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powder-fed | aser fusion welding torch. Description of the Related Art In
general, the surface of a netallic article may be wel ded and/or alloyed 10
by the simultaneous and cooperative operation of a |aser beam and an all oy
powder stream To acconplish this, systens exist that have a | aser source
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PCT/ US03/ 03376 focal point of the beam causes the nolten volunme to be
rapidly chilled. The

Description of the Related Art

In general, the surface of a metallic article may be welded and/or alloyed
10 by the simultaneous and cooperative operation of a laser beam and an alloy
powder stream. To accomplish this, systems exist that have a laser source and
focusing apparatus, with a powder delivery apparatus provided as part of an
integral package. The laser beam melts a relatively small area at the surface of the
article, and a controlled volume of alloying particles are delivered into the melt
15  pool via the powder flow stream.

In laser fusion welding, an article of metal or other material may have the
surface thereof alloyed, or otherwise treated, by the simultaneous and cooperative
operation of a laser beam with an alloy powder. Typically, the laser beam melts a
relatively small volume of the outer surface of the article and the powder system

20 delivers a controlled volume of alloying particles into this molten volume. The
alloying particles become dispersed throughout this volume and therewith alter,
complement, or add to the composition of the outer layer in a controllable way.

Removal of the beam, such as by advancement of the workpiece relative to the



chilling occurs so rapidly that the volunme retains the characteristics of
the nolten mx. As an exanple, gas turbine engines, such as those utilized
with jet worogined2r2 5 are being designed with ever increa®Crg/Sp&03306 nance
requi renents. One elenent of the engi ne which has been receiving attention
is the seal created between the outer periphery of the rapidly rotating

bl ades and the surroundi ng housing. Another elenent subject to attention
is the turbine nozzle systemin jet engines. The owner of the present

i nvention, Honeywell International, Inc., often 10 repairs turbine nozzles
wWith a process called JetFix. The JetFi x process uses steps as follows:
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airfoils. Sone repails dnasample, aas tushishengineshansh agthospralod with ¢t &FGafti onal
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Another element subject to attention is the turbine nozzle system in jet engines.

The owner of the present invention, Honeywell International, Inc., often

10  repairs turbine nozzles with a process called JetFix. The JetFix process uses steps
as follows: chemically and mechanically stripping the outer aluminide coating,
welding the cracks, thermally shocking the welds (to form micro cracks), fluoride
jon cleaning of the cracks, (to remove oxides), applying a JetFix braze alloy,
vacuum furnace brazing, blending brazing, re-application of aluminide coating,

15  and effective flow area check.

Laser powder fusion (LPF) technology has been in use for the past twelve
years and has demonstrated the benefits of small heat affected zones on turbine
airfoils. Some repair facilities, such as those at Honeywell International Inc., have
successfully repaired over 500,000 airfoils which have subsequently accumulated

20  over 10 million flight hours. However, commercially available LPF machines are
relatively large and usually run along pre-programmed paths for the repair of a
specific part. Thus, one limitation of LPF is the inability of the user to manipulate

the laser torch in a custom manner during the repair process as the weld occurs.
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Accordingly, there is a need for an LPF apparatus that can allow the user
to tailor the weld and welding process to the workpiece as the |aser is
bei ng opeweatoades2The present invention satisfies this needCTHSESMMBARY OF
THE | NVENTI ON The present invention provides a hand-hel d powder-fed | aser
fusion welding torch that allows custom zed wel ding by delivery of |aser
light onto a stream of welding fusion powder. The ability to provide such
a conpact |aser welding systemincreases convenience and flexibility,
enabling the welder to 10 create or repair objects with greater skill
flexibility, and efficiency. Wrn or danaged netal parts and assenblies may

be repaired OrAC(Q)i[(lﬁﬁ%l?! Al sy n@@éf&raﬁiwwp?wmshhma@@w theaser toptaibaressi ng
with a | aser source sufficient intensity to nelt the netal surface

while a netallic fi]l L1N: L hted oduc
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may al so be applied.to the sutfagce, allowed to dry, and then |aser
processed. In EF?%HVSH%OW%PQGS;%&@% 'k surface ig not accessi bl e by
conventional workstation type of |aser powder netal fusion equipnent, a
conpact hand-held torch is preferred. Qther cases may involve the repair
of parts having irregular and random cracks or damage not otherw se
repairabl e by robotic or 20 p3LiHYIAY, OF FHEENVENIAON | n order to perform
repairs of this type, a portable, flexible delivery systemis required for
both laser as wel| @Be pRgertehwhtidn plosides Thasd-heldpemdenfeddasoyfiges for t hese
needs through the integration of |aser beam and netal powder delivery

conmponents i nt - S Y
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stream of welding fusion powder. The ability to provide such a compact laser

welding system increases convenience and flexibility, enabling the welder to
10  create or repair objects with greater skill, flexibility, and efficiency.

Worn or damaged metal parts and assemblies may be repaired or
dimensionally restored through high power laser processing with a laser source of
sufficient intensity to melt the metal surface while a metallic filler in the form of a
powder, wire or rod is introduced into the melt pool. Metallic precursors in a

15 liquid or semi-liquid form may also be applied to the surface, allowed to dry, and
then laser processed. In situations where the work surface is not accessible by
conventional workstation type of laser powder metal fusion equipment, a compact
hand-held torch is preferred. Other cases may involve the repair of parts having
irregular and random cracks or damage not otherwise repairable by robotic or

20  programmable workstations. In order to perform repairs of this type, a portable,
flexible delivery system is required for both laser as well as the metal filler. This
invention provides for these needs through the integration of laser beam and metal

powder delivery components into a single compact hand-held unit. The laser
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source may be a continuous wave Nd: YAG | aser. I n one enbodi nent, the hand
hel d | aser includes a body and a nozzle assenbly nounted on the body, wth
the nozzlwoasmest y defining a central nozzle aperture tiRCaUpa3/od3r€eh gas
and light including |aser |ight may pass. The 5 nozzle defines first and
second powder flow channels aligned with a working focal point adjacent
the central nozzle aperture. Fusion powder may be transmtted through the
first and second powder flow channels for fusing by |aser [|ight
transmtted through the central nozzle aperture. In another enbodinent, a
method is provided to nmanually | aser powder 10 fusion weld a workpiece in

order to effect GRBSHLEYGE QBRI WaLERRAIYAGA2ND hel d powder-fed |aser
fusion welding torch is provided that may be nanual ly operated. In such

ranual operati on, g bl GinASRSLAliNRRL AN Toctl BLLERNGIBRN PRSI Sp2L T 2

freedom so that the ve ma ose torc n a varl nunber of
easi | y-achieved posjitions. |n this way,. the wel der conform hi
Setivities to 1Bephly RBtised Be HRmgYath e ToRde @Il ACS FEERE by

physi cal constraints of the laser torch. O her features and advant ages of
the present i nvaedaloaPeriure theehyvehickhgsand Aight melpdingdases liphimaypasrssdhe pt i on
of the preferred enbodi nent(s), taken in conjunction with the acconpanying
dr awi ngs, whi chnodzladefines firstlbyd vevpnd poRGerdlcomphampels nbgpad with pveskiog t he

i nvention. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a right side

per specti ve andfesppsifestiadeiheterthie nbandageetute. Fusi¥R fRHREEAY De

PCT/ US03/ 03376
transmitted through the first and second powder flow channels for fusing by laser
light transmitted through the central nozzle aperture.
In another embodiment, a method is provided to manually laser powder
10  fusion weld a workpiece in order to effect construction and/or repair. A hand held
powder-fed laser fusion welding torch is provided that may be manually operated.
In such manual operation, the torch generally enjoys significant degrees of spatial
freedom so that the welder may dispose the torch in a variety and number of
easily-achieved positions. In this way, the welder may conform his activities to
15  the needs at hand and is preferably not limited by physical constraints of the laser
torch.
Other features and advantages of the present invention will become
apparent from the following description of the preferred embodiment(s), taken in

conjunction with the accompanying drawings, which illustrate, by way of

20  example, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a right side perspective and exploded view of the hand held
4



powder-fed | aser fusion welding torch assenbly according to the present
invention. Figure 2 is a right side cross-sectional view of the hand held
powder - f eO oB@s@r2 f usi on wel ding torch of Figure 1 wth amcapiSosed37e
collimator and without the 5 nozzle gas cover. Figure 3 is a right side
top and partial cross-sectional view of the hand held powder-fed |aser
fusion welding torch of Figure 1 taken along line 3-3 of Figure 8. Figure 4
is aright side perspective view of the hand held powder-fed | aser 10
fusion welding torch of Figure 1 shown as assenbled. Figure 5 is a
status/control diagramfor the proximty sensor system Figure 6 is a

ri ght side pl apowi@wedlasthRisidaretldiat orpousiembliyedcbris® tofthis present Wel di ng
torch of Figure 1. Figure 7 is a right side cross-sectional view of the
hand hel d powdgfehsh 15 | aser fusion welding torch of Figure 1 taken along
line 7-7 of Figure 6. Figure 8 is a rear plan view of the hand held

powder-fed | aser fu i AN THE
PREFERRED EMBODI NEN?“(@? %geélﬂ%ﬁ%e e"‘r d*%%é"s%@n 5 |°gfﬁhé§gﬂ%%ﬂ§r%% 3¢ n
connection wt S ntende des i on of
present|y- pref S‘@ﬁ%@ﬂ‘ﬂ%?ﬂ@“#ﬁ%@lWﬁ é‘i’if’P’B aﬁi‘@n}aéofﬁa Wﬁl"@h@@d to
represent the onl¥ ornms in which the present invention nmay be constructed
and/ or util}ze#9z SFO%el i ption sets forth the 5 WD 03/ 066272

