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SID/Ii\lEARY 

This paper is a discussion of the development, testing and 

evaluation of a welded vacuum flange 9 capable of being automa­

tically welded, and then removed and rewelded at least 4 times. 

1. INTRODUCTION 

The advent of enormous vacuum chambers (2-4 km) , with their 

large number of seldom removed individual vacuum joints, in high 

radiation fields and with high or ultra-high vacuum req_uiremexits, 

leads one to search for an alternative to the high cost metal­

gasket bolted vacuum joint. 

A weld, once leak tested, is the most reliable alternative 

vacuum joint. And in the form of a weld flange, or simple butt 

weld of tubes, it has extremely low cost ( > 8 SFr./joint). 

A vacuum joint in the form of a welded flange joint has been 

proposed on the 200 GeV2) acceler9-to:r, and i.,s __ pre::=;entl.y in v.se at 

SLAC 193 ) . However, until now 9 no flange has been developed tes_ted 

and proven that can be remotely-:automatically welded and removed. 

This type of joint has been studied on the 1.5 km length beam 

transfer vacuum system between the existing Proton Synchrotron 

(PS) and the Intersecting Storage Rings (ISR) at CERN and also 

at specific places :m the Storage Rings themselves. 

2. DESIGN CRITERIA 

The. design and development of a weld joint involves three 

separate components� the joint itself, a welding mechanism and a 

removal mechanism. The desired criteria for these three items are 

as follows� 
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For the jointg 

1. Reliable vacuum joint 

2. Low in cost 

3. Removable and reweldable at least 4 times 

4. Able to serve as transition piece 

5. Radiation, temperature and environi�ent resistant. 

1'7or the welder� 

1. Automatic-remote inst al la tion of the welder; 

automatic-remote alignment and clamping of mating joints 

2. Automatic-remote weld cycle 

3. Automatic-remote retraction of welder 

4. Failsafe weld cycle 

5. Removable and reweldable welds, 4 per joint 

6. Fit into allowable space 

For the weld removal mechanism� 

1. Automatic-remote installation and positioning 

2. Automatic-remote weld joint removal 

3. Automatic-remote retraction 

4. Failsafe vrnld-removal mechanism 

5. To make up to 4 joint-removals'per joint 

6. F'it into allowable space. 

3. FLANGE DESIGN 
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The weld joint may take either the fo�"Ill of an edge-welded 

flange, or of a butt-welded tube joint. The weld flange has been 

studied because the weld flange also serves conveniently as a 

transition piece between different sizes and shapes of the vacuum 

chamber sections. 

The prototype weld flange form under test is shovm in Fig. I. 

The flange is first blanked from a 1 mm 304 L'sheet into a disc 
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with a specific 0.]). and I.]). The blank is then stamped to the 

final shape with no further operations req_uired. The ribs on the 

flanges keep them from warping and also serve to center them 9 and 

to give both the welding and removal mechanisms the same reference 

to the flanges. The flanges may be easily made sexless 9 as is 

shovm in Fig. II by having both ribs protruding. Then, however, 

the weld mechanism must also center the flanges. 

The flanges can be welded to the vacuum chambers with the 

same automatic welding mechanism by merely repositioning the 

weld-head. The convolution facilitates this edge-welding of the 

flange to the chamber. The convolution and the straight section 

of the flange also act as a membrane, affording a certain com­

pliance. The vacuum chamber ano. flanges are then ready to be in­

stalled and welded together. 

