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The LIGO Beam Tube Qualification Test Report describes the activities required to procuret
fabricate, install, test a representative section of the LIGO Beam Tube Modules. The Design and
Qualification Test were performed by employees of Chicago Bridge and Iron Company. The
qualification test was conducted at CBI Technical Services Company's Research @d
Development Center in Plainfield, Illinois. Beam tube assemblies were inspected and stiffened at
CBI's Corporate Weld Laboratory in Houston, Texas. Construction planning services were
provided by CBI Services and CBI NaCon which are CBI's domestic operating companies.

The Qualification Test Report consists of the following sections:

Executive Summary
Provides a one page summary of the Qualification Test.

Acknowledgments

Table of Contents

Test Configuration
Provides a description of the Qualification Test configuration.

Test Activity Reports :
The project procurement, processing, fabrication, installation, testing, and quality
assurance have been broken down into a series of Test Activities. A report has been
prepared for each test activity which consists of the following areas of discussion on the
activity:

. Option Plans & Procedures
o Qualification Test Plans and Procedures
o Major Differences Between The Option & The Qualification Test
o Qualification Test Execution
o Discoveries & Conclusions
o Potential Risks & Additional Development

I*ssons Learned & Proposed Changes : '

Presents the a summary of the lessons learned and the proposed changes from the Task
Activity Reports

Major Risk Areas & Additional Development
Presents four major risk areas which could require a significant development efforl

Appendices
Provides supplemental information on some Test Activities.
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The LIGO Beam Tube Qualification Test consisted of a 49" diameter by I25 foot long tube
section befween fixed supports which is nearly identical to the repeating sections which make up
the beam tube modules. An expansion joint and flexible support are located between the fixed
supports. Component procurement, fabrication, installation, and testing were conducted over a
11 month period which was approximately 4 months longer than originally scheduled due to the
additional work associated with the problems encountered. Component procurement and
fabrication was conducted with procedures and by suppliers most likely to be used for the
modules. Although many of the module construction procedures were used in the qualification
test, conditions associated with field conditions were not represented in the test.

Many changes and modifications were developed through the execution of the qualification test.
Most of the changes are attributed to the unique requirements of the LIGO project compared to
typical industrial requirements. In addition, the repetitious nature associated with building neady
10 miles of beam tubes requires careful cost consideration of tasks that must be repeated hundreds
or thousands of times. A listing of the lessons learned through the installation and execution of
the qualification test are contained in section entitled "Summary Lessons Leamed".

At Caltech's request, outgas test data was taken for the fulI range of the Residual Gas Analyzer
(RGA) for the duration of the test. Outgas data for an AMU range of I to 100 was recorded
every 15 minutes and transmitted daily to Caltech when the QT assembly was at high vacuum
pressures. The test produced accurate and reliable data on the system pumping and outgas
characteristics. The measured hydrogen and water outgassing rates are as follows:

Pre-bake hydrogen: 3.0 X l0-ra torr liters per second cm2
Pre-bake waterl 2.2X 10-rr torr liters per second cm2
Post-bake hydrogen: 8.6 X 10-14 torr liters per second cm2
Post-bake waten 6 X 10-18 torr liters per second cm2

The lowest pressure achieved in the qualification test assembly following bake out was
approximately 3 X 10-ro tor.

The Qualification Test identified a number of sigfficant risk areas which will require additional
development to accurately estimate the cost and likelihood of successful module performance.
Although the spiral welded process is the most economical method of tube fabrication, the
industry has limited capabilities to meet the unique requirements of the LIGO project. Further
development of a tube mill and spiral weld procedure are required to ensure a reliable supply of
economical tube sections suitable for use in the LIGO project. A specified cleanliness can not be
achieved in light of the specified surface condition and the yet unknown site environmenl
Although the cleaning procedure developed and executed in the QT appears to be satisfactory, the
effectiveness of the cleaning procedure and of the module cleanliness maintenance plans will not
be known until module construction has begun. Conventional module and local leak test methods
are economically unfeasible and will require the development of new and unproven methods. The

failure of these unproven methods would require the use of costly conventional techniques.
Information is contained in section entitled "Major Risks & Associated Development Required".
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Quaffication Test Pressure Boundary
Each beam tube module is composed of alternating fixed and flexible supports spaced 65 feet
apart with an expansion joint located at the flexible supports. As such, the configuration of the
beam tube module is repeated every 130'. The Qualification Test (QT) configuration is
essentially a repeating section of the beam tube module between two fixed supports. The only
significant difference between the QT configuration and a repeating module section are as
follows:
o The length of the QT benveen fixed supports is approximately 125' instead of the 130' length

used in the modules.
o The fixed supports in the module are not subjected to the pressure loads imposed by the heads

used in the qualification test. The fixed support detail used in the QT is identical to the
module details with the exception of the addition of thrust restraints added to carry the
longitudinal pressure loads from the heads.

The QT pressure boundary is shown on CBI drawing #20, revision 4.

The QT sections on each side of the expansion joint are composed of two continuous lengths of
spiral welded tube as shown on CBI drawing #21. The building columns in the test area limited
the beam tube section length to 61'. The details of the pump port, expansion joint, and flexible
support are identical to the details proposed for the modules. The end heads are stiffened flat
plates which are fillet welded to the ends of the QT sections. The modules are attached to values
at each end and do not have similar components. The stiffened heads are detailed on CBI drawing
#24.

Qualification Test Outgas Test System
The QT pumping and outgas test facility is shown schematically on CBI drawings #I & 2. The
RGA utilized for atl of the outgassing tests was a Balzers unit. The RGA head consisted of a

Balzers QMA-125 head with a faraday cup and a 17 dynode, 90o secondary electron multiplier.
The RGA head was also equipped with an ion counter option which was attached to the SEM.
The RGA controller was a Balzers QMG 42IC conuoller which was essentially a black box
controller and was attached to a 486-50 PC. All RGA inputs and outputs were accomplished
through the PC. The RGA software was designed such that an input parameters file had to be
developed in order to operate the RGA in one of the many modes of operation available. A copy
of an operating parameters file is included in the appendix.

The RGA was capable of the following modes of operation:
. Analog scan. The RGA would scan any range of the spectrum up to the fuU 100 AMU range

with up to 64 divisions for each AMU. There are up to 64 channels so 64 different ranges

could theoretically be scanned simultaneously.
o Bargraph scan. This mode provides a measurement of the peak value of each mass number in

the scanned range. The range can be changed to any range desired up to the fuU 100 AMU
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range of the unit. Again, the 64 channels allow up to 64 different bargraph scans
simultaneously.

o Multiple Ion Detection (MD) mode. The MID mode of operation allows the user to scan one
AMU in all or a portion of the 64 channels available. Each channel can be programmed to be

analyzed using different ion detectors (faraday cup, SEM, or ion counting), different dwell

times, different gains, different filters or any of the other settings which are changeable
through the parameters files.

o The RGA can run any of the above modes of operation as a single scan, or can be run

continuously for a specified number of scans or can be run a specified number of scans with a

specified time span between each scan.
o The unit provides a file which is stored on the PC for each operation where saved data is

requested. The file provides a digital record of the data.
o The unit will provide visual monitoring of the operation in progress on the PC's monitor.
o Review of a saved data file provides graphical representation of individual scans, trending of

multiple scans, digital data for each scan, and statistics for multiple scans such as standard
deviations, mean values, minimum and maximum values, etc.

Quaffication Test Pumping System
the pumping system consists of two pumping trains. The main pumping train for evacuation of
the tube consists of an 8" ID liquid nitrogen trap, a 1100 US turbomolecular pump backed by a

35 US wide range turbomolecular pump, and finally backed by the DUO 250A roughing pump.

This train was provided with a 4.70 inch orifice to maintain the water pumping speed below 600
US to simulate module pumping speeds. The LN2 trap was provided as both a water pump and
as an oil back streaming protection device.

The secondary pumping system provided limited pumping for either the RGA, the calibrated leak

manifold, or for the beam tube. The secondary pumping system consisted of a 35 US wide range

turbomolecular pump and a 1.5 CMF roughing pump. The foreline of the turbomolecular pump

was provided with an assimilation rap to prevent oil back streaming.

Both pumping systems were equipped with inbleed valves between the turbomolecular pump and

the roughing pump. This was provided in order to bleed nitrogen into the roughing line to

maintain the foreline in the viscous flow regime which also prevents the back steaming of oil

vapor.

All components in the entire UHV portion of the pumping system from the beam tube to the

turbomoiecular pumps have metal seals to ensure bakeability and leak tightness of the system. All

flanges in the UffV area were conflat type flanges. The roughing piping was sealed with the small

ISO flanges.

The QT configuration drawings ,ue contained on the following pages.
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A.1 BEAM TUBE COIL MATERIAL

OPTION PLANS AND PROCEDURES:

C-240-0 1 86, "CoiI Material Specification"

QUALIFICATION TEST PLANS AND PROCEDURES:

Same as the OPtion

MAJOR DIFFERENCES BETWEEN THE QT AND OPTION:

The steel supplier will manufacture the Option material specifically to meet the more stringent
LIGO material specification. The more stringent carbon and sulfur limits specified for the Option
material are not required for the QT material.

QUALIFICATION TEST EXECUTION:

A spiral forming and welding process which uses material in coil form has been selected to
manufacture the beam tubes. The Caltech specified material for manufacfuring the beam tubes is
A240 Type 304L Hot Rolled Annealed and Pickled (HRAP) stainless steel with thicknesses not to
exceed 0.130". A material specification has been written to define the technical requirements of
the beam tube material. The main requirements are specified in LIGO Material Specification C-
240-0186, "Coil Material Specification".

Material quotations were obtained for both the QT and Option beam tube material from ARMCO
Advanced Materials Company, J&L Specialty Products Corporation, Washington Sleel
Corporation, and Avesta Sheffied Incorporated. ARMCO Advanced Materials Company was

awarded the order to provide the coil material for the QT beam tube assembly based on both price

and technical meril

Caltech instnrcted CBI to purchase three full size coils. The three master coils (#1152998,

#1153008 & #1153018) were furnished by Armco Advanced Materials Company. These master

coils were hot rolled at Armco Steel Company's plant in Middletown, OH. After hot rolling the
master coils were annealed and pickled by North American Stainless (NAS) in Carrollton, KY.

The master coils were furnished with a 49 inch wide mill edge and thickness of 0.125+ 0.005 inch.

The 10.005 inch thickness toleranc e is 7t2 the normal thickness tolerance specified by the ASME

material specification. As shipped from NAS coil #1152998 weighed 34,225#,coil #1153008

weighed 33,54W, and coil #1153018 weighed 33,860#.

A 1 - 1
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Master Coil Before the Raw material Bake

The three coils of beam tube material purchased as part of the QT test had slightly higher carbon
levels than the minimum specified by CBI in the LIGO coil material specification. Because the
carbon level of these three coils was lower than the specified minimum for SA240 Type 304 the
material and was accepted for use. Two of the coils (#115300b & 1153018) had 0.024Vo cwbon
and the third coil (#1152998) had 0.025 Vo carbon. Although the carbon levels of the three coils
areunderthespecifiedASMEminimum of 0.030Vo theyaregreaterthanthe A.0ZAVo minimum
tlrat is specified in the C-240-0186 LIGO material specification. The minimum carbon of 0.020Vo
is specified to enhance the material's corrosion resistance without additional cosl The material
manufacturers have offered this improved chemistry at no extra cost.

A1-2
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DISCOVERIES AND CONCLUSIONS:

The manufacturer of the QT coil material was late in delivering the QT coil material. The
amount of the coil material ordered for the QT was a relatively small order (102,00#) for the
manufacturer. Also, the coil steel manufacturer only produced the SA240 Type 304L coil
material every three to four weeks. The LIGO material was processed as part of a much
larger order. The purchase order for the Option should include a firm delivery schedule. Both
schedule and cost are effected by the size of the order processed. It is more economical for
the coil steel manufacturer to produce the coil material in larger quantities. Armco can
produce all the material needed for the LIGO beam tubes in a single day. Armco has offered a
$0.02 per pound discount if the material is processed in 250 ton quantities and a $0.03 per
pound discount if the coils are processed in 400 ton quantities.

The coil material procurement specification should include the requirement to prohibit the use
of materials that can contaminate the coil steel for use on LIGO, such as, cardboard edge
protectors and painted or varnished carbon steel banding material that is normally used by the
steel manufacturers to package the coil steel for shipping. During the QT North American
Stainless used cardboard edge protectors and painted carbon steel banding material to
package the coils for shipment. This resulted in the coil material being baked with the
cardboard and painted banding material attached. After the bake it was learned that the
cardboard and painted banding materials could have contaminated the surface of the LIGO
coil steel as evidenced by the surface discoloration. The inner and outer wraps of material is
to be discarded to avoid using potentially contaminated material. The circumference of the
outer most wrap of the coils is 189" and the inner most wrap is 63". During the leveling
process the coils were uncoiled and recoiled such that the outer wrap of the coils becomes the
inner wrap. After leveling and before the material for the hydrogen outgas coupons was cut
65" of the coil material was remove from the outer wrap of all three coils.

It was learned during the QT that the coil steel manufacturers resist changing their coil steel
manufacturing process to provide for special contract requirements, such as, using special
packaging materials. They feel ttrat substinrting the materials used for packaging and shipping
the coils to be difficult to manage and control during the their manufacturing process. As an
alternative in the Option, the coil steel material could be packaged and shipped by the selected
steel manufacturer using their standard materials (cardboard edge protectors and painted

banding material) and replaced with acceptable materials before baking at the bake facility.
Specify the wrapping materials that are acceptable for use during the raw material bake, such
as aluminum edge protectors and stainless steel banding material.
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o After steam cleaning of the lrst QT beam tube unacceptable levels of hydrocarbon
contamination wsre discovered on the surfaces of the beam tubes. A new cleaning process
has been developed and was implemented during the QT to remove the hydrocarbon
contamination to an acceptable level. The source(s) of the hydrocarbon contamination to the

QT beam tube assemblies could not be determined. Therefore, during the Option all the coil
manufacturing and preparation processes should be examined for potential sources of
hydrocarbon contamination. Where possible the sources of hydrocarbon contamination
should eliminate or minimized. Changes to the manufacturers and/or steel processors normal
processes to eliminate potential may result higher costs. This must be negotiated before the
order is awarded.

PROPOSED CHANGES:

o Include firm delivery dates as part of the coil steel purchase requirements.

Specify the minimum quantities that the coil steel is to be processed. Select the quantity that
will be most economical for the LIGO project.

Prohibit the use of materials that can contaminate the coil steel during the bake.

Examine the coil manufacturing processes for potential sources of hydrocarbon
contamination.

POTENTIAL RISKS & ADDMONAL DEVELOPMENT:

The steel manufacturers and processors will not guarantee that the coil material will meet the
specified hydrogen outgassing rate and/or the cleanliness for the LIGO beam tube. The steel
manufacturers and processors are willing to produce and process the steel as currenfly specified in
the LIGO specification.
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A.2 EXPANSION JOINT /BAFFLE MATERIAL

OPNON PLANS AND PROCEDURES:

C-240-0I94, "Expansion Joint Material Specification"
C-240-0 I 87, "Baffle Material Specification"

QUALIFICATION TEST PLANS AND PROCEDURES:

Same as the Option

MAJOR DIFFERENCES BETWEEN THE QT AND THE OPTION:

Same as the Option except the material may be SA240 Type 304L cold rolled sheet
instead of hot rolled annealed & pickled. The cold rolled finish is acceptable for the QT.

QUALIFICATION TEST EXECUTION:

The specified material for the LIGO expansion joints and baffles is 0.105"*0.005" thick SA240
Type 304L Hot Rolled Annealed and Pickled (HRAP) stainless steel material in sheet form. For
the Option, the expansion joint and baffle material will be produced and baked in coil form. The
coils produced for the expansion joints iue to be 61" wide instead of 49" wide to minimize the
number of longitudinal weld joints in the expansion joint. The expansion joint material does not
require stretcher leveling. Therefore, after the 61" wide coils are baked the material will be
flattened and cut into 60" wide by I55.I7'long flat sheets that are sized to manufacture the
expansion joints.

In the Qualification Test (QT) the expansion joints and baffles were manufactured from SA240
Type 304 Cold Rolled (CR) material instead of the SA240 Type 304L (HARP) material that is
specified for use in the Option. The SA240 Type 304L (HARP) material in 60" widths and
0.105" thickness was not readily available in the small quantity (10 sheets) needed for the QT.
The SA240 Type 304 Cold Rolled (CR) material was available. The technical differences, the
delivery and the cost of the two materials were assessed by CBI and Caltech before the decided to

use the SA240 Type 304 (CR) sheet material for the expansion joints and baffles in the QT. The

technical differences between the two material would not significantly change the QT and did not
warrant the additional expense or time required to obtain the SA240 Type 304L (HARP) material.
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A total of 10 sheets were purchased from Ryerson Steel. Four of the sheets came from coil #
114528. This material was used to manufacture the three Hyspan expansion joints, the 20 baffle
segments, and the 160 coupons for hydrogen outgas testing by Caltech and CBI. Six of the sheets
were cut from coil # 073524. This material was purchased to manufacture the end closure plates
for the QT assembly, the 160 coupons for hydrogen outgas testing by Caltech and CBI, and
possibly three additional expansion joints for testing. The material was purchased from Ryerson
in Chicago and shipped directly to Metlab in Philadelphia. All ten sheets were baked at Metlab in
Philadelphia with the three full size coils of beam tube material.

The following table compares the properties of the QT expansion joint and baffle materials those
specified in the LIGO specification for the Option.

Spec./lvlfg. ASTM Soec. LIGO Spec NAS UGINOX
Coil Number r14528 073524
Number of sheets 4 6
Carbon Content (Vo\ <0.030 <0.20 0.046 0.038
Sulfur Content (Vo) <0.030 0.010 to 0.020 0.003 0.001
Surface Finish HARP HARP CR CR

After the baked was completed all ten sheets of the expansion joint and bellows material were
shipped to CBI Technical Services in Plainfield. Three of the four sheets from coil #II4528 were
shipped to Hyspan for fabricating the three expansion joints. The fourth sheet was cut in two
pieces. One piece was used to manufacture the baffles and the 160 coupons for the hydrogen

outgas tests were cut from the other piece. Two 53"A phtes for the for the QT end closures
were cut from one of the six sheets from coil # 073524 and 160 coupons for the hydrogen outgas
tests from part of a second sheet. Four and one half sheets from coil #073524 have not been used
and are currently packaged and stored at CBI Technical Services awaiting disposition from
Caltech. These sheets were originally purchased to have manufacture three hydroformed
expansion joints for comparison with the mechanically formed expansion joints.

DISCOVERIES AND CONCLUSIONS :

o The sheets of material that were purchased for the manufacture of the expansion joints, the

baffles and the end closures in QT did not conform to the SA240 Type 304L material
specification as specified when the order was placed. The material was purchased from a
warehouse supplier because only a small amount of the material was needed and the material
was needed quickly in order to have it baked with the coil material. The material test reports

were not received and reviewed until after the material had been baked. The carbon content

did not meet the 0.030Vo minimum for SA240 Type 304L material as specified by the ASME

code. The carbon contents of the ten sheets of material as received were 0.038Vo and

0.046Vo. The material was accepted for use in the QT.
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PROPOSED CHANGES:

o Review the material test rcports before the material is processed.

o Void material specifications C-240-0187, "Baffle Material Specification". Revise material
specification C-240-0194, "Expansion Joint Material Specification", to include the material
used for the baffles. Except for length of the sheets these two specifications are the same.

. Include firm delivery dates as part of the coil steel purchase requirements.

o Prohibit the use of materials that can contaminate the coil steel during the bake.

o Examine the coil manufacturing processes for potential sources of hydrocarbon
contamination.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:

The steel manufacturers and processors will not guarantee that the coil material will meet the
specified hydrogen outgassing rate and/or the cleanliness for the LIGO beam tube. The steel
manufacturers and processors are willing to produce and process the steel as currently specified in
the LIGO specification.
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8.1 RAW MATERIAL BAKE

OPTION PLANS AND PROCEDURES:

C-CMBSI, "Coil Material Bake Specification"

MAJOR DIFFERENCES BETWEEN THE QT AND THE OPTION:

No major differences.

QUALIFICATION TEST EXECUTION:

The three master coils were baked at Metlab's facility in Philadelphia, PA. All three master coils
were baked together along with the ten sheets of the 60 inch wide by 180 inch long by 0.105 inch
thick material that was used to manufacture the QT expansion joints, baffles an end closure
plates. The bake was performed in accordance with C-CMBSI, "Coil Material Bake
Specification", except as noted in this report.

It is specified C-CMBSI, "Coil Materiat Bake Specification", that the surfaces of the material
being baked must be vertical during the baking process to promote convection flow over the
material surface. As such, the coil material must be baked with the "eye" of the coil vertical.
Coils are manufactured with the eye of the coil horizontal and the coils ile not normally turned
during the coil manufacturing process. Neither NAS or Metlab had the equipment to turn the
large 34,000# LIGO coils so that the eye of the coil are vertical. Also, Metlab did not have the
capability of tuming the coils. Because of this the coils were routed through CBI's facility in New
Castle, DE. where they were turned for baking. Using a special turning device and nvo yard
cranes the coils were turned by CBI. For the Option it is proposed that the equipment to turn the
coils be purchased and installed at the facility performing the bake.

At NAS, a .A75" thick by 1" wide by 48" long stainless steel bar was placed between coil wraps
near the center of the coil to provide space for installing a thermocouple to monitor the inner
temperature of the coil. Metlab installed two 1/16" diameter thermocouples along this bar to
measure the temperature near the center of the coil. The temperatures measured by these two

thermocouples established the time at which the coil material was at the 440oC bake temperature
for the 36 hour hold time and the time the coil material had cooled to less than 150oC at which
time the furnace cover was removed.

At Caltech's directive, a dr;r air purge system was purchased and installed to the furnace at

Metlab to provide a clean dry air (air with a-20oC dewpoint) purge during the bake. The clean

dry air purge was included to reduce the risk of contamination and hydrogen re-absorption. The

now rate o1ttt. dry purge system was to be 5 to 10 SCFM. The system as installed consisted of
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an 10 SCFM oilless air compressor, a 25 SCFM desiccant air dryer, and a 30 gallon air receiver.
The dry air purge system did not perform as expected. The oilless air pump could not provide the
minimum 5 SCFM flow rate at the 40 psig pressure required to run the desiccant air dryer. The
highest flow rate that was obtained with dry air at or below the specified -zAoC dewpoint was 3
SCFM. During the warm up cycle the dry air purge flow rate was 5 SCFM and the dry air
dewpoint ranged from +loC to -20oC. For the frst six hours of the 36 hour hold cycle the dry air
purge rate was 5 SCFM and the dry air dewpoint was -5oC. For the remainder of the 36 hour
hold cycle the dry air purge flow was cut back to 3 SCFM and the dry air dewpoint was
maintained at -20oC.

Eight thermocouples were installed to monitor the bake. The following is a list of the
thermocouples along with a sketch showing the locations of the material and thermocouples inside
the fumace:

Thermocouple
I
2
3
4
5
6
7
8

Location
Outside of coil #1152998
Top edge of sheet material
Outside of coil #1153018

Air inside furnace
Inside of coil #1153008
Inside of coil #1153008

Outside of coil #1153008
Top edge of sheet material

THERMOCOUPLE LOCATIONS
DURING THE RAW MATERIAL BAKE
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During the cooldown cycle the fumace remained closed and was purged with clean and dry
nitrogen gas at a flow rate of about 30 SCFM. The nitrogen gas purge was included to minimize
the risk of contamination and hydrogen re-absorption during the cooldown period. To insure
cleanliness the nitrogen gas used for the purge during the cooldown cycle came from a liquid
nitrogen source. The coil material was kept closed and the nitrogen gas purge maintained until all
of the thermocouples read less than 150oC. After cooling to l50oC the nitrogen purge wtrs
stopped and the lid of the furnace rsmoved to permit the coils and furnace to cool in ambient air.

TEMPERATURES DURING RAW MATERIAL
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800
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1 0 ? o 3 0 4 0 5 0 60 70 80 90 1@ 110 120 130 1,O 150

Tlme (Hours)

The coil material was baked with the banding and cardboard edge protectors that were installed
by NAS. After the bake samples of the material in contact with the cardboard was test by MIT
for contamination detrimental to the beam tube. Although tests performed by MIT on the
material samples did not show any contaminants that would be detrimental to the beam tube that
had been in direct contact with the banding material and cardboard , even so, Caltech decided not
to use any of the coil material that had been in direct contact with the banding and/or cardboard
edge protrectors during the bake. A equivalent length to one wrap will be scrapped from the
inside and outside of the coil. The inside wrap is 63" long and the outside wrap is 189" long.

Samples of the banding material and residue from the cardboard edge protectors were collected
from the baked coils in case they were needed for analysis at some later date. Also, NAS

B1-3



LIGO PROJECT
BEAM TUBE DESIGN & QUALIFICATION TEST

QUALIFICATION TEST REVIEW DATA PACKAGE
APRIL ITth & 18rh. 1995

furnished unbaked samples of the banding material and cardboard edge protectors that was used
to band the LIGO coil material.

DISCOVERIES AND CONCLUSIONS :

It was decided just prior to baking the coil material to perform bake the coils in a dry and
clean air environment. The furnace at Metlab did not have the capability to provide clean dry
air. Therefore, equipment was purchased and installed at Metlab to purge the furnace with
clean dry air (-20oC dewpoint) at a minimum flow rate of 5 SCFM.

During the bake it was discovered that the dry air purge equipment could not supply dry air at
a flow rate of 5 SCFM. The air dryer did not provide dry air at -zAoC dewpoint unless the
system was operated at a minimum of 40 psig. The maximum flow delivered from the dry air
system at 40 psig was about 3 SCFM. Ttre clean dry air supply system for the Option must be
designed to provide at least 5 SCFM. Also, it is recommended that a back up dry air purge
system be installed in case the primary system fails during a bake.

o During the cooldown period to 300oC the furnace was kept closed and purged with dry
nitrogen gas (gas boiled off liquid nitrogen source) at 30 SCFM instead of continuing the dry
air purge.

o The bake facility must have the capability to handle the LIGO coil material as received from
the steel mill.

PROPOSED CHANGES:

Upgrade the air purge system to provide air with a dewpoint equal to or less than -20"C at
minimum flow rate of 5 SCFM.

o Change the Bake Specification to include a dry nitrogen gas purge during cooldown.

o In the Option install equipment to turn the coils at the bake facility.
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POTENTIAL RISKS & ADDMONAL DEVELOPMENT:

The company performing the raw material bake will not guarantee that the coil material will meet
the specified hydrogen outgassing rate and/or the cleanliness for the LIGO beam tube. The steel
manufacturers and processors are willing to bake the steel as currently specified in the LIGO
Specification C-CMBS1, " Coil Material Bake Specification".

Only one of the steel suppliers, J&L, has agreed to perform the raw material bake for the Option.
J&L's quote for the Option material was sigfficantly higher (about 20Vo) than the lowest quote
received for the Option coil material. Also, J&L took exception to the specified 440oC + 8oC
temperature range. They can only control the temperature to * 20oC . Of the many other bake
companies that were contacted only three were found who had the capability of performing the
raw material bake and of these three only one, Metlab, was willing to quote the bakes for the
Option. CBI has the" in house" capability of performing the bakes at higher estimated cost than
Metlab. CBI cost would be higher because they would need to design, purchase and install the
somewhat specialized bake equipment (insulated furnace, heaters and controllers). Presently, CBI
plans to use Metlab to perform the Option bakes. However, if Metlab does not perform the bake
and another outside source cannot be found to perform the bake at lower cost than CBI, CBI
would perform the raw material bakes.
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8.2 STRETCIIER LEVELING

OPTION PLANS AND PROCEDURES:

C-240-01 86, "Coil Material Specification"

MAJOR DIFFERENCES BETWEEN THE QT AND THE OPTION:

No major differences exist between the QT and the Option

QUALIFICATION TEST EXECUTION:

The coils were removed from the furnace and loaded directly onto trucks and shipped to lcveltek
Inc. in Triadelphia, West Virginia. The coils wers covered with tarps during shipment from
Metlab to l,eveltek. The coils were rirst shipped to CBI's facility in New Castle, Delaware where
the coils were turned so that the eye of the coils were horizontal instead of vertical. LevelTek's
leveling process requires that the eyes of the coils be horizontal and they did not have equipment
to turn the coils.

Installing Coil into Stretcher Leveling Machine

B,2-1
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The material was leveled to improve the flatness of the coil material. Using a hydraulic powered
machine with gripper at 50' spacing and hydraulic cylinders at one end, the coil material was
unrolled, gripped in 50' lengths, and stretched. During leveling process the coil material was
stretched 12 inches per 50 foot length of coil. The coil material was pe(manently elongated 10.5
inches per each 50 foot length. This is equivalent to about l.75%o permanent elongation. As a
result of the leveling process the width of the coil material was reduced by 3/8 inches and the
thickness was reduced about 0.001 of an inch.

During the leveling process the coil material was unrolled and re-rolled. The inside and outside
layers of the coil material were reversed.

DISCOVERIES AND CONCLUSIONS :

The leveling process permanently elongates the material l.75%o while reducing the 49" width by
about 318" . Also, the thickness is reduced about 0.0008".

PROPOSED CHANGES:

r Prohibit the use of materials that can contaminate the coil steel during the bake.

o Examine the coil manufacturing processes for hydrocarbon contamination's

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:

No apparent risks have been identified from the QT and no additional development is needed.
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8.3 REMOVAL OF COUPON MATERIAL AND SLITTING TO 16" WIDE COILS

OPTION PLANS AND PROCEDURES:

C-240-0 1 86, "Coil Material Specification".
C-CMBS 1, "Coupon Material Bake Specification".

MAJOR DIFFERENCES BETWEEN THE QT AND THE OPTION:

The plans and procedures that are planned for the Option were used in the QT.

QUALIFICATION TE ST EXECUTION:

After the master coils were leveled they were shipped to MetalPro, Inc. in Carol Sream,Illinois.
The coils were wrapped in waterproof paper and tarped during shipment from Leveltek to
MetalPro.

At MetalPro the lrst 65 inches of material of each coil was remove and scrapped. This was the
material that had been directly exposed to the cardboard edge protectors and painted banding
material during the bake of the coil material. Next, two additional7? inch long sheets were cut
from each coil. The hydrogen outgas coupons were cut from one of these sheets. The other
sheet was spare material. The coupon material was delivered to CBI Technical Services
Company in Plainfield,IL. One of the sheets of material removed from each coil was sheared
into coupons for hydrogen outgas testing by Caltech and CBI.

After the coupon material was removed two of the coils (#1153008 and #1153018) were
immediately banded and wrapped in waterproof paper for shipping and storage. These two coils
were shipped to CBI Services Inc. near Kankakee, Illinois and placed into storage. The coils were
covered with waterproof tarps and stored outside. Coil #1153008 weighs about 33,L75# and coil
#1153018 about 33,500

About 600 feet (nearly 1/3) of the thtud coil (#1152998) was slit into three 16" wide by 600 foot
long coils. These 16" wide coils were used to manufacture the QT beam tube. The three coils
were identified as coil #115299B-1L, #t152998-1M & #II52998-1R. Coil #1152998-1L was
slit from the right side, coil #1L52998-1M was slit from the middle, and coil #115299B-1R from
the right side of the master coil. Coil #1 152998- lL measured 15.995" inch wide, coil #1152998-
lM measured 16.008" wide and coil #115299B-1R measured 15.997" wide. The total width
variation was 0.013". This is much better than the specified variation of 0.031". The three coils
16" wide coils were shipped to TubeTek Inc. (the beam tube manufacturer) in Sanford, Florida.
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After the 600 feet of coil material for the QT was slit from the master coil another 72 inch long
sheet of material was cut from the master for additional hydrogen outgas test coupons. The
remainder of the coil (about # 21,500) was shipped to CBI Services Inc. near Kankakee, Illinois
and place into storage with the other two master coils. The material in storage is available for use
in the Option.

DISCOVERIES AND CONCLUSIONS :

The total width variation of the slit coils was +0.013".

PROPOSED CHANGES:

o Examine the coil manufacturing processes for hydrocarbon contamination's

. Specify a maximum width variation of 0.010" for the slit coils.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:

No apparent risks have been identified from the QT and no additional development is needed.
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8.4 MATERIAL HANDLING AND TRANSPORTATION

OPTION PLANS AND PROCEDURES:

C-240-0186, "CoilMaterial Specification' specifies that the coil steel material shall be
packaged and shipment as described

CBI Purchase Order #930212-0001. Rev. 0 to Armco Advanced Materials Co.

MAJOR DIFFERENCES BETWEEN THE QT AND THE OPTION:

The Option coil material will be handled and transported the same as the QT coil material. No
special equipment or processes have been developed for handling and transporting the coil
material. The conventional equipment and processes used by the steel manufacturers and coil
processors will be used for both the QT and the Option.

QUALIFICATION TEST EXECUTION:

In the QT it was specified that the coil steel be packaged in accordance with ASTM A-700
standard. This is the standard used by the steel manufacturers for packaging.

To ship from the steel manufacturer to the bake facility each coil was banded with painted carbon
steel banding material and wrapped in heavy paper. Cardboard edge protectors were placed
under the banding at edges of the coils to protect the edges. The coils were loaded on the truck
with the eye of the coil horizontal. The coil was blocked front and back to keep it from rolling or
sliding during shipment. The coil was covered with a tarp during shipment.

lfhe coils werc routed through CBI's facility in New Castle, Delaware on the way to the bake
facility in Philadelphia, Pennsylvania. The coils were turned so that the eye of the coils were
vertical. This is the position the coil must be in during the bake. The bake facility did not have
the equipment and expertise to turn the coils. CBI used two yard cranes and a specially
constructed turning device to turn the coils.
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EYE OF COIL VERTICAL EYE OF COIL HORIZONTAL

Turning a Coil from Eye Horizontal to Eye Vertical for the Bake

The coils were lifted into the furnace at Metlab using two 10 ton bridge cranes connected to a
spreader bar. Short soft slings were purchased so that the coils could be lifted and removed from

the Uuck and also clear top edge of the furnace. After the bake the coils were loaded onto the

trucks with the eyes of the coils vetical.
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The coils were transported to CBI where they were turned so that the eyes of the coils were
horizontal. This was done at CBI because the leveling facility did not have the equipment needed
to turn the coils. The coils were shipped covered with a tarp.

No special handling equipment were needed to handle the material during the leveling process.
The facility had the equipment and experience to lift and move the coils with the eyes of the coils
horizontal. After leveling was completed at Leveltek in Triadelphia, West Virginia the coils were
re-banded and wrapped in water resistant paper. Thick paper was installed between the painted
carbon steel banding and the coil material. The coils were shipped directly to MetalPro in Carol
Strearn, Illinois.

No special handling equipment were needed to handle the mat€rial during the slitting process at
MetalPro. The facility had the equipment and experience to lift and move the coils. This facilify
also had equipment to turn coils from eyes horizontal to eyes vertical. However, the material was
processed with the eye venical and did not require turning. After the coupon material was
removed and the slitting completed, the coils were banded and wrapped in water resistant paper.
Thick paper was installed beween the painted carbon steel banding and the coil material. The
tree slit coils were shipped to Tubetec in Florida to be used to manufacture the tubes for the QT.
Upon arrival at Tubetec the material was stored until it was approved for use by Caltech. The
other three coils (hvo full size coils and the remainder of the coil that was slit) were stored at
MetalPro until the matedal was approved for use by Caltech.

Coils packaged for Shipment
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Coil Material Stored for use on the Option

No special handling equipment were needed to handle the coil mat€rial during the tube
manufacturing process at Tubetec. The facility had the equipment and experience to lift and
move up to 12,000# coils.

DISCOVERIES AND CONCLUSIONS :

The steel manufacturer did not have the equipment to turn a 34,000# coil from eye vertical to eye
to the side. Also, the bake facility could not turn the coils.

The steel manufacturer used painted carbon steel banding with cardboard edge protectors to
package the LIGO coil. The paint on the banding and the cardboard are potential sources of
contamination to the coil material.
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PROPOSED CHANGES:

Instatl coil turning device at the bake facility to turn the coils before and after baking.

Have the bake facility remove the painted carbon steel banding and cardboard edge protectors and
replace them with aluminum or stainless steel banding and edge protectors before performing the
bake.

Specify that the coils are to wrapped in waterproof wrapping and tarped when they are being
shipped.

Specify that the coil material be covered or wrapped at all times that the material is not being
handled or processed.

Specify the right of the customer to witness some or all operations being performed.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:

During the handling and transportation of the coil material the following potential risks have been
identified.