PCT/ US03/ 03376
Figure 3 is a right side top and partial cross-sectional view of the hand held

pdwder-fed laser fusion welding torch of Figure 1 taken along line 3-3 of Figure
8.
Figure 4 is a right side perspective view of the hand held powder-fed laser
10  fusion welding torch of Figure 1 shown as assembled.
Figure 5 is a status/control diagram for the proximity sensor system.
Figure 6 is a right side plan view of the hand held powder-fed laser fusion
welding torch of Figure 1.
Figure 7 is a right side cross-sectional view of the hand held powder-fed
15 laser fusion welding torch of Figure 1 taken along line 7-7 of Figure 6.
Figure 8 is a rear plan view of the hand held powder-fed laser fusion

welding torch of Figure 1.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

20 The detailed description set forth below in connection with the appended
drawings is intended as a description of presently-preferred embodiments of the
invention and is not intended to represent the only forms in which the present

invention may be constructed and/or utilized. The description sets forth the
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functions and the sequence of steps for constructing and operating the
invention in connection with the illustrated enbodi nents. However, it is
to be undwogBoe7r hat the same or equivalent functions amdTdsqsessces nmay
be acconplished by different enbodinents that are also intended to be
enconpassed within the spirit and scope 5 of the invention. An alternative
and | ess costly or intrusive process uses a hand-held | aser powder fusion
(LPF) torch could repair the turbine nozzle cracks by l|ocal renoval of the
coating and crack, |aser powder fusion welding, blending and |ocal touch up
of the alum nide coating. The advantages of LPF welding are the |ow heat
| nput 10 and 1 gsulib Al d 18 LeREARR ot Bl oNtiing hh@YFerdil B Btibn 1D ne
QOézIes ﬁgﬁre prevLous y 't gas not “permtted. rn or damaged netal parts
nd asse ies ma e repaired or . di iona gh
Pﬁmr ![aiser p][ 8 a;‘_?‘flbwﬁ’l?]ﬁ uptiated © gﬁﬁ%g%gf Hoﬁvue% ??ét?%ﬁ)?o eltlﬂ{dgﬁgbtd;}hi&o el t
e netal surface ile a netallic filler in the form of 1 i
or rod is intrWuess orsavivelset faetions apl sequspehs|may %%Ewgﬁ%gibﬁ%ﬁgﬁ?tqm (rje
or sem-liquid formmay al so be applied to the surface, allowed to dry, and
then | aser proembedithentsthsiarealse dnender e be enqompspsed 3vittin the spuit g scope™’
accessible by conventional workstation type of |aser powder netal fusion
equi pment, & cofprGhventiond- held torch is preferred. Qther cases may involve
the repair of parts having 20 irregular and random cracks or damage not
ot herw se repai rabl eyl RRREIaRd Rss cdSBﬂF)Qﬁ@ﬁi’(ﬁh‘e@r@&ﬁs#ﬁie@hﬁﬁﬂ&helﬂdasﬂ der to
performrepairs of this type, a portable, flexible delivery systemis

required for babhkARSon PPk IAuUIdIRMP IRl tuftind Mizzle Biicks by NeANidnsVal

provi des for t ug tegration of |aser beam and netal 6

of the coating and crack, laser powder fusion welding, blending and local touch up

of the aluminide coating. The advantages of LPF welding are the low heat input
10 and resultant heat affected zone which allows welding on turbine nozzles where
previously it was not permitted.

Worn or damaged metal parts and assemblies may be repaired or
dimensionally restored through high power laser processing with a laser source of
sufficient intensity to melt the metal surface while a metallic filler in the form ofa

15  powder, wire or rod is introduced into the melt pool. Metallic precursors in a
liquid or semi-liquid form may also be applied to the surface, allowed to dry, and
then laser processed. In situations where the work surface is not accessible by
conventional workstation type of laser powder metal fusion equipment, a compact
hand-held torch is preferred. Other cases may involve the repair of parts having

20 irregular and random cracks or damage not otherwise repairable by robotic or
programmable workstations. In order to perform repairs of this type, a portable,
flexible delivery system is required for both laser as well as the metal filler. This

invention provides for these needs through the integration of laser beam and metal
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WO 03/ 066272 PCT/ US03/ 03376 powder delivery conmponents into a single
conpact hand-held unit. Currently, the preferred |aser source is a

cont i nuouwowawes2il: YAG | aser, of nmediumto high power (ePgT/Uuse®®376 1000
watts), capable of nelting a variety of netals when focused to a spot at
the work surface. In a YAG (Nd: YAG |aser, the anplifying 5 mediumis a rod
of yttrium alum num garnet (YAG containing ions of the |anthanide netal
neodym um (Nd). O her | aser and/or powder feed sources nmay be used, as
required for particular applications. The Nd: YAG | aser is used, because: 1)
The one point zero six mcroneter (1.06 m fundanental characteristic 10
wavel engt h of NioWd§s delis@k Tompoh@RinkY a ki ' If if |@ Llica
fiber optic c[o\lgl es; 2) %e tt?gam spati%Ilhglﬁgrgg{gthgs}ag?ihgfgqglﬁé a{f/églpg’btﬁ% for
focusi ng by si r I I t he order qof ,one
millinmeter (1 mm%e%ﬁégﬁeﬁﬁ%g?oﬁe?ﬁ U Y T AR st ol meditm iR B i ¢
required to nel tal 0 onmon! 15 used in jet epgi ne applications;
and 3) The Nd: Yé%p%a(g'g‘r’%lphﬁﬁg%m‘cﬁ’ﬁ%{?glleé’ﬁﬂéﬁ 14552 yaighy p mﬁtﬁggo‘?’lﬂféd by the
host netal, enaplin neltin% of the netal_ at_|ower |aser power settings. A
fiber optic del ORI 10 PSPRAL the Wotksupiage. | TateY AGIINGBAG) laser, tescamplifying
renotely fromthe hand-held |aser welding torch, as required for hand 20
mani pul ati o’ THedipasis e rod pEtium ebmpnimdrnst (RAG) ponteimingsipst eftht o f ocus
the | aser beam onto the workpiece, and an integral netal powder delivery

nozzl e to deposlantharitlametaineodynpionn@id)i Mkertliver ARY/&d povelet fieaabuRELEpeed by
the focused | aser radiation.

be used, as required for particular applications.

The Nd:YAG laser is used, because:
1) The one point zero six micrometer (1.06 um) fundamental characteristic
10 wavelength of Nd:YAG lasers is readily transmitted through flexible silica fiber
optic cables;

2) The beam spatial characteristics are favorable for focusing by simple
lenses to produce spot sizes on the order of one millimeter (1 mm) diameter with
sufficient power density and uniformity required to melt metal alloys commonly

15  used in jet engine applications; and

3) The Nd:YAG laser fundamental wavelength is readily absorbed by the
host metal, enabling melting of the metal at lower laser power settings.

A fiber optic delivery system permits the laser source to be located
remotely from the hand-held laser welding torch, as required for hand

20  manipulation.

The laser torch is comprised of an optical system to focus the laser beam

onto the workpiece, and an integral metal powder delivery nozzle to deposit metal

alloy powder into the metal melt pool produced by the focused laser radiation.
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7 WD 03/066272 PCT/ US03/ 03376 The torch assenbly is optically coupled to
the | aser source through the flexible fiber optic light cable. Laser
ener gy enwptoamedrg2t he source is transmitted through the fPchasovedsie to
collimating and focusing optics contained within the torch housing. The
focal spot size is selected to produce the desired nelting of the base 5
material at the | owest possible | aser output power. Melt pool dianeter,
depth of penetration, heat affected zone (HAZ) dinmensions and weld rate
are closely related to the |laser focal spot dianeter and total |aser

out put power. Good results have been achieved with one mllinmeter (1 mm

di amet er spot siheesrchvabsenbiis dpticdllyebuprtitis tHeOB6r Yureé thrassdrth®fbHule pover .
Variations in the base netal 10 characteristics and desired weld rate nay

require differemer SpRSlight e8b18NHadeR 8flrey BAWRI b38hE bRBSe is-[&ﬁsrﬁi?@n%iﬁbagb and

wor ki ng focal distance are adjusted by choosing different conbi natTons of

collimating an I : . n..be .di.sagssenbl ed in
sections to fagﬁl %?%&?éémg&gﬁ%%%%gﬁd f?gééeﬂr{'g §§t\?\§;&|¥%mae§%%}?%8w tBrfﬁvaryi ng

t he power outpuyt settl of, the .l aser. source. 15 Metal. powder is introduced
into the weld 8H%n¥-htg%8’ﬁaloﬁi?8‘?we ﬁﬁ?‘@"“eaé%’ioégc ‘ggtdaﬁlﬁgdnma}l?wﬁthsbase
attached to _the laser torch. In gne enbodi ment, the powder nozzles are
coaxi al with tmeteRlatthe leaeshppwibie laver atpit pawee Mdslt ppel dipmeter, depthadt and
provi des better access to the workpi ece than an of fset nozzl e design.

G eat er fl exi bipenatsation, heahafifecteat zong (HAZ) tomaisicns and selduatedre eldsdly t he

coaxi al design. 20 A separate, hand-held off-axis powder delivery nozzle or
nozzl es, not atélaees thedaset Rzal @oetiatn@tet And foBM 1a¥eE ButpBt SHHroYRAd ks,

wei ght, bal ance and ergononmic features are incorporated to provide for
manual contr ol haRdhdBRRCRVEE WRR ondMhillimeter (1 mm) diameter spot sizes with six
hundred watts (600 W) of laser output power. Variations in the base metal

10 characteristics and desired weld rate may require different spot size and laser
power settings. The spot size and working focal distance are adjusted by choosing
different combinations of collimating and focusing lenses. The torch assembly
can be disassembled in sections to facilitate lens changes. Laser power is adjusted
by varying the power output setting of the laser source.

15 Metal powder is introduced into the weld zone through one or more
nozzles contained within or attached to the laser torch. In one embodiment, the
powder nozzles are coaxial with the optical beam path. This arrangement is more
compact and provides better access to the workpiece than an offset nozzle design.
Greater flexibility in manipulating the torch is also provided by the coaxial design.

20 A separate, hand-held off-axis powder delivery nozzle or nozzles, not attached to
the laser torch, may also be employed. Size, weight, balance and ergonomic

features are incorporated to provide for manual control and manipulation. An

integrated, optionally or selectably removable, handle is included for enhanced
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integrated, optionally or selectably renovable, handle is included for
enhanced 8 WD 03/ 066272 PCT/ US03/ 03376 controllability. Renovabl e,

i nt er charngeabloes2ppwder del i very nozzle tips may accomopdRCE/Usos/BI3neg

di stances ranging fromone-quarter inch to 3 inches (0.25" to 3"). Metal
powder is netered at a preset flowrate froma renote feeder/hopper 5 unit
to the nozzle assenbly via flexible tubing. The flow can be started and

st opped by the operator through a renote control. One or nore integral
safety sensor devices nmay actively nonitor the proximty and orientation
of the torch wth respect to the workpiece during operation, thus

preventing accigapiighigy. REALOINihERRAGbIYRWAR ety b Al i desi gn

may have one or nore o nozzIl’es attache ptical focusing

assenbly. The angle a rel.atignship of .th ffse zl j ust ed
to provide theaﬁ%QFP%§9%VQQQW§%f38?g§g%%?g§881é%ﬁéfﬂﬁgﬁgggéc ng?ﬁgg | aser
focal spot. As shown in Figure 1, the Hand Hel d Powder-Fed Laser Fusion

Wl ding 15 Toie$)100 has an optional handle 102 to which a body 104 is
attached by a pin, screw, bolt, rivet 106, or other fastener which passes
t hrough the upper pdetalgowdeos oétereat harasttflovp te fram agpste fader/hpppeof t he
handl e 102 is constructed so as to accomodate the cylindrical

confi gurati en @hitthrehchoedyle hesémblheialiledibld idirngasThe floensanbentt@ttdandt 0 i t's
rear as described in nore detail 20 bel ow and provides an interchangeabl e

el ement to whi ghbbebyarddRraldihigdh bhenoteeamréleOneairinas seedrhlsaledp as wel |
as the handl e 105 may” be attached Irn an

sensor devices may actively monitor the proximity and orientation of the torch

with respect to the workpiece during operation, thus preventing accidental or
unintentional activation.

