VEELDI NG TORCH BACKGROUND OF Field of the Invention 5 This
invention relates to |aser f g and nore particularly to a hand
hel d powde™VQ &H6622er fusion wel dPHY t orch. Description SFTM@Q;‘R@{“at ed Art
In general, the surface of a netallic article may be wel ded and/or all oyed
10 by the sinmultaneous and cooperative operation of a |aser beam and an
all oy powder stream To acconplish this, systens exist that have a | aser
source and focusing apparatus, with a powder delivery apparatus provided
as part of an integral package. The |aser beamnelts a relatively small
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In | aser fusion welding, an article of netal or other material may have the

surface thereof alloyed, or %A'&&R?ﬁ]ﬂﬁ@ fh@ﬁﬁ)ﬁoﬁwltaneous and

cooperative operation of a er. Typically, the
| aser beamnelts_a, r i‘ ively small volunme of the outer surface of the
article and theMO delivers a controlled volunme of alloying
particles into this L. t.en vol upe. The l.1 oyi particles.beco di spersed
Phr oughout tH s vor unisigentin aRies B dror el fheRBiinofe i T no

conposition of the. outer |a in.a.controllahle way. Renoval of the beam
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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
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PCT[ US03/ 03376 focal point of the beam causes the nolten volune to be
rapidly chilled. The <chilling occurs so rapidly that the volune retains
the characteristics of the nolten mx. As an exanple, gas turbine engines,
such as thd¥@0466?72zed with jet aircraft, 5 are being dEGIFREHORF% h ever

I ncreasi ng performance requirenents. One el enent of the engi ne which has
been receiving attention is the seat created between the outer periphery
of the rapidly rotating blades and the surroundi ng housi ng. Anot her

el ement subject to attention is the turbine nozzle systemin jet engines.
The owner of the present invention, Honeywell International, Inc., often 10

' t ur bi | ¢ | t | | Jef i x. .Th Fi
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formmcro crac
oxi des), applying a JetFix braze alloy, vacuum furnace brazing, blending
brazing, re-app!/™&ation of alum nide coating, 15 and effective flow area
check. Laser powder fusion (LPF) technol Qgy has been in use for .the past
twel ve vyears and hasAYRYR¥ARPIeaas urbing orgnsss such a ‘?‘°W‘F° Jith Je&?‘f"é"a ed
zones on turbine ‘airfoils. Some repair facilities, such as those at
Honeywel | | nter nare beingdesigned withgyer inaeasing pesfonmance reauirements, (e elspigniooo
airfoils which have subsequently accunul ated 20 over 10 million flight
hours. However, efsherengineahich hashe¢raispeivinputtentiomis teessealczeataddetyraen ey | ar ge
and usual l'y run along pre-programed paths for the repair of a
outer periphery of the rapidly rotating blades and the surrounding housing.
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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specific part. Thus, one |imtation of LPF is the inability of the user to
mani pul ate the laser torch in a custom manner during the repair process as
the weld occurs. 2 WD 03/066272 PCT/ US03/ 03376 Accordingly, there is a
need for an LPF apparatus that can allow the user to tailgr ége vel d and
wel di ng prd%%ggm?ggthe wor kpi ece as the laser is being oferated® e
present invention satisfies this need. X OF TEE I NVENTION 5 SUAEM' The
present invention provides a hand-held powder-fed | aser fusion welding
torch that allows custom zed wel ding by delivery of |aser light onto a
stream of wel ding fusion powder. The ability to provide such a conpact

|l aser welding systemincreases convenience and flexibility, enabling the

wel der to 10 Cr cale i SRR A QphSE Bl DhrBR YR chldiblndhegrdoilarty, and

ef ficiency. asse es may be repaired or
di mensi onal l'y restor hr e %bﬂ b arheaser
source of suffith8 ﬂg ?@ﬁggﬁvxF%nﬂgﬁﬂﬁ%ﬁ%aﬁ%%ﬂ%lsur ac%gmﬁ& le a netallic
filler in the formof a po mgg; Mnre rod is introduced into the nelt
pool . Metallic Preewtiysnton s €54 fwﬁﬂid or sem-liquid formmy al so be
applied to the surface, allowed to dry, and then |aser processed. In
situations where the work surface is not acceSS|bIe by conventi onal
wor kst ation type of |aser powd- BQt. a conpact
hand-hel d torich is preferred. 2 CS—ter wotve-the repair of parts
having irregular and randon1cracks or da repairabl e by
ger‘;’gcwg)e? Alsfd

robotic or 20 progr arkkgpresenténveniionproyides aﬂﬁgcgpg[gpoy mrepairs of

this type, a portable,
yP P welding torch that allows customized welding by delivery of laser light onto a

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
3



flexible delivery systemis required for both | aser as well as the netal
filler. This invention provides for these needs through the integration of
| aser beam and netal powder delivery conponents, into a single conpact
hand-hel d unit. The | aser 3 WD 03/066272 PCTI US03/ 03376 _source may b

cont i nuous YWRI¥RE2ZYAG | aser. In one embodi ment, the hand TSP 3%er

i ncl udes a body and a nozzle assenbly nounted on the body, wth the nozzle
assenbly defining a central nozzle aperture through which gas and |i ght
including laser light may pass. The 5 nozzle defines first and second
powder flow channels aligned wwth a working focal point adjacent the
central nozzle aperture. Fusion powder may be transmtted through the

first and secondLFpowder ow channel s [hgi;) M‘lﬁl ng by laser 1ight
transmitted thro @H“?H@W@EﬁngPmﬁﬁ§¥?@ 14 I n anot her enbodi ment, a
met hod i s provided to_nmanual | e piece in
order to effect const Fﬁ(?f‘?%‘ﬂb‘ié%?@t{“?@aﬂ\é\?‘eldlﬁeﬁlg d?‘?éalb\,\%yﬁ%ﬁﬁ%?” ed | aser
fusi on wel di ng tor LS pro be nual erated. . In such
manual operation,?® ¥8PEWB% &?h?%&“&ﬁ¥ z%?@ﬁ??$ qm&%@ﬁ gl of spatia
freedom so t hat the melder et orch in.a variety and unber of
easi | y-achi eved pi2Fle ppsiiure hff}l“ﬁﬂ’wzlp“gb&? “{Aﬁ@ taoreiyding laser l@é}hﬂ“&/l’ﬁ 5 £
activities to 15 the needs at hand and is eferably noi hmted by -
physi cal const¥ aifipgale gefiges Srst aagsecondpowder dgwpehenndyaligned with @ woakingit ages of
the present invention will become apparent fromthe follow ng description

of the preferred fepsd aeinhedizcestthe eantral-nozzle apesiyrey fusiop povfermaybe acconpanyi ng

drawi ngs, which illustrate, by way of
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