During the handling, moving, processing and storing operations the coil material may become
contaminated. This is of particular concern during and after the baking operation. Investigate the
operations in processing the coil material to determine potential sources of contamination.
Eliminate or minimize the potential sources of contamination. Hold meetings with the beam tube
material vendors prior to awarding the order to identify and discuss the specific requirements the
vendors must meel Determine the vendors capability and willingness to comply with the
specified requirements. Witness all frst time operations and reserve the right to witness all
operations as necessary to assure that the vendor is complying with the material requirements.

During the handting, moving, processing and storing operations the coil material may be damaged.
This is of particular concern during the baking operation. Determine the vendors capability to
safely lift and handle the coil material without damaging the material. Witness all fust time lifting
and handling operations and reserve the right to witness all operations as necessary to assure that
the vendor can safely handle the coil material.

B4-5



LIGO PROJECT
BEAM TUBE DESIGN & QUALIFICATION TEST

QUALIFICATION TEST REVIEW DATA PACKAGE
APRIL tTth & 18rh. 1995

C.l.a COIL RECEMNG INSPECTION
OPTION PLANS AND PROCEDURES: IR & C-244-86
QUALIFICATION TEST PLANS AND PROCEDURES: IR & C-240-186
MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

Coil size.
QUALIFICATION TE ST EXECUTION:

Three 16" wide coils were slit from a 48.5" wide coil. The three coils spliced together
forms' continuos spiral tube production. The coil width of the three coils spliced during the
QT was within .014" of each other. The coil had a concave cross section.

r. Coil Width = 16.000" (+ .0080" & -.0045") t

Approximately

Sketch No. 1

The coil receiving inspection was continuos during mill operation as the surfaces became
accessible. Refer to the Receiving Inspection Report (RIR) No. 001/003 in the appendix
for additional details.

DISCOVERMS AND CONCLUSIONS :
The orientation of the coil worked with the natural tendency of the spiral weld shrinkage
to scallop the tube wall. Coil orientation to minimize scallop and banding effects on tube
shell would require special coil handling equipment. The finished spiral welded tube was
within acceptable tolerances.

PROPOSED CHANGES:
There were no changes identified in the QT.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
There is no apparent risk identified from the QT and additional development is unnecessary.

Top side fed into mill (Tube internal surface)

Coil Thickness= .1230" to .1255"
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C.l.b TUBE SPIRAL WELD
OPTION PLANS AND PROCEDURES: WPS NO. SPIRAL
QUALIFICATION TEST PLANS AND PROCEDURES: WPS NO. SPIRAL
MAJOR DIFFERENCES BETWEEN THE QUALIFICANON TEST AND THE OPTION:

I*ngth of continuos run of tube before mill is stopped.
QUALIFICATION TEST EXECUTION:

Coil top side fed into mill
(Tube internal surface)

tlnside pinch roll
iwith lateral
lclamping action

Outside pinch roll

Sketch No. 2

The welding procedure specification establishes the requirements for the production of
spiral welded tube. The tube mill pinch rolls forms the coil to the cylinder radius. The
inside roll with lateral clamping action holds the aligned edges together and the mill power
drive sets the travel speed for both inside and outside GTAW machine processes. The two
welding processes must be started and stoped in harmony. The tube mill slows to a stop
therefore, the welding current must be turned off frst. There is a 2" length of spiral joint
that has only one weld layer at the inside and outside stop & start location. A manual weld
repair is required at both locations. The tube mill does not have a reverse capability.

Tube outside top
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The orientation of the coil worked with the natural tendency of the spiral weld shrinkage
to scallop the tube wall. There was no change in the mill operation as the coil splices
passed through the spiral tube mill. There were approximately 35 defects with an
accumulative length of approximately 7 feet within the 1645 feet of QT spiral weld. The
type defects produced were stops, starts, skips, pinholes, and undercut. Refer to the
Assembly Check List for additional detaits. The appendix contains the assembly check list.

DISCOVERIES AND CONCLUSIONS :
I An oversized wire feed tip modified by crimping the end together caused pinholes and

undercut. The wire would wander into the weld puddle. Vibration of the beam tube
when touched by inspectors and operators caused the skips.

I The tube ends of each can section used for the QT had sections taken. The use of
metallographic papers prepared the sections for etching to determine the weld layer
overlap. The sections revealed that overlap of the weld layers did not occur even though
the beam tube edges had achieved complete fusion. Unexpected conditions caused the
lack of l00%o weld penetration and inadequate overlap.

t The coil strip edges should be power brushed a distance of ll4" + ll8" to limit

reflectivity. Final QT cleaning made the polished area obvious.

t The process of the spiral welded tube mill involves more than what we expected.

I The ASME Section IX Welding Code does not list as essential or nonessential some
ulta high vacuum welding technique variables. Clarifications of the Caltech specification
applicable to the extent that welding techniques shall deviate from the ASME Code is
important before supplementary development continues. The best high vacuum practice
to eliminate any'Airfial leaks" in the welds must have timits set. These timits must be
routinely measurable. The Development of welding techniques that involve a change of
mill travel speed will require a requalification of the welding procedure specification.

PROPOSED CHANGES:
I The ultra high vacuum welding technique variables needed to achieve and assure l00%o

weld fusion with approximately .050" overlap must be demonstrated on a production
mock-up test to determine if changes are needed to the essential or nonessential
variables listed in the ASME Section IX Welding Code. If necessary the Welding
Procedure Specification WPS No. SPIRAL shall be requalified.

O Wire feed tip size shall be specified in WPS No. SPIRAL.

O The inside backing gas purge box for the second weld layer shall be improved.

0 Coil strip edges shall be power brushed a distance of ll4" + 1/8" to limit reflectivity.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
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t The spiral welded tube manufacturing process shall be fully under the control of the
beam tube contractor. The quality of spiral welds and repairs are critical to the leakage
and outgas requirements. Additional development is needed to improve the spiral weld
quality.

O The production rate and timely delivery is essential and critical to the schedule
commitment of the beam tube contractor.

t Tubetec has plans to develop a new spiral welding mill. The new spiral welding mill may
handle 30" to 48" coil strip widths. The beam tube contractor should participate in any
additional development of the new tube mill.
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C.l.c TUBE COIL SPLICE
OPTION PLANS AND PROCEDURES: WPS No. SPLICE
QUALIFICATION TEST PLANS AND PROCEDURES: WPS NO. SPLICE
MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

There were no differences identified during the QT.
QUALIFICATION TEST EXECUTION :

The three 16" wide coils were spliced together during a stop period of mill operation. Coil
width set the sequence of coil selection. The 15.9955" wide left coil was fit and welded to
the 15.9970" wide right coil. The 15.9970" wide right coil was fit and welded to the
16.0080" wide center coil. The top side was manual welded using GTAW procedure WPS
No. SPLICE. The only side welded was the tube inside. No filler metal was used. The weld
was ground flush and the ends were apparently taper ground to remove any offset. There
was no change in the mill operation as the coil splice passed through the spiral tube mill.
CBI completed the outside coil splice weld during stiffener welding operations while the
beam tube section was under nitrogen purge.

DISCOVERMS AND CONCLUSIONS :
O The coil width of the three coils spliced during the QT was within .011" of each other.
t There was no noticeable change in the finished spiral weld at or near the coil splice or

adjacent spiral welds.
O During the stiffener welding operations a stiffener crossed a coil splice. A 3 inch length

of coil splice weld was completed before the stiffener was fit. The outside coil splice
weld was completed after stiffener welding operations while the beam tube section was
under nitrogen purge. Flat spots can develope if the shell is not stiffened during the final
welding operation.

PROPOSED CHANGES:
Change WPS No. SPLICE to clearify side I to be the inside of the tube with only 1 pass
autogenous and side 2 to be the outside of the tube with only 1 pass using ER308L.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
t The quality of coil splice welds and repairs are critical to the leakage requirements.
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C.l.d TUBE SECTION VISUAL INSPECTION
OPTION PLANS AND PROCEDURES: MI, VIs, & VI8X
QUALIFICATION TEST PLANS AND PROCEDURES: MI' VI5' & VISX
MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

There were no differences identified during the QT.
QUALIFICATION TE ST EXECUTION:

All beam tube sections were idenffied by an identification number painted on the outside
surface of the beam tube at each end and at the coil splice. The unacceptable weld defect
areas on the outside were marked with a black marker and recorded on an assembly check
list The unacceptable weld defect areas on the inside were recorded on an assembly check
list. The type of unacceptable defects were stop/starts, skips, pinholes, and undercut over
L132. The scalloping effect of the spiral weld on the tube wall measured approximately
3132" (.093"). The beam tube straightness was measured during the layout of vacuum
stiffeners at CBI Houston Corporate Welding.

DISCOVERIES AND CONCLUSIONS :
I The QT bake out determined the identification number paint is capable of withstanding

1 50oC bake temperatures.
r) The ASME 831.3 acceptance standards for undercut is applicable for the spiral weld.

t The spiral weld shrinkage in conjunction with the coil skelp orientation contributed to a
scalloping effect on the tube wall. The contribution to local deviation from theoretical
cylinder form was significant. The spiral welded tube meet the straightness and
cytndrical shape tolerances.

PROPOSED CHANGES:
0 Include the ASME 831.3 acceptance standards for undercut into the visual inspection

requirements procedure.

a Include the acceptance standards for dents into the visual inspection requirements
procedure.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:

I Should a dent be present the accumilated local deviation may need corrective repair to
become acceptable.
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C.l.e TUBE SECTION IIANDLING
OPTION PLANS AND PROCEDURES: TT.HIN
QUALIFICATION TEST PLANS AND PROCEDURES: TT.HIN
MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

Multiple tube section loads are planned for the option and a single tube section was a load
for the QT.

QUALIFICATION TEST EXECUTION:
The tubes were completely covered by white tarp overlapped to make two layers at most
locations that served as insulation. The ends were covered with two layers of plastic and
sealed for transportation. The shipping restraints were fabricated oversized and had to be
held in place with two layers of ll2" rubber strips. The unstiffened beam tube sections
a:rived in Houston on July 18, 1994. The 61' tube section was placed outside covered with
the white tarp. Surface temperature was taken on the covered tube and compared to the
temperature on an uncovered auxihary tube section placed in the sun. The maximum
temperature on the top surface for the uncovered auxiliary tube was 156"F as compared to
the covered tube of 115"F. The bottom surface of the uncovered auxiliary tube was ambient
(98"F). The bottom surface of the covered tube could not be measured due to the tarp.
The wind during measurement was approximately 5 to 10 mph.

DISCOVERIES AND CONCLUSIONS :
O The typical measured oval in the unstiffened tube was about 2".
0 Lifting restraints were wood frames inserted into the tube. The inside restraints caused

contamination that could not be removed during QT cleaning.
PROPOSED CHANGES:

O TT-HIN shall be revised so that only outside restraints are used during production
handling for the option beam tube sections.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
The beam tube contractor should participate in any additional development of handling
spiral welded tube. The development will be undertaken during the preliminary stages of the
option phase of the project.

t The handling of spiral welded tube is critical to the cleaning, leakage, and outgas
requirements.

O Timely delivery is essential and critical to the schedule comminnent of the beam tube
contractor.
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C.2 EXPANSION JOINT FABRICATION

OPTION PLANS AND PROCEDURES: Specification C-EJ-OP "LIGO Expansion Joints"

QT PLANS AND PROCEDURES: Specification C-EJ-QT

MAJOR DIFFERENCES BETWEEN THE QT AND THE OPTION:
The expansion joint configuration and fabrication method are identical to those proposed for the
option. Material differences are described in section 4.2.

QUALIFICATION TEST EXECUTION:
Three LIGO beam tube expansion joints were fabricated by Hyspan, Incorporated of Chula Vista,
Califomia. One expansion joint was fabricated for the QT and the other two were fabricated for
future fatigue testing. Each expansion joint was fabricated from a single sheet of .105" thick X
60" X 160" SA-240 TY 304L stainless steel resulting in a single longitudinal seam. The material
was trimmed to the required dimensions by the manufacturer. The expansion joint material used
in the qualification test did not meet the LIGO specified minimum surface roughness due to the
unavailability of thin hot rolled stainless steel sheets.

The expansion joints were made by forming a cylinder with a single longitudinal weld seam.
Convolutions were formed individually with an expanding mandrel. The expansion joints are
rolled between a series of discs to achieve the final shape. The joints were leak tested by welding
an inner cylinder to the expansion joint to effectively form an annular vacuum chamber. As such,
the expansion joints are not subjected to a sigfficant longitudinal load during leak testing. After
leak testing, the internal cylinder was removed and the ends of the expansion joint was machined
on a horizontal bed lathe. After fabrication, the expansion joints were leak tested and a spring
rate test was performed on the QT expansion joint.

DISCOVERIES AND CONCLUSIONS :
The mechanically formed expansion joint met most of the specified requirements and are suitable
for use on the LIGO project. The overall dimensions of the expansion joint met the specified
tolerances. Some dimensions of the expansion joint ends did not meet the specified tolerances
required for butt welding the expansion joints to the tube sections. The weld procedures were
modified to accommodate the as built dimensions. As is typical for expansion joint

manufacturers, Hyspan does not currently have the equipment to perform a leak test to the
specified helium sensitivity of I X 10-10 atm cc / second. Although no leaks were detected in the
leak test, the helium leak test sensitivity was approximately 5 X 10-10 atm cc / second. The spring
rate of the expansion joint used in the qualification test was measured by applying sufficient
weight to the expansion joint to produce the full compressive stroke of 3.25". The measured
spring rate was 5,800# versus the calculated spring rate of 8,021#. Hyspan misinterpreted the
specification and cycled the expansion joint 20 times with the full weight. After 20 applications of
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the fun load, the expansion joint took a compressive set of I.375". The expansion joint was re-
rolled back to the original tength. The following discoveries were made in the QT:
o The expansion joint configuration and selected fabrication method are well suited for the

LIGO project.
. Expansion joint manufacturers currenfly do not have the capability to perform component leak

tests with a helium leak sensitivity of 1 X 10-t0 atm cc per second.
o The circumferential tolerance of the expansion joint ends can be increased slightly due to weld

procedure modifications.
o All expansion joint ends may not meet the circumferential tolerance even though fabricators

claims the ability to meet the tolerance.
o The flatress tolerance originally specified for the expansion joint ends can be increased due to

weld procedure modifications. The expansion joints are too flexible to meet the original
tolerance even though the ends are machined.

o The expansion joints must be carefully handled and packaged to prevent minor distortion of
the machined ends.

PROPOSED CHANGES:
Minor changes are required in the specification to increase the end tolerances of the expansion
joints. Expansion joint manufacturers must determine the most effective and economical method
of packaging the expansion joints. Although the expansion joint is also leak tested as a part of the
beam tube section before module installation, the selected manufacturer for the option should
perform a leak test to the required sensitivity.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
There are no sigfficant risks or additional development associated with the expansion joint

fabrication.
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C.3 SUPPORT FABRICATION

OPTION PLANS AND PROCEDURES:
Specification C-SUPT-I "Beam Tube Support Specification"
CBI Drawings #006, 007, 008, 017, 018, & 019

QT PLANS AND PROCEDURES: Same as those specified for the option.

MAJOR DIFFERENCES BETWEEN THE QT AND THE OPTION:
There are no differences in the fabrication of the QT supports and the option supports.

QUALIFICATION TEST EXECUTION:
Two fixed supports and one flexible support were fabricated for the Qualification Test. The QT
supports were fabricated by Piping Accessories, Incorporated of Beaumont, Texas. The supports
are composed primarily of galvanized carbon steel assemblies. The fixed and flexible supports
attach to identical support lug assemblies which bolt to the beam tube slab. The support lugs as
originally detailed did not provide access to allow the anchor bolts to be drilled and installed after
the support lugs were placed in their final location. The support lugs were modified to provide
this access. The modified support lugs were fabricated by CBI and were not galvanized.

DISCOVERIES AND CONCLUSIONS :
Piping Accessories built the supports to the drawings supplied by CBI and did not make any
additional shop drawings. The hangers on the flexible supports were originally specified by CBI
to be 2" X 3116" bar stock composed of A572 Gr50 material. Piping Accessories stated that the
hot dip galvanizing process would warp the bar hangers. As such, the bar hangers were not
galvanized for the Qualification Test. A suitable corrosive resistant material must be selected for
the modules. In addition to the suppon lug modification identified above, an interference was
discovered between the tube and the support lug when the tube was at the lowest position. The
following discoveries were made in the QT:
o The configurations of the fixed and flexible supports are well suited for the LIGO projecr
o Support details were modified to provide jacking surfaces for tube alignment
. Support frames were modified to facilitate access to drill and install the anchor bolts.
. Support details were modified to eliminate an interference for maximum alignment capability.
o Flexible support hangers should not be galvanized to prevent distortion of the relatively thin

carbon steel hangers. Alternative conosive resistant material should be used.

PROPOSED CHANGES:
The hanger material and support lug details must be revised as stated above.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
There are no significant risks or additional development associated with the support fabrication.
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c.4 BAFFLE FABRICATION

OPTION PLANS AND PROCEDURES:
Specification C-BAF- 1 "Baffle Fabrication Specification"
CBI Drawing #014

QT PLANS AND PROCEDURES: Same as those specified for the oprion.

MAJOR DIFF,ERENCES BETWEEN THE QT AND THE OPTION:
There a"re no differences in the fabrication of the QT baffles and the option baffles.

QUALIFICATION TEST EXECUTION:
Five baffles were originally fabricated for the QT by Meyer Tool & Manufacturing , Incorporated
of Oak Lawn, Illinois. The baffles were fabricated from .105" thick sheets of SA240 Type 304L
stainless steel sheets. Baffles were fabricated from four equally sized sections. Sections were cut
from the sheet by a water jet and welded together without filler wire by the Gas Tungsten Metal
Arc (GTWA) process as specified.

DISCOVERMS AND CONCLUSIONS:
The LIGO specifications require that the baffle installation shall require no fastening and that the
baffle thickness and unconstrained helix diameter shall provide sufficient friction and stability for
secure positioning. Potential fabricators were unable to assist CBI in developing a configuration
that would meet this specifications. The baffles were fabricated to a configuration developed by
CBI. The baffles were corectly fabricated to the details specified. In particular, the water jet
cutting method is capable of producing serrations to the tolerances specified.

PROPOSED CHANGES:
The fabrication procedure is acceptable but the LIGO specification prohibiting fastening results in
a potentially unstable baffle as described in section F13.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
The fabrication process does not present any risks and does not require additional development.
However, a new baffle detail is required.
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C.5 PUMP PORT
OPTION PLANS AND PROCEDURES: RI & C-PORT-QT
QUALIFICATION TEST PLANS AND PROCEDURES: RI & C.PORT.QT
MAIOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

There were no differences identified during the QT.
QUALIFICATION TEST EXECUTION:

Two pump port assemblies (13-1-l &2) supplied by Norcal Products, Inc. were incorrectly
fabricated with a 23" cyhnder radius. C-PORT-QT specifies a 24.5" cylinder radius.
Assembly ZI-B-L has a 24.625" cytnder radius at the pump port location. There was
approximately Il4" gap bet'ween the beam tube shell and pump port neck. The radius was
reworked to obtain adequate joint fit-up for the QT. This was accomplished by using a wrap
around template and hand grinding the pump port neck to fit.

DISCOVERIES AND CONCLUSIONS :
The spiral welded tube production has a sigfficant consequence because the outside
diameter fluctuates at pump port locations. The current fit-up procedure and welding
procedure does not accommodate more than .010" gap. The pump port location is stiffened
with a reinforcing plate prior to hole cut out. The cylinder radius of the beam tube is fixed
after the hole is cut out. The ammount of beam tube cold forming it takes to close the gap
has not been determined. The clamping force to cold form the beam tube would be applied
to the pump port conflat flange. Caution shall be taken not to deform the flange.

PROPOSED CHANGES:
Consider the use of clean ER308L filler metal for the first weld layer where the gap exceeds
.010".

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
Rework will affect the performance and schedule of the beam tube contractor. The pump
port has to be fabricated to a known cylinder radius. The pump port supplier should
demonstrate the ability to provide a pump port that meets the specification requirements
before the option order is placed.
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C.6 SUPPORT & BAFFLE STIFFENERS
OPTION PLANS AND PROCEDURES: RI & C-SUPSTF-I
QUALIFICATION TEST PLANS AND PROCEDURES: RI & C-SUPSTF.I
MAJOR DITTENrNCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

There were no differences identified during the QT.
QUALIFICATION TEST EXECUTION:

The type -1- baffle stiffener ring is made by bolting together with a 6 inch overlap two
stiffener ring segements with two .5" holes & one No. 7 taper dowel hole at each end. The
type -2- fixed support stiffener ring is made by bolting together with a 6 inch overlap one
stiffener ring segement and one fixed support ring segement with matching holes and two
7/8" holes at the 180' centerline. The type -3- guided support stiffener ring is made by
bolting together with a 6 inch overlap one stiffener ring segement and one guided support
ring segement with matching holes and four 7/8" holes equally spaced below the 90o
centerline and with four 7/8" holes equally spaced below the 270' centerline. The baffle
stiffener ring, fixed support ring, and guided support ring is machined to obtain a 57.00" +
.010" outside diameter. The baffle stiffener ring, fixed support ring, and guided support ring
is machined to obtain an inside diameter that exactly equals the outside diameter of the beam
tube at the location where it will be attached with a tolerance of + .010" & - .000". The
bolts shall not be removed until attachment fitting to make sure each stiffener ring is fitted to
the place it was machined for.

The type -1- baffle stiffener, type -2- fixed support stiffeners, and type -3- guided support
stiffeners supplied by Kentucky Metals, Inc. had inside diameters that appeared to be under
size. A pie tape was used to make the measurement without adding the correction factor for
the thickness of the tape (+0.022">. A trial fit to the beam tube indicated that the support
stiffener was acceptable. The type -3- support stiffeners had holes drilled 1" from design
location which caused installation modification to the guided support assembly.

DISCOVERIES AND CONCLUSIONS :
The correction factor for the thickness of the pie tape shall be considered if used to take
measurements of inside diameters. The holes location should be checked during receiving
inspection.

PROPOSED CHANGES:
There were no changes identified in the QT.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
Errors in manufacturing causes lost time. The rework, repair, or rejects will affect the
performance and schedule of the beam tube module contractor. Communication and
corporation with the support stiffeners supplier and beam tube contractor should be
developed prior to option phase start. The variation in diameter of the beam tube must be
known prior to final sizing. A fixed series of standard sizes of the support stiffeners will
reduce the risk of errors and confusion.
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C.7 VACUUM STIFFENERS
OPTION PLANS AND PROCEDURES: RI & C-VAC-I.
QUALIFICATION TEST PLANS AND PROCEDURES: RI & C-VAC.I
MAJOR DrppEnpNCES BETWEEN THE QUALTFTCAION TEST AND THE OPTION:

There were no differences identified during the QT.
QUALIFICATION TE ST EXECUTION:

The stiffeners are a single continuous 3116" X lt/r" bar formed by rolling to a roll radius of
2' - 0y2" +Vr"l-}"; only the ends of the stiffener to be cut edges. The stiffener is to be
installed over the tube from the ends and moved into place. The stiffener has a 4" +7"1- Yz"
overlap with a tight fit around the tube. Two different manufacturers of vacuum stiffeners
were used on the QT beam tube sections. The 34 vacuum stiffener rings supplied by Meyer
Tool & Mfg. Inc., had flat ends (approximately 6" on each end). These stiffeners did not
have all the straight sections cut from the ends. The ends were reworked by CBI as needed
to obtain adequate joint fit-up. The 34 vacuum stiffener rings supplied by Monarch Machine
& Tool Co. were manufactured with an under size roll radius (approximately 2' - 0rA"). Tlte
vacuum stiffener rings were difficult to slid into position due to the small roll radius and a
over sized beam tube diameter.

DISCOVERIES AND CONCLUSIONS :
Once in position, the stiffeners with small roll radius were fit with minimal effon. It is
desirable to have stiffeners with a larger roll radius.

PROPOSED CHANGES:
The design roll radius should be changed to mate with the maximum beam tube outside
diameter.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
The rework, repair, or rejects will affect the performance and schedule of the beam tube
module contractor. Communication and corporation with the vacuum stiffeners supplier and
beam tube contractor should be developed prior to option phase start.
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D.l.a PUMP PORT FTT-UP
OPTION PLANS AND PROCEDURES: FPPI]MPPORT
QUALIFICATION TEST PLANS AND PROCEDURES: FPPUMPPORT
MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND TTIE OPTION:

There were no differences identified during the QT.
QUALIFICATION TEST EXECUTION:

The pump port dri[ing per FFPUMPPORT did not function as planned and its use was
discontinued during the qualification test. Plasma cutting was approved by Caltech after
temperature measurements were taken. The temperature of the burned edge after plasma
cutting was approximately 125'F. Before plasma cutting the inlet" a jack/purge device was
placed inside the tube to isolate the work to only a 14" square around the pump port. This
confined all gnnding and cutting to the purge area. The cut out was made ll2" smaller
diameter. The plasma cut edge was cleaned for welding with a hand held power grinder to
remove the ll4" beam tube material to match the inside diameter of the pump port neck.

DISCOVERIES AND CONCLUSIONS :
The quality of the welding improves if 1/8" of the beam tube edge is left The 1/8" edge of
material provides a heat sink to allow full penetration welding from the outside without suck
backs.

PROPOSED CHANGES:
O Change procedure to allow plasma cutting instead of drilling the pump port hole.
I Change procedure to eliminate or clarify mismatch criteria.
t Change procedure so that tacks are made from the outside.
O Change procedure so that sequence of purge, welding and inspection is in proper order.

POTENTIAL RISKS & ADDMONAL DEVELOPMENT:
Acceptable fit-up is dependant on the cylinder radius of the pump port neck matching the
cylinder radius of the beam tube.
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D.l.b PUMP PORT WELDING
OPTION PLANS AND PROCEDURES: WPS ER3O8I-/PORT
QUALIFICATION TEST PLANS AND PROCEDURES: WPS ER3O8L/PORT
MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

There were no differences identified during the QT.
QUALIFICATION TEST EXECUTION:

The modification to WPS ER308I"/PORT consisted of welding the outside frst. The extra
edge on the inside surface allows better control of the heat input and a satisfactory full
penetration weld pass may be deposited from the outside. A visual inspection of the inside
of the pump port assure s I00Vo penetration and fusion. Also, the inside may be viewed while
welding is in progress. This weld layer is an autogenous GTAW.

Tube  Wa l l  |  |
[  / 81

Figure 4: Pump Port Detail

After acceptable visual inspection, a second weld layer was deposited on the outside using
ER308L to obtain the correct fillet weld size. After the outside passes were complete, the
inside was washed using autogenous GTAW to smooth the inside surface. After all welding
was complete, the inside edge was ground down flush with the pump port and a small radius
applied to the corner.

DISCOVERIES AND CONCLUSIONS :
Acceptable fit-up is dependant on the cylinder radius of the pump port pipe matching the
cylinder radius of the beam tube.

PROPOSED CHANGES:
Consider the use of clean ER308L filler metal for the frst weld layer where ttre gap exceeds
.010".

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
Additional development to use filler metal where the gap exceeds .010" would be an
alternate to reworking the pump port pipe cylinder radius.
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D.2.a VACUUM STIFFENER ATTACHMENT FIT-UP
OPTION PLANS AND PROCEDURES: FPSTIFFENER
QUALIFICATION TEST PLANS AND PROCEDURES: SAME
MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

There were no differences identified during the QT.
QUALHCATION TEST EXECUTION:

The vacuum stiffener rings were difficult to slid into position due to the small roll radius and
a over sized beam tube diameter. The stiffener is fit tight around the beam tube with the
overlap crossing the sprial weld. The splice is carefully located with the lap on the right side
to decrease the unwelded area. Small tacks are placed at 12" centers around the beam tube,
then the splice lap is welded and the fitting device is removed. The photograph below shows

DISCOVERIES AND CONCLUSIONS :
Anachment of the stiffener fitting device on each stiffener to move it into position is
inefficient. It was found that welding the 4" hand pass at the stiffener laps should be done
after the stiffener is welded in the machine set up. This eliminates some of the bend in the
stiffener at the splices. Also, decreasing the tack spacing from 18" to 12" will result in a
more straight stiffener.

PROPOSED CHANGES:
Change the procedure by deledng use of the stiffener fitting device to lock open the stiffener
rings. The use of stiffener rings with a proper roll radius will eliminate the need to lock open
the stiffener. Change the procedure tack spacing to 12".

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
There is no apparent risk and additional development is unnecessary.
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D.2.b VACUUM STIFFENER ATTACHMENT PURGE
OPNON PLANS AND PROCEDURES: FPSTIFFENER
QUALIFICATION TEST PLANS AND PROCEDURES: SAME
MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

There were no differences identified during the QT.
QUALIFICATION TEST EXECUTION:

The purging of the QT beam tube assemblies did not function as planned and was modified
for the QT. On the frst 60' beam tube section, it took nearly three (3) hours to obtain a
purge level of 2.0Vo oxygen. Due to the length of time required, it was approved by Caltech
to proceed with fitting and welding at a level of 2.0Vo or less. Fitting proceeded at a level of
2.0Vo and welding was completed at a purge level of 1.4Vo oxlgen. Liquid nitrogen dewars
without a high pressure gas outlet was used for purge gas supply. Improved methods were
used for each beam tube can section purged. Upon stiffener attachment completion it was
decided that improvement was needed to use liquid nitrogen as a purge gas source.

DISCOVERIES AND CONCLUSIONS :
During QT end closure installation nitrogen gas was used from liquid nitrogen dewars with
high pressure outlets. The flow rate was increased by connecting three high pressure dewars
to the pump port inlet. The outlet was sized so that pressure inside the beam tube did not
blow out the seals. High forces at the open ends can be generated with very low pressures
inside the beam tube. Safety clamps must be installed at each end cover.

PROPOSED CHANGES:
Change procedure so that power rolls and end covers are used instead of a headstock and
tailstock.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
As improved methods are discovered, each phase of progress becomes more efficient.
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D.2.c VACUUM STIFFENER ATTACHMENT WELDING
OPTION PLANS AND PROCEDURES: WPS ER3O8L/STIFFENER
QUALIFICATION TEST PLANS AND PROCEDURES: SAME
MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

There were no differences identified during the QT.
QUALIFICATION TEST EXECUTION:

During the stiffener attachment to beam tube welding operation the machine weld positioner
advanced down the tube in a continious direction. The voltage sensor cable run out of
length. The voltage sensor cable was moved from the end of the tube and placed on the
ground terminat of the welding machine. Unstable welding occured. The wire feeder
attempted to adjust the voltage of the circuit rather than the welding arc voltage. During
attempts to stabilize the welding, the stickout was decreased to 3/8". The high voltage and
short stickout caused the arc to establish across the contact tip. Copper was deposited into
the weld. The copper tip made contact with the beam tube. The copper caused longitudinal
and transverse cracks in the stiffener weld in three areas. Copper melts at a lower
temperature than the stainless steel, so it is the last to solidify in the weld pool. As the weld
metal cools and begins to solidify, solidification shrinkage stresses causes the weld to crack.
The voltage sensor cable was placed onto the tube end and the stickout was adjusted back
to I12". The welding operation was stabiliznd and the remaining stiffeners were completed
with no problems.

DISCOVERIES AND CONCLUSIONS :
Vacuum stiffener rings tend to rotate due to shrinkage from the one-sided welding. The
rotation is approximately 8 degrees.

The weld contact tip needs to be protected from making electrical contact with the beam
tube. The welding tourch gas nozzle adjustment should cover the contact dp 1/8" minimum.

PROPOSED CHANGES:
Changes in the welding procedure have been made to prevent the recurrence of copper
deposits into the weld. The revised welding procedure specifies that the gas nozzle shall
cover the contact tip 1/8" minimum. The manual welds at the stiffener laps shall be made
after machine welding is complete to reduce stiffener rotation. Vacuum stiffener design may
require change to help control rotation.

POTENTIAL RISKS & ADDMONAL DEVELOPMENT:
Welding operators will be trained to watch for and prevent arcing at the contact tip.
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D.2.d VACUUM STIFFENER ATTACHMENT WELDING REPAIR
OPTION PLANS AND PROCEDURES: GR-8x & WPS ER3O8L/REPAIR
QUALIFICATION TEST PLANS AND PROCEDURES: SAME
MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

Liquid penetrant procedures will not be used for inspection of option phase welds.

QUALIFICATION TEST EXECUTION:
A deep crater weld pick-up was made at a stiffener attachment weld stop where the tourch
had been adjusted the opposite direction. The repair was found to leak when the assembly
leak test was performed. There were 4 repairs required as a result of the copper tip making
contact with the beam tube during the stiffener attachment to beam tube welding operation.
The defects were removed before any welded repair was made. The copper deposits were
removed until no areas could be seen from the etchant. Sections of the stiffener in these
repair areas were removed in order to obtain PT exam. A process of PT exam followed by
grinding/chipping was conducted until no detectable defects remained in the tube wall. In all
three cases, the defect was removed by grinding/chipping into the tube wall Lll6" to 3132".
The largest repair area was 2" long by ll2" wide with a depth of 3132". Three jacks were
made with a radius copper bar and placed on the inside of the tube wall pushing outwards at
the three repair areas. The entire tube was purged with nitrogen to a level of 0.97o ox!!en.
Repairs were welded from the outside using GTAW process WPS ER308t /REPAIR. After
the repairs were complete, the surface was PT examined and showed no detectable defects.
An extra stiffener from Kentucky Metals was cut into the required lengths and re-fit to the
tube wall. These stiffeners were welded using WPS ER3O8UGMA allowing for a minimum
of 1" lap at each end. Every stiffener weld on the last 60' beam tube section was visually
inspected and any area that deviated from the normal contour of the stiffener weld was
cleaned and PT examined. Fourteen (14) areas were examined and all of them showed no
detectable defects.

DISCOVERIES AND CONCLUSIONS:
Copper deposits do not show completety when macro etched. A very smooth and polished

surface is required to obtain a more detailed inspection. A liquid penetrant (PT) exam was
conducted on this area and evaluated. It showed many transverse cracks. Welding operators
will be trained to watch for and prevent arcing at the contact tip.

PROPOSED CHANGES:
There were no changes identified in the QT.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
The planned approach to leak testing established the strategy to discover defects. The QT
has demonstrated an effective quality control system with repair procedures that remain
active until the level of acceptable performance has been acheived. People will be
encouraged to identify any inconsistency and will be recognized for their contribution to
swift correction. Continuous development in leadership and management will imporve
quality.
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D.3 SUPPORT/BAFFLE RING ATTACHMENT FIT-UP, PURGE & WELDING
OPTION PLANS AND PROCEDURES: FPSTIFFENER & WPS ER3O8L/STIFFENER

QUALIFICATION TEST PLANS AND PROCEDURES: SAME
MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

There were no differences identified during the QT.
QUALIFICATION TEST EXECUTION:

A rype -3- support stiffener ring installed on assembly 21-C-1 had the ends lapped opposite
each other that caused installation interference for the support plat. The fit-up, purge and
welding of the support/ baffle ring is comparable to the vacuum stiffeners activities.

DISCOVERIES AND CONCLUSIONS :
The clocking of the fixed support ring in relationship to a pump port or a guided support
ring must be considered during fit-up. Assembly zl-C-l was shipped by truck. The guided

support ring was used as the forward bearing point and the last baffle stiffener ring was used
as the aft bearing point. Fatigue cracks were found in the attachment welds during receiving
inspection. The guided support ring is not intended to carry lateral loads and cannot be used
to support the beam tube during shipment. The QT fixed support was installed on a short
beam tube can section which experienced no unusual loading during shipment.

PROPOSED CHANGES:
There were no changes identified in the QT.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
There is no apparent risk and additional development is unnecessary.
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D.4 BEAM TUBE DIMENSIONAL INSPECTION BEFORE & AFTER STIFFENING
OPNON PLANS AND PROCEDURES: DC
QUALIFICATION TEST PLANS AND PROCEDURES: DCQT
MAJOR DIFFERENCES BETV/EEN THE QUALIFICATION TEST AND THE OPTION:

The magnitude of dimensional inspection.
QUALIFICATION TEST EXECUTION:

A measurement record and checklist was completed for the QT beam tube assemblies.
Outside diameters were measured at each end and at baffle/support ring locations using a pie
tape. Straightness measurements were made benveen the beam tube wall and a music wire
attached to standoff blocks at each end. Shims were added to make the music wire equal
distance from the beam tube centerline. Reference marks were placed on the inside of the
beam tube to monitor longitudinal shrinkage. The reference length was 61' - 2". T\e
measurements were taken at the start of the shift with a constant temperature of 70" F.
Assembly ZI-C-I and 21-D-1 having equal length and equal number of stiffeners produced
measurements that were identical.

