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MELDING PROCESS - The present invention relates to a meldlng Eteas
partlcularly for super high purity gas feeding system pi pi ng common

i n sem conduct or manufacturing plants and 5 the like. In plants
in which super high purity gas is used, such for example as _
sem tondlct or manufacturing plants, the gas feeding systempiping s
typically constructed from 10 stainless steel (SUS 316L) el ectro polished
pi pes. Non- welded union joints are conmonly used to connect

i ndi vi dual pipes to each other. Hodever, nonwel ded joints have

I nherent problens in that 15 they arersusceptlble of gas | eakages,

t her eby reduci ng t he anbunt #EBYENG PRAEESGAi | abl e for re-use, and

t hey

The present invention relates to a welding process,

particularly for super high purity gas feeding system

piping common in semiconductor manufacturing plants and

184

the like.

In plaﬁts in which super high pﬁrity gas is used, such
for example as semiccnductor manufacturing plants, the
gas feeding system piping:is.typically constructed from
10 | stainless steel (SUS 316L) electro polished pipes. Non-
| ~welded union Joints are. commonly used to connect

.;individual pipes to each other.

However, nonwelded joints have inherent problems in that
15 they are susceptible of gas leakages, thereby reducing
the.amount of system gas available for re-use, and they
lead to increased piping costs, when compared with other
joining methods. As a consequence, connection by welding
has been adopted, and special processes have been
20 developed such fpr example as automatic TIG butt-welding
er autométic processes using special joints e.g. welding

cellars.

Achieving sufficient weld strength is important in these
25 procesgses, especially when welding stainless steel or
other weld sensitive materials, but in addition to this,

o

there are following important requifementb:



~.

| ead to increased piping costs, when conpared w th ot her - j oi ni ng

met hods. 'As a consequence, connection by wel ding has been adopt ed,
and special processes have been 20 developed such for exanple as
automatic TI G butt-wel di ng or automatic processes using special joints
e.g.« wel di ng col l ars. Achi eving sufficient weld strength is

I mportant in these 25 processes, especially when wel ding stainless steel
or other weld sensitive materials, but in addition to this, t here
are follow ng inportant requiTenents: 2

2 (a) the weld should not cause pi pelines, by

acting as a {urckhe of weddnt @fiowld not

surface of the weld should be snmooth and fl at :
pipelines, by acting as a source of

wsel cleantamd (b) the

contaminant

i¢

18

20

particles, and
{b) the surface of the weld should be smooth and flat
with the minimum irregularities thereby promoting the

formation of a corrosion resistant passive f£ilm.

As a step towards meeting the above requirements, the
present inventor develop%d a technigque to reduce the
effects of particles ét the welds by feeding a back
shielding gas, such for example as argon, through pipes
dufing welding and optimizing the.internal pipe pﬁessure
of the gas so that ingress of particles into the pipe

during welding is reduced; this technigue is.discloaed

-in Japanese Patent Application No. 3-216158.

The above-mentioned technigue is characterised by feeding
back shieldingigas inward from one end of the stainlesé
steel piping, and adjusting the flow rate of said back
shielding gas such that the internal pressure of both
stainless steel pipeé to-be welded is increased to a
specified pressure, then arc welding the engaging grooves
of the pipes in the presence of an arc gas. When welding
by & conventional process in which no back shielding gas
is used, several thousand particles typically enter.thé
pipe during weldimj; the éfofementioned technigue however

may produce excellent reénlts_in that the number of



S with the mnimumirregularities thereby pronmoting the formati on of
a corfosi‘on resistant passive film As a step towards neeting the
above requirenents, the present inventor devel oped a technique.to
reduce the 10 effects of particles at the welds by feeding a back
shi el di ng gas, such for exanple as argon, through pipes during

wel ding and optim zing the internal pipe pressure of the gas so that
i ngress of particles into the pipe during welding is reduced; this
technique is disclosed 15 in Japanese P3atent Application No. 3-216158.
The above-nenti oned technique is characterised by feeding - back

shi el di ng gas pawkiclés cembaciegdthé pipe nfigreader than 4 eel piping, and
adjusting the flowrate of said back 20 shielding_gas such that the

i nternal presstpduegdpbPhless thanapaprses 9EcPRIBLFAESt0 be welded is
increased to a specified pressure, then arc wel ding the engaging

gr ooves of the pipes in the presence of an.arc gas. \Wen welding

by a conventi g proce |n whi ch no back shi el gas i s; used
sever al thousa%‘&l ’parztnfc g 1 JPPEY Ié]fse‘?ﬁ“@?e‘fhgel i8% 9BRockds,' 4GS
5 . necessary to keep the intermal pipe pressure. above a

minimum figure whilst maintaiﬁing a suitable gas flow

rate; if it is not possible to do this, the number of

particles entering the pipe will significantly increase.

ig Consequently, if, for example, welding is carried out
near semiconductor manufacturing eguipment, and the
pressure inside the pipe ié restricted, or it is not
possible to feed a large enough volume of back shielding
gas to maintain the pressure, it is difficult to decrease

15 sufficiently the number of particles entering the pipe.

