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The present invention relates to a weld.ing process, 

particularly for super high purity gas feeding system 

piping common in semiconductor manufacturing plants and 

5 the like. 

In plants in which super high purity gas is used, such 

for example as semiconductor manufacturing plants, the 

qas f eedinq sygtem piping is typically constructed from 

10 ~tainless steel (SUS JlGL) electro poli9hed pipes. Non~ 

welded union joints are commonly used to connect 
.. 
,individual pipes to each other. 

However, nonwelded joints have inherent problems in that 

15 thef are ~usceptible of gas leakaqes, 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 con.sequence 11 connect.ion by welding 

ha~ been adopted, and special processes have been 

20 developed such for example afi automatic TIG butt-weldinq 

or automatic processes usinq special joints e.q. welding 

collars. 

Achievinq sufficient weld strength is important in these 

25 processes /1 especially when weldlimig stainless steel or 

other weld sensitive materials, but in addition to this, 

there are following important. requfitem.ent"s: ·~ " ·· 
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(a) tlh.e weld should not cause con tam 

pipelines, by actinq as a source of contaminant 

pa.r.ficles, and 

{b) the surface of the weld should be smooth and flat 

5 with t.he minim.um. irrequla:t'i ties thereby promoting the 

formation of a corrosion resistant passive film. 

JW a step towards zeetinq the above requirements, the 

plt'esent inventor develo~ a technique to reduce the 

10 effects of particles at the welds· by feedinq a back 

~hieldinq qas, such for example as argon, through pipes 

during weldinq and optimizing t.he intern.al pipe pressure 

of t.he gas so that inqresr1 of particles into the pipe 

durinq weldinq is reduced; this technique io disclosed 

15 in Japanese Patent Application Ho. ·3~216158. 

The above~m.entioned technique is characterised by feeding 

back shielding gas inward from one end of the stainless 

~teel piping, and adjusting the flow rate of said back 

20 ~hieldinq qas such that the internal pressure of both 

stainless steel pipes to be welded is increased to a 

specif led pressure, then arc welding the enqa.ging grooves 

of the pipes in the presence of an arc gas. When welding 

by a conventional process in which no back shielding gas 

. 25 is u~ed, ~everal thousand particles typically enter the 

pipe du.llrinq welding; the afoiementimied technique however 

11ay produce excellent results in that t.he number of 
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particles enterinq the pipe of greater than 0 

reduced to less than scores of particles. 

But, in · t.he · ·above described weldinq process, it is 

5 necessary to keep the internal pipe pressure. above a 

minimum figure whilst maintaininq a suit.able qas flow 

ra.t.e; if it is not possible to do this, the number of 

particle~ entering the pipe will ~ignificantly increase.· 

.· 
10 Consequently, if, for example, welding is carried out 

near semiconductor mainmifacturinq equipment, andl the 

prei.:um.re inside the pipe is restricted, or it is not 

po~sible to feed a large enough volume of back shielding 

qa.~ to maintain the pressure, it i~ difficult to decrease 

15 ~ufficiently the number of particles enterinq the pipe. 

Th~ object of the present invention is t.o provide an 

improved arc welding proces~ which reduces the adverse 

~ffects of particles generated during the weldlinq process 

20 on the properties of the resulting weld. 

According to one aspect of the present invention 

therefore there is provided a method of weldinq 

char~cterised by holding the arc current at a reduced 

25 level at the start of the welding operation thereby to 

avoid st11bstant.ial welding of the work until. at least a 

Ila jor proportion of the particles displaced. by the plasma 
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flow a~ the generation of the arc have dis~ 

thereafter increasing said arc current to the reqular 

level for welding; thereby to reduce contamination of the 

work by the particles. 

The method may involve reducing the initial arc current 

at the beginning of the proces6, ~o that when the arc is 

qenerat.ed., the plas:ma flow shock is reduced, thereby 

allowing particles displa~ed 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 to the reqular level 

for welding, and melting of the work commences .. 

1.5 The present invention therefore seeks to solve the 

problems associated with "the prior art technique a.s­

hereinbefore described for example when there is a 

ro~triction on the internal pressure of back shielding 

gas, or it. is not possible to feed a large enough volume 

20 Of back shieldinq gas, by_ providinq a. welding process 

which. nay reduce significantly the number of particles 

entering the pipee 

A~ a result of carrying out a number of particle 

25 generating tests durinq va~ious prior art are weldings 

the inventor has discovered that: 

( i) In . the case of butt welding of piptls, a. large 
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vo.lume of particles enter the pipes tl 

butt sections within 1 to 2 seconds after the 

arcing occurs (typically, in the order of several 

thousand particles 'larger than lµm enter). 