DISCOVERIES AND CONCLUSIONS :
After stiffening beam tube assembly 2l-3-L has a longitudinal straightness of .266" and
varied outside diameters with a maximum difference of .279". After stiffening beam tube
assembly 2l-3-2 has longinrdinal straightness of .078" and varied outside diameters with a
maximum difference of .177". Varying outside diameters makes the most contribution to
longitudinal straightness. The change in length (shrinkage) of the beam tube after welding
the stiffeners was - 31L6" along the 0" and 180" reference lines and was - Il4" along the 90"
and 27A" reference lines. The 1/16" difference in shrinkage along the 0"/180" Vs the
90"1270" reference lines may produce gaps that cannot be pulled together during fit-up if
the ends are machined before stiffener attachmenl

PROPOSED CHANGES:
Include clocking methods for dimension control in the procedure for the option phase.
Adjust the extent of dimensional inspection taking into consideration the straightness and
roundness achieved for the QT.

POTENTIAL RISKS & ADDMIONAL DEVELOPMENT:
Constraints applicable to end machining activities should be considered. Improved methods
are possible with additional development although the QT achieved acceptable results.
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D.5 KICKER ATTACHMENT
OPTION PLANS AND PROCEDURES: FPSTIF'FENER & WPS-ER308L/GMA
QUALIFICATION TEST PLANS AND PROCEDURES: Same & WPS-E3O8L/STRUCT
MAJOR DIFFERENCES BETWEEN TI{E QUALIFICATION TEST AND THE OPTION:

The kicker plate detail per Engineering drawing no. 23 is not applicable for the option.
QUALIFICATION TEST EXECUTION:

Two fixed support gusset assemblies supplied by Piping & Accessories were repaired using
WPS-E3O8USTRUCT to add 5132" weld build up. The radius was hand reworked by
grinding to obtain an acceptable joint fit up when attached to the beam tube in assembly 21-
A &21-8.

Piece 23-4 did not specify a mitered cut at the beam tube attachment edge. These kicker
plates are longitudinat stiffeners unique to the QT only and are placed on the two short
beam tube sections only. These plates do not extend perpendicular to the tube wall but
extend downward at a slight angle. Special caution making the attachment fillet weld at the
beam tube was used. In order to weld the side with a gap, excessive heat had to be applied
to bridge the gap. This higher heat input resulted in melting through the inside of the tube
shell. An inside repair was needed to fix the area of the beam tube shell in assembly 21-A. A
visual inspection of these areas was determined to be acceptable and only the weld build up
was removed by chipping for cosmetic purposes only. The kicker plates attached to
assembly 21-B beam tube section were welded after a slight bevel was applied to the kicker
plates.

The gap measured approx. 1/8" to 3116"
the inside tube

The gap was minimized and no melt though
wall occurred.

Beveled Kicker PlatesFigure 2: Kicker Support Plates
DISCOVERIES AND CONCLUSIONS :

Engineering drawing no. 7 did not specify a radius on piece markT-7 at the beam tube
attachment edge.

PROPOSED CHANGES:
Change Engineering drawing no. 7 to specify a radius on piece mukT-7 . Add details for fit-
up, tacking and welding of fixed support gusset assemblies to procedure FFSTIFFENER.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
There is no apparent risk and additional development is unnecessary.

Kicker Plate
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E.1 ASSEMBLY AREA

OPTION PLANS AND PROCEDURES:
INSTALLSEQ, "Beam Tube Can Section Installation Sequence For LIGO"
BFD-I, "Blower/Dryer/Filtration System for Beam Tube Positive Air Flow Specification

and Procedure - Caltech"
CRITSM, "Clean Room Transporting Storage and Maintenance Procedure - Caltech"
CRWA-I, 'Clean Room Wearing Apparel for Beam Tube Access During Construction

and Inspection Activities"

QUALIFICATION TEST PLANS AND PROCEDURES:
ISQT, "Beam Tube Can Section Installation Sequence For LIGO QT Addenda"
CRWAQT, "Clean Room Wearing Apparel for Beam Tube Access for LIGO Qualification

Test Addenda"

MAJOR DIFT'ERENCES BETWEEN THE QT AND THE OPTION:
The QT beam tube assembly was installed inside the CBI Development Center located in
Plainfield, Illinois. The beam tube installation plans and procedures used in the QT are not the
s,rme as those that will be used in the field conditions associated with the Option.

QUALIFICATION TEST EXECUTION:
The QT pumping system and the coupon outg,ls test system were built in a segregated vacuum
laboratory. Prior to equipment installation, the vacuum laboratory was cleaned, painted, and
hermetically sealed. The laboratory was kept at a slight positive air pressure through a filtered
forced ventilation system during assembly of the QT pumping system, beam tube, and coupon
system. The filters installed in the ventilation system were two, 2' X?X I' HEPA filters with an
efficiency of 90 to 95 Vo. All vacuum components were cleaned with acetone and alcohol prior to
assembly. Open ends of the assembly were capped whenever possible to maintain cleanliness.

A temporary wall was installed in the vacuum lab prior to the completion of the beam tube
installation. The temporary wall was fabricated from studs and polyethylene film. This allowed
the clean atmosphere to be maintained for assembly of the pumping system while the beam tube
assembly and installation was underway. After the beam tube was installed in the vacuum 1ab, the
tube penetration through the laboratory wall was sealed, the tube area cleaned and the temporary
wall removed. When the pump port or the south end of the tube was open, filtered clean air
flowed into the tube from the vacuum lab.

The circumferential purge ring was placed in the north end of assembly 22A after cleaning. The
ends of the QT beam tube assemblies 22A and 22B� were covered with polyethylene and taped
closed after cleaning. The south end of the 22A assembly was moved into the vacuum laboratory
and sealed around the tube section to maintain the clean positive air pressure in the vacuum
laboratory. Once the vacuum laboratory was sealed with a portion of the beam tube inside the
lab, the polyethylene covering the beam tube end in the laboratory was removed and replaced with
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an aluminum end cap with a HEPA filter to permit air to flow from the vacuum room through the
beam tube. The polyethylene at the north end of the 22Abearn tube assembly outside the vacuum
laboratory was slit to permit air to flow out from the positive pressure in the vacuum laboratory.

Beam tube assembly 228 was then positioned about 8" away from the assembly 22A. The
polyethylene cover was removed from the north end of the 22A and the south end of the 228 at
the circumferential joint. The two assemblies were positioned together and the polyethylene at
the north end of the 228 was slit to permit the air to flow out. The combined assemblies were
then entered from the north end place the circumferential purge dam for fitting and welding the
circumferential seam. Proper clean room apparel was worn when the tube was entered for
completion of the installation and inspection. The beam tube assembly was entered before the end
heads were attached for the following purposes:

o Installation of ttre purge dam for tacking and welding the circumferential joint.
o Inspection of the first weld pass and repair of the circumferential weld joint.
o Removal of the circumferential purge dam after completion of welding.
o Cleanliness inspection of the beam tube
o Cleanliness inspection and an attempt to remove fluorescent area with solvents.
r Baffle installation and final inspection before attaching the north end closure.

The south end closure head was attached after completion of the circumferential seam and before
the cleanliness inspection of the beam nrbe assembly. The north end closure was fit and welded to
seal up the QT beam tube assembly after baffle installation and final inspection. The polyethylene
was not removed until just before the end closure was fit to the beam tube.

DISCOVERIES AND CONCLUSIONS:
Tube access w,rs not as difficult as anticipated but clean room clofting may cause personnel to
overheat if the temperature in the tube is at or above room temperature. Carts should be used to
move the purge dam inside the beam tube. The purge dam and associated hoses are difficult to
carry and contacted the shell extensively during removal. Although an air flow was maintained in
the tube from the vacuum laboratory, lint particles could be seen in the tube under black light
inspection. The presence of these particles may be due to dirty filters or contamination in the
vacuum laboratory. Clean room apparel was not worn in the vacuum laboratory.

PROPOSED CHANGES:
Carts should be used to transport materials inside the module during construction if the
components can not be easily canied.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
The qualification test did not represent the field conditions that will be encountered during module
construction. The beam tube enclosure should be designed to maintain a tube interior
temperature between approximately 40 and 80 degrees F. Unrelated construction activities and
unknown environmental conditions will be encountered during the field construction of the
modules. The effectiveness of the cleanliness maintenance procedures and equipment will not be
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known until construction actually begins. The proposed plans and procedures may have to be
modified in the field if the procedures are unable to sufficiently prevent contamination due to dust,
dirt, insects, air borne spores and seeds, or other yet unknown sources of contamination.

Caltech and CBI have discussed the benefits of a qualification of the initial construction at
Hanford and Livingston. Although a qualification of the initial construction may increase the
effectiveness of the plans and procedures, the expenses and schedule delay could be significant.
Construction qualification concepts should be considered which balance cost and schedule
impacts with risks associated with presently unknown environmental conditions.
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F.l SHIPPING, RECETVING, MOVING AND STORING

OPTION PLANS AND PROCEDURES:

CBI drawings ER0l4, ER015, ERO16, ERl40 and ER141

QUALIFICATION TEST PLANS AND PROCEDURES:

Standard CBI shipping, receiving, moving and storing practises were used in the QT.

MAJOR DIFFERENCES BETWEEN THE QT AND THE OPTION:

The shipping, moving and storing operations used in the QT are not the same as those planned for
use in the Option. In the Option, the specialized equipment and processes will be used in the
shipping, receiving, handling and storing operations. For instance, specially designed transport
frames are to be used in the Option so that four full size beam tubes can be transported on a single
truck. Option drawings ER014 through ER016 describe the beam tube transport equipment. For
the QT CBI used standard equipment and practices to ship, receive, move and store the QT beam
tube assemblies.

QUALIFICATION TEST EXECUTION:

The QT beam tube assemblies were transported from CBI's facility in Houston, Texas to CBI's
facility in Plainfield,Illinois on extendible flat bed trailers. The 21A and 21B assemblies were
shipped together on the same truck. The 21C and 21D assemblies were shipped on separate
trucks. During shipment all four the assemblies were covered full length with white tarps to
protect them road contamination and the sun's rays. All ends of the QT beam tube assemblies
were covered with thick polyethylene that was sealed with tape.

Upon anival at Plainfield the truck hauling the 2lC assembly was back down into the basement of
the Plainfield facility. The tailer and the yard crane were positioned so that a monorail hoist
could lifted one end and the beam while a yard crane lifted the other end. The 21A beam tube
was lifted and the truck drove out from under the beam tube. As soon as the truck was out from
under the beam tube it was lowered directly to the floor. The beam tube was then rolled to a
storage area adjacent to the monorail hoist.
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QTBeam Tube Assembly Aniving atPlainfield

During the receiving inspection of the 21A assembly cracks were discovered in the fillet welds at
the guided support ring and one of the baffle rings. These were the two rings that were used to
support the beam tube during the shipment from Houston. The cracks were created by the cyclic
loadings imposed on the welds while traveling from Houston to Plainfield. The 21A beam tube
assembly was support directly off the guided support and baffle rings during this shipment. The
beam tube assemblies should be supported directly off the beam tube wall using a cradle instead of
the supportlbaffle rings. This change was implemented during shipment of the 21D beam tube
assembly.

Upon arrival at Plaffietd the 21D assembly was unloaded and stored outside the facility. A small
yard crane was used to lift one end of the beam tube assembly and a forklift the other end. The

beam fibe was lifted about a foot and the trailer driven out from under the beam tube assembly.
The beam tube assembly was lowered until it was only a few inches off the ground. The yard

crane and fork lift were used to move the beam tube assembly into a temporary storage alea near

the unloading arca.
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22D Bearn Tube Assembly Shipping Supports

Moving 21D Beam Tube Assembly to Temporary Storage Area
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++

21D Beam Tube Assembly in Temporary Storage at Plainfield

To provide a means of moving the 21C and 21D QT beam tube assemblies safely during the
machining, testing, cleaning and final assembly operations dolly wheels were afiached to both
ends of the beam tube assemblies. With the wheels attached the beam tube assembtes could be

easily and safely moved on the level by hand with the use of the forklift and yard crane. Each

assemblies was moved several times during the machining, testing, cleaning and final assembly

operations. The fork lift and yard crane were used when it was necessary to lift the beam tube

assemblies.
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Transporting22D Beam Tube Assembly to QT Assembly Area

DISCOVERIES AND CONCLUSIONS :

Cracks developed in the support/baffle rings on the 21C QT beam tube assembly from cyclic loads
imposed during shipment of the assembly from Houston, Texas to Plainfield, Illinois. During
shipment the 21C assembly was support directly on the guided support ring and one of the baff1e
support rings.

PROPOSED CHANGES:

Do not support the beam tube assemblies on the directly on the support/baffle rings during
shipmenl Support a circumferential support ring that clamps directly onto the wall of the beam
tube.

POTENTIAL RISKS & ADDIIIONAL DEVELOPMENT:

Due to the thinness of the beam tube wall the beam tubes are more susceptible to being damaged
than thicker tubes of the same diameter. The equipment and procedures for moving and lifting the
beam nrbes in the Option has been planned and developed to safely handle the thin walled beam
tube assembties. Therefore, the risk to the beam tubes has be minimized and no additional
development is needed at this time.
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F.2 MACHINE THE ENDS OF THE BEAM TUBE ASSEMBLIES

OPTION PLANS AND PROCEDURES:

C-BT-CO, "LIGO Beam Tube Sections -Construction Option"
CBI Drawing#4 and#5

QUALIFICATION TEST PLANS AND PROCEDURES:

C-BT-QT, "Qualification Test Beam Tube Sections"
CBI Drawing#2|

MAJOR DIFFERENCES BETWEEN THE QT AND THE OPTION:

The ends of the beam tube sections were not sized in the QT and the ends were machined by CBI
instead of the beam tube manufacturer. The equipment used in the QT is not the same equipment
as is planned for use in the Option. The equipment used in the QT was portable pipe cutoff
equipment. The equipment and process used in the Option will be design to be more productive.
The machining equipment and process used in the QT demonstrated that the ends of the beam
tube can be prepared to the flatness and perpendicularity tolerances specified.

QUALIFICATION TEST EXECUTION:

The ends of the beam tube assemblies are machined flat in the QT and will also be machined in the
Option for the following reasons:

e The weld process qualification tests have established that the gaps in the weld joints must be
less than 0.020" for welding. Which requires that the ends of the beam tube assemblies cannot
be out of flat by more than 0.010.

o The out of straightness of the beam tube between the expansion joints (two beam tubes
welded together) must be minimized to minimize the beam tube diameter and maintain the
required clear aperture. A perpendicularity tolerance of 0.010" has been specified for the
ends of the beam tube assemblies that weld together. Note that this perpendicularity tolerance
is not a requirement for the ends of the beam tube assemblies that weld to the expansion
joints. The perpendicularity tolerance for the end of the beam tube assemblies is established to
minimize the out of straightness (dogleg) that can result from the fit up and welding of two
adjacent beam tube assemblies. A maximum out of straightens of 0.159" can result from the
ends of the beam tube being 0.010" from perpendicular to the longitudinal centerline of the
beam tube assembly. The 0.159" out of straightness value has been used to calculated the
current minimum beam tube diameter required to maintain the specified clear aperhlre.
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o The ends of the beam tube assemblies must be flat and smooth to provide an adequate vacuum
seal for leak testing.

o Machining the ends of the beam tube assemblies will provide better conrol over the length of
the beam tube assemblies.

It was originally planned that the ends of the beam tubes would be machined by the beam tube
supplier. However, none of the beam tube suppliers currently have the capability to machine 65'
long beam tubes. For the QT it was decided to machine the ends beam tube assemblies after the
stiffeners were welded since the stiffener welding could distort the machined surface. As part of
the QT the amount shdnkage that occurred due to welding the stiffeners onto the 21-C and 21-D
beam tube assemblies was measured and recorded. This was done to assess whether or not the
beam tubes can be machined before welding the stiffeners.

The ends of the beam tube assemblies were machined at the QT assembly area at CBI's Plainfield
facility. A portable pipe cut off machine was used to machine ten ends of the six beam tube
assemblies (21A through 2lD, 24A, and24B). The portable pipe cut off machine was rented
from E. H. WACHS Company. Only one end of 24Aand24B beam tube closure assemblies
required machining. Normally this type of pipe cut off machine is mounted on the outside of the
pipe or tube that is being cul Because the LIGO beam tube tubes are so thin and the machined
ends must be perpendicular to the beam tube centerline the cut off machine it was decided to
mounted the machine on a rigid support frame

BEAM TUBE ASSEMBL
SADDLE SUPPORTS FOR
BEAM TUBEASSEMBLY

WACHS MODEL SF 3648/1 PIPELINE SPLIT
FRAME CUTTING AND BEVELING

s0.2s'oD x 98'THK.

BACKING FRAME
WACIIS CUTTER

MACHINE SET UP TO CUT ENDS OF OT BEAM TUBE ASSEMBLIES
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To provide the specified perpendicularity (0.010") the pipe cut off machine was accurately
plumbed and aligned perpendicular to ttre centerline of the beam tube. Using a 50' tape, a jig
transit and a stringline the three control points Pl,Pz and P3 were accurately located and marked
on the concrete floor. See the sketch below:

LAYOUT FOR MACHINING THE BEAM TUBE ENDS

Next the pipe cut off machine was mounted onto the support frame. The frame was accurately
plumbed and aligned to be perpendicular to the centerline of the beam tube using a jig transit in
line with line P1-P3 and centered to the beam tube center line using a plumb bob. See the sketch
below:

WACHS CUTOFF MACHINE
ATTACHED TO BACKING FRAME

P2

CENTERLINE OFTHE OT
BEAM TUBE ASSEMBLIES

JIG TRANSIT

ALIGNMENT OF MACHINE FOR MACHINING THE BEAM TUBES
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Saddle supports were positioned at the ends of the beam tube assembly that was being machined.
During the QT these supports had to be re-positioned to accommodate the varying lengths of the

QT beam tube assemblies. Since the beam tube assemblies in the Option will be nearly the same
length, the supports for machining the beam tubes will remain at the same location throughout the
Option. The saddle supports were centered over the beam tube centerline that was marked on
the concrete floor and leveled so that the longitudinal centerline of the beam tube assembly being
machined is parallel to the axis of rotation of the pipe cut off machine. Alignment at the ends of
the beam tube assemblies was confirmed before the assembly was secured for machining. A tilt
level and plumb bobs were used to confirrn alignment

21C Beam Tube Assembly Being Set Up to Machine

The tube sections were manufactured with a 4" cutoff length added to each end. The flexibility of
the thin beam tube permitted the radial pressure from the tool to deflected the surface of the beam
tube radially inward. After the tool broke through the inside surface of the beam tube, it would at
times catch on the through cut and stall the machine. Eight equally spaced braces were added to
the support frame of the cut off machine to provide support to the inner surface of the beam tube.
A 4.00" long by 0.50" thick by 47.625" inside diameter stainless steel ring was installed inside the

beam tubes assembly to stiffen the tube wall for machining. The end of the cylinder was located

about 0.50" from the cut line to provide clearance for the parting tool. The bolts on the eight

equally spaced braces inside the beam tube assembly were tightened against the inside surface of

the split cylinder to provide radial supporl
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Machining the End of 21C Beam Tube Assembly

The machining process performed during the QT demonstrated that the ends of the beam tube
assemblies can be cut to the 0.010" specified flatness and perpendicularity. However, the
machining operation required more time than estimated. The equipment used was not designed
and set up for productivity. On the average it took about approximately 8 hours to move,
position, align and machine one end of a beam tube assembly. It is estimated that about 213 of
this time was spent move, aligning and clamping down the assembly for the machining operation.
Only about 1/3 of the time was spent actually machining the beam tube. Two of the beam tube
end were machined in as linle as one hour.

The machining equipment that was used to machine the QT beam tubes was rented from E. H.
WACHS Company. During the machining process of the QT beam tube assemblies WACHS
provided technical support and worked closely with CBI. At CBI's request WACHS has
developed and proposed a machine that can be used to both expand and machine the ends of the
beam tubes in one operation. The machine consist of an hydraulic powered tube expander/chuck
with a pipe facing machine. See the WACHS drawing BSPG-055-00 that describes the
combination expander/end prep machine. In the Option, the ends of approximately 800 beam tube
assemblies (1600 beam tube ends) must be expanded and machined. The use of a machine of this
type along with a significantly improved handling process and equipment should greatly improve
productivity of the machining the ends of the beam tube assemblies.
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DISCOVERIES AND CONCLUSIONS :

The flexibility of the thin beam tube wall makes severing and squaring operations using radial
feeding cutting more difficult than anticipated. It is proposed that the ends of the beam tubes
be machined using a longinrdinal feeding facing tool instead of radial feeding parting tool.

A productive process and equipment is needed to machine the ends of the beam tubes.
Expanding and machining the ends of the beam tubes are operations that will be performed
approximately 1600 times during the Option. The capital invesfinent in developing a more
productive equipment and process could more than pay off in overall savings.

The machining process, equipment and personnel must provide a square end to the specified
tolerances.

PROPOSED CHANGES:

Use a longitudinal feeding facing tool be used instead of radial feeding parting tool.

Expand and machine the ends of the beam tubes at the same time using a custom machine that
can both expand the ends of the beam tubes to a uniform size and also face the ends of the
beam tubes.

POTENNAL RISKS & ADDITIONAL DEVELOPMENT:

o Develop a machine that will expanded and machine the ends of the beam tubes at the same
time. E. H. WACHS Company has prepared a proposal for a custom machine that can both
expand the ends ofthe beam tubes to a uniform size and also face the ends ofthe beam tubes.
See the attached copy of the WACHS proposal.

o Develop the equipment and processes to productively move and set up the beam tube
assemblies for machining.
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F.3 SECTION LEAK TEST

OPTION PLANS AND PROCEDURES: HMST1N

QUALIFICATION TEST PLANS AND PROCEDURES: HMSTIQT

MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:
The qualification test tube sections were bagged using polyethylene bags instead of a metal
casket as proposed for the option. Polyethylene film was used due to the limited number of
sections to be tested.

The polyethylene bagging was as expected, higher in man-hours than the estimated man-hours
for a metal casket. The following problems are associated with the use of polyethylene bags:
r The fust problem was the fragile nature of the polyethylene film. This did rip on at least

one section leak test which resulted in an increased ambient helium background.
o Helium has a high permeation rate through the polyethylene. This also contributed to the

high ambient helium background.
o The Polyethylene bag increased the difficulty of gening a high helium concentration in the

bag due to the limited ability to evacuate the bag.
o Disposal of the polyethylene.

QUALIFICATION TEST EXECUTION:
The section leak tests were performed on the trvo long sections numbered2lC and 21A+D
and the 8 foot long section with the pump port (21B). Each of the long sections of tube had
one leak. The leak in section 21C was the result of shipping of the section without proper
support The section was shipped sitting on the large stiffeners and shipping forces caused a
number of cracks to develop in the stiffener to tube welds. The cracks were discovered
during the receiving inspection and were repaired. One of these weld repairs did leak. The
other tube section had a leak in a stiffener weld repair made by CBI in Houston.. This leak
was at a location where copper from the welding tip had imbedded in the weld and had caused
a crack.
The tube sections were typically evacuated to the low 106 or high 10-7 torr range with a
!A"@,cold trapped diffusion pump backed by a roughing pump. The Helium Mass
Spectrometer leak detector (HMS) was attached to the diffusion pu1p foreline. The helium
bickground as msasured with the HMS was typically in the low 10-e ATM cclS range and was
nulled out in the HMS to the low 10-10 ATM cclS range.

The bagging of the tube section was accomplished using two methods The first method used

a sheet of polyethylene which was formed into a tube using a hand heat sealer. This sealer

caused the seam to be melted in places and had to be taped with duct tape to seal the holes
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and to reinforce the seam for strength. The plastic tube was then slipped over one end of the
beam tube and bunched up so the entire length fit benveen the end of the beam tube and the
frst supporl The beam tube end was then lifted and the plastic tube slipped past the support.
The other end of the beam tube was then lifted to get the plastic past the other support and
the ends of the plastic tube were duct taped to the beam tube to complete the bag.

The other method of installing the bag was the traditional method of using a sheet of
polyethylene and wrapping it around the tube and taping both the long seam and the ends of
the plastic to the beam tube with duct tape to form a bag. The traditional method had the
same problem with the beam tube support as the plastic tube method The bag was filled with
helium during the leak test by using a shop vac to pull as much air out of the bag as possible
and then bacldilling ttre bag with helium. An oxygen meter was used to determine the
concentation of helium in the bag.

The HMS was calibrateO tprufrO--d zeroed) before each leak test using a 10-s ATM cclS
range calibrated leak located on the HMS. The calibration was then confirmed after the actual
leak test by using a 10-10 ATM cclS range calibrated leak located on the end of the tube
section which was remote from the pumping and HMS system. The typical response time for
indication of the full signal was approximately one minute. The measurement of the small
calibrated leak, on the far end of the tube, resulted in a HMS leak signal which was
approximately the same as the calibrated leak rate so the HMS gain was about 1.0.

All of the leak tests exhibited a slow rise in the helium reading on the HMS. The rise typically
started 6 to l0 minutes after the start of bag filling process. The final section was eventually
tested with a bag around the mass spectrometer and a high flow rate nitrogen purge through
the bag. This eliminated the helium rise on the mass spectrometer. The reasoning behind the
slow rise is that the helium permeation and leakage out of the bag was entering the HMS
roughing pump exhaust and migrating to the helium sensor.

Prior to the last leak test where the HMS was bagged and purged, several attempts were made
to find other sources of leakage, such as the end head seals, various finings on the vacuum
system and the instrumentation on the end heads. All of these efforts failed to find another
source of leakage. Pinhole type leakage through the tube was discounted due to the faster
response time of the system. Long tortuous path leaks were discounted due to the repetition
of the helium rise on each tube section tested.

DISCOVERIES AND CONCLUSIONS :
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The leak testing extended for a longer period of time than expected due to the search for
the possible source of helium making the long slow rise in the HMS measurements. The
test duration also was longer than predicted due to the two leaks which were detected.
The option phase of the project will go much more smoothly due to the learning curve on
ttris type of leak checking and the use of the caskets which will prevent most if not all of
the increase in helium background levels. The benefits of the casket arc as follows:
o Steel casket is not helium permeable.
. ease of installation over tube
o can be opened to inspect or helium spray tube
. can be evacuated (1 torr or less) to increase the helium concentration during leak

testing
The HMS must be located in a room or building separate from the area where the beam
tubes are leak tested in order to eliminate the helium migration into the HMS. The HMS
room or building must have a separate ventilation system from the beam tube test area and
the room must be sealed to air migration from the tube test area.

The Balzers DUO 604 roughing pump which was used for the evacuation of the tube
sections and would have been used for the evacuation of the completed QT beam tube was
inadequate for the intended use. This roughing pump was not designed to run
continuously under high horsepower loads and therefore cannot evacuate large volumes.
Extended pumping time at high horsepower conditions caused the pump to overheat and
destroyed the bearings. A roughing / blower combination would not have helped and
would have, in fact, maintained the roughing pump in a high horsepower condition for a
longer period of time due to the compression through the blower. Balzers provided CBI
with a Duo 2504 as a replacement until Balzers completes the development of their
improved roughing pumps. The high flow rate pump with the small roughing piping

allowed the roughing pump to operate in a lower horsepower regime for most of the
pumpdown. The Duo 250A was used for the entire time the QT was under vacuum with

absolutely no Problems.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
r The use of a casket is still untried but the concept of the casket used as a rigid, non helium

permeable bag with limited evacuation capability for helium purge only is a simple, low

risk, economical aPPlication.

o The casket roughing system should be evaluated for the use of a blower to pump the

helium from the casket to a holding tank. The development would include an economic

evaluation to determine the savings in helium vs. the cost of the pumping and storage

system. A helium storage system would not only save helium but would also reduce the

amount of ambient background increase due to venting the helium to the atmosphere.
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F.4 BEAM TUBE TO BEAM TUBE CIRCUMFERENTIAL FIT-UP
OPTION PLANS AND PROCEDURES: FPCIRCUMFERENTIAL

QUALIFICATION TEST PLANS AND PROCEDURES: SAMC
MAJOR DIFFERENCES BETV/EEN THE QUALIFICATION TEST AND THE OPTION:

There were no differences identified during the QT.
QUALIFICATION TEST EXECUTION :

The beam tube end squarcness and flatness was obtained by end machining. The ends were
checked during circumferential joint fitting. Acceptable squareness and flatness was
determined by a visual check. The ends were in contact at all locations after completion of
the fitting and tacking operation.

DISCOVERIES AND CONCLUSIONS :
The purge ring was too small in size. The seal inflation pressure of 5 psig did not seal
the outer seals against the inside of the beam tube. The optimum inflation pressure was
22 psig. The larger rubber envelope caused an increase in purge pressure as the heat
accumulated during welding.

The MSA passport personal alarm was used to monitor the oxygen content of the purge
gas for the first circumferential weld joint. The performance specification does not list
accuracy below 2Vo oxlgen The recharge was used because the battery pack did not
hold charge for the duration of fitting and welding. The recharge should not have been
used during operation. The MSA model360 was used for all other purge monitoring.

PROPOSED CHANGES:
Purge rings for the option will be purchased with a 48.'75" outside diameter deflated outer
seal.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
There is no apparent risk and additional development is unnecessary.
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F5 BEAM TUBE TO BEAM TUBE CIRCUMFERENTIAL WELDING
OPTION PLANS AND PROCEDURES: WPS ER3O8L/CIRC

QUALIFICATION TEST PLANS AND PROCEDURES: SAME
MAJOR DIFtrERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

There were no differences identified during the QT.

CIRCUMFERENTIAL WELD JOINT MOCK-UP PHOTOGRAPHS

The frst circumferential joint was between assembly 21-A and assembly zI-D. A weld
repair was required before leak testing. The weld joint was leak tested using the helium

mass spectrometer hood leak test procedure. The second circumferential joint was

between assembly 21-B and assembly Zl-C after they had passed leak test. The second
circumferential joint was leak tested during beam tube module leak test after installation.
There were no leaks detected for both circumferential weld joints.

DISCOVERIES AND CONCLUSIONS :
The welding heat buitd up did not damage the rubber purge ring. Temperature build up 1.5"

from the weld was 222" F after four minutes. Temperature build up 3.5" from the weld was

I24" F after nine minutes. The tourch travel speed was 4" per minute.
PROPOSED CHANGES: There wsre no changes identified in the QT.
POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:

There is no apparent risk and additional development is unnecessary.

QUALIFICATION TEST EXECUIIQNi
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F.6 EXPANSION JOINT TO BEAM TUBE FIT.UP
OPNON PLANS AND PROCEDURES : FPCIRCUMFERENTIAL
QUALIFICATION TEST PLANS AND PROCEDURES: SAME
MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

There were no differences identified during the QT.
QUALIFICATION TEST EXECUTION:

The third circumferential joint was between the expansion joint and assembly 21-D. The
expansion joint has a 48.935" inside diameter. The beam tube has a 48.892" outside
diameter. The inside offset of .02I" and difference in thickness caused concern.

PROPOSED CHANGES:
The welding procedure was revised before the welding. No changes in the fit-up procedure

was necessary.
POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:

There is no apparent risk and additional development iS unnecessary.
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F.7 EXPANSION JOINT TO BEAM TUBE CIRCUMFERENTIAL WELDING
OPION PLANS AND PROCEDURES: WPS ER308I/CIRC
QUALIFICATION TEST PLANS AND PROCEDURES: SAMC
MAJOR DIFtrERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

There were no differences identified during the QT.
QUALIFICATION TEST EXECUTION:

The third circumferential joint was between the expansion joint and assembly 21-D. The
offset and difference in thickness caused concern. A mock up circumferential joint was made
using 0.05" oscillation amplitude which was not provided for in the current WPS
ER308UCIRC. Sample welds were made using the proposed welding parameters. An
evaluation was made which resulted in a welding procedure revision that allowed oscillation
amplitude for the frst pass. There were no repairs required and the third circumferential
joint was leak tested during beam tube module leak test after installation. No leaks were
detected during leak testing.

The fourth and hnal circumferential joint was between the expansion joint and assembly 2l-
C. The automatic weld equipment was set up and the frst weld pass was completed. There
were segments of the weld where the arc would favor the expansion joint side more than the
beam tube side. The purge ring was evacuated. Positive air flow and safe entry was verified.
The purge ring was moved clear of the cicumferential weld joint. A visual inspection was
performed. There were two segmental lengths (7.5" & 9.5") that needed repair. The two
segmental lengths were repaired by chipping approximately .010" deep to remove
incomplete penetration indications. The purge ring was installed. The purge ring outer seals
were inflatedto 22 psig. The argon backing purge gas valve was opened and the evacuadon
line was connected to an oxygen analyznr. l.|Vo oxygen was established and the second
weld pass was started. The welding operation was stopped to make an adjustment of the
wire fed. A gas leak sound was detected by the welding operator. The second weld pass
was approximately one half complete. The purge ring outer seal nitrogen flow meter
indicated that a leak had developed in one of the inflatable seals. A calculation was made to
estimate the time the nitrogen supply would last. There was enough time estimated to
complete the second weld pass. The second weld pass was completed with four minutes of
nitrogen flow remaining. The argon backing purge gas valve was closed and the purge ring
was putled out of the beam tube using the rubber gas hose. Entry of the workman was not
necessary. The leak testing of the circumferential weld joint was postponed until module
leak testing. A positive air flow and safe entry was verified. A visual inspection was
performed. The circumferential weld joint was determined to be acceptable.
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Fourttr & Final Circumferential Weld

Note: The guided support was not installed when the joint was welded.

DISCOVERIES AND CONCLUSIONS:
The two segmental lengths with approximately .010" deep incomplete penetration
indications was a result of the arc favoring the expansion joint side more than the beam
tube side. The judgement of the operator was the likely source of substandard welding.
The operator at the controls had not experienced the arc wandering condition. The
operator had not performed machine welding using WPS ER308L/CIRC for a two
mounth period.

The QT purge ring blew a hole in an outer seal during its final application and is not
suitable for further use.

PROPOSED CHANGES:
Purge rings for the option will be purchased with a 48.75" outside diameter deflated outer
seal. The outer seals will not be pressurized more than 5 psig as specified in the purge
procedure.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
There is no apparent risk and additional development is unnecessary.
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F.8 BEAM TUBE SECTION CLEANING

OPTION PLANS AND PROCEDURES:

LIGOCP, "Planned Approach for Cleaning and Cleaning Maintenance for LIGO Project"
CLIN, "Cleaning of Completed Beam Tube Can Sections Before and After I-eak Testing

and Final assembly"
BIIN, "Blacklight Inspection Technique and Solvent Cleaning Procedure"

QUALIFICATION PLANS AND PROCEDURES:

LIGOCPQT, "Planned Approach for Cleaning Maintenance for LIGO Qualification Test
Addenda"

CLIQT, "Cleaning of Completed Beam Tube Can Sections Before and After Leak Testing
and Final assembly for LIGO Qualification Test Module Addenda"

BIIN, "Blacklight Inspection Technique and Solvent Cleaning Procedure"

MAJOR DIFFERENCES BETWEEN THE QT AND THE OPTION:

The beam tube assemblies were cleaned inside CBI's development center instead the cleaning
facility as is proposed in the Option.

The steam cleaner apparatus was pulled through the beam tube by hand instead of using a variable
speed winch.

The steam cleaner apparatus was pulled through the beam tube at 0.5 feet per minute instead of
2.0 feet per minute.

QUALIFICATION TEST EXECUTION:

Beam tube assembly 22A was cleaned per QT cleaning procedure CLIQT, "Cleaning of
Completed Beam Tube Can Section before and after leak Testing and Final Assembly for LIGO
QT Addenda". Numerous fluorescent indications were revealed by the blacklight inspection that
was performed prior to the steam cleaning operation. Many of the fluorescent indications found
during the blacklight inspection could not be removed by wiping with acetone and/or alcohol as
directed in CLIQT. Several spots were successfully remove by vigorous sanding with emery
paper. However, the sanding also removed the oxide coating on the beam tube and polished the
surface. For the QT the decision was made by Caltech and CBI not to attempt to remove any
fluorescent indications that could not be removed by wiping with acetone and/or alcohol.

At the end of the steam cleaning process the steam spray wand was not rotating. The wand was
rotating at the beginning but had stopped sometime during the steam cleaning operation. The
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spray wand could not be seen during the steam cleaning due to the steam inside the beam tube.
The pressure of the steirm cleaner was increased to provide additionalnazzle force so that the
wand would not stop during the two hour long steam operation.

