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2262901 Met hod and apparat-us for wel di ng wor kpi eces made of superal | oys
_This inventi'on relates to a nethod and apparatus for deposition welding or
j oi nt wel di ng wor kpi eces made. of superal | oys by means of 7 S ISi ng
protective gas with an arc betmeen a wel di ng el ectr ede and a I"ec

which is preheated by an additional energy gource. A nmethod of this type is.
known from DE-PS 28 31 702. In this known nmethod, preheating is carried out
usin 432 addi tional energy source which is f or med by a plasnma arc of a
non-fusS*bl e el ectrode. At |east part- of the preheating plasma arc of the
non-f usi bl e electrode streans obliquely into an arc of a fusible electrode.
The di sadvantage of this nethod is that it cannot be applied:to

age- hardened super al Qo idiE dppard@ds of ol héThinl tBexpddddsonal energy
source, i.e. the plasma arc, is extrenely limted and its tenperature
cannot be controlled accurately adetdpkwbenelllopg, melting or heating a
morkplece by nmeans of light energy 1s known fromDE 22 57 739. This nethod
is used in a nodified manner for preheating 3 - 2

This invention relates to a method and apparatus for ...
depositibn welding or joint welding workpieces made of
‘superalloys by means of arc welding using protective gas
with an arc between a welding electrode and a workpiece

which is preheated by an additional energy source.

A method of this type is known from DE-PS 28 31 702. ;In
this known method, preheating is carried out using an
additional energy source which is formed by a plasma arc
6f a non-fusible electrode. At least part of the
preheating plasma arc of the non-fusible electrode

streams obliquely into an arc of a fu;ible electrode.

_ The disadvantage of this method is that it cannot be
applied to age-hardened supeialloys}'since the area of
effect of the additional energy source, i.e. the plasma
‘arc, is extremely limited and its temperature cannot be

controlled accurately.

A method of welding, melting or heating a workpiece by
means of light energy is known from DE 22 57 739. This

method is used in a modified manner for preheating



superal | oys using protective gas. In this nodified -nethod the |ight energy
I S not concentrated on the object to be heated as in DE 22 57 39, 'but
paral l el radiators heat the workpiece over a large area. In this nethod,

wel ding is not carried out by neans of |ight energy, but by arc wel ding
using protective gas. A disadvantage of $his nmethod is that parallel rays
are limted with respect to siize and heating capacity ratio, so that the

whol e wor k %gﬁggi;PQ%ngqnhpﬁhgﬁéggﬁggu%?g.tefBeEﬁigrQOQEQF%%psiderabr}ﬁ

preheatin retha m nut es are’ necessary. he sane ti

the prot e%éyﬁoaaihg%g%%i Lol AN AGE0UshYedt 28R b yitg%at ed. Finally,

the light source is a cost Tactor on account of iIts power

density, aspjbet! kberel Hededd My ipdd@tPsSsS38eVELel Yak@teict ed by the
hi gh output Tequired. Furthernore, in this nmethod not only is the welding

regi on of $heiwebksi aeathediccdrodii dde pvotedt Lueggaarea. al 3@ Redlsed by
convection via the irradi ated protective-gas container, which receives the
wor kpi ece, m@thbdl heell@iwlgt itshatott hereried consi Her mbhast bér ddightt ress for
co-workers in the application of this preheating and welding nethod. This
met hod i nveheegyhi dlateder gy ccoreduhipty ossinFuprhéegbive gesling devicés--are’
necessary in particularly_crjtical areas of the proteptive gas container. 4
A disadvantage of this méthod is that parallel rays are
limited with respect to size and heating capacity ratio,
so that the whole workpiece is heated to the preheating
temperature and considerable preheatiﬁg times of more
than 5 minutes are necesséty. At the same time, the
protective gas holder is diéadvantageously also partly
heated. Finally, the light source is a high cost factor
‘on account of its ‘high pbwer density, as the life of the
light radiators is severely regtricted by the high
output required. Furthérmore; in this method not only
is the welding region of the workpiece heated, but the
ptotective gas is also 5eated'by-conVection via the . Q)
irradiated protective-gas container, which receives the
workpiece, with the resqlt:thgt there is considerable
thexrmal stress'for_co-wquerslin the application of this
preheating and wélding meﬁﬁod. This method involves
high energy consumption; Eur;hermore, cooling devices
are necessary in particularly:critical-areas of the