20 exanple, the principles of the invention. BRI EEF DESCRI PTI ON OF THE
DRAW NGS Figure 1 is a right side perspective and expl oded vi ew of the hand
held 4 WD 03/066272 PCT/ US03/ 03376 powder-fed |aser fusion welding torch
assenbly according to the present invention. Figure 2 is a right side
cross- sect iYM8I066372w of the hand hel d powder-fed |aser fPGEFIéP?gQRéWGdi ng
torch of Figure | with an optical collimtor and wthout the 5 nozzle gas
cover. Figure 3 is aright side top and partial cross-sectional view of the
hand held powder-fed |aser fusion welding torch of Figure 1 taken al ong
line 3-3 of Figure 8. Figure 4 is a right side perspective view of the hand
hel d powder-fed |laser 10 fusion welding torch of Figure I shown as

s rom “Yr puda it R fudl LR bEANGn AhBREO ML MAink NERPLAKAIT 1Y Sensor

system Figure I an view o powder - f ed
| aser fusion welldei torch of Figure 1. Figure 7 is a right side
cross-sectional "W f the hand held powder-fed 15 |aser fusion welding

torch of Figure 1 taken ong.l.ine 7-7 of. Fi i 8 i I
A e i Lt
SR Pl O OF T B NS 20, TR Sl S SR o ot

forth belowin

5 nozzle gas cover.
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
5



drawi ngs is intended as a description of presently-preferred enbodi ments of
the invention and is not intended to represent the only forns in which the
present invention may be constructed and/or utilized. The description sets
forth the 5 WD 03/066272 PCT[ US03/ 03376 functions and the sequence of
steps for CHASYR6EEing and operating the invention in cEfAEEHYBA Wi th the
illustrated enmbodinents. However, it is to be understood that the same or
equi val ent functions and sequences may be acconplished by different

enbodi ments 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

t ur bi ne I ks b I . i ; P
bowtler T uar on welaHEs A6 EHERGTOR A S o CopBTHEHIE A Gapraf i e etion "

coating. The advantages of LPF weldin re the | ow heat jnput

resul tan]t heat M%WBH@‘W’@W&WBB&E‘W@I WGVt ltsttﬁ h"r ‘%’Leée %’%‘ziﬁlgg wher e
previously it was not pernitted. Wrn qor danaged t al rtg.a i
may be repaired tBe san GreuVgpRHRCtipRLAng seqpep ﬁgﬁ"r"aﬁgﬁﬂ}ﬁgﬁ’ypﬁ*’gs%em e
processing with a laser source of sufficient intepsity to |t . the netal
surface while a emftodimangs thayareslsq itendrd tp Bp RAOMPESSISWY R PRSP L oa | s
introduced into the nelt pool. Metallic precursors in a liquid or

sem -1iquid for nefitegins¢néionbe applied to the surface, allowed to dry, and
then | aser processed. In situations where the work surface i t

accessi bl e by converin dteatativoaidstessticosly arygeistye Pr%@ﬂsmﬁdﬁ@ﬁ%ﬂ’r fusi on
equi prent, a conmpact hand-held torch is preferred. O her cases nay involve
the repair of papdvedenfusiongLPF) torch could repair the turbine nozzle cracks by local removal

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
6



20 irregul ar and random cracks or damage not otherw se repairable by _
robotic or programmable workstations. In order to performrepairs of this
type, a portable, flexible delivery systemis required for both |aser as
well as the netal filler. This invention provides for these needs through
the integr WPEHYEY2| aser beam and netal 6 WO 03/ 066272 PEFI(SE%I¥Y376
powder delivery conponents into a single conpact hand-held unit. Currently,
the preferred |aser source is a continuous wave Nd: YAG | aser, of mediumto
high power (e.g., 600 - 1000 watts), capable of nelting a variety of

nmetal s when focused to a spot at the work surface. In a YAG (Nd: YAG)

| aser, the anplifying 5 nediumis a rod of yttrium alum num.garnet (YAG
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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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renotely fromthe hand-held | aser welding torch, as required for hand 20
mani pul ati on. The | aser torch is conprised of an optical systemto focus
the | aser beam onto the workpiece, and an integral netal powder delivery
nozzl e to deposit netal aIon powder into the netal nelt ooI groduced by
the focusedvPA¥M62Radi ati on. 7 WO 03/ 066272 PCTI US03/ 0337

assenbly is optically coupled to the | aser source through the erX|bIe
fiber optic Iight cable. Laser energy emtted by the source is transmtted
through the fiber cable to collimating and focusing optics contai ned
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 out put

power, Melt pool Tﬁ%ﬁgﬁaﬁgem gﬁi@togu&Fl; agpi@;tg, g{g 18 ﬁg.g&ttm%ngﬁgaﬁ iggne (HAZ)

di nensi ons and we e ar | 'ase ocal spot

di amet er and ot ghe o??@&gtﬁ‘éﬁlﬁé!%ﬁ?%@xgz%ﬁ&?edr@st oﬁhcel?sat\fﬁmg R A oved

with one mllinete tts

(600 W of laserth%g%gyéabf%q Ih{ngﬁ{rgaa?nrd fod?x§m opt ti&%grt&aﬁgq él he;’tﬁ{g{l si ze and

S—r-

characteristics eS|re U|r

ad; ust o0 by choo ?%81% Fht fosh b %%ﬁ%fﬂi‘%?ﬁdﬁﬁéf%ﬁ% e e TR RAGE B ng

| ans. changes. * LaBaroa i eSS RbiedtPRRT dpyn e Reoa Rt depBer et i ng
Chr ough 2§§rof°ﬁé$§tram§’ei?f@ Ao el Ehpinas: st vAERERSEAPHE | asor

}oggfnhp a,I[ E O-T—ﬁl gn%?art%dgtgéppelmep §°§ \é\gﬂmqurzaild %Q‘::al gsgr gu(%glisclp%ver éoodtrpsg ts? pti cal
have been achieved with one millimeter (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
8



conpact and provides better access to the workpiece than an of fset nozzle
design. Geater flexibility in manipulating the torch is also provided by
t he coaxi al design. 20 A separate, hand-held off-axis powder delivery
nozzl e or nozzles, not attached to the |laser torch, may also be enpl oyed.
Si ze, wei gWOHYHAce and ergononic features are i ncor porafESE 8% ovi de
for manual control and nmani pulation. An integrated, optionally or

sel ectably renovabl e, handle is included for enhanced 8 WD 03/ 066272

PCTI US03/ 03376 controllability. Renovabl e, interchangeabl e powder delivery
nozzle tips may accommodate worl dng di stances rangi ng from one-quarter
inch to 3 inches (0.25" to 3"). Metal powder is netered at a preset flow

rate froma renote f er/hopper. 5 unit to the nozzl e ass |y via

f1exi bl e tubing. CO?H@?‘TG‘@% gﬁ‘ﬁgﬁéles{“éﬁr%}@ﬂgeéﬁlﬁ pog'fi%rpqéé‘ée%§}°%z%re{%8é’eay at or
through a renote contraql. e or, nore integral safety. nsor_. deyi.ces nmay
actively moni tora%%mag%}w%lﬂg c&ﬂ@csﬂagﬁ{l&?fpwng-fquffﬁ% 1?°3‘3%§‘“°\‘kf%(ﬁ-2§es pect
to the workpiece during operation, thus preventing accidental or

uni ntentional ac®id’htion. 10 An alternate desi gn may have one or nore

of fset nozzles attached to the optical focusing assenbly. Th&&ggpl)e and
rel ationship of the GYiptgkrovisyismeterehst a eseilnW Btelom 8 reRYye fegderthqBPYesi r ed

pl acenent of metal powder with respect to the |aser focal spot. As shown

in Figure 1, % heuitindhe-edzale pesgably. viafexible abing, Jihe Howern b sartedandor ch 100
has an optional handle 102 to which a body 104 is attached by a pin,
screw, bolt, rivsopped®y theopetatasithrpugh aqwptegantsel. a8 semoreriptsgighsafatie upper
portion L