Steam Cleaning the22| Beam Tube Assembly per CL1QT

Following the steam cleaning of the 22Abearntube assembly the inside of the beam tube was
blacklight inspected to determine where the spray wand had stopped tuming. This inspection was
unsuccessful in establishing the location at which the spray wand had stopped turning. However,
during the blacklight inspection a six to eight inch wide fluorescent band was observed at the
bottom of the beam tube. The fluorescent band was visible the entire length of the beam tube.
The tube did not have sufficient slope during the steam cleaning operation to sufficiently drain the
water from the beam tube. Due to the shrinkage at the spiral welds, the water ponds between the
welds. The slope of the tube was increased from 1:30 to 1:20 to minimize the amount of water
ponding on the uphill side of the spiral welds.
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A second blacklight inspection of the beam tube was made to assess the difficulty in removing the
fluorescent band by wiping with acetone anilor alcohol. As part of this assessment portions the
bottom beam tube wall were wiped with acetone and/or alcohol to remove the fluorescent band.
During this cleaning assessment it was noticed that the areas adjacent to the fluorescent band
showed fluorescent streaks when wetted with acetone andlor alcohol These streaks were not
visible during the blacklight inspection of the unwetted surface. CBI informed Caltech of the
fluorescent streaks that developed on the apparently clean material surface when the surface was
using the newly developed "wet blacklight technique". In this technique the surface of the
material is wetted with alcohol and the wetted surface inspected as specified in BI1N.

At this time Caltech directed CBI to study the occurrence, cause, effect, and source of the
fluorescent contamination that were discovered by CBI using the wet blacklight technique. After
further investigation and assessment the following were concluded:

o The "wet blacklight technique is an inspection process that can be used to qualitatively
assess the presence of fluorescent contaminants on the LIGO material that are not visible
using the normal dry blacklight inspection techniques.

o The contamination was wide spread and varied in intensity. Fluorescent indications were
observed on all the LIGO QT beam tube assemblies using the wet blacklight technique.

o As the beam tube surface is wetted with alcohol fluorescent indications begrn bleeding
from minute spots to form fine fluorescent streaks as the bleeding continues. Isolated
spots of contamination that were viewed under a microscope revealed that the
contarnination came from relatively deep local depressions in the steel surface.

Repeated flushing of the surface with alcohol reduces the amount of fluorescence but does
not entirely eliminate the fluorescence.

Samples of the contaminated solvent+aken from the alcohol use to wash the bleeders were
analyzed to contain hydrocarbon type lubricants: silicone grease or oil, organic ester, and
possibly a small amount of hydrocarbon oil or grque.

o The source(s) of the contaminant(s) could not be identified

Caltech decided that the current cleaning process, steam cleaning, was not adequate for the LIGO
beam tube. The process must be improved or a new process developed that will effectively
remove more of the hydrocarbons from the surface of the beam tube material. Therefore, the task

of detsrmining the best cleaning technique for Mirachem 500 and to compare the effectiveness of

cleaning with Mirachem 500 only to the effectiveness of Mirachem 500 with a propanol rinse.
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Representatives of Mirachem were consulted to detemine how best to use Mirachem 500. Tests
were conducted to determine the most effective concentrations of Mirachem 500 and to evaluate
the benefits of applying the Mirachem 500 as a foam. Full strength Mirachem 500 was marginally
more effective than solutions diluted with deionized water. After tests were performed to
demonstrate the process of applying Mirachem 500 as foam, the foam did not provide any
apparent benefits over using the full strength solution.

The best results were produced using the following cleaning process:

1. Level the beam tube assembly and wash the inside with full strength Mirachem 500
solution while rotating the beam tube assembly in the horizontal position.

2. Incline the beam tube assembly and pressure wash the inside surface with deionized
water.

3. Steam clean the inside surface of the beam tube assembly while it is inclined.
4. L,evel the beam tube assembly and wash the inside with 2-propanol while rotating the

beam tube assembly in the horizontal position.
5. Rinse the inside of the beam tube assembly while rotating the beam tube assembly in

the horizontal position.

Testing of Mirachem 500 Solution and Foam
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CBI developed and executed a QT cleaning procedure based on the cleaning process described
above. The following cleaning procedures were developed to execute the QT cleaning process:

. CLTESTI, "Test to Assess the Effectiveness of Cleaning with Liquid Mirachem 500
and IsoproPyl Alcohof '.

. CL4QT, "QT assembly Cleaning Procedure".
r CL5QT, "QT Baffle Cleaning Procedure".
r CLSAMPI, "Procedure for Obtaining a Cleanliness Assessment Sample".
o CLBLEEDl, "Bleeder Detection by Propanol Rinse with Blacklight Inspection'.
o CLDROPI,'TVater Break Test for Beam Tube Cleanliness Assessment".

The QT beam tube assemblies 22A and 22B were cleaned per CL4QT, "QI assembly Cleaning
Procedure". The QT baffles were cleaned per CL5QT, "QT Baffle Cleaning Procedure". A
separate report, "Qualification Test Cleaning Report Task Orders #94-1, #94-L, and 94-1", was
issued to document the work performed to assess the extent of the contamination, evaluate
alternative cleaning methods and execute the selected cleaning process in the QT.

Washing 22ABeam Tube Assembly with Mirachem 5{X)
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Draining Mirachem 500 from Z2A.Beam Tube Assembly

Pressure Water Rinse of the 22A'Beam Tube Assembly
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Water Drop Test of 22|Beam Tube Assembly after Steam Cleaning

DISCOVERIES AND CONCLUSIONS:

Many of the fluorescent indications observed during blacklight inspection could not be removed
by wiping with acetone and/or alcohol. The contaminants can be removed by sanding with emery
paper. However, sanding also removes the oxide and polishes the surface of the beam tube.
Removing the oxide and polishing the surface is not acceptable. The indications that could not be
removed by wiping with acetone and/or alcohol were not removed in the QT.

The union that rotates the steam cleaner spray wand stopped during the steam cleaning of the
Z2Abean tube assembly. There was insufficientnozr,le force throughout the steam cleaning
operation to keep the wand rotating.

The cleaning procedure specified for use in the Option was not used in the QT. The steam
cleaning process is not aggressive enough to remove hydrocarbon contaminants on the surface of
the beam tube. A new procedure was developed and implemented as part of the QT.
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F.9,A BEAM TUBE IIANDLING

OPTION PLANS AND PROCEDURES:

See CBI Drawing #ER140 & #ER141

QUALIFICATION TEST PLANS AND PROCEDURES:

Standard shop lifting equipment was used to handle and assemble the QT beam tube.
Attached dolly wheels to the beam tube assemblies to move by rolling.

MAJOR DIFFERENCES BETWEEN THE QT AND THE OPTION:

The beam tube handling operations used in the QT are not the same as those planned for use in
the Option. Standard shop lifting equipment was used to handle the QT beam tube assemblies and
dolly wheels were attached to the beam tube assemblies so they could be moved by rolling. The
equipment and handling process shown in CBI drawing #ERl40 and #ER141 will be acquired and
used in the Option to handle and install the beam tubes assemblies.

QUALIFICATION TEST EXECUTION:

Fork lifts and a small yard crane were used to lift the beam tube assemblies during the QT
machining,leak testing, subassembly, cleaning and final assembly operations. At all times soft
nylon slings were used to move the assemblies.

Dolly wheels were attached to each end of the 21C and 21D beam tube assemblies to provide an
easy and safe means of moving the assemblies inside the Plainfield development facility. Two
people at each end of the beam tube assemblies could roll and turned the assemblies by pushing
and pulling.

DISCOVERIES AND CONCLUSIONS:

No significant discoveries conceming handling were made during the QT.

PROPOSED CHANGES:

No changes proposed for the Option as the result of the QT.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:

No apparent risks uncovered during the QT and no additional development is required.
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F.9.b FIT.UP & WELDING BEAM TUBE FIXED & GUIDED SUPPORTS
OPTION PLANS AND PROCEDURES: INSTALLSEQ, WPS ER3O8L/GMA, WPS E308L /

STRUCT, & WPS E7018/STRUCT
QUALIFICATION TEST PLANS AND PROCEDURES: ISQT, WPS ER3O8L/GMA, WPS

E6010/STRUCT, & WPS ER70-S3/STRUCT
MAJOR DIFFERENCES BETTVEEN THE QUALIFICATION TEST AND THE OPTION:

The structural support accessories will be assembled by the supplier for the option. Some of
the support accessories were replaced because of design changes. The new assemblies were
assembled and welded by CBITSC during the QT. The supplemental thrust restraint
components are unique to the QT.

QUALIFICATION TEST EXECUTION:
The support lugs received from Piping Accessories, Inc. were not used. The expansion
anchors would have had to be drilled before installation of the beam tube. The support lugs
design was changed. CBITSC plainfield fit and welded the new support lug assemblies. The
support lug assemblies were not galvanized.

The thrust restraint support was fial fit with the beam tube at the neutral elevation. There
was a gap benveen the base plate and the kicker angle brace. One of the holes in the kicker
angle brace was filled by welding and the hole was drilled at a new location. The kicker base
plate location was determined and the expansion anchor holes were drilled in reference to
the fixed support installation alignment marks on the basement floor.
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QUALIFICATION TEST EXECUTION: (Continued)
The fixed supports were being installed while Caltech performed the reflectivity test. The
supplemental thrust restraint components were not installed. The micarta blocks and mylar
insulating sleeves required special installation sequence with related components. The
following sequence was used to install the fixed support components:

1. The horizontal force tansfer lug components were assembled and loosely attached to
the stiffener ring (16-8) and to the tubular horizontal sub-assembly (7-2 & 6-1, etc.).
The bolts and nuts were left loose.

2. The support lug (8-3) was loosely bolted to the tubular horizontal sub-assembly (6-1).
3. Sub-assembly (6-4,5,&6) was slid into position on the stiffener ring and the support

components were assembled and loosely attached to the bearing plate on the tubular
horizontal sub-assembly (6-3).

4. A visual check was made and bolts were tensioned.
5. Pieces 6-5 & 6-6 was welded to the support ring.
6. The temporary adjustable supports were removed at the fixed support areas.
7. The beam tube was moved and adjusted to the installation neutral position.
8. The horizontal dimension between the expansion joint circumferential weld joint

centerlines was set atz' - 3" (Normalized for 70" F temperature).
9. The beam tube installation alignment was verified.
10. The holes were drilled into the concrete basement floor using the support lug as a

drilling template.
11. A plastic tube was used as a drill stop to obtain the embedment depth of the holes.
12. The expansion anchors were installed.
13. The torque was 75 ft. lbs.

o
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QUALIFICATION TEST EXECUTION: (Continued)
The guided supports were being installed while Caltech performed the reflectivity test. The
fixed supports were being installed at the same time so that similar task would be performed
for continulty. The following sequence was used to install the guided support components:

1. The two tubular horizontal sub-assemblies (18-1) were adjusted t0 the neutral
instaltation elevation and bolted to the four support lug sub-assemblies (8-3).

2. One hanger suspension sub-assembly (18-4) was fial attached to one side of the two
tubular horizontal sub-assemblies (1 8- I ).

3. The hole spacing enor in the support stiffening ring was found.
4. The hanger plate (18-2) attachment welds were removed by air arc gouging.
5. The two hanger suspension sub-assemblies (18-4) were bolted to the two tubular

horizontal sub-assemblies ( 1 8- 1 ).
6. The guided support attachment plate was bolted to the support ring expansion joint side.
7. The four hanger bars, micarta blocks, mylar insulating sleeves, and bolts were assembled

to the guided support attachment plates.
8. The top channel members of the hanger suspension sub-assemblies (18-3) were spread

apart with shims and wedges allowing clearance and adjustment of the hanger plates.
9. The four hanger plates (lS-2) were bolted to the four hanger bars (18-1).
10. The lateral restraint cable was insulated with high temperature electrical tape and loosely

installed.
11. The beam tube clocking was adjusted.
12. The beam tube installation alignment and neutral elevation was checked and verified to

be acceptable.
13. The wedges and shims were removed from between the channel members (18-3).

14. The hanger bars wsre checked for plumbness and the hanger plates (18-2) were welded
to the channel members (18-3). The lateral restraint cables were tightened to remove
slack.

15. The temporary adjustable supports were removed at the guided support area.
16. The beam tube was moved and adjusted to the installation neutral position.
17. The horizontal dimension between the expansion joint circumferential weld joint

centerlines was set at2' - 3" (A reference mark was made 4" from the centerlines during
fit-up).

18. The beam tube installation alignment was verified.
19. The holes were drilled into the concrete basement floor using the support lug as a

drilling template. Two holes at a floor drain was not drilled.
20. Aplastic tube was used as a drill stop to obtain the embedment depth of the holes.
2L.The expansion anchors were installed.
22.T\e torque was 75 ft. lbs.
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QUALIFICATION TEST EXECUTION: (Continued)
The supplemental thrust restraint components were installed before the start of beam tube
module leak testing pump down. The micarta blocks and mylar insulating sleeves required
special installation sequence with related components. The following sequence was used to
install the fixed support supplemental thrust restraint components:

The thrust restraint kicker angle (23-1LR) and components were assembled and loosely
attached to the thrust plate (23-4). 1" X 8" long all thread rod was used as an alternate
to bolts (23-7). The all thread rod and nuts were left loose.
The base plate was moved into position under the restraint kicker angles.
The expansion anchors were installed.
A two piece special fitting jig was bolted to the base plate that extended over the
restraint kicker angles.
A pipe clamp, shims, and wedge was used to set the distance between the kicker angles.
Wedges were driven between the fitting jig and kicker angles to bring the kicker angle
into contact with the base plate.
The fit-up was checked and adjusted as needed, then the fillet weld was completed using
WPS ERTO-S3/STRUT.
The fitting jig was removed and the spacer plate was welded to the two restraint kicker
angles.

9. A visual check was made and the all thread rods and nuts were tensioned.
10. The expansion anchors torque was 75 ft lbs.
11. The beam tube installation alignment was verified.

DISCOVERIES AND CONCLUSIONS :
The micarta blocks and mylar insulating sleeves required special installation sequence
with related components.

PROPOSED CHANGES:
There were no changes identified in the QT.

POTENTIAL RISKS & ADDMONAL DEVELOPMENT:
There is no apparent risk and additional development is unnecessary.

1 .

2.
J .

4.

5.
6.

7.

8.
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F.lO FIT.UP & WELD SOUTH END CLOSURE TO ASSEMBLY 22.4
OPNON PLANS AND PROCEDURES:

No end closure is planned for the option phase.
QUALIFICATION TEST PLANS AND PROCEDURES: WPS ER3O8L/TEST HEAD
MAJOR DIFFERENCES BETTYEEN THE QUALIFICATION TEST AND THE OPTION:

The end closure is unique to the QT.
QUALIFICATION TEST EXECUTION:

Assembly 24-A leak test log and cleaning log was verified to be complete. The assembly
sealed with clean polyethylene was moved into the vacuum room before the pump port
assembly 22-A was installed. The assembly was set on a temporary adjustable support
(wood frame work) at the neutral elevation. The pump port blind flange was removed and
the opening was sealed with clean polyethylene with three copper tubes inserted as nitrogen
gas purge supply lines. The 52" diameter aluminum end cover with a HEPA filter was
removed from the beam tube end and the polyethylene was removed from the head plate.
Assembly 24-A was moved into installation position and held in place with three pipe
clamps. The weld joint was taped with special masking tape to contain the purge gas during
fit-up and tacking. A 52" diameter aluminum cover with the 6" atr vent nozzle and a 2"
drain nozzle with shutoff valve used to cover the beam tube end during the cleaning
operations was installed over the north (assembly 2l-A-l) end using three pipe clamps and
sealed with duct tape. Three liquid nitrogen dewars with high pressure gas outlets were
connected to the three copper tubes. The 6" air vent was connected to a flexible duct tube
that vented to the basement ventilation system. The valves were opened and the 133.5'
beam tube module interior was filled with nitrogen gas until the oxygen level was less than
L.}Vo. The purge was obtained wittrin approximately four hours. Two nitrogen flow valves
were closed and one valve maintained the purge at less than l.IVo inside the beam tube
module. The flexible duct tube was removed from the 6" air vent. The 6" vent nozzle was
sealed with polyethylene and duct tape. The 2" drain nozzle was used to vent the beam tube
during fitup tacking and welding. The beam tube end (21-2) was brought into alignment
with the end closure spiral welded tube ring (24-2). Stainless steel wedges were driven
between the beam tube shell and a stainless bar attached to the end closure head plate. The
Fitting and tacking was completed.
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QUALIFICATION TEST EXECUTION: (Continued)
The automatic weld equipment was set up and the first weld pass was completed. The
second weld pass was approximately one half complete when the automatic weld equipment
began to have the following problems: The heat build up in the end closure head plate
caused distortion. The head plate would make contact with the automatic weld equipment
and short out the control functions. The automatic weld equipment was removed from the
joint. The joint was completed using the GMAW process WPS ER308L/GMA. An
oversized weld (3/8" Vs 1/8" fillet) was applied to a 3 ft. segment of the end closure head
nng Q4-2) attachment to the head plate (24-I). The beam tube had 1/4" offset with the end
closure head spiral ring betrveen the 0" to 90" centerlines. A visual inspection was made on
the outside welds. The welds were acceptable. The clean polyethylene and the three copper
tubes were removed from the pump port. The opening was covered with the HEPA filter
and sealed with duct tape. The 6" alr vent was connected to a flexible duct tube that vented
the inside of the beam tube to the basement ventilation system. A positive air flow and safe
entry was verified. The HEPA filter and duct tape seal was removed and a visual inspection
was made using a mirror and a flashlight through the pump port opening. The weld was
acceptable. The HEPA filter was installed over the pump port and sealed with duct tape.

DISCOVERIES AND CONCLUSIONS :
Three liquid niuogen dewars with high pressure gas outlets connected to an inlet
manifold would be an improved purge method applicable to vacuum stiffener
attachment. The 6" air vent connected to a flexible duct tube that vents to a ventilation
system provides a safe and effective purge vent. A 65 foot beam tube can section
interior can be filled with nitrogen gas so that the oxygen level is less than 1.07o within
approximately two hours.

PROPOSED CHANGES:
The option phase "Fitting/Purge Procedure for Stiffener Attachment Welds for LIGO" Doc.
ID No. FPSTIFFENER should be changed to incorporate the improved purge method.

POTENTIAL RISKS & ADDMONAL DEVELOPMENT:
There is no apparent risk and additional development is unnecessary.
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F.11 FINAL ALIGNMENT OF THE QT BEAM TUBE ASSEMBLY

OPTION PLANS AND PROCEDURES:

ALI-I, "Initial & Final Alignment During Installation of the LIGO Beam Tube Modules
Using GPS System - Caltech"

ALM-B, "Alignment Maintenance Using Global Positioning System (GPS) - Caltech"

MAJOR DIFFERENCES BETWEEN THE QT AND THE OPTION:

The GPS System was not used during the alignment of the QT assembly. The GPS system
has published accuracies that do not require verification as part of the QT. The beam tube
centerline reference points on the floor were established using a jig transit and stringline.
The elevations of the QT beam tube assembly were measured using a tilt level with and
optical micrometer.

QUALIFICATION TEST EXECUTION:

The alignment of the beam tube assembly during the QT demonsrated that the alignment
adjustment mechanism that are part of the supports will function as designed. Prior to installing
the QT beam tube assembly the centerline reference points defining a straight line (the centerline
of the QT beam tube assembly) were accurately located and marked on the concrete floor using
the jig transit A string line and a can of spray paint was used to establish the centerline between
the reference points. These points were 25 to 30 feet apart. A sringline was suetched tightly
between the adjacent reference poin8 to define the centerline and the centerline projected onto
the concrete slab by spraying paint directly over the stringline. The unpainted area under the
stringline is the projected centerline. The beam tube centerline on the concrete slab was verified
to be within t0.030" of a straight line from end to end of the beam tube. A jig transit with an
optical micrometer was used to perform the verification.

T\e22Abeam tube assembly was moved into position and aligned to the centerline using a
plumb bob and atape measure. The fixed and guided support rings at the ends of the 22Abeatt
tube assembly were used to center and level. Accurate centering and leveling of the 22A was not
attempted at this time.
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Beam Tube W

Support

Next the 22B beam tube assembly was moved into position. The end of the22B assembly (the

expansion joint) was aligned and fit to the end of the22{beam nrbe assembly. The guided
support ring on the 228 assembly was rotated so that the holes in the support ring were clocked
to match the holes in the guided support ring on the 22A assembly.

After the 22A and 228 beant tube assemblies were welded together and the supports installed the
beam trnbe was final aligned. The pump port flange at the end of the beam tube was raised to
align to the pump port flange of the QT vacuum pumping system. Next, the expansion joint was
raised so that the22Aassembly was level and moved laterally to align with the centerline on the
floor. Finally the end of the22B assembly was leveled to the same elevation as the 22A assembly
and moved laterally to align with the centerline on the concrete floor. A tilt level with an optical
micrometer was used to verify the elevation readings. A plumb bob and tape measure were used
to align the beam tube to the centerline on the concrete floor.

As part of the QT, dial indicators were installed to measure how accurately the beam tube
movements could be controlled during the alignment process. It was estabtshed that the currsnt

supports and alignment process can control both the vertical and lateral movements to within

F11-2



LIGO PROJECT
BEAM TUBE DESIGN & QUALIFICATION TEST

QUALIFICANON TEST REVIEW DATA PACKAGE
APzuL 17rh & 18th. 1995

+0.030" without expending a lot of extra time.
procedures and equipment for moving the beam

The QT alignment demonstrates that the
will function as designed

l-{

l|l0R^u,rc ttv€uilc
m ?tlct $LY il.ntM
Y€Rttclr oJJgt|{rI

c ln) snl,ts

System to Move the Beam Tube During Alignment

DISCOVERIES AND CONCLUSIONS :

The current supports and alignment system can control the lateral and vertical movement to
within 10.030".

PROPOSED CHANGES:

Add brackets to the guided supports for the hydraulic cylinder to push against to facilitate
moving in ttre lateral direction.

Make improvements in the procedure and equipment to make the system easier to operate and
more productive.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:

Improve the method of installing and handling the jacking equipment to make the process of
moving more efficient.

F 1 1 - 3



LIGO PROJECT
BEAM TUBE DESIGN & QUALIFICATION TEST

QUALIFICATION TEST REVIEW DATA PACKAGE
APRIL l7th & 18th, 1995

F.12 CLEANLINESS INSPECTION OF THE INSIDE SURFACE OF THE QT BEAM
TUBE

OPTION PLANS AND PROCEDURES: LIGOCP, CL3N, & BI1N

QUALIFICATION TEST PLANS AND PROCEDURES: LIGOCPQT, CL3QT, & BII-N
MAJOR DIFFERENCES BETWEEN THE QUALIFICANON TEST AND THE OPTION:

The differences have not been determined.
QUALIFICATION TEST EXECUTION:

Prior to the installation of the north end test head closure (Assembly 24-B) a final cleaning
inspection was performed. Fluorescent glow was on the beam tube surface. Additional
cleaning would not remove the fluorescent glow without removing the oxide layer from the
tube surface. A blacklight inspection report was completed with the results of the final
cleanliness documented. Caltech gave direction to "Use-As-Is" per Nonconformance Report
No. QT-16. Refer to the blacklight inspection report for a description of the fluorescent
glow indications that were not removed from the QT beam tube module. The blacklight
inspection report is included in appendix section F with the Beam Tube QT Module
Cleaning Record & Check List "ID No." QT-P10.

DISCOVERIES AND CONCLUSIONS :
o The originally specified cleaning procedure was inadequate for the LIGO project.
o The discovery of minute bleeding spots of fluorescence under black light inspection led

to a sizable program to improve the cleaning procedure.
o Areas of fluorescence can be seen under black light inspection before and after the

cleaning process. Some of these ,ueas can not be removed with solvents or detergents
without removing the oxide layer from the tube surface.

. outgas tests performed on the QT tube indicate that the presence of these fluorescent
areas does not result in excessive hydrocarbon outgassing.

PROPOSED CHANGES:
. o Cleaning procedures shall be changed to clearify criteria developed to produce and

confirm suitable acceptance levels of cleanliness. Include the cleaning process developed
to remove unacceptable fluorescent areas without removing the oxide layer from the

tube surface.
o Change title of Blacklight Inspection Technique and Solvent Cleaning Procedure

"BIIN' to Blacklight Inspection Technique and Acceptance Procedure "BIlX'.

o Include the acceptance criteria for level of cleanliness to the Blacklight Inspection
Acceptance Procedure.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
o Additional development is required to incorporate the QT cleaning process into the

option plans and procedures.
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F.13 BAFFLEINSTALLATION

OPTION PLANS AND PROCEDURES:

CBI drawing 14, "Baffles"

MAJOR DIFFERENCES BETWEEN THE QT AND THE OPTION:

The baffles and baffle installation process used in the QT is essentially the same baffle and
installation process cunently planned for use in the Option. However, other baffle configurations
are being investigate for use on the Option.

QUALIFICATION TEST EXECUTION:

Two baffles were installed inside the QT beam tube assembly. One baffle was installed at a
guided support ring and the second baffle was installed at the north fix support ring. The ends of
the baffle were overlapped about 30" to form a cone smaller than the inside diameter of the beam
tube prior to installation. The frst baffle was carried by one man approximately 60 feet down the
beam tube to the location of the guided supporl It took the person installing the baffle about 15
minutes to carry the baffle 60' down the beam tube, install the baffle at the guided support ring
and return 60' to exit the beam tube. Only one person was needed to install the baffle inside the
tube.

The baffles were formed to a slightly larger conical shape than the theoretical installed shape to
provide the necessary force to hold the baffle in position after installation. The ends of the baffles
did not conform as well as anticipated to the shape of the beam tube. However, with additional
forming to the ends of the baffle the could be adjusted to conform to within 1/8" of the shape of
the beam tube.

The stability of the installed baffle was not as good as expected. The baffles are easily moved
after installation. There is much concern that the baffles will not remain in position during the life
of the beam tube. The stability of the baffles must be improved for use in the LIGO beam tube.
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Baffle Installed Inside the QT Beam Tube Assembly

DISCOVERIES AND CONCLUSIONS :

The baffles did not conform to the inside surface of &e beam tube as expected. Additional
forming at the ends of the baffle is required to produce a shape that will conform better to the
surface of the beam tube.

The baffle was not as stable as expected. There is much concerned that after the baffles are
installed they will move or fall over.

PROPOSED CHANGES:

Develop a shape at the end of the baffles that permits the baffles to conform to the shape of the
beam tube after instellation.

Also, add spacers and/or springs to the baffles to improve the stability of the baffles.
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POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:

The current baffle configuration does not provide l00%o guarantee that the baffles will not move
or fall over inside the beam tube during the life of the beam tube. This may be an unacceptable
risk. Additional development is needed to improve the current configuration to eliminate the risk
of baffles moving or falting over. Caltech is considering replacing the current baffle configuration
with a new configuration as well as re-assessing the feasibility of the design requirement that the
baffles cannot be attached to the wall of the beam tube.
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F.14 FIT.UP & WELD NORTH END CLOSURE TO ASSEMBLY 22.8
OPTION PLANS AND PROCEDURES:

No end closure is planned for the option phase.
QUALIFICATION TEST PLANS AND PROCEDURES: WPS ER3O8L/TEST HEAD
MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

The end closure is unique to the QT.
QUALIFICATION TE ST EXECUTION:

Assembly 24-B leak test log and cleaning log was verified to be complete. The assembly
sealed with clean polyethylene was moved into position. The assembly was set on a
temporary adjustable support (wood framework) at the neutral elevation. The black
polyethylene end cover was removed from the beam tube end and the polyethylene was
removed from the head plate. Assembly 24-B was moved into installation position and held
in place with three pipe clamps. The weld joint was taped with special masking tape to
contain the purge gas during fitup and tacking. One liquid nitrogen dewar with high pressure
gas outlets was connected to a 318" valve fitting in the pumping system. The 1.5" helium
leak nozzle was used to vent the beam tube during purge. The valves were opened and the
133.5' beam tube module interior was filled wittr nitrogen gas until the oxygen level was less
than t.I%o. The purge was obtained after a third liquid nitrogen dewar with high pressure
gas outlets was connected the following day. The 3/8" copper tube maintained the purge at
less than 1.07o inside the beam tube module. The oxygen level was checked with an oxygen
meter through the 1.5" nozzle. The beam tube end (2I-I) was brought into alignment with
the end closure spiral welded tube ring (24-2). Stainless steel wedges were driven between
the beam tube shell and a stainless bar attached to the end closure head plate. The fining
and tacking was completed.

The automatic weld equipment was set up and the first weld pass was completed. The
automatic weld equipment w:rs removed from the joint. The second weld pass was
completed using the GMAW process WPS ER308UGMA. A visual inspection was made on
the outside welds. The welds were acceptable. The inside weld was inaccessible; therefore,

' no visual inspection was possible. The nitrogen flow was stopped by closing the pumping
system 3/8" valve. The nitrogen purge was maintained at less than 0.5Vo inside the beam
tube module until the helium leak was installed. The dry nitrogen gas was held inside the
beam tube module until pump down started for final leak testing. There were no leaks
detected during final leak test.

F14-1



LIGO PROJECT
BEAM TUBE DESIGN & QUALIFICATION TEST

QUALIFICATION TEST REVIEW DATA PACKAGE
APRIL 17rh & l8rh, 1995

(cl,osrrRE ASSEMBLY 24-B)

DISCOVERIES AND CONCLUSIONS :
The dry nitrogen gas held inside the bearn tube module shortened the pump down
The high purity nitrogen gas preserved the beam tube interior from contamination.

PROPOSED CHANGES:
There were no changes identified in the QT.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
There is no apparent risk and additional development is unnecessary.

time.

F14-2



LIGO PROJECT
BEAM TUBE DESIGN & QUALIFICATION TEST

QUALIFICANON TEST REVIEW DATA PACKAGE
APRIL 17th & 18th. 1995

F.15 QT PUMPING SYSTEM ASSEMBLY

OPTION PLANS AND PROCEDURES:
NONE - Outside of CBI's scope of work

QUALIFICATION TEST PLANS AND PROCEDURES:
P&I diagrams I&2 as provided in the appendix
OUTGAS

MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:
The pumping system for the option phase of the project is currently outside of CBI's scope of
work.

QUALIFICATION TEST EXECUTION:
The pumping system was designed during the engineering phase of the project prior to the
FDR meeting. The most significant change from the FDR design was a shortening of the path
from the large cross section main piping to the RGA. This was shortened in order to improve
the performance of the RGA by reducing the conductance losses to the RGA.

The pumping system consisted of nvo pumping trains. The main pumping train for evacuation
of the tube contained an 8" ID liquid nitrogen trap, 1100 US turbomolecular pump backed by
a 35.US wide range turbomolecular pump and finally backed by ttre DUO 250A roughing
pump. This train was provided with a 4.70 inch orifice to maintain the water pumping speed
below 600 t/S. The LN2 trap was provided as both a water pump and as an oil back
sfteaming protection device.

The secondary pumping system provided limited pumping for either the RGA, the calibrated
leak manifold or for the tube. The secondary pumping system consisted of a 35 L/S wide
'ftmge turbomolecular pump, a 1.5 CMF roughing pump. The foreline of the turbomolecular
pump was provided with an assimilation trap to prevent oil back streaming.

Both pumping systems were also provided with inbleed valves between the turbomolecular
pump and the roughing pump. This was provided in order to bleed nitrogen into the roughing
line to maintain the foreline in the viscous flow regime which also prevents the back streaming
of oil vapor.

The entire UHV portion of the pumping system from the beam tube to the turbomolecular
pumps was purchased with metal seals to ensure bakeability and leak tightness of the system.
All flanges in the UHV area were conflat type flanges. The roughing piping was sealed with

the small ISO flanges.
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The RGA utilized for all of the outgassing tests was a Balzers unit. The RGA head consisted
of a Balzers QMA-125 head with a faraday cup and a 17 dynode, 90o secondary electron
multipier (SEM). The RGA head was also equipped with an ion counter option which was
attached to the SEM.

The RGA controller was a Balzers QMG 42lC controller which was essentially a black box
controller and was attached to a 486-50 PC. All RGA inputs and outputs were accomplished
through the PC. The RGA software was designed such ttrat an input parameters file had to be
developed in order to operate the RGA in one of the many modes of operation available. A
copy of nvo operating parameters file is included in the appendix.

The RGA was capable of doing the following modes of operation:
o Analog scan. The RGA would scan any range of the sepctrum up to the full 100 AMU

range with up to 64 divisions for each AMU. There are up to 64 channels so 64 different
ranges could theoretically be scanned simultaneously.

o Bargraph scan. This mode provides a measurement of the peak value of each mass
number in the scanned range the range can be changed to any range desired up to the full
100 AMU range of the unit. Again, the 64 channels allow up to 64 different bargraph
scans simultaneously.

o MID (multiple ion detection) mode. The MID mode of operation allows the user to scan
one AMU in all or a portion of the 64 channels available. Each channel can be
progftrmmed to be analized using different ion detectors (faraday cup, SEM or ion
counting), different dwell times, different gains, different filters or any of the other settings
which are changeable through the parameters files.

o The RGA can run any of the above modes of operation as a single scan, or can be run
continuously for a specified number of scans or can be run a specified number of scans
with a specified time span between each scan.

o The unit provides a file which is stored on the PC for each operation wheresaved data is

. requested. The file provides a digital record of the data.
o The unit provides visual monitoring of the operation in progerss on the PC's monitor.
o Review of a saved data file provides graphical representation of individual scans, trending

of multiple scans, digital data for each scan, statistics for multiple scans such as standard
deviations, mean values, min. and max. values, etc.

. Graphical data can be presented with log or linear scales. The saved data can be
manipulated to provide graphical data of the entire range of AMU magninrdes using
logrithmic graphs or any portion of the graph can be displayed by changing the X or Y
scale ranges using either logrithmic or linear scales.

Copies of screen prints some of the RGA's capabilities are included in the appendix.
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Two hydrogen calibrated leaks, two nitrogen calibrated leaks, a helium calibrated leak and a
precision variable air leak were provided for the pump system. All leaks except the helium
leak were installed on the calibrated leak manifold of the pumping system. The helium leak
was installed in the end head of the tube which is the farthest away from the pump port. in
order to assure the ability to measure the specified sensitivity of the HMS and to confirm the
response time of the system. The calibrated leak sizes are as follows:
o H e

. N 2
o H 2
o H 2
o N 2

v25
v26
Y27
v29

4.7x10-to ATM cclS
4.9x10'to ATM cclS
2.15X10-? ATM cclS
6.5X106 ATM cclS
6.3X10-8 ATM cclS

The pumping system was installed on a framework so that the system could be assembled and
tested before the beam tube was fabricated and installed in the final position. Care was taken
to ensure that the framework was at the proper elevation and could be moved to the tube
location after tube installation. The pumping system was completely assembled, started up
and leak tested prior to the completion of the tube installation.

Irak testing was accomplished using Vl, the beam tube isolation valve to seal the pumping
system. This valve was tight enough that a blank flange was not required to evacuate the
pumping system to a lXl0'to ATM cclS leak rate level. Prior to the bake out, leakage was
discovered in a few of the O-ring seals on the roughing system and in elastomeric seals
supplied in the vent valves of the turbomolecular pumps. The O-ring leaks were the result of
installing the roughing system with totally dry new O-rings (no vacuum greases were applied
to limit the hydrocarbon back streaming). The turbo pump vent valves were provided as an
optional safety measure to properly repressurize the turbomolecular pump during a normal or
emergency shutdown. However, these were removed when found to leak.

The pumping system was then moved to the pump port connection after beam tube
installation. Heat tracing and insulation was applied to the connection to the pump port.

I-eak testing of the flange connections between Vl and the beam tube were accomplished with
the final leak test of the completed beam tube.

A data acquisition system was developed to display and store desimble pressure and
temperature data, and record a log book file. Temperature data included 17 thermocouples
used for the coupon test system, 13 thermocouples for the beam tube pumping system and 20

thermocouples for the beam tube. Pressure data included two pressure gages for the coupon
system and four pressure gages for the beam tube pumping system. The analog temperature
and pressure data was measured on a Hewlett Packard HP3497 data acquisition system. A

486-50 PC was used to communicate with the HP and to store the generated data files. The
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files were stored on both the PC hard drive and on a network server hard drive such that the
failure of one storage medium did not destroy the capability to recover the data.

The temperature and pressure software which was developed for this test had the ability to
record the data at any time interval from continuous scan to as long as desired by the test
director. The data was usually recorded every 15 minutes throughout the day. The software
would automatically start a new file at midnight each day and save the previous days files.

The same computer used for the temperature and pressure data storage was also provided
with a logbook file. The logbook was used to note operator actions, the state of all
equipment and to indicate the periodical checks made to critical equipment. The logbook file
was saved several times a day to both of the file storage locations.
A copy of the operating instructions for the data acquisition are attached in the appendix. The
instructions also show the location of all thermocouples, samples of the logbook program and
an example of a display screen for the temperature and pressure data program.

