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1.0 SCOPE

This procedure outlines the fabrication sequences to be followed during the stiffener attachment,
expansion bellows installation, punp port installation, testing and cleanin-g of the beam tube
assemblies. Detail or supporting procedures for weldin-q, testing, cleaning, etc. are referenced as
required.

The following section headings are included:

2.0 FabricarionSequence
3.0 Testing Sequence
4.0 Clearing Sequence
5.0 ReferencedProcedures
6.0 Sequence Diagram and Sketches

FABRICATION SEQUENCE

E ?too+r-oz'E

receiving area.
at the storage

2.0

2 .1 Deliver factory tube sections, stiff'eners, pump port materia.ls, weld matedals, etc' to
Valves, blind flanges and associateJ bolting lumished by others will also be rcceived
area and handled in a sirnilar manner.

2.2 Visualiy inspect factory tubes, stift'eners, punp port nratetials, welding atedals, etc. for shipment
damage and compare to shippin-e papers or packin,s list.

n\ote

Factory Tubes, Expansion Bellorvs, StitTeners,

I 'ump lort lVlaterirrls:rnd Valres r+il l  have
inspection and factorS' release papers with shipment'

*,N * ** * r* ir;: i. tl.

Compiete material receiving reports tbr all contract nraterials received at the site will be prepared.
The receiving report will have artached any applicable inspection, cerrification, release, shipping
manifests or other related documents.

2.3



Store bearn tube cans or othcr rnltcl ials in designated rccciving storasc .lJea.

,.\ilff.
f)o not perli,rrn nnl' \Yddinll

or tacking on beittn tul)€s ulrt i l  l lroper
bncking purge hirs lrectt tstablished.

Use n;' lon slings and designated rigging I 'or
handling benm tubes and cxp.rnsion bcllorYs.

I)o not use screrv clamps or chains for h.ndling l)eilm tubes.

2.5 Move beam tube to desired sdft-ener titrine and weld area.

Note :

Clenn clothing and shoe covers shll l be rvorn

Ior t l l  work inside the l lerrm tube.

2.6 Mark bearn tube serial number identificarion on beanr tube exterior using CBI approved ball point
painr nrarkers or pxint stencil rvith 3" high letLers. \4iu.kings to be a minimum of three places
anproximatelv 120'around on ench end of bale bean tube can section.

Mark Iocation of machined support stiffener and all other stifteners. Indicate beam tube can secdon
hnal instzrllation direction at each end of bearl tube can section and location of expansion bellows
and punip port, if applicable. Layout punp port reintbrcin,s rin,c, if applicable. Verify that pump port
reintbrcing rin_c does not cross spiral weld.

, k * * t ( * * i i * * : i *

Note

For cont €Dtion, beim tulte

direct ion is t)ut\Yard l tom lper.
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,1 . * * * * ; t * *1 . * *

N0te

Pump port layout to be bctrveen sPirnl
rvelds so that reinlbrcirrg ring rvelding dots

not cross spiral wcld. l{ot:tte tube as retluired
to ()btrrin re(luired sPncing.

2.7 Slide on and roush Dosition near tinal location all vacuum sdflbners.

**++++,*:*,1*,1

Ret'erence

See
Fitt ing/Purge Procedure for Sti l lener

Attachment Welds lbr LIGO
Doc ID "FPStif lener"

rt* ***** rt:i:1. 'r.

2.8 Install machined support stifl-ener(s) with bolts (no welding).Machined stitfener halves to be placed

2.9

2 .10

in final position.

Set bean1 tube h stitibner tir-up and weld area. Position end tuming trunnion and opposite end
support.

Purge beam tube interior with nitro_cen gas. Pur-se unril oxygen level is less than 1.07o oxygen. End
point to be veritled with oxygen analyzer. Upon reaching 1.07o oxy-ten, esmblish nitrogen flow rate
to a minimum tlow rate necessary to maintain adequale purge level (ii-eht positive flow).

Purge to be maintained at less rhan 1.0% oxygen within tube. Check periodicaliy during any tacking
and welding operation.

2-11 Tack machined support slift'ener(s).

2.I2 Final position, fit and tack balance of stifteners. Vacuum stift-ener splice to be positioned over tube
spiral weld. Do not tack within 2" ol spiral weld.

2.13 Weld nachined suDDort and vacuuln stitTeners.



r*,* ** *,F:1.* * **

Note:

Do not rveld on or over tlrc bclrm
tube urn sectirltr spiral rveld.

* * * ) t * * * * * * *

Ret?rence

See
lVeld Procedure Specil ic t iorr tbr Sti lftner Welds

Doc ID "WPS-ER3{}8L/SIif lener"

2.14 Fit and weld punp port reinlorcing ring, if applicable. Vet'ity prior to welding that pump port
reinforcing ring does not cross spiral weld.

+{.*** r(,* {. *:+ *

Relerence

See
Weld l 'rucedure Specificrrtion Ibr

GI\'IA \Yelding lbr 304L l\'Irtterials
Doc ID "lYl'S-EIt308I-/GIVIA"

* *+** l . J . t ( * * *

2.I5 Steps 2. i6 thrr 2.29 are for installation
tube can section.

