value. 

63. An apparatus as defined in claim 62 wherein said switching power supply is an 

inverter. 

64. An apparatus as defined in claim 63 wherein said sensing circuit is a software 

algorithm. 

65. An apparatus as defined in claim 62 wherein said sensing circuit is a software 

algorithm. 

66. An electric arc welding apparatus for depositing molten metal from an advancing 

welding wire into a weld puddle in a joint between two juxtapositioned plates, said joint extending 

in a welding path and being formed by converging walls, said apparatus comprising: a contact holder 

with a wire outlet, a switching power supply directing welding current to said wire as said wire 

5 advances from said outlet toward said joint, said advancing wire defining an electrode stick out 

between said contact holder and said weld puddle, a circuit sensing the length of said stick out, and 

means for increasing said welding current when said sensed stick out length is less than a given 

value. 
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67. An apparatus as defined in claim 66 wherein said switching power supply is an 

inverter. 

68. An electric arc welding apparatus for depositing molten metal from an advancing 

welding wire into a weld puddle in a joint between two juxtapositioned plates, said join~ extending 

in a welding path and being formed by converging walls, said apparatus comprising: a contact holder 

with a wire outlet, a switching power supply directing welding current to said wire as said wire 

5 advances from said outlet toward said joint, said advancing wire defining an electrode stick out 

between said contact holder and said weld puddle, a circuit for sensing the length of said stick out, 

a weld head for moving said wire in a given direction transverse to said joint, means for reversing 

the direction of the weld head and thus said wire when said sensed stick out length is reduced to a 

given value at the edge of said joint and means for repeating said moving step alternately in opposite 

· 10 directions whereby said wire follows said welding path in a serpentine pattern. 

69. Apparatus as defined in claim 68 wherein said switching power supply is an inverter. 

70. A method for depositing molten metal from an advancing welding wire into a weld 

puddle in a joint between two juxtapositioned plates, said joint extending in a welding path and 

being formed by converging walls, a contact holder with a wire O\ltlet, said method comprising: 

(a) directing welding current to said wire as said wire advances from said outlet 

5 toward said joint; 

(b) sensing the length of the stick out of said wire; and, 

( c) reducing said weldi!lg current when said sensed stick out length exceeds a 

given value. 

71. The method as defined in claim 70 wherein said directing act is performed by a 

switching power supply. 
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72. A method for depositing molten metal from an advancing welding wire into a weld 

puddle in a joint between two juxtapositioned plates, said joint extending in a welding path and 

being formed by converging walls, a contact holder with a wire outlet, said method comprising: 

(a) directing welding current to said wire as said wire advances from said outlet 

5 toward said joint; 

(b) sensing the length of the stick out of said wire; and, 

( c) increasing said welding current when said sensed stick out length is less than 

a given value. 

" 73. The method as defuied in claim 72 wherein said directing act is performed by a 

switching power supply. 

74. A method for depositing molten metal from an ~dvancing welding wire into a weld 

puddle in a joint between two juxtapositioned plates, said joint extending in a welding path and 

being formed by converging walls, a contact holder with a wire outlet, said method comprising: 

(a) directing welding current to said wire as said wire advances from said outlet 

5 toward said joint; 

10 

(b) 

(c) 

(d) 

sensing the length of the stick out of said wire; 

moving said wire in a given direction transverse to said joint; . 
reversing the direction of said wire when said sensed stick out length is 

. reduced to a given value at the edge of said jo~nt; and, 

(e) repeating said moving act alternately in opposite directions whereby said wire 

follows said welding path in a serpentine pattern. 

75. The method as defmed in claim 74 wherein said directing act is performed by a 

switching power supply. 

-39-



76. An electric arc welding apparatus for depositing molten metal from an advancing 

welding wire into a weld puddle in an open root between two juxtapositioned plates, said root 

extending in a welding path and being formed by converging ~alls tenninating in generally parallel 

walls spaced to define a gap, said apparatus comprising: a contact holder with a wire outlet, said 

5 advancing wire defining an electrode stick out between said contact holder and said weld puddle, 

a short circuit arc welder for causing a welding current at different levels to pass through said 

welding wire in a succession of welding cycles, each of said welding cycles including an arcing 

condition during which said wire is spaced from said puddle where energy applied to said wire fonns 

a molten ball on the end of said wire and a short circuit condition during which said molten metal 

10 ball on the end of said wire first contacts said puddle and then transfers from said wire to said puddle 

by a necking action breaking said molten ball from said wire, means for sensing the frequency of 

said welding cycles and means for adjusting said welding current to maintain said sensed frequency 

near a given value. 