DISCOVERIES AND CONCLUSIONS :
o The installation of the pumping system on a moveable framework allowed the pumping

system to be assembled prior the completion of the tube. This saved the project from a
number of months of schedule delay.

o All of the turbomolecular pump vent valves were found to leak at a rate greater than the
specified 1X10-r0 ATM cclS leak rate. The valves were located such that they vented the
turbo pump from approximately the center stage of the pump. The small leakage resulting
from the valves was not detrimental to the pumping system but it made sensitive leak
testing impossible. These leaks and the leaks of the elastomer seals in the roughing piping
made the leak testing difficult for the pump system.
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F.16 I2R BAKEOUT SYSTEM INSTALLATION

OPTION PLANS AND PROCEDURES:
NONE - Not in Scope

QUALIFICATION TEST PLANS AND PROCEDURES:
BO-Qr

MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:
The qualification test beam tube is much shorter than the heating lengths envisioned for the
option modules. The heating length for the QT is approximately 141 ft. including the 4 foot
extensions added to the ends of the tube. The option module will be heated every 250 m and
will be heated at 8 consecutive 250M locations at one time. The length and total number of
cables for the option will be much greater and will be a much larger effort to run the wires and
to keep them organized for proper connection. Likewise the total number of thermocouples,
welding machines and other instrumentation to control and monitor during the option bake
out will be much greater and will require a significant increase in the capabilities of the control
system.

QUALIFICATION TEST EXECUTION:
The installation of the weld machines, 480VAC power supply cables, DC power cables,
thermocouple cables, PLC controls, and welder manual remote controls went smoothly. The
PLC was commissioned prior to the bake out as it was also used to control the pumps and
valves for the vacuum system. The PLC inputs from the tube thermocouples and the DC
current shunts (for measuring current from each welder) were then confirmed and the bake
out control logic in the PLC was tested. Prior to actually putting DC current through the tube
a test was performed using a steel bar with the same overall resistance of the QT tube in order

.to 
confirm the performance of the weld machines in a heating application.

DISCOVERIES AND CONCLUSIONS :
None.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
Care should be taken to keep all cabling neat and orderly with the proper separation between
signal wiring and AC power wiring.
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F.I7 INSTALLATION OF THE THERMOCOUPLES TO MONITOR THE BAKE

OPTION PLANS AND PROCEDURES: None - Not in CBI's curent scope of work

QUALIFICATION TEST PLANS AND PROCEDURES: NONE

QUALIFICATION TEST EXECUTION:
The beam tube was provided with 20 thermocouples to monitor the progress of the bake out
and six thermocouples to control the bake out The twenty monitoring thermocouples were
located as follows:
o One on the centerline of the north and south end head
o Five on each fixed support

o Two located on the tube wall adjacent to opposite longitudinal support bars near the
bolted attachment of the thrust restraints.

o Two located on opposite thrust restraints below the bolted attachment to the
longitudinal support bars.

o One on the tube wall adjacent to the junction of a longitudinal support bar and the
stiffener ring

o One on the tube wall at the south support adjacent to the vertical support bars.
o Two in mid span of section 22A on the tube wall at the bottom of the tube. One is

centered between support rings. The other is adjacent to one of the support ring.
o Two on the top of the expansion joint. One is on the top of one of the outside (convex)

convolutes. The other is at the bottom of an adjacent inside (concave) convolute.
o One is located on the tube wall adjacent to the closest point, on the guided support. to one

of the flexible hanger bar.
o Two at the bottom of the tube at mid span of tube section 228. One is attached to the

tube mid way between stiffener rings. The other is attached to the tube adjacent to the

. stiffener ring.

Six thermocouples were attached to the tube for control of the bake out. They were located

mid span of sections 22Aand2lB and also near the bellows. The thermocouples were

located at the four tube quadrants and two thermocouples were located on 45o angles.

The thermocouples were attached to the tube and electrically isolated from the tube by using a

RTV (silicone adhesive) I paper sandwich. A thin layer of RTV was applied to the surface of

the mbe and a layer of paper was imbedded into the RTV and another thin layer of RTV is

applied over the paper. This sandwich was allowed to cure over nighl Another thin layer of

n1"V ** applied over the cured RTV / paper. The thermocouple was imbedded in the

uncured RTV and the lead taped to the tube for support during curing. Paper is imbedded in

the uncured RTV and another thin layer of RTV is applied over the paper. This procedure is
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shown in a skerch in the appendix. The thermocouple lead is then secured to the stiffener ring
with a bar clamp in order to provide a strain relief for the thermocouple attachment.

kr addition to the thermocouples located on the tube, there were 12 thermocouples located on
the pumping system to provide control to the 12 individual heater control circuits. 18
thermocouples were installed on the pumping system to monitor the bake out of the pumping
system. 12 of the monitoring thermocouples were located adjacent to the control
thermocouples . The other six thermocouples were located on the RGA, TMPI and TMP3
high vacuum flanges, and in the liquid nitrogen vessel of the three liquid nitrogen traps

DISCOVERIES AND CONCLUSIONS :
The thermocouple attachment method worked well with only one of the six tube temperature
control thermocouples becoming disconnected. The thermocouple locations was generally
very well selected, however, there never is enough thermocouples for every eventuality and a
significant amount of temperature probing was required to get an overall picture of the
temperature profile. The same was even more true for the pumping system. Due to the low
thermal conductivity of stainless steel, each component was at a different temperature.
Extensive temperature probing was also required on the pumping system.

PROPOSED CHANGES:
The layout of the thermocouples will change somewhat for the option phase of the project.
The option phase supports do not have thrust restraints and will therefore require a different
thermocouple layout. In addition , the tube will have no end heads.

Conrol thermocouples will also have to be supplied for each heating section of the module (8
per module). The location of the control thermocouples should be on each quadrant of the
tube.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
There is no additional development work required except for the location of thermocouples

' for the option phase.
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F.18 BEAM TUBE INSULATION

OPTION PLANS AND PROCEDURES: None

MAJOR DIFFERENCES BETWEEN THE QT AND THE OPTION:

During the Option eight beam tube modules will be insulated for baking. Each of the beam tube
modules are 50 times longer than the QT.

In the Option the beam tube modules will be inside the concrete beam tube cover at the time the
insulation is installed. Space limitations may make it more difficult and time consuming to install
the insulation.

QUALIFICATION TEST EXECUTION:

Except for the areas at the two fixed supports, the guided support, the two beam tube end
extensions, and the intermediate baffle rings, the beam tube was wrapped with 2layers of 2" thick
fiberglass insulation, ANCO's textrafine. The outer layer of insulation was faced with a foil-
skrim-kraft (FSK) covering and the inner layer was unfaced. The inner layer of insulation was
manufactured to a 30 inches wide so that the layer could be installed between the beam tube
stiffeners. The outer layer was manufactured 60" wide to overlap two consecutive beam tube
stiffeners and the circumferential seams in the inner layers of insulation. FSK tape was used to
hold the inner layers of insulation in place until the outer layers were wrapped over the inner
layers. The outer layers of insulation were secured in place using 1/2" wide aluminum banding
material. The longitudinal and circumferential joints in the outer insulation were taped closed
with FSK tape.

lnsulation on QT Beam Tube Assemblv
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At the fixed supports additional insulation was added to minimize the heat loss and maintain a
minimum temperatue of 130oC at the coldest spot on the beam tube wall. An additional60"
wide layer of the 2" faced insulation was wrapped around the beam tube at &e fixed supports to
reduce the heat loss and increase the tube temperature at the supports. The vertical support
brackets that anach directly to the beam tube, the vertical support members of the support frame,
and the axial load kickers were all cover with additional layers of insulation to reduce the heat
loss through the supports and maintain the beam tube cold spot temperatures above the 130oC
minimum. Also, heat tape was installed around the axial load kickers to reduce *re heat loss from
the beam tube through the kickers.

Insulation at the Fixed Support

Initially the expansion joint was covered with a single layer of faced insulation. After a number of
trials, the expansion joint was covered with a single layer of 1" thick FSK faced insulation. The
insulation was reduced to permit more heat loss to compensate for the higher temperatures at the
bellows due to the bellows geometry and thinner material. During the test it was determined that

the temperature at the bottom of the bellows was about 45oC colder than &e top. This was
attributed to the convection of the air under the insulation and between the flutes of the bellows.
An additional24' wide 2" layer of faced insulation was added over the bottom quarter of the

bellows to reduce the heat loss at the bottom of the bellows. Also, the seams in the insulation at
the bellows were taped to reduce convective heat loss through the seams in the insulation. This
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reduced the temperature difference between the top and bottom to about 30oC. During the QT
test the temperature at the top of the bellows was about 170oC while the temperature at the
bottom was about 140oC.

An additional layer of 45" wide 2" thick insulation was added over the support rings on both sides
of the expansion joint to reduce the heat leak to compensate for the heat leak through the guided
supports. The hanger brackets and lower third of the hanger bar were cover with several layers of
2" insulation to reduce the heat loss from the brackets. Also, the middle third of the hanger bars
were wrapped with a single layer of 2" thick insulation to minimize the heat leak from the bars.

An additional layer of the 60" wide 2" thick insulation was added over the baffle rings to reduce
the heat loss to compensate for the added heat lost through the baffle rings. Temperature profiles
were taken along the beam tube before and after adding the additional insulation to measure the
change in the beam tube temperature due to the additional insulation.

Temperature Profiles at Baffle Ring

o
a,
o
o
tt,
o
o
o
3
G

t
E
o

158

156

154

152

150

148

146

'144

142

140
9 1 2 1 5 1 8 2 1 2 4 2 7 3 0 3 6 4 2

Longltudlnal Distance from Baffle Hng (lnches)

The outside of the four foot long beam tube extensions were insulated similar to the beam tube as

described above. In addition a 10" thick circular plug of insulation material was made and
installed into the ends of the two beam tube extensions. An additional 2" layer of FSK faced
insulation was added over the ends of the beam tube extensions and two feet from the end of the
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extensions. This additional insulation was needed to achieve the minimum temperature of 130oC
at the center of the beam tube end closure plates.

DISCOVERIES AND CONCLUSIONS :

o The ANCO Textrafine insulation that was used to insulate the QT assembly did not have as
low a thermal conductivity value as the Knauf insulation that was previously used by Caltech.

o The plan to use unfaced insulation for the inner layer of the two layer design makes it difficult
to pull the inner layer tight during installation. Loose insulation around the beam tube
provides larger convective heat leakage. Also, faced inner insulation will help maintain a more
uniform temperature by reducing convection through the insulation.

o The circumferential joints in the QT insulation were taped closed to reduce convective heat
losses. It is not certain that we can eliminate circumferential joint taping; this should be
checked in the early stages of field operation.

o Insulating the expansion joint and the supports is not straightforward; this should be better
designed and checked in the early stages of field operation.

PROPOSED CHANGES:

Use an insulation with lower thermal conductivity for the Option.

Use FSK faced insulation for the inner layer of insulation in the Option.

Tape the circumferential seams in the option

POTENTIAL RISKS & ADDMIONAL DEVELOPMENT:

Develop special insulation details for the fixed supports, guided supports, expansion joints, baffle
rings and pump ports. Trial fit insulation on a mock up.
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G.1 BEAM TUBE PUMPDOWN

OPTION PLANS AND PROCEDURES:
None

QUALIFICATION TEST PLANS AND PROCEDURES:
OUTGAS

MAJOR DIFFERENCES BETWEEN TI{E QUALIFICATION TEST AND THE OPTION:
No procedures were developed for the option phase of the project because the development
of the vacuum pumping system for the option phase is not in CBI's scope of work.

QUALIFICATION TEST EXECUTION:
The system was evacuated using the Balzers Duo 250A roughing pump until the lower
pressure limit (lower viscous flow region) was reached on the roughing system. A blower /
roughing pump package not selected due to increased cost vs. the one time pumpdown time
savings.

The turbomolecular pump (TMPI) was then activated (0.15 ton). The turbo pump was
started at a higher than normal pressure to ensure that the system remained in the viscous flow
region to prevent back streaming of oil vapor. The high pressure combined with the large
tube volume resulted in a very slow increase in the turbopump rotating speed. After
approximately one hour, it was decided to throttle (but not completely close) the beam tube
isolation valve (Vl) in order to reduce the gas throughput of the pump and thus speed the
increase in pump rotation speed. This worked well and after an additionat half hour, the
turbopump was up to the rated operating speed and the pressure was approximately 1 X 104
ton. Vl was then opened and the pressure on the pump side of the valve did not rise
sigfficantly (mid 104 torr range) which indicated that Vl was not significantly restricting the
flow in the present flow regime. The pumpdown then resumed and the system was quickly
evacuated to the high 104 torr range. The pumpdown curve is shown on the following page.
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DISCOVERIES AND CONCLUSIONS :
The tube pumped down much quicker than expected from Caltech's BTD data. This was due to
the nitrogen purge which was utilized to weld the end heads to the tube. This purge resulted in
reduced water outgassing rates from ttre tube by well over a factor of 10 from normal stainless
steels and from the outgassing rates exhibited by Caltech's BTD experiment.

Just prior to bake out, the beam tube conditions were as follows:
o Tube pressure: 5X10{ torr
o RGA measurement of the four largest AMU values

o AMU2 4.0X10'counts per second (CPS)
o AMU 18 2.2X104 CPS
o AMU 28 l.5xl05 CPS
o AMU 44 2.3X105 CPS
a

PROPOSED CHANGES:
The tube, during the option phase of the project, will be ventilated with dry air. The frst tube
module to be tested should be evacuated and the pumpdown curvs or outgassing rate compared
with the QT data. If the outgassing rate of the module is significanfly higher, the LIGO team

should consider a nitrogen purge of the remainder of the tube modules. A nitrogen purge is

relatively inexpensive may be an economical alternative to an extended pumpdown. The safety
concerns could be addressed without significant additional costs.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
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Possible additional development work may include more investigation into the outgassing rates vs.
the relative humidity of air in the tube. The goal of this additional work would be to reduce the
size of the water pumping equipment provided for the project.
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G.2 FINAL LEAK TEST OF THE QT ASSEMBLY

OPTION PLANS AND PROCEDURES: HMST4N & HMSTSN

QUALIFICATION TEST PLANS AND PROCEDURES: HMST4QT

MAJOR DIFFERENCES BETWEEN THE QUALIFICANON TEST AND THE OPTION:
The major difference benveen the qualification test and the option phase of the project is that
there were portions of the QT beam tube which had not been leak tested by CBI prior to this
final leak test. These portions of the tube were the expansion joint, the circumferential welds
between the tube and the expansion joint, the two circumferential end cap welds and the
circumferential weld between sections 22AandZZB.The expansion joint was leak tested by
Hyspan prior to shipment to CBI. The portions of the tube which were untested by CBI were
bagged and leak tested just prior to the start of the pre-bake outgassing tests. During the pre-
bake outgas tests, the tube was subjected to an air signature evaluation for leakage as will the
option phase of the project.

QUALIFICATION TEST EXECUTION:
The system was evacuated as discussed in section G.l to a pressure of approximately 8 X 10-7
torr. The untested portions of the tube were then bagged and leak tested by attaching the
HMS to the foreline of turbomolecular pump #1. During these tests, the individual bags
covering the different untested weld seams were sequentially filled with helium. The beam
tube was then, in the course of both pre-bake and post-bake outgassing tests, tested for
leakage using the MIT air signature analysis. The QT pre-bake m.inimum measurable leak rate
(due to limitations in the sensitivity of the air signature) is 1 x 10-' TI-/S. The QT post-bake
air signature minimum measurable leak rate is I Xl0'tt TUS. The above leak rates are the
estimated minimum leak rates that can be measured wittr the air signature analysis. The water
vapor prior to the bake out and other gasses such as carbon monoxide and hydrocarbon
gasses limit the accuracy of the air signature to the above values. The option phase
acceptable leak rates will be 2 decades higher than the QT acceptable leak rates.

DISCOVERIES AND CONCLUSIONS :
o There was no leakage discovered, but the same slow rise in helium background was

experienced as in the section leak tests. Again this is attributed to back migration of
helium from the HMS roughing pump exhaust to the helium detector.

o The pre-bake air signature analysis determined that the upper bound on an air leak was
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I X 10-e TUS. The post-bake air signature analysis has indicated a upper bound on an air
leak of 1 X 10-rt TL|S and this may have improved by the QTR meeting date due to
further analysis at MIT. The prebake minimum measurable leak rate decreased two
decades from the minimum leak rate predicted prior to the QT. The low water outgassing
rate experienced in the QT is probable the cause of the better than anticipated sensitivity
prior to the bake. This means that if the water outgassing rate is as low on the option as
the QT, the bake can be started with much less risk of finding a tube leak.

o The conclusion is that there is no leak in the tube which is above the specified leak rate
and the slow rise in helium during the HMS leak testing was confirmed to be migration of
helium instead of tube leakage. However, please note that a conflat flange leak did appear
in the pumping system after the cool down. This could pose a problem for the leak testing
effort in the option phase if conflat flange leakage is to be expected on each module.

POTENTIAL zuSKS & ADDITIONAL DEVELOPMENT:
o Based on the experiences of the qualification test, it is more likely to develop a leak in the

conflat flanges associated with the pump ports than in the tube. This, while easily repaired
if the leak is located behind the pump port valves, may require significant work in finding
the leak(s). Costing for the option phase of the project may be jeopardized by leaks in
conflat flanges, between the tube pump port and the pump port valve. The leaks on the
tube side of the pump pon valve will not be easy to repair because of the need to
repressurize and rebake the tr,rbe. Additional development work may not be of assistance
since the leaking flange found in the QT pump system did have two or three previous bake
outs without exhibiting any leakage.

o The final leak test procedure during the option phase will begin with an afu signature test.
The air signature testing is a valuable tool in determining the air leak rate for the tube
modules. The scaling factors are assumed to be known and the analysis should work on
the tube modules, however, the technique is untried on a system as large as the beam tube
module. This final test will have to wait until the first beam tube module is complete.

o The secondary feature of air signature analysis / RGA leak detection which makes the
technique very valuable is the possibility of using the air signature to determine the
approximate location of the leakage by using RGA's at each pump port along the length of
the module. The air signature program may be able to localize a leak to within 50 to 100
ft if only one or nvo leaks are present. More leaks will reduce the localization capability
of the air signature This is the feature of the air signature technique that can save the
LIGO project a large sum during the leak testing of the modules. However, if the air
signature technique fails to locate the leak(s), the entire module may have to be bagged in
order to determine the leak location(s) and the leak detection costs will increase. A
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number of factors may be combined to limit the air signature technique's ability to find
leaks. Some of these factors are listed below.
o Variations in the gage factors / ionization probabilities between units of the same

model number.
o Variations in the calibration of individual RGA's
o The number of leaks present in the module.
o Variations in the conductance of each pump port or nozzte.
o Variations in the recording / control system connecting all RGA's together.
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G.3 CIRCUMFERENTIAL WELD SEAM LEAK TESTING

OPTION PLANS AND PROCEDURES: HMST2N

QUALIFICATION TEST PLANS AND PROCEDURES: HMST2QT

MAJOR DIFFERENCES BETWEEN THE QUALIFICANON TEST AND THE OPTION:
Circumferential seam leak tests for the qualification test beam tube were bagged, as described
in section G.2, instead of using the circumferential weld leak test box as proposed for the
option phase of the project. The option phase leak test box concept was evaluated during the
qualification test. The results of the evaluation are discussed below.

QUALIFICATION TEST EXECUTION:
All circumferential weld seams which were not checked in the section leak tests were bagged
and leak tested after the qualification test beam tube was pumped down and ready for the start
of the pre-bake outgassing studies. See section G.2 for a complete discussion of the leak test
procedures used during the QT. No leakage was found in any of these circumferential seams.

Two leak test boxes were evaluated during the QT phase to confirm the use of the box
concept during the option phase of the project. The second box eventually worked and
provided the necessary sealing to achieve leak testing down to I X 10-" ATM cclsec. of
helium.

The fust box was fabricated from lexan and had problems sealing around the circumferential
seam and also had problems with durability and background outgassing. CBI selected the
worst locations on the tube for evaluation of the box. This location was near the junction of
the spiral weld seam and the circumferential weld seam. The profile of the circumferential
weld seam was that it had pulled in toward the center of the tube. The profile of the spiral
weld seam was that the center of the weld was raised above the surface of the tube. The
combination of the low profile of the circumferential seam with the high profile of the spiral
seam created the sealing problem at the edges of the circumferential weld.

The second box was fabricated from aluminum with larger double o-rings (7116"A). This box
had to be banded to the tube with the force necessary comprcss the O-ring over the spiral
weld, which was the high spot on the sealing surface, enough to obtain a slight compression
over the circumferential weld seam, which was the low spot in the surface profile.. This box
eventually worked and provided the necessary sealing to achieve leak testing down to
1 X 10-ro ATM cclsec. of helium. A complete report on the effort to test the two boxes is

included in the appendix.
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DISCOVERIES AND CONCLUSIONS :
o The tube surface finish is rough enough to make high vacuum sealing difficult

o The frst box was fabricated of lexan and was too fragile for production line testing.

The frst test box was difficult to seal and exhibited high residual outgassing.

The problem encountered with the second box was ttrat it was not a test method for a

production line type of operation. The box was a 90o circular segment and the pumpdown

and leak testing took between 2 and 3 hours. It would therefore take well over 8 hours to

leak test a complete one circumferential weld seam.

The aluminum box leak testing required the weld seam profiles to be ground to achieve
the desired test sensitivity and leak tightness.

Either leak test box could have easily been sealed to provide the desired sensitivity of

1X10't0 ATM cc / S if vacuum putty were altowed to assist in sealing the box. However,

the concern for covering a leak in a weld joint prohibited the use of vacuum putty.

PROPOSED CHANGES:
CBI is currently reviewing options for improvement of the leak test box. These options

include:
o Addition of a pumping system to the leak test box to reduce the pumpdown time. The

prototype boxes used only the pumping system of the HMS.
r Use of a 360o box which will cover the entire weld area. This will allow the use of

vacuum sealing putty to temporarily seal any leakage between the tube and the box

because th. potty would only be applied to areas of the tube which have already passed a

leak test in Procedure HMSTIN.

POTENTIAL RISKS & ADDMONAL DEVELOPMENT:
The additional development of the leak test box is as described above. This development

should be undertaken during the preliminary stages of the option phase of the project The

suggested development procedure would entail the development of a 360o box which would

be used on some of tfte QT tube weld seams to determine the sealing capabilities of the new

box. The new bow would also be provided with a pumping system to speed up the evacuation

of the box and reduce the effect of any leakage.
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G4 PRE.BAKE HYDROGEN OUTGAS TEST

OPTION PLANS AND PROCEDURES:
NONE

QUALIFICATION TEST PLANS AND PROCEDURES:
OUTGAS

MAJOR DIFFERENCES BETTWEEN THE QUALIFICATION TEST AND THE OPTION:
The development of procedures for outgassing tests of the option phase of the project is not in
CBI's scope of work.

QUALIFICATION TEST EXECUTION:
Hydrogen was measured by two methods during the outgas tests. the first method is to
accumulate gas in the tube behind a closed isolation valve and measure the hydrogen partial
pressure spike height on the RGA when the isolation valve is opened. The pressure spike is
then ratioed to the spike height of a calibrated leak which is also accumulated. The equation
for determining ttre hydrogen partial pressure also includes the ratio of the accumulation times
and the size of the calibrated leak. The accumulation is typically the most accurate and
foolproof method of outgas testing. Accumulation, however does not work as effectively on
condensable gasses such as water or heavy hydrocarbons due to re-adsorption or
condensation as the gas panial pressure rises within the closed space.

A variation of the accumulation method was also used during the outgas testing program.
The accumulation with this variation is accomplished by closing V3 which is the isolation
valve for the large pumping system. This variation isolated the RGA along with the beam
tube and allows the RGA to measure the accumulation in real time so the rate of rises can be
examined instead of only a final .pressure spike and pressure decay after the valve is opened to
the pumping system.

The second method of measuring the hydrogen outgassing rate is to measure the difference
between the steady state RGA value for the beam tube and pumping system, the value for the
beam tube and pumping system with the calibrated leak open and the value of the pumping
system only. The outgassing rate of the tube is then measured by subtracting the pumping
system RGA measurement from the other measurements to get a ratio of the beam tube only
measurement to the calibrated leak only measurement and multiplying by the calibrated leak
size and dividing by the tube surface area.

DISCOVERIES AND CONCLUSIONS :
The hydrogen outgassing ftrte, as measured by the accumulation method is 3 X 10-14
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T[./S cm2. The steady state method yields an outgassing rate of 1.6 X 10-14 TIJS cm2. The
accumulation method is the most accurate measure of the outgassing rate in these conditions
and thus the outgassing rate which is most probable is 3.0X10-t4 TLIS cm'. Spread sheet
calculation results are provided in the appendix as well as a copy of the RGA output.
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G5 PRE-BAKE WATER OUTGASSING TESTS

OPTION PLANS AND PROCEDURES:
None

QUALIFICATION TEST PLANS AND PROCEDURES:
OUTGAS

MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:
There are no procedures developed for the option phase of the contract because this is out of
CBI's scope of work.

QUALIFICATION TE ST EXECUTION:
The water outgassing rate was one of the fust tests performed on the tube after leak testing.
due to the ease of the measurement. The partial pressure of water vapor is essentially the
same as the total pressure measured with the cold cathode gage (CC1) because the
concentration of the next highest component in the residual gas is at least 50 times less than
the water vapor.

The key to the calculation of the water vapor outgassing rate is to accurately determine the
net pumping speed of the system. The calculated pumping speed of LNT1 is 600 US.
However, the pumping speed can be calculated for nitrogen through TMPI. This makes the
water pumping speed by TMP1 equal to the square root of the ratio of molecular weights
times the nitogen pumping speed. The net water pumping speed for the fap can then be
calculated by multiplying TMPI water pumping speed by the ratio of CCl gage readings
before and after LNT1 is cooled.

After the water pumping speed is known, the outgassing rate can be determined by
multiplying the water vapor partial pressure by the pump speed and dividing by the area of the
tube surface.

DISCOVERIES AND CONCLUSIONS:
The above procedure yields a water vapor outgassing rate of from 1.9 to 2.2 X 10-rr
T[./S cm2 prior to the bake out of the tube. Variations in the outgassing rate arc from using
the two pumping speeds (calculated and measured). The Calculated pump speed for water
was 600 US. The measured pump speed for water was 700 L/S. The most accurate
outgassing rate is determined-by measuring the pump speed for water and is therefore, the
value of 2.2X 10-rr TUS cm2.
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G.6 PRE.BAKE AIR SIGNATURE ANALYSIS

OPTION PLANS AND PROCEDURES: HMST4N

QUALIFICATION TEST PLANS AND PROCEDURES: OUTGAS

MAJOR DIFFERENCES BETWEEN TI{E QUALIFICATION TEST AND THE OPTION:
The only major difference in the procedures for the QT and option phases of the project is the
use of only one RGA for the QT phase instead of an RGA on each port of the beam tube
modules in the option phase. The use of multiple RGA's in the option allows for some degree
of leak location as well as air signature leak detection.

The QT phase of the project will require air signature leak detection which is at least two
decades better than the option phase to account for the difference in the beam tube length.
The QT phase will, thereiore, rlquire air signature detection limits of 1X10-7 TL/S or better
for the pre-bake measurements in order to achieve an option phase detection limit of lX 10-5
TUS or better.

QUALIFICATION TEST EXECUTION:
The QT execution consisted of running an air signature RGA steady state measurement of the
tube. The RGA parameters program for the sir signature consists of the measurement of 41
mass numbers( l ,  2,12,13,14,15, 16, 17,18,20,24,25,26,27,28,29,30,32,34,37,38,
39,40,4r,42,43,44,45,48, 49,50,51,52,53,54,55, 56, 57, 58, 64,65 and 66).  The
procedure also uses the RGA air signature program to measure the cracking patterns of
known gasses such as room air and carbon monoxide. The cracking patterns of the known
gasses are inserted into an air signature program written by Rainer Weiss. This program uses
a Chi square analysis to determine the most probable mixture of gasses which make up the
measured values in the RGA steady state tube measurement.

The air signature analysis developed by Rai Weiss is necessary in order to determine the tube
air leak rate because multiple gasses inhabit the same AMU values. The most used AMU for
air signature analysis is 28. The 28 peak shown on an RGA is made up of a mixture of gasses

including diatomic nitrogen and carbon monoxide. The air signature program uses the
published cracking patterns for many gasses that are typically found in a UHV system and the

cracking patterns of gasses tested during the air signature testing of the tube (air and carbon
monoxide for the prebake measurements). The program then varies the pubtshed cracking
patterns in order to reduce the Chi squared values for the different gasses in the program.

When the Chi squared values are minimized, the resulting gas mixture is statistically the most
likely to be in the tube.
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DISCOVERIES AND CONCLUSIONS :
Rainer Weiss' air signature analysis for the pre bake testing has determined that there is no
leak which is detectable with a sensitivity of 1X10-e TUS. This is two orders of magnitude
bener sensitivity than expected based on the LIGO BTD experiment. The improvement in
sensitivity is due to the lower water outgassing rate and may also be due to the extensive tube
cleaning procedure which minimized the hydrocarbon outgassing. The increased sensitivity of
the air signature means that the risk of discovery of weld leakage during or after the bake out
of the beam tube module is has been lessened due to the very limited probability of a weld leak
of less than 1X10-t TL-/S.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
o Based on the reduction of the risk of a post bake weld leak discussed above, it may be

worth the development costs to provide a nitrogen purge to the modules prior to the
module pump down.

o The air signature analysis has shown much merit as a leak assessment tool. However, the
concerns and risks discussed in section G2 we still valid.
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G.7 BEAM TUBE I2R BAKEOUT

OPTION PLANS AND PROCEDURES: NONE - Not in Scope

QUALIFICATION TEST PLANS AND PROCEDURES: BO-QT

MAJOR DIFFERENCES BETWEEN TI{E QUALIFICATION TEST AND THE OPTION:
The qualification test beam tube is much shorter than the heating lengths envisioned for the
option module. The heating length for the QT is approximately 141 ft. including the 4 foot
extensions added to the ends of the tube. The option module will be heated every 250 m.
The voltage generated by the welding machines for the QT is only about 20Vo of that required
for the modules. The higher DC voltage required for the option bake-out should increase the
efficiency of the weld machines as power supplies.

The means with which the operator monitors and controls the welding machine currents and
tube temperatures for the QT and option will be much different Because of the small amount
of welders and thermocouples needed for the QT, a simple PLC programming software
package was used to monitor the bakeout from a CRT. For the option, a much more
sophisticated operator interface software package will be required to monitor the status of the
multiple PLC's, weld machines, and thermocouples from a centrally located CRT.

QUALIFICATION TEST EXECUTION:
The bakeout was started using 8 welding machines, each capable of supplying 300Amps of
DC current. The I2R heating of the tube was intemrpted initially due to the limited 480VAC
power supply available at the start of the bakeout. This was caused by the less than expected
efficiency of the welding machines used to supply the DC power to the beam tube. The
efficiency of the weld machines for the QT was between 5 and 10 percent This intemtption
lasted over a weekend and the system was restarted on Monday after additional480VAC
power was connected to the welder bank. The temperature of the tube was then run up
manually using the 8 welding machines until a maximum temperature was reached. The
maximum temperature reached using 8 welders was lower than 140oC. A ninth welding
machine was added to the system to bring the temperature of the tube over 140oC. The
additional welder was needed because of the additional DC current (ie additional heaO
required to maintain the temperature in the tube over 140oC. This was caused by the less than
anticipated "R" valus for the insulation on the tube.

The start of the bakeout clock was also delayed by low temperatures at the fixed supports,
where the vacuum load is transfered to the foundation, which are not part of the option phase

support structure, the guided supports at the bellows and the tube end heads. These cold
spots were corrected using heat tracing elements with local temperature controllers or
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additional insulation. The thirty day bakeout clock was started on Feb. 3, 1995. The
480VAC power supplied to the welding machines was approximately 160kVA.

Once the required equilibrium temperatures were reached using manual control, one of the
welders was switched to automatic to provide a "trim" to maintain the desired setpoint
temperature. This welder was confrolled by a PID controller in the PLC which used 6
thermocouples atong the tube to measure the tube temperature. The PID controller in the
PLC used the lowest of the 6 thermocouple temperatures as its process variable. The setpoint
was adjusted once during the bakeout.

The bakeout proceeded with improvements in the insulation of the tube, rewrapping the heat
facing, and reinsulating the pump system. The improvements in the tube insulation consisted
of taping the longitudinal seams in the insulation cover to reduce convection from the tube
bottom to the tube top and adjusting the insulation thickness over the bellows.

The steady state I2R bakeout was intemrpted a couple of times during the month. The
intemrptions included repair of two weld machines. These operating anomalies did not
seriously affect the bakeout and the bakeout was terminated on March 3,1995.

DISCOVERIES AND CONCLUSIONS :
Overall the I2R heating system using CBI400 welders performed quite well over the long
haul. Care should be taken to adequately size the 480VAC supply to the welder banks to
account for the efficiencv of the machines.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
The potential for bakeout problems associated with the option phase of the project will be
similar to the problems associated with the QT. It is recommended that spare welders be
available during the option bakeout and that the welder banks be situated so that the
changeout of a welder can be easily accomplished if a failure should occur.
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G.8 PUMPING SYSTEM BAKE OUT

OPTION PLANS AND PROCEDURES: NONE - Not in Scope

QUALIFICATION TEST PLANS AND PROCEDURES: BO-QT

QUALIFICATION TEST EXECUTION:
The pumping system bake out was activated after the system heat tracing was rewrapped and
expanded and after the pumping system was reinsulated. The rework of the system heating
and insulation was caused by a bake test of the pumping system before the start of the QT test
execution phase. The bake out test indicated that the heating was insufficient to maintain all
components of the pumping system at 150oC. The system was also evaluated for components
which could not be baked to the required 150oC. The evaluation led to the removal from the
system of a Pirani, a Convectron gage and the removal of the RGA's ion counting electronics
package which was attached directly to the SEM head of the RGA.

Other components of the system which were of concern were the RGA, the cold cathode
gages and the calibrated leaks. The RGA heating control loop was controlled by using a
controller which had its control thermocouple located directly on the RGA's faraday cup
flange. The SEM flange of the RGA had a monitoring thermocouple installed so that the
SEM temperature could monitored at all times. The Calibrated leaks were fabricated with a
crimped and soft soldered seal on the opposite end of the leak from the piping connection.
The outboard end of the calibrated leaks were left uninsulated to prevent solder melting.

The pumping system bake was activated after the heating and insulation were modified. The
few days of the system bake out was devoted tuning up the insulation on the pumping system.
More insulation was needed to maintain the RGA and the large Gate valves (Vl & 3).

DISCOVERIES AND CONCLUSIONS:
o It was difficult to maintain all components of the pumping system at the proper

temperature. Many of the components were limited to temperatures of 150oC or less and
had to be carefully controlled. These items included the RGA, the cold cathode gage
heads and the calibrated leaks.

o It also appears that the cold traps were not bakeable as specified by CBI. A large quantity
of hydrocarbon outgitssing was traced to the cold trap LNT2 which was baked without
any liquid in the trap. Discussions with Andonian Cryogenics indicated that the traps may
contain G10 type composite material as a support for the liquid nitrogen vessel in the trap.
The use of G10 cannot be confirmed until the system is disassembled.

o The liquid nitrogen traps required the most attention throughout the bake. The 180liter
dewars used for filling the traps were located on a scale to continuously monitor the
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amount of liquid left in the dewar. This was a great assistance in monitoring the liquid
remaining in the dewar and in predicting dewarreplacement times. However, the piping
loads from the system would change the weight of the dewar by as much as 20 lb. so care
had to be taken to closely monitor the trap operation when the dewar was nearly empty.
This was especially true when the bake out caused the heat transfer to the liquid and thus
the liquid boiloff rate to increase by about 300Vo.

o LNTI was accidentally allowed to warm up for approximately one hour during the bake
and the pressure in the system spiked to the lOa torr range. The pressure in the beam tube
rapidly recovered because the surfaces were hot and could not readsorb large quantities of
water vapor. The bake out was set back for only about 12 hours.

o After cooldown, the following tube conditions were reached
o The tube pressure reached a cold cathode gage measurement of 1.2X10-to torr.

However it was later determined that the gage was in error and the measured value
was twice the indicated value so the minimum true pressure was approximately
2.4X10-ro torr.

o The RGA measurements of the four largest AMU values was as follows:
o AMU2 2.9x105 cPS
o AMU 12 1.3X103 CPS
o AMU 28 8.3X103 CPS
r AMU 40 9.5X102 CPS

POTENTIAL RISKS & ADDMIONAL DEVELOPMENT:
The potential for bake out problems associated with the option phase of the project will be
similar to the problems associated with the QT. The main concern will be keeping the 8 to 10
cold traps operating for the duration on the bake without expending a large number of man-
hours. The easiest and most economical method of storing and delivering liquid nitrogen to
the traps should be investigated.