3. 1 Advantages of a welded vacuum joint 

1. Vacuum reliability 

2. Low cost - a simple stamping 

3. Ease. of _installation - feasible to remote and automate 

the operation both for weld reliability and for radio­

active environment 

4. No sealing surface to damage 

5. No multiple-part flanges � ..
.. :_ : . . .  

6. Joint need_ not be separated or retracted for removal 

7 • A certain compliance - based on design and shape of flange 

8 • Space req_uirement - base_d on igenui ty a;pplied to design 

of joint and welding and removal mechanisms 

9. Ease of corrections - another weld pass 

10. Can be sexless or female/male joint 

11. No bake-out pro:ilems 

12. No radiation damage. 
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3.2 Disadvantages of a welded vacuum joint 

Aside from the susceptibility to mal-function of the welding 

and removal mechanisms, the main disadvantage of the weld fl2.,,nge 

vacuum joint is that it is only removable perhaps four times. This 

g_uestion of the finite number of removals and reweldings of the 

flange could be answered in a couple of ways. Vihen the weld flange 

has been removed for the last possible time, the flange itself 

could be cut off and a new flange welded to the vacumn chamber in 

situ. This could be done automatically; the joint would then be 

ready for another series of removals. 

A second alternative might be to use a butt-welded joint to 

join the two vacumn chaml)ers 9 or transition piecer3 9 directly, as 

shown in Fig. VII. The bellows on either side would probably exist 

in any case 9 and they would thns serve the dual function of allow­

ing for component and chamber misalignment, plus allowing the tube 

to be cut and then pushed about 1 mm together, for the reweld, 

after each cutoff. After a rn.unber of removals, when a certain 

length of the chamber had been cut out, like 10 mm, a filler could 

be doubly welded in, as shoi,-m in Fig. VII. This butt-welding pro­

cedure could give an almost infinite number of joint removals ana_ 

rewelds. 

4. AUTOMATIC i'JELDER DESIGN 
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The automatic welder has been designed both as a clamping 

fixture and the weld-head drive mechanism. The welder is a simple 

device, as shovm in Figs. II 9 III 9 IV, consisting of two nested 

rings which are both split. The outer :ring is hinged and locked 

and the inner ring rotates in this outer ring. The rings remain 

true due to the hinge on the outer ring and the locating dowels 

at the split sections of the rings, as shoirm in Fig. II. The inner 

ring contains a groove which matches with the rib on the ·weld 

flange. The outer ring contains a set of reaction rollers running 
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against the inner ring and also a set of clamping fingers with 

rollers. ·when the welder is positioned against the flanges 9 the 

flanges and the inner ring are clamped together between the re­

action rollers and the clamping fingers on the outer ring. The 

inner ring is then hela_ firmly against the flange and is fixed 

due to friction. The outer ring contains a D. C. motor and drive 

pinion. These drive the outer ring relative to the ring gear 

attached to the fixed inner ring. 

The motor is powered by a voltage :regulated power supply to 

insure constant vreld head speed characteristics. When the outer 

ring is unlocked and unclamped from the flange, half of the inner 

ring is held by the drive pinion meshed with the ring gear. The 

other half of the inner ring is held by a cam actuated by the 

hinge opening. 

The weld head rotates with this outer ring, always keeping 

the electrode at the center of the flange pair and a fixed distance 

from the flange edge. The welding process is the stana_ard argon· 

arc process with a tungsten electrode (T. I. G.) . 

5. AUTOMATIC WELD REMOVAL DESIGN 
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Several weld removal methods are being investigated. They are� 

1. Multiple machined grooves on flanges to facilitate weld 

bead peel-off 

2. Combination cut and weld bead peel-off 

Cutting off of weld bead. 

·With the multiple machined groove flange a cut is made on the 

weld bead and then the weld bead is literally ripped off. This 

type of flange is shovm in Fig. IX. The second method consists of 

a partial cutting through of the flange in the machined groove to 

make it easier to rip off the weld bead rim. The third method con­

sists of machining the weld bead off with either a rotating cutter 

or a fixed cutter that rotates around the flange. A mechanism simi­

lar to the automatic welder in design and presently in fabrication 

will be the basis for tests on methods 2 and 3. 
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6. TEST RESULTS 
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An automat'ic welder has been tested and modified which now 

gives .reproducible and reliable welds. 

