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1 .0 Scope

This procedure outlines the installation sequences to be followed during the installation of the
beam tube can sections.

Detail or supporting procedures tbr welding,
required. See paragraph 3.0 tbr listing.

Installation Sequence

testing, alignment, etc. are relerenced as

2.1 Deliver beam tube can section tr) installation site. The sun shield shall cover the betun tube
while in temporary storage, transit or installation until pemlanent covers are installed.

See the "Beanr Tube Can Scction Fabrication Sequence" procedure (Doc ID "Fabseq")

tilr Lho specitic sequences and plocedures that are tbllowed during the fabrication
sequence.

The beam tubes are delivered to the installalion site in a tested and intemally cleaned
condition with sealed end caps installed on both ends. The expansion bellows are
restrained and blind llanges are installed on pump port nozzles.

Linrit contamination of the Beam Tube Module inner suriaces during installation

* * * * * *+** ! * * * *

Relerence

See
"Contamination Control fbr Construction

Activit ies During Ream Tub€ Installation"
Doc II) "CCP-I"

* *.1. * * + t< {r,k :t i.*t

Additionally, the previously installed beam
positive clean ail tlow.
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2.5

l . o

2_'1

2.8

*+i.+t *+d.'k,F**' l

Reference

See
"Positive Iilower/Dryer/Filtration System

Installation & NI:rintenance"
Doc ID "BDFI"

1. +{. * * * *:} d. d<:1.:1.*

* i+! t  ++{. ,k : t r r t  : } : **{ .

Follorv Cleaning Sequences detailed in
LIGO Procedure CCP-1,

* **( *+ * *:F* i.* {. * + dr

Move or roll clean roonr and associated equipment tbrward allowing sufficient room to
position weld shelter and set bean tube can section into position.

Position rhe Wcld Shclter beyond the end of the conpleted beam tube section.

Following preparati()n and checkout of the Weld Shelter per Step I of CCP-1, move the
weid Shelter over the end of the existing bean tube section, so the end projects into the
Ante Room of the Weld Shelter.

Following preparation of the existing benm tube end per Step 2 of CCP-1, move the Weld
Shelter further over the existing beam tube section until the end is in the Fit-Up Room.

Position the nexl beam tube section near the Weld Shelter on temporary, adjustable
suppons located clear oi the contract structural support areas.

Following inspecdon of the new beam tube section end and protective bag, move the beam
tube section forward until the end is in the Weld Shelter Ante Room.

After preparation of the bean tube end per Step 5 of CCP-1, move the beam tube further
lbrward until the end is in the Fit-Up Room and approximately 8 inches from the existing
beam tube end, allowin-s suiTicient clearance for removal of the end caps.

Removc ond cap.r and seal protection at weld joint to be made and position beam tube can
socti()n to existing beanr tube can section. Do not remove the intemal tube access plug
ti()rn the nreviouslv installed beam tube can section.

2 .9
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2.10 Start a.ligning weld joint using special CBI fitup clamp. See drawing ER45 tbr details of
the fituD clano.

* +1. t( 1. *1.* ** * *+

Warning

Do not perform any welding
or tacking at this time.

**! ** + *rr *++ i.:1.*

**{.*{.t<+**tr ****+

Reference

See
"Fitting/Purge Procedure for
Circumferential Butt lVelds

tbr LIGO"
Doc ID "FPCircumferential"

**********+ i .+

centerline and elevation to the previously installed alignment

*+*,F 1.,1.{.* *:k * **

R€l'erence

2.II Align bean tube can section
relerencc pads.

2 . 1 ?

2 .13

bee
"Init ial and Final Alignment fruring

lnstallation of LIGO Ream
Tube Nlodules using GPS System"

Doc ID "ALI-I"

1. * * dr *** ** * ++i.

Rcmove polycthylene secondary seal tiom end of beam tube can section at clean room
end. This procedure is dellned in LIGO procedure CCP- l.