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 patt 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



108 of the handle 102. The upper part 108 of the handle 102 is constructed
so as to accommopdate the cylindrical configuration of the body 104. The
body 104 has a lens protector to its rear as described in nore detail 2o
bel ow and provi des an interchangeable el enent to which the nozzle 140 and
the beam d¥PPYFY2assenbly 130 as wel | as the handl e 10PGHP'¥E%: t ached
in an interchangeabl e and conveni ent 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 WO 03/066272 PCT[ US03/ 03376 environnent

t hrough which 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 optjcall redi ¢t abl e envi ronnment thr.ou [ he | aser
light may tr aveﬁlnf’lrm“%/f}gﬂﬁﬁlvﬁ’,‘&tth%laﬁr X‘gfﬁt aé?'strﬁ‘vlelt)%dﬁ% %ﬁ%@éﬂe‘ﬁ%e upper
aperture 120 5 seryves to kevent, and i.nhj bj.t .t he. ent fy,.of st _or ot her
paL ticul a]'E e mat t%c,ndapﬂ:ggrqtﬁgc trgie Heafﬁﬁ',‘{%g\ell"}ssﬁfgi‘gl équﬁ%“aﬂﬁgg 1(5‘“%568 or

ot her confines thereof. The jnert gas, may .be the. sa s, t.hat d ri bed in
more detail bel GW%@TPYde ?“égﬁﬂé’&fy ErS‘%PfF’r@eﬁ Weﬂgyoggggﬁch%qﬁsﬁﬁﬁééner ally
enconpasses nost or all inert gases depending on the applicati to which
the torch 100 i snpiiravelsyedditianally, theplepdseg HPWE’%&*&F@“%H%P Bﬁﬁ” %RG&B’EF,Oﬁind
nitrogen. Wile the flowrate for the gas flow ng through the .nozzle gas
cover 170 is on sefyes by ieyenband iphibit thesatry pf %@Hsbm(o%?"r???"“?‘ﬂgte RAYFURE 188 gas
fl owi ng through the ugper_a erture 120 is %enerally on the order of cubic
feet per hour, ftorchdR8.marticutagythenepzle 14Qerothes confingd therege handl e 102 may be

detached fromthe body 104 in order to create a 15 handle |ess torch 100.
Under any ci r cumst andde inartgas ope ba thersawme a3 that deseribgd i ere detail below with

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 (/m), the
volume of gas flowing through the upper aberture 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



normal Iy use welding gloves or the like in order to protect his or her hand
from ejecta and other nmaterial fromthe welding site. This ejecta fromthe
wel ding site is one of the notivations for the bleed gas fl ow ng through

t he upper aperture 120. The bl eed gas generally inhibits or prevents the
entry of s¥R'¥J%632or back into the 20 torch 100. The | fUSB¥YY aperture
122 serves to acconmpdate the pin or screw 106, which passes through both
the handl e 102 and the body 104 in order to attach the body 104 to the
handl e 102. 10 WD 03/ 066272 PCTI US03/ 03376 The body 104 has threaded rear
124 and front 126 flanges. The flange may be threaded for attachnent. The
rear flange allows for nore secure fixation of the beam delivery assenbly

130, which is shown i ross-sectional detail ,i.n iqure 2. T ront
flange 126 serves toIgFI%B&' ﬁ)étﬁ?ﬁﬁ“‘?alq% aret@a?é‘g#r?ﬂt[ﬂg%%eeshrrgeﬁﬁnggbody 104
and the nozzle 140., The adapter bod 04 have other n . ich it
can be attached B lfq{g‘ea&qdfafg‘iwhrﬁ?“gnh‘ﬁ@ar an?%%lﬁ’twg Ewongﬁ%ugei ﬁz%lang% t he
shape or the length and di.aneter of e ,adapter body 104.. be sized
and/ or di nensi o dheal?f'&@rd&i FRYY pephY 1%51‘?’*& 15 8&0"8{ 'Hé’?osﬁ'ﬁ%lcpg%atrfg%ﬁlg i cs
desired in the laser torch 100. If additional .length.is need to
acconmodat e t he Higurady Ahe froniflagge H@ﬁ?’?"eﬁq"@e’f‘mﬂ ?%ﬁ?ge%gﬁ'{lﬂﬁgﬁt&ﬁfﬂ 104 may
be | engthened in order to acconmodate a Hore di sg&nt focal .|l en thb for
exanpl e. Addii ohebedy 104mad geqgeale 140. JFhe@papterRAY L4 Bulave SerBEANS P, "pe
adj usted according to operating characterjstics _of the torch 100.
Furthernore, in whichitcar beatiagkeddnthedliffasent elemeats otheforelho nay be

The size and the shape or the length and diameter 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 exampl.e. 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 itsélf 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



15 constructed in a conbined fashion so that all conponents are in a single
integrated wunit. 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 nore advantageous to provide a
conponent-é%%ﬁ%ﬂ?’@tructure to the laser torch 100 so t K" G433 %nt
operating elenents may be dismantled or disconnected 20 fromthe others in
order to provide easier maintenance, interchangeability, and

adjustability. Cenerally, with the optical characteristics, the gas flow
characteristics, and the powder flow characteristics, it is not possible to
provide inmmediate selectable adjustnment for these different facets or

operations. 11 WO 03/066272 PCT[ US03/ 03376 nsequen parts
nust general |y b@oqsﬁ@@Bgﬁd%Hﬂqtﬁ/LWd‘?‘Hsﬁ%ﬁ‘eVHy g? H@F&“ﬁ%ntd#%%ﬁggﬂnﬂ%ggt ructure
or architecture necessary for providing different o