protective gas container.
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3 A net hod of

repairing turbine bladeé by - néans of ~ deposi ti on wel di ng

superal |l oys 'is known from US-PS 4, 141, 127: - I.n this nethod, the wel di ng

stresses are subsequently reduced by a tenperlng process at 1200[err] for

hour. A di sadvantage of this nethod is that this repair process with
subsequent tenpering cannot be used for allzprecipitation-hardened

superaH
passis
hol e wi

and appar at us

and wherein accurate control

oys.

Furthernore there is the danger of criack formation when

throughmggﬁ olgegpe

_ h tilit
const|tuents&éﬁﬂéggfﬁaggﬁplece ?%%??gmmggngngfagfd:né gnd
t enperi ng Tha mg@bféfé&oﬁf wféi%u!dygsm\}a%hmo 0 péoxhsénafs.rshh% @is this type

the preheating tine shortened and

the thermal siyess, @27t he 1Ry ARG Ind-HES, CONé adPdiAgds e@cBekeET e educed,
and regulatlon of the preheating tenperature

erern energy 1s

guar ant ees crecakségaently deFuvdd WYy fd4 asemivgObng | provessi Ag arRojoICNt
wel di ng of superall oys w thout having a harnful effect on the basic

mat eri al-,

evefioduli hgusubsaqukistadveaitdgeaifiretiss méthodviat thatpthdisdes a

met hod of deposition welding-or joint welding a workpi ece made of

super al | oys akepadrnpyocsss| alihhl supsequent tempering cannot be used U--.

for all precipitation-hardened supe?alloys. Furthermore
there is the danger of crack formation when passin§
through the temperature range of what is known as the
ductility hole with y’ constituents, and of workpiece

distortion during welding and tempering.

The object of the invention is to providéfa method of

this type and apparatus wherein energy is saved, the

"preheating time shortened and the thermal stress on the

protective-gas container and co-workers reduced, and
wherein accurate control and regulation of the
preheating temperature guarantees crack-free and
distortion~free deposition welding or joint weiding-of
superalloys without having a harmful effect on the basic

material, even during subsequent heat treatments.

The invention provides a method of deposition welding or
joint welding a workpiece made of superalloys as claimed

in elaim 1.
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4 The advantage of this nethod is'that as a result of heating by induction,
.the welding area.is accurately preheated to a tenperature which cdrresponds
to a stress-free annealing tenperature known for the material of the

wor kpi ece. As a result there is a continuous reduction in stress to a
residual value of the resident internal welding stresses which is
~non-critical for crack formation. Inductive heaters and inductive heating

~nmethods ar efﬂ(%‘%ﬁﬁ%ﬁ% 8edcaLs mg%ﬁohn 16 A A

: -{%%ui@ spe e
preparation erature nelting baths or 1n soldering In a vactium

or a proteqgida4s 9SSt RAubLEBn, t eRRELRL WSS XY -isThaddusdvany ages for
arc wel ding using protective gas have not ‘hitherto been obvious to the

wel di ng expafdhdaté@ tHeanebinpegatate whidhwai-reridondy atbt® the interior
of a coil in inductive heating. A welding zone would consequently have to
be arrangedtredsrefraéecanneadt ngntengecatureo kefwirediow eclpe ateead rhglof t he
wor kpi ece, whi ch neans negatively influencing the arc and insufficient
wor Ki ng r ocf fiahe therkpiedcag eRpent reenlguitdiens tise selcmttriodeous f i nducti on
mel ting furnaces are used--only for heating 6

