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TECHNICAL ABSTRACT

AMBER FREE FUSION WELDING ROOT SIDE
PURGING METHOD AND APPARATUS

The need for lighter and/or stronger materials has increased, particularly with

regard to aerospace constructions, the interest in and the use of titanium and its alloys, likewise,

has been increased. Although titanium and titanium alloy work pieces have the desired and

needed characteristics of exceptional tensile stren, l and heat resistance, said work pieces are

susceptible to atmospheric contamination during welding. Accordingly, in joining said work

pieces by welding, it is generally necessary to weld the work pieces in a rigid chamber which

has been purged J ambient air through use of inert gas. Use of the chamber r(;quires enormous

waste of time and waste of the purging inert gas used.

The instant invention permits the welding in an inert gas environment of work

pieces of metal and metal alloys which are susceptible to atmospheric contamination during

welding, without the use of either a rigid chamber or of shielding, inexpensively, quickly, and

without the. use of any undue loss of the inert gas used in the welding environment, either for

purging or for wei'&ig.

FIGURE 1 : , a side elevational view, in simplified pictorial and schematic form,

partially fragmental of an embodiment of the invention showing inert gas being drawn to a weld

seam by a plasma arc plume;

FIGURE 2 is a side elevational view in simplified form, and enlarged and not to

scale, of a section of a porous metallic tubing which is shown in FIGURE 1 as a means for

s	 supplying an inert gas blanket to the weld seam;

FIGURE 3 is a perspective view of another embodiment of the invention, an open



view inert gas purging apparatus formed of porous metallic plates which provide an inert gas

blanket in the weld seam zone.

Inventors: S•;illiam F. McGee and Daniel J. Rybicki

Application Serial No.: 	 08/158,331

Date Filed:	 November 29, 1993

Employer: Martin Marietta Manned Space Systems
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"AMBER FREE FTJSION WELDING ROOT SIDE

EUGING METHOD ANI2 APPARATUS

10	 ORIGIN OF THE INVENTION

The invention described herein was made in the performance of work under a

NASA contract and is subject to the provisions of Section 305 of die National Aeronautics and

15	 Space Act of 1958, Public Law 85-568 (72 Stat. 435, 42 U.S.C. 2457).

BACKGROUND OF THE INVENTQN

20

The present invention relates to a chamber free gas purge method and apparatus

for establishing an inert atmosphere zone at the root side of a weld seam. In another aspect, the

invention relates to the concept of strategically providing an inert atmosphere to the root side of

a weld joint through a porous medium whereby the jet-like thrust of a plasma arc drows the

25 continuously supplied inert atmosphere into the path of the molten or high temperature solid weld

zone. In yet another aspect, the invention relates to a chamber free provision of an inert

atmosphere on the root side of a fusion welding which permits open view of the welding seam.
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Fusion welding of oxygen reactive materials such as aluminum-liNum alloys,

titanium and the like, requires that the molten weld zone and the local solid areas at high

5 temperatures bP: shielded from the normal atmosphere or oxygen to prevent degradation of the

welded area so as to avoid producing weld discontinuities and other potential defects. Full

penetration welding of these reactive materials with a plas::ia arc welding process, in the

"keyhole mode", requires that the root side of the joint be shielded with relative precision due

to the additional implications brought on by the plasma arc thru -ting to the root side of the weld

10 seam. Most current root side welding methods involve encasing a section of or the entire length

of the root side weld seam in a chamber which is purged with inert gas until the atmosphere

contained *:thin is relatively free of oxygen. These chambers may be fixed to the weld tooling

or may be mobile and travel synchronously with the welding arc.

15 As the need for lighter and/or stronger materials has increased, particularly with

regard to aero-,pace constructions, the interest in and the use of titanium and its alloys, likewise,

has been increased. Although titanium and titanium alloy work: pieces have the desired wid

needed characteristics of exceptional tensile strength and heat resistance, said work pieces are

susceptible to atmospheric contamination during welding. Accordingly, in joining said work

20 pieces by welding, it is generally necessary to weld the work pieces in a rigid chamber which

has been purged of ambient vir through use of inert gas. Use of the chamber requires enormous

waste of time and waste of the purging inert gas used.
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The above-described root side purging chamber utilization has further undesired

aspects. The atmosphere contained within the chamber must be monitored for pressure and for

oxygen content. The chambers, depending upon the configuration, will restrict viewing of the

root side of the welding eperation partially or fully, unless a fully transparent chamber is

.5 utilized. Viewing the root side of the plasma arc weld during full penetration is generally

considered to be the best method of monitoring arc to seam alignment and penetration

characteristics. The inert gas consumption requ irement of these chambers is relatively large du;

to requirements of maintaining a low oxygen level.

10 Several approaches have bten utilized to modify the burden of the welding

chamber such as by an inflatable, inert gas purged welding chamber assembly. The welding

chamber of the assembly is defined by a collapsible, reusable inflatable member. In another

approach, a purge gas unit establishes an enclosed zone for purge gas within tubes or pipes

having portions which are to be joined by welding. The purge gas unit includes a fast bladder

	

15	 positioned on one side of the welding location and a second bladder positioned on the other side

of the location.