.at i, .
char act eri sti cs. toRipads the pigepbue of gphitectiirs flegessary °I&F<§’ﬁ‘é{?%'?"?%$°n’f Prsredi8 ot er

body 104 or the angle at whjch the powder_ fl o i npto.and.t hrough. t he
nozzle 140. 5 Th@laf?éteilﬁféﬁs-llblsi%d‘gcgﬁ P”a?xF‘?‘P]r‘?o'thgSW”le rpf@xe fAPF 8%' H%ldi ating
the wwde opening at its rear 142 to the parrow, fron%ﬁo eni 144. The rear
portion of the euthepagleatovhich the newder flowe inte pfthoggh thy n %ﬁleuf‘@; while the
front portion is generally frustro-conicular with a flat front face 146.
The face 146 ®f the nbieozzledd0 isgepssaliydiollowdn iy intesior msdipkieg the Pe apert ures
io 148. The powder flow apertures 148 travel backwards through the body of
the nozzle 140 openirg agits teantf2dathe aeromftant epaning| 144.c Xhe Fsar pardpn ofithe ear
powder flow apertures 150. As shown in Figure 3, the powder flow channel
152 i nt er medi at i nogzlet 146 isiganerily eylindrival émnatere, whilerthe Sontpesioninganeraly powder
flow openings is initially

frustro-conicular with a flat 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 pox;vder 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



cylindrical and then tapers to nediate the narrowi ng di aneter between that
of the 15 wider rear portion of the channel 152 to the narrow front

di aneter 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 poYPi%PeHr ough the rear powder flow aperture 15RFTUIYRHE f1ow
tube 160 that nay be made of copper. The powder flow tubes 160 are

i ntroduced into the powder flow channel 20 152 through the rear powder

fl ow apertures 150 in order to provide neans of connection for powder flow
i nes (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 fl ow
t ubes 160 conver : ]M . ' | e WO

03/ 066272 PCTI US%%}‘%@% coﬁfJ%‘?S?%&‘%%&l&??#%W???@s% rt%\gﬁﬁk% °°%‘f2’ef erabl y
out si de the nozzljgygas 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 nozzl e gas Vi 4 leqs. b Q. ..The no gas cover
170 is generally fr usf‘?sg-sg%wnﬁ}glurl%&?‘%{r%elg Eg%élek?gwonéoé}'gecuggF‘?lﬁ%i??zéctgf‘t rear
margin 172 that i nm nat ed e front frustro-coni cul ection, 174,
Thegf ront secti oﬁﬁ?‘gglp P’ﬂﬁlge:tt Secp a%r} iiga tose the fozly %ﬁtcoﬁeﬁgwfﬂt ¢ pozele
surrounded bysa fh t toroidal section 178 of the interior. The interior of
t he nozzle 10 ga% ‘over -170 is generally hollow in order to accommodate the

front frustro- conicular section 184 of the nqgzzle 140. Al aon he rear
cylindrical margin 17%31%?9?4%&3? eRYehY 9 lﬁafé}‘?fagﬁ'%b‘ﬁt§°'f‘§‘6‘?um In shape having a

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-
conicplar 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 channél 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 sectibn. 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



whi ch serve to accommopdate the protruding rear ends of the powder flow
tubes 160 as they project out fromthe 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 jWRP¥EY3re the front tapered frustro-coni cul afFCcEd¥BH 6184 of
the nozzle 140, where the transition occurs between the cylindrical
section and the tapered section. This helps to provide a rear seat between
t he nozzle 140 and the nozzle gas cover 170. 20 The nozzle 140 and the
nozzl e gas cover 170 are slightly offset and spaced apart to allow gas

fl ow between the exterior of the front section 194 of the nozzle 140 and

the interior of e front frustro-conicu ti 4 of .t zl e gas
cover 170. As shiowrs #ife eegefapas fom eP?Zgl’?ﬁ{"céeglgg%g@e%@r%'fdetaltbgelﬁgézI e gas
cover 13 WO 03/066272 PCT[.US03/ 03376, 170 i.s al so spaced t.fromthe
nozzl e face 146 3 Hiodato "{’lBé‘p&aﬁﬂaﬂg’eémfﬂdg?ﬁgﬁF ﬁﬁffﬂléedfgglof%?%%ﬁ% gas may
be i ntroduced as described in nore detail below The nozzle. gas cover 170
has a gas aperture 19rﬁleinﬁ%e$ﬁiceﬁeffli79§a%$?é%e-rf"6‘?l%éﬂtt?l"é“‘?‘h%g?m&i?gq"é pi pe
adapter 192. A barb-tp-Fipe conduit 194 fitE into the 5 fgnale ﬁection of
the mal e-t o- f enciemaledight erelempe gdspien19%, A barprte-pipg condufy 196 Btsdato the, oy ¢ yr e
190 at the nale end 196 of the adapter 192. Left .or right fasteners such as
pi ns, screws,5 bofemalegectionnf the malgiq-femalepdapter 92 shighda tip dtsdpio s gas)
opposed on the rear cylindrical nargin 172 and _pass into' the attachnent
hol es 166 in t heansepee 180 aithe maleand 186, of the adpptes 122.gas cover 170 to 10 the

nozzl e 140. The gas cover 170 and acconpanying inert gas structures may be
ornitted Left or right fasteners such as pins, screws, bolts 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



when the torch 100 is used in an inert environment such as a wel di ng box,
glove box or the like. Additionally, circunstances where a relatively

cl ean vacuumis available (as in orbit) may allow the om ssion of the gas
cover 170. Under such 15 circunstances, the sensor probe 220, if any,
shoul d be NPAY¥EH2t 0 the nozzle 140 or other torch str FGI(JS83/03376
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 clanp 212, which is held in place by a screw or bolt 214. The
screw 214 additippallLy holds in ce roximty switch probe 220, which
serves to detectﬁ@ﬁ@déPQ@%ﬁgéog?qz&ﬁﬁwagw Y- obj ect or workpiece in front of

t he operating front ertures 144, 6 of the nozzle 14 WO 03/.066272
PCT/ US03/ 03376 140 aHitf EGIPHEPERE 2%97){?&3( {"i%‘,“g biag &f‘i}%}é*re;ﬁm?ﬁ&g proxi mty

probe 220 may be spri.ng bi ased. sp that the extepdin roxj mt W tch 222
bt ased fofvr BP QB RESE b DO REvBeRara RORdR POMIBS, . The
probe 220 is held in _connection tq the power connector 210 by 5 the power
connector cl anp 9eveddt TheprebsdsOds W‘?WBW"B?“ 19dhe poyier conrrefor 208 ece or
object will overconme the spring biasing of the proximty switch forcing it
to travel intd tiheppvesgonnacier sBmpeyl2 andiby sommsatonscaew prkoltzdt Ve i ng or
enabling activation of a power connection for the |aser welding torch 100.
The entirety of werkpiegRpiRbiggt Wil esisropps thesspeing hinsing elthe prodinity smiighre 4. 10

Figure 2 shows the laser torch 100 with the attached optical beam delivery
forcing it to travel into the proximity holder sleeve 224 and thus activating or

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



assenbly 130. The optical beamdelivery assenbly 130 serves to take
incomng laser light 250 and focus it imediately in front of the front
aper;g{e igg of the nﬁlee gas cover 170. The optical beam delivery
assenbly is generally nade of optically inert materi_al that it wll
not be afféﬂ?@ﬁm%vzlaser light or the Iike.y15 The opticJ%Tﬂéﬁwp livery
assenbly 130 receives the laser light 250 and initially passes the |ight
through a first collimtor. The optical beamdelivery assenbly 130 has a
first focusing Iens or collimator 252, which nay be a 60 nm collimator.
The first collimtor 252 generally takes the incomng |aser |ight and
refracts it so that it travels parallel to the interior and generally

oaral el <travel i ng |1 O CERal 32 hbisk oo s dAh boadel iaef optica

ggrﬁlnl fE|0;:l<i;1Ir a?/glnis.nnghia f d’i| I(;-EnsI gez ?Egz.f gog:a Lh EldoShat @\r/rg?/i ES :
o102 ot e e PP el e e

;th gnceif ]E ggt :‘ Sgﬁwltgré}ff\s%g@é’l g?aﬁor%gg(ggwrﬁl%pﬁcg -4 B’flit%%'?goc%_flé !fatrsr%ftq %rh 130 so

first collimator gf&@?'?ﬁ@iﬁé?-"&: a%9rt°§S%E@ggﬁv%gg@%ﬁ%?}}n%éﬁﬁ% %?H?Iﬁﬁ%grt Ihi ;E?

