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GENERAL

Description

This specification defines the technical requirements for the materials, fabrication, and supply
of the LIGO Beam Tube Expansion Joints for the construction option. The construction
option consists of two Laser Interferometer Gravitational-Wave Observatories. One will be
located near Hanford, Washington and the second will be located near Livingston, Louisiana.
Each observatory is comprised of 48.75" minimum inside diameter beam tubes with a total
length of approximately 25600 feet. Expansion joints will be required over the entire length
and will be used to connect the beam tube segmants. The expansion joints will have an
approximate spacing of 130 fest. The beam tubes and the expansion joints are the key
elements of the vacuum system for sensitive interferometer components and optical beams
used by the observatories.

Scope
The scope of work includes calculations, design and detail engineering, fabrication, welding,
dimensional control, inspection, nondestructive examination, cleaning and preparation for

shipping. Field installation will be by others. The LIGO Expansion Joint design requirements
are shown in Section 3.0.

1.2.1 Drawings/Figures
The following drawing(s) and figure(s) form an integral part of this specification:
Figure 1 - Beam tube bellows configuration

Figure 2 - Dimensional limitations

Figure 3 - Fixture for Supporting Expansion Joint During Vacuum Leak Testing

1.2.2 Specifications
Standards of the Expansion Joint Manufactures Association, Inc. Sixth Edition

ASME Boiler & Pressure Vessel Code, Section |, "Materials", the 1992 Edition with
the 1893 Addenda.

APPROVED

ABME Unfired Pressure Vessels, Section VIII, Division 1 as applicable, the 1592

% ZE: 7 J-30-% Efition with the 1993 Addenda. Code stamping is not required.
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1.3

ASME Section IX Welding and Brazing Qualification, 1992 Edition with the 1993
Addenda.

ASME Boiler & Pressure Vessel Code Section V, Nondestructive Testing, 1992
Edition with 1993 Addenda. The requirements of this specification (C-EJ-CO) shall
have precedence cver those in ASME Boiler & Pressure Code Section V,
Nondestructive Testing.

CBI Beam Tube Material Specification C-240-0186.

CBI Coil Material Bake Specification C-CMBS1,

LIGO Specification 1100004, Rev C, "Beam Tube Module Specification”, dated May
11, 1993. (Reference only)

LIGO Specification 1100007, Rev 0, *Process Specification for Low Hydrogen, Type
304L. Stainless Steel Vacuum Products®, dated April 5, 1993. (Reference only)

Submittals

Information Required with Quotation:

1.3.1 The vendor must state in his quotation that the quotation complies with this technical
specification with any exceptions or alternates noted and explained. The purchaser
will assume complete conformance unless deviations are noted.
1.3.2 Shop practices, including forming method, lubricants used, cleaning procedures, eic.
See paragraph 4.3.3 concerning the use of lubricants.
1.3.3 A sketch or drawing showing the following information:
1.3.3.1 Expansion joint dimensions including thickness and bellows configuration.
1.3.3.2 Expansion joint spring rates for axial, lateral and rotational movements, and
the estimated deviation as a percentage of the spring rate.

1.3.3.3 Degree of axial pretension or compression based on a 70 degree
temperature.

1.3.3.4 Design movements
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1.3.4 Procedures for making and documenting measurements of dimensions with specified
tolerances.

1.3.5 A description of the vendor's manufacturing facilities and the equipment required to
perform the work covered by this specification.

1.3.86 A description of the vendor's procurement appreach, including source of materials,
traceability of materials, and management of subcontracts if applicable.

1.3.7 The vendors quality assurance manual in accordance with ASME Section VIII,
Division 1 or ANSVASQC Standard Q2001. (Certification is not mandatory).

1.3.8 The vendor's management plan, including the process by which the work covered by
this specification will be monitored and controlled, and identification and function of
key perscnnel to be assigned.

Information Required For Approval by the Purchaser After Receipt of Order and 4
Weeks Prior to Fabrication:

1.3.9 Design calculations and drawings.

1.3.10 Weld procedures with supporting procedure qualification records and welder
personnel qualification records per ASME Section X,

1.3.11 Shop practices including forming method and lubricants used if required.

1.3.12 Helium mass spectrometer leak testing procedures. Leak testing procedures shall
comply with ASME Section V, Asticle 10, Appendix V, which is attached.

1.3.13 Certification of qualification for leak testing personnel.
Information Required 2 Weeks Prior to Shipment:

1.3.14 Certificates of Compliance for all materials attached to the expansion joint not
provided by the purchaser.

1.3.15 Helium mass spectrometer leak test report for each expansion joint. The report
shall include all requirements of ASME section V Article 10 paragraph T-1091
including the name of the responsible inspector, the specific equipment used
including the size of the calibrated leak, helium concentration, the vacuum level
during the test, and duration of helium exposure or hold time. The report shalf
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include a statement that the expansion joint has passed the helium leak test 1o the
required sensitivity with the inspector signature.

1.3.16 Record of measured toleranced dimensions and spring rate of each Expansion Joint.

20  MATERIALS

2.1 The expansion joints shall be manufactured from stainless steel conforming to ASME
Specification SA-240 Type 304L (HRAP) and in accordance with CBI Specification C-240-
0186 and with LIGO specification 1100007. The thickness of the expansion joints shall be
between .100™ and 0.103*. Exiernal attachments shall be ASTM SA240 Type 304L stainless
steel.

