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CLEANING

SPECIFICATION REQUIREMENTS

CRITICAL PARAMETERS

CLEANING PROCEDURE OPTIONS

CLEANING PROCEDURE DEVELOPMENT

PLANNED APPROACH TO CLEANING

PURCHASED ITEMS

PRECLEAN CAN SECTIONS AT SITE

FINAL CLEAN COMPLETED AND TESTED CAN SECTIONS

CLEANING MAINTENANCE
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CLEANING

SPECIFICATION REQUIREMENTS

a. Before leak testing can sections, solvent wipe to remove all visible contaminants.
b. Clean can sections after fabrication (which includes leak testing ) in accordance with Caltech

specified "steam"” cleaning process with Oakite 33 (mild phosphoric acid solution) which
consists of following steps.

. Remove hydrocarbons with solvent wipe.

. Spray rinse with hot water at 60°C (140°F).

. Spray at 60°C (140°F) with a 2% by volume Oakite 33 in water solution (or equivalent).
. Hold for five (5) minutes.

. Spray at 60°C (140°F) with a 2% by volume Oakite 33 in water solution (or equivalent).
. Hold for five (5) minutes again.

. Spray rinse with hot water at 60°C (140°F) to remove all traces of Oakite 33 solution.
c. Maintain cleanliness during installation and construction.
d. No visible contaminants in beam tube module before evacuation.

CRITICAL PARAMETERS

a. Effective execution and control of cleaning process.

b. Safe handling and disposal of cleaning solvents and liquids.

c. Automated process execution with limited spot and hand cleaning to minimize cost.
(Strictly controlled by limited entry into clean room controlled environment)

d: Limit contamination after "final" cleaning to limit rework and degrade cleanliness.
e. Effective final inspection.

2
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CLEANING

CLEANING PROCEDURE OPTIONS

a. Caltech specified cleaning process:

Apparently effective procedure with known characteristics.
Oakite 33 potentially environmentally hazardous.
Disposal may be costly.

b. CBI steam cleaning and mild acidic passivation procedures:

Successfully used on high vacuum facilities.
Known to be effective in cleaning and iron freeing.
Unknown effects on hydrogen outgassing characteristics.

CLEANING PROCEDURE DEVELOPMENT

a. Caltech specified cleaning process:

CBI developed draft cleaning procedure CL1N which conforms to specified Oakite 33
cleaning process.

CBI developed coupon cleaning procedure CLCOUP for outgassing coupons. This
procedure also conforms to specified Oakite 33 cleaning process. It includes a blacklight
inspection after initial solvent wipe.

Coupon cleaning procedure used on series of plain and welded coupons to determine
comparative outgassing rates. In process of using this procedure, was decided to pursue

alternate coupon cleaning procedures to compare with Oakite 33 procedure to determine
best and most economical procedure.

CBI also determined costs of handling and neutralizing to dispose of Oakite 33 solution.
3
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CLEANING

A

CLEANING PROCEDURE DEVELOPMENT (CONT'D)

b. CBI then developed several alternate cleaning procedure based on experience. At the
suggestion of Caltech, each procedure included identical oil (hydrocarbon) contamination
section to put on even basis for comparing their cleaning capabilities. In addition to
measuring outgassing rates of cleaned coupons, a surface analysis was also performed.
These procedures were labeled CLCOUPA for OAKITE, CLCOUPAO for steam and
CLCOUPAL1 for Mirachem 500.

c. CBI also determined costs of executing these alternate processes.

d. As result of outgassing and surface analyses of coupons cleaned by these alternate
procedures, decision was made to proceed with using steam cleaning alternate to produce
procedure for cleaning of beam tube can sections.

e. Can section steam cleaning procedure identified as CLIN

f. Spray nozzle steam flow rate and pressure and spray head travel speed will be established
during Qualification Test Final Steam Cleaning. These parameters will be established to
some degree by coorelation with surface temperatures observed during coupon steam
cleaning and in part by cleaning results as indicated by final black light inspection.

PLANNED APPROACH TO CLEANING

Approach to cleaning identified as procedure "LIGOCP". Contains brief description of
cleaning and cleaning maintenance procedures and additional requirements.

]



CLEANING

a. Baffles cleaned by fabricator in controlled environment, bagged and sealed for shipment.
b. Preliminary cleaning and protection of tube and expansion joint by manufacturer.

PRECLEAN CAN SECTIONS AT SITE

a. Initially black light inspect per procedure BI1N.
b. Alcohol or acetone solvent wipe to remove hydrocarbons per procedure CLIN.

c. Pre-clean can sections with solvent wipe after attaching stiffeners and expansion joint, when
applicable, but before leak testing. |

FINAL CLEAN COMPLETED AND TESTED CAN SECTIONS

a. Steam clean using potable tap water (softened as necessary) in accordance with CLIN.
b. Seal tubes after cleaning in security controlled clean room area.

CLEANING MAINT CE
a. Positive filtefed air flow & pressure within installed tubes per procedure BDF1.

b. Filtered air at &O cfm to have 0°F dewpoint (humidity) and cleanliness controls.
c. Traveling clean room used as can sections installed per procedure CR1TSM (Class 10,000).
d. Cleaning Apparel Specification CRWA-1 controls dress in restricted area.



CLEANING
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e Expansion Joint ~Direction of Construction Tube sections installed on temporary supports for
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1 | Hanging Lockers with Bar | 4 comp) MMC4692T1 | [ (19) | 1 | intiatable Sea tor Tube Penet| 48" @ [See SeaiDet| cRS.55TP
@ 2 | Changing Bench 36" |incls Pedistals|] MMC4854T13 @ 1 | Secondary Gasket Seal | 48" @ |Seo Seal Det | CRS-6-5GF
@ 2 | Wall Attachment Desk 24x23"| Lt Top MMC4894T36 17 Open
@ 2 | Clean Room Stool 30" h MMC5096T53 @ 1| Screen Door Assembly 50"@ | 100 Mesh CRS-7-SDA
1 | Ovethead Hood 463727 Ses HVAC | HVAC EX04 (19 | 1 | Fust Aid Equipment Cabinet | 18x24°| with Supplies| Masuen 53500M
1| Mobile Drain-off Workbench | 48x28"| with Castnerd MMC4785T24 20) | 6 |Chrome Wire Mesh Shevling | 36x122units/3 shivs |MMC4717T22 8 17
1 | Batfle Storage Can 27x54 | with Castners MMC2559T31 @ 4 |Chrome Wire Mesh Shevling | 48x18' 1univ/4 shivs [MMC4717T25 & 44|
1 | Gas Hose Bin 18" Deep 18x18"| 18ga.S.S | CRS-1-GHB @ 1 | Inflatable Purge Dam Storage | 48x24°| 48" Heigth | MMC2559T21
1 | Floor Tray Drain Mat 36"x727 18ga.S.S HVAC EX07 23 2 | Chrome Wira Mesh Shevling | 48x12Y 1unit2 shivs [MMC4717723 8 15
2 | Personnel/Equip Creepers  |18°x36{Tellon Wheels| CRS-2-PEC 24 1| Flamable Mat'l Strge Cabinet | 43x18"| Per OSHA | MMC4477T16 IS-mi-e'M’umnav\No.
() | 4 | Purge MantodSysioms | WA | 5.5Const | crs.apus. (5) | 1 | Tool Storage Cabnet 18x18'| 66" Heigh | MMC4451T52 @
(1) | 1 | GasBottle Rack Later | PerOSHA | CRS-4-GBR 1 | §.5. Tube Storaga Container | 12x12| 114" Length | CRS-8-TSC < CLEAN ROOM
27 Olly Waste C: 21'0 HIN
(3 |1 |HvaciFinerun NA | SeorvaG | FvaG Arur | F&D | 2 | Oty Waste Cans Por OSHA | MMC4070T8 § LIGO& EQUIPMENT
2 | S.S. Dispensing Plunger Cans] 1qt | Not Shown | MMC40075T5t PLAN VIEW
2_| Trash Contalner NA | PerNFPA | MMC4388T4 | T(o9) | 2 [Type Nl Satety Can with Spout | 2t | Not Shown | mMmcazeeT? — =
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DOCID CRWA-1
REV.NO. O
CONTRACT 930212

CLEAN ROOM WEARING APPERAL : PAGE NO. 4 OF9
FOR BEAM TUBE ACCESS DURING
CONSTURCTION & INSPECTION ACTIVITIES- CALTECH

CB! Hard Hat
Shall Meet CBI Safely Standards

Hard Hat Cover
Elastic Band On Cover, Tape To Secure With
Oil Resistant, White Cloth Tape

Safety Gl or Goggles

Elastic Head Band Required. Glasses shall
meet CBI safety Standards

Disposable Full Hood Cover-

Either Of Two Types:

Tucked Inside Coverall Neck Line With Draw String
Or

External Cover Type That Extends Over Shoulders

Washable Clean Room Rated Coveralls
Rated For Class 100 Clean Room Applications
Zipper Front With Gripper Adjustments On
Sleeves, Collar And Pant Legs. Pockets shall
be removed or sewn closed.

Solvent Protection Reusable PVA Gloves

Or

White Cotton Work Gloves

(Based On Work Activity)

Gloves Shall Be Secured To Sleeve Using
Coverall Gripper Adjustment And/Or White
Cloth Tape

Soft Sole White Safety Shoes

High Or Low Top Athletic-style Steel Toe
Protection Meeting ANSI Z41 PT83FC-75 1-75
Or ANS{Standard Z1

Disposable White Shoe Covers
Shoe Covers Shall Be Secured To Coverall

Pant Leg Using Coverall Gripper Adjustment
And White Cloth Tape

EIGURE 4.1
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(— CEICAGO FRIDOR & IRON \
RO BEEORE INSTALLATION, OF PLASTC SEAL
217 PLASTIC SEAL IS INSTALLED IN CLEAN ROOM :
WOTH THIS SEAL REMAINS IN PLACE UNTIL COMPLETED
AND REMOVED UNDER COVER OF WELD
_-l Hoob VACUUM TESING
''''' PLASTIC/RUGGER ENCLOSED FOAM
END CAP MATERIAL
MATERIAL
WEAT}ERS!ELD\
n(:: :52{ % RUBBER "REED" VALVES PUBBER “FEED" VALVES
N
M00 MESH SCREEN
/ (REMOVABLE FOR
PERFORATED PLATE CLEANING)
BIRD SCREEN -.;:.
PERFORATED PLATE
BIRD SCREEN U U
EXTERIOR SECONDARY
SEAL ASSEMBLY SEAL ASSEMBLY
[
AT SEReET
M
SEAL ASSEMBLIES USED DURING CONSTRUCTION
FRAME 7
b
N 9
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(— CHICAGO BRIDOR & IRON \
+, «.+. ‘REMOVE EXTERIOR COVER - - - - -,
eSS ASSEMBLY e
/ o on e - Lo /
= - -
........... D T A
’ L L e Eoverpemoret . SHEITER
BEAM TUBE IN PLACE ON MOVABLE SUPPORTS
GAP BETWEEN TUBES TO REMOVE COVER ASSEMBLIES
FRAME 3
J
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CONNECTION OF CLEAN ROOM AND FIT-UP OF SEAM
CLEAN ROOM MOVED INTO POSITION AND SEAL INFLATED
, FRAME 4
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(— CHICAGO BRIDGE & IRON

TESTING OF SEAM

MOVE WELD HOOD TOWARD CLEAN ROOM AND ROLL TEST HOOD OVER TUBE

FRAME 6
J/
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MOVE WELD HOOD TOWARD CLEAN ROOM AND ROLL TEST HOOD OVER TUBE

FRAME 8 |
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ALIGNMENT

REQUIREMENTS:

a. Align the beam tube to ensure that no part of the beam tube will intrude into the 1.07
meter minimum clear aperture.

b. During the construction process align each beam tube section to a level of accuracy
that permits final alignment within the construction adjustment allowance for the

supports.

c. Final align the beam tube module after construction to the final alignment that
ensures the beam tube (including the baffles) will not intrude into the 1.07 meter clear
aperture. This alignment uses only the adjustment allowance allotted for construction.

d. Prepare and install a system for operational alignment of the beam tube. This system
will provide the means to periodically monitor and adjust the alignment of the beam
tube. The system will provide a support adjustment range of +/- 7.5 cm in both the
vertical and horizontal directions.

e. Provide the most accurate and reasonably priced alignment system that minimizes the
beam tube diameter.
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ALIGNMENT

CRITICAL PARAMETERS:

o
i

a. Establishment of the 1.07 meter clear aperture between the monuments spaced at 250
meters provided by Caltech.

b. Determination of the beam tube centerline at the baffle locations using an external
alignment measuring system.

¢. Confirm by calculation and/or measurement the critical dimensions of beam tube
parts that cannot be checked during the final alignment of the beam tube.

d. Develop the most cost effective method to accomplish the initial and operational
alignments that meet the specified requirements.
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CHICAGO BRIDGE & IRON

LIGO ALIGNMENT REQUIREMENTS

Q

Approx. 25 mm@
(1.00 inch)

POSITIONING TOLERANCE =+ 0.0127 mg#'lg[_sm,im inch)

LE

VERALL DISTANCE = n rence Monumen

T T A L T e e T L e e g

AREA FOR ALIGNMENT ACTIVITY = Average of 0.5 meter
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CHICAGO BRIDGE & IRON

LIGO ALIGNMENT METHODS

Standard Surveying Techniques

Positives: Negatives: '
Standard Equipment And Techniques Available Accuracies Over Long Distances Limited
Known Accuracies And Confidence Levels Effects Of Surface Temperatures On Straightness Of Light
Low Technical Training Requirements High Maintenance And Calibration Costs

Manpower Requirements For Two Or More Technicians
Minimum Of 250 M Monuments And Reference Points

=3 Required
Optical Tooling And Alignment Lasers
Positives: Negatives:
High Degree Of Accuracy Accuracies Over Long Distances Limited
Proven Techniques And Confidence Levels Effects Of Surface Temperatures On Straightness Of Light
Equipment Availability High Maintenance And Calibration Costs

Maintenance Activity Requires Only One Or Two Technicans Minimum Of 250 M Monuments And Reference Points Required

Global Positioning System (GPS)

Positives: Negatives:
Adequate Accuracy Level New Technology With Limited Confidence Levels
—32 Accuracy Not Effected By Length Of Measurement Access To Horizon For Satellite Communication
Equipment Availability And Technical Advancements Initial Costs Of Equipment And Training

Minumum Calibration And Maintenance Costs
Maintenance Activity Requires Only One Technican
Minimum Of Reference Monuments Required
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( CHICAGO BRIDGE & IRON

GPS ALIGNMENT TECHNIQUES

150° Clear Hor,lizo

137
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CHICAGO BRIDGE & IRON

l_\a///i

GPS ALIGNMENT TECHNIQUES

150° Clear Horizon |

lde

—

Beam Tube ~ 1N f Y
Receiver, 2= I Tx s
Antenna & X
Data |
Collector Radio

Repeater

\
LY
\

NAVSTAR SATELLITE

ALTITUDE = 10,900 NAUTICAL MILES
24 SATELLITE CONSTITUTE
THE CONSTELLATION

s

-
-
mamas

Reference
Receiver &
Antenna




CLEANING

1. CRITICAL PARAMETERS

a. Effective execution and control of the cleaning process.

b. Safe handling and disposal of cleaning solvents and liquids.

c. Automated process execution with limited spot and hand cleaning to minimize cost.
(Strictly controlled by limited entry into the clean room controlled environment)

d. Limit contamination after "final" cleaning to limit rework and degrade cleanliness.

e. Effective final inspection.

2. SPECIFICATION REQUIREMENTS

197

a. Before leak testing can sections, only solvent wipe them to remove all visible contaminants.

b. Cleaning of can sections after fabrication (which includes leak testing ) to be in accordance
with the Caltech specified "steam" cleaning process with Oakite 33 (a mild phosphoric
acid solution) which consists of the following steps.

. Remove hydrocarbons with a solvent wipe.

. Spray rinse with hot water at 60°C (140°F).

. Spray at 60°C (140°F) with a 2% by volume Oakite 33 in water cleaning solution (or
equivalent).

. Hold for five (5) minutes.

. Spray at 60°C (140°F) with a 2% by volume Oakite 33 in water solution (or equal).

. Hold for five (5) minutes again.

. Spray rinse with hot water at 60°C (140°F) to remove all traces of Oakite 33 solution.



CLEANING

2. SPECIFICATION REQUIREMENTS (CONT'D)

c. Maintain cleanliness during installation and construction.
d. No visible contaminants in a beam tube module before evacuation of that module.

3. CLEANING PROCEDURE OPTIONS

a. Caltech specified cleaning process:

. Apparently effective procedure with known characteristics.
. Oakite 33 potentially environmentally hazardous.

. Disposal may be costly.

b. CBI steam cleaning and mild acidic passivation procedures:

. Successfully used on high vacuum facilities.

. Known to be effective in cleaning and iron freeing.

. Unknown effects on hydrogen outgassing characteristics.

4. CLEANING PROCEDURE DEVELOPMENT

a. Caltech specified cleaning process:

. CBI developed a draft cleaning procedure CL1N which conformed to the specified
Oakite 33 cleaning process.

. CBI developed a coupon cleaning procedure CLCOUP for outgassing coupons. This
procedure also conformed to the specified Oakite 33 cleaning process. In addition, it
included a blacklight inspection after the initial solvent wipe.

2
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CLEANING

4. CLEANING PROCEDURE DEVELOPMENT (CONT'D)

. This coupon cleaning procedure was used to compare a series of plain and welded
coupons to determine comparative outgassing rates. In the process of using this
procedure was decided to pursue alternate coupon cleaning procedures to compare with
the Oakite 33 procedure to determine the best and most economical procedure.

CBI also determined costs of handling and neutralizing to dispose of Oakite 33 solution.

b. CBI then developed several alternate cleaning procedure based on experience. At the
suggestion of Caltech, each of these procedures included an identical oil (hydrocarbon)
contamination section to put them on an even basis for comparing their cleaning
capabilities. In addition to an outgassing analysis of the cleaned coupons, there would
also be a surface analysis performed. These procedures were labeled as CLCOUPA for
OAKITE, CLCOUPAUO for steam and CLCOUPA1 for Mirachem 500.

c. CBI also determined the costs of executing these alternate processes.

d. As a result of the outgassing and surface analyses of the coupons cleaned by these alternate
procedures, the decision was made to proceed with using the steam cleaning alternate to
produce the procedure for cleaning of the beam tube can sections.

e. This can section steam cleaning procedure is identified as CL1N.

5. PLANNED APPROACH TO CLEANING:

The approach to cleaning is identified as procedure "LIGOCP". It contains a brief description
of cleaning and cleaning maintenance procedures and additional requirements.
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CLEANING

6. PURCHASED ITEMS:

a. Baffles final cleaned by fabricator in controlled environment, bagged and sealed for
shipment

b. Preliminary cleaning and protection of tube and expansion joint by the manufacturer

7. PRECLEANING OF CAN SECTIONS AT SITE:

a. Initial black light inspect per procedure VT1

b. Alcohol or acetone solvent wipe down to remove hydrocarbons per procedure CL1IN

c. Pre-clean can sections with the solvent wipe after attaching stiffeners and the expansion
joint, when applicable, but before leak testing.

8. FINAL CLEANING OF COMPLETED AND TESTED CAN SECTIONS:

a. Steam clean using potable tap water (softened as necessary) in accordance with CLIN.
b. Seal tubes after cleaning in a security controlled clean room area

9. CLEANING MAINTENANCE:

a. Positive filtered air flow & pressure in installed tubes per procedure BDF1
b. Filtered air to have humidity and cleanliness controls
c. Use traveling clean room as the can sections are installed per procedure CR1TSM

j
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QUALIFICATION TEST OBJECTIVES

o DEMONSTRATE FULL CONFORMANCE OF DETAILED DESIGN

Physical Configuration Representation
Dimensional Verification

Welding Procedures and Apparatus
Cleaning Procedures and Execution
Structural Demonstration

Leak Rate Requirements < 1x10-9 ATM CC/S into Beam Tube

o QT TEST MEASUREMENT GOALS

Determine outgassing rates of residual gasges after the 140° C Bake

Measure outgassing rates at 30° C intervals during warmup and once a day
during the bake
Log,in a permanent record, any leak indication and location.
“Establish the sensitivity of air signature leak assay techniques before and
Record temperatures at critical locations on the QT Beam Tube Module

- during the I2R bake. Current proposed QT bake change includes
28 thermocouples.




QUALIFICATION TEST PLAN

1.LISTING OF TEST ITEMS AND CALCULATION
ITEMS

2. TEST CONFIGURATION AND PROCEDURES

3.DESIGN QT REPORT
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TEST ITEMS AND CALCULATION ITEMS

e List of items requiring verification testing and items verified by calculation.

e List represents most important issues affecting design and production of complete
Beam Tube Modules |

- Operation Sequence
1. Design
2. Material Procurement
3. Fabrication
4. Assembly

- Key Issues
1. Leak Testing
2. Cleaning
3. Dimensional Control

- Discussion of tested items as well as significant differences (including significance)
between QT and a Complete Module



TEST ITEMS AND CALCULATION ITEMS

/‘R_
JESIGN
Structural Performance of Beam Tube Sections

ITEMS

TEST

CALCULATION

BOTH

Dimensions and Material
Loadings
Calculations

Structural and Mechanical Performance of
Expansion Joints

Vacuum Load

Axial Deflection

Fatigue Performance

Structural Mechanical and Thermal Performance

of Beam Tube Supports
Configuration
Guided Support Range of Movement
Full Gravity Load
Horizontal Transverse Load
Fixed Support Longitudinal
Alignment Mechanical Load Performance
Thermal Performance

Baffle Mechanical Performance

MATERIALS SUPPLIED TO CBI

Coil Manufacture and Bake
Coupon Outgas Test

Beam Tube Manufacturing
Beam Tube Transportation
Expansion Joint Manufacturing
Baffle Manufacturing

CBI FABRICATION

Beam Tube Handling
Stiffener Attachment

Pump Port Reinforcement Pad
Beam Tube End Prep

Pump Port

Expansion Joint Attachment
Work Conditions
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TEST ITEMS AND CALCULATION ITEMS
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| DIMENSIONAL CONTROL

ITEMS

TEST

CALCULATION

BOTH

ASSEMBLY OF BEAM TUBE MODULES
_Use of Clean Room and Enclosure
Preliminary Alignment
Circumferential Welds
Beam Tube Personnel Entrance
Installation of Structural Supports

LEAK TESTING
Can Assemblies
Circumferential Beam Tube Welds

10" Valve -
Beam Tube Module

CLEANING OUTGAS PERFORMANCE
Can Assembly Cleaning

Final Cleaning

Bakeout

Beam Tube Outgas Performance

Control of Materials and Assemblies
Final Maintenance and Alignment
Clear Aperture

Rl
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>
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TEST ITEMS AND CALCULATION ITEMS

e DESIGN

- Structural Performance of Beam Tube Sections

1. Dimensions and Material: Thoroughly and realistically tested; identical
beam tube material and thickness; identical stiffener material, sizes,

spacing and attachments; different tube section length = 60' but identical
support spacing (65").

2. Loadings: Demonstrated by test, external pressure to design vacuum and
maximum axial compression load application during bakeout.

3. Calculations: To demonstrate structural adequacy and code conformance.
- Structural and Mechanical Performance of Expansion Joints - Thoroughly

and realistically tested, same vacuum load and maximum axial deflection as
the complete module. Fatigue performance is addressed by calculation.




TEST ITEMS AND CALCULATION ITEMS

e DESIGN

- Structural, Mechanical and Thermal Performance of Beam Tube Supports - The
most critical aspects of the supports are tested. Support configuration identical.
Guided support range of movement is tested. Some non-critical design elements
such as full gravity load and horizontal transverse loads rely on calculations. Fixed
support longitudinal load adequacy relies on calculation. Alignment“mechanical

- performance is tested as well as thermal performance to limit local cool spots.

- Baffle Mechanical Performance - Demonstrated by test. Identical to complete
module. Installation, fit and stability are verifed by test.
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TEST ITEMS AND CALCULATION ITEMS

e MATERIALS SUPPLIED TO CBI

- Coil Manufacture + Bakeout - Fully demonstrated by test. QT processes same as
planned by Option

- Coupon QOutgas Testing - Fully demonstrated by test. Equipment and methods same

as planned for Option. All material within the beam outgas tube tested with the
exception of pump port.

- Beam Tube Manufacturing - Spiral welded tube manufacturing process is
demonstrated by test.

- Beam Tube Transportation - Transportation methods fully demonstrated by test.
Method acceptability for fatigue concerns verified by calculation.

- Expansion Joint Manufacturing - Manufacturing process demonstrated by test.
Exceptions: QT uses flat sheets of cold rolled plats vs HRAP coil form for Option.
QT uses mechanical forming vs possible hydroforming for Option.

- Stiffener Manufacturing - Fully demonstrated by test.

- Baffle Manufacturing - Fully demonstrated by test.
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TEST ITEMS AND CALCULATION ITEMS

e CBI FABRICATION

Beam Tube Handling - For Option is verified by calculation. QT will use

conventional handling methods and equipment.

Stiffener Attachment - Fully demonstrated by test. Same welding procedures and

same type of equipment.

Pumping Port Reinforcement Pad - Fully demonstrated by test. Same welding
procedures and same type of equipment.

Beam Tube End Final Prep Manufacture - Demonstrated by test. Evaluation made

during QT of when to machine to achieve necessary end flatness.

Pumping Port - Demonstrated by test. Boring, fitting, purging and welding for QT
is same as for Option.

Attach Expansion Joint - Fully demonstrated by test.

Work Conditions - Realistic work conditions where the QT environment will be
similar to the planned Option fabrication facility environment.




TEST ITEMS AND CALCULATION ITEMS

o ASSEMBLY OF BEAM TUBE MODULES

Use of Clean Room and Weld Enclosures - Environment will be emulated,

actual equipment and its operation will not be tested. Past experience
precludes the necessity to test.

Preliminary Alignment of Beam Tubes - Demonstrated by test. Exception:
Similar procedure with conventional surveying methods vs GPS.

Circumferential Welds - Fully demonstrated by test.

Beam Tube Personnel Entrance - Sequence of personnel entrance fully
demonstrated by test.

Installation of Structural Supports - Fully demonstrated by test.




TEST ITEMS AND CALCULATION ITEMS

LEAK TESTING

Can Assemblies - Demonstrated by test. Instead of high production Option method
equipment, the QT can section is bagged for the helium surround; leaks will be
localized by fine spray helium or helium bagging to isolate an area.

Circumferential Beam Tube Welds - Demonstrated by test. QT procedure identical
to Option.

10" Valve and Blind Flange Seals - Leak tightness of the 10" valve and its pump

port attachment is demonstrated by test. The valve will be bagged and a Helium
Mass Spectrometer Test performed.

Beam Tube Module - Demonstrated by test. Leak test of QT Beam Tube Module,
before and after bake, uses RGA to determine air signature. If air signature indicates
any leak, helium fine spray or isolation bagging will be used for location. QT uses

similar procedures and the same decision process as the Option. Equipment is
somewhat different.
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TEST ITEMS AND CALCULATION ITEMS

e CLEANING/OUTGAS PERFORMANCE

Can Assembly Cleaning - Demonstrated by test. Essential parameters - temperature,

pressure and flow rate of the steam, and the type of spray nozzle - are replicated.
Differences: steam cleaning unit instead of a specially prepared skid, manual jet

cleaning pull, versus Option power winch, no high flow fans, and QT uses softened
water.

Final Cleaning - Done when can is in place in Beam Tube Module is demonstrated

by test.

Bakeout - If I2R performed - electrical current, insulation, current injection, and

bakeout outgas effects are the sam as the Option. Differences: voltage, % of tube
which will have auxilliary heating due to end effects, control system. If electric

resistance method performed - insulation, temperature variations at supports, and
effect of bakeout on outgassing rates are the same as the Option.

Outgas Performance - Outgassing rates of QT Beam Tube Module measured during

all phases. Rates used by Caltech to confirm full scale facility pumping
requirements.
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TEST ITEMS AND CALCULATION ITEMS

e DIMENSIONAL CONTROL

- Control of Materials and Assemblies - Fully demonstrated by test

- Final and Maintenance Alignment - GPS adequacy for alignment is

established and will not be tested. Also significant GPS improvements are
anticipated.

- Clear Aperture - Verified by calculation based on stack up of component

tolerances (test measured) and GPS alignment capabilities. Clear aperture is
not verified by measurement.
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QT CONFIGURATION AND PROCEDURES
FOR FABRICATION/INSTALLATION/ TESTING

e QT Beam Tube Physical Configuration
o QT Pumping and Outgas System

e QT Procedures
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5" TYP.
EXCEPT
AT ENDS
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L
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QUALIFICATION TEST PUMPING AND
OUTGASSING TEST SYSTEMS

Requirements

"« Test the qualification test beam tube for hydrogen and water vapor outgassing rates.

. Provide a system to evacuate the beam tube and measure the above outgassing rates.

. The desired material outgassing rates are 1 X 10-13 T L/sec cm2 for hydrogen and
1 X 10-16 T L/sec cm?2 for water vapor.

. Net water vapor pumping speed to be less than 600 L/sec in order to simulate the
water pumping speed of the option phase pumping system.

Critical issues

. Background outgassing rate for water is critical due to low outgassing rate.

. High quality RGA is required to provide maximum measurement sensitivity.



L1

TN
/ N

S J/

QUALIFICATION TEST PUMPING AND
OUTGASSING TEST SYSTEMS

« Minimize contamination from hydrocarbons and water vapor.

Selected Configuration

. Minimize surface area to reduce background outgassing rates.

« Cold trap the RGA to reduce false hydrogen signals.

. Cold trap the pumping system to minimize contamination and as pump for H20
outgassing test.

. Ensure that the water pumping speed is less than 600 L/sec. This trap flow rate must

- be accurately known for the water outgassing test. Trap pumping speed limited to 600
L/S by use of orifice in the piping.

- Bake out the entire system to reduce the background outgassing rates.
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QUALIFICATION TEST PUMPING AND
OUTGASSING TEST SYSTEMS

. Select calibrated leaks which are dry to eliminate a source of water vapor
contamination. -‘

. Use auxiliary pumping system to evacuate the RGA and calibrated leak systems to
prevent contamination.

. Use two turbomolecular pumps in series to provide sufficient hydrogen compression
ratio for low background outgassing rate.

. The system is capable of use for the leak test of the qualification test beam tube
including the air signature test of the beam tube leak rates.