Move or roll ciean room into posicion at beam tube can section end and make seal
connections to beam tube end. This procedure is dellned in LIOO procedure CCP-1.
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2 . 1 4

F** { . * *d . *+{ . * 'B*

Reference

See
''Clean Room Transporting,

Storage and Ivlaintenance Procedure"
Doc ID"CRTSIVI"

lirr specific sat'ety precautions and
proccdures to be adhered to within'n" "'11 ;llT;;f.o.Tr * o*

Remove end cap tioni end ol beam tube can secdon now inside clean room. Personngl
entering the clean room and tube sholl meet thc conditions and clothing requi-rments of
CRWA-I.

Vcrily positive iLir llow exists and verify sal-e entry is l'easible. Complete required checks
and records for ncln permil contlned space entry.

2.16 Insull inflatable purge ring, centered on weld jtrint, and connect 3/8" diameter stainless
steel purge/evacuation lincs listed below:

Z . I 5

2 . 1 1

a) Annulu space evacuation/vent line (weld purge gas and helium lest gas).

Inflatable seal pressure line (nitrogen ring seal gas).

Annular space pressure/purge line (weld purge gas and helium test gas).

b)

c )

In.tlate the inllatable purge ring outer seals by openin-q valves # V I & V2 on nitrogen
int'latable sea.l gas supply holdin_s intlatable purge ring in position centered on the beam
tube weld joint to be welded. Regulator should be sel at 5 psig.

Open evacuation line valve # V4 and alnular space pressure line valves *Y5 & V7
allowing 1004/o Argon backing purge gas to purge annular space. Purge until oxygen level
is less than 1.0% oxygen. End point to be ventled with oxygen analyzer. Upon reaching
l.0olo oxygen, establish Ar-qon t'low rate at a minimum value (light positive flow) to
naintain less than 1.0olo oxlgen.
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Warning

Welding or t{ck welding nt weld
joint to he only performed afler

completion of the above weld purge.
* * :h** * * * *++++

2.19 Complete tit up of weld joint, Tack welding is allowed at this step.
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Qxygen Meter Manual Valve
#v1

Nitrogen Gas

Wclti Jr.rint Purge/Hehum Hood Ring

Qxygen Sensor installed
inside purge space @) rop

Weld Joint

Manual Valve
#v6
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I Meter
( [ ]

Beam Tube F=lexiblc Metal Hose (Typ.)
> *  > ;
c >  ? >

Figure 2.12 - weld Joint Purging Arrangement
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Rel'erence

See
'Wclding Procedure Specitication

lbr Cireumt?rential Welds"
Doc It) "WPS-ER308L/Circ",

t6**:k* * *:1.* i< +

2.20 Set up and position autonatic weld equipment and complete welding of beam rube weld
joint.

2.21 Shut vi ves # V'7 & V,5 on annulat space pressure/purge line from 1007o Argon weld
purge gas.

2.22 Shut valve # V4 on annular space cvacualion line.

2.23 Close valve # V 1 on niuogen supply regulator. Open intlatable purge dng outer seal vent
vtrlve # V3 and dellare pur_qe ring outer seals. Verify positive air tlow exists and vedly sal'e
entry is teasible. Close both evacuation valves # V2 &. V3 associated with pulge dng
outer seals after venring stops and weld joint purge rin-e has slackened. Complete required
checks and records tbr non permit coni-lned space entry. Personnel entering the beam tube
shall meet the conditions and clothing rcquirements of LIGO Procedure, CRWA-1. Enter
Iube and move intlatable purge ring to clear closing weld joint.

2.24 Visually inspect closing weld joint,

2.25 Il visual inspection is acceptable skip step 2.26 and proceed with step 2.21 .

2.26 If there are to be .ay welded repairs, use WPS-ER308L/REPAIR. If there are to be any
repairs not requiring welding, use repair procedure CR8X. Repairs shall be made under
the fbllowing conditions to prevent contamination of the tube interior.