22 The purchaser will fumish the vacuum boundary material for the expansion joints. Unless
noted otherwise by the manufacturer, the purchaser will fumish only cne 60" wide X 156"
long sheet of material for each expansion joint. The vendor is respensible to fumish ail other
materials for the expansion joints.

24 Weld wire must be cleaned and handled in accordance with CBI Specification WMS-ER308L.
The purchaser will provide filler wire if required by vendor.

25 The material supplied to the vendor will have been subjected to an air bake in accordance
with Specification C-CMBS1 prior to receipt by the vendor. The expansion joint manufacturer
is not responsible for performing the air bake of the expansion joint material.

30  DESIGN

The configuration of the beam tube and expansion joint is illustrated in Figure 1. The following
requirements are based on this configuration.

3.1 Nominal size: 49.145" inside diameter by 56" maximum outside diameter.. The expansion
joints will be welded by the purchaser to tubes with a 49.375" outside diameter and a 0.125”
thickness. The ends of the tubes will be expanded to 49.375" outside diameter to match the
size of the ends of the expansion joints.

3.2 Expansion joint type: Single, unreinforced

33 Flow medium:
During installation: dry air, 15 feet per second
Operating & Transient: Vacuum <1 x 10E-8 torr
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34 Design Pressure:
External: 14.7 psia Continuous after start up
Internal: 3.0 psig During constnuction and operations maintenance
35 Temperatures
Transient: 3020F
Minimum: -16°F
Maximum operating: 1200 F
Installation temperature: 20° to 1009 F
36 Maximum installation movements:
These movements will be one time movements. The movements will be made to assist the
fit up of the second joint between the expansicn joint and the tube sections.
Axial: +0.250" in addition to other specified axial movements
Lateral: 0.0"
Rotational: +0.13 degrees in addition to other specified rotations
3.7 Maximum movements:
3.71 Operating
Axial: 0.73" Contraction, 70°to 1209 F
1.25" Extension, 7090 -16° F
7483 total cycles { daily cycles for 20.5 years)
Lateral:  0.125"5 cycles) The 5 cycles of lateral movement may be
caused by differential settlement between supports.
Rotational: 0.10 degrees (1 cycle) due to dead load of tube
0.20 additional degrees (5 cycles)
3.72 Transient
Axial: 3.48" Contraction (20 cycles) 709 t0 3020 F.
Lateral: 0.00"
Rotational: 0.10t0 0.20 degrees (20 cycles)
38 Rods (Tie/Limit/Control): None
39 Dimensional limitations: See Figure 2

Nominal Cverall length: Per Fabricator + 0.125”
Tangents (straight portion of ends): 5" +0.125"
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Maximum Qutside diameter: 56"
Minimum Inside diameter: 48.75"
Minimum thickness at ends: 0.100"
Maximum thickness at ends: 0.103"
Concentricity of straight ends: 0.125"
3.10  Spring Rates: (Based on a 70° F material temperature.}
Axal: 8000 bs/in Maximum(As measured based on a fuil stroke per 3.7.2, at 70°
F See Paragraph 4.6.7.)Lateral: Supplied by Vendor
Rotaticnal: Supplied by Vendor
Torsion: Supplied by Vendor
3.11  Torsional Resistance:
The expansion joint shall be capable of resisting a torsional load of 405,000 inch pounds
during operation. There will be a maximum of 30 cycles for this torsional load.
3.12  Installation Position: Horizontal
3.13  Vibration frequency: by Vendor
4.0 BRICATI
41 Material Bake (LIGO Specification 1100007, Section 2.2 & 2.5)
The material will be provided by the purchaser. The expansion joint manufacturer will receive
the material in the air baked condition per CBI specification C-CMBS1. The vacuum baking
per Section 2.5 of the LIGO Specifications will be performed by others.
4.2 Welding (LIGO Specification 1100007, Section 2.3)

421 Al welding exposed to vacuum shall be done by the gas tungsten arc welding
(GTAW) process. Welding shall be autogenous with the exception that weld passes
on the cutside of the expansion joint may use filler wire meeting the requirements of
paragraph 2.3.

422 Al welding of extemal attachmenis to the expansion joints shall be made by the

GTAW or gas metal arc welding (GMAW) processes. The use of flux cored arc
welding (FCAW) is not permitted.




IDENTIFICATION
C-EJ-CO

TITLE REFERENCE NO.
LIGO BEAM TUBE EXPANSION JOINTS 953571 (930212) SHT 7 OF 13
CONSTRUCTION OPTION OFFICEO REVISION

LIG 5

PRODUCT MADE BY | CHKD BY | MADE BY | CHKD BY
LASER INTERFEROMETER RJW WJC MLT
GRAVITATIONAL-WAVE OBSERVATORY DATE DATE DATE DATE
CALIFORNIA INSTITUTE OF TECHNOLOGY a7ea | anoma | zoeme | 7r20/8

For all welding, use an inert gas purge on the vacuum side of the weld. An inert gas
purge shall also be used on the vacuum side when welding seams or attachments on

The bellows element shall not be constructed from lap-welded pipe or lap-welded

Unless directed otherwise by the purchaser, temporary attachments and weld tacks

4.23
the outsids of the expansion joint. including shipping lugs if required.
424
tubing.
425
for shop fit-up, liting or handling shall not be used.
4.26

Welding procedures shall be submitted prior to production welding. Welder and weld
operator qualification records shall be submitted prior to any individual performing
welding. Welders and weld operator qualifications shall comply with Section IX of the
ASME Boiler and Pressure Vessel Code. The purchaser shall have the optlon fo
require the requalification of any welder at any time if, in the purchaser's opinion, the
welder's qualifications are suspect or welds appear not to be of the proper quality.