The object of the present invention is to provide an
improved arc welding process_whiéh reduces the adverse
effects of particles generated during the welding process

20 on the properties of the resulting weld.

According to one aspect of the present invention
therefgre there is provided a method of .weldiﬁg
chaz@pterised by haldinglthe arc current ét_a reduced
25 level at the start af the weldihg operétion thereby to
avoid substantial welding of the work until at ieast a

ma jor proportion of the particles displaced by the plasma



pi pe .during welding; the aforenentioned techni que however may produce
excellent results in that the nunber of

3 - particles entering the pipe of greater than 0 reduced to | ess
t han scores of particles. But, in the above described wel ding
proeess,” it is 5 necessary to keep the.internal pipe pressure above a
mni mum figure whilst maintaining a suitable gas flow rate; if it is
not possible to do this, the nunber of particles entering the pipe
will significantly increase. 10 Conseduently, if, for exanple, welding
I's carried out near sem conductor nanufacturing equipnent, and the

pressure insi déleveag fbe gonamatianf thetarg Rave disippssible to feed

a | arge enough volu of back shLeIdigga
thereafter increasing sdid arec current to the regular

level for welding; théreby to reduce ccntamination of the
work by the particles.
The method may involve reducing the initial arc current
at the béginning of the process, so that when the arc is
generated, the plasma flow shock is reduced, thereby
allowing particles displaced or blown-up by the plasma
10 initiation event to dissipate before they can contaminate
the welding area. The welding area may become vulnerable
once the arc current is increased ﬁ@ the reqular level

fer welding, and'malting of the work commences.

15 The present invention therefore seeks to solve the
problems associated with the prior art téchnique as
hereinbefore described for example when there is a
restriction on the internal pressure of back shielding
gas, or it is not possible to feed a large enough volume

20 of back shielding gés, by providing a welding process

° which may reduce significantly the ﬁumber of particles

entering the pipe.

Ags a result of carrying out a number of particle
25 - generating tests during vaxious prior art arc weldings
the inventor has discovered that:

(i) In the case of butt ‘wélding of pipes, a large



gas to nmaintain the pressure, it is difficult to decrease 15 sufficiently

t he nunber of particles entering the pipe. The object of the present
i nventi-on in to provide an i mproved arc wel di ng process which reduces
t he adverse effects of particles generated during the welding process
20 on tHe properties of the resulting weld. According to one
aspect of the present invention therefore there is provided a
met hod of wel ding characterised by holding the arc current at a
reduced 25 Ilevel at the start of the wsl ding operation thereby to

avoi d substantial welding of the work until at |east a maj or
proportion of the palunel exf dpsptacidsberttter pthenpipes tl

4 flow at the generation of the arc have dissipate

butt sections within 1 to 2 seconds after the
arcing occurs (typically, in the order of several

thousand particles larger than lum enter).

(ii) Even when the pipe butt sections and the welding
head inside the welder are kept scrupulously clean,
and particles in arc gas and.back shielding gas are
nearly completely removed, several hundred

10 particles enter the'giping.

The inventor has found that this is, at least in part,
caused by:

(a) A large number of particles being displaced and
15 blown up into the welding head by the plasma flow
associated WLth the generation of arcxng.

(b) Solidification shrinkage of the surface of molten
metal generated at the start of arcing causes
stress to act on the welded section of the grooﬁe,

20 which results in the genéxaticn of clearance on the
opposite side of the pipe as the joint is

distcxted.