The long distances between pump ports prohibits the use of one large dewar with piping to all
of the taps. The more economical solution may be to supply large dewars, such as 500 or
1000 gallon dewars at each cold trap with local piping only. Refill of the dewars, if required
would be made by the liquid nitogen supplier.
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G.9 POST BAKE WATER OUTGAS TEST

OPTION PLANS AND PROCEDURES: NONE

QUALIFICATION TEST PLANS AND PROCEDURES: OUTGAS

MAJOR DIFFERENCES BETWEEN THE QUALIFICANON TEST AND THE OPTION:
The development of outgassing procedures for the option phase of the project are not within
CBI's scope of work

QUALIFICATION TEST EXECUTION:
The measurement of the post bake outgassing rate for water was the first activity after the
bake because every operation after the bake has the possibility of increasing the water content
in the tube. The water outgassing rate was measured by determining a difference in the steady
state RGA measurements the system with the tube and the system without the tube. The RGA
water differential can then be converted into a flow rate and outgassing rate by using the
calculated RGA gage factor for nitrogen and assuming that the water gage factor is
approximately equal to the nitrogen gage factor. Nitrogen is used instead of water vapor
because there is no way to provide a water calibrated leak without saturating the surfaces of
the tube with water. Nitrogen ionization factors are also very close to water ionization
factors.

DISCOVERIES AND CONCLUSIONS :
The RGA measurement of the tube and pumping system was identical to the RGA
mqnurement of the pumping system alone. The majority of the water vapor is being
generated by the pumping system. The outgassing calculation of the tube and pumping system
together yields an outgassing rate of I.22X 10-16 TUS cm2. It is possible to distinguish
benveen RGA measurements which we 10Vo apart. The tube outgitssing must therefore be
less than l0 Vo of the combined measurement. The tube upper limit is therefore less than 1.22
x lo-r7 TTJS cm2.

A second method of trying to calculate the outgassing rate of water from the tube is to
meinure the pressure rise during an accumulation of the tube. This was done by closing off
the isolation valves for each pump and allowing the RGA to measure the increase in water
vapor as the tube accumulates. This method yielded an outgitssing rate of 6.11 X l0-t8
TI./S cm2. This method may, however, not be as accurate due to the readsorption of water on
the tube.
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G.lO POST BAKE HYDROGEN OUTGASSING RATE.

OPTION PLANS AND PROCEDURES: None

QUALIFICATION TEST PLANS AND PROCEDURES: OUTGAS

MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:
The CBI scope of work does not require option phase outgassing test procedures.

QUALIFICATION TEST EXECUTION:
The post bake outgassing tests for hydrogen utilized two methods of outgassing calculations.
The first method involved measuring the steady state differences between the beam tube
partial pressure and the partial pressure when the calibrated leak is added to the system. The
second method involves measuring the partial pressure difference between accumulations in
the tube and in the calibrated leak. The outgassing tests for hydrogen were repeated many
times due to a difference in the measurements between the pre-bake condition and the post
bake condition.

DISCOVERIES AND CONCLUSIONS :
The outgassing rate for hydrogen jumped by approximately 300Vo during the bake out. The
pre-bake measurements resulted in a hydrogen outgassing rate o{!.0 X 10-14 TUS cm2. The
post bake outgassing rate varied from 1.68 X 10-13 to 1.19 X l0-r3 TUS cm2 for the
accumulation technique. The high calculated values of this technique are from short
accumulations of the calibrated leak (3 minutes) with pressure spike levels which are only
about 50Vo of the tube accumulation pressure spike. The longer accumulation times are more
accurate due to the length of time it takes to open or close the tube isolation valve. The tube
isolation valve is an 8" VAT UHV gate valve with a very fine thread on the handwheel. The
valve handwheel must be rotated on the order of 50 complete revolutions to completely open
the valve. The slow opening time with the fast accumulation allows a large error in the true
accumulation time. The lower outgassing rates were all from longer accumulations. The
lower outgassing values (longer accumulations which werc 12 to 17 minutes)are less affected
by the opening times of the valve and are therefore more accurate.

The outgassing rates calculated by the steady state approach range from 8.52 X l0'ra to
9.23 x 1o'r4 TUS cm2.

The most accurate measurements were made on March 9, 1995 where both LNT2 & 3 were
at ambient temperature and were made with the cold cathode gages off. The calculated
results from this day are 8.79 X 10-t4 TUS cm'for the steady state measurement and
1.24X 10-t3 TUS cm2 for the transient ( accumulation ) method with the long accumulation
time. The post bake outgassing calculations indicated the most repeatable values for the
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outgassing of hydrogen were the steady state values. It is therefore suggested that the steady
state values of the post bake outgassing rates should be used as the most valid post bake
outgits rates for hydrogen. Sample RGA outputs and spread sheet calculations are provided in
the appendix.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
o The potential risk for the hydrogen outgassing is the increase in hydrogen during the bake

out. this jump in hydrogen is acceptable if the option phase tube acts as the QT tube did.
The hydrogen outgassing rate will be just below the maximum acceptable limit if the
option phase tube behaves as the QT tube did. However, the outgassing rate will be over
the allowabte limit after the second bake out if the outgassing rate jumps every time the
tube is baked.

r Additional development may be undertaken to repeat the bake out of the QT beam tube in
order to determine if the hydrogen jump is repeated for subsequent bakes. If a significant
hydrogen jump is measured, the bake may again be repeated to determine if there is a
change in the rate of hydrogen jump for the subsequent bake outs.
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G.11 POST BAKE AIR SIGNATURE ANALYSIS

OPTION PLANS AND PROCEDURES: HMST4N

QUALIFICATION TEST PLANS AND PROCEDURES: OUTGAS

MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:
The only major difference in the procedures for the QT and option phases of the project is the
use of only one RGA for the QT phase instead of an RGA on each port of the beam tube
modules in the option phase. The use of multiple RGA's in the option allows for some degree
of leak location as well as air signature leak detection.

The QT phase of the project will require air signature leak detection which is at least two
decades better than the option phase to account for the difference in the beam tube length.
The QT phase will, therefore, riquire air signature detection limits of 1Xl0-tt TL|S or better
for the pbst bake measurements in order to achieve an option phase detection limit of lX 10-e
TUS or better.

QUALIFICATION TEST EXECUTION:
The QT execution consisted of running an RGA steady state measurement of the tube. The
sir signature RGA parameters progftrm (the same as ttrat discussed for the pre bake air
signature test) consists of the measurement of 41 mass numbers(l, 2, 12, 13, 14, 15,16,l7 ,
18,  20, 24,25,26,27,28,29,30,32,34,37,38, 39, 40,4r,  42,  43, M,45,48,49,50, 51,
52,53,54,55,56,57,58,64,65 and 66). The procedure also uses the RGA air signature
parameter program to determine the cracking patterns of known gasses such as room air and
carbon monoxide and carbon dioxide. The cracking patterns of the known gasses are inserted
into an air signature program written by Rainer Weiss. This program uses a Chi square
analysis to determine the most probable mixture of gasses which make up the measured values
in the RGA steadv state tube measuremenl

DISCOVERIES AND CONCLUSIONS:
Rainer Weiss' post bake air signature analysis is being refined at the time of this writing. BUL
the work to date has provided an upper bound of the air leakage rate to be no more than I X
10-tt TUS. The air signature analysis is at least as sensitive as required to determine the leak
rate of a tube module in the option phase of the project.

POTENTIAL RISKS & ADDMONAL DEVELOPMENT:
The same risks, benefits, concerns and development comments as discussed in sections G.2
and G.6 apply to this test.

G 1 1 - 1



LIGO PROJECT
BEAM TUBE DESIGN & QUALIFICATION TEST

QUALIFICATION TEST REVIEW DATA PACKAGE
APRIL 17th & 18th. 1995

G.12 ADDITIONAL INFORMATION

The following is a compilation of the information which was developed in the course of the
outgassing studies. Some of this information was outside of CBI's scope of work and has been
developed by Rainer Weiss. It is presented here to form a complete picture of the outgassing
studies undertaken for this project.

Beam Tube Test Apparatus Parameters

Geometric
Beam Tube Volume
Area

Vacuum Pumping System
Hydrogen
Nitrogen
Water

RGA Sensitivity In The Ion Counter Mode
Hydrogen
Nitrogen
Water

Pre Bake Outgassing Rates

Water
Hydrogen
Carbon Monoxide
Carbon Dioxide
Methane

Air L€ak From Air Signature Tests

5.12X104liters
1.7lX106 cm2

570 + 30liters/sec
246! 15liters/sec
690 + 35 liters/sec

2.5 + 0.3 X10-15 torr/count/sec
9.7 + 1.0 Xl0-r5 brr/count/sec
3.9 + 0.2x10-rs brr/count/sec

1.2x10{ / tGours) TIIS cm2
2.5 + 0.3 x10'r5 TL|S cm2
< 2xlo-t3 T[,/S cm2
< 3x1o-r3 TL/s cm2
< 1x1o't3 TrJS cm2

< 1xl0-e TLIS
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Post Bake Outgassing Results for a 140oC to 150oC Bake for 750 Hours

Hydrogen - absolute determination 8.6 + 0.2 xl0-t4 TL|S cm2

AMU External Accumulation Internal
Accumulation

Steady State

2 6.2 e-14 +- 1 e-15 < 1.0 e-13 8.8 e-I4 +- 2 e-15
4 1.4 e-17 +- 2 e-18
72 4.7 e-16 +- 4 e-18 < 3.0 e-16 1.6 e-16 +- 2 e-I7
13 4.1 e-17 +- 2 e-19 2.8 e-17 l . l  e -17  +-  4  e -18
I4 5.3 e-17 +- 3 e-18 3.9 e-16
15 1.9  e-16  +-  2  e -18 < 1.8 e-I6 4.7 e-17 +- 8 e-18
16 3.0 e-16 +- 3 e-18 < 2.8 e-16 2.8 e-16 +- | e-17
r'7 1.3 e-18 +- 2 e-18 < 4.8 e-18 8.0 e-18
1 8 2.4 e-18 < 1 .3  e -17
20 7.8 e-17
24 6.7 e-I9 +- 4 e-19 < 3.3 e-18
25 3.7 e-18 +- 7 e-19 < 1.0 e-18
26 1.7 e-17 +- 1 e-18 < 4.6 e-17 1.0 e-17
27 1.7 e-I7 +- 2 e-18 < 5 .1  e -17 1.5 e-17 +- 6 e-18
28 2.5 e-16 +- | e-17 2.0 e-15 3.6 e-16 +- 2 e-16
29 1.5 e-I1 +- 1 e-18 < 3.0 e-I1
30 4.0 e-18 +- 5 e-19 1.8 e-18 1.8  e-18
32 <  1 . 1  e - 1 8 1,.4 e-18
34 2.5 e-18 +- 5 e-19 < 1 .7  e -18
37 3.0 e-18 +- 5 e-19 < 2.0 e-18 4.2 e-18 +- 2 e-18
38 4.0 e-18 +- 8 e-19 < 3.0 e-18 2.A e-18
39 7.6 e-18 +- 2 e-18 < 1.3 e-I7 1.5 e-17 +- 6 e-18
40 3.5 e-18 < 5.0 e-16 1.2 e-17
4 l 6.5 e-18 +- 2 e-18 < 1.6 e-I1 L.2 e-I7 +- 6 e-18

42 2.3 e-18 +- I  e-18 < 6.3 e-18 4.2 e-18
43 3.1 e-18 +- 4 e-19 < 4.2 e-18 2.0 e-18
M 1.6 e-16 +- 3 e-18 6.L e-17 1.5 e-16 +- 1 e-17

45 I.4 e-18 +- 3 e-19 < 8.3 e-19 2.1  e-18
48 1.3  e-19 < 4.4 e-20
49 3.5 e-19 +- 2 e-19 3.0 e-20
50 2.8 e-19 < 3.0 e-I9
5 l I.4 e-18 +- 3 e-I9 1 .2  e -18 2.7 e-18 +- 8 e-19
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52 3.4 e-18 +- 2 e-19 < 4.2 e-19
53 3.9 e-19
54 1.3 e-19
55 5.2 e-19 +- 3 e-19 <  1 . 1  e - 1 8
56 1.1 e-18 +- 3 e-19 < 1.4 e-18
57 < 4.8 e-20
58 < 5.0 e-20
64 4.3 e-19 +- I e-19 1.5 e-19
65 < 1.0 e-19
66 1.5 e-19 3.4 e-20

Air Leak Rate Using the Air Signature Program
refinement still continuing

Atmospheric Ratios

<lX10-e TLIS

After Bake
RGA Untrapped

Before Bake
RGA Trapped

GAS AMU Ratio Ratio

N2 28 1.0 +- 6.2 e-3 1.0 +- 2.5 e-4
N2 l4 0.1681 +- 1.0e-3 0.1875 +- 3.4 e-4
A 40 0.0123 +- 1.0 e-4 0.0139 +- 5.2 e-5
N2 29 0.00743 +- 4.4 e-5 0.0096 +- 1.4 e-4
A 20 0.00182 +- 2.0 e-5 0.0019 +- 1.3 e-5

27 0.00099 +- 8.6 e-6 0.0015 +- 2.4 e-5
02 32 0.00098 +- 4.8 e-6 0.1708 +- 1.1 e-3
02 16 0.00067 +- 2.5 e-5 0.0514 +- 1.2e-3
coz 44 0.00058 +- 3.4 e-5 0.0142 +- 9.0 e-3
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Outgassing Rate Dependence On Temperature

Gas AMU

H 2 2
}J2o- 18
co 28
caz 44

Temp. Increase to Double
Outgassing @ 300 K

4.9 +- 0.7 K
4.8 +-1.5 K

analysis not completed
6 . 5  + -  3 K

Binding Energy in K

1.3 +- 0.2 e4
1.3 +- 0.4 e4

9.6 +- 4 e3
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H.l COUPON OUTGAS TEST FACILITY INSTALLATION

OPTION PLANS AND PROCEDURES: COUP-0l

QUALIFICATION TEST PLANS AND PROCEDURES: COUP-02

MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:
The major difference between the coupon testing during the QT and the testing during the
option phase is that the test system has a different number of coupon test chambers. The
coupon test system used for the QT had only one coupon chamber. The coupon test system
to be used for the option phase will have the same number of chambers as the number of coils
in one air bake cycle. This will allow the fastest testing of an entire air bake batch of tube
material.

The current plans are for a coupon test system consisting of three coupon chambers.
However, there is a possibility of an air bake cycle containing up to six coils. The coupon
system will be increased to six chambers if the air bake increases to six coils per batch.

QUALIFICATION TEST EXECUTION:

The coupon system was designed, and procured in accordance with the FDR proposed
system. The system consisted of two major pumping manifolds. The frst manifold, called the
dirty pump loop, is utilized to evacuate the coupon chamber and the coupons and is operated
until the end of the coupon bake out. The second manifold is called the clean pumping system
and is used only after the coupon bake out is completed.

Each manifold is provided with a Balzers TPU 062 H wide range turbomolecular pump and a
Balzers DUO l.5A two stage roughing pump. Each of the roughing pumps is provided with a
variable leak valve to prevent back streaming of oil by limiting the pressure to the viscous
flow range. The clean manifotd is provide with a 4" D cold trap and a lrybold Heraeus
Transpector RGA. Each manifold is also provided with a cold cathode type vacuum gage.

The coupon chamber is fabricated from 6"@ tubtngwith a wall thickness of 1/8". The initial
chamber had Conflat blank flanges on both ends. However, in an effort to reduce the
hydrogen background, one of the conflat flanged ends was cut off and a l/8" plate welded to
the tube for the end closure.

The coupon chamber and the enthe clean pumping loop was baked, under vacuum, at over
400'C with the exception of the RGA and the cold cathode gages in an effort to minimize the
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hydrogen background. It was hoped that the hydrogen background would be low enough to
utilize steady state outgassing techniques as well as accumulation techniques.

The coupon test system was leak tested using an Alcatel, turbomolecular pumped, helium
mass spectrometer leak detector which was attached to the foreline of the turbomolecular
pumps. The leak test was also repeated after the bake out. Three or four leaks were detected
in the post bake leak test. These leaks were in conflat flanges. An effort was then made to
ensure that all conflat flanges were tightened to a metal to metal condition.

o
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H.2 COUPON OUTGAS TEST FACILITY VERIFICATION

OPTION PLANS AND PROCEDURES: COUP-OI

QUALIFICATION TEST PLANS AND PROCEDURES: COUP-02

MAJOR DIFFERENCES BET\MEEN THE QUALIFICATION TEST AND THE OPTION:
The option phase verification will be accomplished in the same fashion as the qualification test
app,uatus.

QUALIFICATION TEST EXECUTION:
The first step in the verification of the outgas test system was to bake out the empty coupon
chamber and run a background outgassing test. Each dme the chamber background is tested,
the actual background measurement is repeated at least twice or until repeatable outgassing
rates are measured. The background is measured by measuring the pressure spikes resulting
from fust an accumulation in the coupon chamber and then an accumulation in the hydrogen
calibrated leak. The measurements were made using the lrybold Heraeus RGA. The
calibrated leak accumulations are repeated until the pressure spike heights for the chamber and
leak accumulations are of approximately the same height. This eliminated any errors due to
non-linearity of the RGA.

The first series of background tests indicated a background which was higher than expected at
approximarely 8.5X10-to TL./S. This rate is compared with the outgassing of a 110 piece set
of coupons which would be 2.89X10-'lL/S at ttre maximum desired outgassing rate of
1X10-r3 TI/S cm2 or 2.89X10-t0 TUS if the outgassing rate is a decade less than the
maximum desired rate. It was then decided that ttre conflat flanges would be removed from
one end of the coupon chamber and a thin plate closure welded in place of the conflats. The

chamber was then rebaked at over 400oC.

The chamber background was then retested with no appreciable change in the results. It was
then decided to use the chamber with the high background rate. The system as built would
provide sufficient accuracy for the accumulation method but would not be sensitive enough
for steady state measurements.

The system was then verified by testing four seB of coupons which Caltech had previously
tested in their coupon testing apparatus. CBI's coupon chamber was twice the size of the
Caltech chambers. Therefore, CBI tested two of Caltech's coupon sets each time the CBI
system was operated. The caltech coupons consisted of two sets of coupons which were near
the upper acceptable limit for hydrogen outgassing and two sets of coupons which had lower

o
H2-1



LIGO PROJECT
BEAM TUBE DESIGN & QUALIFICATION TEST

QUALIFICANON TEST REVIEW DATA PACKAGE
APRIL l7th & 18th, 1995

outgassing rates. The following table lists the Caltech samples with the Cattech and CBI
outgassing test results.

DISCOVERIES AND CONCLUSIONS
The CBI hydrogen outgassing test facility is capable of measuring the outgassing rate of
coupons using the accumulation method. It appears that CBI's measurements ile somewhat
higher than the measurements accomplished by Caltech. Some of the difference may be a
caused by a recharging of the hydrogen in the baked out material and / or may be an offset
caused by some slight difference in procedures.

PROPOSED CHANGES:

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
o Additional development may consist of a determination of the relationship of the

outgassing rate when the coupons are hot at the end of the bake and when the coupons
have been allowed to cool down after the bake. ff the temperature relationship can be
determined, then the coupons could be tested while still hot and save at least trro days
during each test.

o A second development program may be undertaken during the option phase of the project.
This development program would compare the outgilssing rates of coils from the same
bake cycle and manufactured from the same heat. If all of the coils which are from the
same heat and which have been baked in the same bake cycle have similar outgassing
results, Caltech may determine that only one coupon test is required for all coil made from
the same heat and baked in the same bake cycle.

SAMPLE
DESIGNATION

CIT OUTGASSING
DATA - 1992

CIT OUTGASSING
DATA - T994

CBI OUTGASSING
DATA - 1995

23-IIC 3.1X10- '* N/A 6.5X10-"
7s-trc 1.8X10-' 3.3X10-"
23-rtB 8.4X10-' N/A 1.4X10-t3

BLACK-I 1.0x10-t3 N/A
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H.3 COUPON PREPARATION FOR HYDROGEN OUTGAS TESTING

OPTION PLANS AND PROCEDURES:

CLCOUP, "Cleaning of Outgas Coupons"
BIIN, "Blacklight Inspection Technique and Solvent Cleaning Procedure"

QUALIFICATION TEST PLANS AND PROCEDURES:

The QT plans and procedures are the same as the Option

MAJOR DIFFERENCES BETV/EEN THE QT AND THE OPTION:

There are no major differences between the QT and the Option

QUALIFICATION TEST EXECUTION:

It is specified that all materials exposed to vacuum shall comply with LIGO Specification
#1100007, "Process Specification for Low Hydrogen, Type 304L Stainless Steel Vacuum
Products". The material to be processed shall be conventional SA 240Type 304L stainless steel,
with thickness of .13 inch or less. All raw materials shall be air baked at440oc + 8oC for 36
hours. After the air bake, material samples (coupons) are to be taken from all baked materials and
tested to confirm acceptable outgassing level for hydrogen.

After the three coils of the beam tube material and the 10 sheets of expansion joint/baffle material
were air baked a piece of material was removed from the outside of each of the three coils, from
near the middle of coil #115299, and from one sheet of each of the two heat lots of the
expansion/baffle material. The four pieces of material shear cut from the coils were
approximately 75" long by 49" wide (mill edge). Hydrogen outgas coupons (192 @ 1" wide x
18" long) were sheared from each of these four sheets of coupon material. Also, two pieces of
material 60" long by 54" wide were shear cut from a sheet from each heat lot of the expansion
joint/baffle material. Hydrogen outgas coupons (180 @ 1" wide x 18" long) were shear cut from
each of these two pieces.

The coupons were sheared at Lockport Fabricators and witnessed by CBI to insure that during
the cutting process the materials tractability was maintained and that the coupons were not
contaminated during the cutting process. The coupons from the six different material sources
were shear cut and packaged separately.
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Every coupon was steel stamped with a heat serial coding (Cl through C6) to identify maintain
tractability during the coupon cleaning, inspection, packaging and tesdng processes. Listed
below are the Heat Serial codes and the corresponding material sources:

Heat Serial Coding

C 1
C2
C3
C4
C5
C6

Material Source

Coil #1152998 (2nd wrap of coil)
Sheet Heat #1 14528
Sheet Heat#473524

Coil #1153008 (2nd wrap of coil)
Coil #1153018 (2nd wrap of coil)

Coil #1152998 (1/3 from outside of coil)

The coupons were cleaned, inspected and packaged per procedure CLCOUP, Rev 2, "Cleaning of
Outgas Coupons" which consisted of a steam cleaning process only The sets of coupons having
the same heat serial code were kept segregated and processed separately.

Cleaning Coupons for Hydrogen Outgas Testing



LIGO PROJECT
BEAM TUBE DESIGN & QUALIFICATION TEST

QUALIFICATION TEST REVIEW DATA PACKAGE
APRIL LTth& 18rh, 1995

Hydrogen Outgas Coupons After Cleaning

During the blacklight inspection all coupons with indications were segtegated from the clean
coupons. About a dozpn of the coupons from each of the coupon sets with heat serial codes Cl,
C4, C5 and C6 had unacceptable fluorescent indications. The contamination is most likely tape
adhesives. At MetalPro, tape was used to attach the wrapping material to the coupon material
during the wrapping process.

DISCOVERIES AND CONCLUSIONS :

In the QT the coupon material was not removed from the coils immediately after baking as wls
originally planned. The bake facility did not have equipment and expertise to remove the coupon
material from the coils. The coupon material was removed from the coils by MetalPro before
slitting.

The residue from tape adhesives is a contaminant. It produces unacceptable fluorescent
indications during blacklight inspection.
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PROPOSED CHANGES:

Revise the Option plan to remove the coupon material after leveling and before slitting. Plan to
store the coil material at the slining facility until approved for use. Slitting should not be
performed until the material is approved for use.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:

The cost and time of shipping the coil material from the bake facility to the slitting facility would
be lost if material had unacceptable level of hydrogen outgassing.
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H.4 BEAM TUBE AND EXPANSION JOINT MATERIALH} OUTGAS TESTING

OPTION PLANS AND PROCEDURES: couP-01

QUALIFICATION TEST PLANS AND PROCEDURES: COUP-02

MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:
None.

QUALIFICATION TEST EXECUTION:
The beam tube material was the first QT material tested in CBI's hydrogen outgas test facility.
The chamber was heated to 250oC for 36 hours and then allowed to cool with assistance of
the chamber cooling water coils. The outgas tests were started at least 72 hours after the sta"rt
of cool down. During the outgas tests, it was noted that a conflat flange was leaking. The
leak was repaired and the outgas tests were restarted. The coupons were removed from the
chamber after the completion of the outgas tests and the chamber was reevacuated and the
chamber again tested for background.

The coupons from the expansion joint material were then loaded in to the chamber. The bake
out and outgils tests were then repeated for the new material and the coupon testing was then
complete for the QT phase of the project.

DISCOVERIES AND CONCLUSIONS :
The only discovery during the outgas testing was that the coupon chamber background outgas
rate changed during the beam tube material outgas tests. The background outgassing

The chamber background was not tested after the expansion joint material tests. The
relatively high value for the expansion joint material may be due to another increase in the
coupon chamber background.

0-eincreased to 1.5X10-'TUS. The results of the h tests are as tbllows.
MATERIAL MAT'L

DESIGNATION
CIT OUTGAS

RESULTS
CBI OUTGAS

RESULTS
BEAM TUBE
MATERIAL

rt5299BtCr 2.5X10-'* 3.5X10-t4

EXPANSION JOINT
MATERI.AL

073524(tD,C3) 9.5X10-" 3.2X10''"
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POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
. It may be of value to determine if the high measurement of the expansion joint material is

due to an increasing background and to determine the extent of the increase. Will the
background keep increasing with each bake out or will the outgassing rate stabilize.

o The other possibility is a change in the operating procedures such that the background
must be tested only if a set of coupons fails the acceptability test of 1X10-t3 TL-/S cm2 and
after set periods of time such as every month or two months.
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I.1 NONCONFORMANCE AND CORRECTIVE ACTION SUMMARY
OPTION PLANS AND PROCEDURES: QAP 13.1 & 14.1

QUALIFICATION TEST PLANS AND PROCEDURES: QAP
MAJOR DIFFERENCES BETWEEN THE QUALIFICATION TEST AND THE OPTION:

ANSVASQC STANDARD Q91 Quality Assurance Manual is planned for the option and the
ASME Section VIII Quality Control Manual was used for the QT.

QUALIFICATION TEST EXECUTION:
The nonconforming conditions found during receiving inspection were identified on the
Stores Receiving Inspection Report. The nonconforming conditions were reworked,
repaired or accepted for use-as-is with Caltech's agreement. The nonconforming conditions
found during fabrication and installation were identified on the Nonconformance Report.
The nonconforming conditions were resolved within the scope of the QT procedures. The
repairs were controlled by check lisf Adequate conective action has been taken to rectify
the nonconforming conditions and to prevent further reculrence. Refer to section I of the
appendix for more details.

DISCOVERIES AND CONCLUSIONS :
The applicable activity report addresses discoveries and conclusions.

PROPOSED CHANGES:
The applicable activity report addresses proposed changes.

POTENTIAL RISKS & ADDITIONAL DEVELOPMENT:
The applicable activity report addresses potential risk and additional development.

l 1 - 1



SECTION 3



LIGO PROJECT
BEAM TUBE DESIGN & QUALIFICATION TEST

QUALIFICATION TEST REVIEW DATA PACKAGE
LESSONS LEARNED AND PROPOSED CHANGES

APRIL rTth& l8th, 1995

The following listing provides a brief description of the lessons learned during the execution of the
qualification test and identifies proposed changes. Additional information is contained in the Task
Activity Repons.

Material Procurement
. Steel mills are not well suited to economically meet special process or schedule requirements

and as such, should not be used for these processes if possible.
. Special packaging is required to prevent potential contamination during the coil bake out.
o Material composition and performance requirements must be carefully reviewed to assure

conformance.
o The steel manufacturing and processing may be introducing unknown contaminates to the

steel surface.
. Specialized coil bake out facilities are not readily available to meet the LIGO bake process

requirements. The conditions required for coil bake out must be determined. The furnace
characteristics must then be developed to meet these requirements.

o The weld wire cleaning process must not adversely affect the spooling characteristics of the
wire. Poorly spooled wire deteriorates weld performance.

Spiral WeWed Tube Fabrication
o The spiral welded tube industry is not well suited to produce tube sections suitable for the

LIGO project. Developments are required to improve the economy, reliability, and weld
quality of the spiral tube sections for the LIGO project. The beam tube contractor and the
LIGO Project Team must develop and control the tube fabrication.

o The Gas Tungsten Arc Welding (GTAW) process used for the spiral welds did not produce
suitable welds due to the lack of penetration that developed during the weld process.

r The final inspection and associated minor weld repair is most economically performed during
stiffener attachmenl

. Coil slices were successfully made by stopping the mill and splicing the coils on the inside
surface with a one pass weld without filler metal. The second pass on the outside with filler
metal is best made during stiffener attachment.

o I00Vo iugon should be used as the purge gas in the GTAW process to better maintain the
tungsten tip profile.

o Axial straightness of the tube sections was .08" and .10" for the two 61' sections produced
for the QT. Thus, the QT tubes met the specified straightness of .25".

o Tube manufacturing may be introducing unknown contaminates to the tube surface.

Beam Tube Stiffener and Pump Port Fabrication
o The stiffener and port details are well suited for the LIGO project.
o The dimensional tolerances of the vacuum stiffening rings must be closely contolled to

facilitate fit-up and welding. The diameter of the vacuum stiffeners must be sized to equal or
exceed the maximum tube diameter.
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o The inside diameter of the support and baffle ring stiffeners exceeded the specified tolerances
but were usable. The support and baffle ring stiffeners can be procured a group of five sizes
to accommodate the anticipated tube diameter variation instead of machining each stiffener to
a measured diameter.

. Pump port nozzle necks must be radiused to a close tolerance to facilitate attachment to the
tube.

Support Fabrication
o The configurations of the fixed and flexible supports are well suited for the LIGO project.
. Support details were modified to provide jacking surfaces for tube alignmenl
. Support frames were modified to facilitate access to drill and install the anchor bolts.
o Support details were modified to eliminate an interference for maximum alignment capability.
o Flexible support hangers should not be galvanized to prevent distortion of the relativeiy thin

carbon steel hangers. Stainless steel hangers should be used.

Expansion J oint F abrication
o The expansion joint configuration is well suited for the LIGO project.
o Expansion joint manufacturers currently do not have the capability to perform component leak

tests with a helium leak sensitivity of I X l0-t0 torr liters per second.
o The circumferential tolerance of the expansion joint ends can be increased slightly due to weld

procedure modifications.
o All expansion joint ends may not meet the ckcumferential tolerance even though fabricators

claims the ability to meet the tolerance.
o The flatness tolerance originally specified for the expansion joint ends can be increased due to

weld procedure modifications. The expansion joints are too flexible to meet the original
tolerance even though the ends are machined.

o The expansion joints must be carefully handled and packaged to prevent minor distortion of
the machined ends.

Sffiener and Pump Port Attachment
. Stiffener and pump port attachment procedures are well suitable for the LIGO project.
o Tack welds are required to hold the stiffener in place during welding. Tack welds should be

spaced closer together to reduce weld distortion. Tack welds should & Il2" long with a
throat thickness approximately equal to the plate thickness.

o The weld procedure should be revised to require a minimum wire feed stick out dimension of
ll2" and to require a longer gas cup nozzle to prevent tip contact with the shell. The gas cup
nozzle must cover the contact tip by at least 1/8" to protect the tip from arcing out on the
tube surface.

o { large source of nitrogen gas is required to quickly produce the required purge environment
in the tube prior to welding.

o The 4" hand pass at the stiffener lap should be welded after the automatic stiffener fillet weld.
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o Grounding cables should be long enough to accommodate the full length of the tube section to
prevent variations in the weld voltage when moving from one stiffener to the next.

o The beam tube section is too flexible to allow the use of a hole saw for the pump port
opening. Plasma cutting is required.

o The tube straightness is not significantly affected by the weld shrinkage associated with
stiffener attachment. Stiffener weld shrinkage reduces the overall tube length by
approximately Il4'.

o The flatness of the end of the tube before and after stiffener attachment could not be measured
accurately enough to determine if tube facing can be executed prior to stiffener attachment.
Tube sections can probably be machined prior to stiffener attachment but confirmation is
required.

o The QT beam tube sections contained two leaks at unrelated fillet weld repair locations. One
leak occurred at a fillet weld repaired to remove cracks caused by copper deposits from the
welding contact tip. The other leak occuned at the repair of a fatigue crack caused by
improper support of the tube during shipment.

TVbe Assembly End Preparation
o Spiral welded tube manufacturers do not crurently have the ability to machine and expand the

tube ends to the circumferential and flatness tolerances required.
The relative flexibility of the thin tube makes end facing a very difficult operation. End
preparation should be executed with a end facing tool rather than a radial cut off tool.
The end of the tube must be round and well supported during the end preparation.

Tube Shipping & Handling
o The tube shipping supports must distribute the load evenly to the tube wall during

transportation.
o Tube stiffeners should not be used to support the tube during shipping and handling due to the

inherent weakness of single sided fillet welds.
o Tube sections must be covered when exposed to the sun to prevent distortions due to the

thermal gradients that are caused by solar radiation.

Baffles
o The curent baffle specification and design may not be suitable for use in the LIGO project

due to the potential lack of stability.
o The beam tube diameter must be increased slightly to accommodate the poorer than

anticipated fit provided by the current baffle design.
o The spring force of the baffle may not provide sufficient long term stability of the baffle.

Repeated bake outs or seismic events may cause the baffle to become unstable and impinge on
the clear aperture. The specification prohibiting baffle attachment to the tube wall should be
removed.
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Circumfe re ntial W e td S eams
o The machine Gas Tungsten Arc Welding (GTAW) process executed with the automatic

features of the Dimetrics Gold Track II power source produced excellent circumferential
welds.

o The purge dam must be fabricated to the specified diameter to provide the required fit up.
o The maximum temperature rise in the tube shell 3.5" away from the circumferential seam is 65

degrees F. Standard elastomeric material such as butyl rubber can be used for the weld purge
dam.

o Close edge alignment of the circumferential seam is required to provide a suitable weld seam.
The maximum gap is .010" and the maximum plate offset is ll4 of the thickness or 1132".

o The purge pressure must be kept to a minimum and constant during the circumferential weld.
The weld seam must be taped during the weld process to help maintain a constant gas flow
and pressure as the first pass closes the circumferential seam.

o Circumferential welds seams are difficult to perform and must be executed with close
attention to the approved procedures.

o Mechanical oscillation of the weld arc allows a greater degree of plate offset and greater
degree of weld gap and should be included in the first and second circumferential pass.

Beam Tube Section Leak Tests
Section leak tests were successfully executed to the required sensitivity. The double seal
configuration provides a suitable seal for sensitive leak testing to a helium rate of I X 10-10
torr liter per second.
Back migration of helium through the helium mass spectrometer causes a gradual rise in the
helium background measured in the tube. The mass spectrometer must be bagged and purged
with nitrogen or otherwise separated from the atmosphere around the tube being tested.
Bagging the tube section with polyethylene plastic requires a large quantity of helium to
produce a75%o helium environment around the tube. Helium is lost through the seams and
permeates through the bag which contributes to helium back migration.
The tube section pumping system should contain metal seals to limit helium permeation
through the pumping system flanges.

o Pre-made bags reduce the effort required to bag the tube sections but are still difficult to
install.

o The two leaks discovered during the QT were at through thickness weld repairs. These
repairs were located at stiffener attachment fillet welds that had been repaired due to unusual
events.

C ir cu mfe r e ntial Le ak T e s tin g
o The circumferential seams can be leak tested with an external box to the required helium leak

rate sensitivity of I X 10-10 torr liter per second.
o It is difficult to adequately seal the external box without vacuum putty such as Apeizon Q due

to the shell profile at the weld and due to the roughness of the weld and tube.
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Irak testing with a short segmental box is time consuming due to the need to vent the purge
ring of helium and reseal and evacuate the vacuum box each time it is moved.
Additional development is required to reduce the time required to pedorm the circumferential
leak test. The development should attempt to produce an external leak test ring which tests
the entire seam at one time.