250, at a distance approxi mately eq,uz}llezto t he focal lé’ipg"th of .the first

col | i mator 5 Penlenp232. Fhedfoga lenp 29445 hepdorated negrdhe ¢ng PPHEAL AN e ond of

t he optical beam delivery assenbly 130 pgsi te that .of the incaom | aser
light 250. As théelmafaassemlémwzm%l&etb#t&? iReemige laser light %Po%@teg&f’gge, i t
i's spaced apart fromthe light- exiting end 258 of the optical . collimator
130. Nlote shoul dlépe 28iserotedien byt hlenpiatertars 1oy B ispaced @RHT om3f §gm 1t s

opti ma

exiting end 258 of the 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



10 collimating and focusing properties can serve to focus the focal point
of the laser |ight at, beyond, or before the focal point of the powder
flow and that these two focal points may be di sposed selectively with
respect to the end of the nozzle 140. Under certain circunstances, it may
be nore adWiROHMS§¥ds to provide different focal points fESTYNEPEser |ight
and the powder flow GCenerally, these focal points 15 would be col linear
with the major axis of the laser torch 100. However, the present invention
could provide alternative enbodi nents where such focal points are not
collinear. In the nost preferred enbodi nent, no dispersion or absorption of
the incomng |aser |'ight 250 occurs throughout the optical collimator 13 0

or the 20 welding torgh 100 in order to pravide higher, efficienc d so
Chat as mich as the . PREGHM AL mopmRboRocut SRTaE i THA St | Grg
focal point 270. ni pal __ di spersiqgn of the r light is desired nost as
t he most energy Weq"g%el&o &H@H“’ipﬂﬁg?ftt@éf’ ‘%l'ﬁmﬁll?ﬁé’é’étf&fq ‘ﬁl‘?f"’l\l‘ges Hen
delivered to the weldjng site. 16 WD 03/ 06627 PgTI USQ3/ 03376 Péﬁf(ﬁrabl Y,
only the i nconm ndogused laser lighicksP uppmgrdtingthe porzisy dike PREASS RPbes| 1802t ibes 160
and the powder flow channels 152 obstructs or occludes the focused |aser
li ght 250 upon espowdeiflavhehanpely [ 32 shangdheyameapminabyorkingLecal poinp At asghfnder
fl ow channel s 152 share the same nom nal working focal point 270 as the 5
| aser |ight 250. laseelight360. Theexastdecation efiihe lages dight ang wowderdlogbipea pomisow
focal points can be adjusted independently in order to optim ze the |aser
and powder i nt ercanbé adjustérhindependently incarderth eptimiae thy laser ande@owdefer | ght is

then focused upon the fusion powder and whatever working surface is set
before the open finterattieynehatag@ristics. 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



and the nozzle gas cover 170. 10 To provide for such independent adjustnent
of the | aser and powder, the body 104 of the torch 100 may be

i nt erchangeabl e and provide a selectable variety of dianmeters and | engths
as approprlate or useful for the welding activities, as _indicated above.
Addi t i onal IO %66 2der to provide for higher transm ssi of VKB Cser
light, 15 anti reflection coating may be present on the | enses through
which the laser light 250 passes. Furthernore, the focusing | ens 254 nmay
be subject to possible threaded adjustnent so that the focal point of the

| aser |ight may be adjusted manually and spontaneously by the wel der. Such
t hreaded adj ustnment nay take the form of an adj ust nent screM/that noves a

carriage on whic ocu3| Ien 4. transl ate ion, |aser
light is suppli eg ikﬁwnﬁtﬁy lqu ’Grsuf%ﬁ?mi'iol?éehta% {%ﬁ’@npf’w ecei vi ng
end 262 of the optic am del i ver ssenpl The | aser i's
t hen focused si ngief"é%g&i@f’ %Fsttﬁo’f‘?] E&?%W%%‘&fg% O’Ekﬂlef"%%bj%f;% ‘83‘5“6%
p0| nt 17 WO 03/ 06627 [US 3/03376 _270. The ene 0 he | aser |i ght

s sufficient t& <tm?dh‘@1ﬂf@§#aa?r lﬂae%eérﬁl%?mpowcgr eftgﬁy%ﬁ} pessifiedQperforie 55t
sone surface portion of the workpiece object to be welded and gdjOlned

with the |aser |™gldepr ef&elfqmthwbmamnq qn mgtals e pthefsueagss gusceptigiertp or m
wel ds or other construction operations on netals or other surfaces
suscepti bl e t® 5laserswdldigg| di ng. Wiile the | aser wel ding torch 100 can be
used w thout fusion powder, the conjunctive use of the fusion powder wth
the | aser |ight 250 p%mpd@gaqqg‘gglgmgyorch 100 can be used without fusion powder, the

conjunctive use of the fusion powder with the laser light 250 provides means by
which repairs, seams and other constructive welding activities may bé 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



whi ch repairs, seans and ot her constructive welding activities may be
performed on netal objects or objects of other |aser-susceptible
materials. 10 In operation, the barb-to-pipe conduit 194 snugly and by
means offiriction fit receives an outlet connected to a supply of inert
gas, such MOPH6HEbl e gas argon. Argon gas is then used“HHEW¥®BH t he

pl enum 186 as the front nozzle portion 184 is slightly offset fromthe
interior of the nozzle gas cover 170 in order to provide a

frustro-coni cular 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.