The typical automatic weld cycle followed in the weld te sts 

is �s shovrn in Fig. VIII o The ,�elder, in the ope11. :pnQi,+.iriri j iR 

installed manually on the pipe, and shut. The ribs on the flange 

serve to rough-locate the flanges, and as the clamps are tightened, 

the welder centers on the flange rib and also forces the two mating 

flanges into correct position. This manual procedure takes about. 
25 seconds. With the addition of pneume,tic clamping, the time will 

be cut to 5 - 10 seconds. 

The motor, the argon and an ultra-violet light are turned on, 

and after a one-quarter revolution, the arc is remotely started� 

in the presence of the ultra-violet light. Aftei� one revolution 

plus 1 cm, the electrode current is tapered to zero in about 2 cm. 

This leaves a good vreld-runout, as shown in Fig. VI. The electrode 

current cut-off activates a relay which stops the motor at the 

next index point for opening the welder. 

The use of an ultra-violet light, provides good reproducible . . . - -· · 

electrode starting characteristics. Current taper-off over a 2 cm 

length eliminates any weld craters. Use of an argon shield over 

1/ 4 of the weld circumference also allows good weld protection and 

cool down. 

The removal of the mechanism is easily accomplished by re­

leasing the clamps on the flange and opening the welder. This is 

done manually in under 5 seconds. These short manual installation 

and removal times are important from a radiation standpoint. 

Weld tests to date show a wide :range of acceptable combina­

tions of weld-head current and speed. The 1 mm 3041 flanges have 

been edge-welded w
i
th good :results from 25 A and 8 cm/min (9 min 

weld time) to 52 A and 46 cm/min (1.5 min weld time) . A cross­

section of a weld at 40 A and 28 cm/min (2.5 min weld time) is 
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shown in Fig. V. 'fiie weld penetration, or throat, is about 1 mm, 

arid a good weld structure exists. The weld surface appearance 

and electrode current taper-off can be seen in Fig. VI. 

Multiple welds have been tried on flanges in which 1. 5 mm 

(including the weld bead) has been machined off the radius - in 

a lathe - and then the flanges rewelded for several such weld­

removals. No welding difficulties nor vacuura ieaks were encoun­

tered. It is encouraging that the previous weld zone did not seem 

to effect the reweld or the vacuum integrity of the succeeding 

rewela_s. Wela_ joints, with and without machined grooves, have 

been cycled 10.000 times at an axial deflection of 2 mm, with no 

fatigue or vacuum problems evidenced, 

The second phase has been the study of weld removal methods. 

Two different concepts of weld removal are being studied. One is 

the rip-off weld bead, and the other is the cut-off weld bead. 

Initial weld rip-off tests run on flanges with machined grooves 

are promising. (A flange with a machined groove for Weld b'ead 

rip-off is shovm in Fig. IX. ) More tests are underway on this 

method. 

For the weld bead cut-off tests, both a rotating tool and a 

fixed tool rotating aroLmd the circumference of the flange will 

be investigated. Certainly the rip-off weld bead is much simpler. 

However, the cut-off weld may offer a more reliable removal and 

reweld capability. Further tests will be conducted to study the 

removal and reweld capabilities of each system. 

CONCLUSION 

The weld flange and automatic welder are both :proving to give 

a reliable and sound vacuum joint. Further investigation is now 

being conducted on two different types of weld removal methods, 

i.e. , the weld-bead rip-off and the weld bead cut-off. Both of 

these methods will be studied and tested in hopes of achieving the 
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desired reliable weld flange ui th the capability of being removed 

and rewelded four times. 

Not much emphasis has been placed on the question of remoting 

the flange mounting and removal because it is really only a question 

of remote installation and. removal of the automatic welder and cut-

off mechanisms. The automatic tools are being designed so that once 

they are in rough location, they can both center themselves and 

clamp the flanges automatically. No remote manipulation will be 

necessary. 

Certainly the welded vacuum joint has many characteristics, 

such as vacuum reliability, low cost, and feasibility of remoting 

and automating the mounting and demounting procedures, which warrant 

its application in many accelerator vacuum systems being proposed 

or designed today. 
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