10 An alternate design may have one or more offset nozzles attached to the
optical focusing assembly. The angle and relationship of the offset nozzles may
be adjusted to provide the desired placement of metal powder with respect to the
laser focal spot.

" As shown in Figure 1, the Hand Held Powder-Fed Laser Fusion Welding

15 Torch 100 has an optional handle 102 to which a body 104 is attached by a pin,
screw, bolt, rivet 106, or other fastener which passes through the upper portion
108 of the handle 102. The upper part 108 of the handle 102 is constructed so as
to accommodate the cylindrical configuration of the body 104.

The body 104 has a lens protector to its rear as described in more detail

20  below and provides an interchangeable element to which the nozzle 140 and the
beam delivery assembly 130 as well as the handle 102 may be attached in an
interchangeable and convenient fashion. The upper aperture 120 serves as an inlet

through which bleed gas may flow into the torch 100 and provide a generally inert
9



i nt erchangeabl e and conveni ent fashion. The upper aperture 120 serves as an
inlet through which bleed gas may flowinto the torch 100 and provi de a
gener al | yworef66292 WO 03/ 066272 PCT/ US03/ 03376 envi r onnmentPCrirsosrgiz7evhi ch
the laser light may travel and in order to prevent oxidation or other

chem cal reaction by the laser light. Additionally, the inert gas may
provide an optically predictable environnent through which the Iaser |ight
may travel. Additionally, the bleed gas flow ng through the upper aperture
120 5 serves to prevent and inhibit the entry of a dust or other
particulate matter into the torch 100, particularly the nozzle 140 or

ot her confi nescfhey a0t tGudhwhith 8R32dR YR ea"RBEd #Sorlfab pi&eaf | bed in
nore detail below wth respect to the nozzle gas cover 170 and generally

enconpasses nost..OF a i ne . . i t i i whi ch
the torch 100 ?gld%ttlﬁr% Jnjsot}}é clrhnrél}(%ﬁ%gé%a?g}seﬁﬁlg%%?ﬁg@thgﬁdg%%gﬁg%én%@%r%g
nitrogen. Wiile the flowrate for th as .fl ow t hr ough .t he npzzl e gas
cover 170 is oPa¥ REOHgt opfcally Péng’t%é e?ﬁlwn{%ﬁ?‘}ght‘ﬁlé‘gh %ﬁ%ﬁ%ﬁt gas
flowi ng through the upper aperture 120 is generally on the order of cubic
feet per hour, MRgitrazglafsiditionsily, hableed gavflopme theoyeh theprrpsrsrarab® nay be
detached fromthe body 104 in order to create a 15 handle |Iess torch 100.
Under any cj r ceerstsanqesvent il inpibitahoentof oft hdist or ethempesticulate matikt yitathe

wel ding gloves or the like in order to protect his or her hand from ejecta

and ot her mat egdrath 160, articiRrpehelhoglesi4oeor olier Sofimstthertsfom t he wel ding site
is one of the notivations for the bleed gas flow ng through the upper

aperture 120. The hleqf 088 9NRI AL Samd AYhBI deSciMedih MRO Hsatl BEloRNKIY Of
such ejector back into the 20°torch 100.

respect to the nozzle gas cover 170 and generally encompasses most or all inert
gases depending on the applications to which the torch 100 is put. Such inert
10  gases include helium, argon, and nitrogen. While the flow rate for the gas flowing
through the nozzle gas cover 170 is on the order of liters per minute (I/m), the
volume of gas flowing through the upper aperture 120 is generally on the order of
cubic feet per hour, for example four cubic feet per hour.
The handle 102 may be detached from the body 104 in order to create a
15  handle less torch 100. Under any circumstances, the operator of the torch must
normally use welding gloves or the like in order to protect his or her hand from
ejecta and other material from the welding site. This ejecta from the welding site
is one of the motivations for the bleed gas flowing through the upper aperture 120.
The bleed gas generally inhibits or prevents the entry of such ejector back into the
20  torch 100.
The lower body aperture 122 serves to accommodate the pin or screw 106,
which passes through both the handle 102 and the body 104 in order to attach the

body 104 to the handle 102.
10



The | ower body aperture 122 serves to accommodate the pin or screw 106,

whi ch passes through both the handle 102 and the body 104 in order to
attach thwo oboa27104 to the handle 102. 10 WD 03/ 066272 PETTUS03IBIBS76 The
body 104 has threaded rear 124 and front 126 flanges. The fl ange may be

t hreaded for attachnent. The rear flange allows for nore secure fixation

of the beam delivery assenbly 130, which is shown in cross-sectional detai
in Figure 2. The front flange 126 serves to allow better fixed engagenent
between 5 the body 104 and the nozzle 140. The adapter body 104 nmay have

ot her neans by which it can be attached to the different elenents of the

torch. The size andm@goﬁggz%}a%gmfeg&cﬂﬂ%ﬁ MGt BN ThbRaggapt er

body 104, may be size I mensi oned according to the optical or

ot her characteri sti i i he.l .14

Lsdneﬁgzd to gggéhkgﬁﬁ?%gﬁ%éggﬁhﬁﬁé%ﬁgm%§%&g%%%§@@%9§)P&%?%%%?;?%%ﬁ%d;ngﬁh
0 ma th di i

ot e or exahiOUMARITTBASPIPD Lo WS Bpv bt o pReaiest ARty °5 04

may al so be adjusted according to operatin characteristics of th
100, “Furt her mofrs 5 She Bonbhalee 136 SaB0d Alem bEtieh - ABASTORI REJER 15
constructed in a conbined fashion so that all conponents are in a single
i ntegrated sunilie bddgvi@vend theriogzlstlddi The eddpitenhodyiloh mydwveother maensiysel f
to adaptability that may be necessary for different operations or tasks.
Consequent |y, ighidtsit S8EBe Afach&iBiontBe Hiffegend déarRhBgddhstotd. provi de a
conponent -el enent structure to the laser torch 100 so that different

operating el ements ARy (De /0i HBRLEG RE 1ALACARNBHA&Er of the adapter body 104,

may be sized and/or dimensioned according to the optical or other characteristics
desired in the laser torch 100. If additional length is needed to accommodate the

10 nozzle 140 or other structure, the adapter body 104 may be lengthened in order to
accommodate a more distant focal length, for examplé. Additionally, the diameter
of the adapter body 104 may also be adjusted according to operating
characteristics of the torch 100.

Furthermore, in an alternative embodiment, the torch 100 may be

15  constructed in a combined fashion so that all components are in a single integrated
unit. However, this static configuration does not lend itself to adaptability that
may be necessary for different operations or tasks. Consequently, it is seen as
being more advantageous to provide a component-element structure to the laser
torch 100 so that different operating elements may be dismantled or disconnected

20  from the others in order to provide easier maintenance, interchangeability, and
adjustability. Generally, with the optical characteristics, the gas flow
characteristics, and the powder flow characteristics, it is not possible to provide

immediate selectable adjustment for these different facets or operations.

11



20 fromthe others in order to provide easier naintenance,

i nterchangeability, and adjustability. Generally, wth the optical

char act erwetmmes27t he gas flow characteristics, and the p@adarsSos/HIBG
characteristics, it is not possible to provide inmediate selectable
adjustnment for these different facets or operations. 11 WO 03/ 066272

PCT/ US03/ 03376 Consequently, separate parts must generally be

i ndependently machined in order to provide the structure or architecture
necessary for providing different operating characteristics. This

i ncl udes, for exanple, the dianeter of the adapter body 104 or the angle

at which the p%@%ﬁu}é%t% Sﬁeﬂﬁtg gﬂgmtu llgkﬂg 1rﬁﬁ§3ﬂcﬁ-nﬂ§'9‘1ac§mg—&"ﬁl oagel e 140

is generally ho I nt r|or |at opening at its rear

142 to the narrow fr he rear [ 40 i
?ener ally cyli ﬁ‘d?foé’h‘f%%ﬁ t?%“ﬂeﬁlgc?sfs %rﬁ%%gﬁdg &lﬂgrenpeé& + ;gl >
rustro-conicul ar vmthaflat fr nt face 146. The fac 460 zl e
140 is perf or atCcBeragristisg, TM@PS?SL &NeéﬁéP]Fu‘ih@éhaﬁi%erloié eﬁﬁi’ﬁﬁ% E&fl ow

apertures 148 travel backwards through the body of the nozzle 140 until
exi ting out ther ey dngblritodiich bampopder flows o rukthrqyeihdes ngzzw40aper t ur es
150. As shown in Figure 3, the powder flow channel 152 intermediating the
di stance besween t heheaez1¢300 &gbnbratintholld® ip dwiteeridr medigprythagsdd s
initially cylindrical- -and then tapers to nediate the narrow ng di aneter

bet ween that ofy, Eﬁiﬁ% 1Bt AL 147 RAthe RATSW BonObpdnhy LRAMRIredPrticn dffike nar r ow
front dianmeter antiT the gas channel exits out t hrough the front powder

fl ow aperture ]n%% 8140 H'gene?aﬁ@ %ﬂr@drlcaﬁﬂl &E%n@?@xﬁ@ﬁh S%lﬁk&a'llﬁiser ted

into its rear pOI’ 1 on e rear OW aperture a powder

fl
ow tube 160 tfh asycro rg%}lncuﬁr Wlt% a Rat front face 146.