All contact made with the stainless steel material during fabrication shall be such as

The expansion joint material shall be protected to maintain cleanliness throughout
the entire fabrication procedure. |f required. the expansion joint may be cleaned
by wiping with_acetone andfor

been used in contact with the expansnon 10|nt durmg fabncatlon the expansnon joint
shall also be steam cleaned with de-ionized water after the solvent wipe. No other
cleaning agents shall be used on the expansion joints without the approval of the
purchaser. The expansion joint fabricator shall submit a cleaning procedure to the

43 Cleanliness Maintenance and Cleaning
4.3.1
to prevent carbon steel contamination.
432
pnor to helium mass spectrometer Ieak testing
purchaser for approval.
433

Lubricants that affect the ability to obtain high vacuum levels such as silicon
lubricants shall not be used during fabrication. It is also preferred that a hydrocarbon
based lubricant is not used. If a lubricant must be used, the type of lubricant and the
cleaning process shall be provided in a cleaning procedure.
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44 Preparation for Shipping

441 Wrap the expansion joints securely in plastic and seal at both ends fo maintain a
clean state until installation by others. Cover the ends of the expansion joints with a
cap to protect the edges and prevent punctures of the plastic wrap. Type of
desiccant used to minimize condensation shall be specified.

4.4.2, Ship the expansion joints in crates to protect the expansion joint and plastic wrap
during shipping. The crates can be sized to hold multiple expansion joints to
minimize shipping costs. The crates can be reusable. Provide a procedure
specifying how paragraph 4.4.1 will be met, and state what type of crate and quantity
will be used.

443 The vendor shall supply three (3) aluminum fixtures that attach fo the inside of the
expansion joints to maintain the nominal length of the expansion joints during
vacuum leak testing. The fixtures shall be designed to resist the 32,000 pound
longitudinal compressive load created by the vacuum during leak testing. The
fixtures shall be designed to be installed quickly and easily. See Figure 3, “Fixture
for Supperting Expansion Joint During Vacuum Leak Testing”.

4.5 Dimensional Control

The fabricator shall measure and record all dimensions for which tolerances are specified.
4.6 Fabrication Tolerances

4.6.1 Records of measured toleranced dimensions shall include the temperature of the

expansion joint during the measurements. Temperatures shafl be between 60° and
80° Fahrenheit.

The outside circumference of the ends of the expansion joints shall be within £3/64",
of the theoretical circumference corresponding to the specified inside diameter.

The ends of the Expansion Joints shall be perpendicular to the cylindrical axis within
The ends of the expansion joint shall be machined flat within 0.005". The flatness of

0.005" shall be measured while the expansion joint is still restrained in the machine.
The ends of the expansion joints shall be flat within 0.030” when the expansion joint

4.6.2
4.6.3
0.030".
464
is in the unrestrained state.
4.6.5 The overall length shall be within £1/8".
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‘46.6 The ends of the expansion joint shall he concentric within 1/8 ",

467 The measured axial spring rate of all expansion joints shall be within a range of 1,000
pounds per inch based on a full stroke per paragraph 3.7.2.

4.7 Surface Finish

Grinding and polishing of the inside surface of the expansion joints is not permitied without
the purchasers approval. The expansion joint matenal is SA204 Tyoe 304L (HRAP), Hot
Rolled and Annealed with a surface finish rougher than 2.5 microns RMS.

50  INSPECTION

51 The Expansion Joints shall be tested with a helium mass spectrometer. The Expansion
Joints shall be sealed at both ends, bagged with plastic, and the envelope evacuated and
injected with helium to provide an environment exceeding 80% helium sumrounding the
Expansion Joint. The test sensitivity shall be sufficient to measure a helium leakage rate of 1
x 10-10 atm cc/sec. The mass spectrometer shall be calibrated with a calibrated helium leak
with a leak rate of less than 1 X 10-9 std cc / second of helium. Each Expansion Joint shall
be evacuated to a pressure consistent with the required iest sensitivity. Expansion Joints
with helium leakage greater than 1 x 10™ atm cc / second are unacceptable. Calibration of
the leak testing system shall be in accordance with ASME Section V Article 10 Appendix V
paragraph V-1062.2 where the calibrated leak is mounted on the system as far away from
the helium mass spectrometer as possible.

5.2 The purchaser shall have the option of inspecting at the vendor’s facility and witnessing tests
or procedures required in this specification. :

53 Each expansion joint shall be tested to determine the compressive axial spring rate based on
the axial movement specified in paragraph 3.7.2 except that only one cycle is required. The
temperature of the expansion joint shall be between 609 and 80° F during the test. The
spring rate determined by the test (load divided by movement) shall be provided on the
expansion joint tag in “pounds per inch”.