With this knowledge, the number of particles entering the
25 'pip@ may, in accordance with the present invention, -be

reduced by:

(i) Reducing the plasm& flow géﬁerated at the start of



thereafter increasing said arc current to the regular | evel for
meldlng thereby to reduce contam nation of the work by the particles.
The nethod may invol ve reducing the initial arc current “at the

begi nni ng of the process, so that when the arc is generated, the

pl asma ftow shock is reduced, thereby all owi ng particles displaced or
bl owmn-up by the plasma 10 initiation event to dissipate before they can
cont am nat e the wel ding area. The wel ding area may becone vul nerabl e
once the arc current is increased to the régular |evel for wel ding,
and nelting of the work commences. . 15 The present invention therefore
seeks to solve the thepegs.edndassociated with the prior art techni que as

her ei nbef ore described for exanple when there is a restriction on the
i nternal pressuf&tdf @&'&Yeé’rﬁléﬂjiﬁalmng @fs, the hutt BECLIOssi 8Fec B f eed

I h vol f . back.shiel i_di .weld
process - Junl ch e PEHCEE SRETHFR APy SHe IRAETG! TBAPEREIE Of
entering the pipe.  ooafaritd St {n8' pERE Weld@ QW J "HBCLLBE RARC! €

5 after the start of arc when & large number of

particles are blown up.

In another aspect of thé present invention, there is
provided a method of weld%ng which includes discharging
10 a hacksshiélding gas inward from the opening of the head
@nd side of cne stainless steel pipe ifi welding two
stainless steel pipes by'aﬁc welding, keeping the welding
current of the start of arec at the figure lower than the
r@gular welding current for a specified time from the
15 start of arc, and then raising the welding current to the

regular welding current.

Since the cﬁrrent at the start of arcing is below the
regular welding current, the force of plasma flow
20 generated the moment arc is emitted may be weakened,
thereby softening the shock. The number of particles

blown up in the welding head may therefore be reduced.

Furthermore, as the current at the start of arc is below
25 the regular weldiﬂg-current, no significant melting'oﬁ
the work occurs. As a result, at the start of arc, when

particles are blown up in the welding head, there may be



25 generating tests during various prior art arc wel dings t he

I nvent or has di scovered that: (i) I'n the case of butt welding of

pi pes, a large 5

vol une of particles enter the pipes tl " butt sections within 1 to
2 seconds after the arcing occurs (typically, in the order of
sever al t housand particles larger than 1[err]menter).

(ii) Even when the pipe butt sections and the wel di ng - head

i nside the wel der are kept scrupul ously clean, and particles in
arc gas and back shiel.ding gas are nearly conpletely renoved,

sever al hundsethsthhtially partlearancetgenetrted githghe b The inventor
has found that this is, at |least in part, . .
thereby inhibiting the entxy of particles into the pipe.

Following is a description by way of example only and
5 with reference to the accompanying drawings of methods

of carrying the present invention into effect.
In the drawings:s-

10 Figure 1 is a schematic diagram_af plant for a welding

process according to the present invention.

Figure 2 is an enlarged view of Section A shown in Figure
. _ .

135
Figure 3 is an enlarged view of Section B shown in Figﬁre

18

in the figures, numeral 1 shows a lliquified argon

20 container, 2 an aluminium evaporator, 3 a pressure
 regulating manifold, 4 a flow m@ter,'S a metal filter,-

6 an automatic TIG welder, 7 a pressure regulator means,

8 a throttle means, 9 a £ilter, 10 stainless steel
gxternal pipe (19,05'mm @), 11 a stainless steel gas

25 lead-through pipe (6.35 mm @), 12 stainless steel gas
lead-through pipe {9.52 mm )y, 13 a laser pazticle

counter, 14 a stainless steel flexible tube (3.52 mm @},



caused by: (a) A large nunber of particles being displaced and 15

- blown" up i'nto the wel ding head by the plasma fl ow associated with
t he generation of arcing. (b) Solidification shrinkage of the
surface of nolten nmetal generated at the start of arcing causes
stress to act on the wel ded section of the groove, 20 which results
I n the generation of clearance on the opposite side of the
pipe as the joint is di storted. Wth this know edge,

t he nunber of particles entering the 25 @ipe may, in accordance with the
present invention, be reduced by: (1) Reduci ng the plasma fl ow
generated at thessaastabhless steel tube (6.35 mm @). 6