reduction in stress to a residual value of the resident U

internal welding stresses which is non-critical for

crack formation. -

Inductive heaters and indﬁctive heafing methods are-
known per se ana are used in crystal growing, in the:
preparation of high-temperature melting baths or in
soldering in a vacuum or a proﬁective gas using high-=
temperature SOLQer. Their advantages for arc-ﬁelding
using protectivé gas have not hitherto been obvious to
the welding-experf since the melting zoné is always
restricted to the interior of a coil in inductive
heating. A welding zone would consequently have to be
‘arranged. in the interior of an iﬁductor for effective "L;
preheating of the.workpiece, which means  negatively

influencing the arc and insufficient-working room for

the welding expert for guiding the electrode.

If induction melting-fuinaces are used only for heating



5 conponents, the induction coil used therefor, and which is usually wound
onto a ceraric or quartz glass tube, conpletely surrounds the workpiece to
be heated, which does not permt simultaneous wel di ng mani pul ati ons on the
wor kpi ece. A positive effect of inductive preheating for the welding of
superal loys is that the preheating tenperagure is reached within a few
‘'seconds, and consequently criitical tenperature ranges bel ow the preheating

t {at i C _ S ed ) : :J | . .
wel di g wi ¢ nePRREEREe A Shd Kt odLf GOBh PHALS LB PR S 1

al stress

over| ap as a;geaulia1tly Ydulfd Witlo 14 AR 6L GubttaCoY asdoRATd,S) Whi ch

cause vol une shrinkagé stresses wth sinultaneous brittleness (ductility

hol e) and copgagierlly GwBHodidMENd WworkpUScdatdeBeNEeattRe, akindh when
passi ng through average tenperatures bel ow the preheating tenperature. The

preheati ng tasper abitr ©drirat haimeern PdPusnde 1dDAG enahCphitaty 'onsdeppsi ti ng
superal | oys. The turns of the induction coil are water-cooled and are
advant ageoustiiengbrimijeesi.ed to wear. The feature that the preheating
tenperature_is hel d . e
A positive effect of inductive preheating for the
welding of superalloys is that the preheating -

temperature is reached within a few seconds, and
consequently critical temperature ranges below the
preheating temperature are quickly passed through. The
continuous stress' reduction in welding with inductive
preheating furthermore prevents critical stress overlap

as a result of structural traﬁsformations (fine vy'°
deposits) which cause volume shrinkage stresses with
simultaneous brittleness (ductility hole) and

consequently crack formation in age-hardening

superalloys when passing through average temperatures

\ below the preheating temperature.

The preheating temperature lies between 900 and 1100°C
for y’ -depositing superalloys. The turns of the
induction coil are water-cooled and are advantageocusly

not subjected to wear.

The feature that the preheating temperature is held

constant



constant -7 6 by neans 'of a regulator which is operatively connected to a
pyroneter and a hi gh-frequency generator has the advantage that tHhe
preheating tenperature is reached within a few seconds by neans of
inductive heating and is kept constant during welding sustained over a
relatively long period. For this purpose,gthe pyroneter measuring point on
the side of the workpiece facing away fromthe welding area is adjusted and

Lnduct i on Naatndiing abE] 894l 32N JHAUC LI AEREY b@&ﬂﬁset&?ﬁng pd

500KHz. The ‘invention furth provi appar atus Tor ca?rylng out ove

met hod as aiqidrggyiometairmhida Zhaiddaragr iy (déte ARPGRALNS kRt hat the

wor kpi ece may be rotated within the high-frequency field of one or nore
i nduction caivantade thaer dhe peehehtimey WingdAtu e 0i st Se8hdlng area in
7 it

an optimum position in relation 8 _
within a few seconds by means of inductive heating and
is kept constant during wélding sustained over. a
relatively loné period. For thié purpbse; the pyrometer! - -
measuring point on the side of the workpiece facing away
from the welding area is adjusted and induction heating

carried out at an induction frequency bétween-lSOKHz and

500KHz.