It is, therefore, readily apparent that what is needed in the art, and is not currently

available, is an apparatus and method which eliminate the aforementioned disadvantages and

20 which also permit the uncontaminated welding of titanium, titanium alloys, aluminum-lithium

alloys and the like, and other work pieces of other metals and meta, alloys which are reactive

base materials in the presence of oxygen.
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The instant invention permits the welding in an inert gas environment of work

pieces of metal and metal alloys which are susceptible to atmospheric contamination during

5 welding, without the use of either a rigid chamber or of shielding, inexpensively, quickly, and

without the use of any undue loss of the inert gas used in the welding environment, either for

purging or for welding.

These benefits can be achieved by the present invention which involves the concept

10 of strategically providing an inert atmosphere to the root side of a weld joint through a porous

medium whereby the jet-like thrust of the plasma arc actually draws the continuously supplied

inert atmosphere into the path of the molten or high temperature solid weld zone. Two

mechanisms in accordance with the invention which share a common methodology are discussed

under the appropriate terminology of sparge tube purging and open view purging. The sparge

15 tube purging mechanism and the open view purging device both utilize a porous medium through

which inert gas is channeled. The porous medium is configured so it can be placed at the

borders of the weld seam and parallel to the weld seam without restricting the view of the root

side of the seam. The inert gas is dispersed evenly through the porous medium and across the

weld seam at the point of arc penetration and in front of and behind the arc. The jet-like thrust

20 of the plasma arc creates a drawing action upon the inert gas and continuously provides an

oxygen-free atmosphere to the molten and/or high temperature weld metal. With an adequate

and continuous gas flow, the plasma arc can only draw in the inert blanket gases to form a true
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purging or inert atmosphere. In addition, these appararus do not require precise monitoring of

pressure or oxygen content as these two variables are virtually eliminated. The apparatus

according to the invention can be rude relatively small and therefore will require a limited

amount of inert gas flow to function successfully and they can be fashioned so that they are

	

5	 mobile and travel synchronously with the welding arc.

The invention apparatus and methodology can also be adapted to other welding

processes which are required for welding of reactive materials where intense heat from the

welding process is transferred to the root side of the weld joint utilizing such processes where

10 the welding arc is not projected and open to the root side. Such utilization may require slight

modifications of the inventive apparatus, however, the general concept would be available and

sufficient to provide through a specifically configured directional flow mechanism which will

ensure that frail inert gas coverage is achieved.

15 The inventive apparatus and methodology would be applicable to all aerospace,

defense related and commercially welded products fabricated from a reactive metal and where

plasma arc welding is utilized as the joining F,.ocess. Any plasma arc welding applications on

products which have critical desiZn, processing and inspection requirements would benefit from

the root side purging apparatus. For example, the Space Shuttle external tank fabrication from

	

20	 aluminum is one primary candidate which would possibly use a new aluminum-lithium material

requiring utilizing plasma arc welding.
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These and other features and advantages of the present invention will become

apparent to those skilled in the art upon reading of the following detailed description and when

taken in conjunction with the drawings wherein them is shown and described various

embodiments of the invention.

a

`1
In the course of the following detailed description, reference will be made to the

attached drawings wherein:

FIGURE 1 is a side elevational view, in simplified pictorial and schematic form,

partially fragmental of an embodiment of the invention showing inert gas being drawn to a weld

seam by a plasma arc plume;

15 FIGURE 2 is a side elevational view in simplified form, and enlarged and not to

scale, of a section of a porous metallic tubing which is shown in FIGURE 1 as a means for

supplying an inert gas blanket to the weld seam;

FIGURE 3 is a perspective view of another embodiment of the invention, an open

20	 view inert gas purging apparatus formed of porous metallic plates which provide an inert gas

blanket in the weld seam zone.

5
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In the following description, like reference characters designate like and

corresponding parts throughout the several views of the drawings.

5

The side elevational view of FIGURE 1 presents the sparge aibe mechanism

wherein plasma arc welding torch 2 provides a plasma arc 4 to the discontinL )u'l first rea. Live

metal segment 6 and second reactive metal segment 8 for welding joinder. The welded joint

along weld joint 10 is accomplished through full penetration welding of the reactive metals with

14 the plasma arc welding process in the "keyhole mode" which requires the weld joint root side

11 to be shielded with relative precision due to the additiot.11 implications bough, on by plasma

arc thrusting through to the root side of the weld seam. In fusion welding of oxygev , reactive

materials, the molten weld zone and local high temperature solid areas must be shielded from

normal atmosphere to prevent degradation of the welded area to avoid producing weld defects.