I nert gases are used in order to prevent the unintentional conbination of

lecul'es in the bleed and .nozzle f| i.th the wel ding site. Such
Mmert gases arc BHBTAR "THOCRPtos e g el PE Bstiendes ey i n 1 o

(tungsten inert gas wel di n al s nown as GILAWor gas tungsten.arc

bl dingy | 1 nert JuRorigetty S to SRS dEE et TG wi ¢ h
other materials @ l.ecu] es Hel i um i s, one predon nate] y-used |nert gas
and is a noble gége, vgglgmﬁélt%r%‘ﬁ?ﬁe"p%mﬂn mavt &5%%%8%&7“5?*%%@&%@& as
inert gas under sone circungtances. Additionally, if the welding site is to
be doped or int eﬁ‘PWSYF&’I faptro. @Waﬁ%GB‘g‘ﬁQYWP%%bW%B@Wg%WP gt ed
wi t h substances beyond .t he .saggstrate or, the feed powder, the gas transport
system may serve 2H Ay heyssirablopaderspehdreamaianiendQthsr 2ave euldalso bent o t he
wel ding site. Sone experinmentation may be necessary with this enmbodi ment,
however, cont r ol H&Epdysedinto theinert gagflaygingyder feprowide siphdntersionalfaltesationndf i nt o
the inert 5 gas, may be desirable under such circunstances. Qher gases
coul d al so be i rthe dgmicalistrustuse atitke weldsite. gas flow in order to provide such

intentional alteration of '
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 wérking 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 ﬁ.lsiop 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
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the chem cal structure at the weld site. By the application of non-reactive
inert gas, the powder and working surface subject to the incom ng | aser
light 250 is kept from oxidizing or otherwise 1o combining with anything
but the surrounding naterial. Free oxygen or other gasses in the
innediatel?”%&?ﬂ%@ﬁt envi ronnent close to the working fod&T/4s8¥93876 270 are
di spl aced by the inert gas. This allows a greater anmount of control wth
respect to the welding of the workpiece object and/or the fusion powder. It
al so di m ni shes conbustion, oxidation, and the |ikelihood thereof and
provides for a 15 better wel ding operation as only the materials sought to
be wel ded are made liquid or soft by the energetic incomng |aser |ight

250. By ‘provi di hand- h wder - f eg. | . ' | ding_torch t

Forih herei n. | abaP BT O RR PAT FOHSS ASLABEIE IO U SRt B Ghng o
hapi th | worker. Additionally. wth th

avai labi 11ty of PREHEESESE lﬁ%’éeet&?mﬁ%’%%;féhwf epegRee ot eg@o%ﬁ%: | s

f usi wder i ti ith t . 160, .t in
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achieved. Simlarp to at as _.sho in Figure 5 the_proximt robe 220 may
operate 19 WO 0%F® Q‘E*"?‘l’f‘i*?‘?ﬁ%é\?@gﬁ GO‘gF?lqucﬁﬁfﬁﬁlﬁi& f§f\d994?¥%eﬁéﬁ? Heer
source 280 in_ order, to provide automatic switching operation according to

the proxinity® of Profi féte 282. In one embodinment, wiring is connected

to the power connector 210, and the proximty switch 222 then enables
activation of the | as@enesbysthe pooximitywatch 323 prly engbles agtivstien anddloenn® the 5

proxi mty hol der 224. i . )
serve to actually activate the torch 100 unless it is the last element in the

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
20



Generally, the proximty switch 222 only enabl es activati on and does not
serve to actually activate the torch 100 unless it is the last elenent in
the activation mechanism The activation of the proximty switch 222 is a
necessary, _but not a sufficient, condition for the operation of the torch
100. The acYPIHE of 10 the proxinity switch 222 is ned&dd83/0Bcause it
must be activated in order in 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 hand held trigger or the |ike (not
shown) may al so 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 Figu

5..0f the wrkpiece is elecgtricall conductive n
ol ect 11 cal ot o AT gl MBS prFuRL b SBiretore BRY S Bebetned s
circuit 286, which controls electrigal . suppl [ | ectrical supgply path
288, Wth the ol Gdheitsr smpsiop PRt Lo s Rk ek 16 Ffhetior siSmsPoBE 7.0
el ectrical return p:f\t_h 284, interlock control cir '.t\’ﬁ8q6, apd el ectri cal
Suppl y path 288, CPIH! SEPuft286 ey o caRiEq! aPoRR aree 2 3 Bimal LR Har ( he
| aser torch or laser torch 100.is in sufficient proximty to the workpi ece
282 such that théedgsemblynrdkelikso shoul d be activated by the activation of

the | aser source 280. The interlock control circuit 286 upon detecting a

closed circuif path nile Ravedsr ieed agserblyi290 mey be gignilaptodhat g isrkagwn spthe\o

03/ 066272 PCTI US03/ 03376 280 so_ that |aser light sufficient to perform
wel di ng oper at i oad- Reyydesdonthemeltisitraasmitigd as pyRumpinger thekikedtp the 19g¢ln 1488 t o
the |l aser torch 100. Furthernore, the interlock control circuit 286 may

al so control a péwdempsmissier trough therpomder flayy phagnely 120 i Bqurceras seeryais éofp| v or
the Iike.
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 160, 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 g.pprox,i,mately 1.06 micrometers delivering energy sufficient to
perform the welciing “activity set forth herein. The use of metal powder may
subject a capacitive non-contact sensor 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 ~sensors 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
21



5 The powder feed assenbly 290 may be simlar to that as is known in the
art. Powder for the nelt is transmtted as by punping or the like to the
nozzle 140 for transm ssion through the powder flow channels 152. A source
or reservoir for the alloy powder may be kept at a distance fromthe |aser
torch 100 ah@%%%Asnitted to the nozzle 140 by pressuri Z&EdYSHES6r t he
like. 10 Additionally, other types of sensors may be used in order to gauge
the proximty of the torch 100, and the focal point, fromthe wel ding
substrate. Such sensors included non contact sensors that may use

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 |aser.|ight havi a vel engt h of approximtely
1.06 m cromet er sCRAVTFReCH @ﬁ@&&?“gﬂp??%fgﬁﬁ§?%a performthe wel ding

-activity set forth herein, Th se aof tal .po r . o]

capalc-;/!t i ze non- cont acgfﬂé‘i%'ﬁL‘B?t 5?18‘%55}]?15?%?(@? fr%?frﬂ\%gf:%'g?dﬂﬂczlﬁtdllaeﬁaa O?y, t he
heat d inf d t.ed by,the t | i ti |
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qualities 20 may be used in order to provide non-contact sensors and/or
these diffi cuIti@échrﬁﬂP- be overcone due to the characteristics of the
particul ar non-contact sensor. Additionally, other sensors devel oped in
the future may be appFreRfoxigityREobeSF gapsory3s emc?we%?%??ffz“&ggﬁ'ﬁ?‘ageous
proximty sensing so that they may be easily 21 WD 03/066272 Pﬂ;l US03103376
or advant ageous| {argen disenipinatienend poisting eonsispials. Renovides PFRSEIFOHER! PEhown i n
Figure 5, the interlock control circuit may also control the supply of
fusi on powder as defisiing erymainiainingdhe esrreptiuorking distanee frofa thenpezle gas cover