60  MATERIAL AND COMPONENT IDENTIFICATION

6.1 Each expansion joint shall be uniquely identified. The identification shall enable the complete
history of each expansion joint to be maintained. A record for each expansion joint shall
indicate the welder identification for each joint, all weld repairs, stops and starts, and

fabrication abnormalities.
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Material traceability shall be maintained throughout fabrication and shipping. Material
marking and traceability requirements specified in ASME, Section VIII, Division 1 shall apply.
Markings if used shall be located on the outside surface on the straight portion of the
expansion joint and shall be either marking fluid or vibratory tool with a minimum tip radius of
0.005 in.. See ASME Section || SA-480, paragraph 21.1.1. Chlorine and fluorine
contaminants from markers must not exceed the residual levels shown in ASME Section V,
paragraph T-641 for liquid penetrant materials. The following markers are approved for use:

6.2

MARKER MANUFACTURER COLOR
Sharpie or Sharpie Tec Ink Sanford Black
Action Markers High Purity Ink Mark-Tex White/Black/Red
Marks-A-Lot Avery-Denison Black/Red
GP-X Markers Diagraph White/Black/Yellow
Mighty Mark 7000, 7007 Fiber-Castell All
American 7000 Eberhard-Faber Black

White/Black/Yellow
All colors except blue

John P. Nissen
Tempil

Low Chloride Penemark Metal Marker (Paint)
Tempil Marker or Pyromarker {Paint)

The vendor shall provide a name plate for the expansion joints which contains the vendors
name, design codes and conditions, year of manufacture, neutral position, expansion joint
spring rates, and unique expansion joint serial number. The method of expansion joint
attachment shall be provided by the vendor.

6.3

700 - p I

The National Science Foundation (NSF), Caltech, and the purchaser, through their authorized
representatives, have the right to inspect and evaluate the work performed or being performed under
this specification, including the premises where the work is being performed at all reasonable times.
The NSF and Caltech shall have non-escort privileges to all areas of the facilities where the work is
being performed under this specification. This shall include access to fabrication, assembly,
cleaning, and test areas for the purpose of monitoring activities. The vendor shall fumish all
reasonable facilities and assistance for the safe and convenient inspection of the work if requested.
The vendor shall give the purchaser a five day notice of the start of any major fabrication or test
activity, or restart of activity after periods of inactivity exceeding a week.

Note: The expansion joint widths shown in the following skeiches is estimated and may be selected by the
manufacturer.
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10  GENERAL

1.} Deseriplion

This specilication detes the lechnlcal requireneids for tho maltetiale, fabication, and supply
of Uw LIGO Beam Tube Expansion Joinie lof the cosstrucion optlon,  The constrzction
optior consisis of wo Lasur Inlerlerometer Gravilationa-Wave Obgarvaloiies. One vl ba
located near Yanlord, Washinglon and the eecond will La caled hear Livingston, Loulsiana,
Each observalory Is cougprdsed of 40.75" minimum Inside diameler beam lubes with a lofal
length of approximalety 25600 feat. Expansion joints will be requlred over the aivke langth
and will be used 10 connect 1lw beam lubs segimenis, The axpansion foiits wil have an
apyroimale spacing of 130 feel. ‘The baam whas skl the expansion jokts aro the key

clamatie of (he vaclum systers for sensilive Interfesomelior components and oplical Deams
used by Hie cbservalores.

12  Scope
Tha scopa of wosk Inchides calcvlalions, doelgn and delall wngineering, {abrication, welding,
dimensional control, inspeciion, nordestiuclive examinalion, cleaning aid preparation for

shipping. Fie'd lnstallation will be by olhere. The LIGO Expanslon Joint dasign requiremenlts
ara shown in Seotion 3.0. '

121 Drawingsffigures
Tha lotiowing drawing{s) and ligurels} form an integral pust of this speciication:
Figuro 1 - Beaur whe bellows configuration
Figure 2 - Dimensional Kmitations
- Figure 3 - Fixture for Supponisy Expansien Joinl During Vacum Loak Tesling
122 Speciiicalions
Siandards of $re Expansion Jolnt Malaclures Assoclation, nc. Sth Edillon

ASME Boiler & Precsuia Vossul Cexle, Seclion Il, “Malarials”, the 1992 Edilion wilh
tho 1993 Adddunda.

APPROVED ME Unfired] Pressure Vessols, Segtion Vill, Diviclon 1 as applicable, the 1992

7&. \Zt’ﬁ G 7307 Efition with tise 1903 Addenda. Code stangping ta nol required.

) DME
fr['}“&; 8_"2' ?6 _...l.._ .
CAIECH UNTE
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ASME Section 1X Welding and Beazing Qualication, 1992 Edilion with the 1883
Adhilennla. )

ASME Buler & Prassure. Vessel Code Seclion V, Nondgsructiva Tasting, 1992
Cdilon with 1993 Addonda. The requirerents of this spociiication (C-EJ-CO) shall
have precedence over Wose in AGME Holler & Pragsure Code Beclion V.
Mondesiructive esting. _ :

GO Bean Tube Material Specillcation G-240-0186.

OB Goll Material Bake Speciticalion C-GMBSH.

LIGO Specification 1100004, Rev €, "Baam Titbm Wodula Specilication”, daled May
11, 1993, (Relrronce only) .

LIGO Specification 1100007, ey 0, *Procoss Specilication for § ow Hydiogen, Type
3041 Stainless Steel Vacuun Products”, daled Apri 5, 1993. (Refeicnce ohlyj
13 Subuilals
hulorsnztion Required with Quototion: )
£31 The vendor must slate In his quotation that tha quotation comphies with thia tcohnical
spacilicaion with any excepiians or alernales noled and oxplainad. The purchaser
will assume complele confonsiance uiess daviallons are noled.

132  Shop practices, hchuiding Jonming method, kivicants used, cleaning proccdures, elo.
See paragraph 4.9.3 concermly the usa of ubricants, Co

195 A shelch or drawing showing tha lullowing informaion:
1.9.3.1  Expansion jolnt dimeusions Inchuding Urickness and bokows conliguialion.