(ii) Even when the pipe butt sections and the weldinq 

head inside the welder are kept scrupulously clean, 

and particles in arc qas and back shieldin9 gas are 

nearly cmnpletely 9everal hundred 

particles enter the piping. 

The inventor has f·ound that this io, at least in pa.rt, 

canoed by: 

(a) A large number of particles beinq displaced and 

15 blown up into the welding head by the plasma flow 

associated with the generation of arcing. 

20 

(b) Solidification shrinkage of the ~urface of molten 

:metal qena.rated at the ~tart. of arcing causes 

stress to act on the welded section of the groove, 

which results in the generation of.clearance on the 

opposite side of the pipe as the joint is 

distorted. 

Wlth this knowledge, the number of particles entering the 

25 ·pipe nay, in accordance with the present invention, ·be 

reduced by: 
.·:. 

( i) Reducing the plasma f'low gr~nerated at. the start of 
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the arc, and 

(ii) preventing melting of the butt section at the 

start of arcinq, thereby delaying generation of 

clearance at the butt section of the tube until 

after the start of arc when a large number of 

particles are blown up. 

In another aspect of the present invention., there is 

provided a methodl of welding which includea discharging 

10 a back~6hielding gas in.ward from the openinq of the head 

end side of one stainless steel pipe in weldinq two 

Gtainless st.eel pipes by arc welding, keeping the welc:iing 

current of the start. of arc at the figure lower than the 

regular welding current for a specified time from the 

15 11tart of arc, and then raising- the welding current to the 

rQgular welding current. 

Since the current at the start. of arcing is below the 

regular welding current, the force of plasma flow 

20 generated the m.o:ment arc ~s emitted may be weakened, 

thereby softeninq the shock. The number of particles 

blown up in the welding head may therefore be reduced. 

Furthe:r.more, as the current at. the start of arc is below 

25 the regular weldinq current, no significant melting of 

the.work occurs. As a result, at. the start of arc, when 

particles are blown up in the welding head, there Day be 
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~ubstantially no clearance qenerated. at. the bll 

thereby inhibiting the entry of particles into the pipe. 

Following is a description by way of example only and 

5 with reference to the accompanying drawinqs of :methods 

of carryinq the present invention into effect. 

In the drawings:-

.· 
10 Figure l i6 a schematic diagram of plant for a welding 

proce~s according to the present inventione 

15 

Figure 2 iG an enlarged view of Section A shown in Figure 

l. 

Figure J is an enlarqed view of Section B sh.own in Figure 

le 

In the figures, numeral 1 shows a. liquif ied argon 

20 eon:tainer, 2 an aluminium evaporator, 3 a pressure 

regulatinq manifold, 4 a flow meter, 5 a metal filter, 

6 an automatic T!G welder, 7 a pressure regulator means, 

8 a throttle means, 9 a filter:, 10 stainless steel 

external pipe (19.05 mm m), 11 a stainless steel qas 

25 lead~through pipe ( 6. 35 mm mi) 11 12 stainless steel gas 

lead~th.rouqh pipe ( 9. 52 mm. m), 13 a laser particle 

counter, 14 a stainless steel flexible tube (9.52 :mm m),, 
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15 a stainless steel tube (6.35 mm e). 

In Figure 2, 16a 16b are stainlesf!l steep pipes (SUS316Jl'..; 

outside diameter: 6.35 mm s; wall thickness: 1 mm) whose 

5 inner wall surf aces are polished (by electrolysis or 

another process) , l 7 a tungsten electrode ( 1 • 0 mm m; 

point angle a = 15°; distance between electrode and 

groove 8 0. 8 mm), 18 arc gas (arqon; flow rate: 8 L/min), 

19 back shielding qas (arg~n pres~ure flow rate 6 L/min), 

10 . 20a, 20b o~rinq seal joints, and 21 a circumferential 

groove. 

The above~mentioned autol!M.tic lfIG weld.er 6 is an Arc 

Machine Company 1C7~4A. The auto~atic welder has an 
15 electrode 17 which i9 rotated a.round pipelines 16a, 16b 

at a rotating speed of 1.9 6ec/rotation, and requirinq 

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 level~. 