77. An electric arc welding apparatus as defined in claim 76, wherein said wire is a flux 

core wire. 

78. An electric arc welding apparatus as defined in claim 77, wherein said short circuit 

arc welder is an SIT welder. 

> 

79. An electric arc welding apparatus as defined in claim 78 wherein said welder is 

operated at a :frequency greater than about 18 kHz. 

80. An electric arc welding apparatus as defined in claim 76, wherein said short circuit 

arc welder is an SIT welder. 
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81. An electric arc welding apparatus as defined in claim 80 wherein said welder is · 

operated at a frequency greater than about 18 kHz. 

82. An electric arc welding apparatus as defined in claim 80, wherein said short circuit 

arc welder is an inverter. 

83. An electric arc welding apparatus as defined in claim 82 wherein said welder is 

operated at a frequency greater than about 18 kHz. > 

84. An electric arc welding apparatus as defined in claim 76, wherein said short circuit 

arc welder is an inverter. 

85. An electric arc welding apparatus as defined in claim 84 wherein said welder is 

operated at a frequency greater than about 18 kHz. 

86. An electric arc welding apparatus as defined in claim 76 wherein said welder is 

operated at a frequency greater than about 18 kHz. 

87. An electric arc welding apparatus for depositing molten metal from an advancing wire 

into a weld puddle in an open root joint between two juxtapositioned plates, said root being formed 

by converging walls terminating in generally parallel walls spaced to define a gap, said apparatus 

including a circuit for creating a stick out signal proportional to the stick out length of the wire and 
> 

a device to adjust the heat in said puddle in inverse relationship to said stick out signal. 

88. An apparatus as defined in claim 87, wherein said stick out signal is a voltage 

proportional to the stick out length. 
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89. An apparatus as defined in claim 87, wherein said stick out signal is a voltage 

proportional to the stick out resistance. 

90. An apparatus as defined in claim 87, wherein said wire is a flux cored wire. 

91. An apparatus as defined in claim 87 wherein said apparatus. includes a switching 

power supply for melting said wire as it advances toward said joint and said switching power supply 

is operated at a frequency greater than about 18 kHz. 

92. An electric arc welding apparatus for depositing molten metal from an advancing wire 

into a weld puddle in a joint between two juxtapositioned plates, said joint fonned by converging 

side walls, said apparatus including means for moving said advancing wire transversely across said 

joint in a generally serpentine pattern with direction reversing at each of said sidewalls, a measuring 

S circuit for creating a stick out signal propositioned to the stick out of the wire and a device for 

rever8ing the direction of said wire when said sensed stick out reaches a given low value. 

93. An electric arc welding apparatus as defined in claim 92, including means for 

reducing the welding current through said wire when said sensed stick out is greater than a given 

high value. 

94. An apparatus as defined in claim 92, including means for increasing the welding 

current through said wire when said sensed stick out is less than a given value. 

95. An apparatus as defined in claim 92, wherein said stick out signal is a voltage 

proportional to the stick out length. 
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96. An electric arc welder for depositing molten metal from an advancing wire into a 

weld puddle, said welder including a controller circuit for creating a stick out signal proportional to 

the stick out length of said wire and means for controlling the output of said welder in accordance 

with said stick out ·signal. 

97. An electric arc welder as defined in claim 97 wherein said controller circuit is a 

software algorithm. 

98. An apparatus as defined in claim 96, wherein said stick out signal is a voltage 

proportional to the stick out length. 

. . 
99. An apparatus as defined in claim 96, wherein said stick out signal is a voltage 

proportional to the stick out resistance. 

100. An apparatus as defined in claim 92, wherein said plates are the ends of two pipe 

sections. 

101. An apparatus as defined in claim 87, wherein said plates are the ends of two pipe 

sections. 

102. A method for depositing molten metal from an advancing wire into a weld puddle in 

an open root joint between two juxtapositioned plates, said joint being formed by converging walls 

terminating in generally parallel walls spaced to define a gap, said method comprising: 

(a) creating a stick out signal proportional to the stick out length of the 

wire; and, 

(b) adjusting the heat in inverse proposition to said stick out signal. 
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103. A method as defined in claim 102 wherein said stick out signal is a voltage 

proportional to the stick out length. 