1002 Expansion joint spring rates lor axlal, tataral and rotalionat movemends, and
Wwe astimated deviation as a_ pescantage of the sixing rate.

1333 Degrea of axial pretension of compraesion based on & 70 degree
termporature.

1334 Uasigh movements
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it LIGO BEAM TUBE EXPANBION JOINI S | REEF%?W@%_ M
CONSTHUC! ION OPTION OFfGE TEVISION
PRODYE Asen nTenFenomeTEn ‘ﬂ“?‘,ﬁ‘;“ﬁv L'g%l}cm mMqu ‘é“mg]ﬂm
e by | S | aioms | s | zwen |
144 Procedures for inakhig and documening measurements of dinansions with specificd .

lolerances.

185 A descripich of the vendur's wanufachuing laciiies end e equipmant required lo
pestorm Lhe wotk covered by this specification. _

138 A descriplion of lhe vendor's progwemant approach, lncluding source of tnatesints,
iraceabilty of materlals, and nanagament of subconbmols i applicabla.,

147  The vendors dquality aseuranca manual n accordance with ASME Seciion vill,
Division | ar ANSUASQC Standard G8001. {Certifization is not nandatory).

198 The vendors management plan, ichding the procuss by which tha work covered by
his specilication wil be manilored and vucdrolied, and identilication and nction of
koy perstnned lo be assigned.

mlormation Required For Approval by tho Purchasor Alter Necelpt of Order ond 4
Weeks Prior lo Fabrication:

139 Dasign calculations and drawings.

13.10 Wekl procedures with supportitg procedure yualification records and walder
personnel qualification reconds per ASME Seclion IX.

10.51 Bliop praclices ncluding Torning inethed and ubiicants uged il required.

14.42 1lefun mass speclrometer huuk lasling proceduras. Leal lestitg procodures shall
comply with ASME Section V, Articio 10, Appendh V, which is atlached.

1319 Ceuffication of qualificalion for loak tesiing pereoniel.
tnformation Reduired 2 Weeks Prior to Shipment:

4814 Cenificates of Conplianca for ali niglerisls ansched 1o the expansion joint nol
provided by the purchaser. )

1145 1lelum mass epecirometer leak test repail lor eadhh axpansion jeint. T report
chall inchide all requiements ol ASME section V Aticle 10 paragraph Y-1091
including the nama of the respansible inspector, the speciic equipuiant vsed
mohadivg the size of the caigrated loak, hellum concantrallon, the vacuum level
during tho lest, and duration of helhiin exposure or hold time, The vepod shall
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o IDENTIFICATION
C-EJ-CO
"TITLE ' “WEFERENGE NO. .
1 IGO0 BEAM TUBE EXPANSION JUINTS 853571 (930212) SHT 4. OF i3 1|
CONSIHUCTION OPTION OFFICE REVISION
PRODUGT MADE BY | GHKD BY | MADE Bﬁ CHKD B
LASER INTERFEROMETEN AW WG | _MLT oy
GRAVITATHONAL-WAVE OBSENVATORY DATE DATE TE
CALIFORNIA INSTITUTE OF TEGHNOLOGY ared | wioms | zzegs | 7eemel
tcide @ slafement Wil e oxpansion joint has passed the hellum leak teel 10 the
reuuired seusiivity witl the Inspector skanaluro,
18.16 Nacord of measurad lokarariced dimensions and spring rale of each Fxpansion Joinl.
20  MATEMIALS

24  Tho expamsion joing shall Le manufagtured Trom etainloss stodd nmlom:lﬁg lo ASME
Spaciligation SA-240 Typo 304L (HRAP) and lu accondance wilh Cul Specttication C-240-
0166 ana with LIGO speciiiaion 1100007, The Wickhess ol flie expansion joints shof be

totween .100” and 0.400°. Extemal suactunents slial he ASTH BAR40 1ype 304L slakiless
steal.

22 ‘Ihe purchaser wilt lumisl the vacuum boundary malarial for the gxpansion joinis. Unless
woled oiherwiso by The manutaciurar, e purchaser will lumish only one 80° wide X 1567
long gheet of rtecial lor each expangion jolnt, The venkr is responsible to fumish N olhwe
rnaterlals for e oxpansion jolnts.

24 Wald wire must bt cleaned and handied in accordance with CHt Specification WWS-CNacaL.
16 purchaser wil provide [ifler veire i toquired by vando:.

25 Ie material supplied to the vendor will have been subjecied lo an alf bako in accondance
with Specliication C-CMBST priof 10 1eceipl by the vendor. Tho axpaision Joint manulaclurer
ks not 1ecponsiita tor pertorming tho ok bake of the exgruision join material.