20 

The Arc qas 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 6 and the metal 

filter 5 respectively. The number of particles in both 

25 gases 18, 19··· is reduced to nearly zero. The groove 21 

i~ formed by lightly chamferinq circumf erantial edge of 

the end faces of pipes 16a and 16b. 
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The ~eans 22 to regulate the flow of back sl 

i~, as shown in Fiqure 2, in9talled in the vicinity of 

the junction between gas lead~through pipe 11 and 

stainless steel pipe 16b. In the present embodiment an 

5 ori~ice made of electropolished stainless steel sheet is 

u~ed to requlate the flow. It is also possible to use 

valves, and the like to ~chieve the sa~ ends. 

The laser pulse counter 13 is a counter with a suction 

10 flow rate of 28.3 L/min (Hitachi Denshi Ltd., TS~J;OO). 

In the present embodiment, as shown in Fiqures 2 and 3, 

nitrogen qas is caused to flow at a rate of 50 L/min into 

the external pipe 10 through the pressure reqular 7, the 

throt.tle 8 and filter 9, such that the laser pulse 

15 counter 13 can illbibe gas at t.he n.ecesoary flow rate 

(29.3 L/min) through the gas lead~through pipe 12. 

Now the welding of stainless steel pipes 16a., lGb will 

be described. First of all, stainless steel pipes lGa, 

20 16b are cut with a cutter and the end faces are machined 

in 40~L/mi:n N2 purqe atmosphere followed by purginq the 

.brnide of stainless steel pipes 16a, 16b with N2 at 7~9. 5 

kg/CM.t~ for 2 seconds. 

. ·. . . ~ . 

25 Ne:xt, stainless steel pipes 16a,. 16b are juxtaposedl the 

head of the automatic TIG welder 6, and arc distance is 

adjusted and the end! grooves a.re aligned. The .back 

I 
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~hieldinq gas 19 is continuously pumped at c 

5 mmH20 and a flow rate of 5 L/min after the stainless 

~t.eel pipe5 16a, 16b are put into position. In order to 

minimi~e leakage of back shielding gas 19, it is 

5 c::u:u:;ent.ial to accurately match the grrooves by aligirniirnq the 

5ha:ft centres of both pipes. The groove may be formed 

by a standard end facinq aachine or by a lathe. As 

de8cribed later, there is no significant difference in 

the number of particles qe~erated to the different groove 

10 forming methods. 

Next, arc qa~ 18 is sucked into the automatic welder 6, 

~nd is free~purged at a flow rate of 8 L/min for 20 

6econdf5 before the start. of the welding process (when the 

15 power source is turned on), and. then the a.re is turned 

One 

Rotation of the electrode starts 3 seconds after the 

start of arcinq, and after the olectrode has.made about 

20 2. 5 turrrn at the speed of 7. 7 sec/rotation, the arcing 
. 

stop6 and post~welding pur9ing of arc gas 18 continues 

for 2Q.9econds (flow rate 8 L/min). 

Figure 4 sho~s the variations with time of the welding 

25 current I of the automatic welder. The welding current 

I at the start of arcing (t ~O) is held to about 1/5 {I 

g 4A) of the regular welding current {I ~ 20A) and held 



.. 11 

for a.bout 2 seconds.. _Thereafter, it is rai 

rogular welding current ( r ~ 20A) and after about 17 

seconds, it is lowered to zero over 3 seconds. 

Ideally the welding current at the start of arc is about 

10 ~ 301fi of the regular welding current. When the 

current exceeds 30%, meltinq illll!!mediately beqins thereby 

causing ~ clearance to develop in the qroove. When it 

drops below 10\, the a.re its.elf is likely to be unstable. 

10 It i~ optimum to take 1 to 3 seconds for returning from 

the low current at t.he st.art. of arc to the regular 

current. If it takes longer, the welded parts are 

finished with slightly poor rogults .. 

1.5 During t.he welding, st.a.inless steel pipes 16a, 16b, ba.ck 

~hieldinq qas 19 is continuously fed pref ex-ably at a flow 

rate of 5 L/ain. It is desi~a.ble to keep the flow rate 

of the above mentioned back 8hieldinq qas between 3~7 

L/ain. In addition, if the internal pressure of t.he pipe 

20 can be raised, it is desirable to hold the internal 

pressure at. the above mentioned welded parts at about. l ~ 

100 ~O by inserting an orifice or the like on the 

down.~tream side. 

25 Measurement by the laser particle counter 13 of particles 

cominq from the welded part~ 18 begun 5 minutes before 

weldi.nq starts (with arc gas 18 oucked into the automatic 
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TIG welder 6 and back sh.ieldinq qas c 

6upplied) ftnd is continued until 5 minutes after the end 

of welding. FrOD the out.put of the count.er, it is 

p<>~sible t.o calculate the number of particles emitted 

5 during t.he welding process. 