The face 146 of the nozzle 140 is perforated by four powder flow apertures
10 148. The powder flow apertures 148 travel backwards through the body of the
nozzle 140 until exiting out the cylindrical rear portion at rear powder flow
apertures 150. As shown in Figure 3, the powder flow channel 152 intermediating
the distance between the rear 150 and front 148 powder flow openings is initially
cylindrical and then tapers to mediate the narrowing diameter between that of the
15  wider rear portion of the channel 152 to the narrow front diameter until the gas
channel exits out through the front powder flow aperture 148 and the face 146.
Each powder flow channel has inserted into its rear portion through the
rear powder flow aperture 150 a powder flow tube 160 that may be made of
copper. The poWder flow tubes 160 are introduced into the powder flow channel
20 152 through the rear powder flow apertures 150 in order to provide means of
connection for powder flow lines (not shown) that supply fusion powder to the
welding torch 100 via the powder’s forced exit out of the front apertures 148. The

powder flow tubes 160 converge to a powder feed focal point which allows the

12



copper. The powder flow tubes 160 are introduced into the powder flow
channel 20 152 through the rear powder flow apertures 150 in order to
provi de nwares/oef27zonnecti on for powder flow |ines (not sheemjusereds7euppl y
fusion powder to the welding torch 100 via the powder's forced exit out of
the front apertures 148. The powder flow tubes 160 converge to a powder
feed focal point which allows the 12 WO 03/ 066272 PCT/ US03/ 03376

convergi ng powder flow streanms to m x, preferably outside the nozzle gas
cover 170. Also shown in the nozzle 140 is one of two connection holes 166
that allow a pin, rivet, screw or button to secure the nozzle gas cover

170 to the nozzoaverRink4owdbhBowazieh@s GRminG preraBlyGutssd B8 aballd Yas cover
frustro-conicular in shape having a cylindrical rear margin 172 that is

dom nated by thegfront frustro-conicular section 174. The front section is
truncated and has a central front aperture 176 surrounded by a flat

toroidal section 178 e | rioh.Ahe interior of th 0z 0 gas
cover 170 is general‘cf‘lgé ﬁ% %i/rvln#lﬁn%z e}4(?1(§ 03¢ ghﬁ%ﬁ%rfngc%%ngh&?soﬁ&ﬁtustro-
coni cul ar sectign 184 of the nozz]e 140. Along the rear cyljndrical nmargin

172 are i ntrudi3ig™ hRIBniI%EL SRSV PRPUttoninseqire Hieiezzlg 2ateqyishd (htodhe pezzle

protrudi ng rear ends of the powder flow tubes 160 as they project out from
t he powder Pl oWw48hannel s 152. 15 Generally, there is a snug fit between the
margin 172 of the nozzle gas cover 170 and the area adjacent the rear
powder channel aper tTheamzile@as novené7@issgeneyally firubied-eomictlaeinf shapd hdvages ed
frustro-conicul ar portion 184 of the nozzle 140, where
cylindrical rear margin 172 that is dominated by the front frustro-conicular section
174. The front section is truncated and has a central front aperture 176
surrounded by a flat toroidal section 178 of the interior. The interior of the nozzle
10  gas cover 170 is generally hollow in order to accommodate the front frustro-
conicular section 184 of the nozzle 140.
Along the rear cylindrical margin 172 are intruding indentations 180,
which serve to accommodate the protruding rear ends of the powder flow tubes
160 as they project out from the powder flow channels 152.
15 Generally, there is a snug fit between the margin 172 of the nozzle gas
cover 170 and the area adjacent the rear powder channel apertures 150 in the area
just before the front tapered frustro-conicular portion 184 of the nozzle 140, where
the transition occurs between the cylindrical section and the tapered section. This
helps to provide a rear seal between the nozzle 140 and the nozzle gas cover 170.
20 The nozzle 140 and the nozzle gas cover 170 are slightly offset and spaced
apart to allow gas flow between the exterior of the front section 184 of the nozzle

140 and the interior of the front frustro-conicular section 174 of the nozzle gas

cover 170. As shown in Figure 3, the front aperture 176 of the nozzle gas cover

13



the transition occurs between the cylindrical section and the tapered
section. This helps to provide a rear seal between the nozzle 140 and the
nozzl e gawoadwer27470. 20 The nozzl e 140 and the nozzl e ga®Caases/03B7€ are
slightly offset and spaced apart to allow gas flow between the exterior of
the front section 184 of the nozzle 140 and the interior of the front
frustro-conicul ar section 174 of the nozzle gas cover 170. As shown in
Figure 3, the front aperture 176 of the nozzle gas cover 13 WO 03/066272
PCT/ US03/ 03376 170 is al so spaced apart fromthe nozzle face 146 in order
to provide a plenum area 186 into which gas nmay be introduced as descri bed

in more detail 1hghoMso m@ed‘gﬁﬂﬁorﬁ@ﬁe %%%rfaégfhélﬁ%rd’erg@gr@%re{[ﬁléﬁuﬁ-90 into
which fits a nale-to- fenale right angle pipe adapter 2. A barb-to-pipe

d 94 f h d
192 whi ch i {7 .tﬂsltto i bR LS RilBhs i B TRb AP IoR) S8 G

t he adapter 192. Lef ht f h bol.t
rivets 298 fit into 6’8?%8 %%C%’ggﬁﬁ(ggwi g%ﬁ‘?“%%ﬁﬁé@&‘%ﬁ%%@@é’?ale' o'

cylindrical margin 172 and pass into the attachnment holes 166 in the
nozzle 140 to &emalemichhanghopipk edeier Vv ek barpgomipe condeihdShBisinte thao. The
gas cover 170 and acconpanying inert gas structures nmay be omtted when
the torch 180 ifemaiseection ciithd melettodamaleadapat 122 whichén mrmétsditoghbgas gl ove
box or the like. Additionally, circumstances where a relatively clean

vacuumis avaispahke 10ast ihe ngildeiid 19680f the hduptdriio2omi ssi on of the gas cover
170. Under such 15 circunstances, the sensor probe 220, if any, should be

attached to the nozzleg k4t Parste%ﬁ%ﬁcﬁ 8 gifls, SbeWSIBHIR or rivets 198 fit into
apertures 200 oppositely opposed on the rear cylindrical margin 172 and pass into
the attachment holes 166 in the nozzle 140 to attach the nozzle gas cover 170 to
10  the nozzle 140.

The gas cover 170 and accompanying inert gas structures may be omitted
when the torch 100 is used in an inert environment such as a welding box, glove
box or the like. Additionally, circumstances where a relatively clean vacuum is
available (as in orbit) may allow the omission of the gas cover 170. Under such

15  circumstances, the sensor probe 220, if any, should be attached to the nozzle 140
or other torch structure.

Additionally, a power connector 210 is attached to the nozzle gas cover
170 by one of the pins 198. As shown in Figure 1, the pin or screw 198 attaching
the power connector 210 to the gas nozzle cover 170 is the left pin or screw 198.

- 20 The power connector 210 has attached to it a power connector clamp 212, which
is held in place by a screw or bolt 214. The screw 214 additionally holds in_ place
a proximity switch probe 220, which serves to detect the presence of a welding

object or workpiece in front of the operating front apertures 144, 176 of the nozzle
14



Addi tionally, a power connector 210 is attached to the nozzle gas cover

170 by one of the pins 198. As shown in Figure 1, the pin or screw 198

at t achi ngwotodeeéqoxner connector 210 to the gas nozzl e covelPCIN®0s/a33vhe | ef t
pin or screw 198. 20 The power connector 210 has attached to it a power
connector clanp 212, which is held in place by a screw or bolt 214. The
screw 214 additionally holds in place a proximty switch probe 220, which
serves to detect the presence of a welding object or workpiece in front of
the operating front apertures 144, 176 of the nozzle 14 WD 03/ 066272

PCT/ US03/ 03376 140 and nozzl e gas cover 170, respectively. The proximty

probe 220 may t1g0§gah@&1g)ga%%%qelsp70t Rapedibeiyextending proximty swtch 222
is biased forwardly outwardly fromthe proximty holder sleeve 224. The

probe 220 is held i pl‘h%ﬁ)n{} I%té/g)?ol} ajogﬁ%‘p@%l}lné%g%?%&g%ﬁg&’g eg’yendli the power

connector clanp 212 "an nne he wor plece or

object will overcone the i n SW t.C orcing it
to travel |ntopfcﬁ‘émm’(§3?’|“tﬁﬁi%i Wg} 8%‘?“%@@ g’ﬁaglﬂgg(%mf}?ypé@flwtgr}? rlu‘if
enabling activation of a power connection for the |aser welding torch 100.
The entirety @lreew%%/eﬂéﬁ pigbe 32QH hfbbnucgn@%wcaﬁ@@ﬁm%ﬁpmﬁctma 4. 10
Figure 2 shows the laser torch 100 with the attached optical beam delivery
assenbly 136. Thepavptriconhecheatanie? 1y andythassmrebloy sar8® asdpli@d4t dhe ake
incomng laser light 250 and focus it imediately in front of the front
aperture 176 ofwdrkgiecd@zat&t §als oc@eeme IhéGpring biasipkiof e grogimitedwitctr y
assenbly 130 is generally nade of optically inert material so that it wll

not be affect edyRihol ipgfikavel SIS R r&ﬂﬁntg'h%ﬁier 3-1565@1@4%%1"[&?5' acBfAMeds! | very
assenbly 130 recelves the laser ['i ght O and initially

enabling activation of a power connection for the laser welding torch 100. The
entirety of the welding torch 100 is shown assembled in Figure 4.

10 Figure 2 shows the laser torch 100 with the attached optical beam delivery
assembly 130. The optical beam delivery assembly 130 serves to take incoming
laser light 250 and focus it immediately in front of the front aperture 176 of the
nozzle gas cover 170. The optical beam delivery assembly 130 is generally made
of optically inert material so that it will not be affected by laser light or the like.

15 The optical beam delivery assembly 130 receives the laser light 250 and initially
passes the light through a first collimator. The optical beam delivery assembly
130 has a first focusing lens or collimator 252, which may be a 60 mm collimator.
The first collimator 252 generally takes the incoming laser light and refracts it so
that it travels parallel to the interior and generally cylindrical inner surface of the

20  optical collimator 130. The parallel-traveling light then shines upon a focal lens
254, which may be a 90 mm focal lens. The focal lens 254 then focuses the
parallel-traveling light to a point immediately in front of the front aperture 176 of

the nozzle gas cover 170.