_In Pigure 2, l6a 16b are stainless steep pipes'(SUSSLSL;
outside diameter: 6.35 mm @; wall thickness: 1 mm) whose
5 inner wall surﬁaees are polished (by electrolysis or
another process), 17 a tuﬂgsten electrode (1.0 mm @;
point 'angle a = 15% distance between electrode and
groove = 0.8 mm), 18 arc gas (argon; flow rate: 8 L/min},
19 back shielding gas (arg?n pressure flow rate 6 L/min}),
10 . 20a, 20b O-ring seal ijoints, and 21 a circumferential
groove.
The above-mentioned automatic.TIG welder 6 is an Arc
Machine Company 107-4A. The autométic welder has an
15 electrode 17 which is rotéted around pipelines 16a, 16b
at a rotating speed of 7.9 sec/rotation, and requiring
2.5 turns to complete a weld at the groove 21. The Arc
Machine automatic welder enables the welding current I
to be varied between 4 levels.
20 |
The Arc gas 18 which is supplied to the TIG welder 6 and
the back shielding gas 19 is cleaned by a £filter (not
illustrated) attached to the TIG welder § and the metal
filter § respecﬁively. The number of particles in both
25 gases 18, 1% is reduced td nearlj zers. The groove 21
is formed by lightly chamfarinq cigcumferential edge of

the end faces of pipes l6a and 16b.



the arc, and (i) preventing nelting of the butt section at the
start of "arcing, thereby del aying generation of cl earance at
the butt section of the tube until 5 after the start of arc when
a | arge nunber of particles are bl own up. I n anot her
aspect of the present invention, there is provi ded a met hod of
wel di ng whi ch includes discharging 10 a.back-shielding gas inward from

t he openi ng of the head end side of one stainless steel pipe in
wel di ng two stainl ess steel pipes bySarc wel ding, keeping the welding
current of the start of arc at the figure | ower than the regul ar
wel di ng curr enfheoneangpdei tPegegniater Shet Adow1 oL Paghk S8f arc, and then
rai sing the me[dinggcurrent,to t he re ulai%meldin% current .,

Since the curr&fie EhowE: 4t Thaukgihg 1RIRR1LBGF AR The ViGIMAY W ding
et od my betiBaiReatieR befuPin, Wt Liat CHEC AR P nd hud of
particles sEhoiTelB LReblCpiBkd 188030 W% LU eudodialiitedn
5 orifiice made of electrcpolished stainless steel sheet is
used to regﬁlate the flow. It is also possible to use

valves, and the like to achieve the same ends.

The laser pulse counter 1? is a counter with a suction

10  flow rate of 28.3 L/min (Hitachi Denshi Ltd., TS-3700).
In the present embodiment, as shown in Figuyxes 2 and 3,
nitrogen gas is caused to flow at a rate of 50 L/min into

the external pipe 10 through the pressure regular 7, the
throttle 8 and filter 9, such that the laser pulse

15 counter 13 can imbibe gas at the necessary flow rate

{(28.3 L/min) through the gas lead-through pipe 12.-

Now the welding of stainless steel pipes 16a, le will
be described. First of all, stainless steel pipes 1l6a,
20 16b are cut with a cutter and the end faces are machined
in 40-L/min N, purge atmosphere followed by purging the
inside of stainless steel pipesllﬁa, 16b with Nzat 7-9.5

kg/cm® for 2 seconds.

25 Next, stainless steel pipes léa; lﬁb'are'jﬁxtaposed the
head of the automatic TIG welder 6, and arc distance is

adjusted and the end grooves are aligned. The back

®



Furthernmore, as the current at the start of arc is below 25 the regular

wel ding current, no significant nelting of the work occurs. As a
result, at the start of arc, when particles are blown up in the
meldlng head, ther€ may be - 7
subst@ntlally no cl earance generated at the [err] t hereby inhibiting
the entry of particles into the pipe. Follow ng is a description by
way of exanple only and 5 wth reference to the acconpanying draw ngs of
met hods of carrying the present inventitn into effect. In the
dr awi ngs: - 10 Figure 1 is a schematic diagram of plant for a wel ding

process accor di rghieldhagpgasch? imweantignously pumped at ¢
S wmmi,0 and a flow rate of 5 L/min after the stainless

steel pipes 16a, 16b are put into position. In order to
minimizé leakage of bacg shielding gas 13, it. is
3 essential to accurately match the grooves by aligning the
shaft centres of both pipes. The groove may be formed
by a standard end facing ﬁmachine or by a lathe. As
described later, there is no significant difference in
the number of particles gemerated to the different groove

10 forming methods.

Next, arc gas 18 is sucked into the automatic welder §,

and is free-purged at a flow rate of 8 L/min for 20

. - seconds before the start of the welding process (when the
15 power source is turned on), and then the arc is turned

On.