2.16 Move stiffened tube section can section

ol expansion bellows. Skip ii not rpplicable to specific beam

ro expansion bellows fir/weld area.

l{elcrencc

See
li itt ing/lurge Procedure l i)r

Circumlerential Rutt \Velds l irr LIGO
Doc ID " FI'Circ u ml erenti l l"

++ ,N: f+++*++ ' *

2.17 Starr aiigning expansion bellows using nechanical alignment ji,r. The expansion bellows needs to be
mechanical rou.ch ali.sned (no racking or rveldin_e) to allolv installation of the inllaubie pur-ee rin-e.
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!* :i. 'i1 + 'i. :1. 'f :f * '* *

Warnirtg

Do not perfornr {ny tncking
or rvelding at this time.

* * )* ** rt,*,t +ltr rt

Note:

Clean ckrthing and slroe covers shll l be rvorn
lbr all rrt.rrk inside the bqrm tube.

2.18 Insta.ll inflatable purge ring, centered on weld seanr, and connect 3/8" diameter stainless steel
purge/evacuation lines listed below:

Annular space vent line (weld purge gas).

Ring seal pressure line (niuogen ring seal _eas).

Annular space pressure/purge line (weld purge -sas).

See "Weld Joint Purging Arrangement" or sketch on page 12 of 17 of this
fabrication sequence.

2.19 Inflate purge dng ourer seals by opening valve on nitrogen ring seal gas supply holding innauble
purge ring in position cenrered on rhe beam tube/exparsion joint weld joint to be welded. Regulator
should be set at 5 Dsic.

2.20 Open evacuation line valve and annula-r space pressule lire v ve allowing 1007o Argon backin-e
purge gas to purge annular space. Pur-se until oxygen level is le.ss than 1.07o ox/gen. End point to
be verified with oxygen analyzer- Upon reaching 1.07o ox]!en, establish Argon flow rate to a
minimum flow necessary to maintain *.?:'lj:.lyi:: level (li-sht positive flow).

\\ 'arrr ing

\Yelding or trck rrelding rt $'eld
joiDt t0 be onll 'perfbrmed allcr

coml)lction of the rlrove rveld purge.
+ * * * i * * * , i i . r t , l .

2.21 Complete fit up of rveld joint. Tack weldin-s is allowed xt tlti-s step. See visual
DOC ID "VISX" ibr fit up check.

, l : t :1.****+***

.llel?rerce

b)

procedure



.

See
Wcld Procedure Specil ication

for Circurnl'erential Welds
Doc ID "WI'S-EII308L/Circurnl'erenti:rl"

2.22 Set up and position automatic weld equipnent and complete welding of beam tube weld joint.

2.23 Shut valve on annular spacc pressure/purge line to 1007o Argon weld purge gas.

2.24 Valve on alnular space evacuadon line should be open and renrain open.

2.25 Shut nitrogen ring seal gas supply.

2.26 Open purge ring outer seal vent valve

2.27 Close both evacuation valves associated with annular space evacuation line and purge ring outer
seals after venting stops and weld joint purge ring has slackened.

Disconnect and remove the thrce (3) 3/8" dianreter stainless steel pur-qe/evacuation lines.

Remove inflatable purge rin_q.

Steps 2.31 thru 2.41 are lbr insra.llation of pump port. Skip if not applicable to specil-ic beam tube
can section.

2.31 Move stiffened tube section to pump port fit rnd weld area.

* * * * i * * * * * * *

Reltrence

See
Fitt ing4'urge Procedure for l 'utnp
Irort Attlchtrrent Welds lbr I-IGO

Doc ID "IiPl'umpl'ort"

*+++*** * * * *

Note:

Clean clotlring and slroe covers shall be u'orn

ftrr all rvork iDside thc beatn tube.

2.28

2.29

2.30
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2.32 Install intemal purge diaphragm, set-up and cut nozzle openin,c for 10" nominal pump port nozzle.

2.33 Grind cut edges per fiuing procedure.

2.34 Install and fit pump port nozzle. Pur_se with 100% Ar-eon until oxy-sen level is less than 1.07o oxygen
and tack on outside. Perform visual inspection and :rdd clean tiller naterial to areas where gap xceeds
.0 10" using WPS-ER308UREPAIR.

2.35 Weld external of pump port nozzle.

Ilel'erence

See
Weld I 'rocedurc Spccil isrtion

tbr llunrp Port \{elds

Doc ID "1VI'S-ER30SL/Port"

2.36 Install external purge unit and purge with 1007o Ar-son until oxy-een level is less than 1.07o oxlgen.

2.37 Complete welding inside of pump pon nozzle.

2.38 Complete grinding per drawing.

2.39 Visually inspecr and repair pel procedurc any requiled ateas using 1007o Argon purge on the
appropriate side.

2.40 Remove external pur-se unit and internal purge diaphlagm.

2.41 Install tenporary pump port blind flanges.

2.42 Install end caps.

2.43 Move beam tube assenbly to post lab stora_qe ffer. The beam tube assembly shall be supported
using temporary cribbing or loaded on uanst'er failers while h .storage to avoid contact with mud or
other contamination.