61

—{><l aN2
[
J GN2
——[><] LN2
Pl
CC J
212VS- 2 T™MP-3 RP-2
% TODWG. 2 éM
| CALIBRATED LEAK
1-vs--11/2 |SYSTEM
BEAM
TUBE Jl><, GN2
g —i
(,>I5 LN2
- LNT-1
anz ><—] L__{i
GN2
TODWG. 2 @}—
CALIBRATED LEAK cC
SYSTEM 2VS: D<t—— 1
GN2 é X
&
- p[)
~ P
MICROMETER
PI) TMP-2
E]
P
2.Vs- 1 1-Vs-
F-1 RP-1 GN2
P & | DIAGRAM CONTRACT NG
VACUUM SYSTEMS 930212
QUALIFICATION TEST Yy WAC cham___ pate 114
@ LIGO PROJECT R.C.WEBER bwa 1 Rev
CALTECH _ENGINEERING SUPERVISOR oY1 s




0¢

o - ‘\’\ \
)
i ‘ d
', . P -
t.
P )
~
cc
FROM BEAM
TUBEDWG 1 f——————= T A PR A S S Sy sy :
R Pl o Pl o« o 1Vs--112 1] o«
- ] - - - i -
1 ' ] - 1 -
RvA | : K v MICROMETER i ;
i > | t
AT IAE A2 2 az
FROM RGA AR
MANIFOLD LEAK
g DWG 1
P & | DIAGRAM CONTRACT NO.
CALIBRATED LEAK SYSTEM 930212
QUALIFICATION TEST By WAC cre patg_1138
LIGO PROJECT R. C. WEBER DWG 2 REV
CALTECH " ENGINEEAING SUPERVIBOR SHT 1 3




1C
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.—' oG~ COLD CATHODE VACUUM GAGE

PRELIMINARY EQUIPMENT SIZING

TMP -1 1100 US
T™MP-2 60 /S
T™P-3 60 LS
PIRANI VACUUM GAGE
P T™MP4 60 US
T™MP-5 60 /S
o] MANUAL VALVE RP-1 50 CFM
RP-2 1CFM
ELECTROPNEUMATEC VALVE RP-3 1CFM
RP-4 1CFM
i TWO WAY SOLENOID VALVE LNT-1 6" TRAP
LNT-2 2 1/2° TRAP
LNT-3 2 1/2° TRAP
FOUR WAY SOLENOID VALVE WITH PNEUMATIC SUPPLY
8
TWO WAY SOLENOID VALVE WITH PNEUMATIC SUPPLY
Sk
LINE DESIGNATION
TEMPERATURE CONTROL
212VS-21-1 112
LINE
________ HEAT TRACED PIPING e
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SPEC
LINE
No.
INSUL
THK.
P & | DIAGRAM CONTRACT NO,
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LIGO QUAL. TEST OUTGASSING CALCULATION

VACUUM VESSEL SHELL({ QUAL TEST PIPE)
AREA = 1.65E+06 sqcm (140 1t long)

K-1=4,00E-08 TlLisgem-s Q-1=6.60E-02 TUS
K-50 = 8.00E-10 Tl/sqem-s Q50 =1.32E-03 TL/S
K-AB= 1.00E-13 Tl/sqem-s Q-AB= 1.65E-07 TL/S
TEST HEADS
AREA = 2.50E+04 sqcm
K-1=4.00E-08 Tl/sqem-s Q-1=1.00E-03 TL/S. .
K-50 = 8.00E-10 Tl/sgem-s Q-50=200E-05 TL/S
K-AB= 1.00E-13 Tl/sqem-s Q-AB= 2.50E-09 TU/S

STAINLESS STEEL VALVES, FITTINGS AND PIPE
AREA = 1.00E+04 sqcm

K-1=4.00E-08 Tl/sqem-s Q-1=4.00E-04 TUS
K-50 = 8.00E-10 TLl/sqem-s Q-50=8.00E06 TUS
K-AB= 1.00E-12 Tlsqcm-s Q-AB= 1.00E-08 TU/S
ALUMINUM
AREA = 0.00E+00 sqcm
K-1=0.00E+00 Tlisqcm-s Q-1=0.00E+00 TL/S
K-50 = 0.00E+00 Tl/sgem-s Q-50 = 0.00E+00 TL/S
K-AB= 0.00E+00 Tl/sqcm-s Q-AB= 0.00E+00 TUS
ELASTOMER
AREA = 0.00E+00 sgcm
K-1=0.00E+00 TUsgcm-s Q-1=0.00E+00 TULS
K-50 = 0.00E+00 TLl/sqem-s Q-50 = 0.00E+00 TUS
K-AB= 0.00E+00 TL/sqcm-s Q-AB= 0.00E+00 TU/S

notes: 1. K-1, Q-1 & P-1 signify properties after one hour at vacuum
2. K-50, Q-50 & P-50 signify properties after fifty hours at vacuum
3. K-AB, Q-AB & P-AB signify properties after the vacuum bake-out

TOTAL OUTGASSING FLOW

Q-1=6.74E02 TL/S Notes:
Q-50 = 1.35E-03 TL/S AB subscript denotes "after bake"
Q-AB = 1.78E-07 TUS and s for hydrogen only

outgassing rates for 1 and 50 hours
represent total pressure rates {water)

PUMPING SYSTEM EVALUATION

PUMPING SPEED (PER PUMP} = 6.00E+02 L/sec

CALCULATED PARTIAL PRESSURE P-1= 1.12E-04 TORR
P-50= 2.25E-06 TORR

P-AB= 2.96E-10 TORR
PUMPING SPEED (PER PUMP) = 9.00E+02 L/sec

CALCULATED PARTIAL PRESSURE P-1= 7.49E-05 TORR
P-50=1.50E-06 TORR

P-AB= 1.97E-10 TORR

4/4194
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Qualification Test Procedures

D Title Directly from | QT Addenda | QT Specific |
Detailed to Detailed
) Design Design

Material Specifications

C-240-0186 Coil Material Specification X

C-CMBS!1 Coil Material Bake Specification X

WMS-ER308L Cleaning and Bakeout Procedure of ER X
308L Weld Wire

C-240-0187 Baffle Material Specification X

C-CMBS1 Baifle Material Bake Specification X

C-240-0194 Expamsion Joint Material Specification X

Purchasing Specifications

C-BT-QT Qualification Test Beam Tube Sections X

C-EJ-QT LIGO Beam tube Expansion Joints X
Qualification Test

C-SUPT-1 Beam Tube Support Specification X

CBAF-1 Baffle Fabrication Specification X

C-PORT-QT Pump Port Specification X

C-PORTPAD-1 Pump Port Reinforcing Pad Specification X

C-VAC-1 Vacuum Stiffener Specification X

C-SUPSTF-1 Support Ring/Baffle Ring Fabrication X

I Specificath
. \' abrication/Installation Procedures
| FSQT Beam Tube Cam Section Fabrication X

Seqguesce for LIGO Qualification Test
Addenda

1SQT Beam Tube Can Section Installation X
Sequence for LIGO Qualification Test
Addenda

FPCircumferential Fitting/Purge Procedure for X
Circumferential Butt Welds for LIGO

FPStiffener Fitting/Purge Procedure for Stiffener X
Attachment Welds for LIGO

FPPumpPort Fitting/Purge Procedure for Pump Port X
Attachment Welds for LIGO

MI Material Traceability X

IR Receiving Inspection X

DCQT Dimensionai Coatrol X

Welding Procedures :

WPS-INDEX Weld Procedure Index X

WPS-ER308S/GMA Weld Procedure, GMA Welding for 304L X

w/POR 4858) Materials
WPS-ER308L/Repair Weld procedure, GMA for Repair X
(W/PORs 10029 & 4858) Welding for 304L. Materials

23



0 vz .

CONSTRUCTION PLAN

e FSQT - Fabrication Sequence
e ISQT - Installation Sequence

e LIGOCPQT ce,;7 ?0...,
e LIGOTPQT Lk Le,
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LEAK TEST PROCEDURES

LEAK DETECTION DECISION TREE
QUALIFICATION TEST

[“SECTIONLEAR 5o 1
i
HMST1QT| (SECTION, BELLOWS | FAL REPAIR AND RETEST
AND PUMP PORT) REPLAGE
SSEMBLY YARD
rlElD PASS
5 | REPAD
* HMST2QT LEAK TEST FAL AND
{2 SECTIONS) RETEST
I— — — —pass|— — _I
Omitted in the
ifoati \ PUMP PORT VALVE HEPAIH
;‘s"s"’tf'ﬁ;:gf;;‘d N | HMsan | AND L2 PUMP LEAK FAL . QTNEDsT
by HMSTIQT, N TEST (VALVE CLOSED) § |
AYY ) PASS |
T PUMP PORT VALVE TEPRIY
| imston | Anb Lnz oump teax LLFAL AND
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PASS FAIL
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(>10 "> TUS) LEAK (NON-Ho TRACER[ P ASS
PASS
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ASSESSMENTbimPreTomT NONCONDENSIBLES
AND BAKE OUT
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ACCEPTANCE SMALL LEAKS
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WITHOUT
VENTING
CONTINUE JFAIL
ASSESSMENT
vass
ACCEPTANCE
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- BAKEOUT PROCEDURE

SPECIFIES EQUIPMENT AND PROCEDURE TO EMULATE CRITICAL BAKEOUT
PARAMETERS

e Insulation
e Temperatures

e Duration

THE PROCEDURE SPECIFIES ELECTRIC RESISTANCE HEAT CABLE TO HEAT
UP AND MAINTAIN TEMPERATURE

I2R METHOD

CBI prepared basic module bakeout design and submitted RFQ for QT bakeout by I2R.

Proposal will be prepared for design of Beam Tube Module I2R bakeout and Option
performance of same.
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LEAK TEST PROCEDURES

LEAK DETECTION DECISION TREE
QUALIFICATION TEST

REPAIR AND RETEST
HMsTiQT] (SECTION, BELLOWS | __FAL E oR
AND PUMP PORT) AEPLACE
SSEMBLY YARD
TE PASS l
"WELD NEPXT
HMST2QT LEAK TEST FAL AND
(2 SECTIONS) RETEST
l_ — — —pAss|— — —
Omitted in the NEPAT
AN PUMP PORTVALVE | | ear TR
lost. Raplaged |\ | HMSON AND LN2 PUMP LEAK N
by HMSTQT, N TEST (VALVE CLOSED) { |
-N PASS |
| PUMP PORTVALVE 1 | £y WEPAI
HMST3N § AND LN2 PUMP LEAK AND
COMPONENT TEST (VALVE OPEN) RETEST
TESTS |
BLA
TEST PUMPS
PASS A
RGA ASSESSMENT | Fai LOCALIZE REVIEW LOGS
HMST4QT  § oRESS, ASSESSMENT LEAK ISUAL INSPEC
10 -2 TUS)
PASS
START
BAKE OUT VENT
CONTINUOUS - négﬂn
AGA 1X10°5 TORR
ASSESSMEN ThttreeTee NONCONDENSIBLES
AND BAKE OUT
PRESURE TARGE LEAKS
ASSESSMENT % LOCATE REPAIR
sTop [STER V)
AND WITHOUT
BAKE OUT ACCOUSTIC, REPAIR VENTING
ARGON OR HELIUM
LOCALIZE FAL | CONTINUE
LEAK ASSESSMENT
BAKE OUT
PASS
vass
ACCEPTANCE SMALL LEAKS
(<105 TUs) ACCEPTANCE
REPAR
WITHOUT
VENTING
CONTINUE JFAIL
ASSESSMENT
vass
ACCEPTANCE

25
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- BAKEOUT PROCEDURE

SPECIFIES EQUIPMENT AND PROCEDURE TO EMULATE CRITICAL BAKEOUT
PARAMETERS

e Insulation
e Temperatures

e Duration

THE PROCEDURE SPECIFIES ELECTRIC RESISTANCE HEAT CABLE TO HEAT
UP AND MAINTAIN TEMPERATURE

I2R METHOD

CBI prepared basic module bakeout design and submitted RFQ for QT bakeout by I2R.

Proposal will be prepared for design of Beam Tube Module I2R bakeout and Option
performance of same.
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QUALIFICATION TEST PUMP DOWN AND
OUTGASSING TEST PROCEDURE

. Evacuate to <10-5 torr
. Evaluate air signature and outgassing rates
. Insulate tube

. Bake out tube and monitor outgassing rates during bake out

- Monitor outgassing rates during cooldown

. Evaluate air signature and outgassing rates at ambient temperature
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DATA ACQUISITION PROCEDURE

e Written Documentation is recorded in laboratory notebooks.

e Computerized Data Acquisition for temperatures, pressures, and other analog
signals, RGA data and reports, and "logbook files".

e Format - Written documentation is per procedure or recorder. - Computerized
data per custom analog data software, RGA software and for logbook files,

which record instrument state vectors keyed to time and date, Microsoft Word
document format.

e Transmission - Daily transmittal of compressed archive LIGO files via modem
to Caltech designated host computer.



QUALIFICATION TEST REPORT

e Outline/Index - Report will follow outline which will incorporate all aspects of
the QT Test Plan.

e Data Reporting - in same format as specified in QT procedures including Data
Acquisition Procedure.

e Test Documentation

e Instrument Output
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QUALIFICATION TEST OBJECTIVES

e Demonstrate full conformance of Detailed Design

Identify analysis features vs tested features

Full Scale Configuration

QT Test execution in accordance with approved plan



QUALIFICATION TEST PLAN

1. Listing of Test Items and Calculation Items

2. Test Configuration and Procedures

3.Design QT Report



TEST ITEMS AND CALCULATION ITEMS

e Design
- Structural Performance of Beam Tube Sections
- Structural and Mechanical Performance of Expansion Joints
- Structural, Mechanical and Thermal Performace of Beam Tube Supports

- Baffle Mechanical Performance



TEST ITEMS AND CALCULATION ITEMS

~ e Materials Supplied to CBI

- Coil Manufacture + Bakeout

- Coupon Outgas Testing

- Beam Tube Manufacturing

- Beam Tube Transportation

- Expansioh Joint Manufacturing
- Stiffener Manufacturing

- Baffle Manufacturing

./



TEST ITEMS AND CALCULATION ITEMS

e CBI Fabrication
- Beam Tube Handling
- Stiffener Attachment
- Pumping Port
- Final Beam Tube End Prep
- Pumping Port
- Attach Expansion Joint

- Work Conditions



TEST ITEMS AND CALCULATION ITEMS

e Assembly of Beam Tube Modules
- Use of Clean Room and Weld Enclosures
- Preliminary Alignment of Beam tube
- Circumferential Welds
- Beam Tube Personnel Entrance

- Installation of Structural Supports



TEST ITEMS AND CALCULATION ITEMS

e Leak Testing
- Can Assemblies
- Circumferential Beam Tube Welds
- 10" Valve and Blind Flange Seals

- Beam Tube Module

; !
\ v
S



TEST ITEMS AND CALCULATION ITEMS

¢ (Cleaning/Outgas Performance
- Can Assembly Cleaning
- Final Cleaning
- Bakeout

- Outgas Performance



TEST ITEMS AND CALCULATION ITEMS

e Dimensional Control
- Control of Materials and Assemblies
- Layout of Alignment Reference Pads
- Installation Alignment
- Final and Maintenance Alignment

- Clear Aperture
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TEST CONFIGURATION AND PROCEDURES

FOR FABRICATION INSTALLATION

e QT Beam Tube Physical Configuration
e QT Pumping and Outgas System

e QT Procedures



42520
139 -6)
06 18288 813 182688 2184
©°-8) ) @ -8 60°-0) a2
1829 - L (267
‘_"(a'-m) Y /—@ L6 R 2D IYP)—HK l TG
N |
" Nl N
ie3 M
H AN
GUIDED SUPPORT
FINED SUPPORT FIXED SUPRORT
218 21-A
GENERAL CONFIGURATION
ELEVATION)
DIRECTION OF CONSTRUCTION
PUMP PORT
NG = 13)

Ve

(N8

PLAN VIEW

P norcates ot FRx PREVIDS 1SS

PRt mAGUME T 10

[cEI

LIGD BEAM TUBE
QUALIFICATION TEST

REMARKS

GENERAL CONFIGURATION

CUSTOMER S MD CONIRACT NO
8Y _LR_ XD DATE 930212

g 1 ) REV

E ENGINEERING SUPERVISOR SHT ¢

5[ THIS DRAVING HAS SEEN PREFAAED FOR A20 1S THE PROPEATY OF CBI AND S|

wl & w| & | 10 8 viro i CTION WITH PERFORMANCE OF WOPK BY CBI,

> 1 )3 = PEPRODUCTION W WMCLE DN I PART FON ANY OTHER PLAPOSE 1S EXPAESSL
@j0 o o]0 |ajoll o) FORBIDOEN .

2124000



"/“\\
; |

SUBJECT @ OFFICE REVISION: REFERENCE NO.
THRUST RESTRAINT , S
QUALIFICATION TEST MRS t-;"s'( D | MADE SHT__OF
LIGO DATE ATE DATE DATE SK-QT1
TR :

12




N
N /,
e

41/2X5/16
STIFFENER
A240 - 304

(9 REQ'D)

5" TYP.
EXCEPT
AT ENDS

—>

1/8 \_2-5

OR

18 2-5

1/8 ; 1-12
1/8

41/2 x 516 A A
RING, MATCH
CENTER LINE \
RADIUS W/ TUBE )
A240 304 1/8
(1 REQ'D)
SECTION A
SUBJECT P CKFSCEE o |mevision 1 REf;E;ggf:zE NO.
QT STIFFENED END HEAD MADE BY | CHKD BY | MADE BY | CHKD BY
RW | TKH RIW | TkH | SHT—_oF __
DATE | DATE DATE DATE
29MAR94|29MAR94 | 30MAR94| 29 Mancy 94

13




vi

(

.
“‘\\_{)

QUALIFICATION TEST PUMPING AND
OUTGASSING TEST SYSTEMS

Requirements

¢ Test the qualification test beam tube for hydrogen and water vapor outgassing
rates.

e Provide a system to evacuate the beam tube and measure the above outgassing
rates.

e The desired material outgassing rates are 1 X 10-13 T L/sec cm?2 for hydrogen
and 1 X 10-16 T L/sec cm?2 for water vapor.

Net water vapor pumping speed to be less than 600 L/sec in order to simulate the
water pumping speed of the option phase pumping system.

Critical Issues

e Background outgassing rate for water is critical ((;e to low outgassing rate.
e High quality RGA is required to provide maximu ent sensitivity.
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QUALIFICATION TEST PUMPING AND
OUTGASSING TEST SYSTEMS

¢ Minimize contamination from hydrocarbons and water vapor.

Selected Configuration

e Minimize surface area to reduce background outgassing rates.

e Cold trap the RGA to reduce false hydrogen signals.

e Cold trap the pumping system to minimize contamination.

e Ensure that the water pumping speed is less than 600 L/sec. This trap flow
rate must be accurately measured to provide a known pumping speed for the
water outgassing test.

e Bake out the entire system to reduce the background outgassing rates.



QUALIFICATION TEST PUMPING AND
OUTGASSING TEST SYSTEMS

o Select calibrated leaks which are dry to eliminate a source of water vapor
contamination.

e Use auxiliary pumping system to evacuate the RGA and calibrated leak
systems to prevent contamination.

> e Use two turbomolecular pumps in series to provide sufficient hydrogen
compression ratio for low background outgassing rate.

e The system is capable of use for the leak test of the qualification test beam
tube including the air signature test of the beam tube.
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P &1 SYMBOLS

COLD CATHODE VACUUM GAGE
PIRANI VACUUM GAGE -

MANUAL VALVE

ELECTROPNEUMATEC VALVE

TWO WAY SOLENOID VALVE
FOUR WAY SOLENOID VALVE WITH PNEUMATIC SUPPLY
TWO WAY SOLENOID VALVE WITH PNEUMATIC SUPPLY

TEMPERATURE CONTROL

HEAT TRACED PIPING

PRELIMINARY EQUIPMENT SIZING

TMP -1 1100 L/S
TMP-2 60 L/S
T™MP-3 60L/S
T™MP-4 60L/S
T™MP-S 60 L/S
RP-1 50 CFM
RP-2 1CFM
RP-3 1 CFM
RP-4 1 CFM
LNT-1 6" TRAP
LNT-2 2 1/2 TRAP
LNT-3 21/2" TRAP
LINE DESIGNATION

21/2-VS-21-1 1/2

LINE
SIZE

LINE
MATL
SPEC

LINE
No.

INSUL.
THK

P &1 DIAGRAM
P &1 SYMBOLS
QUALIFICATION TEST
LIGO PROJECT
CALTECH

By WAC cuo
R C.WEBER

DATE V9004

CONTRACT NO.
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1

*§




LIGO QUAL. TEST OUTGASSING CALCULATION

VACUUM VESSEL SHELL( QUAL TEST PIPE)
sqem (140 it long)

AREA = 1.65E+06
K-1= 4.00E-08
K-50 = 8.00E-10
K-AB= 1.00E-13
TEST HEADS

AREA = 2.50E+04

K-1= 4.00E-08
K-50 = 8.00E-10
K-AB= 1.00E-13

Tlsqgem-s
Tlsqem-s

TUsqcm-s

sqem
TlUsqcm-s
TlUsqem-s
TUsqcm-s

STAINLESS STEEL VALVES, FITTINGS AND PIPE

AREA = 1.00E+04

K-1=4.00E-08

K-50 = 8.00E-10

K-AB= 1.00E-12

ALUMINUM

AREA = 0.00E+00

K-1 = 0.00E+00

K-50 = 0.00E+00

K-AB= 0.00E+00

ELASTOMER
AREA = 0.00E+00
K-1 = 0.00E+00
K-50 = 0.00E+00
K-AB= 0.00E+00

sgem

Tlsgem-s
Tl/sqem-s
TlUsgem-s

sqem
Tlisqem-s
Tlsqem-s
TlUsqgem-s

sgem
Tlisqgem-s
TUsqcm-s
Tlsqem-s

Q-1=6.60E-02 TLS
Q-50=1.32E-03 TUS
Q-AB= 1.65E-07 TL/S

Q-1=1.00E-03 TUS
Q-50 = 2.00E-05 TL/S
Q-AB= 2.50E-09 TUL/S

Q-1=4.00E-04 TUS
Q-50 = 8.00E-06 TL/S
Q-AB= 1.00E-08 TU/S

Q-1=0.00E+00 TL/S
Q-50 = 0.00E+00 T L/S
Q-AB= 0.00E+00 TL/S

Q-1=0.00E+00 TUS
Q-50 = 0.00E+00 TL/S
Q-AB= 0.00E+00 TL/S

notes: 1. K-1, Q-1 & P-1 signify properties after one hour at vacuum
2. K-50, Q-50 & P-50 signify properties after fifty hours at vacuum
3. K-AB, Q-AB & P-AB signify properties after the vacuum bake-out

TOTAL OUTGASSING FLOW

Q-1=6.74E02 TLS

Q-50 = 1.35E-03 T LS

Q-AB = 1.78E-07 TLUS

PUMPING SYSTEM EVALUATION

PUMPING SPEED {PER PUMP) = 6.00E+02 L/sec
CALCULATED PARTIAL PRESSURE

Notes:
AB subscript denotes *after bake”
and is for hydrogen only

outgassing rates for 1 and 50 hours

P-1= 1.12E-04 TORR

P-50 = 2.25E-06 TORR

P-AB =
PUMPING SPEED (PER PUMP) = 9.00E+02 L/sec
CALCULATED PARTIAL PRESSURE

2.96E-10 TORR

P-1= 7.49E-05 TORR

P-50= 1.50E-06 TORR
P-AB= 1.97E-10 TORR

20
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Qualification Test Procedures

Welding for 304L. Materials

D Title Directly from | QT Addenda QT Specific
Detailed to Detailed
Design Design _
Material Specifications
(C-240-0186 Coil Material Specification X
C-CMBSI1 Coil Material Bake Specification X
WMS-ER308L Cleaning and Bakeout Procedure of ER X
308L. Weld Wire
C-240-0187 Baffle Material Specification X
C-CMBS1 Baffle Material Bake Specification X
(C-240-0194 Expansion Joint Material Specification X
Purchasing Specifications
C-BT-QT Qualification Test Beam Tube Sections X
C-EI-QT LIGO Beam tube Expansion Joints X
Qualification Test
C-SUPT-1 Beam Tube Support Specification X
CBAF-1 Baffle Fabrication Specification X
C-PORT-QT Pump Port Specification X
C-PORTPAD-1 Pump Port Reinforcing Pad Specification X
C-VAC-1 Vacuum Stiffener Specification X
C-SUPSTF-1 Support Ring/Baffle Ring Fabrication X
Specification
/’Fabricationllnstallation Procedures
FSQT Beam Tube Can Section Fabrication X
Sequence for LIGO Qualification Test
Addenda
ISQT Beam Tube Can Section Installation X
Sequence for LIGO Qualification Test
: Addenda
FPCircumferential Fitting/Purge Procedure for X
Circumferential Butt Welds for LIGO
FPStiffener Fitting/Purge Procedure for Stiffener X
Attachment Welds for LIGO
FPPumpPort Fitting/Purge Procedure for Pump Port X
Attachment Welds for LIGO
MI Material Traceability X
IR Receiving Inspection X
DCQT Dimensional Control X
Welding Procedures
WPS-INDEX Weld Procedure Index X
WPS-ER308S/GMA Weld Procedure, GMA Welding for 304L X
(w/PQR 4858) Materials
‘WPS-ER308L/Repair Weld procedure, GMA for Repair X

(w/PQRs 10029 & 4858)

21
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CONSTRUCTION PLAN

e FSQT - Fabrication Sequence
e ISQT - Installation Sequence
o LIGOCPQT

e LIGOTPQT



LEAK TEST PROCEDURES

LEAK DETECTION DECISION TREE

QUALIFICATION TEST

SECITON LEAR TEST ST
HMmsT1QT] (SECTION, BELLOW S FAL REPAIR AND RETE
AND PUMP PORT) REPLAGE
SSEMBLY YARD
ElELD PASS
n NECAT
HMST2QT LEAK TEST FAL AND
(2 SECTIONS) RETEST
l_ — — —pass | — — —
Omitted in the BECAIR
qualification \ PUMP PORT VALVE | FAL AND
HMS3N AND LN2 PUMP LEAK
test. Replaced N\ | TEST (VALVE CLOSED) [ | RETEST
by HMST1QT. N
A e |
| PUMPPORTVALVE | | £yy HEPATH
HMST3N | AND LN2 PUMP LEAK AND
COMPONENT TEST (VALVE OPEN) RETEST
TESTS [
TEST PUMPS
PASS - A
RGA ASSESSMENT [ Fal OCALIZE REVIEW LOGS
HMST4QT J oness. ASSESSMENT L LEAK ISUAL INSPEC
(>10 -5 TUS)
PASS
START
BAKE OUT VENT
CONTINUOUS - RégBIR
RGA 1X10°5 TORR
ASSESSMENT] FAILBEFORE —
AND BAKE OUT NONCONDENSIBLES
PRESURE e
ASSESSMENT ARGE LEAKS LOCATE REPAIR
STOP (>105 TUS)
AND WITHOUT
BAKE OUT AccousTic, REPAIR VENTING
ARGON OR HELIUM
LOCALIZE FAIL | CONTINUE
LEAK . ASSESSMENT
YPASS
ACCEPTANCE SMALL LEAKS
(<105 TUS) ACCEPTANCE
REPAR
WITHOUT
VENTING
CONTINUE JFAIL
ASSESSMENT
VPASS
ACCEPTANCE
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QUALIFICATION TEST PUMP DOWN AND
OUTGASSING TEST PROCEDURE

. Evacuate to <103 torr

. Evaluate air signature and outgassing rates

. Insulate tube

. Bake out tube and monitor outgassing rates during bake out
. Monitor outgassing rates during cooldown

. Evaluate air signature and outgassing rates at ambient temperature
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BAKEOUT PROCEDURE

e Insulation

e Temperatures

e Duration

e Electric Resistance Heat Cable

e I2R Method
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DATA ACQUISITION PROCEDURE

e Written Documentation
e Computerized Data Acquisition
e Format

e Transmission



e

QUALIFICATION TEST REPORT

e QOutline/Index
e Data Reporting
e Test Documentation

e Instrument Output
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file:rwcbidoc050894.txt

to: Larry Jones and Gerry Stapfer

from: R. Weiss May 7, 1994

concerning: comments on CBI design documents

Note: The comments below concentrate on various parts of the CBI
documents, in particular: the leak detection, cleaning, alignment and the
qualification test (QT). The comments on other aspects come from a casual
reading. The general impression I have of the documentation is that it is
appropriate for the level after a conceptual design but not yet at the
detailed final design level. The weakest part is the plan for the QT.

A misunderstanding in the entire document are the allowed leak rates:
For components (tube sections, expansion joints, fittings) 107-10 required
10~-11 goal tl/s

For beam tube module 10"-9 required 107-10 goal.

LIGOTP: Not consistent with the leak detecting tree. 1.4 does not involve
helium leak hunting, it is the leak asessment and localization followed by
other than helium leak detecting methods until all leaks are found at 107-5
tl/s. Listing of equipment required should include air leaks and rga

Section 2
C-CMB21l: 5.1 Which end of the coil will the hydrgen test coupons be taken
from? Would recommend the inner end.

C-BMBS1l: Overall policy question. There may be some advantages to anneal
the steel for the baffles after they have been fabricated. The technical
reason is that the surface will be more uniformally oxidized and not have
bright patches from the welding.

C-BT-CO: 4.0 Tolerances, the .010" perpendicularity of the tube end must
be explained. Is this .010" height from a plane that is perpendicular to
the tube axis measured at a radius?

C-EJ-CO: 5.0 Leak rate requirements and goals not specified properly.

C-BAF-1: 0.1 Misunderstand function of the baffles. Purpose of the baffles is,
to attenuate grazing rays. 5.3 Should consider annealing baffles after
fabrication. No mention of baffle serrations.

C-SUPSTF-1: The baffle rings have the tube mounting holes to the supports. How
will these be phased correctly before welding the rings?

C-PORT-OP: 6.0 Confusion about leak specification

Section 3

General comments:

The weld torch central electrode polarity should be fixed
and the option as well as the QT should use the same polarity as the weld »
tests that were performed to establish the hydrogen outgassing by filler wire.

The weld inspection procedures are not spelled out adequately. Expected that there
would periodic tests performed on sections of weld to determine the degree of
overlap of the various passes for the vacuum welds. The tube fabrication will
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use microphotography on cut sections with etching to visualize the inner parts
of the welds (much as was done by Sandia in the btd test). Is CBI so confident
in the process and training of welders that they can assume that they can get
away without periodic qualification of the welds in the field?

Section 4

FABSEQ: 2.6 How are markings put on the tubes for permanent identification
from the manufacturing right through installation? 2.32 Are cutting fluids
used in boring out the 10" pump ports. If so are they compatible with the
cleaning techniques?

INSTALLSEQ: 2.X Will need technique to keep dirt and dust from being moved from
outside walls of the tubes into the various clean areas. The whole business of
maintaining a clean environment is primarily a matter of attenuation per stage
of dirt isolation. The attenuation per stage is probably no more than a factor
of 100. So one has to think carefully of dirt brought in from transitions in
the assembly and from outside the clean areas into the clean areas.

This may require wind screens and other secondary movable structures around the
sensitive assembly area. Recent calculations also show that direct solar
illumination of the tube during the assembly will cause too much distortion, so
a sun screen is also indicated.

FPCIRCUMFERENTIAL: 3.4 Taping the weld joint runs the risk
for the tape adhesive to get. lodged on the weld surface before welding.

CR1TSM: Comment under INSTALLSEQ 2.X really belongs here.

DC: 5.X The go/no go gauge shown for the baffle height measurement has

a peak to peak tolerance of 0.16" (4 mm). What is the current best estimate for the
fluctuation in the baffle height using the adopted procedures for fabrication

and installation? LIGO project should look at this variability. First guess is

that it is ok but marginal, would like to make further estimates.

8.X The final values for all mensuration on the tubes should be maintained in
computer accessible formats.

MODSEQ: Overall procedure is much too sketchy. 2.3 does not involve Helium test
2.6 not consistent with leak detecting tree.

VI5 and VI8: Do not include microphotometric techniques to establish weld
pass overlap.

Section 5

CLCOUP, CLCOUPA, CLCOUPA(O, CLCOUPAl: Has nothing to do with option or QT.
If these included flow rate and scaling to cleaning for QT or option, they
would have relevance.

CLALT: Also is not relevant to QT or option. For the record it should say
- hydrogen outgassing not outgassing since hydrocarbons were not measured.

CL2N: Same comment for attenuation of dirt as for INSTALLSEQ

Section 6

Overall: Misunderstanding of component and module leak size requirements
and goals.

HMSTIN: Does the leak detecting casket accomodate the tubes with pumpout
ports. Even after the analysis presented at the FDR am not persuaded of the
need for the time of flight measurement. Sequential bagging will probably
do as well on the, hopefully, few tubes requiring additional leak hunting.
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HMST2N: 3.6 How to avoid covering possible leaks on the circumferential welds
by applying Apiezon Q or electrical putty to the seal as it crosses the weld?

HMSTN3: Not clear in my mind anymore. If HMSTN1l will test the pump port weld
then the technique presented here will test whether the flanges and the valve
leaks. If HMSTN1 does not test the weld, the procedure as described will also
not test the weld.

HMST4N: Is not consistent with the leak detection tree. The techniques to
be used involve different tracer gases depending on the leak size and the
stage of the process. Also the air signature assay and leak localization
will require a calibrated air leak at a mid point of the module to set up
the rga. The data should be recorded in the same manner as in the QT with
state vectors and instrumentation vectors as well as continous computer
recorded files of pressure vs time. The description still assigns the
responsibility of the bake to the project.

The leak assessment and localization techniques using the rga must be
rewritten.

HMST5N: 1.2.5 The expectation is that HMSTS5N will be used after leak assay
and localization techniques have required it. The localization will provide
section lengths that are suspect. The procedure HMSTS5N will begin in these
regions of the module. 3.23 For leaks less then 107-5 tl/s we could
contemplate repair by other than air release and rewelding. This may be
important in saving time and money to avoid rebake. CBI has not addressed
this type of repair in HMST5N.

COUP-01: The test does not require measurment of amu values other than 2.
CBI has mixed up the requirementes for the QT and the coupon hydrgen
evaluation.

Section 7

ALI-1: 5.3 Attention should be given to minimize dust and dirt entering the
covered space while cutting out the radom in the concrete cover.

Assume that the procedure marks the beam tube position at the support before
a new section is put in place. After the section is placed and before welding,
it is positioned by GPS referenced optical methods. Then when the cover is put
in place, the radom is cut above the support so that the GPS position of the
tube center can be established. I got lost in the description of the procedure.

QP-GPS~1: The procedure looks like a method to layout the tube supports but
not to set up the alignment of the tubes once in the supports.

How long will CBI carry the alternate alignment procedures given in ALI-A,
ALM-A,ALI-C,ALM-C. How will the decision be made to use ALI-1?

Many of the figures are in the state of preliminary design drawings. In the
old days before computer cad systems, they would be ready for the design
draftsman to make the detailed design - placement of holes, tolerances,
structural element dimensions, etc. Looks like there is still much to be done
before these drawings can be turned over to machinists or fabricators.



rwcbidoc050894.txt Mon May 9 11:21:46 1994 4

The QT needs a time ordered layout of the steps, procedures and anticipated times.
Without such a schedule and flow chart, it is hard to evaluate the planning for
the QT. ’

The attempt to characterize the procedures in terms of their applicability to
the option is partially dealt with in the index to Book 1 and in section 1 of
Book 3. Once a time ordered layout is made for the QT, the evaluation of
whether a specific step is a direct test, or a test by similarity and analytic
extension to the option will be easier to make.

With such a sequence of steps and schedule in hand, a review of the QT makes
sense. It is not ready given the state of the current planning.

Introduction

Some corrections: Air signature tests will be made both before and after bake.
A major goal of the QT is to measure the outgassing spectrum after the bake.
Thought that only one baffle would be involved in the QT.

Section 1.0 LISTING OF TEST ITEMS AND CALCULATION ITEMS

Environmental thermal gradients will not be the same in the QT and in the
option.

Expansion joints

The expansion joints in QT may not be the same as in option (hydroformed vs
welded section). No fatigue testing will be done in the QT

Supports

How will possible motions of the baffle(s) before to after bake be measured?

Coupon outgas testing

Is the plan to make tube, expansion joints, baffles and 10" pump port from
different materials for the QT?