15



passes the light through a first collimtor. The optical beam delivery
assenbly 130 has a first focusing lens or collimtor 252, which nmay be a
60 mm colwopmaweds272 The first collimtor 252 general |y tak@®@E€Tuse3/hizcon ng

| aser light and refracts it so that it travels parallel to the interior
and generally cylindrical inner surface of the 20 optical collimtor 130.
The parallel-traveling |ight then shines upon a focal |lens 254, which may
be a 90 mm focal lens. The focal |ens 254 then focuses the
parallel-traveling light to a point imMmediately in front of the front
aperture 176 of the nozzle gas cover 170. 15 WO 03/066272 PCT/ US03/ 03376

The first collimatorragsedllihier borald theRscallis 25£aRPERM 1hdildd Be obhieal

optical collimtor 130 so as to effectively prOV| de light gathering and
focusing qualit I way
fromthe |ncomclngﬁ?at§fe iqgoh‘ﬁttg g%uv%gﬁljogg %ag ap%‘rs%lglfér)%lts y ggtﬁ%l to
the focal length_.of t e focal 54 is
Lhen ©ocat ed nedH PRETSH e la?at%g%%wzaﬁv SB%C&&W&%?H%% B S
opposite that of the incomng |aser_ |ight 250, As ns 254 is
protected by a2°8n¥ ad?lﬁﬁ@f@t?’@i’r%ﬁatelyteqiuél @65%@&31:}5%? of F@%rﬁtrﬁé’ﬁ!mﬁﬁf
exiting end 258 of the optical collimator 130. Note should be taken that

t he beam debi vdens 262s ditislfgcal Bmseid# lis thes laspted maar tha endof the pati¢ahheammd

focusing properties can serve to focus the focal point of the laser [ight

at, beyond, or detitayasidnbly 08@bppsitathaobf theéndqominieaséd lipht asel Abéte fobeise t wo
focal points may be di sposed selectively with respect to the end of the

nozzl e 140. Url&?srzsqeiﬁb?dt&:t‘?dlﬁf&'lﬁfs@ﬂﬁ@&@r2§6 B spaBed Eat S ARt 1 us to
provide different focal points for the |aser [ight and t he powder flow.

General Iy, t hes%tfn Ce%d 1R % optical collimator 130.

Note should be taken that the beam delivery assembly 130 with its optimal
10 collimating and focusing properties can serve to focus the focal point of the laser
light at, beyond, or before the focal point of the powder flow and that these two
focal points may be disposed selectively with respect to the end of the nozzle 140.
Under certain circumstances, it may be more advantageous to provide different
focal points for the laser light and the powder flow. Generally, these focal points
15  would be collinear with the major axis of the laser torch 100. However, the
present invention could provide alternative embodiments where such focal points
are not collinear.
In the most preferred embodiment, no dispersion or absorption of the
incoming laser light 250 occurs throughout the optical collimator 130 or the
20  welding torch 100 in order to provide higher efficiency and so that as much as the
incoming laser light 250 is focused upon the working focal point 270. Minimal
dispersion of the laser light is desired most as the most energy generated and

imparted to the laser light is then delivered to the welding site.
16



15 woul d be collinear with the major axis of the |laser torch 100. However,
the present invention could provide alternative enbodi nents where such
focal poiwD93/066222 not collinear. In the nost preferred eniPadiuseso33zao

di spersion or absorption of the incomng |aser |ight 250 occurs throughout
the optical collimtor 130 or the 20 welding torch 100 in order to provide
hi gher efficiency and so that as nuch as the incomng laser light 250 is
focused upon the working focal point 270. Mnimal dispersion of the |aser
light is desired nost as the nost energy generated and inparted to the
laser light is then delivered to the welding site. 16 WO 03/066272

PCT/ US03/ 03376  Pref praablyiy QM YheliR€orhiAg HRiSkdpdiddr AhvBIRNO@Eouloh ANEH bvide
t hrough t he povvder flow tuges ii60 1an 1 %e 5ovvder frl O\YV channoel{gs 1 '

obstrcts Of | QR HIRUBE anh BRYRSHCL ASHIHLhANN 1 200N oP LG ANe nozzle.

The powder flow tube are he sane

ocatonof t heroeHEaaf Bl é&&@%&%@ﬁgﬁbjﬁ@&?&ﬁ& RSOV RSB APt oo

i ndependently in order to optimze the |aser and powder interaction
charact eri st i cspovires flomeehppnels 1o%ehare thersamegrminal V‘tqii@ﬁgffwbﬁ‘é‘&t Afbes thee

fusi on powder and whatever working surface is set before the open front end
176 and t hes nolazérdight85e oVhe exbéOlocdtibnTad the laverdight and pewder floveioed dotts

adj ust ment of the |aser and powder, the body 104 of the torch 100 may be

i nt er changeabl ecangt d@l‘fjwédjl(iidépe‘h&élﬂ@tlﬁlbk@r\t@bptﬁh&e tief lasiram@pewderand | engt hs

as appropriate or useful for the welding activities, as indicated above.
interaction characteristics. The energy of the laser light is then focused upon the
fusion powder and whatever working surface is set before the open front end 176
and the nozzle gas cover 170.

10 To provide for such independent adjustment of the laser and powder, the
body 104 of the torch 100 may be interchangeable and provide a selectable variety
of diameters and lengths as appropriate or useful for the welding activities, as
indicated above.

Additionally, in order to provide for higher transmission of the laser light,

15 anti reflection coating may be present on the lenses through which the laser light
250 passes. Furthermore, the focusing lens 254 may be subject to possible
threaded adjustment so that the focal point of the laser light may be adjusted
manually and spontaneously by the welder. Such threaded adjustment may take
the form of an adjustment screw that moves a carriage on which the focusing lens

20 254 translates.

In operation, laser light is supplied as by optical fiber or the like to the

light receiving end 262 of the optical beam delivery assembly 130. The laser light

is then focused simultaneously with the fusion powder on the working focal point

17



Additionally, in order to provide for higher transm ssion of the |aser
light, 15 anti reflection coating may be present on the | enses through

whi ch t hewbas®se2it ght 250 passes. Furthernore, the focusiPag/usesns3’2bc4 nmay
be subject to possible threaded adjustnent so that the focal point of the

| aser Iight may be adjusted manually and spontaneously by the wel der. Such
t hreaded adjustnment nay take the form of an adjustnent screw that noves a
carriage on which the focusing lens 20 254 translates. In operation, |aser
light is supplied as by optical fiber or the like to the |light receiving
end 262 of the optical beamdelivery assenbly 130. The laser light is then

focused simult 0%@@&%%&&%&9 81 BEERN: BindineBGs P&wcfléi‘%ﬂli point 17
WO 03/ 066272 P Us03/ 0 6 270 e energy of the laser

sufficient to nel wder | e one
surface porti or?r%Frat%E’e %ﬁsetégmgﬁuéaeqom(g f&@?%’%d]ypl%%d)%gc?ﬂ&bnee‘ga@f h the
| aser |iquefied fu jon It .is OSSI | e_t.0 _perfor S or

ot her constr uctainéﬁ I\Tﬁg&@ lasgr H@Eeéileg%bﬁ‘ ThpgRders drip Q@Qé’%%@ﬁé‘b?? tio 5

| aser wel di ng. V%lle the | aser wel ding torch 100 can be used w thout fusion
powder, the covgldmenother agsgirustion perblignisom pefakiar otlier Burfases sugsentibla ight 250
provi des nmeans by which repairs, seans and ot her constructive wel di ng

activities may lber peidiag.med on netal objects or objects of other
| aser-susceptible materials. 10 In operation, the barb-to-pipe conduit 194

snugly and by means whilé fﬂe%sief)ﬂfeldfim%tdhﬂﬁmo\/cﬁﬁ bRis@diHvitRbutFeanepswekr! hea
supply of inert gas, such as the noble gas argon. Argon gas Is then used

to flood the plepimddtuRreulibA PowdeZ# e tHRAhdet ABht 250 provides means by
which repairs, seams and other constructive welding activities may be performed
on metal objects or objects of other laser-susceptible materials.

10 In operation, the barb-to-pipe conduit 194 snugly and by means of friction
fit receives an outlet connected to a supply of inert gas, such as the noble gas
argon. Argon gas is then used to flood the plenum 186 as the front nozzle portion
184 is slightly offset from the interior of the nozzle gas cover 170 in order to
provide a frustro-conicular pathway for the inert gas to flow into the area between

15  the nozzle 140 and the nozzle gas cover 170 and into the plenum 186.

Inert gases are used in order to prevent the unintentional combination of
molecules in the bleed and nozzle flow gas with the welding site. Such inert gases
are known in the art and may be similar to those used in TIG (tungsten inert gas)
welding (also known as GTAW or gas tungsten arc welding). Inert gases

20  generally have the quality of not combining with other materials or molecules.
Helium is one predominately-used inert gas and is a noble gas, as is argon.
However, nitrogen may also be used as inert gas under some circumstances.

Additionally, if the welding site is to be doped or intentionally
18



184 is slightly offset fromthe interior of the nozzle gas cover 170 in
order to provide a frustro-conicular pathway for the inert gas to flow

i nto the wpaaob@rneen 15 the nozzle 140 and the nozzl e ga®CrasesoiB7® and
into the plenum 186. Inert gases are used in order to prevent the

uni ntentional conbination of nolecules in the bleed and nozzle fl ow gas
with the welding site. Such inert gases are known in the art and nay be
simlar to those used in TIG (tungsten inert gas) welding (also known as
GTAW or gas tungsten arc welding). Inert gases 20 generally have the
quality of not conmbining with other materials or nolecules. Heliumis one

predom nat el y- usgflathingfeld vafSsuBRdndes baydRIGhS sfiratedt thefetll BOWder, tHRWRY €T
nitrogen may al so be used as inert gas under sone circunstances.

Addi tionally, [ t

03/ 066272 PCT/ ué%‘ifp g%r%ggé% ae}rr‘]%ntg%e%‘%rg?’ﬁ‘g gﬂgg&gcg%ﬁd&y&ﬁgﬁ%@’eﬁ strate
or the feed po he trans ort stem ma serve . o dellv sorre
dopi ng corrpoun\(lj%s;rll &el% %I%%m? ??fp(? @‘&BP&W& Fessary &g ?ﬂati on
may be necessar mnth this e i ment, however, controlled oxi dation, such
as by the intr ?VGBWOBYIO%@E(E% tions Bich e by Hheriptradysiion ofayyase infedhe srte
under such circunstances. O her gases could also be introduced into the
inert gas flow £, Benbde desirableoviddesusheircamstentes o faher alasesrcatidatsodfe  t he
chem cal structure at the weld site. By the application of non-reactive

inert gas, the mpowodeseddnic theinkitigs flowrih acder saipjogide stich inbntionglaiteragoh ager
light 250 is kept from oxidizing or otherwise 10 conbining with anything

but the surroungiRBefiRhEsthature BI1BE wokygRn or ot her gasses in the
i medi atel y adj acent environnent close to the working focal point

By the application of non-reactive inert gas, the powder and working

surface subject to the incoming laser light 250 is kept from oxidizing or otherwise

10  combining with anything but the surrounding material. Free oxygen or other
gasses in the immediately adjacent environment close to the W(;rking focal point
270 are displaced by the inert gas. This allows a greater amount of control with
respect to the welding of the workpiece object and/or the fusion powder. It also
diminishes combustion, oxidation, and the likelihood thereof and provides for a

15  better welding operation as only the materials sought to be welded are made liquid
or soft by the energetic incoming laser light 250.