The_invention'further-prqvides apparatus for carrying

out the above method as claimed in claim 3.

The advantage of this apparatus is that the workpiece
may be rotated within the high-frequency field.of one or
more indﬁcfion coil turns in order to set the workpiece

and its welding area in an optimum position in relation

o



to the induction coil, the pyroneter. - and the welding electrode with its

- wel ding burher and wel ding wire. A further advantage is that the workpiece
may be processed under the sinultaneous action of induction heating and arc
wel di ng. The apparatus furthernore guarantees reduced heating of the
protective-gas container and the protective gas relative to | anp
preheating. In a preferred enbodi nent of the invention the pyroneter is

direcggﬁ, vi g an .f#ﬂcﬁﬁ& 111,tQﬁepg%%ﬁteit%@ﬁmima&émmgt a

measur 'hg poin ocated on a sidé of the workpiece facing away

fromthe vel diyL@Fsfe WIS 18 Re08TRG bhdnerhanddwliddgsy twiatel heavel di ng
tenperature and preheating tenperature do not becone united via the

wor kpi ece andeiRes ¥ efdvaResde epBnthael thiee wordipdaicengnaye e rmtoces sledi ng

- the wel ding process are avoided. In a further preferred enbodi ment of the
appar at us, thendext arlye ditiohul sadeshgnedtaona ofotimdpdtifon dmpaticng andh t he
result that a relatively |large manipul ation region is advant ageously- forned
and the apparateisweidihe usEhef appefetmssfurihesmose MGHERLS| zes. .
Furthernore, there is preferably at |east one mani pul ator, arranged. outsi de
t he protectiwedueedoreatries o6 thei Wﬁ&eﬂév@%sng’%t@&%?‘g‘ﬁs@aﬁ the -

container during arc welding, as a_resula of mhigp'qglding IS possible in a
9 "protective gas relative to lamp preheating. .

In a preferred embodiment of the invention the pyrometexr
is directed, via an optical window in the protective-gas
container, at a'measuring poiht which is located on a
side of the workpiece facing away from the welding .
area. This arrangement has the advantage that the
welding temperaﬁure'and preheatihg temperatur; do not
become united via the workpiece and incorrect

- measurements of the preheating temperature during the

welding process are avoided.

In a further preferred embodiment of the apparatus, the
rotary duct is designed as a'rotary lifting duct, with
the result that a relatively large manipulation region
is advantageously formed apd the apparatus may be used
for the most varied of workpiece sizes.. Furthermore,
there is preferably at least one manipulator arranged
outside the protective-gas container for guiding the
welding electrode inside the container during arc

welding, as a result of which welding is possible in a



8 container which is closed on all sides. For this purpose, the
protective-gas container has optical wi ndows for use in nonitoring,

regul ating and control ling preheating and wel di ng. An enbodi ment of the
invention will now be described with reference to the acconpanyi ng draw ng
whi ch shows schematically in partial sectgon preferred apparatus for
carrying out the nethod accordlng to the invention. In the draw ng

apparatus fepaigRasld il Pkl i dled Ydlladp! diagsa VPbPLATE cOMDY sesy? »

protective-gas container recelving a workpiece 7. The contai ner

provi ded wi L3,BuRe, d%@;tesg%@@h%-f s SePREN1 AGr apds dppwiiBg10f f protective

gas in arrom/dlrectlons respectively; and with at |east one rotary

lifting ductsRabee Y Rigleatiimanddicc ol kgp) ecegul apidgr ealli ons of novenent B
and C. In the region of the welding area 16 inside the container 1, the

wor kpi ece 7coatzolidumeydec-dhe st iogpleaett iveldingn coil 8 with two turns, for
exanpl e, which are operatively connected to a high-frequency generator 12
via hi gh-frequency ducts 17 and 18 in the container 1. A m cronani pul ator

19 for guiding the welding-el ectrode inside the container 1 during arc
vel ding is arrsngedimenti &F thhe dowientieen Wikl BEW PPl EepRELIREAdi ng v -

el ectrode 20 with wel di ng burner and wel di ng
with reference to the accompanyling drawing which shows

schematically ih.partial section prefe:red apparatus for

carrying out the method accgrding to the invention.