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
22



torch 100. 5 The proximty probe or sensor 220 enhances operational safety
through target discrimnation and pointing constraints. It provides
process control by defining or maintaining the correct working distance
fromthe nozzle gas cover aperture 176 to the workpiece 282. The proximty
sensor 220‘ﬁ99y@%?mer provide physical limts of worki ndH/EOHRE or in
the case of a closed |loop control system 10 provide distance feedback for
an automatic working di stance conpensation apparatus. Additional feedback
may be provided by the proximty sensor regarding relative positioning
between the weld site and the torch 100. The proximty sensor 220 nmay
provi de audi o and/ or video feedback to the welder regarding such relative

positioning. Moreqver, t proxinty sensor royide 1 uf ficient

f eedback to all o%??tﬁéené?&%qsxbe?tﬂt%%l{yﬁ’éafy ‘B‘gﬂ ‘“‘ilq‘i 16 ll’é‘@m?‘i?ﬁtpt SIHd  the
powder flow. The hand held | aser, we] ding torch 100 may .include th

i ntegrated saf et Yorkpiesx2%4- 11 s%gﬂg%rt{‘ez‘ﬁ?f%%‘i’edﬁe]ﬁ&?sbtﬁ lé?l%tﬁ‘flﬁ?@ﬂ?‘?ﬁi sol at ed
contact probe 220 with a _spring-1oaded tel esco,{pi n progie %i p ga\zail bl e as
an of f the shel fansdpgatedfom adiscontymstal compapenty Thedelglinnstip ofthe POFtenef | aser
torch via the nozzle gas cover 170. The sensor 220 nmay . be gqld, plated for
better conduct anthe safgtyipsohe228avhilg inysogtagh with the workpiscy |2§¥ gefings a"ﬁéléf egdont he

wor kpi ece 282, forms an_electrical path for a | aser process shutter
control circuft ofdaser prisgipgand Ql’é‘lféhglb‘lﬂile g esktaggst ks begnselestedy ABut put, t he
22 WD 03/ 066272 PCT/ US03/ 03376 safety sensor 220 nust be both ?hysically
and el ectri cal | yeleesriend setem path 284 anugtchs nrevdded fepm Preavaskpiere 282 o e laglhi ng, t he

wor kpi ece itself nust be isolated fromground . )
process shutter control circuit 280. This is established through an electrical wire

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
electrical 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
23



and insulated from adjacent metal conponents. The relationship of the
position of the safety probe 220 while in contact with the workpi ece 282
defines the direction 5 of |aser em ssion and ensures that tBe corr_egtcI
target has ected. An electrical return path 284 nust be provide
fro?nthe m‘?ﬁg{‘}%“ggzzw to the | aser process shutter contB@YUSHBIA t 280.
This is established through an electrical wire connection ftomthe

wor kpi ece to the process control system An alligator clip or equivalent
clanp provides a suitable means for connecting to the workpiece. 10 Target
discrimnation is achieved by virtue of the required electrical contact as
illustrated in Figure 5. Laser em ssion is prevented unless direct

262 has. been el aBrrehaa D SutBLRRiTRR SRR oS erS b iR coo
sensor probe. 220°EiRaRe s BT bohaerosieds ERBEaeREreriedbek The'r ange
manual Ty fol | owsPeRZEBNESt E5iceRe. JH e pr i e kR oL Pances and
brobe i ps. S ncls it Pt e BraipE ysigisdo mgiak ppOsioaed GEeRRS L5l | ed
as needed due_to, nor ma %\F/ov?&,;]éﬂnd tear. Additionally, advances in

| aser - f ocusi ny afd™p apd theverriisce 284 siroughi aplpsedrioopdsedbackent of the

wor ki ng focal point 270 according to the working distance detected by the

tip 222. In an af¥terniatestacad yithmptorizeddensisnd povidesapzzls posision actaatorsh| e
di spl acenent 23 WO 03/066272 PCTI US03/ 03376 transducer (LVDT) may be used
in place of the basi Clngﬁgqhﬁgﬂl;pp@&%gnemrme non-contact sensors may be attached to

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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descri bed above. The LVDT probe provides a source of electrical feedback
proportional to its displacement. This signal nmay be used to actively
control the |laser and powder netal deposktagg syztfﬂs torEg:222|283

erm | nce 5 between the torc and the wo
ItoLregﬁtgh a (r:\?gsog/gﬁ-%%‘%op f eedback systeminterfaced w th nRE@EVIS¥PIIens and
powder nozzle position actuators. In another approach, one or nore
non-contact sensors may be attached to the welding torch 100 to provide
safety discrimnation 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 w der range of workpiece conponent shapes

i i i red with the point ., contact sensor.
Candi dat e sensor &t ApBAE Sty SubREREH bl o Brdiieny AR opr cal
iti [ ' ' t echnol.ogy. Conbi nati pns of nore than one
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sensor technol ogi os TR e Beldour oL FE s it s Sseh Aiedpsepbeaandmat | ¢
I control . systens . to.maintain part, distance requirenents. The
ﬁ;gzeﬂa SOBO\AUerIS?V%dcf ' fyugsfg?us?%%‘i?%%a farget EF"E I(I‘i?elﬁﬁ%ge‘feats'éﬁ noglegity 20 a
manual process apd np programming i s necessary. It makes it easier to
maneuver the 1as ?mSE’igg'&S- wand/torch into hard to reach places such as
nozzles wth curvat é%gﬁﬁqli This feature allows for three-di nensional (3D)

welding in random | B Wnertgasis ugsd; ta Pratest the pewdenand suhgtraty Soems are t wo

i i 03/.066272 PCTI US03/ 03376
di mensi onal (2D) co%tAfam\{gtion (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 ﬂéxibility 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. All
details, or elements, of the nozzle assembly can be casily 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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and are limted due to automatic programm ng requirenents with mniml x-y
novenent s such that they cannot handl e nuch variati on between parts. In the
hand hel d powder-fed | aser fusion meldinﬁ forch, t he Iafe{hbean1arg ep?rdgr
are focuse ' of the nozzle. This helps to preven e nozz X
fron1c|oggﬁﬁ§$&@ﬁgglding inert gas is used to protect thePQINRI¥P332Nd
substrate from contamnation (i.e., oxidation) by renpoving oxygen and
other reactive gases from the weld area, A lightweight design makes the

| aser torch ergonomically 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.

50 used as o ssrBbyR s MM bR bRl wl bl G orelERhiy BoLm ey when | 1o
to del | ver the poiie kiR RERP G 8 ni This 1o to prevent any
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the torch generah%%ﬁeggg%én%5|gnlflcant degrees of spatial freedom so that

the wel der may d & dsreadyi Pependingondhe conptenctiempishe welding torch

ily- i eved sitions. In this way, the welder may 25
easily-achie %)0, the proxslmlty sensor 220 ma%l 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
26