Tube Cleaning
o The originally specified cleaning procedure was inadequate for the LIGO project. The

discovery of minute bleeding spots of fluorescence under black light inspection led to a sizable
program to improve the cleaning procedure. A detergent bath and high pressure water rinse
now proceed the previously specified steam cleaning process. In addition, the steam cleaning
process is now followed by a solvent wash and solvent rinse.

o The rotating union used for steam cleaning requires a minimum pressure of 130 psi to
maintain rotation. The steam cleaning unit pressure and flow capacity do not provide a
sufficient margin over that required by the rotating union to assure continuous operation.

o Additional development is required to incorporate the QT cleaning process into the option
plans and procedures.

o Areas of fluorescence can be seen under black light inspection before and after the cleaning
process. Some of these areas can not be removed with solvents or detergents without
removing the oxide layer from the tube surface. Outgas tests performed on the tube indicate
that the presence of these fluorescent areas does not result in excessive hydrocarbon
outgassing. Cleaning procedures and acceptance criteria must be developed to produce and
confirm a suitable level of cleanliness.

o Additional development is required to incorporate the QT cleaning process into the module
plans and procedures.

Tube Bake Out
o The I2R heating method performed well even though the welding machines were very

inefficient at the low voltage required for the Qualification Test.
o The QT bakeout required approximately 2200 amps at 7 volts which was supplied with 9

welding machines. Two welding machines malfunctioned during the 28 day bake out and
were repaired or replaced.

o Fiberglass insulation is a suitable low cost insulation for the beam tube modules. One 2" thick
unfaced layer of fiberglass insulation covered by an additional 2" Iayer of fiberglass insulation
with facing were used in the QT. The Foil Skrim Kraft (FSK) facing prevents convection
through the insulation and reduces radiation losses. Both layers of insulation should be faced
to reduce convection through the insulation and provide a more uniform temperature.

o Insulation should overlap on the ends and fit snug to the tube to prevent convection cunents
in the voids present in loose fitting insulation. In addition, outer seams in the insulation
should be taped to limit convection losses and the resulting temperature variation at the
seams.
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o Commercially available fiber glass insulation products have widely varying conductivities for
similar configurations. The quality of the insulation selected must be balanced with the
associated insulation costs and the power requirements to maintain the tube temperature.

o Expansion joints are difficult to maintain at the tube temperature due to the additional heat
generated by the higher resistance of the joint, the higher local surface area, and the
convection cells formed by convolutions. The expansion joint was insulated with a single
layer of 1" thick FSK faced insulation around the entire circumference and an additional 2"
layer ofunfaced insulation on the bottom 180 degrees.

o The flexible supports do not require auxiliary heat sources if insulated for the bake out.
o The heat loss at the fixed supports must be reduced by reducing the area of the insulation

blocks to prevent the need for an auxiliary heat source at the fixed supports.

QT Pumping System
o The Balzers RGA used in the QT is well suited for the LIGO project. The Balzers

turbomolecular pump also performed well.
o The original Balzers roughing pump purchased for the QT was not capable of the sustained,

high load pumping required to rough pump the beam tube sections or QT assembly without
over heating. The larger replacement pump provided by Balzers performed adequately.

o The pressure measured by cold cathode gauges in the 10-10 torr range may be off by a factor
o f 2 o r 3 .

o A flange leak developed in a 6" conflat flange during a 150 degrees C bake out even though
the flange had been baked a number of times earlier without producing a leak. Similar
occurrences during the module leak test would greatly increase the module leak test difficulty.

. Spacers used in the cold traps may be a source of hydrocarbon outgassing during bake out of
the cold traps.

o Cold traps quickly warm and release condensables when the cold trap exterior is being baked
and the supply of LN2 is disrupted. A reliable continuous source of LN2 must be developed
for the module cold traps.

Outgas Test Results
o The outgas tests were completely successful and produced accurate, reliable outgas test data.
o The outgassing rates of the beam tube QT assembly are as follows;

Pre-bake hydrogen: 3.0 X l0-ta torr liters per second cm2
Pre-bake water: 2.2X 10-rr torr liters per second cm2
Post-bake hydrogen: 8.6 X l0-1a torr liters per second cm2
Post-bake water: 2X l0-r7 torr liters per second cm2

o Air signature analysis can detect an air leak in the qualification test assembly prior to bake out
as small as I X lO-e ton liters per second

o Although the analysis of the post bake outgas data continues to be refined, the air signature
analysis method is able to detect an air leak in the QT assembly after bake out as small as I X
10-rr torr liters per second.
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Coupon Hydrogen Outgas Testing
o The coupon outgas tests were successful and produced accurate, reliable hydrogen outgas test

data.
o Although the coupon outgas test facility was designed to make steady state hydrogen outgas

test measurements, the hydrogen outgas background of the system was too high to allow
steady state measurements.

o CBI's measured hydrogen outgassing rate of coupons taken from LIGO material before
component fabrication is as follows:

Beam tube material: 3.5 X 10-ra torr liters per second cm2
Expansion joint material: 3.2X 10-ra torr liters per second cm2

o Caltech tested qualification test material and confirmed CBI's test results. CBI also tested
material previously tested by caltech and confirmed caltech's test results. All of CBI's tests
were conducted after Caltech's tests. CBI always reported higher hydrogen outgassing rates
than Caltech.
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The qualification test identified many proposed changes and additional development requirements
associated with the LIGO beam tube modules. The following areas represent the greatest risks to
the beam tube module performance and /or cost:

o Tube Section Fabrication
. Spiral Weld Procedure
o Module Leak Testing
. Cleanliness & Cleanliness Maintenance

A detailed discussion of each of these areas is presented below.

TUBE SECTION FABRICATION

The most economical method of producing tube sections for LIGO is the spiral welded method.
However, the spiral welded tube industry currently has neither the equipment nor the procedures
in place to reliably produce tube sections of the quality required for the LIGO project. Further
development is required to ensure the supply of spiral welded tube section suitable for the LIGO
project.

After a literature survey to determine the industry capabilities, CBI toured the four most
promising manufacurers of spiral welded pipe and tube. Tubetec, Incorporated of Sanford,
Florida and Northwest Pipe Company of Portland, Oregon, were selected for the supply of pre-
qualification tube sections for evaluation during the developmental design prior to the Final
Design Review. Tubetec was selected for the Qualification Test tube sections due to their
superior technology, quality, and economy compared to other spiral welded tube manufacturers.
Although the tube sections supplied by Tubetec for the Qualification Test served their intended
function, they do not meet the requirements for the LIGO modules. The supply of the unstiffened
beam tube sections for the LIGO project is an area of significant cost and reliability risk as
described below. Unless an alternative source can be developed, CBI believes that the best course
of action for the LIGO project is to have a spiral welded tube mill produced by Tubetec
specifically for the LIGO project. Without the use of Tubetec, the direct cost of the unstiffened
tube sections will likely increase by at least $2,500,000.00 and sigfficant additional development
costs will be required. The uncertainties associated with the supply of the tube sections prevent
the development of a reasonable updated budgetary estimate for the spiral welded fabrication.

Most large diameter tube fabricators are engaged in the fabrication of relatively thick wall, carbon
steel pipe. Tubetec is the only fabricator experienced in the Gas Tungsten Metal Arc (GTMA)
process engaged in the fabrication of large diameter, thin wall, spiral welded, stainless steel tubes
which are similar to the tubes required for LIGO. Tubetec has developed a spiral welded pipe mill
specifically for the production of thin wall stainless steel pipe. The pipe is sold primarily for low
pressure transmission of liquids and represents approximate$ 3AVo of tleir annual sales.
Although curently Tubetec is the best suited manufacturer in the industry for LIGO, CBI is
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concerned that that the supply of the tube sections from Tubetec could be jeopardized for the
following reasons:
o Tubetec is a small family owned business with a total annual sales of $7,500,000. The LIGO

beam tubes would approximately double the value of spiral welded tube produced by Tubetec
for the duration of the LIGO production.

o Tubetec's existing markets are currently strong.
o Tubetec's limited resources and capacity using their existing mill could prevent Tubetec from

meeting the LIGO schedule requirements while maintaining the required quality.
o Tubetec's current spiral welded tube mill was developed primarily for relatively small diameter

pipe. As such, the maximum coil width that can be accommodated is 16 inches. The use of
16 inch coil for the LIGO beam tube modules would result in approximately 94 miles bf spiml
butt weld which limits daily production and could increase the risk of leaks. An increase in
the coil width will decrease the length of weld by the ratio of the widths.

In addition, the weld procedure used by Tubetec for the Qualification Test sections did not meet
the required L00Vo weld penetration over the entire length of the spiral weld. Spiral weld
procedure development is required as described later in this section.

At present, CBI believes that Tubetec is best suited to supply a mill dedicated to the LIGO project
due to their expertise in the design, fabrication, and start-up of a spiral welded tube mill. CBI
recommends the development of a dedicated LIGO mill to ensure the unintemrpted supply of
economical tube sections which are suitable for the LIGO project. The goal of the development
effort would be to determine the coil width and other mill characteristics best suited for the LIGO
project. A qualification test would be conducted on tubes manufactured from the LIGO mill
prior to placing the mil into LIGO module production. CBI has approached Tubetec for the
supply of a mill for the LIGO project. Although their initial response was favorable, Tubetec will
not make any commitments for the project until the beam tube contractor is selected.

Alternatively, other potential sources of the spiral welded tube mill or spiral welded tube sections
must be developed. The development would focus on modifying mills typically used for relatively
thick wall fabrication to provide the fit up and forming characteristics required for thin wall
fabrication.

SPIRAL WELD PROCEDURE

The most economical method of producing tube sections for LIGO is the spiral welded method.
However, the spiral welded tube industry has limited abilities in producing spiral welds suitable
for the LIGO project. Evaluations of the Qualification Test tube sections has revealed that a lack
of complete penetration in the spiral welds developed sometime during the production process.
Additional information is contained in Appendix C.1.
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The quality of the spiral weld is primarily dependent on the fit up provided by the tube mill and on
the procedures and parameters used to perform the welding. Northwest Pipe Company and
Tubetec produced trial tube sections for evaluation during the developmental design prior to the
qualification test. The trial section produced by Northwest Pipe contained relatively large holes
due to the poor fit up provided by ttreir mill which is typically used for thick wall, large diameter,
carbon steel pipe. The trial tube section provided by Tubetec appeared to have adequate weld
quality but an evaluation of the weld cross section has revealed insufficient weld penetration.

CBI selected Tubetec for the Qualification Test and worked with Tubetec to develop the weld
procedure and parameters. CBI specified 70Vo penetration from each side to ensure that the
spirat weld would meet the required I00Vo penetration. Weld parameters were established prior
to production of the QT section through rial welds on flat plates. Weld sections taken at start of
the QT tube production showed complete penetration. The QT tube sections were then produced
using the established and tested weld parameters. Following production of the qualification test
sections, CBI evaluated weld cross sections at each end of the tube sections used in the
qualification test. At the start of LIGO QT fabrication, the weld procedure produced
approximateLy 70Vo penetration on the inside pass and 4AVo peneftation on the outside pass
resulting in futl penetration. However, the depth of penetration decreased during the tube
fabrication to the point that most of the spiral weld in the qualification test did not have I00Vo
penetration. Although this condition does not affect the qualification test, this condition is
unacceptable in tube sections for the modules. The cause of the lack of penetration must be
determined to enable the production of tube sections that meet the project requirements. To
achieve this end, the following spiral weld development is recommended:
o An evaluation of additional weld sections in unused QT tube sections to determine the

characteristics of the welding throughout the production of approximately 180' of LIGO beam
tube. Sections should be evaluated in an attempt to correlate the changes in the weld cross
section to any changes in the procedure.

. An evaluation by Tubetec of the cross sections prepared by CBI and a comparison of the weld
procedure used for the QT with procedures used by Tubetec in other similar applications.

o An investigation of welds made in other similar tube sections produced by Tubetec.
o Additional tube sections could be manufactured by Tubetec from material which has been

procured by CBI for Caltech and is currently in storage. Welds would be made with different
pa-rameters and then studied to determine resulting weld characteristics.

MODULE LEAK TESTING

Based in part on information developed during the Qualification Test, the following activities will
have a significant influence on the level of effort, time, and materials required to produce beam
tube modules with a demonstrated leak rate:
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to re-pressurize the tube after bake out is difficult to predict. The cost and time required to re-
pressurize with a dry gas or to perform additional bake outs are significant and the likelihood of
these activities is difficult to predict.

Beam tube section leak tests and circumferential weld leak tests should produce a leak free
module. However, the untried nature of the module leak rate procedure and the impact of
module assembly and bake out prcsents uncertainties and risks which prevent an accurate estimate
of the resources required to produce and demonstrate a leak free module. Although the
Qualification Test has provided insight into the ultimate leak tightness of the module, the costs
associated with producing and demonstrating the module leak tightness will not be known until a
module has been completed. Additional study is required to determine the feasibility of new and
previously untried leak test methods. In addition, commercial agreements must be developed
which recognize the potential level of effort required to demonstrate module leak tightness.

CLEANING & CLEANLINESS MAINTENANCE

The qualification test identified the inadequacy of the originally specified cleaning procedure.
Minute spots of contaminant were left on the surface after the single step steam cleaning
procedure. A three step cleaning process was developed during the QT which consists of a
Mirachem 500 wash, a water rinse, a steam rinse, a solvent wash, and a solvent rinse. Even after
this process, some contaminants, that could be seen only when viewed under ultra-violet light,
remained on the tube surface. The Qualification Test demonstrated that the beam tube surface
can not be cleaned sufficiently to produce "no visible contaminant material" as currently specified.

The qualification test did not represent the field conditions that will be encountered during module
construction. Unrelated construction activities and unknown environmental conditions will be
encountered during the field construction of the modules. The effectiveness of the cleanliness
maintenance procedures and equipment will not be known until construction actually begins. The
proposed plans and procedures may have to be modified in the field if the procedures are unable
to sufficiently prevent contamination due to dust, dirt, insects, air borne spores and seeds, or other
yet unknown sources of contamination.

The hydrocarbon outgassing rates measured in the Qualification Test were within the current
project requirement. However, the hydrocarbon outgassing rates of the actual modules is dfficult
to predict in light of the unknown conditions that will exist during module construction. No
absolute level of cleanliness can be predicted for the beam tube modules. Caltech and CBI have
discussed the benefits of qualifying procedures during the initial construction at Hanford and
Livingston. Although a qualificadon of the initial construction may increase the effectiveness of
the plans and procedures, the expenses and schedule delay could be significanl Construction
qualification concepts which balance cost and schedule impacts with the risks associated with
presently unknown environmental conditions should be considered.
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1.  Three coi ls ( ! tAs 050, 0.125 r  49.5) r i l l  be
prodrrced by l.tAS. One of the coils rill be
designated as the Qualification Test (Of) Coil to
be used for producirg the three 16" ride finished
coils and should be mrked as such. Tttis Qf Coil
only will have a bar (approxilately .075" X 1" X
full widthl placed in the center of the coil to
create an opening across the ridth to be used to
place a thernocouple in during the baheout. This
bar rill be provided to IIAS by the Rrrchaser.

ffilacxNowrEDGMENT COpy ATTACHED - PLEASE RETURN AT ONCE AND INDICATE FIRM SHIPPING DATE.

D "o AcKNowLEDGMENT NEcESSARY

SPECIAL CONDITIONS

irrsh all Invorces and brlls ol lactrng In duplcate lo us 8l
-
-01 NoRNr DIVISION STREET
We teserve the rrght lo refuse all Invoices unless bills ot lqgtng,

rexprelirece'pis o-r prepard bills are atlached lo lhe tnvoces'

PUBCHASE ORDER NO. & CONTRACT NO.,T.O-APPEAF ON ALL
rxvorceS. pAcxlces AND SHIPPING PAPERS.

BY L-Ja-44- G \^+^
AUTHOR EeO PUR9{,\SING SICTBATURE

ADORESS ALL CORRESPONDENCE TO SIOI{EE

WAYNE J. ME1ER



OATEo u/19/9r1

AMff) ADYA}GD TAII,S @.
1129 A{NDLEN(n m,IrrE
p1P,Bjy1rr.F, IL 60540

Attn: DEBtsIE JUI.IK
(?08)e83-3@4

run\/nAJE vn|'rEn
CBI Teclnical Services G
15OT NXXU DIVISICI SITEET
PTAINFIETD, rL 6p,544-8929

(815) 439-6340
FA)(: (8tS1 43H010

01402

FN(: (708)983-3005

9n212-o{XJl Rev.

9n2t2

sxEEr No. 3 oF 6
SHIP PFEPAIO TO:

SEE BEI,OW

REOUISITION EY

c-t(0-0tt6
SHIP vtA

c0nElcltt ernln
CONFIRMING

rrilt J. tlnl APPLI€S Igs

tBt ttLor
r t F t M S

In t0 0rI8 EXEMPT IET
BY OATE

0u29lt l

PLEASE ENTER OUR OROER FOR THE FOLLOWING. SUBJECT TO THE TERMS & CONOITIONS ON REVERS€ SIOE HEREOS

TEM NO : QUANTITY

fi AcTHowLEDGMENT COpy ATTACHED - PLEASE RETURN AT ONCE AND INDICATE FIRM SHIPPING DATE

! ruo AcKNowLEDGMENT NEcESSARY

INTERNAL USE

BY U5

ADORESS ALL COFRESPONOENCE TO SIGNEE

WAYIIE J. MEYER

spEoAL CoNolT|oNs

tr a rnvorces and bills ol lactrng In dupkcate lo us al:
v

15OI }.IORIII DIVISION STREET
We reserye th€ nqht to tefuse all invoces unlsss bllls ol ladtng'
express 'ecerpts 9-r grepard bilts afe anached lo the invoaces.

PURCHASE OROER i{O. I CONTRACT NO. TO APPEAR ON ALL
\ V O I C S S  O A C K A G E S  A N O  S H I P P I N G  P A P E R S .

2. Ttre three lttAS 050' 0.125 X 49.5 coils are to
be shipped to lletlab in Phitadelphia, Pennsylvania
on or before 04/29/94. F\rll shippiru consiSnnent
and shipping details are indicated on the attached
Grstoner Specificat ion Quest ionaire for ft{et lab
shipoent. ldote that this Hterial nrst be shipped
to l.letlab rith the eye of the coils vertical (eye
to the sfy). the coils shall be packaged for
shiprent to l{etlab as described in ASIttt A70O-90,
Sect ion 12.4.5. I r except as i I lustrated in Figure
60 versus Figure 63. l{ote that the coils rill be
baked as packaged. Do not use flannable
naterials. Use only aetal bandirU protectors and
load on a truck using blockirU rhich allors the
insertion of slirus for unloading. l'laterial to be
covered for weather protection during shipnent.

3. lbtlab rill perforr a laterial balceout on the
three coils and return the coils to L€Yeltek in
Pittsburgh, Pennsylvania. This raterial rilt be
shipped fron t{etlab "eye to the slgr".

4. t{AS will arrange for lrveltek to stretcher
level al l  three coils. Grce stretcher levelirU is
colplete, Irveltek rill ship the three coils to a
location to be deterrined by Arrco for the
fol lwiru:



OATE

I
ul19/e4

,{AIG) AN/ANCED HAII,S @.
I I29 CAI.IDI^Eil(N IX,IVE
MPERVILLE, IL @540

AttN: DEBBIE JUNK
(708)983-3004

CBI Tectnical Serices 6
I5O1 }€KIfl DIYISIC{ SIAEE.
PIAITtrIELD ' IL &54/,-8929

(81s) 43F6340
FAI(: (815) 43m10

or4p.2

FN(: (708)983-3006

PUHUi1A5C 9HUSF |r!'Mtttfr

g3{J2lz-0fol Rev.

sHEEr l€.-a-oF
SHIP PffPAtO TO:

SEE BEX,oW

SHIP VIA

c0illlclal cnllll
STA

TES
tallE J. ruril

R E O U I S I I L N  U '

c-l{0-0 l16 APPLIES

sgt 8tl0r
IERMS

tn ]0 0lll EXEMPT IES
sHtP 8Y 'ATE 

ul29lgl

ITEM NO

PLEASE ENTER OUR ONOCN TON THE FOLLOWINC, SUAJECT TO THE TERMS II CONDITIONS ON REVERSE SIOE HER€OF

r =;;;;;;;;--- [ io I FficE

For the gf Coil.thEt tras been rarked for
slitt ing to 16", si.x (6) total sheets ?2" X full
width titt Ue cut fror ttre erd prior to slittir8'
narked as being cut fror this Hster coil' and
"tipp"a reeular comercial freight to CBI's
ptiiirfietd office at the address that appears in
irc-fr""Aing of this Frrcluse order' Ttris (f g"il
r i i t tt*n Ue finistrea slit into three (3) coils
iO;-riAe. Each 16" finished coil lill be narked
right, center, or left. Ttrese three 15" coils
to be ship'ped to Tubetec, Inc- in Sanford,
Florida. 

-nrtt 
shipping consiSrrrent and shipping

details are indicated on the attached Custoner
Specif icat ion Quest ionnaire for Tubetec Shipoent'

one sheeE each 72" X full ridth la to be
cut fror the end bf each of the recnining tro
coils. ltrese tso sheets are to be shipped with
the other six sheets cut fror the naster coil to
ttre ptainfield, I l l inois address. Ttre tro coils
a r e t h e n t o b e s h i p p e d t o C t s I ' s l ( a n k a l r e e r l l l i n o i
facility. nrll shippirU consiSrrnent and shipping
details are indicated on the attached Custoner '
Specification Qrestioruraire for lbnkalcee Shipoent'

B) Anco oay invoice for freieht costs for the

h AcKhtor,ilEDGMEltr copy ATTAcrreo - pr-elsE RETURN AT oNcE AND INDIcATE FIFM SHIPPING DATE'
llar

X "o AcKNoWLEDGMENT NEcESSARY

INTERNAL USE

ADDRESS ALL CORRESPONDEHCE TO SIONEE

TI'AN\TE J. MEYER
o O  i 0 6  C E \ . .  S E P  9 :

SPECIAL CONDITIONS

llh all rnvorces and bilts of ladrng In duphcale lo us al:
U-1501 

l.loRfit DIVISIoN STREST
We reserye th€ rtght lo raluse all anvorces unless.bills of. ladrng,

rexbress ?ecerpts d'r prepaid bills ate anached lo the Invorces'

PUFCHASE ORO€R }IO. & CONTRACT NO. TO.APPEAR ON ALL
ixVolces, PAcxAcEs AilD sHlPPl,{c PAPEFS.



BBLOI
O B

t88

o fE u/19/91

ARIO ADVATGD l|/\N.s @.
1129 CAI{DIEMN DRIVE
MPERVILI,E' IL @540

AttN: DEEBIE JINK
(708)983-3004 Fl

rrilt J. lnEl

ITEM NO I OUANTITY

CEI Tecmrcal uerrloes r-r'
1501 lglfl DMSIOI sl"E
PTAITFIEII" IL 6p/54{.l8929

(81s) 439-6340
FAt(: (815) 43H10

ol1o.2 sn€Eri€' 5 u 6
S}IIP PREPAID TO:

SEE BEI,OW

INTERNAL USE

^DDRESS ALL CORRESPONDENCE TO S|GNEE

WAYNE J. MEYER
PD 30€  REV sEP  !

(708)983-3006

SHIP BY DATE

$t l0 DNs 0t t19 t91

final qrrantities of Hterial ship'ped t9 ft8t99
*d-io'Cgf's facllities in Kantahee and Plainfield
on.an equalized basis of freight costs fror
@rrolton, Kentucty to each of ttpse locations'
The Rrrctraser till be responsible for arranging
for shipoent and for payir8 the freient costs-frol
t letlab'l facil i ty to Lcveltek's facil i ty' All
other shipoents and freight costs are the
responsibility of Anco and are included as pErt

of ine equalized freight costs-froo Carrolton'
Kentucty to tlre final destinatim.

C) Ttris purctuse order is beiru issued-in full
aicorAance rith the attached 'hrrclrase order t
Subcontract Provisiqrs" any Federal Acquisitiqt
iig,tiiti* (fAR) contained or referenced therein'
and the Terrs and conditiqrs listed qr the reverse
side of this fon. You are required to fill out'
certify, and return the following Federal
Cert if icat ions:

- Certificat ion of l,bnsegreggted Faci I it ies'
Clean Air and Tater and Anti-Kickback
Conpl iance.

- cerlification regarding tobbyiru'
- Certification Regarding Debarnent, Suspension'

Ineligibility and Vohurtary Drclusion - lower
Tier @vered Transaction.

@ATTAcHED-PLEASERETURNAToNcEANDtND|cATEF |RMSHlPP |NGDATE

I *o AcKNowLEDGMENT NEcESSARY

SPECIAL CONDITIONS

-5rrntsh a' 'tvorces a.td brlls of lad'ng In duphcate to us al:

Isot ltoRTtl DIvIsIol'l STREET
we raserve lhe .€hl to teluse all nvoices unless.-b'lts of. ladtng'

.ilitl-s-Jt}-e'pis dr orepaid bills are anached lo the Invoces

PURCHASE OROER I.IO. & CONTRAC-T !O:]T-O.APPEAR ON ALL
ixlo:rL'EJ 

-p 
rdk loes lno sHtPPtt{G PAPERS'

9n212-Wl Rev.

9nnz

sHrP vl^

cornlclaL calllElc-l{0-0 I t6



F t  n v t r ^ Y -  Y '

CBI Teclnical Services 6'

Gor-rwttt DIvIsIot srrirsr
iieir*rm.o, rL fi5u-892e

(81s) 43H34O
FN(: (815) 43m10

04lL9/94

" .

1129 CAt{DIE{tr IXII'E
MPERVTLLE' rL 60540

01402

SEE BEX,oW

AttN: DEBBIE JIJNK

sHEET No. 6 oe 6

(?08)983-3004 ( ?08 )983-3006

rrnt J. IWll
=

JEE ETLOI

SHIP BY DA
0t l19 191

coflglcllL CAlllEl

- e""**"" of Co4liance lith-National

tuta"tion neeulit ion-Ilder Tit le VI

Li"ir Rishts Act of 1964-'

INTERNAL USE

Science
of the

D) All correspondence to stpuld be directed to

Wayne J. lieyer "i-ittu address and phone/fax

nrrnbers that appear in the tpading of this

Rrrchase Order'

E) Attachnents

1. Coil llaterial Specifi:tti9n c-240-0185'

nttiti* 0, dated 03/02/94'
2. ;ii-tl"i"titf g"L" specification c-o'{BSl I

ievisiqr 1, dated 02/02/94'
3. LI@ Bear nrue ipegi{i91t1"n 110000?'

n"ti"i* C, dated 03/26/92'
4. ;\r;;G; oio"r i-strubontract Provisions'

5. tilAs olstooer-specification Questionnaire
lor ShiPoent to Metlab'

6. NAs custooe; iie;iii-tiq Questionnaire
lor ShiPoent to l\rbetec' Inc'

7. t{AS Customet ip""if i?tg}on Q'uestionnaire
for Stripoent to CBI Services' Inc'

copy ATTACneo - pLeEEffinNrr oNce rG-HrNOrCarE FiRM SHIPPING DATE

ffiecxNowLEDGMENr

X *o AcKNowLEDGMENT NEcESSARY

se/EslAL coNDlrloNs

=J arl Invoices and bills ol ladrng In duplcate to us al.

1501 T{ORIfl DIVISIC'T SIREET

Yr e' ese rve the r'�et't rorelu i:,,3'I!"3$tt#'?iitPJ"i^;tJ,l?t'e'?roress tecelpts or Prepal(

:  'Q.HAsE 9s9gn No &-c9NT-lA.ci No TO APPEAR oN ALL

* H,ffiffi"**k*n----
ADDRESS ALL CORRESPONDENCE TO SIGNEE

WAAqE J. MEYER
a a a :



Ioaary'ryz$lga lu'zr D rc' D-"

fFr lrl Y..ll|t f-,iltrttstrsl|.|r f': Fo[{'Ol W: lEtlOGr * ||r*' PItt dl

Nonr' AunmcAN Srnu""t:."": (so2) 3f?{0r0
Routc 2, Box*16
Ghcnt, KY 4104$96f5

Date:

To:

CompanY Name:

Far Number-

f,'nom:

Subiect:

Far ($Ir)$7{lXtt

May 23td94

Bill Martins

Armco

o08) e83 3006

Anil Yadav

CBI, chemistries.

No. of Pages(including this pege): I

L^adle analyses for coil numbers I l52ggB I 153008 and I 153018 applied to cBI orders is listed'

Hcat No. C C r M n M o N N i P s s i

' g2D 0-025 lB'120 l'670 0'250 0'056 8'470 0'026 0'017 A'2i90

s i l x y 5 3 0 1 0 . 0 2 4 1 E . 8 0 1 . ? 1 0 0 . 8 0 0 . 0 5 8 8 . 5 3 0 0 . 0 2 6 0 . 0 2 0 0 . 3 9 0

statrrhgs sted bor suppllod by cBI lEs bccn lruertcd ln coll nrmrber 1l5f00B'
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CUTTING SKETCHES FOR MATERIAL WITH HEAT NUMBER 73524
(6 SHEETS - 60" WIDE X 160" LONG X 0.105" THK.)

Leftover
Material

1 60"

PATHWAY EXPANSION JOINT MATERIAL (Four Required)

Leftover Material

Welding Coupons
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$
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$
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@
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1" x lS" Coupons

3 @ 1 8 ' = 5 4 "

=
o(o
t l

@
o
@

MATERIAL FOR PATHWAY EXPANSION JOINT AND COUPONS (One Required)

I
l

DRAWN BY: SWP
DATE: d2194
REVISED BY: SWP
REV. DATE:7119194
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Leftover
Material

DRAWN BY: SWP
DATE: 6/2/!94
REVISED BY: SWP
REV. DATE:7119194

HYSPAN EXPANSION JOINT MATERIAL (Three Required)

1" x 18" Goupons
Welding Coupons

3@ 18" = 54"

Leftover Material

MATERIAL FOR BAFFLES AND COUPONS (One Required)

CUTTING SKETCHES FOR MATERIAL WITH HEAT NUMBER 4528

(4 SHEETS - 60" WIDE X 160" LONG X 0.105" THK.)
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LIGO PROJECT
BEAM TUBE DESIGN & QUALIFICATION TEST

QUALIFICATION TEST REVIEW DATA PACKAGE
APPENDICES

APRIL 17th & 18th, 1995
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March 7, 1995

TUBETEC SPIRAL WELD SECTION REPORT

Six (6) spiral weld sections were taken from tube segments adjacent to each QT beam tube assembly at

CBITSC Plainfield. The segments were produced during the end machining operation and are approximately

within six inches of the QT beam tube ends. The attached diagram 'Tubetec Spiral Welded Tube Production

Layout" describes the locations and other related data.

A band saw was used to remove the coupons from the segments. The coupons were marked with identification

numbers. The coupons were shipped to CBI Houston Corporate Welding. The sections were saw cut,

mounted, polished with metallographic papers and etched. The sections were placed under 4X and 100X

magnifying lens and photographed. The photographs were identified by number, labeled and copied. The

copies are attached to this report. The photographed sections were evaluated to determine the minimum depth

of penetration and overlap forthe inside and outside welds.

RESULTS:

1. The70o/" minimum depth of penetration and overlap of approximately .050" for the inside and outside weH

was not achieved.

RECOMMENDED DISPOSITION :

1. Accept as is for the QT.

CORRECTIVE ACTION:

1. Accept as is forthe QT.

2. Build data for use in lessons learned from the QT.



Malch 7. 't995

LESSONS LEARNED:

1. The ends of each can section when smoothed by filing, machining, or grinding and etched do not produce

the desired contrast and does not show the overlap clearly when a hand held magnifying lens is used.

2. The 100X magnification photograph shows three zones. The first zone is the inside GTAW autogenous

weld layer. The second zone is a unique bonding process that is not addressed by the WPS used by

Tubetec. The third zone is the outside GTAW ER308L weld layer.

AUXILIARY DATA:

1. Special transverse side bend specimens were made from segment identification number 5. The guided-

bend radius was .25". There were no detectable indications shown by a 10X magnifying lens. The

attached 100X magnification photographs showed no detectable indications.

2. The unique bonding process occured after the left side coil #1152998-1L had been spliced to the right side

coil # 1 152998-1R. The sulfur content of the coils were .017"/" as measured by heat and product analysis.

3. The unique bonding process as shown in sections 3, 4, 5, & 6 occurred after the third period (stop/start) of

mill operation and continued for the remainder of the QT production.

4. The welding parameter monitoring was of general nature; and there were no detailed records rnade

during the production welding.

5. The tungsten shape and condition was not monitored during the QT production by CBl. The method used

by Tubetec during the WPS qualification test was acceptable. The lungsten electrode wear was not

measured during the QT production.

6. The travel speed was not monitored during the QT production by CBl. Any change in the travel speed was

negligible. The travel speed was set at the start of production and no changes were perceived by CBI

during the QT production.

7. The voltage was controlled by automatic voltage control. Automatic voltage conlrol is documented by the

performance qualification test record.

8. The magnetic oscillator parameters were not monitored during the QT production by GBl. The parameters

were established by Tubetec during the WPS qualification test.
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Measure Units = 1/16"
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' _  -  9 /

QT Bearn Tube.ieclion: 2l+1 (B€lofe wslding)

Localion l N o r80. Loc€dion Dittefence Dimeler

End 0 2 2lU 2t64 End o 19.14

t 9 ' I 2 stg 62t6.. 5/64 /+9.r19
I 2 4tU 4t64 4'e.11

2 6t64 63/64 7tu 49..13
4 2 6t6t 6t/&l 9t64� 49.46
5 2 4tU SSl6/� 9/64 4e.5?
b 2 U U SSt6/. 9t6l� 49.52
7 2 1lU 6ry64 al6l. 40_50
I 2 516. so16l t0/64 40.50
I 2 4tU *til ro/an 4S.54

1 0 2 A U 5at6/� u4 49.57
1 1 57tU Rolls 7tu 49.61

Rolls t 63/64 *tu Rolls 9t6/. 49.68
1 3 I 63/64 55/64 8/64 49.66
1 4 2 55/Al el6l, 40-64
1 5 2 56yAl uu 40.63
I A 2 ?,64 59/64 7t& 49.55
1 7 2 5t61 5S/64 1 0/64 49.50

Solice t a 2 sl6t Set6/ I 0/64 49.50
' t9 2 4lU 58,/6.1 to/a{ 4e.il
20 2 3t64 59/64 8i/6.1 /t9.54
21 2 St6/ 60/al gt6/� r[9.4e

22 2 6t6/� 60r'64 10r'64 49.47
ZJ 2 6t64 61t61 9t& 49.46
24 2 6t6/� wu 8/64 49.44
25 2 6t64 53/64 7tu 49.43
26 2 7164 63l/64 u61 45.11
27 2 gt64� d2tu 10/64 49.41
2A 2 U g 6AU lgef 49.41

2 U U 60/64 1UU 49.U
30 2 A 6 4 61/64 1116,4� 4S.43
31 2 At6/� 6t /64 1164 4e-/l3|
32 2 6t6/� 59/64 1t61 49_49
33 2 4t64 60/&{ at64. 49.50
34 2 4tU 59/64 9t64 49.52
35 2 A U 59/6.1 7tal 40_55
36 2 2tU 5A/64 8/64 4,9.57

Rolls 37 2 4til 59/64 Rolls 9/44 49.52
3a 2 3t6/, 60/64 7tu 49.5?
30 2 St6/, 5(v64 el64 4e_49
rto 2 St6/- 59/el t0/64 .t9.50
4 l 2 5/64 60/el 9164 .+9.49
12 2 4tE1 6(y6ll at6/ 4e-50
13 2 1t64 6d6/t 8/6/t 49.50
14 2 A s 62t6/. 1t64 49.50

14 ' 45 2 3til 1t6/- 7' ail 49.14
End 46 2 2 End 0 40.50

Awrag€ Dwhlion: U8{
ls-a'gesl De\rialion: 12164

Av€fageoiarnelsr: 49.50
Larg€st Diameter: 49.68
Smau6l Oanet€r: 49.41

AvErage D€vialion: 1/El
Larg6t Dwidion: 

--- 
e&l-

Awragp Diarneloti 49.42
tang€sl Dism€t€r: 49.58
Smallesl Elianeter: _.jq?g_

4lhwap: /39.018 85'F
t4 thw 'ap :49 . t 64
27 |hw 'ap :49 .035
3nhwrap: 49.0:!3

Lmdion Soiral No. 90. 270. Localion Dflglence Darneler
End 0 4 2 End 0 49..t1

| 63/64 116{ 1e.12
2 2te 2 2161 49.37

3 2 1tU 2 u 6 4 a& 49.31
1 2 er'e4 2 zl* atv ae.2a

6/64 2 c/64 .49-31

6 2 St61 1 62til 7t61 .[9.36
7 2 st64 I 61/04 6r'64 15.41
8 2 A U | 61/64 964 49.12

2 A U I 61/64 5'ie4 45.42
1 0 116/. I 59/54 6,/54 49.47
I 1 57t64 7164 15.E2

1 2 I 56,/64 8/64 49.53
Eolls t 3 2 1 5€i/61 Rolls uu .t9.53

1 4 I A3/e4 t 5v64 au 49.56
1 5 1 61/64 I 56/6/t 5/e1 49.58
t 6 1 62til 1 57tU v64 49.55
1 7 2 1 58/64 6/6rt 49.50

SDlice t 8 2 1t64 1 58i/O4 7tu 49.18
t 9 2 lt$ | 59/64 6i/Al 49.47
20 2 A U I 58/64 a/64 19.17
21 2 1 59/64 5r'64 49.44
22 2 Ae4 t 60/64 6y64 49.M
23 2 2t& 1 62lg 116,1, .i0.41

24 2 4tU 16?/64 6t6/. 19.37
25 2 1t& 1e !4 g6.l 49.37
28 2 ll* 2 uu 49.34
27 2 5164 2 2161 3/6.t 4e.30
2A 2 416/� 2 lt64 3/64 40_3il
29 2 4tU 2 U64 2t& .t9-31
30 2 zt* 2 lt& 1t6t .{9-36

31 2 U U 2 lt6/. 1t6/� 49.36
9, 2 1t6,4, 2 1tu 49.39
33 2 2 o 49.41
34 2 1@.tu 2JU 19.14
35 2 1 W U ztil 15.11
36 2 lt$ 1 d.2t6.� 3,/64 49.42

Rolls 37 2 t 6r/64 Flolls 3t6/, 49_45
38 2 116/. I 6r/et 1lu 49.11
39 2 3t64. r 6z04 5til 49.39
40 2 2t* 1Flt6t 4lu 49.rt1
4 t 2 316/� l AU6/� 5/64 40.3e
12 2 316/. t 62/64 5r'64 t19.39
't3 2 t 6t/54 3/64 .19.{5
41 2 116/. 16p'lu 3/ef 15.42

t8 ' 4S 2 A U 2 9' ag 49.37
End .f6 2 3t6/!� 2 3t6,!� Erd o 4e.3t



Strllghtnors ll.asurments on 80' Bsan Tub. Sectlon (21-3-t)
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I  (r .nd 180'I  .