In the drawing apparatus for deposition welding or jeoint
welding a workpiece cémprises.a proteétive-gas container
1 for receiving a workpiede 7. - The container 1 is
provided with pipe ducts 14 and 15 for supplying and
drawing off protective gas in arrow directions D and H,
respectively, and with_at leaét one rotary lifting duct
2 for manipulating the workpiece 7 in directions of

" movement B and €. In the rggibn of the.welding area 16
inside the container 1, the ?orkpiece 7 is surrounded by
a cooled inductionm coil 8 with two turns, for example,
which are'operativelyicOnnectéd'to a high-frequency -
generator 12 via highAffequenﬁy ducts 17 and 18 in the
container ‘1. A miCromanipﬁlator 19 for guiding the
welding electrode insiqé the éontainer 1 during arc
welding is arranged outside'the container 1 and can tilt
the welding electrode 20~witb-welding burner and welding

wire 31 in the directions oiiarrows E and F and also

10



wire 31 in the directions of arrows ,Eiand F’and also 10" 9 about an axis
in the direction G The novenent :iis' transnitted via an electrically

i nsul at ed bal | -and-socket joint 38, for exanple, which is incorporated into
a di spl aceabl e gl ass plate nade of quartz as a view ng and nonitoring

w ndow 22. Furthernore, the container 1 is provided with an additional
optical mﬁndom/23 for-nmonitori,ng and regul ating preheating by nmeans of a
pyrometer 11. sBuupyiorekes dd:-fRasaiescthenpteheahisgdvmaratiy e of the
wor kpi ece 7 at a point thereon facing away fromthe~arc in order to exclude
i ncorrect neadrammnitsted vihe phebrattpfchtipeiabulatedhe pyroneter is
operatively connected, via the electric lines 24, to a regulator 30 and the
hi gh- frequencwagdweacraiﬂsodket\m cintuppl i €ert bmawpie;, - eddlodd iisnducti on -coi |
8 (e.g. having two turns) with energy via the high-frequency adapter 9. The
vat er - cool ed imheperated |i8tonat@ispbaaapbbecgipsissod akecomse Qf pe cast
in an insulating material. The insulating material is tenperature and

oxi dati on resi®taKitz AR %hﬂﬁ@%‘ie@%ﬂtm@PbEPFFE%f"é@‘iﬁﬁd 2Zmort circuits

bet ween t he |nduct|on
Furthermore, the container 1 is provided with an ..

~ additional optical window 23 for mopitoring and
regulating preheating by means of a pyrometer il. The |
pyrometer 11 measures the preheating temperature of the
workpiece 7 at a point thereon facing away from the arc
in order to exclude incorrect measurements of the

-preheating. temperature.

The pyrometer is operatively connected, wvia the electric
lines 24, to a regulator 30 and the high-frequency
generator 12 which supplies the water-cooled induction
coil 8 (e.g. having two turns) with energy wvia the
high-frequency adapter 9. The wgter—cooled induction
S coil 8 in this example comprises a copper pipe cast in
~an insulating material.  The insulating material is
temperature and oxidation resistant and should prevent
electric arcs and short circuits between the induction
coil 8 and the welding electrode 20 or a TIG welding
burner. In order to increase safety, -the high-freguency
genérator 12 and welding current source 29 are arranged

s0 as to be electronically screened from each other.