Rotation of the electrode starts 3 seconds after the
start of arcing, and after the electrode has made about
20 2.5 turns at the speed of 7.7 sec/rotation, the arcing
stops and post-welding puréing of arc gas 18 continues

for 20 seconds (flow rate 8 Lfminye

Figure 4 shows the variations with time of the welding
25 current I of the automatic welder. The welding current
I at the start of arcing (t =0) is held to about 1/5 (I

= 4&) of the regular welding current (I = 20A) and held



Figure 2 is an enlarged view of Section A shown in Figure 1. 15

Figure 3'is an enlarged view of Section B shown in Figure 1. I n
the figures, nuneral 1 shows a |liquified argon 20 container, -2 an

al um ni um evaporator, 3 a pressure regulating manifold, 4 a flow
neter, 5 a netal filter, 6 an automatic TIG welder, 7 a pressure
regul at or neans, 8 athrottle neans, 9 a filter, 10 stainless steel
external pipe (19.05 mnm[err]), 11 a stainless steel gas 25 |ead-through
pipe (6.35 mm[err]), 12 staihl ess steel igas | ead-t hrough pipe (9.52
mm[err]), 13 a |laser particle counter, 14 a stainless steel flexible

tube (9.52 nmferrabout 2 seconds. Thereafter, it is rai

10

15

20

25

regular welding current (I = 20A) and after about 17

seconds, it is lowered to zero over 3 seconds.

Ideally the wel&ing current at the start of arc is about
10 - 30% of the regular welding current. When. the
current exceeds 30%, melting immediately begins thereby
causing a clearance to develop in the groove. When it
drops below 10%, the arc itgglf is likely to be unstable.
It is optimum to take 1 to 3 seconds for returning from
the low current at the start of arc to the regular
current. If it takes Ilonger, the welded parts are

finished with slightly poor results.

During the welding, stainless t@@l.pipes l6a, 16b, back
shielding gas 19 is continuously fed preferably at a flow
rate of § L/min. It is desigable té keep the flow rate
of the above mentioned back shieldiﬁg gas between 3-7
L/min. In addition, if the im:emél pressure of the pipe
can be raised, it is desirable toc hold the internal
pressure at the above mentioned welded parts at about 3 -
100 mmH,0 by inserting. an orifice or the like on the

downgtream side.

Measurement by the laser particle counter 13 of particles
coming from the welded parts is begun 5 ‘minutes before

welding starts (with arc gas 18 sucked into the automatic



15 a stainless steel tube (6.35 mMm[err]). In Figure 2, 16a 16b are
st ai ril ess” steep pi pes (SUS316L; outside dianeter: 6.35 mmJ[err]; wall
thickness: 1 mm) whose 5 i nner wall surfaces are polished (by

el ectrolysis or anot her process), 17 a tungsten electrode (1.0 nm
[err]; - point angle [err] = 15[err]; distance between el ectrode and
groove = 0.8 nm, 18 arc gas (argon; flowrate: 8 L/nin), 19 back
shiel ding gas (argon pressure flowrate 6 L/mn), 10 20a, 20b Oring
seal joints, and 21 a circunferenti al 12 groove. The
above-nentioned automatic TIG welder 6 is an Arc Machi ne Conpany
107-4A. The agtgmawedtdewe! der ahds BacklSshdleddingde ghd Wi ch is rotated
around pi pelines 16a, 16b at arotating speed of 7.9 sec/rotation,
and requiring suppli2d) endnistcosbiphedcuatikl 3 m&nuw grifae the ek Arc
Machi ne automati c wel der enabl es the wel ding current to be varied
bet ween 4 | evebf. welding. THeomr &hgasoutpvhi OF |§h§uﬁﬂqn&?§'o tke i G

wel der 6 and .
possible to calculate the number of particles emitted

8 during the welding process.

ﬁ@lding is carried ocut in a clean room at 0.1 um
reference class (i.e. the number of particles exceéding
0.1 um is one or less per 1 f£t).
iQ |
The laser particle counter 13 ig-provided with seven
measuring channels (Ch). Chl measures the number of
particles from 0.1 to 0.2 pm, CH2 those from 0.2 to 0.3
° um, Ch3 those from 0.3 to 0.5 pm, Ch4 those from 0.5 to
- 18 1.0 pmm Ch5 those from 1.0 to 2.0 um, and Ché thqse
exceeding 2.0 um and Ch7 the total number of ?articléso

Test Conditions

Four text runs were carried out according to the

20 following parameters.

The back shielding gas flow rate was set to S L/min and

the pressure to 5 mmi0.