Any grinding or chipping .shall be pertbrmed in clean containment -glove box.
The glove box interiol and exposed tube wall shall be vacuumed in place prior to
removal tiom the tube. The vacuum shall vent outside the clean room or must be
compatable with the clean [0om.
Crinding shall be done with a portable grinder inside the glove box.

a

a
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I

Weld repairs shall be made with a ponable i l0 volt GTAW (TIG) Power source
(Maxstar 9l or equal)
Clean the repair area per procedure CL3N.

2.2'7 Move int-lauble purge ring r:ver closing weld joint. Intlate the intlauble purge ring outer
seals by opening valves # V I &Y2 on nitrogen inflarable seal gas supply holding inllatable
purge rin-q in position centered on the beam tube weld ioint to be leak tested. Inflatable
ring regulator should be set at 5 psi-s. Ret-er to Leak testing procedure 'HMST2N" for
helium flow requketrients.

2.28 Instail heliunr mass spectrolreter vrcuum cover and test beam tube weld joint.

** tr * {. * **{. * 8* e

Ret'erence

See
"Helium lVIass Spectrometer Hood Testing

of Closing Weld Joints Betweeh Beam
Tube Can Sections"
Doc ID "H&IST2N"

x * d. *:& d. * * +,1. + ++

2.29 If leak is detected, vent, repair and rctest in accordance with the applicable steps of
procedurc HMST2N.

2.30 Remove helium mass spectrometer vacuum cover iiom weld ioint exterior.

2.31 Shut helium test gas imd nitrogen ring seal gas supply valves # V6 & V7.

2.12 Close valve # V I on the nitrogen supply regulator. Open inflatable purge ring outer seal
vent valve # V3.

2.33 Close valves # V2, V3, & V4 associated with annular space evacuation line and purge ring
outer seals atler venting stops and weld joint purge rin-9 has slackened.

2.34 Disconnect antl remove the three (3).stainless steel purge/evacuation lines.
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2.35 Remove intlatable purge ring.

2.36 Steps 2.37 Lhru 2.39 are tbr insta.llation and testing
applicable t0 specific beam tube can section.

2.37 Locally clean area associated with pump port.

of valve at the pump port. Skip if not

2.38 Remove punlp port blind tlange and insrall valve with blind flange.

{< * *r( f:F1. *:k * * *+

Reference

See
"Htlium Mass Spectrometer Hood Test

of Valve:rnd Blind Flange Seals to Pump Ports"
Doc ID "HIVIST3N"

*+ * +:l' * * * r' *:k * *

2.39 Pertbrm helium m&ss spectrometer test of installed valve and blind tlange.

2.40 Renove tube access plug fi'om end of previously installed beam tube.

?.41 Inspect and clean bean tube intelior as workman "backs out" of beam tube from
complered weld joint.

a A n

2.43

F *1.:f * d. * ** * * * *

Reterence

See
"Iinal Cleaning and lnspection of

Beam Tube ivlodule Inner Surfacts "

Doc ID "CL3N"

ki. ** *,1.* + jf + + i. +

Perform initial alignment during construction and installarion of beam tube secdon per
procedure ALI- L

Install tube access plug 8" tionr clean room end oljust installed beam tube immediately
upr:n completion of cleaning, batlle installation and exit t'rom clean roonr end of beam
tube.
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2.44

1 / 1 q ,

Install clean room end cap and secure in position with band.

At this poinr installation is complete and next beam tube installation nlay be staned.

r!+t *+**{<**:Ft<s

Notc

Do not move clean room from end
of installed beam tube unti l just

prior to installation of next beam tube.
*x*+x+{<+*** *+

Install contrac! structural suppon on proceedin-9 beam tube section al-ter rolling equipment
has been moved forward of structural suppon point.

Remove the temporaly adjustable supporLs.

Remove expansion bellows restrainLs (if applicable) al'ter contract structural supports have
been installed and prior to veritlcation of alignnent using the preliminary alignment pads.

Grout contract sfuctural supporls. Grouting can be left until a number of suppofis can be
grouted at one time.