· 104. A method as defined in claim 102 wherein said stick out signal is a voltage 

proportional to the stick out resistance. 

105. A method as defined in claim 102 wherein said wire is a flux cored wire. 

106. A method as defined in claim 102 wherein said wire is welded by current from a 

switching power supply operated at a frequency greater than about 18 kHz. 

·· 107. A method as defined in claim 106 wherein said switching power supply is an inverter. 

108. A method for depositing molten metal from an advancing wire into a weld puddle in · 

a joint between two juxtapositioned plates, said joint foimed by converging side walls, said method 

comprising: 

(a) moving said advancing wire transversely across said joint in a 

generally serpentine pattern with direction reversing at each of said side walls; 

(b) creating a stick out signal proportional to stick out of the wire; and, 

( c) reversing the direction of said wire when said sensed stick out reaches 

a given low value. 

109. A method as defined in claim 108, including reducing the welding current through 

said wire when said sensed stick out is greater than a given high value. 

110. A method as defined in claim 109, including incre2$ing the welding current through 

said wire when said sensed stick out is less than a given value. 
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111. A method as defined in claim l 08, including increasing the welding current through 

said wire when said sensed stick out is less than a given value. 

112. A method for depositing molten metal from an advancing wire into a weld puddle, 

said method comprising: 

(a) melting said wire by a switching power supply; 

(b) creating a stick out signal proportional to the stick out length of said 

wire; and, 

(c) controlling the output of said power supply in accordance with said 

stick out signal. 

113. An apparatus as defined in claim 112, wherein said stick out signal is a voltage 

proportional to the stick out resistance. 

114. An electric arc welding apparatus for depositing molten metal :from an advancing 

welding wire into a weld puddle in a joint between two juxtapositioned plates, said joint extending ,. 
in a welding path and being formed by converging walls, said apparatus comprising: a contact bolder 

with a wire outlet, a switching power supply directing welding current to said wire as said wire 

5 passes from said outlet toward said joint, said advancing wire defining an electrode stick out between 

said contact bolder and said weld puddle, a circuit for sensing the length of said stick out and control 

means for adjusting said welding current as a function of said sensed stick out length. 
> 

115. An electric arc welding apparatus as defined in claim 114, wherein said function is 

inverse. 
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116. An electric arc welding apparatus as defined in claim 114 wherein said control means 

comprises a device ~or measuring the actual weld current, means for detennining the desired weld 

current based upon said sensed stick out length and means for adjusting said actual weld current 

toward said desired weld current. 

117. An electric arc welding apparatus as defined in claim 114, wherein said switching 

power supply is a short circuit arc welder comprising a D.C. power supply for causing a welding 

current of different levels to pass through said welding wire in a succession of welding cycles, each 

of said welding cycles including an arcing condition during which said wire is spaced from said 

5 puddle where energy applied to said wire forms a molten metal ball on the end of.said wire and a 

short circuit condition during which said molten metal ball on the end of said wire first contacts said 

puddle and then transfers from said wire to said puddle by a necking action breaking said molten ball 

from said wire to initiate a subsequent arcing condition. 

118. An electric arc welding apparatus as defined in claim 114, wherein said wire is a flux 

core wire. 

119. An electric arc welding apparatus as defined in claim 116, wherein said stick out 

length sensing circuit includes sampling means for measuring the voltage level across said holder 

and puddle.for a short time at a precise time during said short circuit condition and means for using 

said measured voltage levels to create a stick out signal representative of said stick out length. 

120. An electric arc welding apparatus as defined in claim 119, including means for 
) 

converting said representative stick out signal into a resistance signal proportional to the resistance 

of said wire in said stick out length. 
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121. An electric arc welding apparatus as defined in claim 120, with means ~or controlling 

said switching power supply with said resistance signal. 

122. An electric arc welding apparatus as defined in claim 119, with means for controlling 

said switching power supply with said stick out signal. 

123. An el~ctric arc welding apparatus as defined in claim 118, wherein said short circuit 

arc welder is an STT welder. 

124. An electric arc welding apparatus as defined in claim 118, wherein said short circuit 

arc welder is an inverter. 