Beam Tube Manufacturing

What is being planned to qualify tubes made of different sheet width or by
different fabricators?

Work Conditions

The wind, sun and dirt of a field assembly will not be experienced in the QT.
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Leak testing

The air signature tests in the QT and the option are not equivalent. The air
signature tests should be much easier in the QT since the gas load for a given
leak size will be the same but the outgassing load will be different in the
ratio of the tube surface areas. The leak localization techniques using the
air signature will not be tested in the QT.

Question the technique for injecting the current into the direct heating of

the tubes by using a stiffening ring as the electrode. The spreading resistance
has to be calculated and the heat leak through the supply leads has to be
determined. The scheme used in the btd tests should not be rejected out of hand.
Direct heating is required, not an option.

Dimensional control

The longitudinal motion at the bellows should be measured during the bake.
The transverse motions of the tubes should also be measured during the bake
to establish isotropy of the expansion joints.

Section 2

Figure SK-QT1 Thrust restraint on fixed supports. Has a thermal analysis
been carried out for this support? What is the anticipated heat leak during
bake?

QT Stiffened end head: How is the weld to the tube to be made? The end could
also become the feeder for the direct heating current if an additional short
section of 48" tube is used for the current clamp as was done for the btd. This
serves to give the correct spreading resistance as well as offer thermal
isolation for the leads.

2.2 QT Pumping and Outgassing System

The reduction in the pumping speed to 600 liters/sec is needed during bake and
after. It is not a requirement during intial pump down and leak hunting.

The outgassing rate for other than hydrogen is expected to be much smaller than
10~-12 tl1/s/cm”2.

2.3 QT Procedures

Leak testing, coupon testing, bakeout, and data acquisition procedures are not
just QT specific. In fact, the data acquisition procedure for the full module
test in the option would use the same data logging scheme as the QT. I notice
descriptions in the option phase reverting to log plots and notebooks.

PROCEDURES (in addition to comments already made for the same procedures in the
—————————— option part.)

C-BT-QT: Same question as above concerning definition of perpendicularity.

4.0 Don’t understand statement that "straightness will be critical in 10% of the
tubes™. 6.2.2 Do not under stand the restriction against use of water/detergent
cleaning by fabricators if the the tube sections are again to be steam cleaned after
leak hunting.

C-EJ-QT: Same comments on perpendicularity and cleaning as above.5.1 the same
overall issue with the leak detection requirement and goal and finally a
prescription should be given for keeping the belows from collapsing during leak
test pump out.

C-PORT-QT: Not clear to me that the same technique for placing the hole in the



rwcbidoc050894.txt Mon May 9 11:21:46 1994 7

Revised sections handed out at FDR still need to be read carefully
FSQT
ISQT
DCQT
LIGOCPQT
CL1QT
CL2QT
CL3QT
CRWAQT
LiGOTPQT
HMST1QT
HMST2QT

HMST4QT
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WBS #160 Beam Tube Configuration

The final beam tube configuration is based on the optimization of all the beam tube
components. Considerations include the available beam tube length, baffle spacing,
expansion joint spacing and support spacing. The design of each component depends on
the configuration and spacing of components. This section discusses the how the
components are influenced and how the optimum configuration was determined. This
Section is broken down in the following headings:

Contractual Requirements

Beam Tube Wall Thickness

Beam Tube Diameter

Beam Tube Vacuum Stiffener Design

Beam Tube Length

Beam Tube Fatigue during Transport

Expansion Joints

Beam Tube Configuration

Beam Tube Structural Analysis

Foundation Requirements

Grounding of the Beam Tube during Construction
Tube to Chamber Interface

Component Quantity Summaries of the Beam Tube Modules

Contractual Requirements

The contractual requirements of the beam tube are defined in LIGO Specification
1100004. The following items are the key requirements of the beam tube.

The installed beam tube shall meet the clear aperture requirement of 1.07 m.

The beam tube modules shall be field assembled from factory built sections.
Lengths shall be limited by practical shipping considerations.

The beam tube shall satisfy applicable requirements of ASME Section VIII,
Division 1. The beam shall also be designed to withstand external load such as
insulation, wind load & snow during construction and seismic loads.

The expansion joints shall accommodate the expansion and contraction of the
beam tube as well as aid alignment during installation and adjustment.

The supports shall be designed to support the tube and applicable loads Thermal
contraction and expansion must be allowed to occur without causing a stick-slip
motion that results in impulsive mechanical or acoustic noise.
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Beam Tube Wall Thickness

The LIGO beam tube modules will have an as-ordered thickness of 0.127", with a
specified overtolerance and undertolerance of +0.003" and -0.007", respectively. The
rationale behind this selection will be discussed shortly.

A significant limitation upon the LIGO beam tubes is that the maximum tube wall
thickness cannot exceed 0.130" (for hydrogen outgassing purposes). Given the large
diameter of the beam tube (483/4" inside diameter), it is desirable from a structural
standpoint to maximize the tube wall design thickness as much as possible. The ASME
Code, Paragraph UG-16(c) states the following:

"Plate material shall be ordered not thinner than design thickness. Vessels made
of plate furnished with an undertolerance of not more than the smaller value of
0.01 inch or 6% of the ordered thickness may be used at the full design pressure
for the thickness ordered. If the specification to which the plate is ordered allows
a greater undertolerance, the ordered thickness of the material shall be sufficiently
greater than the design thickness so that the thickness of the material furnished is
not more than the smaller of 0.01 inch or 6% under the design thickness."

Standard mill tolerances for coil plate material is ordered thickness (+0.010", -0.010").
In order not to exceed the 0.130" maximum permissible tube wall thickness, the ordered
thickness of the tube material, with standard mill tolerances, would be 0.120", resulting
in tube wall thicknesses between 0.130" and 0.110". Per the provisions of Paragraph
UG-16(c) above, the design thickness of the tube wall for this case will be 0.117".

Several mills can provide mill tolerances of one-half the standard mill tolerance
(+0.005", -0.005") at no additional cost. In order not to exceed the 0.130" maximum
permissible tube wall thickness, the ordered thickness of the tube material, with one-half
standard mill tolerances, would be 0.125", resulting in tube wall thicknesses between
0.130" and 0.120". Per the provisions of Paragraph UG-16(c) above, the design
thickness of the tube wall for this case will be 0.125".

However, by ordering the tube material with a thickness of 0.127", with mill tolerances
of (+0.003", -0.007"), the range of tube wall thicknesses will still vary between 0.130"
and 0.120" -- in essence one-half standard mill tolerances are still being obtained without
additional cost. Per the provisions of Paragraph UG-16(c) above, the design thickness of
the tube wall for this case will be 0.127".

PR Sl
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Therefore, the three possible as-ordered thicknesses of the beam tube wall material are as
follows:

Ordered Thickness Specified Tolerances Design Thickness

0.120" +0.010", -0.010" 0.117"
0.125" +0.005", -0.005" 0.125"
0.127" +0.003", -0.007" 0.127"

From a design standpoint, it would be preferable to use an ordered thickness of 0.127" in
order to maximize the design thickness of the tube wall. However, there is a tradeoff to
consider. Using a thinner tube wall is preferable from the standpoint of reducing the
material costs of the beam tubes, but will result in a higher number (and thus cost) of
beam tube stiffeners.

A trade study was thus performed to investigate whether it was more advantageous to
have a thin tube wall with many stiffeners, or a thick tube wall with fewer stiffeners.
Refer to the attached table "Cost Comparison: Wall Thickness vs Component Costs of
Tube and Stiffeners”. The parameters of this trade study, as reflected in the component
costs in the referenced table, are as follows:

e Total cost of beam tube material is approximately $5,000,000. This is a budget
price from ARMCQO, and includes costs for coil manufacturing, coil baking,
outgas testing, leveling and slitting, shipping to the tube manufacturer, and the
value of scrap. This value is based upon an ordered thickness of 0.127" for a
48.75" 1.D beam tube, and it is an assumption of this study that this price can be
scaled in proportion to both the tube diameter and the ordered plate thickness.

e Tube manufacturing cost of $36 per foot, based upon a budget price from
Tubetec. The total length of beam tube assumed for this study is 51,340 feet, for
a total tube manufacturing cost of $1,848,300.

e Beam tube stiffener spacing is determined per the ASME Code, with a factor of
safety of 3 against buckling due to hoop (i.e., circumferential) compression.

e Beam tube stiffener cost of $41 per stiffener, based upon a budget price from
Meyer Tool & Mfg. The cost of welding a stiffener to the tube is $60 per
stiffener, based upon an estimate from CBI's Welding Dept.

The results of the trade study indicate that it is more cost effective, albeit slightly, to use
a thicker beam tube wall with fewer beam tube stiffeners, regardless of the beam tube

diameter selected.
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There are, however, other very important factors unrelated to this particular trade study
which make it advantageous to maximize the tube wall thickness. Foremost among these

reasons:

o The manufacture of a large diameter, thin-walled tube is difficult. The
fabrication tolerances that will be imposed on the tube manufacturer can more
easily be obtained by using the maximum permissible wall thickness.

e Maximizing the tube wall thickness will minimize the problems associated with
transportation, handling and welding of the beam tubes sections.

Therefore, the LIGO beam tube modules will have an as-ordered thickness of 0.127",
with a specified overtolerance and undertolerance of +0.003" and -0.007", respectively.

Beam Tube Diameter

The diameter of the LIGO beam tubes must be large enough such that, after the effects of
all deflections and tolerances of fabrication and construction are accumulated, the clear
aperture of the completed modules between reference monuments, spaced at 250 meter
intervals, is no less than 1.07 meters (42.13 inches). On the other hand, the diameter of
the tube must not be made unnecessarily large simply in order to accomodate the
required aperture, since additional material, fabrication and construction costs are
naturally incurred as the tube diameter is increased. The key to selection of the "ideal"
diameter is to accurately identify and quantify all associated tolerances which can be
achieved with the fabrication methods and construction procedures to be prescribed. One
of the functions of the Quality Assurance program which is to be implemented is to
ensure compliance with these tolerances in order to eliminate the risk of interruption of
the construction process to correct a failure to meet the minimum clear aperture
requirement.

It has been established that the following parameters will have a direct influence on the
determination of the required beam tube diameter, although all the parameters below do
not necessarily interact with each other at all times. The influence of each of these
parameters will be briefly discussed.

Required radius of clear aperture

Baffle radial projection

Baffle radial projection tolerance

Tube diameter tolerance

Tube-to-support ring fitup gap

Support ring diameter tolerance

Tube lateral offset due to end perpendicularity
Deflection of the beam tube

NN AP
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9. "Swing" of guided supports
10. Support adjustment tolerance
11. Surveying accuracy tolerance
12. Out-of-straightness of the beam tube

1. Required Radius of Clear Aperture. As stated earlier, the minimum required clear
aperture between reference monuments, spaced at 250 meter intervals, is to be no less
than 42.13" (1.07 meters). Therefore, the minimum required radius of the clear aperture
is 21.07". This aperture is not required to be maintained during the 30 day, 300°F
bakeout of the beam tube modules.

2. Baffle Radial Projection. Per LIGO Drawing 1101004 Revision A, dated 04-02-93,
the internal baffles are to have a nominal radial projection of 2.36" (6.0 centimeters).
The baffles, projecting from the tube wall, must not encroach upon the required aperture.

3. Baffle Radial Projection Tolerance. Per LIGO Drawing 1101004 Revision A, dated
04-02-93, there is a +/- 0.08" (+/- 0.2 centimeter) tolerance on the nominal radial
projection of the baffles. Only the overtolerance of +0.08" will affect the clear aperture.
This projection tolerance value of 0.08" is slightly larger than, but consistent with, the
observed results of the prototype baffles fabricated by CBI.

4. Tube Inside Radius Tolerance. Based upon measurements on the 48" LD.
prequalification beam tube section supplied to CBI by Tubetec, the circumferential
variation of the tube from its theoretical circumference of was +/- 0.344". 1If it is
assumed that the 48.75" I.D. tubes (with a theoretical circumference of 153.95") will
have a maximum undercircumference of 0.500", the resulting inside diameter of these
tubes will be 48.59". The corresponding inside radius of these tubes will be 24.30", or
0.075" below the theoretical radius. This effect of this variation in tube radius must be
taken into account.

5. Tube-to-Support Ring Fitup Gap. The inside diameter of the support ring will be
machined in the field to within +/- 0.010" of the beam tube as-built outside diameter. As
such, the tube-to-support ring fitup gap will be negligible and will not be considered as
affecting the clear aperture.

6. Support Ring Outside Radius Tolerance. The outside diameter of the beam tube
support rings is the reference point for the for the tube alignment procedure. Therefore,
the outside diameter of the support ring will be machined in the shop to a diameter of
57.00" (+0.010", - 0.010") of the beam tube as-built outside diameter. As such, variation
of the outside diameter of the support ring will be negligible and will not be considered
as affecting the clear aperture.
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7. Tube Lateral Offset Due to End Perpendicularity. The ends of the beam tubes
will be fabricated such that the ends of the tubes are perpendicular to the tube axis within
0.010". This degree of perpendicularity is required in order to facilitate fitup and
welding of the beam tubes to each other and to the expansion joints. However, since the
ends of the beam tubes are not perfectly normal to the tube axis, when two beam tubes
are welded together there will be a slight deviation from the. "true" longitudinal axis of
the two tubes, in effect a lateral offset of the ends of the two tube assembly. Based upon
the required end perpendicularity of the tubes, the resulting lateral offset of the tube
assembly ends is expected to be 0.160". Although the beam tube alignment and
adjustment procedure will reduce the amount of lateral offset from the 0.160" calculated
value, the full effect of this offset upon the clear aperture will be considered. This is a
conservative approach.

8. Deflection of the Beam Tube. Deflection of the beam tube will affect the clear
aperture in those area of the beam tube modules where internal baffles are spaced at 7
meters, nominal. In these areas, the effect of the beam tube deflection causing the baffles
to encroach upon the aperture must be considered. The beam tube was modelled as a
continuous system using the analysis program RISA-2D. The RISA-2D computer
models are contained in the Detailed Design, and indicated that the maximum deflection
of the beam tube is 0.08" and will occur under the dead weight of the beam tube,
stiffeners and insulation. For aperture calculations, this value of beam tube deflection
will be increased to 0.10" to account for any unforseen future dead loads on the beam
tubes and material variations from those used in the analysis. This is a conservative
approach, since in the field the beam tubes could be oriented such that the expected dead
load deflection is partially or totally offset by the inherent out-of-straightness of the beam
tube. ‘

9. "Swing" of the Guided Supports. At the guided supports, the beam tube is
supported by hangar straps which permit the longitudinal movement of the beam tube
during the 30 day, 300°F bakeout of the beam tube modules as well as during daily
expansion and contraction of the beam tube due to daily thermal gradients. When the
beam tube expands and contracts due to thermal effects, the hangars swing, permitting
the "noiseless” movement of the beam tube. As the hangars swing, the center of the
beam tube is raised or lowered vertically from its neutral position. Under the maximum
expected daily thermal gradient, the center of the beam tube will move 0.007" vertically.
The effect of this movement upon the clear aperture must be considered.

10. Support Adjustment Tolerance. It is expected that the fixed and guided supports
will be adjusted to within 0.063" of their desired position. The effect of this movement
upon the clear aperture must be considered.
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11. Surveying Accuracy Tolerance. Trimble Navigation has stated that the Global
Positioning System which will be used for alignment of the beam tubes, and
determination of aperture, will provide a measurement accuracy of +/- 0.354" (+/- 9

millimeters). M o y

12. Out-of-Straightness of the Beam Tube. In those areas of the beam tube modules
where the baffles are spaced at a nominal 21 meter spacing, the baffles are located only
at beam tube support locations. Thus, the effects of tube out-of-straightness will not
result in any infringement upon clear aperture, since there are no intermediate baffles in
these areas. However, in those areas of the beam tube modules where the baffles are
spaced at a nominal 4 meter spacing, the effects of tube out-of-straightness must be
considered to prevent these baffles from encroaching upon the aperture. Therefore, those
beam tubes that will be placed in these regions of the beam tube modules will be required
to have an out-of-straighness of no more than 0.125" to limit their effect upon aperture.

The effects of these parameters upon the required, or "ideal", beam tube diameter must
be considered in two separate regions of the beam tube modules: in the area where
baffles are spaced at 21 meters (nominal) and the area where baffles are spaced at 6
meters (nominal). The following table illustrates which of the parameters discussed
above will affect the beam tube diameter in these area.

Parameter Affects Diameter @ Affects Diameter @
Number 21 m Baffle Spacing? | 6 m Baffle Spacing?

1 Yes Yes

2 Yes Yes

3 Yes Yes

4 Yes Yes

5 No No

6 No No

7 Yes Yes

8 No Yes

9 Yes Yes

10 Yes Yes

11 Yes Yes

12 No Yes

The additive effect of the above parameters upon the required inside diameter of the
beam tube is illustrated in the attached table, "Parameters Affecting Beam Tube
Diameter". As the table shows, the "stackup" of the effects of the listed parameters
indicates that a beam tube with a nominal inside diameter of 483/4" iS necessary to
provide the required clear aperture of 42.13" (1.07 meters).

LT,
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Note that this inside diameter was obtained by assuming a "worst case" scenario of all of
the maximum tolerances occuring simultaneously to affect the aperture. In reality,
however, the upper bounds of these tolerances will most likely not be realized
simultaneuously.

Beam Tube Vacuum Stiffener Design
Due to the very large number of beam tube stiffeners that will be required for the 15.6

kilometers of beam tube, every effort has been made to maximize the spacing of the
beam tube stiffeners without compromising the structural integrity of the beam tube
given the loading conditions that can be expected.

As a starting point, the provisions and safety factors of the 1992 ASME Boiler &
Pressure Vessel Code, Section VIII, Division 1, Part UG were initially used to size and
space the beam tube stiffeners. In the design of vacuum vessels, the ASME Code utilizes
a factor of safety of 3 against buckling of the vessel due to compressive stresses induced
by vacuum. However, the ASME Code does not contain any requirements or guidelines
for the maximum depth-to-thickness (d/t) ratio of stiffener rings to preclude local
buckling of the stiffeners. Therefore, the local buckling criteria in Table B5.1 of the
American Institute of Steel Construction (AISC) Manual of Steel Construction, 9th
Edition, were utilized. The AISC criteria recommends that "plates projecting from
compression members" have a d/t ratio less than 95/(Fy)0 5 to preclude local buckling.

The calculations for the design of the beam tube stiffeners per the ASME Code, with a
factor of safety of 3, are contained in the Detailed Design. As the calculations show, the
beam tube stlffeners 304L stainless steel bars 3/16 thick x 13/4" deep, must be spaced
no farther than 261 /2" apart to growde a factor of safety of 3 against circumferential
buckling of the beam tube. The %/1¢" x 13/4" bars were selected for two reasons. First,
they provided the required moment of inertia of the combined stiffener-shell section as
required by ASME. Second, with a d/t ratio of 9.3, the bars were well below the AISC
local buckling limitation of 21.7. Refer to the provided calculations if additional detail is
required.

The LIGO beam tube modules are not ASME Code stamped. Therefore, to finalize the
design of the beam tube stiffeners, a reduced factor of safety of 2.5 against buckling of
the vessel due to compressive hoop stresses in an effort to increase the spacing between
stiffeners beyond that required by ASME. This factor of safety will provide an adequate
safety margin while, at the same time, decreasing the total number of beam tube
stiffeners required. The use of a factor of safety of 2.5 is consistent with industry
practice for the design of non-code stamped vacuum vessels. CBI and its competitors
have, in the past, designed non-code stamped vacuum vessels using this factor of safety
without encountering any operational difficulties.



N

LIGO PROJECT
WBS 100
DESIGN CONFIGURATION
FINAL DESIGN REVIEW PACKAGE

The calculations for the design of the beam tube stiffeners, using a minimum factor of
safety of 2.5, are contained in the Detailed Design. As the calculations show, the beam
tube stiffeners, 304L stainless steel bars 3/1g" thick x 13/4" deep, must be spaced no
farther than 30.0" apart to provide a factor of safety of 2.65 against circumferential
buckling of the beam tube. This represents a stiffener spacing 13 percent greater than
that permitted by ASME. Refer to the provided calculations if additional detail is
required.

There is adequate justification for not pursuing an even greater spacing of the beam tube
stiffeners. One of the shortcomings of the ASME code is that it contains no provisions
whatsoever for investigating the adequacy of the beam tube, or any other vessel for that
matter, against buckling under the combined effect of axial load, bending and external
pressure. Since there are considerable longitudinal axial loads and bending moments
acting on the beam tubes, in addition to the circumferential loads due to external
pressure, there will be interaction between these loadings that should be considered.
Therefore, as discussed in the WBS #160 section titled, "Beam Tube Structural
Analysis", the beam tube was analyzed using the provisions of API Bulletin 2U,
"Bulletin on Stability Design of Cylindrical Shells”". The API Bulletin 2U provisions
indicated that, under the combined effects of axial load, bending moment and external
pressure, the 30" spacing of the beam tube stiffeners should not be increased any further.
Refer to WBS #160, "Beam Tube Structural Analysis", for additional information on the
API Bulletin 2U analysis of the beam tubes.

The stiffener-to-shell attachment weld is a 1/g" continuous fillet weld on one side of the
stiffener only. This fillet weld terminates at, and does not cross over, the spiral weld in
the beam tube. Therefore, a nomimal length of 1/8" fillet weld is placed on the opposing
side in the area of the spiral weld.

This fillet weld satisfies the ASME Code on the basis of strength considerations. Refer
to the design calculations provided. However, this one-sided weld does not satisfy the
minimum attachment weld requirements of Paragraph UG-30. Since the LIGO beam
tube modules are not ASME Code stamped, there is adequate justification, both
structurally and economically, to take exception to the minimum attachment weld
requirements of the ASME Code. ‘

One issue of concern is the fact the the beam tube stiffeners, welded on one side only,
were found to rotate as much as 6 degrees from the vertical. As the design calculations
contained in the Detailed Design indicate, the moment of inertia of the 13/4" x 3/16"
stiffener will be reduced approximately 1 percent, from 0.0837 in4 in the vertical
(unrotated) position to 0.0828 in4 when rotated 6 degrees from the vertical. The moment
of inertia of the combined stiffener-tube section, however, is reduced only 0.6 percent,
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from 0.2331 in4 in the vertical (unrotated) position to 0.2317 in4 when rotated 6 degrees
from vertical.

The ASME Code does not contain any provisions for the degree of "tilt" that stiffeners
may have. Instead, as long as the moment of inertia of the combined stiffener-tube
section exceeds that required by the Code, the stiffener is adequate.

As the design calculations contained in the Detailed Design indicate, the 13/4" x 3 16"
beam tube stiffeners, even if rotated 6 degrees from the vertical, still provide a factor of
safety of 2.65 against buckling of the beam tube due to hoop compression. Again, as
mentioned in preceding paragraphs, note that this factor of safety is not in accordance
with the ASME Code factor of safety of 3 for hoop compression, but still exceeds the
minimum factor of safety of 2.5 that was used for design.

The rationale behind the fabrication procedure for the beam tube stiffeners is provided in
WBS #260, "Stiffener Fabrication Process".

Beam Tube Length
The overall cost of the beam tube modules can be reduced by maximizing, within the

limits of practicality, the length of the individual beam tube sections. These savings are
realized through a reduction in the total number of tube-to-tube circumferential butt
welds and associated fitup costs, as well as a reduction in the total number of shipments
from the tube manufacturing facility to the Hanford, Washington and Livingston,

Louisiana construction sites. om «1
AA

There are, however, practical limitations that must be considered in determining the
maximum length of the beam tube sections. Primary among these limitations is
constructability. Once delivered to the construction site, the individual tube sections
should be of a length that is not difficult for the field personnel to handle. Individual
tube sections that are too long will be difficult to handle, thereby increasing the risk of
damage to the tube sections and interruption of the construction process. Based upon
CBI's extensive construction experience, it is expected that the maximum beam tube
section length that can be handled in the field without impacting the overall construction

process is 70/

From the standpoint of the overall beam tube module configuration, a maximum tube
length of 65' is desirable for a several reasons. First, and most important, a maximum
tube length of 65' permits the internal baffles to be located at points of support having a
controlled diameter, with baffle spacings such that additional baffle stiffener rings (i.e.,
above and beyond those already present for the support of the beam tubes) are
unnecessary. Second, longer spans add more bending moment into the beam tubes,
decrease the allowable compressive stress of the tubes, and reduce the amount of

an
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differential settlement that the beam tube can be subjected to, without compromising the
structural integrity of the beam tube, between adjacent supports (Explanation: the added
compressive stress in the longer beam tube, caused by the increased bending moment,
causes the total tube compressive stress to approach the allowable tube stress. This
decreases the stress "reserve” that is available to withstand differential settlement).

Another limitation to be considered is the costs associated with transportation of the
beam tube sections from the tube manufacturing facility to the constuction sites. For
beam tube sections beyond 65' in length, a premium of approximately $1.15 per mile
above regular transportation costs would be imposed by the trucking companies in order
to provide a required escort. This additional premium of $1.15 per mile for tube sections
longer than 65' represents, on average, a 52 percent increase in transportation costs (on a
per-mile basis) over those for tube sections with a maximum length of 65'. Therefore,
even though using beam tube sections longer than 65’ would result in a lesser number of
truck loads, total transportation costs increase nonetheless for lengths in excess of 65' due
to the added $1.15 per mile premium on transportation rates.

A trade study was conducted to determine the impact of various lengths of beam tube
sections against the overall transportation costs of the beam tube sections. Refer to the
attached table, "LIGO Cost Summary -- Tube Length Impact", for a more detailed
breakdown of costs. The results of this trade study are summarized in the attached chart,
"LIGO Project Trucking Cost Summary".

This table and chart shows transportation cost summaries based on three different tube
suppliers (Split Suppliers, Tubetec and Northwest Pipe). However, as will be discussed
in WBS #220, "Tube Manufacturing Process Study”, the preferred tube supplier is
Tubetec. The trade study, therefore, limits itself only to the costs associated with using
Tubetec as the tube supplier. The chart indicates that trucking costs increase
substantially when the length of the beam tube sections exceed 65'.

Therefore, the longest length of beam tube that will be used is 65'-0". Refer to the WBS
#160 section titled, "Beam Tube Configuration”, for a discussion of the lengths of
specific beam tube sections.

Beam Tube Fatigue during Transport

The 65 foot long beam tube sections were investigated for loads induced during transport
of the tubes from the manufacturer to the construction sites. A 1g acceleration was
assumed to act on the tube sections in any one direction. These transport loadings can
cause longitudinal stresses in the tube due to beam-type bending and circumferential
surface stresses due to ovaling of the tube.
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Detailed calculations for the analysis of the beam tube sections during transportation can
be found in the Detailed Design. These calculations assumed that the beam tubes were
transported by a truck averaging 40 miles per hour between Tubetec in Florida and the
construction site in Hanford, Washington. It was also assumed that the tubes were
subjected to the 1lg loading once a second during transportation, resulting in
approximately 2,500,000 applications of this load. The results and conclusions of the
analysis will be briefly discussed.

The beam bending mode was investigated by assuming the tube to be a simple beam
supported at it's ends. The longitudinal stresses for this case were found to be very low
(3,600 psi).

Fatigue under longitudinal stress was also considered. The first mode of vibration was
investigated since this mode gives the highest stress levels in the tube. It was determined
that the longitudinal membrane stress levels were below the endurance limit of the
material. Thus, the beam tube sections could theoretically be subjected to an infinite
number of 1g loadings during transport without any adverse effect upon the beam tube
from fatigue.

The fatigue investigation was carried further by using simplified fracture mechanics
methods. A 0.06" deep, 0.13" long flaw in the tube wall was assumed based on what
could be detected using normal nondestructive examination procedures. An estimated
cycle life was then determined. The stress level was assumed to cycle from 0 psi to yield
(25,000 psi) at the flaw. Under these conditions, the cycle life of the tube was calculated
to be 7,000,000 cycles. As stated earlier, the number of cycles of application of the 1g
load during transport was determined to be 2,500,000 cycles. Thus, the beam tube
sections will be adequate during transportation even in the unlikely event of a significant
flaw being present in the tube.

Even though the estimated number of load cycles is less than the estimated cycle life of
the beam tube sections, more than two points of support will be used during transportion
of the tubes to further reduce the risks of fatigue failure.

Ovaling of the tube was also investigated. It was determined that, under dead load and a
1g transportation acceleration, the tube wall surface stresses approach the material yield
strength. Therefore at each point of support the beam tube sections will be held round by
the shipping supports. This will eliminate any concern of the tube forming cracks during
shipment.
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Expansion Joints

Since the expansion joints are an integral part of the beam tube, the requirements of
Specification 1100004 apply. From the specification, there are three functional
requirements of the expansion joint.

e Maintain The Vacuum Envelop
The high level of vacuum required for LIGO requires the expansion joints to
maintain leak tightness throughout the design life and design cycles.

e Accommodate Thermal Growth and Shrinkage
During the operating condition, the design temperature range is -27° to 380 C (-
160 to 100° F), which is the ambient temperature range for both sites. The
number of complete thermal cycles (-27° to 38° C) has conservatively been taken
as 7300, one cycle per day for 20 years. On the basis of the vendors' design per
the EJMA sixth edition (Expansion Joint Manufacturers Association), the 7300
cycles do not control the expansion joint design.

The bake out condition imposes the most severe condition on the expansion joint.
The specified bake out temperature is 1400 C + 10. The expansion joints are
designed to accommodate the thermal growth from 21° C to 150° C (70° to 3020
F) for 20 complete cycles.

o Provide Flexibility Due to Differential Settlement
To protect the beam tube from excessive differential settlement the expansion
joint provides sufficient flexibility. By providing some degree of flexibility, the
stresses in the beam tube, the forces in the supports and foundation are reduced.
Sufficient flexibility is provided to insure that structural components are not over
stressed before the clear aperture tolerance is violated.

There are two different expansion joint types that can be used. The two types are based
on the thickness of the material used to make the expansion joint convolutions. One type
uses a thin wall design for the convolutions and requires weld ends. The second type is a
near full thickness design that uses one thickness for the entire expansion joint. The thin
wall design uses material which is too thin to field weld directly to the 3.23 mm (0.127")
thick beam tube. The factors that dictate the thinnest material that can be field welded to
the beam tubes are weldability and ASME limitations. In this situation the material is
considered too thin if it is thinner than 12 gauge material (2.67mm 0.105"). For the near
full thickness design, material including 12 gauge and thicker will be used.
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The trade off study between the two designs is discussed in WBS 230. On the basis of
the cost and performance advantages, the near full thickness expansion joint will be used.
The near full thickness design costs 20% less than the thin wall expansion joint. The
near full thickness expansion joint does not impact the cost of the beam or supports.
Eliminating the circumferential welds for the weld ends significantly reduces the risk of
leaks and the associated difficulty in repairing these welds. The added longitudinal
stresses on the tube during bake out is not a significant issue. The beam tube will be
aligned before the bake out occurs. During bake out, the beam tube has sufficient
capacity to handle a differential settlement of 14.7mm (0.579"). During operating
conditions, the axial spring rate has very little influence on the beam tube capacity. The
axial force due to temperature variation is only 1% (0.48 MPa, 69psi) of the beam tube
capacity. The beam tube has sufficient capacity to handle a differential settlement of
25.7 mm (1.012) which is beyond the limit of violating the beam tube clear aperture.
Thus, the clear aperture will be lost before the capacity of the beam tube is reached. The
added loads to the supports are also insignificant. The longitudinal seismic loads are
similar in magnitude compared to the bake out loads. Therefore, the near full thickness
expansion joints are the obvious choice.

The expansion joint spacing is dictated by the support spacing, baffle spacing and the
optimum beam tube section length. Various configurations were investigated using
various expansion joint spacings. The results of this investigation are discussed later in
this section (Beam Tube Configuration). The budget designs, budget prices and vendor
selection for the expansion joints are all discussed in WBS 230.

Beam Tube Configuration

The initial configuration used a support spacing and an expansion joint spacing of
12.192m (40'-0). However, the optimum beam tube length was determined to be
19.812m (65'-0). On the basis of the 19.812m beam tube length, the expansion joint
must have a spacing equal to a multiple of the beam tube length. To maintain this
optimization, six beam tube configurations were investigated. @Each beam tube
configuration has special requirements for the supports and expansion joints.
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Configuration #1 - Unguided expansion joint @ 20.625 m (67'-8)
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This configuration is based on the initial configuration provided by Caltech. The
expansion joint spacing (or support spacing) is based on a 19.812m (65") plus the length
of the expansion joint. The helium leak test apparatus would be set up to test one tube
section with one expansion joint. Thus, the expansion joint spacing and support spacing
is 20.625m (67'-8). With this configuration the following physical requirements are
summarized below:

o Each expansion joint will be compressed 43mm (1.7") axially during bake out.
During normal operating conditions the expansion joint will contract 6.4mm (0.25")
and extend 16.5mm (0.65"). This amount of movement can easily be obtained from a
thin walled or near full thickness expansion joint.

o 768 Expansion joints are required, total for both sites.

o 768 Fixed Supports are required.

e 1540 circumferential weld seams are required. 1532 will be tube to expansion joint
welds. Eight will be tube to tube welds.

This configuration has the following advantages:

e One type of fixed support is required. Guide supports are not required.
e Large amounts of differential settlement can occur without damage to the beam tube.