25 . The detected number of particles exceeding 0.1 um was 386
pieces (first test), 3 pieces (second gest), 11 pieces

{third test) and 88 pieces (fourth test).



the hack shielding gas 19 is cleaned by a filter (not I 1l ustrated)

attached to the TIG wel der 6 and the netal filter 5 respectively. The
nunber of particles in both 25 gases 18, 19 is reduced to nearly zero.
The groove 21 is formed by lightly chanfering circunferential edge of
the end faces of pipes 1l6a and 16b.

9 The nmeans 22 to regulate the flow of back sl I's, as shown in
Figure 2, installed in the vicinity of the junction between gas

| ead-t hrough pipe 11 and * stainl esk3steel pipe 16b. In the present

enbodinment an 5 orifice nmade of el ectropolished stainless steel sheet is
used to regul afert gemppgisont threg furfber flastewene Carl ya|ves, and the

| i ke to achieve the sane ends. The | aser pul se cqunter 13 is a
counter with a®sWedddmng current I = 20A. Rotation of electrode was

begun 2 seconds after the start of arc. Test conditions
other than the welding current were the same as those of

8 the previous tests.

In this case, the number of particles-whose particle size
was larger than 0.1 um was 286 pieces (first test), 638
pieces (second test) and 228 pleces (third test),

10 respectively.

it is clear from the above two sets of tests, the welding
process of the present invention can greatly reduce the
numbexr éf particles generated during the welding.

15 _
Furthermore, _i:he welding process of the preSent'.inventidn
can produce smoother inner and outer weld surfaces than

those produced by conventional welding processes.

20 in the above-mentioned embodiment, only the case of butt-
ﬁ@lding_of stainless steel pipes is described, but it has
.been confirmed that the number of particles generated can
be greatly reduced wﬁen the welding process according to
the present invention is_appiied to other groove'shapes,

25  for example, when joints with lips are used, or tube type

joints are used.



10 flowrate of 28.3 L/mn (H tachi Denshi Ltd., TS-3700). In the
present enbodi ment, as shown in Figures 2 and 3, nitrogen gas is
caused to flow at a rate of 50 L/mn into t he external pipe 10

t hrough the pressure regular 7, the throttle 8 and filter 9, such
that the raser pulse 15 counter 13 can inbi be gas at the necessary flow
rate - (28.3 L/mn) through the gas |ead-through pipe 12. Now
the wel ding of stainless steel pipes 16a, 16b will be descri bed.

First of all, stainless steel *pipes 16a, 140 16b are cut with a cutter
and the end faces are machi ned in 40-L/mn Nerr] purge atnosphere
fol | owed by pdlgng meédlng of nsitd ndfean aphipeds mw dies 16a, 16b with

Nerr] at 7-9.5 me%/ nMerr] for 2 secaonds. Next, stainless
steel pi pes 16PoVEH j it Bp8s heemecontirpedq "t%a”c hehgyswRes: 9fG

wel der 6. and or g A PLE"GSebing pAESHEY WY 08aETY YSRISH Ufen

pipes other than st:_an.nless steel. ' One example being

5 titanium alloys.



10 shielding gas 19 is continuously punped at a 5 mHerr]0 and a

ffowrate of 5 L/mn after the stainless steel pipes 16a, 16b are put
into posit+en——Iln order to mnimze |eakage of back shielding gas
19, it is 5 Wuessentlal to accurately match the grooves by aligning the

shafif centr The groove rfay be forned by a standard

end faci ng .?f& f  B | athe. = As descri beg-at no
significant digLge .- t he nunber of partic @gi gh lggeﬁ%ﬁ he

di fferent groove 10 orn1ng met hods.13 Next, jarc dﬂg’ Ps sucked
into the automatic wel der 6, and is free- purged at a fIOM/rate of 8
L/'mn for 20 seconds before the sgppiymgf the wel ding process (when the
15 power source is turned on), and then the arc is turned on.

Rot ati on of the el aCiAdrSicftard watandy,akheradierised &ﬁpfhodeMQC|ng,
and after the el ectrode has nmade about
the arc current at a reduced level at the start of the
welding operation thereby to avoid substantial welding
8 of the work until at least a major proportion of the
particles displaced by the plasma flow at the generation
of the arc have diésipated, and thereafter increasing
said arc current to the regular level for welding;

thereby to reduce contamipation of the work by the

16 particles.

2. A method according to claim 1 wherein the reduced

level is 20-30% of the'régular level.

15 3. A method according to claims 1 or 2 wherein said
reduced level is applied for 1-3 seconds at the start of

the welding operation.

4. A method according to claims 2 or 3 wherein the
20 welding operation is carried out from a front surface of
the work, and a. back shielding gas is applied

concurrently to a back surface of the work.