125. An electric arc welding apparatus as defined in claim 115 wherein said switching 

power supply is an inverter. 

126. An electric arc welding apparatus as defined in claim 114 wherein said switching 

power supply is an inverter. 

127 A method for depositing molten metal from an advaricing welding wire into a weld 

puddle in an joint between two juxtapositioned plates, said joint extending in a welding path and 

being formed by converging walls, said method comprising the acts of: 

(a) 

(b) 

(c) 

directing welding current to said wire as said wire advances toward said joint; 
. . . 

sensing the length of said stick out of said wire; and, 

adjusting said welding current as a function of said sensed stick ouf length. 

128. A method as defined in claim 127, wherein said function is inverse. 
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129. An electric arc welding apparatus for depositing iµolten metal from an advancing 

welding wire into a weld puddle, said apparatus comprising: a contact holder with a wire outlet, said 

advancing wire de.fining an electrode stick out between said contact holder and said weld puddle, 

a short circuit arc welder for causing a welding current at different levels to pass through said 

5 welding wire in a succession of welding cycles, each of said welding cycles including an arcing 

condition during which said wire is spaced from said puddle where energy applied to said wire forms 

a molten ball on the end of said wire and a short circuit condition during which said molten metal 

ball on the end of said wire first contacts said puddle and then transfers from said wire to said puddle 

by a necking action breaking said molten ball from said wire, means for changing stick out during 

10 the short circuit condition of said welding cycles and means for adjusting said welding current in 

response to said sensed stick out to control the heat of said puddle. 

130. An electric arc welding apparatus as defined in claim 129, wherein said wire is a flux 

core wire. 

131. An electric arc welding apparatus as defined in claim 130, wherein said short cirCuit 

arc welder is an SIT welder. 

132. An electric arc welding apparatus as defined in claim 129 wherein said welder is 

operated at a frequency greater than about 18 kHz. 

133. An electric arc welding apparatus as defined in claim 129, wherein said short circuit 

arc welder is an SIT welder. 

134. An electric arc welding apparatus as defined in claim 133 wherein said welder is 

operated at a frequency greater than about 18 kHz. 
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135. An electric arc welding apparatus as defined in claim 133, wherein said short circuit 

arc welder is an inverter. 

136. An electric arc welding apparatus as defined in claim 135 wherein said welder is 

operated at a frequency greater than about 18 kHz. 

137. An electric arc welding apparatus as defined in cl~ 129, wherein said short circuit 

arc welder is an inverter. 

138. An electric arc welding apparatus as defined in claim 137 wherein said welder is 

operated at a :frequency greater than about 18 kHz. 

139. An electric arc welding apparatus as· defined in claim 129 wherein said welder is 

operated at a :frequency greater than about 18 kHz. 

140. A short circuit electric arc welding apparatus for depositing molten metal from an 

advancing wire into a weld puddle, said apparatus including a circ¢t for creating a stick out signal 

proportional to the stick out length of the wire and a device to adjust the heat in said puddle in 

relationship to said stick out signal. 

141. A short circuit arc welding apparatus as defined in claim 140 wherein said circuit is 

a software algorithm. . ;. 

142. An apparatus as defined in claim 140, wherein said stick out signal is a voltage 

proportional to the stick out length. 
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143. An apparatus as defined in claim 140, wherein said stick out signal is a voltage 

proportional to the stick out resistance. 

144. An apparatus as defined in claim 140 wherein said apparatus includes a switching 

power supply for melting said wire as it advances toward said joint and said switching power supply 

is operated at a frequency greater than about 18 kHz. 

145. A short circuit electric arc welding apparatus as defined in claim 140 wherein said 

apparatus includes a power supply creating an STT weld current. 

146. A short circuit electric arc welder as defined in claim 144 wherein said power supply 

is an inverter. 

J. 

147. A short circuit arc welding apparatus as defined in claim 142 wherein said circuit is 

a software algorithm. 

148. A short circuit arc welding apparatus as defined in claim 143 wherein said circuit is 

a software algorithm. 

149. A short circuit arc welding apparatus as defined in claim 144 wherein said circuit is 

a software algorithm. 

150. A short circuit arc welding apparatus as defmed in claim 145 wherein said circuit is 
. > 

a software algorithm. 
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