2.46

2.49

1  ^ 1

2.48

3.0 Referenced Procedures and Specillcations

This insmllation sequence is to be u-se<l in conjunction with the followin-t procedures and/or
specitications:

3. I Blower-Dryer Filtration Systenr Operation and Maintenance
Doc iD ' 'BDFI"

lnitial and Final Atignment During Construction and Insallation of Beam Tube Modules
using GPS Systen
Doc ID "ALI-I"

Planned Approach to Leak Testing tbr LIGO Project
Doc ID "LICOTP"

3 . 2

@
IDENTIFICATION

INSTALLSEQ

TITLE BEAM TUBE CAN SECTION
INSTALLATION SEQUENCE

PRODUCT LIGOBEAMTUBEMODULES
QUALIFICATION TEST
CALIFORNIA INSTITUTE OF
TECHNOLOGY

REFERENCE NO.
930212 SHT 9 OF 11
OFFICE

RCE
REVISION

3
MADE BY

CLW
CHKD BY

KHF
MADE BY

WLR
CHKD BY

SDH
DATE
2/1,t94

DATE

4/5/94
DATE

8t14t95

DATE
r0l23t9s



@I
IDENTIFICATION

INSTALLSEQ

TITLE BEAMTUBECANSECTION
INSTALLATION SEQUENCE

PRODUCT LIGOBEAMTUBEMODULES
QUALIFICATION TEST
CALIFORNIA INSTITUTE OF
TECHNOLOGY

REFERENCE NO.
930212 SHT IO OF 1I
OFFICE

RCE
REVISION

J

MADE BY
GLW

CHKD BY

KHF

MADEBY
WLR

CHKD BY

SDH
DATE

2nt94
DATE

4t5t94
DATE

8tr4t95
DATE

I0t?3/95

3.5

3.6

3.7

3 .8

3.9

Helium Mass Spectrometer Hood Test of Closing Weld Join$ Between Beam Tube Cans
Doc ID "HMST2N"

Heiium Mass Spectrometer Hood Test of Valve and Blind Flange Seals to Pump Pons
Doc ID "HMST3N"

Cleanroonr Transporting, Storage and Maintenance Procedure
Doc ID "CRITSM"

Final Cleanin-e and lnspection of Internal Sudaces Including Balfles
Doc ID "CL3N"

Fitting/Purge Procedure tbr Circumt'erentiat Butt Welds for LICO
Doc ID "FPCIRCUMFERENTIAL"

Welding Procedure Specilication fbr Circumt'erentia.l Welds
Doc ID "WPS-ER308L/CIRC"

3. t0 Contamination Control ior Consrruction Activities Durins Beam Tube Installation
Doc ID "CCP-1"

Beam Tube Can Section Installation Sequence Diasram

See Figures 4.lA through 4.lC for the "Beam Tube Can Section Inslallation Sequence Diagram"

Norcs: #l Clean Room to be left over erd of last tube secdon insti led until just
prior to setting of Dext tube section,

#2 Tube Section lo be witiin approxinli{Gly 8" of final locttion and under
weld sean enclosure p.ior lo removirl of end caps.

Figure 4.lA - Bean Tube Can Section lnstallation Sequence Diagram

4.i)

Align Weld
Seam & Phase #l

f l t

Remove Weld
Searn End Caps
(See Norc #2)
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Fit Weld
SerLm Phase #2

Install Pump
Pon Valve

(See Note #3)Verify Positive
Air Flow & SaJ'e

Entry hsulladon Task as Required,

Figure 4.lB - Continuation of the Beam Tube Can Section Installation Sequence Diagram

Remove Expalsion
Joint Bellows ResE{rints

Verify Alignmeot Using
Preliminary Alignment Pads

Rernove Tube
Access Plug

l est Punrfi Port
Vrlve & Blind Flxnge

(See Note #3) #4 Grouting May Be Pedormed In Groups Prior to Cover Insmllation

Figure 4.1C - Continuation ol rhe Beam Tube Can Section Instal.lation Sequence