DEGICN

The configuration of he beam tube and expansion joint is Wusirded i Figure 1. The following
tequicemantix are based on this conliguration.

a1 Nowinal skre: 49.145° insiio diameter by 56° radmutn cutside diameter,, The expencion
jolnils will bo weided by tha purchaser io lubos with a 49.975" outslde damater and & 0.125
thickrmss, The ends of Uio ebeg will bu expandexd to 49,5757 outside dlameler Yo match the
sl20 ol I ends of e expansion juin!a,

32  Expensionjoint type: Shigla, umelnlorced
33 Tow medu

2T (1
Draing Installation; dry air, 16 {eet per second
Uporating & Transiead: VaciRmm < 1 % 10E-U tory
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l‘TmE LIGO UBE EXPANSION Mﬁ“f”a%%zmgi GHT.§ OF 13‘_
BEAM |UBE E SION JOINTS ah367 { 7.5 ¢
© CONSTRUGTION OPTION *—"__UFAGE ‘nﬁsis:ou
LIGO LA
PIIODUGT MADEWY | CHRDBY | MADE a‘lv CHKD BY
| LASER IN1 £HI-EROMETER RAY WiG LT _| DIR
GRAVITATIONAL-WAVE OBSCIVATORY DATE | DATE | DATE | DAIE
Il GALIFORNIA INSTITUTE QF TECHNOLOGY a7oa | oiood | 7mece | vowgs |

3.4  Deslyn Proasure:
Exteinal:  14.7 pria Conlinuous alter stard up
nternalt 9.0 psig Dusing consiruciion and opusslions maintenance

95  Temperatures
Transium: B020F
Minknum: -16° F
Maxbirwin opiarating: 00T
nstalalion lemperalure:  20° 16 1009 F

a6 Maximum nstallation movemonis:

‘These moveinents will be one fime movements. The movemenis wil ba mads to zasisl tho
il up of the eocond joint betwean liw expansion joint and tbe lubo Soctions.

fial; £0.250" I axidition I other spegcilied axial movcienia
Latenal: ag
Rolafional: +0.13 dagraes i addition Lo nther spacilied rolaliois

87  Maximutm moveinanls:
37.1 Operaling

Axlal; 0.73" Contraction, 70° lo 120°T
1.25" Exienslon, 70910 -16° F
7483 tolad cycles { daily cycles for 20.5 years)
Lateral:  0.125%{% cycles) The 5 cycles of lateral mwvement may Lo
caused by dilfereniial seilemant between supponts.
Rotatioral: 0.10 degreas {1 cycle) duo to dead load of ube
0.20 additional degress (5 cycles)

372 Translent

Aodell; 946" Gomraction (20 cycles) 709103020 T,
Lateral:  0.00"
Rotational: 0,100 0.20 dogrees (70 eychum)

38  Nods (TetLink/Control): Nono
49  Dinenslonal imiialions: See Figure 2

Nomitial Ovarall lenglh: Iar Fabricalor £0.125
Tagenls (staighl portion of ends): & £0.125%"

ot
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e ] ' TEFCRENCEND. |
LIGO BEAM TUDE EXPANSION JOINTS pBasTA (0212 ). ..51_.3_'41_“ OF 1
CONSTHUGTION OITION EFFSJE HEVISION n
- ueo . e
PROVUCT - WMADE BY | CHKU BY | MAUE Bﬂ CIKD BY
LAGER INTERFEROMFETER NJW wic_ | mI
GRAVITATIONAL-WAVE OBSEHVATOITY DATE DATE DATE DATE
_ GALIFORNIA INSTITUTE Or TCCHHOLOGY 377/94 anum__m___mﬁL
Madmn Oulside dlamster: 55"
Minimun Inside diametar: 49.75"
Minknum Uickness al onds:, 0.100°
Haximumn Iickioss 3L onds: 040"

Concentrichy of stalght ends: 0.125"

940 Spring Raws: (Basadona 709 F materigt lomparaiura.)
Adal:  BOOU Yoefitt Maxhrum{As measured based on a R sioke per 3.7.2, A 700

E See Paragraph 4.8.7.)Laleral: Bupplied by Vendos
Holafioniak: Supplied by Vendor
Torslon: Supplied by Vendor

911 Tosiona) Reslelarka:

Tie oxpangion Jolut shak be capeble of resisting a torsional lead of 406,000 Inch pounds
during opsralion. There wil be & madmuin of 80 cyclas tor i torsional irad.

012  installation Posilion: Forlzontal

a47  Vioration frequency: by Vendor

40  FABBICATION
41 Material Bale (VGO Specilicallon 1100007, Seclion 2.2 & 2.6}

The iwatarial will be provided by hw purchaser, Tho expansian il manulaciures will receive
the malortal in the air baked condition pat GBI spesilication C-CMBS1. The vacuum baking
por Section 2.5 of the LIGO Spacifications will be perlorined by vihers.

a3 Wekiing (LIGO Speciication 1100007, Section 2:3)

A2t Al welding exposed o vacuum shal be dono by Me gas hgsien a0 wolding
{GYAW) process, Wekding shafl be auroganous will the exgeplion thal wekl passes
on 1lra oulside of tho expansion jofit may Use filler wire mestlix the requirements of
paragraph 2.3

495 Al weldhy of exlemal attaohments 10 the expansion joints shall be wade by the
QTAW or gas wwtal we wekling (GMAW) processes. The use ol fux cored arc
wolding (FGAW} Is nol permilted.
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LIGO BEAM TUBE EXPANSION JOINTS esoEvi(oa0aley | $H) 7 OF 33
CONSTRUCTION OPTION OFFICE REVISION
IGO0 _ ._%..........._4
PRODBUCT MADE BY | CHKD BY | MADE 8Y | CHKD BY
LASER INTERFEROMETERN | W | _WIC }  MT DIR__{
SRAVETATIONAL-WAVE ODSCIWATONY DATE DATE DATE DATE
_ GALIFOHNIA INSTITUTE OF TECHNOLOGY 3704 | wiomd | 766 | TRM0S |

423  For all wekiing, use an inail gas puige un e vacuwm sida of the wald, An Ineil gas
purge shall also be used on the vacuum side when welding sains or altachmenls on
the oviside of the expangion joint. including ehipging lugs il required,

424 The bellows siement shall not be construcied hom lap-welded pipe or lap-wekdod
whing

425 Urnless dirertad otherwlse by the purchasor, temperary atiachinetils and wekd lachs
for shop til-up, lifing or hanxiling shall nol be used,

424 Walding procedures sliall be submated prior to production welding. Welder and weld
opyrater qualiication secords shal ba subtvilled prior to any Sudividusl perionnlig
welding. Wolders and weld aperator quasiications shall wvomply with Section X o the
ASME Builar aid Pressuns Vessel Code. The purchaser shall have the gpllon W
requira the requaliicalion of any welder gt any time it, n the purchaser's opinion, e
welder's quallicutions ara suspec or welds appear hot 1o ba of e proper quahity.