15

The plasma arc plume 12 draws inert gas which flows from the porous metal tubes

14. The porous metal tubes 14 can be supplied with gas flow shrouds 16 which direct and

economize the flow of inert gas in creating an inert gas blanket atmosphere in the region or zone

of the weld. With such a supply of inert gas, the plasma arc plume 12 draws the gas to the weld

20	 zone, thus creating an enhanced inert blanketing gas atmosphere in front of, around and

following the plasma arc plume 12.
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In FIGURE 2, the porous metal tube !4 is presented in an enlarged not to scale

side elevational view. A section of the porous metal tube 14 is presented having a porous metal

tube cavity 18 and a porous metal tube wall 20. Such a porous metal tube 14 is shown in

operative position in FIGURE 1 as a means for supplying inert gas atmosphere or blanket to the

5 weld seam zone. The porous metal tubing 14 can be comprised of sintered metal which allows

the permeability of gases through the tubing wall 20 either by the action of pressure in the porous

metal tube cavity 18 and/or in combination with outside force such as that rf the plasma arc

plume 12 which has a jet-like thrust and draws inert gas to the weld seam zone. Such porous

metal tubing 14 could be constructed with, for example, an inside diameter of 3/8" and an

10 outside diameter of 1/2*.  Typically, multiple tubing within the environment of the invention is

capable of supplying approximately 100 c0bic feet per hour inert gas. Such dimensions

obviously can be varied in order to accommodate multiple welding torches and/or reactive base

material thicknesses and other welding variables.

15 A perspective view of another embodiment of the isrventive anparatus, is presented

in FIGURE 3, the open view purging apparatus. The open view purging assembly 22 is

comprised of a first porous metal plate 24 and a second porous metal plate 26 which are spaced

apart to accommodate, for example, a plasma arc plume, while providing an inert gas atmosphere

which can be enhanced by the jet-like thrust of the plasma arc plume. The first and second

20 porous metal plates are porous on facing surfaces and can be porous along the thickne..,s of the

plates which define chambers therein. The first porous metal plate 24 and the second porous

metal plate 26 accommodate various numbers and sizes of plate pores 28 and 30 which

8
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communicate to gas filled chambers defined within the two metal plates. These plate pores

provide inert gas blanketing of the root side portion of the weld seam and can be controlled by

internal pressure, number of pores, size of pores, spacing of the plates 24 and 26, as well as the

p1rama arc plume thrust. The first porous metal plate 24 and the second porous metal plate 26

S are maintained at specific and yet adjustable spacing by mounting members 32 and 34. These

mounting members are affixed to the fi rst, porous metal plate 24 anti second porous metal plate

26 by mounting member fasteners 36. The open view purging assembly 22 and first porous

metal plate 24 and second porous metal plate 26 are provided with an inert gas outlet and inlet

tubing 38 and 40.

10

The chamber free fusion welding root side purging method and apparatus presenved

in both the sparge tube purging apparatus and the open view purging assembly 22 utilize a

common methodology and provide a porous medium through which inert gas is channeled. The

porous medium can be placed along the borders of the weld seam and parallel to the weld seam

15 without restricting the view of the root side of the seam while enhancing the inert gas blanket.

The enhancement of the inert gas blanket is achieved through efficient localization of the inert

gas which is further enhanced at the point of arc penetration, as well as in front of and behind

the arc through the jet-like thrust of the plasma arc which creates a drawing action upon the inert

gas and continuously provides an oxygen-free atmosphere to the molten and/or high temperature

20 weld metal. Within the inert gas blanket provided by continuous gas flow, the plasma arc can

draw such blanket and focus or localize, i.e., concentrate the inert gas atmosphere to the zone

of the weld. Such apparatus and methodology does not require inefficient amounts of inert gas

9



and eliminates the need for various controls row necessary for known systems. Ft&lermore,

the ability of operator open viewing of the root side of plasma arc welding seams witfin the inert

atmosphere avoids many, if not most, of the defects of weld seams occurring in prewndy used

chambers. Not only can quick adjustments of the welding process be achieved, but avoidance

S	 of continuous defective weld seams is possible.

It is obvious that many embodiments may t'e made of this inventive concept and

that many modifications may be made in the embwiments hereinbefore described. Therefore,

it is to be understood that all descriptive materials herein are to be interpreted merely as

10 illustrative, exemplary and not in a limited sense. It is intended that the various modifications

which might readily suggest themselves to those skilled in the art be covered by the following

claims, as far as the prior wl periuits.
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ABSTRACT OF THE DISCLOSUM

A method and apparati art. presented for non-chamber root side purging in fusion

5 welding of oxygen reactive metals which require drnz the incten weld zone and local solid areas

of the weld seam remaining at high temperatures be shielded from normal atmosphere to prevent

degradatio -i of the welded area. The apparad provide an inert atmosphere to the root side of a

weld joint through a porous medium whereby the jet-like thrust of the plasma arc actually draws

the continuously supplied inert atmosphere into the path of the molten or high temperature solid

10 weld zone. The porous medium is configured so it can be placed at the borders of the weld seam

and substantially parallel to the seam witthout restricting the view of the root side of the seam.

The inert gas is dispersed evenly through the porous media and across the weld seam, at the

'`,

	

	 point of arc penetration and in front of and behind the arc. The apparati can be constructed so

as to limit the amount of inert gas flow and can be mobile and travel synchronously with the

15	 welding arc.
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