This configuration has the following disadvantages:

e On the basis of overall beam tube costs, this is not the most cost effective
configuration.

e This configuration does not meet EJMA or B31.3 guide requirements. A guide
should not be located further than four diameters of the tube on both sides of the
expansion joint. Four diameters is approximately Sm (16). The closest support is
much further away at 20.625m (67'-8).
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« This configuration is not recommended by all expansion joint vendors and by a third
party consultant. Some of the expansion joint vendors would supply expansion
joints. However, they would not stand behind or provide a warranty on the
expansion joint.

o Without properly guiding the beam tube, there is a significant risk of failure during
the design life. Normally, the function of an expansion joint is to provide a pressure
boundary and to accommodate thermal variation. The expansion joint life is
determined by the number of cycles through a fatigue analysis. Configuration #1,
imposes a third requirement on the expansion joint. It requires the expansion joint to
act as a structural element, resisting shear and to provide stability. The expansion
joint has some instability due to its flexible nature. A pattern of instability is
illustrated in the figure below.

I
AN AN N N AN AN

Given these new loadings, unknowns enter into the design of the expansion joint.
The system would be allowed to oscillate. The amount of offset and rotations
depends on the following:

Varying axial load due to thermal variations.

Error in concentricity of the expansion joint.

Amount of misalignment and differential settlement.

Varying stiffness around the circumference of the expansion joint.

The amount of added moment and rotation is amplified depending on the
magnitude of items listed above.

Since the magnitude and the quantity of these load cycles are unknown, the life of the
expansion joint can not be estimated.

It will also be noted that adding guides to the unguided side of the expansion was
considered. However, this doubles the number of supports. Besides adding several
technical problems, the cost is higher. As shown in the cost trade off, the cost of
configuration #1 without additional guides already costs more than configuration #3.

In conclusion, since the behavior of the expansion joints is not acceptable, and this
configuration is not the most cost effective, configuration #1 will not be used.
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Configuration #2 - Unguided expansion joint @ 39.624 m (130 Ft)
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This configuration is a modification of configuration #1. The spacing of the expansion
joint is almost doubled. The helium leak test apparatus can only test one length. Thus, a
tube without an expansion joint can be 19.812m (65') and a tube with an expansion joint
must also be 19.812m (65'). Thus, a shorter tube section, 18.999m (62'-4) is joined with
the expansion joint to make up the 19.812m length. With this configuration the
following physical requirements are summarized below:

Each expansion joint will be compressed 41lmm (3.26") axially during bake out.
During normal operating conditions the expansion joint will contract 10.9 mm
(0.43") and extend 30.7 mm (1.21). This amount of movement can easily be
obtained from a thin walled or near full thickness expansion joint.

400 expansion joints are required (total for both sites). This is 368 less than what is
required for configuration #1.

A total of 792 supports will be required. 400 will be fixed supports and 392 will be
guide supports.

1208 Circumferential Weld Seams are required. 800 will be tube to expansion joint
welds and 408 will be tube to tube welds. Overall, there are 332 less circumferential
welds compared to configuration #1.

This configuration has the following advantages:

One type of fixed support is required. Guide supports are not required.
The number of expansion joints and circumferential seams are reduced.
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This configuration has the following disadvantages:

e As in configuration #1, this configuration does not meet EJMA or B31.3 guide
requirements. A guide should not be located further than four diameters of the tube
on both sides of the expansion joint. Four diameters is approximately Sm (16'). The
closest support is much further away at 19.812m (65").

o This configuration is not recommended by all expansion joint vendors and by a third
party consultant.

e Without properly guiding the beam tube, there is a significant risk of failure during
the design life. The situation is similar to configuration #1.

In conclusion, since the behavior of the expansion joints is not acceptable, configuration
#2 will not be used.

Configuration #3 - Guided expansion joint @ 39.624 m (130 Ft)
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P Y
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This configuration is a modification of configuration #2. A guide support is added to
properly guide the expansion joint The spacing of the expansion joint is at 39.624 m
(130 Ft). This is nearly double the spacing of configuration #1. To helium leak test a
consistent length, a shorter tube section is joined with the expansion joint to make a total
length of 19.812m (65"). With this configuration the following physical requirements are
summarized below:

o Each expansion joint will be compressed 41lmm (3.26") axially during bake out.
During normal operating conditions the expansion joint will contract 10.9 mm
(0.43") and extend 30.7 mm (1.21). This amount of movement can easily be
obtained from a thin walled or near full thickness expansion joint.

e 400 expansion joints are required (total for both sites). This is 368 less than what is
required for configuration #1.
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A total of 792 supports will be required. 400 will be fixed supports and 392 will be
guide supports.

1208 circumferential weld seams are required. 800 will be tube to expansion joint
welds and 408 will be tube to tube welds. Overall, there are 332 less circumferential
welds compared to configuration #1.

This configuration has the following advantages:

With the guide supports, the configuration meets EJMA and B31.3 guide
requirements.

This configuration is preferred by all expansion joint vendors.

Given the same rotational settlement or misalignment the amount of torsional rotation
induced on the expansion joint is less compared to configuration #1.

The number of expansion joints and circumferential seams are reduced.

This configuration has the following disadvantages:

Although this configuration provides sufficient flexibility to account for differential
settlement, it provides less flexibility than configuration #1

Since there are tube to tube welds, the tolerance for squareness of the tube ends must
be tighter.

Higher foundation loads may occur by bending two tube sections straight while
aligning the beam tube.

In conclusion, this is an acceptable configuration for the expansion joints.

Configuration #4 - Double expansion joint @ 39.624 m (130 Ft)

19.812m (65" 19.812m (65')
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This configuration is a modification of configuration #2. A double expansion joint is
used to eliminate the need of a guided support. With this configuration the following
physical requirements are summarized below:

o Each expansion joint will be compressed 41lmm (3.26") axially during bake out.
During normal operating conditions the expansion joint will contract 10.9 mm
(0.43") and extend 30.7 mm (1.21). This amount of movement can easily be
obtained from a thin walled or near full thickness expansion joint.

» 400 expansion joints are required (total for both sites). This is 368 less than what is
required for configuration #1.

e A total of 792 supports will be required. 400 will be fixed supports that are requlred
to resist moment and 392 will be fixed supports that are not required to resist
moment.

e A total of 1208 Circumferential Weld Seams is required. 800 will be tube to
expansion joint welds and 408 will be tube to tube welds. Overall, there are 332 less
circumferential welds compared to configuration #1.

This configuration has the following advantages:

¢ One type of fixed support is required. Guide supports are not required.
o The number of expansion joints and circumferential seams are reduced.

This configuration has the following disadvantages:

e As in configuration #1, this configuration does not meet EJMA or B31.3 guide
requirements. A guide should not be located further than four diameters of the tube
on both sides of the expansion joint. Four diameters is approximately Sm (16'). The
closest support is much further away at 19.812m (65).

o This configuration requires a special fixed support to resist rotation at the expansion
joints. Other configurations do not require such a special support.

¢ This configuration is not recommended by all expansion joint vendors and by a third
party consultant.

e Without properly guiding the beam tube, there is a significant risk of failure during
the design life. The situation is similar to configuration #1.

In conclusion, since the behavior of the expansion joints is not acceptable, configuration
#4 will not be used.
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Configuration #5 - Guided expansion joint @ 79.248 m (260 Ft)
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This configuration is a modification of configuration #3. The spacing of the expansion
joint is doubled to 79.248 m (260 Ft). This is nearly four times the expansion joint
spacing of configuration #1. To helium leak test a consistent length, a shorter tube
section is joined with the expansion joint to make a total length of 19.812m (65'). With
this configuration the following physical requirements are summarized below:

Each expansion joint will be compressed 82mm (6.52") axially during bake out.
During normal operating conditions the expansion joint will contract 21.8 mm
(0.86") and extend 61.4 mm (2.42). This amount of movement can be obtained from
a thin walled or near full thickness expansion joint.

200 Expansion joints are required (total for both sites). This is 568 less than
configuration #1 and 200 less than configuration #3.

A total of 792 supports will be required. 192 will be fixed supports, 200 will be
guide supports at the expansion joints and 400 will be single hanger guide supports.
1208 circumferential weld seams are required. 400 will be tube to expansion joint
welds, 604 will be tube to tube welds and 200 will be expansion joint to expansion
joint welds. Overall, there are 332 less circumferential welds compared to
configuration #1. It is the same amount of welds compared to configuration #3.

This configuration has the following advantages:

With the guide supports, the configuration meets EJMA and B31.3 guide
requirements.

The number of expansion joints and circumferential seams are reduced.

This configuration is the least expensive considering only the cost of the expansion
joints.

Given the same rotational settlement or misalignment the amount of torsional rotation
induced on the expansion joint is less compared to configuration #1 and #3.
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This configuration has the following disadvantages:

e The configuration is more difficult to align and can accommodate less differential
settlement between supports.

e The expansion joint is two expansion joints welded together from configuration #3.

e Given the large axial movement, the guide supports at the expansion joints are not
feasible. The movement is too large to use a hanger type of support. The hangers,
made of bar or cable, need to bend too far. Another problem is, as the hanger swings,
the tube lifts up. This has an effect on the clear aperture and requires a beam tube
with a larger diameter.

In conclusion, although this is an acceptable configuration for the expansion joints,

configuration #5 will not be used since the guide supports at the expansion joints are not
feasible.

Configuration #6 - Guided expansion joint @ 118.87 m (390 Ft)
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This configuration is a modification of configuration #3. The spacing of the expansion
joint is tripled to 118.872 m (390 Ft). This is nearly six times the expansion joint
spacing of configuration #1. To helium leak test a consistent length, a shorter tube
section is joined with the expansion joint to make a total length of 19.812m (65"). With
this configuration the following physical requirements are summarized below:

o Each expansion joint will be compressed 123mm (9.78") axially during bake out.
During normal operating conditions the expansion joint will contract 32.7mm (1.29")
and extend 92.1mm (3.63). This amount of movement can be obtained from a thin
walled or near full thickness expansion joint.

e 100 Expansion joints are required (total for both sites). This is 668 less than
configuration #1 and 300 less than configuration #3.
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o A total of 792 supports will be required. 92 will be fixed supports, 100 will be guide
supports at the expansion joints and 600 will be single hanger guide supports.

o 1208 circumferential weld seams are required. 200 will be tube to expansion joint
welds, 604 will be tube to tube welds and 400 will be expansion joint to expansion
joint welds. Overall, there are 332 less circumferential welds compared to
configuration #1. It is the same amount of welds compared to configuration #3.

This configuration has the following advantages:

e With the guide supports, the configuration meets EJMA and B31.3 guide

requirements.
e Given the same rotational settlement or misalignment the amount of torsional rotation
induced on the expansion joint is less compared to configuration #1 and #3.

This configuration has the following disadvantages:

o The expansion joint becomes too long and will exhibit unstable behavior.

e The configuration is more difficult to align and can accommodate less differential
settlement between supports.

o The expansion joint is four expansion joints welded together from configuration #3.

e Given the large axial movement, the guide supports at the expansion joints are not
feasible.

In conclusion, configuration #6 will not be used since the guide supports and the
expansion joints are not feasible.

The conclusion of each configuration is summarized below.

o Configuration #1, since the expansion joint is unguided, the behavior of the
expansion joint is unacceptable.

o Configuration #2, since the expansion joint is unguided, the behavior of the
expansion joint is unacceptable.

o Configuration #3, the expansion joint is properly guided and the behavior is
acceptable. All beam tube components meet their requirements.

o Configuration #4, since the expansion joint is unguided, the behavior of the
expansion joint is unacceptable.

o Configuration #5, the expansion joint is properly guided. However, the radial
movements are too large for the guide supports.

e Configuration #6, the axial movement is too large for the expansion joint. The
configuration is unacceptable.
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Because there are limitations imposed from the expansion joint and the guide supports,
there is only one alternative that is suitable. Configuration #3 is the only configuration
that meets all the functional requirements. Thus, Configuration #3 is the configuration
that will be used.

Beam Tube Structural Analysis
The beam tube was analyzed considering all the possible loadings and combinations.
Load combinations are made from the following cases:

1. Dead load of beam tube, stiffeners and baffles. Does not include insulation.

2. Dead load of beam tube and insulation. Insulation per LIGO Specification
11000007, 24 kg/m (16.13 1bs/ft).

3. Snow load per ANSI/ASCE 7-88 (only during construction). Hanford has a snow
load of 10 Ibs/ft2, which is approximately 20 Ibs per foot length of beam tube.

4. Wind load per ANSIVASCE 7-88 (only during construction). Since the concrete
cover will be placed soon after the placement of beam tube sections, a wind load of
45 MPH was used.

5. Seismic, perpendicular to the axis of the tube. Per LIGO Specification 11000007,

ANSI/ASCE 7-88 was specified. However, during the PDR, this was changed to

UBC '91. This resulted in tripling the seismic load and has somewhat affected the

beam tube supports.

Seismic, parallel to the axis of the tube.

Vacuum

Differential settlement at fixed or guided supports. From the analysis, it was

determined that higher stresses and reactions are caused by the fixed support settling

compared to the guided support settling the same amount.

9. Thermal loads caused by the 1500 C (3020 F) bake out.

10. Thermal loads caused by the maximum ambient temperature of 380 C (100° F).

11. Thermal loads caused by the minimum ambient temperature of -270 C (-16° F).

AR

From these cases the following combinations were determined to be the severest load
combinations for the beam tube. Combination #2 is your typical bake out condition with
some differential settlement or misalignment. Combination #7 is the closest to a typical
operational load case with some differential settlement or misalignment.

DL + Insulation + Vacuum + 302 F (Case 2+ 7 + 9)

DL + Insulation + Dif. Settlement + Vacuum + 302 F (Case 2+7+8+9)
DL + Insul + Seis x + Dif. Settlement + Vac + 302 F (Case 2+5+7+8+9)
DL + Insul + Seis z + Dif. Settlement + Vac + 302 F (Case 2+5+7+8+9)
DL + Wind + Dif. Settlement + 100 F (Case 1 +4 + 8 + 10)

DL + Insulation + Vacuum + 100 F (Case 2 + 7 + 10)

DL + Insulation + Dif. Settlement + Vacuum + 100 F (Case 2+7+8+10)

NowAwP e
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8. DL + Insul + Seis x + Dif. Settlement + Vac + 100 F (Case 2+5+7+8+10)
9. DL + Insul + Seis z + Dif. Settlement + Vac + 100 F (Case 2+5+7+8+10)
10. DL + Snow + Dif. Settlement +-16 F (Case 1 +3 + 8 + 11)

11. DL+ Wind + Dif set-16 F (Case 1 +4 + 8 + 11)

12. DL + Insulation + Dif. Settlement + Vacuum + 100 F (Case 2+7+8+11)
13. DL + Insul + Seis x + Dif. Settlement + Vac + -16 F (Case 2+5+7+8+11)
14. DL + Insul + Seis z + Dif. Settlement + Vac + -16 F (Case 2+5+7+8+11)

To investigate all the combinations, a RISA2D analysis was performed. A model was
made for the Hanford site and for the Livingston site. These two models were used to
take into account the different lengths of the make up sections. Another model was
created to determine the effects of differential settlement at the fixed support and at the
guided support. The results of the models were then factored and superimposed to
determine the total stress state of the beam tube. Similarly, all the combinations were
investigated to determine the severest loads to the foundation. An excel spread sheet,
LIGO-3-1.XLW, was used to superimpose the loads. ASME allowable stresses were
used to determine the maximum allowable differential settlement. As a final check,
selected load cases were used to determine the factor of safety per API Bulletin 2U,
"Stability Design of Cylindrical Shells". All of these calculations can be found in the
calculation appendix of the FDR report.

Table 1 summarizes the maximum combined differential settlement and misalignment
the beam tube can withstand. The maximum combined differential settlement and
misalignment is defined as the sum of the horizontal and vertical distance the beam tube
is off the theoretical axis at the support. The maximum stress allowed are based on the
ASME Section VIII, Division 1 allowable stresses. Per ASME, a 20% increase in the
allowable stress is used for the seismic and wind combinations. The combined axial and
bending stress equations from the AISC Manual of Steel Construction, ninth edition are
used to determine the limiting unity value of 1.0. Per ASME, a factor of safety equaling
2.0 is provided at these maximum combined differential settlements and misalignments.
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Fixed Supports Reactions | Guided Support | Dif. Settlement/ | AISC combined
(lbs) Reactions (Ibs) | Misalignment(in) Stress Unity
Combination Rx Ry Rz Rx Ry X+y Comp Tension
1 0 7018 | 5959 0 4980 0 0.638 -
2 0 5601 5959 0 7810 0.579 0.999 -
3 1287 | 5089 | 5959 882 8831 0.788 0.999 -
4 0 5168 | 8128 0 8675 0.756 0.999 -
5 1275 3413 771 874 8697 0.965 0.999 -
6 0 7018 771 0 4834 0 0.384 -
7 0 4541 771 0 9780 1.012 0.999 -
8 1287 | 4010 771 882 10840 1.229 0.999 -
9 0 4093 | 2939 0 10674 1.195 0.999 -
10 0 6128 | 2209 0 11118 1.044 0.999 0.784
11 1275 2872 2209 874 9818 1.186 0.999 0.785
12 0 4023 2209 0 10856 1.224 0.999 0.817
13 1287 | 3499 | 2209 882 11902 1.438 0.999 0.789
14 0 3565 | 4378 0 11770 1.411 0.999 0.769
TABLE 1
Maximum Combination of
Differential Settlement and Misalignment Hows Sren

From Table 1, it can be seen that during bake out, the maximum combination of P f

differential settlement and misalignment is 14.7mm (0.579", case 2). It is recommended 0.

that the beam tube is realigned before a bak i Also from Table 1, the

maximum combination of differential settlement and misalignment during normal
operating conditions is 25.7mm (1.012", case 2). From the same spread sheet, the
maximum foundation reactions were determined. These values are tabulated later in this 2 ' 3

section.

Depending on the axial spring rate of the expansion joint, a certain percentage of the
beam tube capacity is required. The specified maximum axial spring rate specified in the
expansion joint fabrication specification is 1400 N/m (8000 lbs/in) plus 20%, or 1700
N/m (9600 1bs/in). When the calculations were performed a slightly higher value of
1760 N/m (10060 1bs/in) was used. On the basis of this maximum axial spring rate the
axial stresses are tabulated in Table 2. Combinations tabulated are 2 and 7, with the
maximum combined differential settlement plus misalignment of 14.7 and 25.7 mm
(0.579 and 1.012"). It is noteworthy, the expansion joint only requires 1% of the beam
tube capacity during normal operating conditions.
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Combination Axial stress from | Axial stress from Axial stress from
(from Table 1) E.J. Compression D.L. Bending Max Dif SettI'mt &
MPa (psi) MPa (psi) misalignment
MPa (psi)
2 (Bake Out) 10.57 (1533) 15.82 (2295) 14.29 (2072)
26% 39% 35%
7 (Operating) 0.48 (69) 15.52 (2251) 24.68 (3580)
1% 38% 61%

TABLE 2
Axial Stress & Percentage of Capacity

Although not specifically required, API U2 was used to determine the factor of safety of
the beam tube. API Bulletin 2U, "Stability Design of Cylindrical Shells". API Bulletin
2U provides stability criteria for measuring the structural adequacy against buckling of
circular cylindrical members when subjected to axial load, bending and external pressure
acting independently or in combination. The circular cylindrical member can be either
stiffened or unstiffened. API Bulletin 2U, unlike the ASME Code, considers the
interaction between compressive axial and hoop stresses in evaluating the susceptibility
of a stiffened cylinder to local buckling between stiffeners. It is for this reason that the
beam tube was evaluated per the API Bulletin 2U provisions. Table 3 summarizes the
results of the API Bulletin 2U analyses. Given the severest load combinations, the tube
has a sufficient factor of safety.

Summary of API Bulletin 2U analyses

27

Factor of Safety
API 100°F | 302°F | Vacuum | Axial Dif Max Tube Actual | Recom'd

BUL | Oper'g | Oper'g Seismic | support | Axial hoop
20 SettI'mt tube stress
Case # stress (psi)

1 Yes Yes 0" -3762 -2836 1.88 2.00

2 Yes Yes Yes 0" -4344 -2836 1.78 1.50

3 Yes Yes 0.579" | -5896 -2836 1.55 1.50

4 Yes Yes 0" -2266 -2836 2.25 2.00

5 Yes Yes. Yes 0" -2789 -2836 2.19 1.50

6 Yes Yes 0.25" -3161 -2836 2.14 2.00

7 Yes Yes 0.579" | -4340 -2836 1.99 2.00

8 Yes Yes Yes 0.579" | -4681 -2836 1.91 1.50

9 Yes Yes 1.00" -5893 -2836 1.77 1.50

TABLE 3
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The RISA2D models were also used to determine the natural frequency and period of the
beam tube. The first 12 mode shapes were determined. Plots can be found in the
calculation appendix of the FDR report. Table 4 lists the frequency and period for the
first 12 mode shapes.

N

Mode Number Frequency (Hz) Period (sec)
1 12.43 0.08044
2 12.65 0.07905
3 40.14 0.02492
4 40.61 0.02463
5 83.45 0.01198
6 84.4 0.01185
7 141.8 0.00705
8 143.3 0.00698
9 21303 0.00469
10 215.6 0.00464

11 293.2 0.00341
12 296.5 0.00337
TABLE 4

Beam Tube Frequencies & Period
for the First 12 Mode Shapes

Foundation Requirements

There are several requirements of the foundation for the beam tube. The supports will
not be using grouted base plates. Therefore, the slab must be sufficiently flat to ensure
full contact with an ungrouted base plate. The supports have been designed with a total
of + 89mm (43 1/2") of vertical and horizontal adjustment. The additional 14mm (1/2")
has been added to account for construction tolerances. This additional 14mm (1/2") is
not intended to account for variation in the slab. Variation in the slab and settlement of
the slab during construction must be accounted for with the specified + 75mm (+3")
adjustment of the supports.
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For the beam tube and expansion joints to perform with the proper factor of safety, the
following settlement limitations must be met.

¢ During bake out: + 6.4 mm (+0.25")
e During normal operating conditions: +12.7 mm (+0.5")
o Differential slab rotation: + 0.15 degrees

(Any operating condition)

If the foundation imposes a settlement or rotation in excess of these amounts, the beam
tube should be realigned.

From the analysis of beam tube, the severest foundation loads were calculated. These
foundation loads are the loads per pad plate. The fixed supports have two pad plates and
the guided supports have four pad plates. Table 5 lists the reactions of the fixed support
for each load case and the severest load combination for the fixed supports. Table 6 lists
the reactions for each load case and the severest combination for the guided supports.
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0 }
e

L |
|_| Rz L I_I
} |
Ry1 Ry2
FIXED SUPPORT FOUNDATION LOADS | Lateral Vertical Axial
(Ibs) (Ibs) (Ibs)
Load Cases Rx Ryl Ry2 Ry total Rz
1. Operating 85 3870 3648 7518 771
2. Bake Out @ 302 F 656 860 -860 0 5959
3. 0.579" Dif Settlement @ Fixed Support 0 +/- 715 +/-715 | +/- 1430 0
4. 1" Dif Settlement @ Fixed Support 0 +/- 1235 | +/- 1235 | +/- 2470 0
5. 0.5" Horz Misalign'mt @ Fixed Support 1235 1621 -1621 0 0
6. 0.579" Dif Settl'mt @ Guided Support 0 +/-356 | +/-356 | +/-712 0
7. 1" Dif Settlement @ Guided Support 0 +/-615 | +/-615 | +/-1230 0
8. 0.5" Misalignment @ Guided Support 615 807 -807 0 0
9. Lateral Seismic (x direction) 1287 1689 -1689 0 0
10. Axial Seismic (z direction) 0 0 0 0 2169
11. Wind Load 1275 1673 -1673 0 0
Maximum Reactions Maximum Reactions
Normal Operating Conditions Seismic or Wind Conditions
Maximum Rx = 1320  1bs, 143+5 Maximum Rx = 2607  Ibs, 1434549
Maximum Ryl= 6206 Ibs, 14+3+5 Maximum Ryl= 7895  lbs, 1+3+5+9
Minimum Ry2= 1312  Ibs, 1-3+5 Minimum Ry2= -377  lbs, 1-3+5+9
Maximum Ry= 9988  lbs, 144 Maximum Ry= 9988  1bs, 14449
Maximum Rz = 6730  Ibs, 14243 Maximum Rz = 8899  1bs, 142+6+10

TABLE §
Fixed Support Foundation Loads
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U R L L] Rx L L]
\L Rx l Rz l,
Ry1/Ry3 Ry2/Ry4 Ry1/Ry2 Ry3/Ry4
GUIDE SUPPORT FOUNDATION LOADS | Lateral Vertical (Ibs)
Load Case Rx Ryl Ry2 Ry3 Ry4 | Ry total
1. Operating 85 1664 1553 1664 1553 6434
2a. Bake Out @ 302 F 656 598 -262 598 -262 672
2b. Bake Out @ 302 F 656 262 -598 262 -598 -672
3. 0.579" Dif SettI'mt @ Fixed Support 0 +/-715 | +/- 715 | -/+ 365 | -1+ 365 | +/- 701
4. 1" Dif SettI'mt @ Fixed Support 0 +/- 1235 | +/- 1235 | -/+ 630 | -/+ 630 [+/- 1210
5. 0.5" Horz Misalign'mt @ Fix'd Support 605 397 -397 397 -397 0
6. 0.579" Dif SettI'mt @ Guided Support 0 +/- 162 | +/- 162 | +/- 155 | +/- 155 | +/- 635
7. 1" Dif SettI'mt @ Guided Support 0 +/- 280 | +/-280 | +/- 269 | +/- 269 |+/- 1097
8. 0.5" Misalignment @ Guided Support 549 360 -360 360 -360 0
9. Lateral Seismic (x direction) 882 579 -579 579 -579 0
10. Axial Seismic (z direction) 0 0 0 0 0 0
11. Wind Load 874 574 -574 574 -574 0
Maximum Reactions Maximum Reactions
Normal Operating Conditions Seismic or Wind Conditions

Maximum Rx = 740 - lbs, 1+2a+3
Maximum Ryl= 2977  lbs, 142a+3
Minimum Ry2= 240 Ibs, 1+2b-3
Maximum R3= 2627  Ibs, 14+2a+3
Minimum Ry4= 590 Ibs, 1+2b-3

Maximum Ry = 7807  lbs, 1+2a+3

Maximum Rx = 1622
Maximum Ryl= 3556
Minimum Ry2=- 339
Maximum R3=
Minimum Ry4= 11
Maximum Ry = 7807

3206

Ibs, 1+2a+3+9
Ibs, 1+2a+3+9
Ibs, 1+2b-3+9
Ibs, 1+2a+3+9
Ibs, 1+2b-3+9
Ibs, 14+2a+3+9

TABLE 6
Guided Support Foundation Loads

31




LIGO PROJECT
WBS 100
DESIGN CONFIGURATION
FINAL DESIGN REVIEW PACKAGE

Grounding of the Beam Tube During Construction

While exposed to the outside environment, the beam tube needs to be electrically
connected to the ground. This connection is required in order to provide protection in the
event of lighting strikes during construction.

The tube shall be grounded at a maximum spacing of 250 meters. The grounding
connection should be installed at every sixth beam tube fixed support. The tube may be
connected to an existing grounding system or be separately grounded. If separately
grounded, the grounding equipment at each location shall consist of a 10' long x 3/4"
copper grounding rod, 2/0 bare copper cable, and appropriate connectors.

A 10' long grounding rod is to be driven into the ground, before the slab concrete is
placed, beneath the beam tube slab at the appropriate locations along the tube centerline.
A six foot long 2/0 bare copper cable shall then be connected to the ground rod, using
appropriate connectors, and threaded through a one inch PVC pipe that is to run through
the concrete beam tube slab at the tube centerline. The PVC pipe will act as a sleeve
around the ground cable to protect the cable during concrete slab placement. The ground
cable is then to be connected to the longitudinal tube gusset of the fixed support thrust
connection. This connection is to be made, using appropriate connectors, outside the
thickness of the tube insulation.

The grounding system must be intact as long as any part of the tube is exposed to the
outside environment. The grounding connections must be disconnected before the
bakeout of the beam tubes is performed.

Tube-to-Chamber Interface

The tube to chamber interface is important for the beam tube. There are tolerances
required so the beam tube can be properly attached. There are also physical requirements
that must be met for the beam tube to perform properly.

The tolerances required at the tube to chamber interface stubs are essentially the same
construction tolerances that are required on the rest of the beam tube. The required
tolerances are as follows. All measurements are to be made while the temperature is
between 169 and 27° C (60° and 80° F).

o The outside circumference of the ends of the chamber stubs shall be within +1.19mm
(+3/64"), of the theoretical circumference corresponding to the specified inside
diameter of the beam tube.

e The ends of the chamber stubs shall be perpendicular to the cylindrical axis within
0.254mm (0.010").

—
&

| S
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e The ends of the chamber stubs shall be flat within 0.127mm (0.005").

e The chamber stubs projection shall be within +3.18mm (£1/8").

e The optimum thickness of the stub ends is 3.23mm (0.127"). The thickness shall not
be less than 2.67mm (0.105") and not greater than 3.8 1mm (0.150")

The lengths of the make up pieces that join the stub ends differ for each site. Depending

on which end of the beam tube, an expansion joint must be added to maintain the pattern
of expansion joints. This is illustrated in Figure 1.
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1’< 39.624m (130')
TYPICAL SUB ASSEMBLY
39.624m (130')

STRUCTURAL MODULE

MAKE UP PIECE WITHOUT

EXPANSION JOINT
3.806m (12'-5 27/32) HANFORD
9.806m (32-2 1/16) LIVINGSTON

ol

ANCHOR

STUBEND = TYPICAL SUB ASSEMBLY |

| STRUCTURAL MODULE |

MAKE UP PIECE WITH

EXPANSION JOINT

4.618m (15'-1 27/32) HANFORD ]
’I

10.619m (34-10 1/16) LIVINGSTON

7 &= &3
e
ANCHOR
| TYPICAL SUB ASSEMBLY B STUB END
[ STRUCTURAL MODULE |
FIGURE 1

Make Up Pieces Joining Chamber Stub Ends
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The chamber stub ends also must act as an anchor. The full vacuum load on the effective
exgansion joint area must be resisted. The effective area of the expansion joint is 1.33
m

(2063 sqin). Thus, the total pressure thrust which must be resisted is 135 kN (30,326
Ibs). ——

The face of the stub end obviously will not be the point of action that is considered as the
fixed support. The maximum length of tube that an expansion joint can accommodate is
39.624m (130"). Thus, there is maximum stub length. The maximum stub lengths (from
end to anchor) are shown in Figure 2. The optimum length of the chamber stub ends
would be these maximum lengths.

Fop, » Txad xs = vox M
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39.624m (130"

STRUCTURAL MODULE

MAXIMUM = 39.624m (130')

Y

'~

DIMENSION #2 ,
DIMENSION #1 —>| 11< e 19-812m (65)

STUB END

ANCHOR
¥ STRUCTURAL MODULE |

! TYPICAL SUB ASSEMBLY

DIMENSION #1

MAXIMUM STUB LENGTH:
15.600m (51'-2 5/32) HANFORD
9.600m (31'-5 15/16) LIVINGSTON

DIMENSION #2

LENGTH BETWEEN END & EXPANSION JOINT CENTER LINE::
4.212m (13'-9 5/32) HANFORD

10.212m (33'-6 1/16) LIVINGSTON

FIGURE 2
Maximum Chamber Stub End Lengths
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The final requirement of the chamber stub ends is the placement of vacuum stiffeners.
Given the limitation of thickness, the overall maximum vacuum stiffener spacing must be
maintained. This maximum spacing is 762mm (30"). On the basis of this maximum
spacing, the maximum vacuum stiffener distance from the end of the stub end can be
determined. The limiting dimensions are illustrated in Figure 3. They are different for
each site. To provide sufficient clearance for fit up and welding to the beam tube make
up pieces, the minimum distance of 305mm (1'-0) is required. This is also illustrated in
Figure 3.