43  Cleanfiiess Malntonance and Cleaning

401 Al conlect made with the stalntess steet malarlal dudng fabrication shall be such 43
1o prevenl Gaatyon steel contamination.

432 Tho oxpansion joint material shall be protecied 1o malmait claaniiness Uroughoul

{he eullre fubrication procecure. | reuuhed. the expansion folit jmav_ be claaned
prior 1o hefum mass speclromeler leak tosting by_wiping wiih_ayetona sedior
ti| I Nt LY, H e RA3A BIK Nive

¥ 60 A Al O A walLS, BRI

cloly gampanesd_with leoqrooyl alohol or acelone Shaf bk

mﬂw‘_mi acainat tho ole Tk 1eTon 10k

“been uscd In contact with the expaision joint during fabrication, the axpangian Jont
‘ohal Al be sleam cleaned wilh da-lonized water after the sulvent wigs. No ofher
cleaning agenle shal bo used on the expansion fints withou! the opprovat of the
purchaser. The expansion Joint labricator shal subimit a cleaning procedura to the
purchaser for appraval, :

435 Lubricanls thal ofiect the abiiy to oblain high vacuum lovais such as Silioon
jubricanis shal rol b used during fabrication. 1 ks aleo prelarrad thal & hydiocabon
based lubricant Is not used. If 4 kibrieant must be usad, the lype of lubricast and o
cleaning peocass shall ba provided {n a clganing prosodure.
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LIGO BEAM TUBE EXPANSION JOINTS | 853571 (300212) SHT B OF 13 |
CONSTRUCTION OPTION OITICE TEVISION
: A
PRODUUH “HADE BY négnzsm"'w
LASEN INTERFENOMETER RIW__ | WIS
GUAVITATIONAL-WAVE OBSERVATORY DATE DATE
GALIFONNIA INS$1IIUTE OF TECHNOLOGY a7/ | wiend

44  Preparalion lor Shipping

441 Wiap the expansion joinis securly in plastic and scal al bolh ends to maintain &
cloan ctate unlll lnstallalion by oliers. Cover fha ends of tha expansion jointe with 2
oap 1o protect tho edges and prevesi punclures ol the plastic wrap. Type of
dusiccam used to nkdmiza condenagllon shal be spacified.

4.4.2. Slip the gxpansion joints in crates lo prolect the expansion joint and plaslic wrap
during stipping. The crales cu bo Ezed to hold ywdlple expansion jolnts o
minimize slipping cosls.  The orales Gan be reusable. Provids a proceduro
s%acilym hiow paragraph 4.4.1 will be met, and state what type of crotoe and qusmiily
will bo used. '.

443  Tha vendor shell supply twee (3) aluiuim fixiures that aitach 1o the lisida of the
expanizion jolnis to malntain the nominal isngth of the expanskn joints duing
vaasn leak lesting. (ha lixlures shak ke designed to resist e 32,000 pound
Johgiudmal compresstve load crealed by e ¥acuurm during leak tesling. The
Jixtwres shall be designed 10 be installed quickly and easily. Soe Figure 3, “Fixlure
for Supporting Expansion Julnd During Vacuum Loak Testing™.

45  Dimenslonsl Conlrol

The {abrlcator shall measure and secard all dimenalons for whlch wolerances are specificd.

48 Faﬁﬂmﬂm Tolaianeas

461 Records ol neasured tolaranced dimensins shall Inchxie the temperaiure of the

axpanslon jomt dusing the 11easuremeits. Temporaiures shell be belwaen 607 and
809 Falwanhel,

262 The oulside circumierenca of 11 ands of e espansion joints chall be il £3/64",
of tha theoretical circumierausa cofesponding to !a spacilied Inside dlamelar.

463 The ends of tho Expansion Julnts shall ba pes pelwicular 1o thw cylindrical axis within
v.030".

A6A4 The ewds of the expansion joint chall ba machined Hat within 0.U05". The fiainess ol
0.005" shall bo moasured whia the sxpansiit jolnt Is st resirained In the inaching.
‘ilie ands ol tha expansion joints shall be fizd within 0.030° when (ko expansian joint
Is I the unreetrained stats.

465 T overall langlh shall ba within £4/8°,

»

s
.-0',‘(.‘
] 1
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CONSIHUCTION OPHON OFFICE NEVIS!
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PRODUGT FINDEBY | CHKDBY | MADEBY | CHKD BY
| LASER INTERFEROMETER : AW WJG ML
GRAVITATIONAL WAVE CBSERVATORY DATE .| DATE LATE DATE
N CALIFORNIA INSTITUTE OF TEGHNOLOGY a4 | 004 | 22690

465 Theends of the expansion juit shall be conoentric within 178~

487 Themeasurad axial spring it ol all expansion loims ehall be williin a range of 1.000
pounds pe inch based on a il elroke par paragraph 3.7.2,

AT Surlaca Fich

Grinding and plishing of the Inside surtace of the expansion oinis is hot permitted withwoul
iva purchasers approvel, The expansion kint materiol Is SAZ04 2041 {HRAT), Hol
Fotled and Annealad wilh a surface fnish rougher than 2.5 nkrons IMS.