1"



coil 8 and the welding electrode 20 or a TIG welding burner. In order to

I ncrease safety, the high-frequency generator 12 and wel di ng current source
29 are arranged so as to be electronically screened fromeach other. °~ 10
After the high-frequency-field has been switched on, the workpiece 7
reaches a preheating tenperature betweeni1800 and 1100 [err]C in the region
of the welding area 16 within |l ess than 12 seconds. |In the region of the

.crack 10, }hO g gaemadn%t Yerf @witeed dbAg kaknt:’
wel di ng ca\rllﬂn%é\;vk B?ecg?%edf%%%iuw teg the aid of the el ectrode 209wh| ch ?‘é

gui ded by therimpiéee!l atpéadResnd pheabBatiimg! Wmmlméaﬁ webdi ng
wre 31 in |ts centre. In order to weld the conplete crack 10, either the

wor kpi ece Zam@n beo bptinethy pegibnovéedtard wellddeguentday Lfiwtethiha t he
rotary lifting duct 2, or the welding electrode 20 can be optinmally

posi ti oned Xesk stﬂmqhzemegog@sdedlm gheheelgdlon: @fd-tdeckaragloi b, 38 with
the sliding seat 25. For this purpose, the workpiece 7 is secured to a

wor kpi ece gmmnhthéswhrehlﬂnylhebﬁansgﬁoypdl@W@ré@|ﬁ¢4ﬂr4wv%ﬂ¢é§9|on B and
rotated in arrow direction C via a_pipe 13 and may be supplied with

prot ecti ve 1REREN FREAHRY c@2POROBS b&r FaREASS Putt fd tRolt ekl 70Fs avhol | ow

‘the electrode 20 which is gulded by thg manipulator 19

and which simultaneously guides the welding wire 31 in

its centre. In order to weld the éompiete crack 10,

either the workpiece 7 can be optimally positioned-and _ '\J
subsequently guided via the rotary lifting duct 2, or

the welding electrode 20 can be optimally positioned and
subsequently guided via the ball-and-socket joint 38

with the sliding seat 25.

For this purpose, the workpiece 7 is secured to a
workpiece support 6 which may be raised or lowered in
arrow direction B and rotated in arrow direction C via a
pipe 13 and may be éupplied with profective-gas in the
direction of arrow A. If the workpiece 7 is a hollow
component: or, as in this example, an engine blade
provided with cooling channels 26, the hollow spaces or
cooling channels 26 may be filled with protective gas in

the direction of arrows K via the workpiece support 6.

A network of conduits at the base of the container 1 is

supplied with protective gas via the gas feedpipe 5 in

12 -



conponent or, as in this exanpte, an engine bl ade provided wi th cooling
~channel s 26, the hollow spaces or cooling channels 26 nay be filled with
protective gas in the direction of arrows K via the workpi ece support 6. A
network of conduits at the base of the container 1 is supplied with
protective gas via the gas feedpipe 5 in 121 the direction of arrow D
This network of conduits is surrounded, for exanple, by steel wool 3 in
order 10 achigye 4dOriall shhPpbhop, Of thie PReWEEM W dahdll ddhg base of
the comainer 1. e protective gas subsequently flows through the
perforated basg Rl dided, 'fEQ_éi‘&mn%M’é,k' Bg spaet ¥¥oaf 3 he i nes 1 and
during the entire process uniformy flows round the outer surfaces of the
wor kpi ece 7. achievd Qifdfdrm distributioM of She prot2diiaidigjasl.at A net hod
of deposition welding or joint welding a

the base of the container 1.  The protective gas

subsequently flows through the perforated base plate 4
into the working space 28 of the container 1 and during ..
‘the entire process uniformly flows round the outer

surfaces of the workpiece 7.
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wor kpi ece- made of superalloys by neans of arc q ective gas
with an arc between a wel ding el ectrode and a mlm"m“#m Eﬂtﬂilnd by an
addi ti onal energy source, wherein the workpiece i*s arranged sl n+a )
protective-gas container to which protective gas is supplied and is first
heated to a preheating tenperature adjacept a wel ding area by nmeans of an