WD 03/ 066272 PCTI US03/ 03376 conformhis activities to the needs af hand
and is preferably not limted by physical constraints of the |aser torch.
The wor kpi ece 282 may first be prepared as by solvent cleaning or the |ike
to ensure upagy&ggnmorkpiece is clean and ready for welding. Once prepared,
the 5 welding torch 100 is prepared for use with the sourB(d/@03h@%xer |ight
and source of fusion powder nade ready. Depending on the construction of
the welding torch 100, the proximty 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 wel di ng
process upon the workpiece 282. Laser 10 light and powder flow are then

delivered by the : ite .and the | di n rocess
is perfor rreé upor? hl?ﬁﬁ@v%ﬂ(ogli%e%éggn Wﬁ Q%t(ﬁgﬁ ol éfssgﬁlg IW?%%@ngaBﬁﬁ% S{%“I%Pé%’r‘i

described with refeefRCEhetRiofls I odi ment or to particular
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concept thereof. i A\, i nt er ngeabl e nature of fasteners
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contenpl ated as [ isclasing. all pes .of, fasteners or
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functionality of ol d tvpe of fasteper or fastening. For exanple,
a bolt, screw, plt&,?tr“%a{l/azf% l,n%%?lmc% fsclnsed hetein 1or caraing i @utobus thagtheh one

anot her as wel | st.eni S wel ding, Likew se, other
i nt er changeabl e g’l%g;&g’ﬁtlgc?u"(}g8&8’9’%41??“t6fauf‘1&%1}1’@)ﬂ1§ seape of thetappgolded ed as
bei ng

claims.
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26 WO 03/066272 PCTIUS03/ 03376 simlarly disclosed herein when one or nore
of such interchangeabl e or equivalent elenents, operations, or functions
are disclosed. In addition, many nodifications nay be nade to adapt a

parti cul ar alo_rﬁ%ﬁyzon or material to the teachings of the invention w thout
departing from 5 essential scope thereof. Therefore PGIIUSOHOBH ended
that the invention not be limted to particular enbodi nents discl osed
herein for carrying it out, but that the invention includes all enbodi nents
falling within the scope of the appended clains. 27 WO 03/ 066272

PCTI US03/ 03376 WHAT IS CLADAED I'S: | A hand held powder-fed |aser fusion
wel ding torch (100) for treating a workpiece, conprising: 5 a body (104);

a nozzl e assenbl mﬁgcmm on the body (104), the nozzle assenbly
(140) defining a central nozzle aperture (144) through which gas and |ight,
including |aser kight ' f|ne first and
second powder fl (h)W ch%#@g&(ﬁ%’%&%olmfﬁgﬁgﬁ e%?él%%&v@mﬂ%ﬂrgﬁqa o5\ poi nt
(270) adj acent t%@%@yca”ml §| e aperture (144), whereby fusion powder
may be transmtted dug the”first and second powder flow channel s (152)
for fusing byslaser | nsmtted through the central nozzle aperture
(390). 5 4 S8y (1643

a nozzle assembly (140) mounted on the body (104), the nozzle assembly
(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 point (270) adjacent the central nozzle aperture
(144), whereby fusion powder may be transmitt\ed 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 ﬂc;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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15 2. A hand held powder-fed | aser fusion welding torch (100) for treating
a workpiece as set forth in Claiml, further conprising: a powder feed
supply system (290) coupled to the first and second powder flow channels
(152) and\ﬂé’k"@%é}i p,g the first and second powder flow channels (152) with
fusi on powder. 8’3, A hand hel d powder -fed | aser fusi on R&ETE$03HP3T60r ch
(100) as set forthin daim1, further conprising: the first and second
powder flow channels (152) being |ocated in opposed positions and tapered.
28 WD 03/066272 PCTI US03/ 03376 4. A hand held powder-fed | aser fusion

wel ding torch (100) as set forth in Caiml1, further conprising: first and
second powder flow tubes (160) respectively inserted into the first and

second powder fl aw charhagd keld 35wder- i (0] I ow tubes 5
p elfl p6wder-fbdBsek Kilsidn @éi&ln%f‘og%ﬁ?@g%‘)!& af%%ﬁ

(160) providing a conduit between a powder flow sup Phe first

and second powde€laiil 10MrhbPsMPrRing152) . 5. A hand held powder-fed |aser
fusion welding torch (100) as set forth in Caim1l, further conprising: 10

th I 140) havi i LGal [ t d.t
ol 1 ow 11 st r o- o ou o T Tenr dock o RA QAR BEGHY Thefld RN A [

flat toroidal fages ldé@posldeichs EhanRbiof shy)he thHMhA BloohPBEHE: ABSLHUL S (144)

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 nozzle (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.

20
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the first and second powder flow channels (152) symetrically energing 15
fromthe nozzle face (146); entrances (150) to the first and second powder
fl ow channels (152) located in the rear section and adjacent the front
section. 20 29 WO 03/066272 PCTIUS03/03376 6. A hand held powder-fed | aser
fusi on wel WAGREI%h (100) as set forth in Caimi, furtREIUSSHIRTG sing: a
nozzl e gas cover (170) attached to the nozzle (140); the nozzle 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

i ntroduction of gas, including noble gasses; the nozzle gas cover (170)
general ly spaced apar frombut in close proximty to the nozzle (140) so

as to provide a ghroug h’ahl@E&ltd:qt}%dé}%&iaﬁer%Mweléi%g}{s}?ag@ a&’%ht)‘;fﬁnﬂﬂls may

fl ow before exiting throug e cover aperture ere gas may be
controllably intr, CEG. et .fhe nozzle (140) and the nozzle gas cover
(170) so as to prd(;é\:/lfhdfgq"}i contros'n d environnent through which |laser |ight

and fusion powder may B@ﬁz‘fe?agch%rk%? Ia%gé'd[r}gtﬁeﬁn%?}fﬁggogt (270). 15 7. A

hand hel d powder-fed l'aser sron-we orc sset forth in Cdaim
1, further conprisi N9the nozzle 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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a handl e (102), the handl e being renovably coupl eabl e and positionable
wth respect to the nozzle (140). 20 30 WO 03/066272 PCTI US03/03376 8. A
hand hel d powder-fed | aser fusion welding torch (100) as set forth in
Claim1, furbher conprising: a controller (286) adapted to sel ectively
provide |ighP % HRe torch (100); 5 a proxinity sensor (ZIYU¥IPI%d 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 held powder-fed | aser fusion welding
torch (100) as set forth in Caima8, further conprising: the proximty
sensor (220) coupled to the workpi ece and establishing a closed electrical

circuit when thegproxififiyhee er.@&fii%rmgﬁlfmﬁﬁmrmﬁ a8 6 forthim t he

closed circuit enabling activation of the welding torch (100) and breaking

of the cl osed cj iyt i 1ng the welding torch (100). 20 31 WO
03/ 066272 PCT/USB%%B%@? ﬁ&%%ﬁ$§&h§nd hel d powder-fed | aser fusion welding

torch (100) as set f of (Ecgmjoﬁer (286) adapted to selectively provide light to the torch (100);

5 a proximity sensor (220) coupled to the nozzle (140), the proximity sensor
(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 activlate 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 sensér (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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Caim8, further conprising: a controller (286) adapted to selectively
apply light to the torch (100); the proximty sensor (220) conprising a
switch (222) that turns on when 5 the Wirkpi ece activates the proximty

sensor (220) and turns off when the proximty sensor (22 ' tivated
the switch W99¥9663%r ni ng on and off the welding tOI‘CI(‘l (%)(ﬁff?sgg@gfﬁdi ng to

the on and off state of the switch (222). 32

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 (1 00);
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).
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