50  INSRECTION

54 The Expansion Jolnts shail bo tesled with & hofum mass sprctromeler.  Tho Expangion
Jolnts shall be ssaed at both ends, bagged wiih plaslic, and the aiwelope evacuated end
injected with hetium to povida an atwironinont excoeding B0% hekum sumounding the
Expansion Jaird, The text sengitivity shali ba sulliclant to measuro B hioliur taskaga rate of 1
+ 1010 g co/ege, The mass meclrotveler Shell bo cafibrated with a calibrated haium leak
willh & loak rale ul leas than 1 X 10-9 sld co/ cacond ol helium. Each Expansion Joint shall
by evacualed 1o @ prosaure consletent with the roquired tost cansliviy. Expansion Jolnts
with hollum leakage greater than 1 x 10" aince/ second are unacocptabla. Caltualion of
ha leak lealing syetemn shall ba (n accordanca with ASME Secton V Article 10 Appandix V
paragraph V-1062.2 whera the culibraled lealk ie mouried on the syslem ug far away from
e helium masn spoctoetar as xxsibla. ‘

52 The purchaser shai have (o ojtion of inspeciing &l tho vendors tackity and witneseing 10813
or progedures requlied in this epecilication.

63  Eacl oxpangion oot sl be tested o dolerming the cotopressive axlal epring rala based on
i xlal novement opoollied In paragraph 3.7.2 except that ohly ona cycle s required. [he
{enporalure of the wxpansiot joitd shall ba betwaen 600 and 80° F durlig the esi. The
eprig sate delamined by We test (ol dividad by moveriant} shall e provided o ha
cxpansion joit 1ag in "pounds per g™, - ' '

LMMDMWM

g1  Each axpansion joint shal bo uniquely idendilied. The idontllicaiion stinll anabls the complote
Iistory of wach exgashn [cint 1o bo malntained. A vecord for pach expansion jolt shall
indcaln the welder idontiication for each Joinl, oll wold ropairs, stope and starls, wnd
Inliricallon abiiormiaities.
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82  Molorigt tracoabiity shall be maimained throughout lalricaflon and shipping, Material
marking amd iraceability requirements specilled in ASME, Seetion VI, Divislon 1 shall apply.
Markings i used shall ba located on ha culskle surlace on the siraight postich of the -
expunsion joint and shall be either marking fuld or vibralody (ool wiil 3 ménkmum tip radius of
0.005 . Gea ASME Section Il SA-480, paiagraph 21.1.1. Chiorine and Tyorine
containinanis trom miarkers must ol excesd the residual lovels shown In ASME Section v,
paragraph T-641 lor lauid ponotrant materals. Tha {oliowhg mathers ars approved for use:

MARKER COLOR
Shasple or Sharpie Tac Ink Sanford black
Action Markers Figh Purity Ink hfark-Tex While/BlackMed
Miuke-A-Lot Avery-Denlson Btack/Rad
GP-X Makers Diagraph White/Black/Yellow
Miphly Mark 7000, 701/ Fiber-Casted Al
Lo Awexican 7000 . Eberhasd-Faber Black
b Low Chioride Pencmark Metal Marker (Paint)  John P. Nissen White/Black/Yellow
Tompl Marker or Pyronsrker (Paint) {Tompl ~  Altcolors ercepl bhse
63  The veror sha 4 name plate for the expansion joints which conlains the vendors
name, dasign m condmions, year of mamiaclummal posilion, gupansion [oint

spting rates, and unkue expansion joind serial nurrbor. The metixxd of expanaion joinl
attachment ghall be providad by he vendor.

70 NOMESGORYPRIILEQES AND INGPECTION RIGHT |

The National Science Foundation (NSF), Caltecti, and the purchaser, Ywaugh their aulhorized
representatives, Rave the right to Ingpect and wvaluate tha work performed o baing performed under
i spacification, Inchuding the premises where tha work [ being periomed & abl roasonable fimes.
The NSF and Galtech shall havo non-escon privileges to all aruas of the faciities whero tha work I
being performed under this specification.  This shall include access 1o tabrication, assembly,
clganing, and lest areas for the pupose of mondoring activitiss. Tha vendor shall fumieh al
raasonablo faclilies and assisiance lor lha safa and conveniant inspaction of the work U requested.
The vendor shall give The purchascr a five day notice of ta start of any major fabricalion o lest
activity, or restant of activity aer periods of naclivity axceeding a weck

Nole: Tha axpanaior joini widths chown In the folilowiix) skelches is estimated and may be selgcted by the
{ _ manufaciurar.
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| ASER INTERFENOMETER RIW wic MLY DTH
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- -— 10. @ END5= 49.145"
. -1 3 .
— MAX, OD. = 55.00°
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| CALIFORNIA INSTITUTE OF TECHNOLOQY 8/7/4 Y04 | paea6 | 7/2908 |
EXPANSION
JOINT .
LE AK TEST 49" DIAMETE
BEAM TUBE
FIXTURE
ASSEMBLY
e L N
‘_gi..—’-
) 650" »