MAXIMUM SPACING

360mm (1'-2 5/32), HANFORD fg;‘C'Nc.f. Z@?}QS =0 ANFORD

329mm (1'-0 15/16), LIVINGSTON ao2mm (1-3 27/82), Ko oRD
320mm (10 18/16). 3mm (1'-5 1/16), LIVINGSTO

305mm (1'-0)

E '\‘ BEAM TUBE

STUB END MAKE UP PIECE

VACUUM STIFFENER
(IF REQUIRED)

VACUUM STIFFENER
. FIGURE 3
Maximum Distance from End for
Vacuum Stiffener on Chamber Stub Ends

Component Quantity Summaries of the Beam Tube Modules

Contained within the Detailed Design are drawings of the beam tube sub-modules and
sub-assemblies, beam tube supports, stiffeners, baffles, and other components. Refer to
these drawings for detailed information. Tabulated below is a brief summary of the
beam tube module component quantities for both the Hanford, WA and Livingston, LA

sites.
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Total Quantities @ | Total Quantities @ | Total Quantities @
Component Item Hanford, WA Site | Livingston LA Site Both Sites
Beam Tubes, 65'-0" 196 196 392
Beam Tubes, 62'-4" 196 196 392
Beam Tubes, Ends 8 8 16
Expansion Joints 200 200 400
Supports, Fixed 196 196 392
Supports, Guided 200 200 400
Support Rings 596 596 1,192
Baffle Stiffeners 128 64 192
Beam Tube Stiffeners 9,712 9,840 19,552
Vacuum Ports 28 28 56
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inside
Diameter

48.000 in

48.260 In

48.600 in

48.760 in

49.000 in

49.250 In

49.600 in

COST COMPARISON: WALL THICKNESS VS COMPONENT COSTS OF TUBE & STIFFENERS

Orderad

Thickness

0.127 In
0.126 In
0.120 In

0.127 In
0.126In
0.120 In

0.127 In
0.126 In
0.120 In

0.127 In
0.126 In
0.120 In

0.127 In
0.126 In
0.120 In

0.127 In
0.126In
0.120 in
0.127 In
0.126 In
0.120 In

Ordered

Overtol'ce

+0.003 in
+0.006 In
+0.010 In

+0.003 in
+0.006 in
+0.010 in

+0.003 in
+0.006 in
+0.010 In

+0.003 in
+0.006 in
+0.010 in

+0.003in
+0.005 in
+0.010 in

+0.003 in
+0.006 in
+0.010 in
+0.003 in
+0.005 In
+0.010 In

Ordered

Undertol'ce

-0,007 In
-0.006 In
-0.010 In

-0.007 In
-0.006 In
-0.010 In

-0.007 In
-0.006 In
-0.010In

-0.007 In
-0.006 In
-0.010 In

-0.007 in
-0.006 In
-0.010 In

-0.007 in
-0.006 In
-0.010 In
-0.007 In
-0.006 In
-0.010 In

Design

Thickness

0.127 In
0.126 In
0.117 In

0.127 In
0.126 In
0.117 In

0.127 In
0.126In
0.117In

0.127 In
0.125In
0.117in

0.127 in
0.126in
0.117In

0.127 In
0.126In
0.117in
0.127 In

0.126In
0.117In

)

Approx Stiff'r

Spacing
28.78 In
27.70 In
23.68 in

28.68 in
27.621in
23.60 In

28.36 in
27.3210n
23.34 In

28.16 In
27.121in
23.17In

27.97 In
26.94 In
23.01 In

27.78 In
26.74 In
22.84 In

27,68 In
26.66 In
22.68 In

Approx Num

of Stiff'rs

21,407
22,241
26,017

21,666
22,387
26,216

21,724
22,661
26,396
21,878
22,717
26,690
22,028
22,869
26,774

22,177
23,040
26,974
22,338
23,196
27,164

For Beam
Jubes

46,767,643
46,690,172
46,496,495

46,793,265
46,715,391
46,620,706
46,818,887
46,740,609
46,644,914
46,844,609
46,766,828
46,669,124
46,870,131
46,791,046
46,693,334
46,895,763
46,816,264
46,617,643
46,921,376
46,841,483
46,641,763

Component Costs -—-eesme

For
Stiffeners

42,162,060
42,246,367
42,627,708

42,177,190
42,261,049
42,647,833

42,194,079
42,277,602
42,665,986

42,209,662
42,294,398
42,685,546

42,224,672
42,309,728
42,704,219
42,239,888
42,327,004
42,724,347
42,256,131
42,342,774
42,743,666

For Tubes
& Stiff'rs
48,929,703
48,936,629
49,124,201

48,970,466
48,976,440
49,168,638

49,012,966
49,018,211
49,210,899

49,064,171
49,060,226
49,264,669

49,094,803
49,100,774
49,297,663
49,136,640
49,143,268
49,341,890
49,177,606
49,184,267
49,386,319

CONCLUSION: ALTHOUGH TUBE WEIGHT & COST INCREASES WITH WALL THICKNESS INCREASE, COST SAVINGS DUE TO DECREASE

Notes:
Cost of beam tube material used is $5,000,000 based upon a budget price from ARMCO for an ordered thickness of 0.127" and a 48.75" ID tube.
This item is scaled in proportion to both the beam tube diameter and the ordered plate thickness.

1.

apenN

Cost of tube fabrication used is $1,848,300 based upon a budget price from Tubetec.

Beam tube stiffener spacing per ASME with a safety factor of 3.
Cost of a beam tube stiffener used is $41 based upon a budget price from Meyer Tool & Mfg.
Cost of welding a beam tube stiffener to the beam tube is $60 based upon an estimate by CBI's Welding Department.

IN NUMBER OF STIFFENERS JUSTIFIES USE OF MAXIMUM PERMISSIBLE WALL THICKNESS OF 0.127".

HOVIOVd MATATY NOISHA "TVNIA
NOILLVANDIANOD NOISHA
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114

N

PARAMETERS AFFECTING BEAM TUBE DIAMETER

o

Parameter Parameter Parameter Parameter Stackup for Baffle Spacing of
Number Description Value 21 meters, nominal 6 meters, nominal
1 Required Clear Aperture Radius 21.065 in 21.065in 21.065 in
2 Baffle Radial Projection 2.360 in 2.360 in 2.360in
3 Batffle Radial Proj'n Tolerance 0.080 in 0.080in 0.080 in
4 Tube Inside Radius Tolerance 0.075in 0.075in 0.075in
5 Tube-to-Support Ring Fitup Gap 0.000 in - ----
6 Support Ring Outside Radius Tolerance 0.000 in ----
7 Tube Lateral Offset 0.160in 0.160 in 0.160 in
8 Deflection of Beam Tube 0.080 in ---- 0.100 in
9 "Swing" of Guided Support 0.007 in 0.007 in 0.007 in
10 Support Adjustment Tolerance 0.063 in 0.063 in 0.063 in
11 Surveying Accuracy Tolerance 0.354 in 0.354 in 0.354 in
12 Beam Tube Out-of-Straightness 0.125in 0.125in
= 24.164in 24.389in
Required Inside Dia of Beam Tube 2% = 48.328 in 48.778 in

SN
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cotth

LIGO COST SUMMARY - TUBE LENGTH IMPACT
|

KHF PER EXP. BELLOW
4/6/94 COST PER TRUCKLOAD INSTL'D. | $1,687.43
COST
# LOADS AVG. COST |# REQ'D
SANFORD FL. TO LIVINGSTON, LA, MILEAGE = |657 # TUBES PER SITE [EXT.COST
LENGTH IN FT. CO, "A" COo. "B” Co. "c" AVERAGE COST/MILE
40 $915.30 $886.95 $901.13 $1.37 500 125| $112,641 499 $1,684,059
50 $9156.30 $886.95 $901.13 $1.37 440 110 $99,124 439 $1,481,567
55 $1,290.00 $1,152.65 $1,221.33 $1.868 436 109]| $133,235 435 $1,469,295
80 $1,520.00 $1,349.75 $1,365.00 $1,411.58 $2.15 433 108]| $152,922 432 $1,459,068
65 $1,520.00 $1,349.75 $1,569.00 $1,479.58 $2.25 400 100] $147.958 399 $1,346,572
{over 656 ft) 70 add $1.15/mile for escort $2,235.13 $3.40 372 93| $207,867 371 $1,252,076
SANFORD FL. TO HANFORD WA. MILEAGE = | 2895 PER SUPPORT
INSTL'D.
LENGTH IN FT. CO. "A" CO0. "B” Cco. "Cc" AVERAGE COST/MILE COSsT $1,5638.10
40 $3,735.00 $3,908.25 $3,821.63 $1.32 500 125| $477,703 499 $1,535,025
50 §3,735.00 $3,908.25 $3,821.63 $1.32 440 110| $420,379 439 $1,350,452
55 $5,711.00 $4,447.75 $5,079.38 $1.75 436 109 $554.114 435 $1,339,266
60 $6,295.00 $5,466.25 $6,047.00 $5,936.08 $2.05 433 108{ $643,076 432 $1.329,944
65 $6,295.00 $5,466.25 $6,950.00 $6,237.08 $2.15 400 100]| $623,708 398 $1.227,404
{over 65 ft) 70 add $1.15/mile for escort $9,566.33 $3.30 372 93| $889,669 371 $1,141,271
PORTLAND OR. TO HANFORD WA, MILEAGE= | 227 PER TUBE INST,
INSTL'D. $1,434.15
LENGTH IN FT. CO. "A" CO. "B" Co. "C" AVERAGE COST/MILE COosT
40 $650.00 $272.40 $461.20 $2.03 500 125 $57,650 499 $1,431,285
50 $650.00 $272.40 $461.20 $2.03 440 110 $50,732 439 $1,259,186
55 $790.00 $429.15 $609.58 $2.69 436 108 $66,499 435 $1,248,756
60 $790.00 $497.26 $775.00 $687.42 $3.03 433 108 $74.470 432 $1,240,064
65 $790.00 $497.25 $895.00 $727.42 $3.20 400 100 $72,742 399 $1,144,454
{over 65 ft) 70 add $1.15/mile for escort $988.47 $4.35 372 93 $91,927 371 $1,064,141
PORTLAND OR. TO LIVINGSTON LA. MILEAGE = {2420 PER LEAK TEST
INSTL'D. | $2,187.62
LENGTH IN FT, CO0. "A" CO. "B Co. "C" AVERAGE COST/MILE COST
40 $2,662.70 $2,904.00 $2,783.35 $1.15 500 125] $347,918 501 $2,192,000
50 $3,760.00 $2,904.00 $3,332.00 $1.38 440 110{ $366,520 441 $1.929,485
55 $4,078.00 $3,617.00 $3,847.50 $1.59 436 1091 $419,727 437 $1,913,575
60 $4,205.00 $3,980.00 $4,105.00 $4,096.67 $1.69 433 108| $443,806 434 $1,900,317
65 $4,205.00 $3,980.00 $4,721.00 $4,302.00 $1.78 400 100| $430,200 401 $1,754,475
{over 65 ft) 70 add $1.15/mile for escort $7,085.00 $2.93 372 93| $658,905 373 $1,631,968
TOTAL COST-SPLIT SUPPLIERS 40° 50° 55° 60° 65° 70°
SANFORD/LIVINGSTON $112,641 $99,124 $133,235 $152,922 $147,958 $207,867
PORTLAND/HANFORD $57,650 $50,732 $66,499 $74,470 $72,742 $91,927
FREIGHT $170,291 $149,856 $199,735 $227,392 $220,700 $299,795
BELLOWS $1,684,059 | $1,481,6567 | $1,469,295 $1,459,068 $1,346,5672 | $1,252,076
SUPPORTS $1,635,025 | $1,350,452 | $1,339,268 $1,329,944 $1,227,404 | $1,141,271
TUBE INSTALL $1,431,286 | $1,259,186 | $1,248,756 $1,240,064 $1,144,454 | $1,064,141
LEAK TEST $2,192,000 | $1,929,485 | $1,913,5675 $1,900.317 $1,764,475 | $1,631,968
COST SUMMARIES $7,012,659 | 46,170,546 | $6.170,627 46,156,785 45,693,606 | 85,389,251
TOTAL COST- TUBETECH
SANFORD/LIVINGSTON $112,641 $99,124 $133,235 $152,922 $147,958 $207,867
SANFORD/HANFORD $477,703 $420,379 $554,114 $643,076 $623,708 $889,669
FREIGHT $590,344 $519,503 $687,349 $795,997 $771,667 | $1,097,536
BELLOWS $1,684,059 | $1,481,567 | $1,469,295 $1,459,068 | $1,346,572 | $1,252,076
SUPPORTS $1,635,025 | 81,350,452 | $1,339,266 $1,329,944 $1,227,404 | $1,141,271
TUBE INSTALL $1,431,285 | $1,259,186 | $1,248,756 $1,240,064 $1,144,454 | $1,064,141
LEAK TEST $2,192,000 | $1,929,485 | $1,913,675 $1,900,317 $1,754,475 | $1,631,968
COST SUMMARIES 47,432,712 | 46,540,193 | 46,658,241 46,725,390 $6,244,572 | 46,186,893
TOTAL COST - NORTWEST PIPE note: tubing material &
PORTLAND/HANFORD $67,650 $50,732 $66,499 $74,470 $72,742 $91,927 mfg cost not included
PORTLAND/ LIVINSTON $347,919 $366,520 $419,727 $443,806 $430,200 $658,905
FREIGHT $405,569 $417,252 $486,226 $518,276 $502,942 $750.832
BELLOWS $1,684,059 | $1,481,567 | $1,469,295 $1,459,068 $1,346,672 | $1,252,076
SUPPORTS $1,535,0256 | $1,350,452 | $1,339,266 $1,329,944 $1,227,404 | $1,141,271
TUBE INSTALL $1,431,285 | $1,259,186 | $1,248,756 $1,240,064 $1,144,454 | $1,064,141
LEAK TEST $2,192,000 | $1,929,485 | $1,913,575 $1,900,317 | $1,754,475 | $1,631,968
COST SUMMARIES $7,247,837 | 36,437,943 | 36,457,118 36,447,669 $5,975,847 | $5,840,289
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WBS #130 Beam Tube Support Design

As discussed in WBS #160, "Beam Tube Configuration", vertical and lateral support will
be provided on both sides of the LIGO beam tube expansion joints for structural,
operational and performance reasons. As such, there will be two separate and distinct
types of beam tube supports that will be provided:

e A "fixed", or non-guided, support that will be located in the region of the beam-
tube-to-beam tube circumferential seam. This support will resist vertical, lateral
and longitudinal loads from the beam tube.

e A guided support that will be located at each expansion joint. This support will
resist vertical and lateral loads from the beam tube, but will not resist longitudinal
loads from the tube. Rather, this support will permit the "noiseless" longitudinal
movement of the beam tube caused by thermal loads.

Support Design Load Cases
The load cases that were considered for the design of the beam tube supports are as

follows:

Dead Load of Beam Tubes
Insulation Load

Seismic Load

Wind Load

Snow Load

Thermal Loads, Daily
Thermal Loads, Bakeout
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Dead Load of the Beam Tubes. For a 48.75" LD. beam tube with a wall thickness of
0.127", the beam tube will weigh approximately 66 pounds per foot. The beam tube
stiffeners will add another 8 pounds per foot to the weight of the tube, for a total tube
metal weight of 74 pounds per foot.

Insulation Load. Per the LIGO Specifications, the weight of the beam tube insulation is
to be taken as 16 pounds per foot (24 kg/m).

Seismic Load. The beam tubes at the Hanford, WA site will be designed for a Zone 2B
seismic load in accordance with the 1991 Edition of the Uniform Building Code (1991
UBC). The beam tubes at the Livingston, LA site are designed for a Zone 0 seismic load
in accordance with the 1991 Standard Building Code (1991 SBCCI). Refer to the design
calculations contained in the Detailed Design for seismic load calculations.

Wind Load. The beam tubes will be exposed to wind loading for a short period of time,
since the construction sequence calls for the placement of the concrete weather covers
soon after placement of the beam tubes. As such, the beam tubes will not be designed for
the full wind loading as prescribed by the relevant Building Codes. Rather, the tubes will
be subjected to a construction wind load of 45 mph. Refer to the design calculations
contained in the Detailed Design for wind load calculations.

Snow Load. As with the wind load, the beam tubes at the Hanford, WA site will be
exposed to snow loading for only a short period of time. The beam tubes at the
Livingston, LA site are not required to be designed for a snow load. Refer to the design
calculations contained in the Detailed Design for snow load calculations.

Thermal Loads, Daily and Bakeout. The beam tubes will be designed for the effects
thermal loads. The effects of daily thermal variations (i.e., occurring during operation,
and not during bakeout) upon the beam tubes are considered, as are the more severe
effects of the beam tube bakeout. Refer to the design calculations contained in the
Detailed Design for thermal load magnitude calculations.

Support Design I.oad Combinations

The load combinations that were initially considered for the design of the beam tube
supports are as follows:

Dead Load

Dead Load + Snow Load

Dead Load + Construction Wind Load

Dead Load + Insulation Load

Dead Load + Insulation Load + Lateral Seismic Load
Dead Load + Insulation Load + Longitudinal Seismic Load

A
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INTRODUCTION

The qualification test plan consists of the list of items requiring verification testing and items
verified by calculations; the test configuration and the procedures for fabrication, installation, and
testing for that configuration; and the format for reporting the test results in the Design
Qualification Test Report. This plan ensures that the Qualification Test demonstrates the critical
features of the LIGO beam tube module design.

The overall test configuration, including procedures, controls the execution of the qualification
test plan. The configuration has been assembled for submittal at this FDR by making conceptual
plans, based on requirements, and preparing designs, drawings, and procedures on the basis of
these plans. Beam tube component fabrication procedures/procurement specifications have been
prepared and will be used to purchase these components for the QT. Fabrication by CBI will be
accomplished in two locations, Houston Welding and Plainfield Research and Development.
Houston Welding (HW) will receive the spiral welded tubes in the ordered QT lengths, the
stiffeners, the baffle/support rings, and the pump port. CBI HW will perform the necessary
receiving inspection including dimensional inspection and welding of stiffeners, support rings and
pump port. Post welding dimensional checks of the stiffened beam tubes are also performed in
Houston prior to shipment to CBI Plainfield Research and Development Center. CBI's Plainfield
Research and Development (R&D) Center will receive the stiffened beam tubes from HW and the
expansion joints and supports from their respective manufacturers. The R&D center will perform
the circumferential welds to create each beam tube can section (one aft (contains pump port) and
one forward of the expansion joint). These can sections will be individually helilum mass
spectrometer hood tested. The expansion joint will be attached to the forward assembly and that
circumferential weld will be HMS leak tested. The aft assembly will be installed including
alignment as the starting piece of the QT Beam Tube Module, locating the pump port in the high
vacuum lab. Final cleaning and bafﬂestallation of this aft assembly will occur
at this time. The forward assembly (including expansion joint) will then be installed, including
alignment, into the QT Beam Tube Module, including fitup, purge and welding" of the
circumferential seam joining the aft assembly to the forward assembly. This weld will be HMS
leak tested. Final cleaning and baffle installation (~ 20M spacing) will occur at this time. The
closure head will be installed including fitup, purge and welding. Installation alignment checks
and support adjustments will be made. Vacuum thrust restraints will be added to the supports.
The QT Beam Tube Module will be pumped down, air signature evaluated, and leak tested if
necessary. The QT Beam Tube Module will be baked out while taking periodic RGA
measurements. When the bakeout is complete, air signature will be evaluated and the QT Beam
Tube Module will be leak tested if necessary. Final outgas test will then be performed .
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1.0  LISTING OF TEST ITEMS AND CALCULATION ITEMS

DRD No. 03 requires a listing of items requiring verification testing and items verified by
calculations. This section provides this list.

The items that make up the list represent all of the most important issues that affect the design and
production of complete beam tube modules. The first four sections of the list are ordered to
chronologically follow the complete module sequence of operations, i.e. Design, Material
Procurement, Fabrication, and Assembly. In addition, the key issues of Leak Testing,
Cleaning/Outgas, and Dimensional Control are each addressed separately since they are affected
by interrelated steps that are woven all through the option phase activities.

For each issue, a discussion is provided which covers not only whether the item is verified by test
or not, but also any significant differences that exist between the Qualification Test (QT) and a
Complete Module and the significance of these differences. Also, for those items that are not
tested, the discussion covers how the verification is made that the plans for the Option meet
specifications. This is in some cases by calculation, in other cases by analysis, by past experience
etc.

- DESIGN
Structural Performance of the Beam Tube Sections

Dimensions & Material: This area will be thoroughly and realistically tested during the QT. The
differences between the QT and the complete module are very few and not significant. The beam
tube material and thickness will be identical to option phase modules as will the stiffener material,
sizes, spacing and attachment details. The only dimensional difference will be the length of tube
sections (60" in QT instead of 65' and 62'-4"). However, the spacing of supports, which is the
significant parameter from a structural standpoint, will be identical.

Loadings: The QT will include external pressure to the design level of full vacuum. The
maximum axial compression load will also be applied during the QT bakeout.

Calculations:  In addition to the above testing, calculations have also been prepared to
demonstrate structural adequacy and conformance to specified codes.

Structural and Mechanical Performance of the Expansion Joints

Like the beam tubes, this area will be thoroughly and realistically tested during the QT. The
expansion joints will be identical to thegxpansion joints used for the complete modules. Vacuum
load and maximum axial deflection will be the same as applied to the complete modules. In
addition, calculations have been made to demonstrate structural adequacy. The only difference in
loading will be that the full number of cycles that the modules might experience will not be applied
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on the QT. The fatigue performance of the expansion joints is therefore addressed by calculation
only.

Structural, Mechanical and Thermal Performance of the Beam Tube Supports

Both the fixed supports and the guided supports will be tested during the QT in all of their most
critical respects. The supports will be identical to those used for the complete modules. The
range of movement required of the guided supports will be realistically tested during the QT

bakeout.

Gravity loads applied to the supports will be somewhat different than design loads for the
complete modules due to the fact that full length beam tube only extends in one direction from the
QT fixed supports. This non critical element of design therefore relies on calculations. Likewise,
no horizontal loads transverse to the tube will be applied. The design relies on calculations.

- Longitudinal loads will exist during the QT due to unbalanced pressure end loads and expansion

joint reactions which are larger than will exist in the complete modules. However, these loads
will, for the most part, be carried by supplemental bracing required to carry these larger loads
rather than by the fixed supports. Therefore verification of the fixed supports' adequacy for

design longitudinal loads relies on calculations.

The mechanical performance of the supports needed in order to accomplish final alignment of the
tube will be fully demonstrated by test.

The thermal performance required to limit the local cool spot at supports during bakeout will be
demonstrated by test as well as by analysis that has been completed.

Baffle Mechanical Performance

The baffles performance will be fully and realistically tested. The baffles will be identical to those
to be used for the complete modules. The QT baffles will be placed in the tube as far as 70'+ from
an open end and their fit to the inside surface and their stability without attachment to that surface

will be verified by test.
- MATERIALS SUPPLIED TO CBI

Coil Manufacture and Bakeout

The beam tube material manufacturing and bakeout process will be fully demonstrated during the
Qualification Test. The processes for the Qualification Test will be the same as are planned for

the Option.



Coupon Outgas Testing

The coupon outgas testing process will be fully demonstrated during the Qualification Test. The
coupon testing done during the QT will use the same CBI coupon outgas test equipment and
same methods as are planned for the Option with the exception that the Option test system will

have more than one test chamber.

Coupons will be outgas tested during the QT for all materials within the beam tube with the
exception of the 10" pump port. Materials that will be tested include the tube material, bellows
material and the baffle material. The limited area of the pump port negates the necessity for
testing that material.

Beam Tube Manufacturing

The spiral welded beam tube manufacturing process will be fully demonstrated during the
Qualification Test. The manufacturing process for the Qualification Test will be the same as is

planned for the Option.
Beam Tube Transportation

The beam tube transportation methods will be fully demonstrated during the Qualification Test.
The transportation methods for the Qualification Test will be the same as is planned for the
Option. In addition, the acceptability of these methods has been verified with respect to fatigue

concerns by calculations.
Expansion Joint Manufacturing

The expansion joint manufacturing process will be fully demonstrated during the Qualification
Test. The manufacturing process for the Qualification Test will be the same as is planned for the
Option with the following exceptions:

o The expansion joints for the Qualification Test will be manufactured from flat
sheets of SA 204 Type 304L cold rolled material. The material will be baked in
the flat sheet form. For the Option the material will be purchased and baked in coil

form.

o The expansion joints for the Option may be manufactured from Hot Rolled
Annealed and Pickled (HRAP) Type 304L material instead of cold rolled 304L
material. Although the HRAP material is less expensive than cold rolled material it
is not economically available for the minimum quantities needed for the
Qualification Test. Much larger quantities are required for the Option.

o The expansion joints in Qualification Test will be mechanically formed. In the
Option the expansion joints may be hydroformed instead of mechanically formed.



Only one of the expansion joint manufacturers has offered hydroformed bellows.
Hydroforming the expansion joints should improve the shape of the expansion
joints.

Stiffener Manufacturing

The beam tube stiffener manufacturing process will be fully demonstrated during the Qualification
Test. The manufacturing process for the Qualification Test will be the same as is planned for the

Option.
Baffle Manufacturing

The baffle manufacturing process will be fully demonstrated during the Qualification Test. The
manufacturing process for the Qualification Test will be the same as is planned for the Option.

- CBIFABRICATION

Beam Tube Handling

The beam tube handling planned for use in the Option has been verified by calculations.

The beam tube handling methods and equipment used in the Qualification Test will not be the
same methods and equipment planned for use in the Option. The handling equipment and
methods used for the Option are specially designed and configured for repetitive lifting at the
LIGO sites. Conventional handling methods and equipment will be employed during the
Qualification Test to handle the beam tubes.

Stiffener Attachment: Fit up, Purge, Weld

The stiffener attachment process will be fully demonstrated during the Qualification Test. The
welding procedure specifications (WPS) used in the Qualification Test (QT) will be the same as
that planned for use in the Option. The welding equipment will be generic to (i.e. same type,
possibly different brand name) that planned for use in the Option. The gas metal arc wire machine
with down flat fixed torch and the internally purged beam tube can section turning on rollers are
the general arrangement that will be used for the QT and for the Option.

Pumping Port: Repad Attach, Purge, Weld

The process of attaching the pump port repad will be fully demonstrated during the Qualification
Test. The WPS, equipment, etc., used for the QT will be the same as or generic to that planned
for use in the Option.
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Final Beam Tube End Preparation

The final beam tube end preparation process will be fully demonstrated during the Qualification
Test. Procedures demonstrated will be the same as those which will be used for the Option.

During the QT, the beam tube end preparations will be performed before welding the stiffeners
and related attachments. Measurements made during the QT of changes in tube end flatness will
provide data which may justify having the beam tube supplier perform the final end preparations in
the Option. If flatness is not maintained, final end preparations will be moved to after stiffener

welding in both the QT and in the Option.
Pumping Port: Bore, Fit nozzle, Purge, and Weld

The pump port production process will be fully demonstrated during the Qualification Test. The
WPS, equipment, etc., used for the QT will be the same as or generic to that planned for use in

the Option.
Attach Expansion Joint: Fit, Purge, Weld

The expansion joint attachment process will be fully demonstrated during the Qualification Test.
The WPS, equipment, etc., used for the QT will be the same as or generic to that planned for use

in the Option.
Work Conditions

The procedures for beam tube can section fabrication will be tested during the QT under realistic
work conditions. This fabrication for the qualification test will be performed indoors in an
environment which will be very similar to the environment of the planned fabrication facility for
the complete module.

- ASSEMBLY OF BEAM TUBE MODULES

Use of Clean Room and Weld Enclosures

Use of Clean Room and Weld Enclosures is an item where the environment will be emulated
during the QT while the actual equipment and operation planned for the Option will not be tested.
The ability to provide a protected, access controlled, quality air enclosure, to exclude the outdoor
environment from a critical work space, is an industry established construction activity. Past
experience in providing these types of enclosures precludes the necessity to build and test their
operation for the LIGO QT.

In order to emulate the Option phase work environment, special facility controls will be
implemented in the CBI Research Center basement during the QT at times of critical installation
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events to prevent the final cleaned beam tube assemblies from being exposed to detrimental
contaminated air flow.

Preliminary Alignment of the Beam Tube

Preliminary alignment of the beam tube assemblies in the Qualification Test will be demonstrated
by test. The procedure will be similar to that planned for the Option with the following exception:

Conventional surveying and layout equipment will be used in the Qualification Test to establish
the centerline reference points on the concrete slab rather than the Global Positioning System
proposed for use on the Option.

Circumferential Welds: Fit, Purge, Weld

The procedures to be used for these circumferential welds will be fully demonstrated during the
Qualification Test. The WPS, equipment, etc., used for the QT will be the same as or generic to
that planned for use in the Option.

Sequence of Personnel Entrance into Beam Tube for Cleaning and for Installation/Removal of
Purge Rings and Baffles

The sequence of personnel entrance into the Beam Tube will be fully demonstrated. The QT
beam tube personnel entrance sequence will be the same as is planned for the Option.

Installation of Structural Supports

The installation of structural supports will be fully demonstrated during the Qualification Test.
The procedure demonstrated will be the same as is planned for the Option.

- LEAK TESTING
Leak Testing of Can Assemblies

Leak testing of can assemblies will be demonstrated during the Qualification Test. However, the
procedure demonstrated will differ in some ways from that which is planned for the Option.

The major difference will be in the equipment used to supply Helium to the outside of the can
section. For the Option, a high production method will be employed wherein the can section will
be placed in a specially constructed casket which will contain the applied Helium. During the QT,
helium will be applied in a fine spray or by isolating successive areas with plastic sheet and duct
tape, and injecting these areas with helium.

Differences in procedures will be small. Modifications between the QT and the Option phase are
limited to small changes or adaptations to replicate the option phase of the LIGO project. Such
changes are insignificant and may be examined in documents HMSTIN and HMST1QT.
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Leak Testing of Circumferential Beam Tube Welds

The leak testing of circumferential beam tube welds will be fully demonstrated during the
Qualification Test. The procedure demonstrated will be the same as is planned for the Option.

Leak Testing of 10" Valve and Blind Flange Seals

The valve and blind flange mounted on the 10" pump port will be tested in the qualification test
by bagging the exterior of the valve and port fittings. The inside of the tube will then be
evacuated and a helium mass spectrometer hood test will be used to check for leakage. The
difference between the test in the option phase and the qualification test is that CBI will use a
vacuum box to evacuate the valve and fittings during the option phase. CBI has no concern about
fabrication of a vacuum box for testing of the valve. CBI has used custom fabricated vacuum
boxes on many projects. It is therefore not a test issue which must be modeled.

Leak Testing of Beam Tube Module

Leak testing of a beam tube module will be demonstrated during the Qualification Test. The leak
test of the entire qualification test beam tube module, both before and after the bake out will be
accomplished using an RGA to determine an air signature. If the pre bake out air signature
indicates an air leak (the RGA has been calibrated with a known air leak), the techniques of leak
test procedure HMST-4QT will be utilized to find the leak. If the post bake out air signature
indicates that the air leakage is less than 1X10-9 atm cc/sec, the testing will be complete. If the
air signature indicates a larger leak, the tube will be releak tested in accordance with HMST-4QT.

The Option leak location procedures discussed in HMST4N have been modified for the
qualification test and are shown in HMST-4QT. The location technique used with the
qualification test will be spraying the seams and fittings with helium, as opposed to using multiple
RGA's or vacuum gages as is proposed for the option phase leak location.

The qualification test procedure uses very similar procedures to that which will be used on the
option phase of the project. The decision process used on the qualification test leak tests will be
the same as the option phase, however, the equipment will be somewhat different. Pumping
systems will not be accurately modeled in the qualification test.

- CLEANING / OUTGAS PERFORMANCE

Can Assembly Cleaning

Can assembly cleaning will be demonstrated during the Qualification Test. The essential
parameters of the Option Phase cleaning process will be replicated such as the temperature,
pressure and flow rate of the steam, and the type of spray nozzle. However, the procedure
demonstrated will differ in some ways from that which is planned for the Option. One difference
will be the use of a small steam cleaning unit for the QT in lieu of a specially prepared cleaning



skid for the Option. Another difference will be manual pulling of the jet cleaning apparatus
through the can section in the QT in lieu of a power winch for the Option. Also, high flow input
and output fans at the opposite ends of the can sections will be used for the Option but not for the
QT and potable water will be used for the Option while softened water will be used for the QT.

Final Cleaning

The final cleaning procedure for the beam tube which is done in place after a can is final placed
and welded will be fully demonstrated during the Qualification Test. The procedure demonstrated
will be the same as is planned for the Option.

Bakeout

Based on the recommendations of the Preliminary Design Review Board, Caltech issued a
Technical Directive Memorandum stating "Consider using direct current (I2R) heating for the tube
sections and expansion joints (to be used during field bake out of the beam tube modules) during
the qualification test. Due to the limited time available, Caltech has not yet processed this
contract change request. However, the following is presented on the assumption that an I°R bake
out will ultimately be specified for the QT by Caltech. :

The I?R bake out of the qualification test beam tube will model the critical parameters of a full
module bake out. These parameters are the electrical current, the insulation, the current injection
details and the effect of the bake out on the outgassing rates. The current will be identical to the
full scale module. The insulation will also be identical to the insulation used for the beam tube
modules. This will allow an evaluation of the bellows heating, the tube cooling at the supports
and the ease of insulation installation.

The current injection system will be identical to the beam tube modules. This will confirm the
acceptability of current injection into a stiffener near the end of the tube instead of injecting the
current into a copper bar clamped to the tube.

The pumping speed for water vapor during the QT will be set so that the pumping speed per unit
of surface area during the QT will match that which will exist in the option phase. This accurate
speed-per-area modeling will ensure that the water vapor outgassing rate will be realistically

simulated in the qualification test.

Parameters which will not be identical to a full module bake out will be the voltage, the
percentage of tube which will have to be heated with auxiliary heaters due to end effects, and the
control system. These parameters are not critical in the proof of the concept.

If the 2R bake out is not required, the qualification test will prove the insulation system, the
temperature variations at the supports, and the effect of the bake out on the outgassing rates.



Beam Tube Outgas Performance

One of the major purposes of the qualification test is the measure of the outgassing rate of the
beam tube. The outgassing rates will, therefore, be measured during all phases of the qualification
test. These outgassing tests will be utilized by Caltech as the final data required to confirm the
pumping requirements of the full scale facilities.

- DIMENSIONAL CONTROL

Control of Materials and Assemblies

The dimensional control of materials and assemblies will be fully demonstrated during the
Qualification Test. The procedures demonstrated will be the same as are planned for the Option.

Final and Maintenance Alignment

The adequacy of Global Positioning System (GPS) for final and maintenance alignment of the
beam tube modules is considered to be established by the equipment's proven track record. GPS
will not be tested in the QT. The GPS is a tested and proven system with known accuracy.
Further, significant improvements are anticipated in the GPS system before it is needed for the

LIGO project.