By providing a hand-held powder-fed laser fusion welding torch as set
forth herein, laser welding operations now become much easier for the aerospace
mechanic or other metal worker. Additionally, with the availability of intense

20 laser light via fiber optic cables as well as fusion powder in connection with the
powder feed tubes 160, the welding torch provides more useful means by which

welding operations may be achieved.

Similar to that as shown in Figure 5, the proximity probe 220 may operate
19



270 are displaced by the inert gas. This allows a greater anount of control
with respect to the welding of the workpiece object and/or the fusion
powder. |IWwOaB®e27zli m ni shes conbustion, oxidation, and thecritsesnhizood

t hereof and provides for a 15 better wel ding operation as only the
materials sought to be welded are made liquid or soft by the energetic
incomng laser light 250. By providing a hand-held powder-fed | aser fusion
wel ding torch as set forth herein, |aser welding operations now becone
much easier for the aerospace nechanic or other netal worker.
Additionally, with the availability of intense 20 laser light via fiber

optic cables agy E@x‘gbncﬁ%nfwiﬁl 98 1RLMEIRkcd :ZBGEQQ;E‘&‘&% bevYHetaﬁtérﬁ'&lc Rl feed
tubes 160, the welding torch provides nore useful neans by which meldlng

operations may | ul e

o oxi ity pr obd PoRERaSEne 1 B il 5 s BB BER Y ot B Petimit

ui tohi ng operEB SREBEHER RE ST REBREEPRe 1 261 PeRE Y RSOk 2352,

swi tching oper n
one enbodinent, wring is connected to the power connector 210, .and the
proximty sw t dheroenables petivagian Bf the laser pamaes 330 encesnEficientladepiseied dntoghe once
sufficiently depressed into the 5 proximty holder 224. Cenerally, the
proxi mty s@it epnodgitydwlder 824bl es activation and does not serve to
actually activate the torch 100 unless it is the last elenment in the
activation mechani srGenthdlyagticipy@timith soitch Re2 prigenabley agivatichandPdbes ot
necessary, but not a sufficient, condition for the operation of the torch

100. The acti V%Efverﬂoaéméh@y SR aRHRITHH YoPWiIES e 2% hst NBSRSSAMY Decause it
nmust be activated in ordéer in

activation mechanism. The activation of the proximity switch 222 is a necessary,
but not a sufficient, condition for the operation of the torch 100. The activation of

10  the proximity switch 222 is necessary because it must be activated in order in
order for the torch 100 to operate. However, the proximity switch 222 is not a
sufficient condition as it alone is not able to activate the torch 100. A hand held
trigger or the like (not shown) may also be used in conjunction with torch 100 in
order to provide additional control for the welder over the torch 100.

15 Alternatively, and as shown in Figure 5, if the workpiece is electrically
conductive, an electrical return path 284 may be established via an interlock |
control circuit 286, which controls electrical supply via an electrical supply path
288. With the closure of the electrical circuit via the safety probe 220, electrical
return path 284, interlock control circuit 286, and electrical supply path 288, the

20  interlock control circuit 286 will detect that the laser torch or laser torch 100 is in
sufficient proximity to the workpiece 282 such that the laser torch 100 should be
activated by the activation of the laser source 280. The interlock control circuit

286 upon detecting a closed circuit path may enable activation of the laser source
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order for the torch 100 to operate. However, the proximty switch 222 is
not a sufficient condition as it alone is not able to activate the torch
100. A hawo obmbat72trigger or the like (not shown) may al s@ChaSozeid7é n
conjunction with torch 100 in order to provide additional control for the
wel der over the torch 100. 15 Alternatively, and as shown in Figure 5, if
the workpiece is electrically conductive, an electrical return path 284
may be established via an interlock control circuit 286, which controls
el ectrical supply via an electrical supply path 288. Wth the cl osure of
the electrical circuit via the safety probe 220, electrical return path

284, inter|ock RONbLIRt 14ef fishtlsuiftfent @@ﬂerﬁirﬁﬁ;vélﬂt&% opeHRBhY mBRbE trdfdmittedie 20

interl ock control CII‘CUIt 2 6 wll detect that e laser torch or |aser

toreh 100 is in FEETRRTRIINT TR T T

| aser torch 1007% actlva |vat|on 0 aser source

280. The interlock CQntroI C|rc it et ect osed circuit
path may enabl &O8HP} GELHATOIRAN 4180 ?%@?agg‘daﬁfesou% 2\%@)%6%/33]8’6‘%? a powaer

PCT/ US03/ 03376 280 so that |aser light sufficient to perform welding
operations may fbed assemblyiarttheilike/i a t he | aser emni ssion path 288 to the |aser
torch 100. Furthernore, the interlock control circuit 286 nay al so control
a powder source 290 The fidveder Grechassensblp 29@ieray bE eauilass tabhyisdmowhen theke. 5
The powder feed assenbly 290 may be simlar to that as is known in the

art. Powder forart heovwd) forl the ieRNS trahdntitledas BY mpmupsmg Rgiterlikehe thd doezea4dhe
nozzle 140 for transm ssion through the powder flow channels 152. A source

or reservoir f &%pﬁ ak 132 diasdoaRer k&Rt ey | aser
torch 100 and q%f%%@ﬁ??%%gﬂu ﬁéﬁgggagﬁﬁigg%g pressuri zed flﬁes or {he
l'i ke.

the alloy powder may be kept at a distance from the laser torch 100 and
transmitted to the nozzle 140 by pressurized lines or the like.

10 Additionally, other types of sensors may be used in order to gauge the
proximity of the torch 100, and the focal point, from the welding substrate. Such
sensors included non contact sensors that may use induction, capacitance, or
optical characteristics in order to gauge the distance of the torch 100 from the
welding substrate. The torch 100 is contemplating as using laser light having a

15  wavelength of gpproximately 1.06 micrometers delivering energy sufficient to
perform the Wel(iing ‘activity set forth herein. The use of metal powder may
subject a capacitive non-contact sénsbr to certain difficulties. Additionally, the
heat and infrared energy generated by the torch may also provide optical
difficulties for an optical non-contact sensor. However, certain other qualities

20  may be used in order to provide non-contact :%ensors and/or these difficulties may
be overcome due to the characteristics of the particular non-contact sensor.
Additionally, other sensors developed in the future may be applied to the torch

100 and may provide advantageous proximity sensing so that they may be easily
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10 Additionally, other types of sensors may be used in order to gauge the
proximty of the torch 100, and the focal point, fromthe welding

subst r at ew0Sambs275ensor s i ncl uded non contact sensors thatPCFAIS08/63376

i nducti on, capacitance, or optical characteristics in order to gauge the
di stance of the torch 100 fromthe welding substrate. The torch 100 is
contenplating as using |laser |ight having a 15 wavel ength of approximately
1.06 mcrometers delivering energy sufficient to performthe wel ding
activity set forth herein. The use of netal powder may subject a
capacitive non-contact sensor to certain difficulties. Additionally, the

heat and 1 nf raigedGREIMIPHROARMcPId 8 hhabo Y al so provide opti cal
I cal non-

difficulties for an o contact sensor. However, certain other

Thote Tt oult) oo’ AlBRgh ieOUPSR b XieY HE WAl ciRERIRL AN O

these difficulties one e Characteristics he
particul ar non-contact sensoyr, . Additionally, other nsors devel oped in
the future nay 9BBUralIpe Ewly BE@ﬁ’é’ntPGWéiﬁf asl‘@?ﬁlﬁgntge EIHV %ﬁﬁ?[ﬁ%@s tggklle:lﬁﬁggeous
proximty sensing so that they nay be easily 21 WD 03/066272 PCT/ US03/ 03376
or advant ageoudgbsghil@Bor porated into the torch 100. Al though not shown in
Figure 5, the interlock control circuit may also control the supply of

fusi on powder as welThegsotihstyfprobe of sehsve 220 galsances opeeationglesafety threwgh1 00. 5
The proximty probe or sensor 220 enhances operational safety through

target discrimpaki @scrafidafiei MMd MontG@nonE@dingss It frovideoprodes cpitasldys cont r ol
by defining or maintaining the correct working distance fromthe nozzle

gas cover —aperddh o1 diftainiify MRICKREG Sorkig dislitRe PlogxihBinbYzlS 8AS@ver 20 Mmay

ei t her provide
aperture 176 to the workpiece 282. The proximity sensor 220 may either provide

physical limits of working distance, or in the case of a closed loop control system,
10  provide distance feedback for an automatic working distance compensation
apparatus. Additional feedback may be provided by the proximity sensor
regarding relative positioning between the weld site and the torch 100. The
proximity sensor 220 may provide audio and/or video feedback to the welder
regarding such relative positioning. Moreover, the proximity sensor may provide
15  sufficient feedback to allow the automatic adjustment of the laser light 250 and
the powder flow.
The hand held laser welding torch 100 may include the integrated safety /
proximity sensor 220 which has an electrically isolated contact probe 220 with a
spring-loaded telescoping probe tip (available as an off the shelf component) 222
20  attached to the output end of the laser torch via the nozzle gas cover 170. The
sensor 220 may be gold plated for better conductance. This probe, along with the
metallic surface of the workpiece 282, forms an electrical path for a laser process

shutter control circuit 280. In order to enable emission of the laser output, the
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physical limts of working distance, or in the case of a closed |oop
control system 10 provide distance feedback for an automatic working

di st ance wormpeaRat i on apparatus. Additional feedback may Pog/ysodeisded by
the proximty sensor regarding relative positioning between the weld site
and the torch 100. The proximty sensor 220 may provide audi o and/or video
feedback to the welder regarding such relative positioning. Mreover, the
proximty sensor may provide 15 sufficient feedback to allow the automatic
adjustment of the laser light 250 and the powder flow. The hand held | aser
wel ding torch 100 may include the integrated safety / proximty sensor 220

wh ch has an elggly éeﬁéé(r'iaoilﬁ%%pé BokROLRAly ATy Wohfbohd SRl Agirk@aded

t el escopi ng probe-tip (avai e as‘a t he shel f "conponent) 222 20

attached to the ouyt.put of the Jaser, t.orch M . er 170.
The sensor 220" %E@‘Q%eez 8?3?18 B Idgltngdhlf3 STk ? (feeltr[]sei(?cgf;i\h GS&I g ? ésrrE]Sgaé@d @%@?%%e ,
along with the netallic_ surface of the workpie 282, f.or an el.ect r.i cal
path for a | asépd psglatedirompdiacent e cOBIPORS %ufﬁe onglyp gf ngrpots%logﬁgbl e

em ssion of the |laser output, the 22 W 03/066272 PCT/ US03/ 03376, safety
sensor 220 nustthdefswprohstd2ivhile i canfactayitls theivearkpigeeaizndadnggtheglirerigon
desired workpiece 282. In so doing, the workpiece itself must be isolated
f r om gr ound sanafilasstiéaissidn fand ensacisabairihe ceteat tacgarpanikaenseledtiesd Aal ati onship
of the position of the safety probe 220 while in contact with the

wor kpi ece 282 dgfcii@s rdui@ Akl 284 0 be préfidddatan tenweskpiooe a8 tethslases t hat
the correct target has been selected. An electrical return path 284 nust be

e G SRR A 10 TR st
connection from the workpiece to the process control system. An alligator clip or
equivalent clamp provides a suitable means for connecting to the workpiece.