5. A method according to any preceding claim wherein
25 the work is a section of metallic piping and a back
shielding gas is covered or allowed to flow in the piping

during welding. .

Nl T AR T MW
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gO . 2.5 turns at the speed of 7.7 sec/rotation, the arcing stops and
post - wel di ng purging—of—are—gas—18 conti nues for 20 seconds (fl ow
rate 8 L/mn). .. Flgure 4 shows the variations with time of the

lacedt omati c wel der. The wel di ng current
i Is held to about 1/5 (I = 4A) of the

wel ding 25 cur Sh es Fese
| at.thev*start Olﬂﬂlﬂ’“"
regul ar wel di ng Hdie g

a d e R (i | : A% and held Car wel d THIS SHEEDrHASOGBEN 2)
seconds. ereafter, it is [err regul ar wel di g cur gepit = 207
and after about 17 seconds, it is ¥owered to zere uverggjgggcnds. 5
Ideally the welding current at the start of arc is about 10 - 30% of

the regul ar welLdi ng methedt accodhdinghd¢o claiomury ettermdoediee 30vWermili ng
i mmedi at el y begi ns thereby
pressure and flow rate of the back shielding gas in the
piping is controlled by upstream pumping means and

downstream throttle means.

7. A method according to any of claims 4 to 6 wherein
the back shielding gas is maintained at a pressure of 3
to 120 mmil,0 during the welding process.

106 8. A method according to any of claims 4 to 7 wherein

the back shielding gas is argomn.

9. A method according to any preceding claim wherein
the arc welding process is an automatic TIG process and

15 the arc gas is argon. .

10. A method according to any preceding claim wherein

the work is stainless steel piping.

20 11. A method according to any of claims 1-10 wherein the

work ‘is titanium alloy piping.

12. A method as cléimed in'any preceding claim ﬁhexein
the reduced level of said arc current is such as to avoid
25 signifieant surface shtinkage of the work at thé start
of welding until the'Said.particles have substantially

all dissipated.



causing a clearance to develop in thé grpré[ When it drops bel ow 10%
the arc itself is likely to be unstable.” 10 It is optimumto take 1 to 3

seconds for returning from the low current at the start of arc to the
regul ar current. If it takes longer, the welded parts are
fini.shed"wth slightly poor results. 15y s4ouring the wel ding, stainless
steel pipes 16a, 16b, back shielding gas 19 is continuously fed
preferably at a flow rate of 5 L/mn. It is desirable to keep the
flowrate of the above ‘nentioned back shiel ding gas between 3-7

L/'mn. In addition, if the internal pressure_
raised, it is desirable to hold the inferna
menti oned wel ded parts at about}3 - | 100
orifice or the like on the downsf ream si
| aser particle counter 13 of tticles
is begun 5 m nutes before « wel di n

the automatic

the pipe 20 can be

pressure at the above.

re<$0 by inserting an

e. 25 Measurenent by the
~comng fromthe wel ded parts

sﬁts (with arc gas 18 sucked into

bt %]

A S SRS

_g :"ég | E_ N
5 e

; L
S
mewe@;' {

12

Cite ) i D M CED D B T3 =D CD U WD T w2 e S



12, TIG welder
conti nued until
of the counter,
emtted 5
clean roomat 0.1

particles exceedi ng

it

The | aser particle counter
Chl measures the nunber of
[err]m Ch3 those fromO0.3 to 0.5

mnm Ch5 those from1.0 to 2.0

channel s (Ch).

[errIm CR2 those from0.2 to 0.3
[err]m Ch4 those fromO0.5 to

6 and back

5 mnutes after the end
possi ble to cal cul ate the nunber of particles

is

[err]m

[err]m and Ch6 those

shi el di

during the wel ding process.

ref erence

ng gas

c

of wel di ng.

supplied) and is
From t he out put

Wl ding is carried out

class (i.

13 is provided with seven
particles fromO0.1 to 0.2

15 1.0 [err]
~—~ 0¥
T
Yad's
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e. the nunber of
0.1 [err]mis2dfie or less per 1 ft[err]).

measuri ng

10

in a



exceeding 2.0 [err]mand Ch7 the total nunber of particles. - Test

Condi 't kons Four text runs were <carried out according to the 20
fol |l owi ng :paraneters. The back shielding gas flow rate was set to 5
L/'mn and the pressure to 5 mHerr]0. 25 The detected nunber of
part.i cl es exceeding 0.1 [err] mwas 36 pi eces (first test), 3 pieces
(second test), 11 pieces (third t%@&) and 88 pieces (fourth test).