I nductive heating device having a cool ed i nduction coil surrounding the

wor kpi ece, andimmterial .of the sane type is then applied to the surfacé;of
t he wor kpi eT€ or placed in the welding joint by neans of arc wel ding th@
preheating tenperature being held constant by neans of a regul ator
operatively connected to a pyroneter and a high- frequency gener at or

control 1i ngit he 2cerltdbd il Adpusicnidn Weldingt bodjof ntderaditigoma wel di ng
or joint welding a workpi ece made of superall oys substantially as herein
descri bed wwblrkpdfegree madiet ©f reupmraiipeys i by sdeans ngf drcAmedddimes for
carrying out the method according to claim1l or 2, conprising a

prot ect i ve- Yad ngoprotestifvg gag sritihan axe kbeteeenaawedidige! ectrode in

t he contalner for prOV|d|ng an arc between the_wel ding el ectrode and the
wor kpi ece, S1BPhEFRFcRN%R HARRREGRP Preheaked by an-additional .

‘energy source, wherein the workp;ece ;s arranged in a
-protective-gas container to which'piotecti&e gas is

supplied and is first heated to a preheating temperature
adjaéeﬁt‘a welding area 5y means of an inductive heating- A
device having a cooled indugtion coil-surﬁounding the ‘
workpiece, and material of the same typg is then applied

to the surface of the workpiece or placed in the welding
~joint by means of arc welding the preheating temperature

being held constant by means of a regulator operatively
connected to a pyrometer and a high-frequency generator

controlling the cooled induction coil.

2. A method of deposition welding or joint welding a
workpiece made of superalloys substantially as herein

described with reference to the accompanYing drawing.

3. Apparatus for carrying out the method according to
claim 1 or 2, comprising a protective-gas container for
receiving a workpiece, a welding electrode in the.
container for providing an arc between the welding

electrode and fhe workpiece, a pipe duct for conveying

14



protective gas to the container and at |east one rotary duc r
mani pul ati ng the workpi ece, wherein-a cooled induction coil IM ’ :,mn,,
i nside the container for surrounding, in use, the welding ar I””"I
wor kpi ece, the cool ed inducti-on coil being operatively connected to a' s+
hi gh-frequency generator via high-frequency,gucts in the container, and to

a regul ator and a pyrometer arranged outsi dé€ the container for nonitoring

the preheating_t ture.: 4 t | NG L ' in th
e oneeas B EEBEL 6L, o, R AR P M AL ke Wiy 1
measurin 'EE . ' f %F%#Eg ' |

frorsnut IhegvvgloI [ nﬁl:g?ggeggmgg%%tgﬁi té%:%?‘r’ I g t&(;&'gl‘gl?%%ggrh?l?uv%ﬁeeggrﬁyt he

rotary duct | sngubelghy cbihl 180 s el 1481 e | end! cbRESS naRe £BRNI pUl at or

arranged out si e protective-gas container for guiding the welding

el ectrode insiderbifatagt ahiRerus@lr itte aidldbhdli dea abEl the woRkpieele,has
optical windows for nonitoring, regulating and controlling preheating and

vel ding. 6. ApparabutelOLndaichiicty duill thei metdwelraisi eéhy nednhectledi mcl or
2 and substantially as herei-n described and shown in the acconpanying
drawi ng. 15 a high-frequency generator via high-frequency ducts in U
the container, and to a regulator and a pyrometer
arranged outside the container for monitoring the

preheating temperature.

4., Apparatus according to claim 3, wherein the
pyrometer is directed, via an optical window in the
container, at a measﬁring point 1ocatéd on a side of the

workpiece facing, in use, away from the welding area.

5. Apparatus according to claim 3 or 4, wherein the
rotary duct is a rotary lifting duct and.there is at
least one manipulator arrahged outside the
protective-gas container for guiding the welding
electrode inside the container during arc weldiné, and
the container has optical windows for monitoring,

regulating and controlling preheating and weldihgf
6. Appératus for carrying out the method as claimed in

claim 1 or 2 and substantially as herein described and

shown in the accompanying drawing.
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