10 Target discrimination is achieved by virtue of the required electrical
contact as illustrated in Figure 5. Laser emission is prevented unless direct
electricél contact between the safety sensor probe 220 and the workpiece 282 has
been established.

Process control of the torch-to-workpiece working distance is also

15  provided in this apparatus. The proximity sensor probe 220 includes a spring
loaded, telescoping tip 222. The range of movement of this tip defines the
working distance as the operator manually follows the contours of the part.

Alternate working distances and ranges of height tolerance are provided by a
selection of interchangeable probe tips. Since the tip is easily replaced, new tips ‘

20  can be installed as needed due to normal wear and tear. Additionally, advances in

laser-focusing and powder-feed technologies may allow the adjustment of the

working focal point 270 according to the working distance detected by the tip 222.

In an alternate approach, a point contact linear variable displacement
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connection fromthe workpiece to the process control system An alligator
clip or equivalent clanp provides a suitable neans for connecting to the
wor kpi ecewoXd/od@ryet di scrimnation is achi eved by virt uePafi/uSa&033equi r ed
el ectrical <contact as illustrated in Figure 5. Laser em ssion is prevented
unl ess direct electrical contact between the safety sensor probe 220 and

t he workpi ece 282 has been established. Process control of the
torch-to-workpi ece working distance is also 15 provided in this apparatus.
The proximty sensor probe 220 includes a spring |oaded, telescoping tip
222. The range of novenent of this tip defines the working distance as the

operat or manualgsdiet @@Dwﬁla%ehgwiﬁ pcetdt@ndusic sprifblddeabrobeor ki ng

di stances and ranges of height tol erance are provided by a selection of

i nt erchangeabl e LPS. ol ol ' tips 20
can be installéﬁggggﬁéégg%rgggg?%Thggw%#Bngﬁg%ﬁgkgggsgﬁﬁgﬁg?ﬁg%a ly,
advances in |aser-focysing,a owder: f eed technol ogi es al |.ow.t he

adj ust ment of tAABPOTRGR itﬂ&gfiﬁg]gfs‘g}%}qn&mffbgn&t%? EF H@gj‘t%’ atcﬁxzéi%?lﬁfcf\%he

di stance detected by the tip 222. In an alternate approgch, a.£8int cont act

linear variabl dasF 8pd Rewderetabippogiionsysignste matalgparedeistrsined disikack cer

(LVDT) nay be used in place of the basic spring-loaded probe described
above. The BVDbeprednethp tayoh deGaml the workpiede 282¢brouigh alcldsedtivpdkedback
proportional to its displacenent. This signal may be used to actively

control the | asgendintbrpovdiefth ieftadized dansindipowdsy séz2iespdshionactubmirs a
predeterm ned di stance 5 between the torch 100 and the workpi ece 282

through a closed-| oop F8adPaG oachy S4EHR thodeGiocha®afhciichborsaghe288cHegns and
powder nozzle position actuators.
the welding torch 100 to provide safety discrimination and position sensing. The
advantage of this approach lies in the high degree of flexibility and dexterity
10  provided by a non-contact system. Access to a wider range of workpiece
component shapes and configurations are possible compared with the point
contact sensor.
Candidate sensors may be based on, but not necessarily limited to optical,
capacitive, inductive or video technology. Combinations of more than one type of
15  sensor may be necessary in order to provide the necessary degree of part
discrimination and displacement resolution. The non-contact sensor technologies
may be used with either manual operator or automatic closed loop control systems
to maintain part distance requirements.
The hand held powder-fed laser fusion welding torch makes laser welding
20  amanual process and no programming is necessary. It makes it easier to
maneuver the laser output wand/torch into hard to reach places such as nozzles

with curvatures. This feature allows for three-dimensional (3D) welding in

random locations. Most existing laser welding systems are two dimensional (2D)
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I n anot her approach, one or nobre non-contact sensors may be attached to
the wel ding torch 100 to provide safety discrimnation and position

sensi ng. Wbas/oeadvant age of this approach lies in the hi ghprdegrse®oiie
flexibility and dexterity 10 provided by a non-contact system Access to a
wi der range of workpi ece conponent shapes and configurations are possible
conpared with the point contact sensor. Candi date sensors nmay be based on,
but not necessarily limted to optical, capacitive, inductive or video

t echnol ogy. Conbi nations of nore than one type of 15 sensor nay be
necessary in order to provide the necessary degree of part discrimnation

and di spl acenentyqnasphibd 8k toldbEorRaR 85k AGinS BRBREmbAG RNA! AMiGs] x-yrBYy be
used with either manual operator or autonmatic closed | oop control systens

to mai ntain par i St I : -fed | aser
fusion melding1%%%?%m%%§§gﬁﬁggg&%aéggﬁﬁaﬁggﬁﬁgQﬁgaﬁgﬁmggéglég&and no
programming i s nece |t kes. it sier to neuver .t he | aser output
wand/ torch into har n%ghaéiéléﬁi%ﬁ’%%%'fg‘ﬁgﬁer s1%¥u‘e@gg Fwe}}, e@ﬂ?%i?ﬂ?@&& Thi s
feature allows for three-dinensional (3D). welding in random | ocati.ons.

Mbst exi sting |pesuler aksifapusgd eyiside s thenozelgo Télﬂwgmt@mve(ﬁz@? nozzlg\pyit

03/ 066272 PCT/US03/03376 and are limted due to automatic progranm ng
requi renent $ wifrbmwelogemel x-y novenents such that they cannot handl e nuch
vari ati on between parts. In the hand hel d powder-fed | aser fusion wel ding
torch, the |aser beasniglithg iR@VE&is asal thaeoeedhopswddandtulishateforal e. This

hel ps to prevent the nozzle exit 5 from cl oggi ng.
contamination (i.e., oxidation) by removing oxygen and other reactive gases from
the weld area. A lightweight design makes the laser torch ergonomically correct,
easy to use and maintain. YAG laser use with fiber optic cable creates the
10 flexibility provided by using the hand held torch while delivering the laser beam
to the weld area.

Proximity sensors allow welding to start at the focal point. The sensor is
also used as a safety feature, to allow the laser beam start only when its focal point
is close to the desired weld area. Inert carrier gas is used to deliver the powder to

15  the focal point. This is to prevent any oxidation of the weld and powder. Ml
details, or elements, of the nozzle assembly can be easily replaced. All
components are easily screwed together.

In wielding or using the laser torch 100, a method is provided to manually
laser powder fusion weld a workpiece in order to effect construction and/or repair.

20 A hand held powder-fed laser fusion welding torch is provided that may be
manually operated. In such manual operation, the torch generally enjoys

significant degrees of spatial freedom so that the welder may dispose the torchin a

variety and number of easily-achieved positions. In this way, the welder may
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Shielding inert gas is used to protect the powder and substrate from
contam nation (i.e., oxidation) by renoving oxygen and other reactive gases
from thewasBde@rea. A |ightwei ght design makes the | aser PCarush3/03376
ergonom cally correct, easy to use and maintain. YAG |aser use with fiber
optic cable creates the 10 flexibility provided by using the hand held
torch while delivering the |aser beam to the weld area. Proximty sensors
allow welding to start at the focal point. The sensor is also used as a
safety feature, to allow the |aser beamstart only when its focal point is
close to the desired weld area. Inert carrier gas is used to deliver the

powder to 15 thg kaaahis Reiviies thihSndeds hOnRHAUE N préftyabdxhokaihd wf the wel d
and powder. All detalls, el enents, of the nozzle assenbly can be easily

repl aced. All gggp&ﬂ&égé&gﬁﬁ%ﬁg&xt&%ﬁemed together. In w elding or using
, a nmethod i

the | aser torc S provided to manually |aser powder fusion
wel d a workpiece in der to e ct nstructio nd/ or ai.r. 0.,.A hand
hel d powder - f ed Iase'rf‘?ng@ﬁcﬁé%g%%ﬁtrs@ﬁw@rﬁ] yclsé’gveflL al}%oﬁéerlr@ﬁual ly
operated. In such manual operation, the torch generally enjoys sjgnificant
degrees of spationsyreseaddha workpiese lst%@amﬁ@ﬂd%%dygrfﬁywﬁﬁd%s%“qel?ée@b‘?‘{@ %n a
vari ety and nunber of easily-achieved positions. In this way, the wel der
may 25 WO 03 0662idheReivhUS03¢ i3paed farorsk avith the soures ¢flaser ght andisherca@éds at
hand and is preferably not limted by physical constraints of the |aser
torch. The wor kfisia§oRliRr fiale foaldpt Dbgendingar thd casstiytianbithatvetdigatoirely or

the like to ensure that the workpiece is clean and ready for wel ding. Once
prepared, the 100 the proximity sensor 220 may be brought into contact with the workpiece
282. Once the welder is ready, a trigger (not shown) may be pressed to activate
the welding torch 100 and the welding process upon the workpiece 282. Laser
10  light and powder flow are then delivered by the laser torch 100 to the work site
and the welding process is performed upon the workpiece.

While the present invention has been described with reference to a
preferred embodiment or to particular embodiments, it will be understood that
various changes and additional variations may be made and equivalents may be

15  substituted for elements thereof without departing from the scope of the invention
or the inventive concept thereof.