? ' l TESTING SEQUENCE
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3.3

3.4

3 . 1

3 .2

3 .5

) .6

Move beam tube assembly to test area and remove end caps.

Perform pretest cleaning and black light testin-e cleaning procedurc.

+ +:i,1. * +* * *:;:c

Relerence

See
Cle.nning of Completed Tube Can Scctions

Doc ID "CL1N"

l.:i.* 'f:i * + + +*{.

Perform visual examination noting any suspect aleas.

Pedorm leak test on beam rube can section.

*:* * '1.*i. * *,F * +

Reference

See
Helium IVIass Spectrometer Hood Ttlst

of l leam Tube Can Sectious
Doc ID "HN'ISTIN"

* * * *+1 . * * * f i .

Complete test records for beanr rube can section.

Steps 3.7 thru 3.1 I are tbr repear Tine of Fli,sht testing and repair ol beam tube assemblies ftat have
failed previous test. Skip if not applicable to specit-1c berm tube section.

Perforn visual exarnination noting any .suspect aleas.

Perform "Time ol Fli-ehf ' te.st noting any leak or le.ks.

3.'7

3.8

3.9 Perform weld repair using appropdate pur-ce method dependin-e upon area to be repaired.
Repair per speciilc conlrrct welding procedur'es.

3.10 Perform leak test on beam tube can secrion per "Heliunt Mass Spectlometer Hood Test of Beam
Tube Can Sections."
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3.1 I Complete test records for all repaired beanr tube can secdons.

3.12 Install end caps.

3.13 Move beam tube can section to post te-st stora_se area.

4.0 BEAMTUBECANSECTIONCLEANING

4.I Move beam tube assembly to cleaning area and remove end caps.

,4 1

' * * * * * * * * * * 1 .

Note:

Bqrm tube can sectir-rns should be cleaned
as rer;uired by inst{l lntion re(luirements
with l imited storaqe time betrveen Iinal

cleaning :rnd instrl l{rt ion.
* * + + * : F * * * * *

Set-up for beam tube assenbly cleaning locatin_c nrovable end clean enclosures at each end of beam
tube assembly. Cleaning rack to be sloped to allow drainage liorr bsalu tube assenrbly. Drainage to
be towards opposite end frour expansion bellows, if applicable-

l lelerence

See
Cleaning of Corrrpleted Tuhe Can Sections

Doc ID "CLIN"
: t )* :* ,* r !*+*+**

Clean interior of bean tube can section.

Dry inerior of bean tube can scction.

Insta.ll cleaned end protection caps and polyethylene bag,qed double seal. Do not use tape on the
beam tube interior or on the bean tube exterior within 6 inchc.s of the end.

Complete cleaning records for bea-m tube can section.

+.)

t <
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A 1 Move cleaned and sealed beanr tube can section to p()st cleln stor:r-qe al'ea. The bemt tube assembly
shall be suppolted using renrpol'ary cribbin_q of loaded on Llansler trailcrs while in storage to avoid
contact with mud or other contar-trinaLion.

REFERENCED PROCEDURES

This fabricaLion sequence is to be used in conjunction wiLh thc lbJlowin-u procedures:

Planned Approach to Leak Testing lbr LICO Project
Doc ID "LIGOTP"

Helium Mass Spectrometer Hood Tes! of Beam TuLre Can Sections
Doc ID ' 'HMSTIN"

Cleanin_e of Completed Tube Can Sections
Doc ID "CLIN"

Fitting/Purge Procedure tor Circumterential Burt \\'elds lbr LIGO
Doc iD "FPCircumferendal"

Welding Procedure Specilication lbr Circunr ler e ntial Wel d.s
Doc ID "WPS-ER308UCircuml-erential"

Welding Procedure Specilication for PLrurp Port Welds
Doc ID "WPS-ER308UPolt"

Welding Procedure Specilicarion fol Stift'enel Welds
Doc ID''WPS-ER308L/Stitfener"

Welding Procedure Specilication for GN4A weluing ot'304L ntaterials
Doc ID "WPS-ER308L/CMA "

welding Procedure Specitication fol repair u,cldin-rl of 30-1L ntatcrials
Doc ID "WPS-ER308LiREPAIR"

5.0

5 . 1

5 .2

5.3

< ',|

5 .5

5 .6

5.'7

5.8

5.9
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6.0 SEQUENCE DIAGRAN,{ An*D SKETCHES

Attached find the following related to this labdc tion sequcnce:

Weld Joint Purgin_e Arral_remen t
(Page l2 of l7)

Bean Tube Fabrication Sequence Logic Diagranr
(Pa_re 13 of 17 to Paee 11 oi 17)

o . 1

6.2
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