13 For conparison, three further teSts were car; a wel di ng
current | = 20A. Rotation of el ectrode was begun 2 seconds after the

start of arc. Test conditions

a
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ot her than the welding current were the sane as those of 5 t he previous
testss. - In this case, the nunber of particles whose particle size
was 1arger-than 0.1 [err]mwas 286 pieces (first test), 638 pi eces
(second test) and 228 pieces (third test), 10 respectively. _

It is clear fromthe above two sets of tests, the welding process of
the present invention can greatly reduq&y he nunber of particles:
generated during the welding. 15 “"Furthernore, the welding process of
the present invention scan produce snoother inner and outer weld
surfaces than t hose produced by conventional wel ding processes. 20
I n the above-nentioned enbodi nent, only the case of butt- wel di ng of
stai nl ess steel pipds fis desgribe; Hot=tt—fras ~raen confirned that

t he nunber of particleq generated can be greatly ¥educed when the
wel di ng proceg&$ihccordiing to the present inventiof is applied to

ot her groove &h&pes, 25 f@qr exanple, when joints withylips are used, or
t ube type =2 10 4
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. joints-are used. . _ 14 Also, welding of stainless
steel pipes is above, but it has been confirnmed that the nunber of
particles entering pipes can be greatly reduced with pipes other than

stainless steel. One exanple being titanium alloys.

15 . +° CLAI M5 1. A welding process for arc welding two stainless

st eel pipes, said process conprising: pl aci ng said pipes in an abutting
relationship in an automatic TI G wel der using argon as an arc gas;
starting an arc in the arc wel der w t hABS®RAGTNg cur - rent | ess than
that required to cause fusion of stain- | ess steel whi-le flow ng
argon back shielding gas I nt of said pipes wherein the
i nt er nal ML&M&

The invention provides & method of arc welding;
characterised by holding the arc current at a reduced
level at the start of the welding operation thereby to
avoid substéntial welding of the work until at least a
ma jor proportion of the particles displaced by the plasma
flow at the generation of the arc have dissipated, and
thereafter increasing said arc current to the regular
level for'welding; thereby to reduce com:ami_nat_ion of the -
ﬁ@rk by the particles. The work may be a joint betweenw
two pipes; & back shielding gas may be applied in the
pipes.

(Please note thé,t Figure 1 should accompany the abstract when published)



- pressure of said pipes is maintained at 3-120 m(H err] O by %@ ﬁwg
argon. back shielding gas froma time prior to start of said C unt
a‘time afer the wel di ng of said pipes is conpleted;  and |ncrea5|ng_
said welding current to a nagnitude cori8- Substituts sheeb- Ghidlanch 1&SS

wel ding current of the automatic TI G wel der and sufficient to cause
fu- sion of stainless steel, said welding current being I ncr eased
after a lapse of an interval of tine of 1to 3 seconds neasured from
the start of said arc. 2. A welding process as clainmed in claim1l
wherein said wel di nGL&dMEent. insufficient to cause fusion of said pipes
i's 20-30% of the welding current of said magni - "tude corresponding to

e nore el i g Aﬂf@amg ?ﬁéif' e i, pe AR

mai nt ai ned - atg@gﬁﬂQpﬁE;;h £0CBSS Pr isigerhe dlscharge of the argon
back shi el di ng %ﬁyﬁd; ; .

claited in clai ‘ '

melder is started: aMEMDmﬁB@mBC c' bl e ,'f' _
tarting an arc in t.he arc Weﬁder with a welding cor-

vent less than that required to cause fusion @f stain-

~ Iess steel while flowing an argon back shield
into an end of one of said pmpg wherein the internal
pressure of said pipes is maintained at 3-120
mm(HgO) by said argon back shmeﬂdmg gas from a
tizne prior to start of said arc omid a tim
welding of said pipes is compieﬁedw

imcreasing said welding curren magmify
sp@ndfmg to the momal weﬁdi@g
automatic TIG welder and suffici sause fo-
swm @f stmﬂess stsek, said weldmg cmmt bsmg

k measm'edfmm the
. i& }K,ﬁMEﬂéhﬂmngﬁTMEESS:@Siﬁigimg

CUr W i V SMd mgmﬁﬁ
yormal weldmg current of

f@@ﬂ@ﬁ @f an electmde of the amomauc 'HG welder is
started about 2 seconds after the start of arc.