Particularly, the interchangeable nature of fasteners demands that the
indication of one type of fastener or fastening herein is contemplated as enabling
and disclosing all types of fasteners or fastenings that may be implemented to

20  achieve all or part of the functionality of the disclosed type of fastener or
fastening. For example, a bolt, screw, pin, rivet, or dowel may be interchangeable

with one another as well as fastening as by welding. Likewise, other

interchangeable elements, operations, or functions are contemplated as being
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5 welding torch 100 is prepared for use with the source of laser |ight and
source of fusion powder nade ready. Depending on the construction of the
wel di ng twomh/o6ck0D, the proximty sensor 220 rmay be brougRCTIUsV®03S0Mt act
with the workpiece 282. Once the welder is ready, a trigger (not shown)
may be pressed to activate the welding torch 100 and the wel ding process
upon the workpi ece 282. Laser 10 |light and powder flow are then delivered
by the laser torch 100 to the work site and the welding process is
performed upon the workpiece. Wiile the present invention has been
described with reference to a preferred enbodi nent or to particul ar

enbodi ment's, it sindilatlyiescloide hedeROshdnhdie or\hadre 08 SuchhaRaMEn@all e ditivaral
vari ations may be made and equi val ents may be 15 substituted for el enents

thereof wi thout odeRakt athnQrBrthﬁctﬁﬁé’&% {ciddag invention or the inventive

concept thereof. Part| ar y, e I nter angeable nature of fasteners
demands that the ingdjcatian f a3te i herein is
contenpl ated as enabli G%tltlon hd" a&?’ d(l)té%/aﬁgm%{"l malag g(ﬁagfé? %%ﬁip%ﬂgr
fast eni ngs that be i ed to 20 hleve rt .of .the
functional ity ofaengr g %@Ef? e frackipes e Bienion Wftﬁgqtéﬁpﬁang BOM WRampl e,
a bolt, screw, pin, rivet, or dowel may be interchangeable wth one

anot her as wkl | essentizhseapsithereals Ehpreferedit igintandedthatthe ipentipn not be limited

i nt erchangeabl e el enents, operations, or functions are contenpl ated as

bei ng 26 WO 03/ Qﬁ&?ﬁ@lﬂ@fﬂhd@@ﬁétﬁ@@iﬁ&osesﬁ heréiaforycadiysg ibeetdbitehaithe when one
or nore of such interchangeabl e or equivalent elenents, operations, or

functions are dinsehtasERicluties AehbodiMmentyd}ingoahid t(h@ts!:d}iésoflﬁﬁeyaﬂp@nd&lde to
adapt a particular

claims.
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situation or material to the teachings of the invention w thout departing
fromthe 5 essential scope thereof. Therefore, it is intended that the

i nventi orwoat/ob@7ti mted to particular enbodi ments discl @sgdsagosia f or
carrying it out, but that the invention includes all enbodinents falling
wi thin the scope of the appended clains. 27 WO 03/066272 PCT/ US03/ 03376
WHAT IS CLAIMED IS: 1. A hand held powder-fed | aser fusion welding torch
(100) for treating a workpiece, conprising: 5 a body (104); a nozzle
assenbly (140) nmounted on the body (104), the nozzle assenbly (140)
defining a central nozzle aperture (144) through which gas and |ight,

i ncl udi ng | aserwiHANS OrMMEIS$S: and wherein the nozzle defines first and
second powder flow channels (152) 10 aligned with a working focal point

(270) adj acent {he C&%ﬁ@hﬂﬁ%ﬂd@r—&aqaéeyﬁfsior(\azﬂl@ng tWRAN(E00) thriséing ROWIer

may be transmtted through the first and secon powder fl ow channels (152)

for fusing by |aser.|] smtted through the central nozzle aperture
(144). 15 2. g%gmﬁé,%%tmd%fs %f-fed | aser fusion welding torch (100) for

treating a workpiece, a @@t_forth in Caiml, further conprising: a powder
f eed supply‘%ysten1(?5@%’ ﬁbled to the first and second powder fl ow

channel s (152) and supplying the first and second r. fl ow channgl s
(152) wit ﬁ f u)si on poq,\gg?z_e as%embly (140) mounted on ‘ﬁw bod;FI) ?1%1?, the nozzle asseHQbely

(140) defining a central nozzle aperture (144) through which gas and light,
including laser light, may pass; and
wherein the nozzle defines first and second powder flow channels (152)
10  aligned with a working focal poiﬁt (270) adjacent the central nozzle aperture
(144), whereby fusion powder may be transmitted through the first and second
powder flow channels (152) for fusing by laser light transmitted through the

central nozzle aperture (144).

15 2. A hand held powder-fed laser fusion welding torch (100) for treating a
workpiece as set forth in Claim 1, further comprising:

a powder feed supply system (290) coupled to the first and second powder
flow channels (152) and supplying the first and second powder ﬂ(;W channels
(152) with fusion powder.

20
3. A hand held powder-fed laser fusion welding torch (100) as set forth in
Claim 1, further comprising:
the first and second powder flow channels (152) being located in opposed

positions and tapered.
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20 3. A hand held powder-fed | aser fusion welding torch (100) as set forth
in Claiml, further conprising: the first and second powder flow channels
(152) beiwg@ Boe@red i n opposed positions and tapered. 28PHDUGB3/ABGR72
PCT/ US03/ 03376 4. A hand held powder-fed | aser fusion welding torch (100)
as set forth in daim1, further conprising: first and second powder flow
tubes (160) respectively inserted into the first and second powder flow
channel s (152), the first and second powder flow tubes 5 (160) providing a
conduit between a powder flow supply (290) and the first and second powder
fl ow channels (152). 5. A hand held powder-fed | aser fusion welding torch
(100) as set fo#th i A hagtaekhgbwderHfedeser dasignr welding tofdh (10@) aseetziogth(d40)
having a hollow cylindrical rear section attached to a hollow
frustro-coni cul @Iai&lrlgﬂirﬂ&e@bmpﬁs'ing:he front section termnating in a flat
toroi dal face (146) circunscribing the central nozzle aperture (144); the

first and second po I i from
p \gflfsfc ahd QWoRA g&?%ﬁ&%@%ﬁ@%ﬂ‘fe&%écﬁ%ﬁﬁn&%& SO he fFrat

the nozzle face (14 entrance and”second powder fl ow

gga” nels (152) Lorabssh powladMw GRhndEels2pMne Rk A 850 psfer oW ubaECt | ON-

5  (160) providing a conduit between a powder flow supply (290) and the first and

second powder flow channels (152).

5. A hand held powder-fed laser fusion welding torch (100) as set forth in
Claim 1, further comprising:
10 the nozzie (140) having a hollow cylindrical rear section attached to a
hollow frustro-conicular front section;
the front section terminating in a flat toroidal face (146) circumscribing the
central nozzle aperture (144);
the first and second powder flow channels (152) symmetrically emerging
15  from the nozzle face (146);
entrances (150) to the first and second powder flow channels (152) located

in the rear section and adjacent the front section.
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29 WO 03/066272 PCT/ US03/ 03376 6. A hand held powder-fed | aser fusion

wel ding torch (100) as set forthin daim1, further conprising: a nozzle
gas coverwQb30¥62art ached to the nozzle (140); the nozzle @ay/usoves37¢ 170)
defining a cover aperture (176) generally 5 coaxial with the nozzle
aperture (144); the nozzle gas cover (170) defining a gas inlet (190) for

i ntroduction of gas, including noble gasses; the nozzle gas cover (170)
generally spaced apart frombut in close proximty to the nozzle (140) so
as to provide a shroud about the nozzle (140) 10 through which gas may

fl ow before exiting through the cover aperture (176); whereby gas may be
control | ably i nér odugddnd déeldemwdehéednasr iesi¢rilvwoldingndrdin@00)res sl ferthas cover
(170) so as to provide a controlled environnment through which |laser |ight

and fusion powdelmBy fiRfes cOfpling:ne working focal point (270). 15 7. A
hand hel d powder-fed | aser fusion welding torch (100) as set forth in

Claim1l, further cpng)%%zug?gés %Vigﬂ(q?g)gatgam@mtﬁ{:ﬁoﬂ&;g%@;bei ng renovably

coupl eabl'e and position pect to the no (140). 20 30 WO

03/066272 PCT/ US03/ 0 %711%2216 gas cover (170) defining a cover aperture (176) generally

5  coaxial with the nozzle aperture (144);

the nozzle gas cover (170) defining a gas inlet (190) for introduction of
gas, including noble gasses;

the nozzle gas cover (170) generally spaced apart from but in close
proximity to the nozzle (140) so as to provide a shroud about the nozzle (140)

10  through which gas may flow before exiting through the cover aperture (176);

whereby

gas may be controllably introduced between the nozzle (140) and the
nozzle gas cover (170) so as to provide a controlled environment through which

laser light and fusion powder may pass on to the working focal point (270).

15
7. A hand held powder-fed laser fusion welding torch (100) as set forth in
Claim 1, further comprising:
a handle (102), the handle being removably coupleable and positionable
with respect to the nozzle (140).
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8. A hand held powder-fed | aser fusion welding torch (100) as set forth in
Claiml, further conprising: a controller (286) adapted to selectively
provi de Iwghi/o6@72 he torch (100); 5 a proximty sensor (2PQ)/usosifd3ed to the
nozzle (140), the proximty sensor (220) adapted to engage a workpi ece
when the nozzle aperture (144) is adjacent the workpiece, the proximty
sensor (220) changing its signal state to the controller (286) to
selectively activate the welding torch (100) when the workpiece is in a
predeterm ned position. 10 9. A hand hel d powder-fed | aser fusion wel ding
torch (100) as set forth in Cdaima8, further conprising: the proximty
sensor (220) coupled to the workpi ece and establishing a closed electrical
circuit when the proximty sensor (220) touches the workpiece, 15 the

cl osed ‘circuit genablj fghdgdld YSiQFe@lastRsior hlildifg taElE 10031 803et &itth iar eaki ng
of the closed circuit deactivating the welding torch (100). 20 31 WO

03/ 066272 PCT/ UsQ3/ . hand hel d powder-fed | aser fusion wel ding
torch (100) as%s%elfrl Rgﬁﬁﬁericr]?%pag\e{l m 8, further conprising: a controller

Sensor (220) conpr | gt ERmsafo tacet bR ANk MesorddTolh K1 S0
Sensor (2208 16 deacuivseD, st GUDCeRPES EerarAE KOS RRORRY FetT
(220) adapted to engage a workpiece when the nozzle aperture (144) is adjacent
the workpiece, the proximity sensor (220) changing its signal state to the
controller (286) to selectively activate the welding torch (100) when the
workpiece is in a predetermined position.
10
9. A hand held powder-fed laser fusion welding torch (100) as set forth in
Claim 8, further comprising:
the proximity sensor (220) coupled to the workpiece and establishing a
closed electrical circuit when the proximity sensor (220) touches the workpiece,
15  the closed circuit enabling activation of the welding torch (100) and breaking of

the closed circuit deactivating the welding torch (100).
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wel ding torch (100) according to the on and off state of the switch (222).

32
WO 03/066272 PCT/US03/03376

10. A hand held powder-fed laser fusion welding torch (100) as set forth in
Claim 8, further comprising:
a controller (286) adapted to selectively apply light to the torch (100);
the proximity sensor (220) comprising a switch (222) that turns on when
5  the workpiece activates the proximity sensor (220) and turns off when the
proximity sensor (220) is deactivated, the switch (222) turning on and off the

welding torch (100) according to the on and off state of the switch (222).

32