Weldinq io carried out. in a clean room at 0 .1 µm 

reference class (i.ee the number of particles exceedinq 

Ool ~is one or less per~ ft.3). 

The laser particle counter 13 is provided with seven 

mea~mring eha.:nnel1.1 · (Ch) .. Chl measures the number of 

particles f rem 0. l to 0 .. 2 µm, CB2 those from ··oo. 2 to 0. 3 

µR, Ch3 those from 0.3 to 0.5 µm, Ch4 those from 0 .. 5 to 

:- 15 1 .. 0 1-lim. Ch.5 those froz 1. 0 to 2. 0 µm, and Ch6 those 

oxceedinq 2.0 µm and Ch1 the tot~l number of particles. 

Four text runs were carried out according to the 

20 following parameters. 

The back shieldinq gas flow rate was set to 5 L/min and 

the presfiure to 5 ~o. 

25 The detected number of particles exceedinq 0.1 µn was 36 

pieces . (first test) , 3 piecf.UI (second test) , 11 pieces . 
( t.hird test) and 88 pieces (fourth test) •.. 
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For comparison, three further tests were car: 

a welding current I ~ 20A. Rotation of electrode was 

begun 2 ~econds after the start of arc. Test conditions 

other than the welding current were the same as those of 

S the previous teBts. 

In this eaoe, the number of particles whose particle size 

wao __ large.r than O.l µm was 286 pieces (first test), 638 

pieces (second test) and 228 pieces (third test), 
: 

10 respectively. 

15 

It io clear from the above two setr1 of tests /1 the welding 

process of the present invention can greatly reduce the 

number of particles generated durinq the weldinq. 

Furthermore, the welding process of the present invention 

can produce omoother inner and outer weld surf aces than 

those produced by conventional welding processese 

20 In the above~mentioned embodiment., only the case of butt~ 

weldinq of stainless steel pipes is described, but it has 

been confirmed that the number of particles generated can 

be greatly reduced when the welding process according to 

the.present invention is applied to other groove shapes, 

. 25 for example, when joints wi t.h lips are used,, or tube type 

joints are used!. 
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Al~o, welding of stainless steel. pipes is 

c;above, bu.t it has been confirmed that the number of 

particles entering pipes can be greatly reduced with 

pipEHJ other than stainless steel. 

5 t.itanlmn alloys& 

.· 

One example being 
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15 
THIS Stff:ET HAS BEEN 

REPLACED 

1. A method of arc welding, characterioed by holding 

th~ arc current at a reduced level at the start of the 

welding operation thereby to avoidl substantial welding 

5 of the work until at lea.st a major proportion of the 

particles diuplaced by the plaBna flow at the generation 

of the arc have dissipated, and thereafter increasing 

said arc current. to the regular level for welding; 

thereby to reduce contami_na.tion of the work by the 

10 particles .. 

15 

2e A method according to claim 1 wherein the reduced 

level is 20~30% of the regular level. 

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 accordinq to claims 2 or 3 wherein the 

20 weldinq operation is carried out from a front surface of 

the work, and a back ohielding gas is applied 

concurrently to a back surface of the work. 

5 © A method according to any prec.md.inq claim wherain 

25 the work is a section of metallic piping and .a back 

shielding gas is covered or allowed to flow in th.e ·piping 

du.ring welding .. 
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THIS SHEET HAS BEEN 
REPLACED -----· 

6.. A ~ethod according to claim 5 wherein the internal 

pressure and flow rate of the back shielding gas in the 

piping is controlled by upstream pumpinq means and 

downstream throttle means. 

1. A method according to any of claims 4 to 6 wherein 

the back shielding gas ie maintained at a pressure of 3 

to 120 mmffzO durinq the welding proce6s. 

io ·e. A method according to any of claims 4 to 1 wherein 

the back shielding qas is argon. 

9.. A method according to any preceding claim wherein 

the arc welding process is an automatic TIG process and 

15 the arc ga~ is argon. 

10.. A method according to any preceding claim wherein 

the work is stainless steel piping. 

20 11. A method acco:r:dinq to any of claims 1~10 wherein t.he 

work is titanium alloy piping. 

12. A method as claimed in any preceding claim wherein 

the reduced level of said. arc current. is such as t.o avoid 

25 ~ignif icant surface shrinkage of the work at the start. 

of welding until the said particles have substantially 

~11 dissipated. 