Clear Aperture

Clear aperture through the beam tube and baffle system has been verified by calculation based on
the stackup of the tolerances of the various components and the capabilities of the GPS alignment
system. There will be no verification of clear aperture by test.
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2.0 TEST CONFIGURATION AND PROCEDURES FOR FABRICATION,
INSTALLATION, AND TESTING

The overall test configuration, including procedures, controls the execution of the qualification
test plan. The configuration has been assembled by making conceptual plans, based on
requirements, and preparing designs, drawings, and procedures on the basis of these plans. Beam
tube component fabrication procedures/procurement specifications have been prepared and will be
used to purchase these components for the QT. Fabrication by CBI will be accomplished in two
locations, Houston Welding and Plainfield Research and Development. Houston Welding (HW)
will receive the spiral welded tubes in the ordered QT lengths, the stiffeners, the baffle/support
rings, and the pump port. CBI HW will perform the necessary receiving inspection including
dimensional inspection and welding of stiffeners, support rings and pump port. Post welding
dimensional checks of the stiffened beam tubes are also performed in Houston prior to shipment
to CBI Plainfield Research and Development Center. CBI's Plainfield Research and Development
(R&D) Center will receive the stiffened beam tubes from HW and the expansion joints and
supports from their respective manufacturers. The R&D center will perform the circumferential
welds to create each beam tube can section (one aft (contains pump port) and one forward of the
expansion joint). These can sections will be individually helium mass spectrometer hood tested.
The expansion joint will be attached to the forward assembly and that circumferential weld will be
HMS leak tested. The aft assembly will be installed including alignment as the starting piece of
the QT Beam Tube Module, locating the pump port in the high vacuum lab. Final cleaning and
baffle (~ 6 M spacing) installation of this aft assembly will occur at this time. The forward
assembly (including expansion joint) will then be installed, including alignment, into the QT Beam
Tube Module, including fitup, purge and welding of the circumferential seam joining the aft
assembly to the forward assembly. This weld will be HMS leak tested. Final cleaning and baffle
installation (~ 20M spacing) will occur at this time. The closure head will be installed including
fitup, purge and welding. Installation alignment checks and support adjustments will be made.
Vacuum thrust restraints will be added to the supports. The QT Beam Tube Module will be
pumped down, air signature evaluated, and leak tested if necessary. The QT Beam Tube Module
will be baked out while taking periodic RGA measurements. When the bakeout is complete, air
signature will be evaluated and the QT Beam Tube Module will be leak tested if necessary. Final
outgas test will then be performed .



2.1 Qualification Test Beam Tube Module Physical Configuration

The qualification test beam tube module will be composed of primarily one subassembly and has
an overall length of over 130" with support centerlines of 65'. This configuration represents a
current design configuration which consists of repeating subassemblies with consistent distance
between support centerlines of 65' throughout the Beam Tube Module length. As shown in
Drawing 20, the general configuration for the Qualification Test consists of two sections of beam
tube and one expansion joint. Additional representative design details include a pump port; size
and spacing of vacuum stiffeners and baffle/support rings; fixed and guided support details and
location; and baffle details and location for both the ~ 20 meter spacing and ~ 6 meter spacing.

Several items, shown on sketches at the end of this section, are specific to the Qualification Test
and are not used in the Beam Tube Module Detailed Design. These items are the end test/closure
heads and the thrust restraint supports. Both of these items provide closure, support and restraint
for the vacuum end loads on the Qualification Test Beam Tube Module. Calculations for these
items are included in the Qualification Test Plan Appendices.

The qualification test will be conducted in the basement of the Research and Development Center.
The QT Beam Tube Module vacuum and outgassing system will be located in the LIGO
Qualification Test Vacuum Lab. the vacuum and outgassing system will be connected to the QT

Beam Tube Module at the pump port.
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2.2 Qualification Test Pumping and Qutgassing System

The pumping and outgassing system for the Qualification test is shown in the P & I Diagrams
which are located at the end of this section. The system will utilize a 1100 L/S turbomolecular
pump backed by a smaller wide range turbomolecular pump and again backed by a mechanical
pump. The two turbomolecular pumps in series are provided to effectively evacuate the chamber
and provide the hydrogen compression ratio necessary to minimize the hydrogen background in
the system. The large turbomolecular pump has a hydrogen compression ratio of 2200. The
small, wide range turbomolecular pump used to back the large pump has a hydrogen compression
ratio of 3 X 106. The combination, along with the roughing pump which will be operated at
approximately 200 micron, in order to maintain the flow in the viscous regime, will provide a
compression ratio in the range of 1012, This will allow the system to be evacuated into the 10-9

torr range.

Caltech has required a maximum water vapor speed of 600 L/s in order to simulate the water
pumping speed which will be present in the full size modules. CBI will therefore provide an
orifice in the pumping system piping in order to limit the speed to the specified 600 L/s.

The pumping system is provided with a cold trap to prevent back streaming and to provide a
known water vapor pump speed for the water vapor outgassing test. The pumping systems are
also provided with a pneumatically operated valve which will shut upon equipment or electrical
failure. These two features along with a viscous flow inbleed in the roughing line will prevent any
hydrocarbon back streaming into the beam tube. '

The outgassing test will be accomplished using a steady state outgassing technique. The partial
pressure of hydrogen in the system should be in the 10-9 torr range and the water vapor should be
in the 10-12 torr range, if the outgassing rates are as experienced bgf Caltech. The Qualification
test will utilize a Balzers RGA with a detection limit in the 10-1 torr range. The hydrogen
outgassing rate for the pumping and outgassing test system will be an order of magnitude less
than the outgassing from the beam tube so the test accuracy should be sufficient for the test
purposes. Spurious hydrogen from fractionation of water and hydrocarbons will be minimized
because of the cold trap located in front of the RGA. The line length between the cold trap and
the RGA will be minimized to minimize contamination.

The entire pumping and outgas test system will be heat traced and insulated in order to bake out
the equipment up to the maximum temperature limitations provided by the equipment
manufacturers. The pumping and outgas test systems are predicted to have an initial outgassing
rate of approximately 1 X 10-12 torr liter/sec cmZafter bake out.

Calibrated leaks will be provided for nitrogen, hydrogen, helium and air leakage. These leaks will
be provided in the proper ranges to accommodate calibration of the RGA and the Helium Mass

Spectrometer.
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2.3 Qualification Test Procedures

The process for fabrication, installation and testing of the QT beam tube sections is accomplished
by following procedures designed to produce a beam tube which meets performance
requirements. The QT process procedures are sequentially listed on the next three pages . This
procedure list identifies each procedure as to its authored origination: (1) directly from the
detailed design; (2) QT addenda to the detailed design; or (3) QT specific. The procedures listed
are included here following the list.

These procedures include material and fabrication specifications, procedure,beam tube can
fabrication and module installation procedures.Fabrication and installation opegrations, of the QT
Beam Tube Module are sequenced and specified in the procedures identified ag FSQT]and ISQT
respectively. These procedures/sequences outline the sequential operations including dimensional
control, leak testing, and cleaning that have to occur to fabricate the assemblies and

_ install/construct the QT Beam Tube Module.



Qualification Test Procedures

ID Title Directly from QT Addenda QT Specific
Detailed to Detailed
Design Design
Material Specifications
C-240-0186 Coil Material Specification X
C-CMBSI1 Coil Material Bake Specification X
WMS-ER308L Cleaning and Bakeout Procedure of ER X
308L Weld Wire
C-240-0187 Baffle Material Specification X
C-CMBS1 Baffle Material Bake Specification X
C-240-0194 Expansion Joint Material Specification X
Purchasing Specifications
C-BT-QT Qualification Test Beam Tube Sections X
C-EJ-QT LIGO Beam tube Expansion Joints X
Qualification Test
C-SUPT-1 Beam Tube Support Specification X
CBAF-1 Baffle Fabrication Specification X
C-PORT-QT Pump Port Specification X
C-PORTPAD-1 Pump Port Reinforcing Pad Specification X
C-VAC-1 Vacuum Stiffener Specification X
C-SUPSTF-1 Support Ring/Baffle Ring Fabrication X
Specification
~{ Fabrication/Installation Procedures
FSQT Beam Tube Can Section Fabrication X
Sequence for LIGO Qualification Test
Addenda
ISQT Beam Tube Can Section Installation X
Sequence for LIGO Qualification Test
Addenda
FPCircumferential Fitting/Purge Procedure for X
Circumferential Butt Welds for LIGO
FPStiffener Fitting/Purge Procedure for Stiffener X
Attachment Welds for LIGO
FPPumpPort Fitting/Purge Procedure for Pump Port X
Attachment Welds for LIGO
MI Material Traceability X
IR Receiving Inspection X
DCQT Dimensional Control X
Welding Procedures
WPS-INDEX Weld Procedure Index X
WPS-ER308S/GMA Weld Procedure, GMA Welding for 304L X
(w/PQR 4858) Materials
WPS-ER308L/Repair Weld procedure, GMA for Repair X
(w/PQRs 10029 & 4858) Welding for 3041 Materials




Qualification Test Procedures

Beam Can Sections For Ligo
Qualification Test Module Addenda

ID Title Directly from QT Addenda QT Specific
Detailed to Detailed
Design Design
GR-8X General Repair Procedure for Materials X
and Welds for LIGO Beam Tube
Modules
CUP-8X Plate Clean-Up Procedure for LIGO X
Beam Tube Modules
WPS-E7018/STRUCT Welding Procedure for Structural X
(w/PQR 8903) (Carbon to Carbon)
WPS-E308-STRUCT Welding Procedure for Structural X
(wW/PQR 9168) (Stainless to Stainless)
WPS-E309-STRUCT Welding Procedure for Structural X
(w/PQR 6190 {Carbon to Stainless)
WPS-ER308L-Circ Welding Procedure for Expansion Joint X
(w/PQR 10029) to Beam Tube Can Assemblies
WPS-ER308L/Port Welding Procedure for 10" Vacuum X
(w/PQR 10029) Port Nozzle to Beam Can Assemblies
WPS-ER308L/Stiffener Welding Procedure for Stiffener to Beam X
(w/PQR 4858) Tube Cans
GWPS-SMAW General Welding Procedure Specification X
for the Shielded Metal Arc Process
GWPS-GTAW General Welding Procedure Specification X
T for the Gas Tungsten Arc Process
| GWPS-GMAW & FCAW General Welding Procedure Specification X
for the Gas Metal Arc and Flux Cored :
Arc Processes
NDE Procedures
VIS5 Visual Inspection Technique Procedure X
Standard Procedure
VI8 Visual Inspection Requirements for X
ASME Section VIII Code - Division 1 &
2 Pressure Vessels
Cleaning Procedures
CLCOUP Steam Cleaning of Coupons for X
Outgassing Test
LIGOCPQT Planned Approach for Cleaning X
Maintenance for LIGO Qualification Test
Addenda
CL1QT Cleaning Of Completed Beam Tube X
Can Sections Before And After Leak
Testing And Final Assembly For Ligo
Qualification Test Module Addenda
CL2QT Maintenance Of Partially Completed X




Qualification Test Procedures
D Title Directly from QT Addenda QT Specific
Detailed to Detailed
Design Design
CL3QT Final Cleaning and Inspection of LIGO X
Beam Tube Inner Surfaces Including
Baffles for LIGO Qualification Test
Addenda
CRWAQT Clean Room Wearing Apparel for Beam X
Tube Access for LIGO Qualification Test
Addenda
Leak Testing Procedures
LIGOTPQT Planned Approach to Leak Testing for X
LIGO Qualification Test Addenda
HMSTIQT Helium Mass Spectrometer Hood Test of X
Beam Tube Can Sections for LIGO
Qualification Test Addenda
HMST2QT Helium Mass Spectrometer Hood Test of X
Closing Weld Joints Between Beam Tube
Cans for LIGO Qualification Test
Addenda
HMST4QT Helium Mass Spectrometer/Performance X
Test of Beam Tube Modules for LIGO
Qualification Test Addenda
Outgas Testing Procedures
Coup-02 Coupon Outgassing Test Procedure X
Qualification Test
OUTGAS Pump Down and Outgassing Test X
Procedure
Alignment Procedures
AQT Installation Alignment and Support X
Adjustment Procedure for LIGO
Qualification Test
Bakeout Procedures
BO-QT Preliminary Procedure for Bakeout of X
Qualification Test Beam Tube
Data Acquisition Procedures
DAQT Data Acquisition Procedure X







IDENTIFICATION
C-BT-QT
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LIGO BEAM TUBE SECTIONS 930212 SHT 1 OF _6
QUALIFICATION TEST OFFICE REVISION
NOE-C 0
PRODUCT MADE BY | CHKD BY | MADE BY | CHKD BY
LIGO BEAM TUBE MODULES MLT KHF
" CALIFORNIA INSTITUTE OF TECHNOLOGY DATE DATE DATE DATE
02/22/94 | 02/23/94

0.1 SCOPE

This specification gives the technical requirements for spiral welded tube sections to be used in the LIGO Beam Tube
Qualification Test (QT). The scope of work consists of the fabrication of four sections of spiral welded tube sections
and the associated documentation and inspection as defined by this specification. The beam tube sections will be
incorporated into a high vacuum qualification test by CBI(Purchaser). Although not subjected to internal pressure, the
qualification test will be built to the requirements of ASME Section Viil, Division 1 as applicable to ultra high vacuum
facilities.

1.0 MATERIALS

1.1 The beam tube sections will be fabricated from material supplied by the purchaser. Sufficient material will be
provided to enable the spiral welded tube manufacturer to produce approximately 60' of tube to establish the
correct mill and welding parameters as required. All material provided and tube sections fabricated, including
trial sections, shall remain the property of CBI. The material will conform to the requirements of ASME
Specification SA-240 Type 304L with the additional supplementary requirements described in the attached
material specifications C-240-0186 and C-CMBS1.

1.2 No external attachment welds to the tube sections are allowed without the prior approval of the purchaser.

2.0 CODES & SPECIFICATIONS

The following codes and specifications shall apply unless revised by this specification. Any conflicts between the
requirements given herein and the applicable ASME Specification shall be brought to the attention of the purchaser
for resolution.

21 ASME Boiler & Pressure Vessel Code, Section 11, "Materials”, 1992 Edition, 1993 Addenda.

2.2 ASME Unfired Pressure Vessel Code, Section VIII, Division 1 1992 Edition,1993 Addenda as applicable.
(Code stamping is not required.)

2.3 ASME Section IX Welding and Brazing Qualifications 1992 Edition, 1993 Addenda

24 CBI Specification WMS-ER308L

2.5 CBI Coil Material Specification C-40-0186

2.6 CBl Material Bake Specification C-CMBS1

2.7 LIGO Specification 110004, Rev. C, "Beam Tube Module Specification dated May 11, 1993

2.8 LIGO Specification 1100007, Rev. 0. "Process Specification for Low Hydrogen, Type 304L Stainless Steel
Vacuum Products”, dated April 5, 1993.

3.0 PHYSICAL DESCRIPTION

The qualification test configuration is shown on the attached sketch SK-1. The QT pressure boundary is composed of
four stiffened spiral welded tube sections, heads, an expansion joint and associated pumping and test equipment.
The qualification will be evacuated to ultra high vacuum and stiffeners are provided to prevent collapse of the tube
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T
A

sections. Only the unstiffened tube sections are covered by this specification. All tube sections shall have a nominal
inside diameter of 48.75". Tube section lengths are shown below:

Two sections at 60'-0 each.
One section at 10'-0.
One section at 8'-0.

4.0 TOLERANCES

Tube tolerances are generally not critical. Close circumferential tolerance at the tube section ends are required to
enable tube sections to be butt welded to either adjacent tube sections or expansion joints. Tube ends may be
expanded to produce the required circumferential tolerance but all tube ends must have the same nominal diameter
and lie within the circumferential tolerance specified. Tube ends must be perpendicular to the tube axis and flat to
produce a straight butt welded tube section and to provide close fit up for welding. Tube ends must therefore be
machined. Tube sections shall have the following tolerances:

Perdendicularity of the end of the tube to the axis of the tube: <

Flatness of the tube end: .010"
Circumference of the tube ends:(See note below) +/-3/64"
Circumference of the tubes other than at ends: +/- .25"
Longitudinal straightness of tube: 25"

Diameter when supported to prevent sag or stiffened: +.25,-0
Concentricity of expanded end to the tube axis (if ends are expanded) .010"

Longitudinal straightness will be critical for 10% of the tube sections used for the LIGO facilities. The longitudinal -é-
straightness of the tube sections will be checked before and after stiffener attachment by the Purchaser.
5.0 SUBMITTALS, DOCUMENTATION, AND RECORDS

5.1 Information Required With Quotation

5.1.1 The vendor shall state in the guotation that the quotation complies with this technical specification with any
exceptions or alternatives noted and explained. The Purchaser will assume complete conformance unless
deviations are noted.

5.1.2 A description of the vendor's ASME Section VIl Quality Control System Manual

51.3 Procedures for making and documenting measurements of dimensions with specified tolerances.

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

Printed in USA GO 1688 FEB 91
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5.1.5 A description of the vendor's management plan, including the process by which the work covered by this
specification will be monitored and controlled, and the identification and function of key personne! to be
assigned.

5.1.6 Coil material dimensional requirements, tolerances required, and processing requirements.

5.1.7 Equipment and procedures to be used for beam tube end preparation including diameter of sized ends if
applicable.

5.2 Information Required After Receipt of Order and 4 Weeks Prior to Fabrication For Review and Approval

5.2.1  Welding procedures with supporting procedure qualification records in accordance with ASME Section IX..
5.2.2  Welder Performance Qualification Test Records in accordance with ASME Section IX. (Available for review)
5.2.3 Repair procedures.

5.2.4 NDE procedures.

5.2.5 NDE personnel qualifications (Available for review)

5.2.6 Cleaning Procedures

5.2.7 Packaging and Handling procedures.

5.3 Information Required for Record and Documentation at the Completion of the Work

5.3.1 Record of measured tolerance dimensions of each spiral welded tube section provided with the tube section.

5.3.2 Record drawings and / or check lists indicating welder identification to each weld joint and traceability of
Certified Material Test Reports (CMTR) to the location in each tube section.

5.3.3 Signed off checklist and reports indicating that all required NDE was completed.
6.0 FABRICATION

6.1 Welding

6.1.1 ER308L weld material shall be cleaned and baked per CBI Specification WMS-ER308L.
(Note: This requirement is not included at this time. Purchaser will provide weld material if special processing
is required.)

Printed in USA GO 168B FEB 91
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6.1.2

6.1.3

6.1.4

6.1.6

6.1.8

All welding exposed to the vacuum shall be done by the gas tungsten arc welding (GTAW) process. Welding
shall be autogenous with the exception that weld passes on the outside of the tube section spirai weld joints
may use filler metal meeting the requirements of paragraph 6.1.1.

For all welding, an inert gas purge on the vacuum side is required.

Unless directed otherwise by the Purchaser, temporary attachments and weIdAtacks for fit up, lifting, or
handling shall not be used.

Welding procedures shall be submitted prior to production welding. Welder and welding operator
performance qualification test records shall be submitted prior to any individual performing welding. Welding
procedures, welders and welding operators shall comply with the ASME Boiler and Pressure Vessel Code.
The purchaser shall have the option to require re-qualification 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 proper quality.

Edge registry for spiral welds must be within 1/4 of the thickness which is 1/32". Edge registry for coil splices
must be within .010". All edges including strip edges must be power brushed with stainless steel brushes just
prior to tube fabrication.

The minimum depth of penetration for the inside and outside weld isjo% which will provide an overlap of

approximately .050". of /# % ~ 38 yy..&v

Coil splices shall be made with end tabs if coil edges are not removed by slitting prior to tube fabrication.
Tabs are to be made from SA240 type 304L material, baking is not required. Tabs shall be removed by
mechanical means such that a full edge at the coil splice is provided.

6.2 Cleaning and Cleanliness Maintenance

6.2.1 All contact made with the stainless steel material during fabrication shall be such that carbon steel
contamination is prevented.

6.2.2 After fabrication of the spiral welded tube sections is complete, the inside surface shall have all visible traces
of oil, grease, or other foreign material removed with a solvent wipe. Detergent / water solutions are not
allowed. Vendor shall submit a cleaning procedure stating solvents to be used for approval by the purchaser.

cm——

6.3 Spiral Mill

6.3.1 Spiral mills variable speed DC drives to enable smooth material flow at speeds ranging from 5" per minute to
24" per minute.

6.3.2 Cleanliness of the stainless steel shall be preserved. Cleaning of the spiral mill may be required to

accomplish the cleanliness requirements of the stainless steel tube sections. The manufacturer is to evaluate
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6.3.3

6.3.4

6.3.5

the contamination potential and advise the necessary course of action. Spiral mills may have to be steam

cleaned of all hydrocarbons prior to the tube fabrication and located or placed such that cleanliness is
preserved during tube manufacturing.

Only the necessary guides and rollers of the mill shall contact the coil material and tube sections before,
during, and after fabrication. All items of the mill which contact the strip material or inside surface of the
fabricated tube should be cleaned by wiping with alcoho! prior to fabrication.

Coil strip edges shall be power brushed just before welding to remove the oxide layer developed during coil
bake out. '

All bearings and lubrication fittings which could allow hydrocarbons to leak or drip onto the coil or fabricated
tube shall be wiped free of excessive lubrication with a solvent wipe.

6.4 Material Identification

6.4.1

6.4.2

Material traceability shall be maintained throughout fabrication and shipping.

Each beam tube section shall be uniquely identified The identification shall enable the complete history of
each tube to be maintained. A record for each beam tube section shall indicate all weld repairs, stops and
starts, and fabrication abnormalities including locations of coil butt splices.

7.0 INSPECTION / REPAIRS

7.1

7.2

7.3

The purchaser shall have the right to witness all manufacturing processes.
Each tube section shall be inspected to determine the tubes dimensional tolerances and weld abnormalities.
Dimensional information, weld abnormalities, and any relevant information concerning the tube fabrication

shall be recorded on a unique drawing(s) for each tube section. Abnormalities include all stops and starts,
weld depressions, areas of wide gap, and excessive mismatch.

8.0 REJECTIONS AND REPAIR OF DEFECTS

8.1

8.2

8.3

No weld splices or repair welding is permitted to the material without approval by the purchaser using
approved repair procedures and qualified welders.

Circumferential weld joints in the beam tube sections are not permitted.

Coil splice weld joints are not permitted within 6" of the tube ends.

Printed in USA GO 1688 FEB 91



IDENTIFICATION
C-BT-QT
TITLE REFERENCE NO.
LIGO BEAM TUBE SECTIONS 930212 SHT _6 OF _6
QUALIFICATION TEST OFFICE REVISION
NOE-C 0
PRODUCT MADE BY | CHKD BY | MADE BY | CHKD BY
LIGO BEAM TUBE MODULES MLT KHF
CALIFORNIA INSTITUTE OF TECHNOLOGY DATE DATE DATE DATE
02/22/94 02/23/94
9.0 PACKAGING, STORING AND SHIPPING
9.1 Vendor is to provide procedures for approval by the Purchaser for packaging, storing, and shipping of the

beam tube sections These procedures shall include details for end sealing and protection of the tube ends
and interior, any internal bracing for shipment and storage, and external shipping saddles.

9.2 Tubes shall be shipped four to a truck and be supported within 5' of the tube ends and at the midpoints for
sections over 30'. Tubes shall be supported or braced at the support points to prevent ovalling of the tube
cross section. The supports shall prevent relative motion between the tubes and supports or adjacent tubes.
Tubes shall be packaged to permit standard width unescorted trucks which have a maximum width of 8'-6.
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1.0 GENERAL

1.1

1.2

Printed in USA

Description

This specification defines the technical requirements for the materials, fabrication, and supply of the
LIGO Beam Tube Expansion Joints for the qualification test. The qualification test will consists of two
48.75" inside diameter beam tube sections and one expansion joint. The qualification test will have
an approximate overall length of 130 feet. 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. The qualification test will be used to demonstrate that the technical requirements
can be met. If the configuration proves to be successful, two Laser Interferometer Gravitational-
Wave Observatories may be buiit through the construction option.
Scope
The scope of work includes calculations, design and detail engineering, material purchase,
fabrication, welding, dimensiona! 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
1.2.2 Specifications

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

ASME Boiler & Pressure Vessel Code, Section I, "Materials", the 1992 Edition with the 1993
Addenda.

ASME Unfired Pressure Vessels, Section VIII, Division 1 as applicable, the 1992 Edition with
the 1993 Addenda. Code stamping is not required.

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

CBI Expansion Joint Material Specification C-240-0194.

GO 168B FEB 91
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1.3

Printed in USA

CBI 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

1.3.2

133

1.3.4

1.3.5

136

1.3.7

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. ‘

Shop practices, including forming method, lubricants used, cleaning procedures, etc. See
paragraph 4.3.3 concerning the use of lubricants.

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

Procedures for making and documenting measurements of dimensions with specified
tolerances.

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

A description of the vendor's procurement approach, including source of materials,
traceability of materials, and management of subcontracts.

A description of the vendor's quality assurance manual in accordance with ASME Section
V111, Division 1 or ANSI/ASQC Standard Q91. (Certification is not mandatory).
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1.3.8 A description of 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 personnel to be assigned.

Information Required After Receipt of Order and 4 Weeks Prior to Fabrication:

1.3.9

1.3.10

1.3.11

1.3.12

1.3.13

Design calculations and drawings.

Weld procedures with supporting procedure qualification records and welder personnel
qualification records per ASME Section IX.

Shop practices, including forming method, lubricants used, etc.

NDE procedures.

Qualification for NDE personnel.

Information Required 2 Weeks Prior to Shipment:

1.3.14 Certified material test reports for material and welding material.

1.3.15 Documentation of measured helium leakage rates for each Expansion Joint.

1.3.16 Record of measured toleranced dimensions of each Expansion Joint.
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2.0 MATERIALS

Stainless steel conforming to ASTM SA240-type 304L and LIGO Specification 1100007. Material will

2.1 Strip or sheet

be supplied by the purchaser per specification C-240-00194.
2.2 External attachments

Stainless steel conforming to ASTM SA240-type 304
2.3 Weld material for external attachments

if required, contact the purchaser for approved weld material and weld procedure.

3.0 DESIGN

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

31 Nominal size: 48 3/4" Match inside diameter. Expansion joints will be field welded by the purchaser
to 65' long tubes with a 48.75" ID and 48.004" OD. The expansion joint thickness will be 0.105.
3.2 Expansion joint type: Single, unreinforced
3.3 Flow medium:
During installation: dry air, 15 feet per second
Operating & Transient: Vacuum < 1 x 10E-9 torr
3.4 Design Pressure:
External:  14.7 psi Continuous after start up
Internal: 0.20 psi During construction only
3.5 Temperatures
Transient: 3029 F or 3380 F (see Paragraph 3.7.2)
Minimum: -160F
Maximum operating: 100° F
Installation temperature: 20°to 100° F
3.6 Maximum installation movements:

Printed in USA

These movements will be one time movements. The shipping restraints will not be removed untit the
expansion joint is welded to tubes on both sides. The shipping restraint, having adjustment capability
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(see section 4.4.3), will impose the movements listed below. The adjustments will be made to assist
the fit up of the second joint between the expansion joint and the tube sections.

Axial: + 0.25"

Lateral: 0.0"

Rotational: + 0.13
3.7 Maximum movements:
3.7.1 Operating

Axial:

1.21" Extension, 700 to -16° F
7300 total cycles

Lateral:

0.43" Contraction, 709 to 100° F

in addition to other specified axial movements

degrees in addition to other specified rotations

differential settlement between supports.

Rotational:

0.10 degrees (1 cycle) due to dead load of tube.

0.125"(5 cycles) The 5 cycles of lateral movement may be caused by

0.20 additional degrees (5 cycles) due to differential settlement.

3.7.2 Transient

The expansion joint shall be designed for either condition below. The combination of both
conditions is NOT required. If Condition #2 controls the design, design the expansion joint for
Condition #1 and specify the maximum axial contraction for 3 cycles.

Condition #1
Axial:

Lateral: 0.00"

3.26" Contraction (20 cycles) 70° to 3020 F.

Rotational: 0.10to 0.20 degrees (20 cycles)

Condition #2
Axial:

Lateral: 0.00"

Rotational: 0.10 to 0.20 degrees (3 cycles)

3.8 Rods (Tie/Limit/Control): None

3.9 Dimensional limitations: See Figure 2

Overall length:
Second end

Maximum Outside diameter:

Printed in USA

3.76" Contraction (3 cycles) 700 to 3380 F.

2'-8 Length may be adjusted with purchaser approval
Tangents (straight portion of ends) 6" plus the length required for shiping restraints
4" plus the length required for shiping restraints

(6" preferred) '

55"
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Minimum Inside diameter: 48.75"
Minimum thickness at ends: 0.100"
Maximum thickness at ends: 0.130"

3.10
Axial:

Spring Rates: (Based on a 70° F material temperature.)
Supplied by Vendor, Less than 8000 Ibs/in, based on a full stroke per

3.7.2; Condition #1, at 700 F))

Lateral:
Rotational:
Torsion:

3.11 Torsional Rotation:

Vender shall specify the maximum torsional rotation the expansion joint can have during the
operating condition. There would be a maximum of 30 cycles for this torsional rotation. Also specify
the torque required to cause this rotation.

3.12 Installation Position: Horizontal

3.13  Vibration frequency: by Vendor

4.0 FABRICATION

Supplied by Vendor
Supplied by Vendor
Supplied by Vendor

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.

Printed in USA
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All 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 outside of
the expansion joint may use filler wire meeting the requirements of paragraph 2.3.

All welding of external attachments 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

For all welding, use an inert gas purge on the vacuum side of the weld. An inert gas purge
shall also be use on the vacuum side when welding attachments including shipping lugs and

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

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

Welder and weld
operator qualification records shall be submitted prior to any individual performing welding.
Welders and weld operator qualifications shall comply with Section 1X of the ASME Boiler
and Pressure Vessel Code. The purchaser shall have the option to require the requalification
of any welder at any time if, in the purchaser's opinion, the welder's qualifications are suspect

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

After fabrication of the Expansion Joint is complete, the inside surfaces shall have all visible
traces of oil grease or other foreign material removed with a solvent wipe. Detergents/water
are not allowed. The expansion joint fabricator shall submit a cleaning procedure stating

Solvents used. Cleaning with Oakite 33 per LIGO Specification 1100007 paragraph 2.4 will

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

42 Welding (LIGO Specification 1100007, Section 2.3)
421
422
permitted.
423
the name plates.
424
425
fit-up, lifting or handling shall not be used.
426 Welding procedures shall be submitted prior to production welding.
or welds appear not to be of the proper quality.
4.3 Cleanliness and Cleaning
4.3.1
prevent carbon steel contamination.
43.2
be conducted by others.
433
provided in a cleaning procedure.
4.4 Preparation for Shipping

Printed in USA
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4.5

46
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441

442

443

Wrap the Expansion Joint securely in plastic and seal at both ends to maintain a clean state
until installation by others. Cover the ends of the Expansion Joint with a cap to protect the

edges and prevent punctures of the plastic wrap. Type of desiccant used to minimize
condensation shall be specified.

Ship the expansion joint in a crate to protect the expansion joint and plastic wrap during

shipping. Provide a procedure specifying how paragraph 4.4.1 will be met, and state what
type of crate will be used.

The vendor shall attach a shipping device to maintain the installed length and to provide
adjustment per Paragraph 3.6. The shipping device shall include lifting lugs to lift and turn
the expansion joint. The dimensional limitations of paragraph 3.9 and Figure 2 shall be met.
If lugs welded to the expansion joint are required, the lugs will remain in place after the
removal of the restraint arms. Shipping devices shall be painted yellow or otherwise
distinctively marked.

Dimensional Control

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

Fabrication Tolerances

4.6.1

46.2

46.3

46.4

48.5

46.6

46.7

Records of measured toleranced dimensions shall inciude the temperature of the expansion
joint during the measurements. Temperatures shall 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 0.010".

The ends of the expansion joint shall be flat within 0.005".

The overall length shall be within £1/8".

The ends of the expansion joint shall be concentric within 3/16".

The axial spring rate of the expansion joint shall not be more than 20% of the specified

maximum spring rate specified in paragraph 3.10. The measured spring rate shall be based
on a full stroke per paragraph 3.7.2, Condition #1.
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5.0 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 to provide a
100% helium environment at 1 atm surrounding the Expansion Joint. The mass spectrometer
" | sensitivity shall be sufficient to measure a helium leakage rate of 1 x 10-10 atm cc/sec. The mass
spectrometer shall show no leak equal to or greater than the specified sensitivity after evacuating the
Expansion Joints below 1 x 106 torr.
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 The expansion joint shall be tested to determine the axial spring rate based on the axial movement
specified in paragraph 3.7.2 Condition #1. The temperature of the expansion joint shall be between
600 and 800 F during the test. The spring rate determined by the test shall be provided on the
expansion joint tag.
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01  SCOPE

This specification is for the supply, welding, fabrication, cleaning, testing, and packaging of shop fabricated
pump ports for ultra high vacuum service. The pump ports are part of a vacuum system for sensitive
interferometer components and optical beams for the Laser Interferometer Gravitational-Wave Observatory
(LIGQO). VAT Series 10 gate valves will bolt to the pump ports. Field installation will be by CBI (Purchaser).

1.0 APPLICABLE DOCUMENTS

1

1

A

2

onf

Drawings / Figures

The following drawing(s) and figure(s) form an integral part of this specification:

Sketch 1 -- "Pump Port".

Specifications

1.21

1.2.2

The vendor shall comply with all applicable sections of the latest edition of the following
documents and codes:

ASME Unfired Pressure Vessels, Section VIIi, Div. 1 as applicable (Code stamping is not
required).

ASME Welding Qualifications, Section 1X.

LI ificati ecification for Low infess
Steel Vacu S, dated March 26, 1992.

In the event of a conflict between the text of this specification (including drawings and
figures) and the references listed in Section 1.2.1, the vendor shall immediately notify the
Purchaser for resolution.

2.0 MATERIAL SUPPLY

Printed in USA
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21 One (1) or two (2) pump ports with gaskets, test bolts, and blind flanges per Figure 1 shall be
supplied to the Purchaser for the performance of a Design Qualification Test.

3.0 SUBMITTALS

Information Required with Quotation:

3.1 The vendor shall 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 exceptions are noted.

3.2 Pricing for one (1) and two (2) units for the Design Qualification Test. Units shall include gaskets,
test bolts, and blind flanges.

3.3 Pricing for the leak testing described in Section 6.1 of this specification.

34 Type of forging material used for flange to be supplied (full SA or ASTM designation) and type of
pipe material to be supplied (full SA or ASTM designation).

3.5 A description of the vendor's quality assurance manual in accordance with ANSVASQC Standard
Q91. (Certification is not mandatory).

36 If the pipe material is welded, the welding procedure(s) used to fabricate the pipe shall be provided.
3.7 Sketch or drawing detailing the pump port pipe-to-flange joint and proposed welding procedure(s).
3.8 Thickness of flange and pipe wall. |

3.9 Country of origin of the manufacturer. This project contains a "Buy American” clause.

3.10 Delivery schedule.
3.1

Other submittals as described elsewhere in this specification.

Information Required After Receipt of Order and 4 Weeks Prior to Fabrication:

3.12 Welding procedures with supporting procedure qualification records and welder personnel

qualification records per ASME Section IX.

Printed in USA GO 1688 FEB 91
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IDENTIFICATION
C-PORT-QT
TITLE REFERENCE NO.
PUMP PORT FABRICATION SPECIFICATION 930212 SHT _3 OF _5_
QUALIFICATION TEST OFFICE REVISION
NOE-C 0
PRODUCT MADE BY | CHKD BY | MADE BY | CHKD BY
LIGO BEAM TUBE MODULES JGS wWJC
CALIFORNIA INSTITUTE OF TECHNOLOGY DATE DATE DATE DATE
03/01/94 | 03/04/94
3.13  NDE procedures and qualifications for NDE personnel.
Information Required 2 Weeks Prior to Shipment:
3.14 Certified material test reports (CMTR) or certificate of compliance (COC) for all material.
3.15 Documentation of measured helium leakage rates for each pump port.
4.0 MATERIALS

4.1 Stainless steel conforming to ASTM A240 type 304L and-H&0-Speeification+10600+4:

4.2 Flanges shall be fabricated from forged material and cross rolled.
43 Pipe is preferred to be seamless.

4.4 Welding material shall be ER308L.

4.5 LLubricants that affect the ability to obtain high vacuum levels such as hydrocarbons or silicon shall
not be used during fabrication. If a lubricant must be used, the type of lubricant shall be specified.

Printed in USA

GO 168B FEB 91
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C-PORT-QT
TITLE REFERENCE NO.
PUMP PORT FABRICATION SPECIFICATION 930212 SHT _4 OF _5
QUALIFICATION TEST OFFICE REVISION
NOE-C 0
PRODUCT MADE BY | CHKD BY | MADE BY | CHKD BY
LIGO BEAM TUBE MODULES JGS WJC
CALIFORNIA INSTITUTE OF TECHNOLOGY DATE DATE DATE DATE
03/01/94 | 03/04/94

5.0 FABRICATION

5.1 Welding

51.1 All welding exposed to vacuum shall be done by the gas tungsten arc welding (GTAW)
process.

5.1.2 For all welding, use an inert gas purge on the vacuum side of the weld.

5.1.3 All vacuum welds shall be, wherever possible, internal and continuous. All external welds
added to these for structural purposes shall be intermittent to eliminate trapped volumes.

5.1.4 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 option to require the re-
qualification 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.

5.1.5 Weld edge preparation shall be made by machine cutting or‘grinding. Burning is not
permitted.

5.2 Cleanliness and Cleaning

521 All contact made with the stainless steel material during fabrication shall be such as to
prevent carbon steel contamination.

522 After fabrication of the pump port is complete, the inside surfaces shall have all visible

traces of oil, grease or other foreign material removed with a solvent wipe. Detergents/water
are not allowed. Pump port vendor shall submit a cleaning procedure stating solvents used.

Printed in USA GO 168B FEB 91
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5.3 Tolerances

5.3.1 Tolerances shall be per the vendor's standard. The vendor's fabrication tolerances shall be
submitted to the Purchaser with the quotation.

6.0 TESTING AND INSPECTION

6.1 The leak testing of pump ports shall be done with a helium mass spectrometer (HMS) using the
helium hood technique. The pump port HMS test system must be calibrated and the system
calibration must indicate that in-leakage of 1 x 10-10 "atm. cc/sec. is readily detectable within a
reasonable amount of time. The pump port shall contain no leakage in excess of 1 x 10-10 atm.
cc/sec. The HMS leak test procedure to be used shall be submitted to the Purchaser for approval.

6.2 The Purchaser shall have the option of inspecting at the vendor's facility and witnessing tests or
procedures required in this specification.

7.0 PACKAGING

74 It shall be the responsibility of the vendor to protect the pump ports during shipment. In particular,
the interior of the pump port shall be protected from contamination by sealing all openings. The
vendor's method of protecting the pump ports shall be submijtted to the Purchaser for review with the

quotation. 5‘*‘/‘;)5414 m »3 ;WAA@T «@w

8.1 The vendor shall satisfy the following tentative schedule requirements:

8.0 SCHEDULE

e Supply one (1) or two (2) completed pufnp ports by May 1, 1994.

(et

Printed in USA GO 168B FEB 91






CONTRACT PROCEDURE DOC. ID: FSQT
FOR REV. 0 (Draft)
LIGO BEAM TUBE MODULES CONTRACT: 930212

DESIGN & QUALIFICATION TEST CDRL No. 07
Page 1 of 9
TITLE: BEAM TUBE CAN SECTION FABRICATION SEQUENCE FOR LIGO
QUALIFICATION TEST MODULE ADDENDA
@ Cop  Com BY DATE ™
PREPARED _ WLR 411-94
2 BGG PM REVISED
o JAC AUTHORIZED
% REFERENCED
STANDARD FABSEQ REV. No. 0
1.0 SCOPE

This addendum outlines the changes to Beam Tube Can Section Fabrication Sequence for LIGO
DOC ID “FABSEQ" procedure. The fabrication sequences that are specific to the beam tube qualification
test are supplemented with details, additional supporting procedures or procedure addenda for cleaning,
testing, installing, etc., and are referenced as required.

-t
—h

1.2 Portions of procedure Doc ID "FABSEQ" requiring changes or deletions are briefely described with
applicable paragraph numbers.

2.0 FABRICATION SEQUENCE

21 CBI Houston Corporate Welding is the fabrication site for beam tube can section assemblies. CBITSC
Plainfield is the site for final fabrication and installation. The receiving area at each location will simulate
the option receiving in a similar manner.

221t
25 See FABSEQ.

26 See FABSEQ and add the following: "Perform dimensional measurements using reference procedure."

PP
Reference

See
Dimensional Control Procedure for LIGO
Qualification Test Module Addenda
Doc ID "DCQT"

L2222 2222 22

2.7to
2.14 See FABSEQ.

2.14.1 Perform dimensional measurements and baffle performance test using Dimensional Control Procedure
for LIGO Qualification Test Module Addendum.
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CONTRACT PROCEDURE DOC. ID: FSQT
FOR REV. 0 (Draft)
LIGO BEAM TUBE MODULES CONTRACT: 930212

DESIGN & QUALIFICATION TEST CDRL No. 07
Page 2 of 9
TITLE: BEAM TUBE CAN SECTION FABRICATION SEQUENCE FOR LIGO
QUALIFICATION TEST MODULE ADDENDA

2.0 FABRICATION SEQUENCE (Continued)

215 See FABSEQ and change end step to the following:

2.15.1 CBI Houston Corporate Welding skip and go to step 2.30.

2.15.2 CBITSC Plainfield performs steps 2.16 through 2.29 for fabrication sequences for assembling beam tube
can sections into sub-assemblies. The beam tube can sections shall be visually inspected for shipment
damage and the shop release for shipment check list shall be complete before continuing.

2.15.3 CBITSC Plainfield performs steps 2.16 through 2.29 for installation of expansion joint sub-assembly to
the forward assembly and performs the circumferential weld joint test using added steps 2.24.1 through
2.24.4 for the forward assembly. The sub-assembly check list testing sequence shall be complete before
continuing.

2.16 See FABSEQ and change step to the following: "Move stiffened tube can section(s) or expansion joint
assembly (sub-assemblies) to assembly fabrication area."

2.17to

224 See FABSEQ and change "expansion bellows" or "expansion joint" to “sub-assembly" as applicable. Add
the following steps for testing the circumferential weld joint of the expansion joint sub-assembly to the
tested forward sub-assembly. Skip steps 2.24.1 through 2.24.4 for sub-assemblies and aft assembly.

2.24.1 Shut valve on annular evacuation line.

2.24.2 Evacuate annular space using vacuum pump to 29.9" Hg.

2243 Immediately close vacuum pump valve and open valve to helium test gas. Flow helium for 5 mins at flow
rate of 100 cfh (approximately four volumes or until the helium gas returns the annular space to
atmospheric pressure) Then reduce flow maintaining helium test gas flow at 10-15 cfh (light positive flow)
or just enough to maintain a positive outward flow of helium at the inflated seals.

2.24.4 |nstall helium mass spectrometer vacuum cover and test beam tube weld joint.

seakskok koo ok ok
Reference
See
""Helium Mass Spectrometer Hood Test of Circumferential Closing
Weld Joints Between Beam Tube Can Sections
Qualification Test Module Addenda
Doc ID "HMST2QT"
ek ok ke ek
2.24.5 If leak is detected, vent, repair and retest in accordance with the applicable steps of procedure addendum

HMST2QT.



CONTRACT PROCEDURE DOC. ID: FSQT
FOR REV. 0 (Draft)

LIGO BEAM TUBE MODULES CONTRACT: 930212
DESIGN & QUALIFICATION TEST CDRL No. 07
Page 30of 9

TITLE: BEAM TUBE CAN SECTION FABRICATION SEQUENCE FOR LIGO
QUALIFICATION TEST MODULE ADDENDA

2.0 FABRICATION SEQUENCE (Continued)

2.24.6 Remove helium mass spectrometer vacuum cover from weld joint exterior.
2.24.7 Shut helium test gas and nitrogen ring seal gas supply.

225 See FABSEQ. Skip if for forward assembly final fabrication.

2.26to
229 See FABSEQ.

2.30 See FABSEQ delete step 2.30 and add the following steps.

2.30.1 CBI Houston Corporate Welding shall continue steps 2.31 through 2.41 for installation of pumping port.

Skip and go to step 2.42.1 for beam tube can sections without pumping port.
2.30.2 CBI Plainfield skip and go to step 2.42.5.

2.31to

235 See FABSEQ and add the following after step 2.35: "Perform visual inspection to assure 100%
penetration and fusion. Use reference general welding procedure specification for repair when applicable."

2.36 to
241 See FABSEQ.

242  See FABSEQ delete step and add the following steps.

2.42.1 CBIl Houston Corporate Welding shall perform facing of weld ends on beam tube can sections.

2.42.2 CBI Houston Corporate Welding shall perform dimensional measurements using Dimensional Control

Procedure for LIGO Qualification Test Module Addendum.

2423 CBI Houston Corporate Welding shall set beam tube can section with pumping port in the fabrication fit-
up and weld area and position the end closure plate at the end per contract drawings. Position assembly

in a fixed temporary support.

2.42.3.1 Purge beam tube interior with nitrogen gas. Purge until oxygen level is less than 1.0% oxygen. End
point to be verified with oxygen analyzer. Upon reaching 1.0% oxygen, establish nitrogen flow rate of

25 cfth (light positive flow).

Purge to be maintained at less than 1.0% oxygen within tube. Check periodically during any tacking

and welding operation.
P2 222222 2222

Warning

Welding or tack welding at weld
joint to be only performed after

completion of the above weld purge.
P22 2222 2222 ]
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TITLE: BEAM TUBE CAN SECTION FABRICATION SEQUENCE FOR LIGO
QUALIFICATION TEST MODULE ADDENDA

2.0 FABRICATION SEQUENCE (Continued)

2.42.3.2 Tack end closure flat plate to beam tube can section.Tack welding is allowed at this step.

E2 22222222 ]
Reference

See
Weld Procedure Specification
for Circumferential Welds
Doc ID ""WPS-ER308L/Circ"

2222222 222 ]

2.42.3.3 Final position, fit and tack end closure stiffener ring. Set up and position automatic weld equipment and
complete weiding of beam tube weld joint. Weld end closure plate and stiffener ring.

2.42.3.4 Complete fit up and weld end closure stiffener component weld joints.

N P22 22221 23
Reference

See
Weld Procedure Specification
for GMA Welding for 304L Materials
Doc ID "WPS-ER308L/GMA"

dkkehkkrrEE

2.42.34 Perform dimensional measurements using Dimensional Control Procedure for LIGO Qualification Test
Module Addendum.

2.42.4 CBI Houston Corporate Welding shall visually inspect the interior surfaces of each beam tube can section
for visible contamination with dirt, grease or heaavy layers of dust. Wipe with acetone or alcohol to
remove all visible deposits of these materials. Following this solvent wipe, install end caps for shipment.

2.42.5 CBI Plainfield shall perform dimensional measurements using Dimensional Control Procedure for LIGO
Qualification Test Module Addendum and install end caps

243 See FABSEQ and add the following steps.

2.43.1 CBI Houston Corporate Welding package and ship beam tube can sections (sub-assemblies) to CBI
Plainfield.

./ 2432 CBI Plainfield for tested forward assembly skip steps 3.0 through 3.13.1 and go to step 4.1.
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TITLE: BEAM TUBE CAN SECTION FABRICATION SEQUENCE FOR LIGO
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3.0 TESTING SEQUENCE

3.1 See FABSEQ.

3.2 See FABSEQ and change to "Perform pretest cleaning and black light testing using reference cleaning
procedure addendum .”

LR T2 2222 2 13
Reference
See
Cleaning of Completed Tube Can Sections for LIGO
Qualification Test Module Addenda
Doc ID "CL1QT"
*hekkkkrkEk
3.3 See FABSEQ and add the following: “CBl Corporate Welding, install end caps and go to step 4.0."
~~, 34 See FABSEQ and add the following: “Perform leak test on beam tube can section using reference
o procedure with addendum.”
a2 222 2 212 2]
Reference
See
Helium Mass Spectrometer Hood Test
of Beam Tube Can Sections for LIGO
Qualification Test Module Addenda
Doc ID "HMST1QT"

kkEkkkiird

3.5 See FABSEQ.

3.6 See FABSEQ and change to “Steps 3.7 through 3.11 are for repair and repeat testing of beam tube
assemblies that have failed previous test. Skip and go to step 3.12 if not applicable to specific beam tube
can section."

37 See FABSEQ.

3.8 See FABSEQ and change to “Step 3.4 addendum reference locates leak(s)."

3.9 See FABSEQ.

3.10 See FABSEQ and change to "Repeat step 3.4 addendum reference."

311to

3.13 See FABSEQ and add the following step.
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TITLE: BEAM TUBE CAN SECTION FABRICATION SEQUENCE FOR LIGO
QUALIFICATION TEST MODULE ADDENDA
3.0 TESTING SEQUENCE (Continued)
3.13.1 Move the tested forward sub-assembly to the fabrication area for installation of the expansion joint sub-
assembly and go to step 2.15.3 to continue.
4.0 BEAM TUBE CAN SECTION CLEANING
41 See FABSEQ.
42 See FABSEQ and add the following: CBITSC Plainfield shall set-up for aft and forward assembly
cleaning using reference cleaning procedure addendum.”
2222 21 2222
Reference
See
Cleaning of Completed Tube Can Sections for LIGO
Qualification Test Module Addenda
Doc ID "CL1QT"
AL 222222 22 )
4310
47 See FABSEQ and change "beam tube can section" to "sub-assembly" or "assembly" as applicable.
5.0 REFERENCED PROCEDURES
See FABSEQ and add the following:"This addendum is to be used in conjunction with FABSEQ and the
following additional references."
5.1to
53 See FABSEQ and addendum for the Qualification Test Module Fabrication.
5.4to
58 See FABSEQ.
5.9 Dimensional Control Procedure for LIGO Doc ID "DC*
5.10  Dimensional Control Procedure for LIGO Qualification Test Module Addenda Doc ID "DCQT"
5.11  Helium Mass Spectrometer Test of Beam Tube Can Sections for LIGO Qualification Test Module
Addenda Doc ID "HMST1QT"
5.12  Helium Mass Spectrometer Hood Test of Circumferential Closing Weld Joints Between Beam Tube Can
Sections for LIGO Qualification Test Module Addenda Doc ID *HMST2QT"
5.13 Cleaning of Completed Tube Can Sections for LIGO Qualification Test Module Addenda Doc ID

"cLiQT"
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TITLE: BEAM TUBE CAN SECTION FABRICATION SEQUENCE FOR LIGO
QUALIFICATION TEST MODULE ADDENDA

6.0 SEQUENCE DIAGRAM AND SKETCHES

See FABSEQ and add the following: “Attached find the following related to this addendum fabrication
sequence:"

6.1 See FABSEQ.

6.2 Change to the following: “Beam Tube Fabrication Sequence Logic Diagram -- (Page 8 of 9 to Page 9 of
9)
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BEAM TUBE CAN SECTION FABRICATION SEQUENCE FOR LIGO
QUALIFICATION TEST MODULE ADDENDA

TITLE:

-B C GIC DIAGRAM

UALIFIC S A

ATTACHM

swiwasresis Prg Fab Storage *** Fabrication Task

Fit Vac Port
Reinforce Ring

Slide On/Rough
Position Vac
Stiffeners
CBI-Fab

CBI-Fab

1
Unload & Mowve Tube to s Position Mach Set-up for Stitt Nitrogen Purge Fit Stiffeners
Recaive Tube Stitf FitWekd Swpot =t FitWed [ Tube —
Matorials Arsa l Stiffeners
CBI-Fab CBl-Fab CBl-Fab CBl-Fab CBI-Fab CBl-Fab
A 1
D, ]
I Sequence
Task Descripti CBI H Corporate Welding=
- CBi-Fab
Beam Tube Fabrication Sequance Resource CBITSC Plainfield =
LIGO CBITSC-Fab
Qualification Test Module Addenda Fabrication Sequence
Phainfield Research and Development Center of Legend

CBI Technical Services (CBITSC)Plainfiek, IL
Rev. 0 (Draft) APR 11, 1994

Fabrication Task (Continued)

Fit Pumping Port Weld Pumping Set-up & Bore Fi, Purge & Weld Inspect & install Inspect & Clean
Reinforce Ring H Port Reinforcing 10° Dla Pump Pumping Port Biind Flanges Visible Traces of
Ring Port Inlet Oll, Greass, etc.
CBI-Fab CBI-Fab \ CBI-Fab CBI-Fab \CBI-Fab CBI-Fab
Move Beam Tube Move Beam Tube Can Perform Inspect & Install
Can Section to Pumping Section to & Set-up Dimensional EndCaps [
Port Fit & Weld Area CBl-Fab Dimenslonal Inspection Inepection
Weld Stiffeners N
& BafflS CBI-Fab CBl-Fab CBi-Fab CBI-Fab
Rin:
CBI-Fab = Perform Fadng Install Typical
S of Weld Joint Baffle
Task Description !
CBl-Fab CBI-Fab
Rosource CBi Houston Corporate Weidin
Beam Tube Fabrication Sequence CBHFab e
LIGO CBITSC Phainfield =
Qualification Test Module Addenda CBITSCFab
Plainfield Research and Development Center of Fabrication Sequence CBI-Fab
CBI Technical Services (CBITSC) Plainfield, iL Legend

Rev. 0 (Draft) APR 11, 1984




CONTRACT PROCEDURE DOC. ID: FSQT

FOR REV. 0 (Draft)
LIGO BEAM TUBE MODULES CONTRACT: 930212
—~ DESIGN & QUALIFICATION TEST CDRL No. 07
‘ Page 9 of 9
TITLE: BEAM TUBE CAN SECTION FABRICATION SEQUENCE FOR LIGO
QUALIFICATION TEST MODULE ADDENDA
ATTACHMENT - BEAM TU CE LOGIC DIAGRAM
UALIFICA NDA
** Fabrication Task (Continued) * w+ersettt Pro Fab Storage Fabrication Task
Move Boam Tube I Inspact & Store I Setip AR Assombly Inspect & Instal L
Can Section with End Closure 10 ftoms Fabrication Area End Caps
Fabrication Area [} §
CBI-Fab \ ' CBITSC- 1 CRITSC. CBITSC-
Purge, Fit & WeKl End | TNiowe Besrn Tibs I Fab I Fab Fab
Closure Plate & RokatedL} Gan Sectionto | | Giioad & Recowe | [Move Sub-Assembies | | [ Set& Position | [[install Puge | [Fomove Flemove
mponents Shipment Arsa | ltems & tems to Fab Area et Sub-Assemblies | | Ring & Purge Purge Purge
Perform Dimensional | ~=mrer Weld Joint Ring Ring
cBI Fa'bmcbon Package, Load & Ship | CBITSG CBITSC- * Gerrsc. CBITSC- CBITSG- ™ CBITSC-
’ e revacen || Fo° Fab | F Fab Fab . Fab
Sections to CBITSC _1; 2 Set-up Forward Install Purge Fit & Wekd
p " ™ CBI-Fab . . FabA'm'mw Ring & quge Cimumfem_nﬁal
(’ig’}‘ I I = Tsr:anon Area c;:l::c..!olm CB‘;:;':_JOM
- Fab Fab Fab
Beam Tube Fabrication Sequence * Sequence . -
LIGO Task Description g:l‘.:.o:-ton Corporate Welding
> Qualification Test Module Addenda CBITSC Plainfleld =
Phainfield R h and Development Center of Resource CBITSC-Fab
CBI Tochnical Services (CBITSC) Plainfield, IL Fabrication Sequence
Rev. 0 (Draft) APR 11, 1994 Legend

Testing Task Fabricatlon Tagk ***+***** wswmmiwinisr Claaning Tagk ***irtrsiiae
Proclean & Tost Alt Assembly | [VisualInsp Tocate & I Tost | Dry
& Repair Area Repair Wekl Joint Assembly
Test Sub-Assemb Weld A ] : 1
CBITSC- CBITSC- . CBITSC: 1 CBITSC-

| Testing Testing l Fab Cloan

Set-up Tast for Aft Assembly install End Perform Local Retost Remove I Perform - [ Instal End Caps, |
[ & Caps Halium Painting | { Assembly | 1 Puge | & Assembly Seal & Move to

Forward Sub-Assembly Tost 1 Ring 1 Cleaning Installation Stagi

CBITSC- CBITSC- \ wff=====cnol CBITSC: CBITSG- CBITSC-
| Testing Testing D | Fab | o Clean
N Move Forward §ub—Assonblylo 1] Set& Position InspectWeld& | g
. Fabricati a N Forwand Install End

CBITSC-Fab Sub-Assemb _Caps

' [Move AﬂAssemblytoClean'ngAm]I CaITSC- CBITSC-
. CBITSC-Fab = Feb .

Beam Tube Falljdcation Sequence Sequence CBI Houston Corporate Weldings

1GO Task Description | cBi-Fab
Qualification Test Module Addenda CBITSC Plainfleld =
Painfiekd Research and Development Canter of ~ Resource CBITSC-Fab
CBI Technical Services (CBITSC) Plainfield, IL Fabrication Sequence
Rev. 0 (Draft) APR 11, 1994 Legond
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TITLE: BEAM TUBE CAN SECTION INSTALLATION SEQUENCE FOR LIGO
QUALIFICATION TEST MODULE ADDENDA
g Cop  Corp BY DATE
Eng__Weld QA Const Mig  RCE Caltech PREPARED WLR 4-11-94
Q PM REVISED
o JAC AUTHORIZED
% REFERENCED STANDARD
INSTALLSEQ REV. No.0
1.0 SCOPE
1.1 This addendum outlines the changes to Beam Tube Can Section Installation Sequence for LIGO
(INSTALLSEQ) procedure. The installation sequences that are specific to the beam tube qualification
test are supplemented with details, additional supporting procedures or procedure addenda for cleaning,
testing, installing, etc., and are referenced as required.
1.2 General Changes:
Reference to clean room or clean enclosure shall be changed to QT installation area throughout the oS
procedure. Sfoovy=®
Reference to beam tube, beam tube can, beam tube can section, can, or can section shalll b
with aft assembly, forward assembly, sub-assembly, or assembly as applicable.
1.3 Portions of procedure INSTALLSEQ requiring changes or deletions are briefely described with applicable
paragraph numbers.
20 INSTALLATION SEQUENCE
2.1 See INSTALLSEQ, after first sentence delete remainder of step and add the following: "CBITSC

Plainfield is the site for installation.

See the "Beam Tube Can Section Fabrication Sequence For Ligo" procedure and "FABSEQ for LIGO
Qualification Test Module Addenda" (Doc ID's “FABSEQ" & "FSQT") for the specific sequences and
procedures that are followed during the fabrication sequence.

The installation sequence begins with a beam tube assembly specific to the beam tube qualification test
module. The ensuing beam tube assembly is likewise specific. The two (2) beam tube assemblies
(forward and aft ) with related equipment and components are assembled using methods and procedures
that duplicate beam tube section installation within reasonable proximity.

Perform prerequisite installation alignment task .

seoksdeskeskok sk ook ok skok ok
Reference

See
"Installation Alignment and Support Adjustment
Procedure for LIGO Qualification Test"
DocID "AQT"

ook e skeolk e she ke e ok ke ok
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2.0 INSTALLATION SEQUENCE (Continued)

(2.36)
2.1.1

(2.37)
212

(2.38)
213

(2.39)
214

(2.40)
215

Move the aft assembly into position. Set aft assembly on temporary adjustable supports located clear of
the contract structural support area and clear of adjoining end. Remove pumping port blind flange and
connect temporary positive clean air flow tubing to qualification test vacuum lab clean room. The aft
assembly is under a positive clean air flow condition. The positive clean air flow is maintained as the
forward assembly is moved into position or installed. Perform the following additional steps (See

INSTALLSEQ steps 2.36 through 2.45).

Remove end cap from end of aft assembly. Verify positive air flow exists and verify safe entry is feasible.
Complete required checks and records for non permit confined space entry.

sk seskeokseskok ek kk R

Reference

See
"Final Cleaning and Inspection of LIGO Beam Tube
Inner Surfaces Including Baffles
for LIGO Qualification Test Module Addenda"
Doc ID "CL3QT"

stk sk e sk kel sk e ok
Note

skeskskokkekkok ok kR

See Doc ID "CL3QT" for specific safety precautions
and procedures to be adhered to within
the beam tube interior.

skededeslodk ok kR kokk

Inspect and clean aft assembly interior as workman "backs out" and install baffles into the clean area per
Doc ID "CL3QT" and contract drawings.

Perform dimensional check information and complete records on aft assembly at support locations and
installed baffles.

Install tube access plug 8" from end of aft assembly immediately upon completion of cleaning, baffle
installation and exit from aft assembly. ,

Install end cap.
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TITLE: BEAM TUBE CAN SECTION INSTALLATION SEQUENCE FOR LIGO
QUALIFICATION TEST MODULE ADDENDA

2.0 INSTALLATION SEQUENCE (Continued)

(2.41)
2.1.6 At this point installation is complete and the forward assembly installation may be started.

(2.42)
2.1.7 Install contract fixed structural support on aft assembly after equipment has been removed clear of

structural support point.

(2.43) to

(2.45)
2.1.8 Remove the temporary adjustable supports. Grout is not required for the QT.

The forward assembly is moved into position in a tested and internally cleaned condition with end caps
installed on both ends.

2.2to
2.3 See INSTALLSEQ.

24 See INSTALLSEQ and delete step.

2.51t
2.6 See INSTALLSEQ.

27 See INSTALLSEQ and change step to the following: "Align forward assembly centerline and elevation to
the previously installed alignment reference points per Doc ID "AQT".

2.8to
29 See INSTALLSEQ. Delete steps.

2.10  See INSTALLSEQ and change step to the following: “Remove end cap from end of forward assembly ."

seskskokk ko dkdkok
Note

ek skokdkokde bk ok

See Doc ID "CL3QT" for specific safety precautions
and procedures to be adhered to within
the beam tube interior.

deskeale sk sk sk ek sk 3k ok

211to
2.16. See INSTALLSEQ and change reference to the following:
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2.0 INSTALLATION SEQUENCE (Continued)

sk eakeok ek sk Aok ke

Reference

See
""Helium Mass Spectrometer Hood Test of Circumferential
Closing Weld Joints between Beam Tube Cans
for LIGO Qualification Test Module Addenda"
Doc ID "HMST2QT"'.
ek e ek ke sk skl e

217t
221 See INSTALLSEQ.

2.22to0
223 See INSTALLSEQ. Steps not used for qualification test module.

2.24  See INSTALLSEQ and change step to the following: “Install helium mass spectrometer vacuum cover and

test circumferential weld joint per procedure Doc ID "HMST2QT."
225 See INSTALLSEQ. Change procedure Doc ID to "HMST2QT"

2261t
2.31. See INSTALLSEQ.

23210
235 See INSTALLSEQ. Steps not used for qualification test module.

236 See INSTALLSEQ and add additional task before step 2.36 as follows:

2.36.A "Verify positive air flow exists and verify safe entry is feasible. Complete required checks and records for

non permit confined space entry."

2.36to
2.37 See INSTALLSEQ and add the following note.
ek kR R
Note
ek seRk gk ko

See Doc ID "CL3QT" for specific safety precautions
and procedures to be adhered to within
the beam tube interior.

ook ek ke ek
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20 INSTALLATION SEQUENCE (Continued)

2.38to
240 See INSTALLSEQ.

241 See INSTALLSEQ and Change step to the following: “At this point installation of the beam tube
qualification test module is set-up for the alignment acceptance test."

242 See INSTALLSEQ and change step to the following: “Install contract fixed & guided structural support on
forward assembly after equipment has been moved from structural support points.”

243 1o
245 See INSTALLSEQ and add the following steps.

2.46 Perform post installation alighment task and alighment acceptance test per Doc ID "AQT" and contract
drawings.

2.47 Remove end cap and the internal tube access plug from the beam tube module end. Verify positive air
flow exists and verify safe entry is feasible. Complete required checks and records for non permit
confined space entry. Verify final beam tube module cleaning per procedure Doc ID "CL3QT."

sk ko ek ko
Note

e ook e e el e o e e ok e

See Doc ID "CL3QT" for specific safety precautions
and procedures to be adhered to within
the beam tube interior.

sk kkk skl kk

248  Set-up for fitting and purge for end closure and related component installation. Align the end closure and
rough position near final location. Remove pump port temporary positive clean air flow tubing to quallflcatlon
test vacuum lab clean room and install qualification test module vacuum lab testing valve.

2,50 Purge beam tube module interior with nitrogen gas. Purge until oxygen level is less than 1.0% oxygen.
End point to be verified with oxygen analyzer. Upon reaching 1.0% oxygen, establish nitrogen flow rate of

25 cfh (light positive flow).

Purge to be maintained at less than 1.0% oxygen within tube. Check periodically during any tacking and
welding operation.
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TN

{ )
i i
g ;

2.0

2.51

2,62

2.53

2.54

2.55

2.56

INSTALLATION SEQUENCE (Continued)

deskskedoiedededakok ke ke
‘Warning

Welding or tack welding at weld joint to be only performed
after completion of the above weld purge.

ek aledededeole ok ok sk ok

Verify purge prior to welding. Tack welding is allowed at this step. Final position, fit and tack end closure
and related components.

Complete fit up of weld joints.

PR TR
Reference

See
Weld Procedure Specification
for Circumferential Welds
Doc ID ""WPS-ER308L/Circ"
and
Weld Procedure Specification
for GMA Welding for 3041, Materials
Doc ID "WPS-ER308L/GMA"

LR 2 2 23222 L)

Set up and position weld equipment as applicable and complete welding of end closure and related
component weld joints. Perform final visual check of completed welds. Install qualification test

supplemental support components on fixed supports.

Set-up for beam tube module testing. Open vacuum lab valve and vent purge gas through vent valve
installed in beam tube module end closure using positive clean air flow. Close valve and perform

installation leak test before final testing.

seafesiel ks sesfeoke ek ok e
Reference

See
""Helium Mass Spectrometer/Performance Test
of Beam Tube Module
for LIGO Qualification Test Module Addenda"
Doc ID "HMST4QT"
sk sl dledesle e sk ke 3k

Perform helium mass spectrometer test of installed valve and qualification test beam tube module.

Perform documentation review and final visual check before qualification test testing.
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3.0 REFERENCED PROCEDURES AND SPECIFICATIONS
See INSTALLSEQ and add the following: “This addendum is to be used in conjunction with INSTALLSEQ
and the following additional references."
3.1to
3.9 See INSTALLSEQ references and applicable addendum for the Qualification Test Module Installation.
3.10  Welding Procedure Specification for GMA Welding for 304L Materials Doc ID "WPS-ER308L/GMA"
3.11  Dimensional Control Procedure for LIGO Doc ID “DC*
3.12  Dimensional Control Procedure for LIGO Qualification Test Module Addenda Doc ID "DCQT"
3.13 Installation Alignment and Support Adjustment Procedure for LIGO Qualification Test Doc ID "AQT"
3.14 Maintenance of Partially Completed Beam Tube Can Sections for LIGO Qualification Test Module
Addenda Doc ID "CL2QT"
3.15  Final Cleaning and Inspection of Internal Surfaces Including Baffles for LIGO Qualification Test Module
Addenda Doc ID "CL3QT"
3.16  Helium Mass Spectrometer Hood Test of Closing Weld Joints Between Beam Tube Cans for LIGO
Qualification Test Module Addenda Doc ID "HMST2QT"
3.17  Helium Mass Spectrometer/Performance Test of Beam Tube Module for LIGO Qualification Test Module
Addenda Doc ID "HMST4QT"
4.0 SEQUENCE DIAGRAM AND SKETCHES
See INSTALLSEQ and add the following: “Attached find the following related to this addendum
installation sequence:"
4.1 See INSTALLSEQ.
42 Change to the following: "“Beam Tube Installation Sequence Logic Diagram -- (Page 8 of 9 to Page 9 of 9)
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BEAM TUBE CAN SECTION INSTALLATION SEQUENCE FOR LIGO

TITLE:
QUALIFICATION TEST MODULE ADDENDA
ATTACHMENT — BEAM TUBE INSTALLAT| ENCE LOGIC DIAGRAM
QUALIFICATION TEST MODULE ADDENDA
Installation Task
Set & Posltion
Forward
Assemb
[of=]]
Install Alignment Set & Position Install Temporary Positive Remove End Inspect/Clean Install Beam Install End
Reference Points Aft Assembly == Clean Alr Flow Tubing Cap bt  Boam Tube =t Tube — Cap rem—
Connectlon to Vacuum Lab Interior Access Plug
c8l cal cBl cBl VBI csl cBl
Install Baffle
Beam Tube Installation Sequence cBI
LIGO Sequenco
Qualification Test Module Addenda Task Deecription
Plainfield Research and Development Center of -
CBI Tachnical Services (CBITSC)Plalrfleld, IL Resowce  CBITSC Plainfield instail =

Rev. 0 (Draft) APR 11, 1994

Installation Sequence
Legend

** Installation Task (Continued)

Perform Verify Alignment
st Preliminary Using Reference
Alignment Points
cal csl
Align Fit
Remove End Cap Circumferential Purge Circumferential Weld Leak Test
@ Aft assembly End Weld Joint Circumferential Weld Joint = Circumferential }== Circumferential ===
& Phase #1 Fit Waeld Joint Phase #2 Weld Joint Weld Joint
cal / cal cal cal \ /
Remove End Caps Verily Positive Air Instal Weld Pruge & Set-up
-t @ Forward Assembly Flow & Safe Entry Helium Test Ring For Tesling
Ends @ Forward Through Forward
CB! Assembly End Assembly End
cal
cal
Sequence
Beam Tube Installation Sequence Task Description
LIGO
Qualification Test Module Addenda Resource g:ﬁc Plainfield Install =
Plainfield Research and Development Center of
e Installation Sequence

CBI Technical Services (CBITSC)Plainfield, IL
Rev. 0 (Draft) APR 11, 1994 Legend
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TITLE:
QUALIFICATION TEST MODULE ADDENDA

BEAM TUBE CAN SECTION INSTALLATION SEQUENCE FOR LIGO

CE LOGIC DIAGRA

ATTAC -
| NDA
Installation Task (Continued)
Perform Verify Alignment
Preliminary Using Reference |
nment ] Points
CBl cBl
Remove Pruge/Helium Inspect/Clean Install Tube install End Install Contract Perform Alignment
Ring Beam Tube =i Accoss Plug | Cap = Suppoits =t Acceptance Test ™~
Interior

CBI cBl cBI cel cBi CBl

Set-up for Cleaning Verify Posiive Air Instali Baffie

& Baffle installation Flow & Safe Entry

@ Outboard End @ Outboard End
cBl s cBl cBi
Sequence
(f\\ Beam Tube Installation Sequence Task Description
! LIGO
S Qualification Test Module Addenda Resource CBITSC Phainfleld install =
CBI
Pt R h and Development Canter of Instatlation Sequence

Legend

CBI Technical Services (CBITSC)Phinfield, IL
Rev. 0 (Draft) APR 11, 1894

Inetallation Task (Continued)

ICBI Teck;nical Services (CBITSC)Plainfield, IL Legend

Rev. 0 (Draft) APR 11, 1994

Set & Position Monitor Alignment
———— End Closure Using Ref
& Related Components Points
CBI cel
Align End
Ch Woeld = -

et Purge Beam Fit Weld Joints Wekl End install Qualification Test

&Phase # Fit Tube Module Phase #2 =1 Closure Joints Support Components for
Interior Vacuum Loads

CBi CBl cBi cBl cBl
Remove Positive Air Instal 10° Dia Valve Set-up Module Leak Test End Parform Module

Flow Tubing © Pumping Port & Puige Closure Weld Joints & ™ Qualification Test

Vaguym QT Module
CcBI CBl CBi cBl cBl
@F
- Sequence
Beam Tube Installation Sequence Task Description
LIGO
Qualification Test Module Addenda Resource CBITSC Plainfield Install =
cBi
Phainfield R h and Developmert Center of Installation Sequence
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TITLE: DIMENSIONAL CONTROL PROCEDURE FOR LIGO QUALIFICATION
TEST MODULE ADDENDA
@ Cop  Corp BY DATE
Eng Weld QA Const Mfg  RCE  Caltech PREPARED WLR 4-8-94
| swp PM REVISED
o JAC AUTHORIZED
% REFERENCED
STANDARD REV. No.
1.0 SCOPE
1.1 This addendum outlines the changes to Dimensional Control Procedure for LIGO Doc ID "DC." The
dimensional measurements that are specific to the beam tube qualification test are supplemented with
details, additional supporting procedures or procedure addenda and are referenced as required.
1.2 Portions of procedure Doc ID "DC" requiring changes or deletions are briefely described with applicable
paragraph numbers. :
2.0 DIMENSIONAL CONTROL EQUIPMENT
2.1 Change "CBl's QAM" to "CBl's ASME QCS, Division 3 & 4, Section 9" and "Welding & QC Supervisor" to
"Project Manager."
3.0 DEFINITIONS
3.1to
3.7 See DC.
4.0 MEASUREMENT METHODS
4.1to
42 See DC.
5.0 COMPONENT INSPECTION
51 See DC and Change "Option" to "Qualification Test" and add the following component.
J. Qualification Test Module End Closures -- Inspection by supplier, documentation review, receiving
inspection with random checks for general dimensions shown on vendor shop drawings.
5.2 Inspection by Supplier
52 See DC.
53 Receiving Inspection
5.3.1to
5.3.8 See DC and add the following paragraph.
5.3.9 Qualification Test Module End Closures have random measurements verified during receiving inspection with

random checks for general dimensions shown on vendor shop drawings.
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5.0

54

541t

543

55

5.5.1
6.0

6.1to
6.5

7.0
71
8.0

8.1to
8.2

8.3
9.0

91to
9.2

COMPONENT INSPECTION (Continued)

Assemblies Fabrication

The Qualification Test Fabricated Assemblies have circumferential weld joints that the Option beam tube can
sections do not have. The final length and straightness of the assembly shall be measured after the
circumferential weld joint joining the short beam tube can section to the longer beam tube can section has
been completed. The pumping port assembly has an end closure installed. Measurements shall be taken
before and after the end closure and related components are welded. The finished lengths and straightness

are similiar to the finished length after installing the expansion joint in the Option. The measurement record
and check list shall document the specific lengths for the Qualification Test.

See DC.

Construction Installation

The Qualification Test (QT) Installation Module has a circumferential weld joint at the closure ends that the
Option beam tube module does not have. The final length of the QT module shall be taken before and after
the end closure and related components are welded. The measurement record and check list shall document
the specific lengths for the Qualification Test. The alignment acceptance test will be performed before the end
closure is installed.

See DC..

CALTECH SPECIFICATION DIMENSIONAL TOLERANCES

See DC.
ASME CODE, SECTION VIl DIV. 1 DIMENSIONAL TOLERANCES

See DC.

RECORDS

See DC.
Change “Project Manager" to "Engineering Project Manager."

ATTACHMENTS

None See DC.
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2 REVISED

(v ot

o AUTHORIZED

% REFERENCED

STANDARD REV. No.

1.0 SCOPE:

This planned approach to cleaning covers

1.1 Offsite cleaning requirements for manufacturers of purchased components or subassemblies.

1.2 Cleanliness maintenance requirements for the manufacturer of the beam tube can sections.

1.3 Onsite initial spot cleaning followed by final cleaning using procedure number CL1QT for completed
beam tube can sections after they are helium mass spectrometer leak tested, but before they are
installed and welded in final position.

14 Cleaning maintenance procedure number CL2QT for maintaining the cleanliness integrity of partially
completed beam tube modules during construction. Included as an integral part of this procedure is
the spot cleaning requirements of the closing weld joints between can sections after welding of those
joints is complete.

2.0 PERSONNEL:

Experienced personnel shall perform and supervise all cleaning and cleaning maintenance performed in

accordance with this planned approach and the cleaning and cleaning maintenance procedures referenced

within this plan.
3.0 REFERENCES:

3.1 California Institute of Technology Technical Specifications Number 1100004 for Beam Tube Modules
and Number 1100007 for Type 304L Stainless Steel Vacuum Products.

3.2 ASTM Designation A 380 Standard Practice for Cleaning and Descaling Stainless Steel Parts,
Equipment and Systems (as a guide).

4.0 MATERIALS USED IN ALL CLEANING PROCEDURES:

4.1

4.2

4.3

44

Softened water with a chiorine content in the range of 0.02 to 200 ppm.
Technical grade solvents such as acetone or alcohol.
Lint free cloths or paper towels.

100 Watt blacklights with 3650 Angstrom unit wavelength.
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5.0

4.5 Blacklight meters capable of measuring at least 800 uw/cm2.

DOCUMENTATION:

5.1 On a checklist of all purchase items for a beam tube module, sign-off and date the entry for each
purchase item indicating that the item was received in a clean condition. Note each purchase item
received in a non-clean condition. List them on a separate checklist of items still to be cleaned or on
a checklist of items returned to the manufacturer for cleaning or recleaning

52 Maintain a cleaning log book for each beam tube module listing the sign-offs and dates of entry for:

5.2.1 Satisfactory completion of the initial spot cleaning followed by the satisfactory completion
of the final cleaning per procedure CL1QT for each beam tube can section.

5.2.2 Satisfactory cleaning maintenance during construction per procedure CL2QT of each
partially completed beam tube module. This covers the local cleaning of closing weld
joints after successful completion of the local HMS leak testing of those weld joints.
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TITLE: CLEANING OF COMPLETED BEAM TUBE CAN

SECTIONS BEFORE AND AFTER LEAK TESTING AND FINAL
ASSEMBLY FOR LIGO QUALIFICATION TEST

MODULE ADDENDA
@ Corp Corp BY DATE
Eng _Weld QA Const  Mifg RCE _ Caltech PREPARED MJG 4-7-94
8 PM REVISED
o EEB AUTHORIZED
& REFERENCED
STANDARD CLIN _REV. No. 1
1.0 SCOPE
1.1 This procedure covers the on-site initial solvent spot cleaning followed by the on-site final steam cleaning for
completed beam tube can sections after being helium mass spectrometer leak tested, and before being
installed and welded into final position. Unless otherwise noted, this procedure will addend to document
CL1N. Use this procedure with procedure LIGOCP.
20 PERSONNEL CLOTHING REQUIREMENTS:
21 See document CL1N.
22 See document CL1N.
3.0 EQUIPMENT AND MATERIALS TO BE USED WITH THIS PROCEDURE:
3.1 See document CL1N.
3.2 See document CL1N.
33 Omitted for the qualification test procedure.
34 One (tugger) with cable for each cleaning station for pulling the jet cleaning apparatus through the can
section.
35 See document CL1N.
3.6 Omitted for the qualification test procedure.
3.7 Omitted for the qualification test procedure.
3.8 See document CL1N.
3.9 See document CL1N.
3.10 See document CL1N.

Printed in USA GO 168B FEB 81
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TITLE: CLEANING OF COMPLETED BEAM TUBE CAN

SECTIONS BEFORE AND AFTER LEAK TESTING AND FINAL
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MODULE ADDENDA

4.0 GENERAL PROCEDURE:

4.1 Omitted for the qualification test procedure.

42 Omitted for the qualification test procedure.

4.3 Omitted for the qualification test procedure.

44 See document CL1N.

5.0 BLACKLIGHT INSPECTION AND SOLVENT CLEANING PROCEDURE:

5.1 See document CL1N.

52 See document CL1N.

53 Starting at the end of the can section, inspect the interior surface of the entire length of the can with the
blacklight. Remove all deposits of hydrocarbons indicated by the blacklight using acetone and/or alcohol
soaked lint free clean rags and/or paper towels.

54 See document CL1N.

6.0 STEAM CLEANING PROCEDURE:

6.1 Omitted for the qualification test procedure.

6.2 See document CL1N.

6.3 See document CL1N.

6.4 See document CL1N.

6.5 See document CL1N.

6.6 See document CL1N.

6.7 Connect the cable from the (tugger) to the end of the jet cleaning apparatus.

6.8 When the jet cleaning head starts to rotate at a speed of 1 mps with a flat spray pattern of 6 inches, puli the

(tugger) to start the jet cleaning apparatus moving through the can section toward the low end at a rate of
approximately two (2) feet per minute. Open the valve to the recieving tank to carry the condensed steam
(used water) to the sanitary sewer. Reel up the excess hose as the jet cleaning apparatus proceeds toward
the low end.

Printed in USA GO 168B FEB 91
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// \\
! 3

6.9

6.10

6.11

6.12

6.13

7.0

When the jet cleaning apparatus reaches the low end of the can section, disconnect the jet cleaning
apparatus (tugger) cable.

See document CL1N.
See document CL1N.
See document CL1N.
As soon as the can section has air dried, install plastic covers over the ends and seal the covers to the

outside of the can with duct tape to keep out all dirt and other contaminates. The helium mass spectrometer
leak test can now be performed on the can section.

DOCUMENTATION:

Document as outlined in 5.0 of procedure LIGOCP the satisfactory completion of both the preliminary solvent
cleaning and the final steam cleaning operations.

Printed in USA GO 168B FEB 981
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% REFERENCED
STANDARD CLINREV. No. 0
1.0 SCOPE
This procedure covers the maintenance required to maintain the cleanliness integrity of partially completed
beam tube modules during the qualifification test phase. Unless otherwise noted, this procedure will addend
to document CL2N. Use this procedure with procedure LIGOCP.
20 PERSONNEL CLOTHING REQUIREMENTS
See document CL2N for further information regarding personnel clothing requirements.
3.0 EQUIPMENT TO BE USED WITH THIS PROCEDURE

4.0

( 31

The vacuum clean room shall continually maintain a positive flow of clean dry air through the port
pump end of the beam tube module to ensure that no contaminants enter the beam tube module
during installation.

3.2 thru 3.2.5 Omitted for the qualification test procedure.

3.2.6 Seedocument CL2N.

3.2.7 See document CL2N.

33 Omitted for the qualification test procedure.

34 Omitted for the qualification test procedure.

35 Inflatable helium hood enclosure for use during the helium mass spectrometer leak testing of welded
joints between can sections.

3.6 See document CL2N.

PROCEDURE

This procedure has been adapted for the qualification test procedures.

41

4.2
4.3
4.4

As soon as the beam tube can section is placed in the vacuum room, do not remove the plastic
cleaning cover on the outboard end of the 6 inch pump port.

Omitted for the qualification test procedures
Omitted for the qualification test procedures.
Install the next beam tube can section to the pump port's outboard end of the beam tube module.
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4.5 Omitted for the qualification test procedure.

4.6 Move the second can section within 6" to 8" from the outboard end of the first beam tube can section
for fit-up of the weld. Remove both the plastic covers for fit-up of the weld and cut slits in the plastic
cleaning cover of the second cans outboard's end to allow the vacuum room filtered air to pass
through the second beam tube can section.

4.7 Weld the joint formed by the two beam tubes can sections.

4.8 After the weld joint is welded complete, move the fit-up and welding equipment down to the outboard
end of the can section.

4.9 Move the helium mass spectrometer and leak test equipment into position over the welded joint.
Perform the helium mass spectrometer leak test.

410  After successful completion of the helium mass spectrometer leak test, locally clean the inside of the
completed weld joint area to remove all contaminates that may have resulted from these operations.

411  While the HMS test in steps 4.9 and 4.10 are being performed on the welded joint, move the next can
section to be installed in line.

412 Repeat steps 4.6 through 4.11 for each of the can sections as they are installed.

5.0 DOCUMENTATION

Document the completion of all events associated with this procedure in accordance with 5.0 of procedure
LIGOCP.
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oo REVISED
a.
% REFERENCED
STANDARD REV. No.
1.0 SCOPE
This procedure details the requirements for final cleaning of the LIGO tube section from the weld area back to
the end open to the clean room. Unless otherwise noted, this procedure will addend to document CL3N.
20 PERSONNEL
2.1-2.2 See document CL3N for further information regarding personnel clothing requirements.
3.0 REFERENCES
The following documents detail operations in conjunction to this activity. All references should be followed
during the execution of this procedure.
3.1-3.3 See document CL3N for further information regarding reference procedures.
3.4 CBl Cleaning Procedure CL1QT, “Cleaning of Compieted Beam Tube Sections After Leak Testing
and Before Final Assembly - CALTECH"
3.5 CBI Cleaning Procedure CL2QT, “Local Cleaning of partially Completed Beam Tube Modules After
Closing Weld Area of Final Assembly and During Construction - CALTECH"
3.6-3.8 See document CL3N for further information regarding reference procedures.
4.0 EQUIPMENT
41 See CBI Procedure CRWA-1 for complete listing of wearing apparel for Beam Tube and Clean Room
access.
4.2 See document CL3N for further information regarding special equipment requirements.
5.0 PROCEDURE

WARNING
ALL FACTORS GOVERNING "CONFINED SPACE" ENTRY
INCLUDING DOCUMENTATION SHALL BE STRICTLY
ENFORCED.

5.1-5.7 See document CL3N for further information regarding special procedures.
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TITLE: FINAL CLEANING AND INSPECTION OF LIGO BEAM TUBE
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6.0

DOCUMENTATION
6.1-6.3 See document CL3N for further information regarding special documentation procedures.

6.4 These records will be tumed in to the QC Manager at the end of the workday. The final inspection
tumover documents shall include these reports.
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@ Cop  Corp BY DATE
3 Eng _Weld QA Const  Mfg RCE__ Caltech PREPARED MJG 4-7-94
o REVISED
o
% REFERENCED CRWA-1
STANDARD REV. No. 0
1.0 SCOPE
This procedure covers protective wearing apparel for beam tube access through the clean box. All personngl
entering beyond the vacuum room shall be properly clothed. Unless otherwise noted, this procedure will
addend to document CRWA-1.
20 PURPOSE
See document CRWA-1.
3.0 REFERENCES
The alignment maintenance procedures for the Beam Tube Module are based on the following
references:
3.1-3.3 See document CRWA-1.
4.0 EQUIPMENT & MATERIALS

The following is a listing of safety equipment and wearing apparel required for access into the clean box and
final access into the beam tube.

41 Omitted for the qualification test procedure.
42 Omitted for the qualification test procedure.
4.3-4.8 See document CRWA-1.

4.9 Omitted for the qualification test procedure.

4,10-4.11 See document CRWA-1.

See the following detail(Figure 4.1) for information. Substitution of the above equipment and/or materials shall
be approved by site QA Manager.
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FIGURE 4.1

Safety Glasses or Goggles
Elastic Head Band Required. Glasses shall
meet CBI safsly Standards

Disposable Full Hood Cover-

Either Of Two Types:

Tucked Inside Coverall Neck Line With Draw String
Or

External Cover Type That Extends Over Shouiders

Washable Clean Room Rated Coveralls
Rated For Class 100 Clean Room Applications
Zipper Front With Gripper Adjustments On
Sleeves, Collar And Pant Legs. Pockets shall
be removed or sewn closed.

Solvent Protection Reusable PVA Gloves
Or

White Cotton Work Gloves

(Based On Work Activity)

Gloves Shall Be Secured To Sleeve Using
Coverall Gripper Adjustment And/Or White
Cloth Tape

Soft Sole White Safety Shoes

High Or Low Top Athletic-style Stes! Toe
Protection Meeting ANSI Z41 PT83FC-75 1-75
Or ANSIStandard Z1

Disposable White Shoe Covers
Shoe Covers Shall Be Secured To Coverall

Pant Leg Using Coverall Gripper Adjustment
And White Cloth Tape
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5.0

6.0

7.0

APPAREL INSTRUCTIONS REQUIRED FOR VACUUM ROOM ENTRY

Vacuum room access instructions are described in procedure CL3N. The following is a detailed set of
instruction for wearing clean room compatable clothing.

5.1
5.2

5.3
54
5.5
5.6

5.7
5.8
5.9
5.10

Omitted for the qualification test procedure.

Personnel shall suit up with CBI provided coveralls. Coveralls shall be clean and in good repair. All
soiled garments shall be stored in a designated soiled storage binand forwarded to the cleaning
service for cleaning. Damaged garments shall be tagged with a description of the location and extent
of tears, wear or if necessary removal from service.

See document CRWA-1.

Omitted for the qualification test procedure.

Omitted for the qualification test procedure.

Remove disposable shoe covers and if un-soiled, store in designhated location. If soiled, place in
designated waste disposal.

Omitted for the qualification test procedure.

Omitted for the qualification test procedure.

Store solvent Protection Gloves in the Flamable Materials Cabinet inside the clean room.

Omitted for the qualification test procedure.

INSTRUCTIONS REQUIRED FOR VACUUM ROOM EXIT

Vacuum room exit instructions are described in procedure CL3N. The following is a detailed set of instruction
for the removing, storing and cleaning of clean box compatable clothing and equipment.

6.1 See document CRWA-1.

6.2 Inspect each item of disposable apparel and determine if it can be re-used again. If not, dispose in
waste container. If re-usable, place the item in the designated "Used" container.

6.3 Omitted for the qualification test procedure.

6.4 Personnel shall remove the disposable hood and discard it into the designated waste container.

6.5 Personnel shall remove the shoe covers and coveralls.

6.6 See document CRWA-1.

LAUNDRY SERVICE

Omit these sections for the qualification test procedures:

7.1
7.2
7.3
74
7.5
7.6
7.7
7.8
7.9



e
W g




N

CONTRACT PROCEDURE DOC. ID: LIGOTPQT
FOR REV. 0 (Draft)
LIGO BEAM TUBE MODULES CONTRACT: 930212

DESIGN & QUALIFICATION TEST CDRL No. 07

PAGE No. 1 OF 3

TITLE: PLANNED APPROACH TO LEAK TESTING
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@ Cormp Corp BY DATE
Eng Weld QA Const Mg RCE _ Cdltech PREPARED  EEB 4-5-94
Q XX REVISED
m » L] » o
& REFERENCED
STANDARD REV. No.
1.0  SCOPE:
This planned approach to leak testing LIGO (in chronilogical order of performance) covers:
1.1 The helium mass spectrometer hood test of each beam tube can section in accordance with the
current approved revision of procedure HMST1QT.
1.2 The helium mass spectrometer hood test of the closing weld joint between beam tube can sections in
accordance with the current approved revision of procedure HMST2QT.
1.3 Omitted for Qualification Test.
14 The helium mass spectrometer/performance test of the QT beam tube module in accordance with the
current approved revision of procedure HMST4QT.
1.5 Omitted for Qualification Test.
2.0 PERSONNEL:
Qualified leak testing personnel shall perform and supervise all helium mass spectrometer leak testing
conducted in accordance with this planned approach and all the leak testing procedures referenced within this
plan.
3.0  REFERENCE:
3.1 -3.5 See LIGOTP.
40  LEAKTESTING EQUIPMENT USED IN ALL LEAK TEST PROCEDURES:

4.1 Helium mass spectrometer (HMS) with a high vacuum turbomolecular pump or a diffusion pump with
a cold trap and an internal auxilary mechanical vacuum pump. Instruments must be capable of direct
flow operation and may have the option of indirect flow operation. Specific models and sensitivity
limitations will be given in each of the applicable leak test procedures. The HMS shall be on a
separate 110 Vac 30 ampere electrical breaker circuit.

4.2-4.6 See LIGOTP.

47 Electrical power for all electrical leak testing equipment such as mechanical vacuum pumps,
turbomolecular pumps, vacuum gauges, helium mass spectrometers (see item 4.1).

4.8-49 See LIGOTP.
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5.0 ClS

The following Leak Detection Decision Tree provides a condensed view of the leak testing to be performed on
LIGO Qualification Test.

LEAK DETECTION DECISION TREE

QUALIFICATION TEST
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6.0

DOCUMENTATION:

6.1 Sign-off and date the QT beam tube module checklist for each item after the leak test for that item
has been successfully completed.

6.2 Maintain a construction record for the QT beam tube module and make entries of all noteworthy

events, such as leaks repaired, etc., as they occur during the fabrication of each can section and
closing weld joints between can sections of that module.

6.3 - 6.4 See LIGOTP.
6.5 Provide a log of each helium spectrometer instrument.. Make entries in this log for all:

6.5.1 Maintenance on done on the HMS either by CBI or by others and whether it was scheduled
or necessary maintenance due to problems with the instrument.

6.5.2 Electrical problems encountered with the HMS circuit such as power outages and/or
abnormal voltage fluctuations.
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1.0 SCOPE:

1.1 This procedure covers the helium mass spectrometer hood leak test of each completed beam tube
can section. Unless otherwise noted, this procedure will addend to HMST1N. Perform this
procedure in conjunction with the current revision of procedure LIGOTP.

1.2 See HMST1N Document

20 LEAK TESTING EQUIPMENT TO BE USED IN THIS PROCEDURE:

2.1
M 22

2.3

See Document HMST1N

The hood test enclosure will be replicated by fabricating an enclosure from sheet polyethylene and
duct tape bag:

2.2.1 Venting will be accomplished by a hose and exhaust fan.

2.2.2 The hood (plastic bag) will be exhausted by attaching a hose to centrifical exhaust system.
2.2.3 Omitted for the Qualification Test.

2.24 Omitted for the Qualification Test.

This portion of the procedure will not be done since there is not an outer full-vacuum container.
Location of leakage will be done either by painting the surface of the tube with a fine spray of helium
or by isolating successive areas with plastic sheets, duct tape, and injection of helium into these

areas.

2.3.1 - 2.3.5 Omitted for the qualification test.
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24 This section will remain essentially unchanged except that certain pump sizes may change. See the
illustration below describing the beam tube and test apparatus.

LIGO BEAM TUBE 10* DIA. VACUUM VALVE
3
CONVECTRON
1/8° NTP w
ION GAGE & 7o e 7
3/4° NPT -
I X
He CALIBRATED
LEAK H
e ——
10* DIA. COLD TRAP =
\ — J—-] P
10" DIA. DIFFUSION PUMPX P
50 CFM ROUGHING PUMP

25 Omitted for the qualification test procedure.
2.6-2.8 See Document HMST1N

3.0 PROCEDURE:

3.1 Install beam tube can section in the test enclosure.

3.2 Engage the end-seal assembly at each of the beam tube can section. Seal these assemblies with
electrical tape or vacuum putty.

3.3 Energize the roughing pump and evacuate the can sections. Also evacuate the diffusion pump and
foreline. When the absolute pressure in the beam tube can section reads about 1000 millitorr, begin

cooling the LN2 cold trap.

3.4 Omitted for the qualification test procedures.
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3.5
3.6

3.7

3.8

3.9

3.10

When the absolute pressure in the beam tube can section reads approximately 400 millitorr, energize
the diffusion pump.

When the absolute pressure in the can section reads 50 to 75 miillitorr, close the roughing pump valve
and open the 10"¢ diffusion pump valve.

Omitted for the qualification test procedure.

Put the helium mass spectrometer instrument into operation and calibrate (peak tune) the instrument
to ensure that it meets the instrument to ensure that it needs the optimum testing sensitivity
requirements.

When the absolute pressure in the can section reaches approximately 2 x 106 torr, open the valve
to the helium mass spectrometer (HMS). While monitoring the HMS sensing element absolute
pressure and the can section absolute pressure, slowly close the valve to the mechanical vacuum
pump unit backing the 10"@ diffusion pump. With the HMS solely backing the diffusion pump,
monitor the can section absolute pressure to ensure that it continues to drop. Should the can section
absolute pressure start to increase, indicating the throughput is too large for the HMS effective pump
speed and diffusion pump foreline absolute pressure, reverse the valve arrangement and continue
pumping the can section with the mechanical vacuum pump unit backing the diffusion pump. When
the absolute pressure in the can section has reached a lower level, try again to .sefelj back the
diffusion pump with the HMS. When this is accomplished, proceed to step 3.11.

Should the can section absolute pressure fail o reach a level where the HMS can solely handle the
diffusion pump throughout and leakage is suspected , helium tracer probe the end assembly seals for
leaks.

3.10.1 If either one or both of these seals indicate inleakage, isolate and vent the test system and
visually inspect the seal or seals to determine the cause of the leak or leaks. Replace, repair

or modify the seal or seals as necessary and repeat steps 3.2 through 3.10 as necessary
until the HMS is solely backing the diffusion pump.

3.10.2 Omitted for the qualification test procedure.

3.10.3 When unacceptable leakage in the can section has been verified, evacuate the helium from
the test enclosure bag and backfill it with air. If the verified leakage is larger than 1 x 105
atm. cc/sec., open the test enclosure and pinpoint the location of the leak or leaks by the
conventional helium probe technique.

3.10.4 Omitted for the qualification test procedure.

3.10.5 Engage the end seal assemblies at each end of the leaking beam tube can section in
accordance with steps 3.2 through 3.7.

3.10.6 Omitted for the qualification test procedure.

3.10.7 Omitted for the qualification test procedure.
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4.0

3.11 See Document HMST1N.

3.12  After successful completion of the system calibration in step 3.11, perform the hood test of that can
section as follows.

3.12.1 Omitted for the qualification test procedure.
3.12.2 Close the valve to the test bag vacuum pump.
3.12.3 Record the test system background leak indicator signal in divisions.

3.12.4 Vent the test enclosure to atmospheric pressure with helium gas by opening the valve to the
helium gas supply.

3.12.5 See Document HMST1N.

3.12.6 See Document HMST1N.

3.13 See Document HMST1N.
3.14 See Document HMST1N.
DOCUMENTATION

See procedure LIGOTP for documentation requirements.
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@ Comp Corp BY DATE
Eng _Weld QA  Const Mfg RCE  Cailtech PREPARED EEB 3-30-94
g REVISED
x AUTHORIZED “XXOC _ "X-XX-94
% REFERENCED
STANDARD REV._No.
1.0 SCOPE:

This procedure covers the helium mass spectrometer hood test of the closing weld joint between beam tube
can sections.

The only change and addenda portion of HMST2N is the following:
2.1 The helium mass spectrometers used to perform the leak testing outlined in this procedure shall be

the Alcatel Model ASM 110TCL, Leybold Model UL400, Veeco Model 18AB or equivalent with an
optimum high sensitivity in the range of 10-11 atm. cc/sec. of helium.
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1.0 SCOPE:
1.1 This procedure covers the helium mass spectrometer/leak test of the qualification test tube module.
Use this procedure in conjunction with the current revision of procedure LIGOTP-QT.
1.2 Perform the leak testing outlined in this procedure on the qualification test beam tube module after:
1.2.1 All beam tube can sections in the qualification.test module have been successfully HMS
leak tested in accordance with procedure HMST 1N, final cleaned and installed.
122 All closing weld joints except the outboard end closure head have been successfully
HMS leak tested in accordance with procedure HMST2N and locally cleaned.
1.2.3 Omitted for the qualification test.
124 The qualification test vacuum pump set has been installed.
2.0 LEAK TESTING EQUIPMENT TO BE USED IN THIS PROCEDURE:
2.1-2.2 See HMNST4N.
23 The LN5 panel will be supplied by CBI for this test.
24 CBI RGA will be used.
25 CBI turbo - molecular pump will be used in lieu of Caltech supplied equipment.
26 See HMST4N.
2.7-2.9 Omitted for qualification test.
3.0 PROCEDURE:

3.1-3.4 See HMST4N

35 Conduct a blank-off and a HMS tracer probe test of the mechanical vacuum pump and turbomole-
cular pump sets. When both the blank-off and HMS tracer probe test results are satisfactory, begin
evacuating the beam tube module.

3.6-3.9 See HMST4N
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8.10  When the pressure in the beam tube is less than 1x10 Torr conduct an RGA analysis. Record the
values for the following masses: 2, 12, 14, 15, 17, 18, 28, 32, 39, 40, 41, 42, 43, 44, 51, 52, 55, and
57. If at this step of the procedure the system appears to be pumping down as expected, proceed to
step 3.16.

3.11  If at this step of the procedure the system will not evacuate to a sufficiently low absolute pressure
level and the RGA signature analysis indicates unacceptable inleakage of 1 x 105 atm. cc/sec. or 2
larger, proceed as follows:

pressure assessment of the beam tube module using the RGA readouts.

—
3.11.2 Record the absolute pressure simultaneously with the RGA readout.

3.11.1 In accordance with the figures attached to reference 3.4 in procedure LIGOTP, conduct a

3.11.3-3.14 Omiitt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>