2. lg

2.r00

2.050

r
.I 2.ooo
I

! t.rso
n

t.oo0

l.tso

t.l@
tt 2a 2t

WnpXq(tmFtnO

Dlemoler lleaeur.ncril. on 60'Bclm Tub. Sectlon (21-3-i)

[  0 ' rnd t8o' I

r.9.7O

/|e.35

r
I a9.ao
F

! ress
7

{ o.so
t:

a9.a5

49.'(,
a

w'rpl|c(trilniod)



Strlightn.$ M.a.uromonts on 60'Baam Tube s'ctlon (21-91)
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Lealion Soiral No. 0. 180. Ledion D aleh

End 0 43al6/- 4 38/64 End o 49.00
19 'VS 4 3a/64 431til 7tu .tg.t

2 4 42JU 4 3t/&t 116/. rl9.O5

11?./il 13AU 10/64 49.03
4 4 41t4 4 32164 VS 9t6l. 49.O5

4 39/64 127tV 12tU 49.16
13et64 427tU VS 1AU 40_t6

7 111t64 124tU 17t& 4e.17
8 4 41t64 426te4 l5'/64 49.14

VS I 4 41t& 12A64. 1 5/64 49.1.1
Rolls t o 4 39/64 425tU Rolls 14t6/. 49 .1  I

Flolls VS t ' t 4 41t64 4 2gd4 Rolls 1 6/64 .10-16

1 2 4 36/64 125164 7t6/� 15,23
VS 436t64. 123t6l� t3/64 19.27

l 4 4 37tU 423t& t1164 49.25
1 5 4 36/64 121tU 1?/64 49.25
1 6 437t& 12116/� I 3/64 1e.23
1 7 4 39/64 424t6/. 6S 1164 . t9 .14

Solice t 8 44?/il 12716/. 15,i64 49_1 t
t 9 4 41164� 429t& vS 1zil 49.09
20 4 36r'64 425te4 1 1/64 45.23
21 4 39/64 428t6/. 11164 45.14
22 14016/' 127164 1 3/64 19.14
23 4 37t54 1 26tU 1t6/. 49.20

vs 24 4 4lt64 4 27t64 4t64 49.13
2S 4&t& 4zUA z�64 49.13

\IS 26 141t64 129t61 2./64 40.o0
27 141til 4 3l /64 u64 49.06
28 14UU 4 31/al 1ta4 49.05

4 43/6ut 'f 33/64 o/al .09.@
30 4 43/64 4 3a/6lt 0/6/r 40.m
3t 11416/- 4 35/6rt 0/64 48.95
32 144tU 4 36r'4n Bolls VS 8r'64 rt8.94

Rolls 3!l 4 4316/' 4ytu Rolls 9l€{� /18.98
g 4 4316/� .l 33/Bt BS to/an 49.OO
35 111 tU 43?r'il 9t6/� 49.05

142154 13Ug 10/6.1 49.03
\6 37 1 42144 4 3t/44 ,UU 4e_05

38 11116/, 131t64 !d64 .[0-OG

\6 39 114til 4 st/64 t3/64 49.t2
40 44AU 4 33/64 9t6/� 49.t2
41 4 4lt64 131til to/al .t9.06
42 440,1il 4 31t64 9/ar 49.08
.!3 4 3S/64 4 30/64 et64 4e-l
4 4 37IU 429t6/. a/dr 4S. t6
45 410til .t 33/64 VS 7til .[9.Os

End 46 4 33i/64 .t 33/64 End o 4S.16

oT B€am Tub€ S€c1ioo:

Awrag€Dwiation: 11/6,4
LargestDeviation, 

---F..�F

AverageDiErEler: 49.10
Larg€sl Diarn€ler: 19.27
Smallesl Darnsler: 48.94

Oulcld. dlemetaf (p|.trp.)

Wesl culjine: .t9.1 l5
lrYesl rot€rence: 49.'120

l&Gt: 49.045
.]thwap: 49.067

West rolb: 49.030

l?!L!_(Anerweldins)

Av€rags Darialbn: 6/Ed
r-argdtD*i,tlm: 

-j/64--

Awrag€Diamater: _j!q!j!_
L.srgest Diariel€ri 49.25
Small€st Oanetet: _j19]L

1e'A-l: /t8.088
l4lhwrap: 49.167

lSA-2: 49.1t0
Csnterlin€: 49.'tclo
2nhwap: 49.015

. Snhwrap:Jg02l
Eastref€rencs:jqllL

Eastcul{ino: 49.120

6l.F

Location Sriral No 90. 270" Location Dill€rence Diameter
End o 4 31t6.. 4 31t6/. End 0 49.n
t ( r 13/,til 4 31/Al 8' 3/64 .19,17
BS 2 .l 38/64 4 33/64 t64 49.08

a 43St6/. 4 36/64 3/64 19.t2
\6 4 4 41te4. 4 35/64 e|6.1 /t0.OO

4 39�t64 4 33/64 6r'64 49.06
6 4 39/64 4 33r'64 6/6.1 49.06
7 140/64 432tU &64 49.06
R 4 40t64. 4 33/64 \6 7ta 49.05
I 4 4o,t64 4 33164 7tu /a9.Os

Rolls t o 4 39t6.. 4 3l /64 Rolls Vs 8/64 49.O0
Flolls t 1 4 38/64 4 3ry64 Bolls at6l. /t9.1

1 2 137164. 42UU 9t6,4� 19.17
VS t 3 43716l� 42At& e/64 . lO-l

t 4 4 35/64 42716/. 8/64 49.22
t 5 137t& 4zUU 9t64 45.17
t 6 4 3€r'64 129�t64 7tu 45.17
1 7 4 37tU 42StU a/64 4e.t6
1 8 4 36/64 4 2W& 8/64 .10.10
t 9 /a 35/64 12ui l 7t64 19.20
20 1g l i l 426tU 8V64 45.25
21 4 3ry4{ 42uil \6 7tg4 49.20

4 36/64 42916. 7Iil 49 .1
23 4 sltu l3p/6/. vs 7tu 4S.14
24 43€t6,' 4@tu Si/er 4C. t  3
25 4 39tO4 4 3l/64 uu 49.09
26 { 30/&l .1 33/Al 6r'64 49.06
27 4 3S/64 4 33/64 6/64 4S.06

\6 2A 440r'6{ 4 33/64 7|il rtg.o5
29 4 39/64 434t6/� 5tg 49.05

VS 30 4&tu 13/1t61 6/64 49.03
31 /t 39/64 4 35/64 1lu rtg-O3

Rolls I .1 30/6/r 135til Rolls 4t6/' .10.03
Rolls 3g 139t64 135t64 Rolls 1tu 49.03

34 4 38,/64 4 35/54 BS 864 49.O5
35 4 3e/64 4 33/64 6/Al 49.06
36 4 38i/el 4 35/64 VS 3/64 49.05
37 4 39/At 43,,16,. v64 49.05
38 13716,� 434lil 3U64 49.08

VS 39 4 3464 4 as/64 5/64 40 08
.O /t 38rM 4321il 6y64 40_00

\rs 4 1 4 sS/aa 13?r'il 7t6/. 4S.08
12 4 3o/Al 4 3r/et 8/64 49.09

\rs 4t) 4 35/6rt 4 31/e4 116.. 49.16

44 4UH 4 3U6.1 41il 49.'t9
v 45 /t 34164 .t 3l/Al 3t64 4e.t7

a6 4i36,l64 13/,t6l� End 2:/61 4S.O0
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Str.lghtn... ll...unm.nt. on 60'B.tm Tub. S.ctlon (21-+1)
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Locataon Sdiml N6 oo 1800 Location Difbrence DianEbr

End 0 5 5 End 0 49.31
I t 4 61/64 4 63i/54 2/�81 49.38

2 4 62t64 2161 49-34
e 4 63tfj4 5 1/54 49.33
4 162/64 4 63/64 1t61 49.35
5 4 62t64 4 631/64 1t64 49.36
6 4 6?J64 1 62164 0 ,19,38

4 61/64 4 62J64 'v61 49.39
I 4 59/64 4 60/64 1ta4 49-45
o 4 58/64 4 60/64 2r'61 19_17

Bolls 1 0 4 58/64 .l 60/64 Rolls zr'64 49.47
Rolls 4 58/64 4 60/64 Rolls 2t64 49.17

1 2 4 58/64 4 61/64 3/64 49.45
1 3 4 59/64 4 61/64 ?,64 19,11

1 4 4 60/64 u61 49-38
1 5 4 6't/64 3t61 49.36
1 6 4 61/64 5 3/64 49.36
'17 4 61/64 3/54 49.36
1 8 462i64 5 2161 49.34
1 9 4 63/64 161t41 ?/64 49.38
20 5 5 49.31
21 4 63/64 5 1t61 49.33
22 4 63/64 4 61/64 2t64 49.38
23 4 63/64 4 6t/64 ?/64 49.38
21 5 0 49.31
25 a 4 63/64 1164 49.33
zo 4 60/64 4 6464 2t64 19.1'�1

?7 4 60/6.{ 4 6?J64 2r'61 49.41
28 4 61/6t 4 62161 '1t64 r19.39

Solie 29 4 60/64 5 SDlice 4t61 49.38
30 4 58/64 6/64 49.41
31 4 60/64 46464 2i�64 49,41

Flolls 3? rt 58/64 4 6?,64 Rolls u61 19.44
33 4 59/64 162r'64 3t64 19.42
31 4 58/6/t 1 62t64 4t64 49.14
35 4 59/64 4 6?,64 3164 ,;9.12

36 4 60/64 4 63/84 3161 49.39
37 161161 5 1/64 4t64 49.34
38 4 63/64 5 1/&4 2t61 l l

39 4 63164 5 2/64 3t64 49-30
4Q 5 5 ?/64 2t61 49.28
11 5 5 3l/64 3/64 49.27
12 t 3/a4 3t64 19.27
/t3 5 1/64 3/Af 2161 49,25
44 4 63/il 5 rVB{ 5164 19.27

14' 45 5 5 ?/�61 2/61 19-24
End 46 a rU�6.!� 5 4,164 End 0 49.19

OTBeamTube Section: 21-3-2 (Selorewelding)

Average Deviation 2161
targpst D€viation €/64

1t€/.
4/�61

6rF

AveragB Diamebc
Largest Oiar|EEc
Smallest Diaralen

49.36
49./17
49.19

Avange Oeviation
Largssl Doviation

A\,€ragB Diarneld: 49.31
LsrEBsl DianEbn 19.42
Smallesl o'ranpbc Jq!f_

Soirel No 90" 270" l @ t i o n llillamtu Diemier

End o 5 End o 19.25
15 ' 1 5 o 49.25

2 t E 0 49.25
3 5 q o .�e.25
1 5 R 0 19.25
5 4 63/64 4 6?/81 1t61 49.30
6 4 61/64 5 3t64 49.30
7 161t64 1 62164 '1t64 49.33
I 4 60t64 5 4t64 49.31
I 4 58/64 4 59/64 1t61 19.12

Rolls 1 0 /t 58/64 4 60/64 Bolls z�64 4g.a l

Rolls 1 1 4 58/64 4 60/6il Rolls 2/61 /t9-41

1 2 4 59/64 4 61/64 ?,64 49.38
t 2 4 5S/64 4 60/6/t 1t64 49.39
1 4 16461 I 62t64 o 49.31
! 5 4 61/64 4 62t64 1184 49.33
1 6 4 62t64 4 62J64 o 49^31
1 7 4 61t64 e 3/64 49.30
t 8 4 63164 5 1t64 49.27
't9 4 63/64 5 1164 ^9.27
20 5 5 0 19.25
21 1 62t61 5 ?,64 49-28
22 1 62164 5 z�61 .19.28
23 4 6?/64 3 aE4 19.24

24 46464 2/61 19-28
25 4 61/54 5 3/64 /19.30

28 4 5a/64 4 61/64 3t6r'. 49.39
27 4 59/64 4 61t64 ?/64 /19.38
2A 4 59/64 4 60/54 1164 40-39

Solice 29 4 60/64 4 61/64 Solie 1161 /19.36

30 4 6r/64 4 60/64 1t61 49.36
31 4 60/64 4 61/64 1t64 49.36

Rolls g2 4 60/64 4 60/64 Bolls o 49.38
33 4 59/54 4 61/64 2184 a9-34

34 4 61/54 4 60/64 116,1 49.36
35 /t 60/64 r[ 60/64 o 49.38
36 /t 61/6rl 161t64 49.34
37 4 61/64 4 61/64 0 40-3tl

3 4 6V64 B 1t61 19.27
3 5 16461 264 49.28
1A 5 1/64 5 1t84 49.23
11 5 1/O4 R 1ta1 19.23
42 5 1/64 5 1t64 49.23
43 5 2164 5 2t61 0 49.19
44 5 ?,61 5 1/64 1ta4. 49.20

1g' 45 5 3/6/t 5 ?.i64 1tv 49.17
46 5 2IA1 5 2164 End 0 49.19
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QT Beam Tube Section:

AverageDevialiorr &
Lsrgest D€viation 4164

A\reragB Oiarnebr: 49.14
Larlpst DiarEbn 49.31
Smallesl OiarEten 49.00

Outside diameter {oi.taoel:

W e s l e n d : 4 9 . 1 1 8
Westcul-lirE:_jlglg

1/8 L:fElgZg_
2l8L:._.1$fu

West rolls: 49.096

AwapDevialion -&_
LarlBsi Dwiation V64

Average Diameten 49.15
Largesl Dianrbc 49.25
Smallest Diarpbr: 49.03

7aL:_1MII3-
East cur-lirE: 49.020

Easlend: 49.010

90"F

98 L:
4/8 L:
98 L:

Easl rolls:
6i/8 L:

6rF

Soiral No. 180" Dilfeene Disreier

End 0 g E End o 49.31
14' 5 4t64 5 8' u64 19.25

2 5 4t64 4t64 49-
e s 1t64 5 1/64 3i/64 49.23
1 5 /V64 5 3/64 1161 49.20

5 5,/64 5 3/64 2/61 49-19
5 6i64 5 1t61 VS ?r'61 49.16

7 5 5,/64 5 3/54 t64 49.19
8 5 3v64 5 U64 VS 1A 49.20

Bolls 9 5 2./6�1 5 2J64 Rolls 0 19.25

Rolls 1 0 5 r/64 5 1t61 Rolls 0 19.28
VS 1 1 5 6/64 5 2t64 4t64 49.19

5 4/64 5 ?/64 2164 49.?2
VS 1 3 5 6i/6,{ 5 ?/64 4164 49 o

1 4 5 6i/64 5 3/64 3ta1 49 7
1 5 5 6/64 5 3l/64 3t64 49. 7
1 6 5 6/64 5 5'/64 1/64 49. 4

1 7 5 6/64 5 5,/64 1t64 49. 4

1 8 5 6,/64 5 6,/64 VS 0 49 e

1 9 5 6r'64 5 5r'64 1t64 49 4

20 5 5/64 5 6/64 VS 1161 49 4
21 5 5/64 5 3/6rt ?,64 49.19
22 5 5/64 5 rV54 1t64
?3 5 6/64 5 964 3t61 4 9 . 1 7

VS 21 5 6/6.1 5 3/6rt 3/6rl 49.17
25 5 3/64 5 t4 49.27

VS 26 5 5r'54 5 ?/64 3t64 ' 1 9 2 0

27 5 4t64 5 ?/64 ?/64 49.22
28 5 5,/64 5 4t64 1161 19.17
29 5 8y64 5 6/64 2/61 49.09
30 5 10/64 5 6/64 u64 49.06
31 5 8/54 5 9/64 VS 1164 49.05

Bolls 32 5 8/64 5 6,/64 Bolls 2J64 49-09

Rolls 33 5 9/64 5 9/64 Rolls o 49-03
34 5 8/64 5 6/64 za4 49
35 5 9/6zl 5 7t64 t64 49.06
36 5 9/54 5 8i/64 1A /t9-O5

vs 37 5 1 1/64 5 8/6/t 3/64 19,O2
38 5 9/64 5. 9/64 0 49.03

VS 39 5 1 1/64 5 &44 3/6 19.O2
40 510r'6.4 5 8/64 2t61 49.03
41 5 t0/54 5 6/64 u61 49.06
42 51(y64 s 7161 3/64 49.
13 5 10/64 5 8/6rl VS i4 49.03
11 5 9/64 5 6/54 3164 49.08
45 5 St64 5 8/64 9' 1t64 a9-o5
46 5 10/64 5 1O/6/t End o 49.00

Lodtion Soiml No. 90" 270. Lomlim Oifleena DimtDr

End 0 5 5 End 0 49.25
10' 5 6 ' 0 19.25
BS 2 5 2t64 2t61 49-22

e s 2t84 261 49.n
vs 1 5 2/64 5 1/64 1164 t9,20

5 3 5 1/64 1t61 19.23
o 5 3/64 3/64 49.20

5 3/64 3/&1 49.n
I 5 5,/64 VS 5t84 49.17

I 4 631/64 5 2t64 3161 19-23
Flolls 1 0 5 1/41 Bolls VS u61 i |9.1 I

Flolls 4 63/64 5 3/64 Flolls 4t64 19.72
'12 4 6?r'64 5 3/64 VS 5r'54 19.23
1 3 5 2164 2lB4 19.22
1 4 5 1/64 5 3/64 2/61 49.r9

VS I E 5 3/64 5 3/64 0 49. t6
1 6 5 1/64 5 3/64 2t64 49.19

VS 't'l 5 U64 5 5/64 1t64 49.1 1
1 8 5 3/64 5 4164 1164 49.1 4
1 9 5 4t64 5 4t64 0 49.13
N 5 3/64 5 3164 o 49-16

21 6 U6A 5 5/64 VS va4 49.1 1
22 5 6/64 5 rV64 2/64 49.09
?3 5 7t64 5 7164 vs o 40-03
24 5 8/64 5 6/64 261 49.03
25 5 5r'64 5 5r'64 VS 0 49.09

REP 26 5 4t64 5 4t64 0 49.13
27 5 1164 5 1/64 9161 19.17

VS 28 s u61 5 2r'61 2t64 49-16
29 5 5,,64 5 ?r'64 3t64 49.14

vs 30 5 6/54 5 4t64. ?,64 tl9.09

3 1 5 6/64 5 5/64 1t61 .19-O8

Rolls 32 5 6/64 5 5/64 1161 49.08
Rolls 33 5 v64 5 6/64 VS 1t61 49.08

34 5 3/64 5 &164 3t64 49.1 1
35 s u64� 5 v64 VS 1t64 49.1 1

36 5 5/64 5 7t64 2J64 a9-06
37 5 5i/64 5 5/64 o 49.09
38 5 5/64 5 5r'64 0 49.09
39 5 3/64 5 4/64 1t64 40.14

40 5 4t64 5 lv54 o 49^13

VS 41 5 U64 5 1164 0 49.1 3
42 5 3/64 5 5,/64 264 49.1 3

VS /13 5 5/64 5 3/64 2t64 49.13
4 5 3t64 5 4t64 1t6"1, t9. t4

8' 4 5 z 6 4 5 2164 12' o 49.19

End 4 5 5 End 0 49.25
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LGliln Sla. h,lo- 0d 2m. Locatlon DiflerE Ee Ohrr€lsl
End 0 0 0.0@ 0.0@ End 0 o 1€24

1S1€O 0063 o.ooo rsl-30 L64 .(931

DO 2 o.mo 0.078 DO 5,n4 4930
1 t1 .31 3 0.091 o_ooo r$ t -31 6iB4 4328

1 o.oeB 4.063 8'-1&B 8164 4938
1&&r 5 0.063 4.016 te&t 5,64 493('
1*1-t2 6 o_o6al -o-031 1$1-?2 6,13.1 ,1934

B1 7 0.000 o.0@ /r.-Br 0 .19.16
Bt{' a o_125 .0_o1a B1+4' 0,64 1927
t $ -fr I o.mt 0.016 t$1-20 184 4933
t $ -2. 10 0219 0.063 1S-1-D 10,64 ts-og
I t -21 o28l 0.o78 1r1.24 13,/64 .lS)32

1 t -a 12 0281 0.078 l t1-23 t3,6rl 49.@
t5. -21 t3 o25o 0.094 r$1-21 t06.rl 49.fi|
t&A-t 1 1 o219 o.t25 1&A-l 6,154 rKl.G

I t -6 15 0313 0.156 1$1-26 10,64 4891
t $ -25 t6 o& 0.141 t '1-25 6,6.1 tK).m
't$ -27 o81 o.156 1&1-27 5,64 {498
t $ -28 1 8 02t9 o.172 $1-28 3IS/t €.98
t&t-29 te o2re o.r56 *1-29 AJ6A .|t}.OO

1 $ 1 - 1 8 n o.188 o.'t41 $.1-18 3/B,l 49'05
r5-r-17 21 0.125 o  1 4 1 5- t - t7 lrB.t r|"g-l

t $ 1 - t 5 2 o.too o. lo9 $ 1 - 1 5 0 .|{).16

811G4 a o.078 0.o78 a'-t sA &2
lSA-2 24 o.125 o.10s 1SA-2 l/64 .19.14

l$1-1 / t 5 o.172 0.125 g  r - 1 i 3/6.1 rls).O8

lF l -16 26 o.o94 0.125 t 1 - 1 6 2/64 49.16
r5. l -10 lf o-(x)4 o.og4 sr- to o rN).tg

l $ 1 - 1 1 a o.o63t 0.156 + 1 l l 6,rt4 4{t.r6
t$1 12 a 0.109 0.r56 5.t-'r2 3i64 rl9_l

t$ t - t3 s O.l/t l o.184 $.1-13 3i6/t /r9.05
t$1€ 31 0.125 0.r88 l $ 1 € 4i64 as-06

81teC O o.im o_141 8'-1SC 2H rts-I3

t$c-1 gt O. l . l l 0.1/t'l tGc-t 0 rl9.@

t$1-9 3a o-t25 tg't-9 .!64 rl9.l9

B2 35 o.0@ 0.om 82 0 49.1

2-+'�1 $ o.@o o.dx) 2-L1 o 49.1O
2-+1 sl orx)o 0.mo 2-+1 0 5434

2-+1 36 oo00 2-L1 o .19.13

2-+1 39 o.ooo 0.@o n-+1 0 *g
2-+1 4 o.000 o-dx) n-L1 a9-77

gl 11 o.ooo o.(x)o EI o 49.14
t+1-5E c. 0.031 o.(x|l 151-58 o 4931
la-c-2 a3 o.6il o.(xlt 1&�C-2 0 4931

8'+C-2 4 o.06g 0.0@ 81eo-z 4,64 .1931

t$1.57 .15 o.r25 o.ot6 rsr-57 7M &z
tt l-56 .16 o.o78 O.O.l7 t$1-56 ?& .1925

r$1-55 o orxT 0.016 't5-t-55 2H rt93l

t$1-5{ I oo78 o.000 1$1.54 5,134 4930
t$l-53 rl9 0.@1 oo@ 1t1-53 2H .r93a
r+1-52 g) or78 olxn r$1-52 5/64 .l{130

t$1-51 51 0.o94 0.016 1t1 .51 5/64 L927

1S1-50 5a olxn rt1.50 .1164 rl93l

Itr-19 53 o.r25 orno 1$r{g 8164 1p25
ttt-a8 5/t 0.125 0.0@ 1$1-€ 8/6,1 a9
1$1-f7 55 o t 2 5 rs1{7 8/84 19
ts t {5 56 o.t25 OIxlI 191-a{i 0,84 Q2,
l$t.ts el 0I)78 0.000 1$t-45 5/6a as-a)
1$t{4 5E o.Gtr t5-t<a4 36.[ 1927
tst-a!l 5g o.@4 o.Gtl r$1-a!t a/84 1€�25

1$1-12 d) 0.068 t5-t{2 o tl9

r$1.41 0l on.7 o.(Kl t$141 t/6.1 1p27
r5t-ao @ o.GI 0'063 1$1{O ?84
r5.1-39 63 ogtl OIE tst-33 2H 4928

I t t€E 64 o.om o.063 r$t€8 & .1931

rsl-97 G5 o.dF 0,0e4 t$t€7 6Aa as
t$'t-$ e' 00t6 o-'t25 r$1-s 7H &4
3'-84 6l on(x) o.(no B,t 0 .l9.Cz

I5I-34 68 {.Gr1 0.078 tst-3a 7H .193|

1S&2 E ond) o.o16 r6&2 ti6.l rl9.S
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File Edit Display Functions Heln

S : O

CHANNEL

State
Det. Type
Mass lvlode
FirstJMEss

SEM Voltage
Al Channel
Lock-ln
Phase
Pt #

ENAELE OFF OFF

Group
O iq9_i"+_*t"r: O Mass O Arplifier O Output O Display

OFF OFF OFF

D etecto r
Type FARADAY



Eile Edit Display Functions Help

Group
O Detector OIA-q-F-# O Amplifier O Output O Display

CHANNEL

State
Det. Type
lY{ass Mode
Firstlhlass

Speed
Dwell
widrh
Resolution
Threshold
Steps
Zerc lYlass

ENABLE OFF

1 s

gg
OH
0.0196 F.S.

Mass
Mode

First

PEAK.F

1 . 0 0

l s

gg

Resolut ion

Threshold

O N

[ . [ l  F6 F.S.R

Speed

widrh



File Edit Display Functions Help

Group
O Detector O [ilass Oi+*f"iitie1 O output O Display

OFF
CHAHNEL

State
Det. Type
Mass Msde
Firstlhlass

Mode
Range
Calihrat ion
Filter
Fause-Cal.
Offset
Gain
CFlevel
Amplif ier

ENABLE OFF OFF OFF OFF

FIX
E-[8
1 . 0 0
l Bllms
37 ms
0.00

Amplif ier
Mode

Range

FIX

E-0s

Cal ibrat ion

Filter

l .0 l l

I  B0ms

Pause-Cal.

Otfset

0.1

0 .00 *l
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File Edit Display Functions Help

Group

iD_g"i"q-"t"r"* O ldas s O Amplifier O output O Irip

2700

O Display

CHAHNEL

State
Det. Type
Mass Mode
FirstJMass

SEM Voltage
Al  Channel
Lock-ln
Phase
Pl fr

ENABLE ENAELE ENABLE

ION-COUNT
SAMPLE
l7. l l0

o
OFF

270027002700 270[

D ete cto r
Type ION-COUHT

2700SEM Voltage



File Edit Display Functions Help

Group
O Detector Oll_-"g-g.-ej O nmplifier O output O trip O Display

CHANNEL

State
Det. Type
Mass Mode
FirstJMass

Speed
Dr+ell
widrh
Resolut ion
Threshold
Steps
Zers Mass

EHABLE

ION-COUNT
SAMPLE
2.00

ENABLE

ION-COUHT
SAhilPLE
4.0  0

ENABLE

IOFI-COUNT
SAMPLE
1 7 . 0 0

;

OH

ENABLE

IOFI-COUNT
SAMPLE
I  8 .0 [

l s

OH

EHAELE
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SAMPLE
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OFF
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;

ON

1 s

OH
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Mode

Mass

SAMPLE

2.0 0
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Resolut ion OH
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Group
O Detector OirH-*E O nmplifier O Output O ttp O Display

CHANNEL

State

Det. Type
Mass  Mode
FirsUMass
Speed
Dwell
widrh
Resolution
Threshold
Steps
Zero Mass

ENABLE ENABLE ENAELE EHABLE

IOH-COUHT
SAMPLE
I 8 . 0 [

ENABLE

IOH-COUNT
SAIIdPLE
28. [  0

OFF

1 s

OH

1 s

ON

1 s

ON

;

ON

1 s

ON

Fi le i l it Display Functions Help

lt{ass
Mode

h{ass

SAMPLE

2.0 0

Dwell

Resolut ion Oltl

1 s



File Edit Display Functions Help

Group
O D"_-q"i"9_'t_qij O Mass O Amplifier O Sutput O lrip O Display

CHANNEL

State

Det. Type
Mass  Mode
FirsUMass
SEM Voltage
Al  Channel
Lock-ln
Phase
Pt fr

ENABLE ENABLE EFIABLE ENABLE II ENABLE OFF

IOH-COUNT
SAMPLE
1 7 . 0 [

2700

Detector
Type IOH-COUlrlT

2700

2700u 7002700 Too
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File Edlt Display Functions Help

Group
O Detector O Mass Oi+*f-ii O output O rrip O Display

S : O

CHANNEL

State
Det. Type
lv{ass Mode
FirstjlYl a ss

Mode
Range
Calibrat ion
Filter
Pause-Cal.
Offset
Ga in

ENABLE ENAELE ENABLE ENABLE Ii
i!l

EHABLE OFF

ION-COUNT
SAMPLE
2.[0

IOH-COUNT
SAMPLE
4.00

ION-COUNT
SAMPLE
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SAMPLE
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n to

1 .00E+00
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urof ' lrs z ot2322.mdc

D A T E  Z  T / 2 3 / 9 5  T I M E  :  5 : 0 8 : 5 7  P M
O 

PAGE : O/

Cycles : l-l-

Number of etored cYcles L1-3
prLnted start cycle L
PrLnted end cycle 11-3
Number of etored datablocks 1

Datablock 0,  Ion Current,  [A] ,
O  /  O  1 5 . 0 0  m i n :  2  . 8 9 3 8 - 1 3  m a x :  4  - 0 7 7 8 - L 3
0 / t  1 - 7 . 0 0  m i n :  2 . 0 6 4 8 - L 2  m a x :  2  - 7 7 0 8 - L 2
0 / 2  1 - 8 . 0 0  m i n :  7 . 2 9 2 8 - 1 - 2  m a x :  9 . 7 9 6 8 - L 2



Number
Tir,le
Name
Unit Date Tlme

0 / 0
Ion Current
L 6 . 0 0
A

0 / L
Ion Current
1 _ 7 . 0 0
A

0 / 2
Ion Current
1 8 . 0 0
A

urf -- tEs z oL2322.mdc

D A T E  z  L / 2 3 / 9 5  T r l , l E  :  5 : 0 8 : 5 7  P M

PAGE :  t /

ctrcles : 1L

1
2
3
4
5
6
7
8
9
1-0
1 1
1,2
1 3
I 4
1 5
1 6
t 7
1 8
1 9
2 0
2 L
2 2
2 3
2 4
2 5
2 6
2 7
2 8
2 9
3 0
3 1
3 2
3 3
3 4
3 5

r / 2 3 / 9 5
t / 2 3 / 9 s
L / 2 3 / 9 5
L / 2 3 / 9 s
1 . / 2 3 / 9 5
L / 2 3 / 9 s
L / 2 3 / 9 5
t / 2 3  / 9 5
1 . / 2 3 / 9 5
r / 2 3  / 9 5
t / 2 3 / 9 5
L / 2 3  / 9 s
L / 2 3 / 9 5
r / 2 3 / 9 5
L / 2 3 / 9 5
r / 2 3 / 9 5
r / 2 3 / 9 s
L / 2 3 / 9 5
r / 2 3 / 9 s
L / 2 3 / 9 5
t / 2 3 / 9 s
t / 2 3 / 9 5
t / 2 3 / 9 s
r / 2 3 / 9 s
L / 2 3 / 9 5
r / 2 3 / 9 5
L / 2 3 / 9 5
r / 2 3 / 9 5
L / 2 3 / 9 5
L / 2 3 / 9 5
1 - / 2 3 / 9 5
L / 2 3 / 9 5
r / 2 3 / 9 5
t / 2 3 / 9 s
r / 2 3 / 9 5

5 : 0 8 : 5 7
5  : 0 9  : 1 4
5 : 0 9  : 3 2
5 : 0 9 : 5 0
5 : 1 0 : 0 7
5 : 1 0 : 2 5
5 z I 0 z 4 2
5 :  l - 1 : 0 0
5  : 1 1  : 1 8
5 : 1 1 : 3 5
5 : 1 1 : 5 3
5  z I 2 : L t
5 : L 2 : 2 8
5 z I 2 t 4 6
5 : 1 3 : 0 3
5 : 1 , 3  : 2 L
5 : 1 3 : 3 9
5 : 1 3  : 5 6
5 : 1 4  z L 4
5  z t 4 : 3 2
5  z I 4 ; 4 9
5  :  l - 5  : 0 7
5  2 1 , 5 : 2 4
5 z L 5 z 4 2
5 : 1 5 : 0 0
5  z L 6  z L 7
5 : 1 6 : 3 5
5  z i -5  t52
5 : 1 7  : 1 0
5  z L 7  2 2 8
5 : L 7  : 4 5
5 : 1 8 : 0 3
5 : 1 8 : 2 1
5 : 1 8 : 3 8
5  : 1 8 :  5 6

P M : 3 3
P M : 9 1
P M : 4 8
P M : 1 7
P M : 7 5
P M : 3 8
P M : 9 5
PM:  64
PMz22
P M : 8 5
P M : 4 8
P M : 1 1
P M : 5 9
P M :  3 2
P M : 9 5
P M : 5 2
P M : 1 6
P M : 7 9
PM:47
P M : 5 0
PMz 52
P M : 3 1
P M : 8 9
P M : 5 2
P M : 1 5
PM:7 2
P M : 3 6
P M : 9 3
P M : 6 2
P M : 2 5
PMz77
P M : 5 1 -
P M : 3 0
PMzT 2
PMz 24

3 .942E. -1 -3
4 . 0 7 7 F . - L 3
3 . 9 2 7 E ' - L 3
3  .  9 3 ] _ E - 1 3
3 . 9 2 8 E - 1 3
3 . 9 1 _ 8 E - 1 3
3 . 9 1 4 8 - 1 3
3 . 9 5 5 8 - 1 _ 3
3 . 9 2 3 E - 1 3
3  . 8 9 6 8 - 1 3
3 . 9 1 _ 1 E - 1 _ 3
3  .93  4E-L3
3 . 9 2 5 E - 1 - 3
3  . 9 4 1 - E - 1 3
3 . 9 6 4 8 - 1 3
3  . 8 9 5 E - 1 _ 3
3 . 9 6 9 8 - 1 - 3
3 . 9 7  6 E - 1 3
3  . 9 5 3 8 - 1 3
3 . 9 1 _ 5 8 - 1 3
3 . 9 1 _ 4 E - 1 3
3 . 9 r _ 3 8 - 1 3
4 . 0 2 6 E - 1 3
3 . 9 3 9 8 - 1 3
3 . 9 3 4 E - 1 3
3 . 9 6 4 8 - 1 3
3 . 9 3 9 E - 1 3
3 . 9 5 7 E - 1 3
3  . 9 5 9 8 - 1 - 3
3 . 9 4 2 8 - t 3
3  .  93  5E-1 -3
3 . 9 3 5 E - 1 3
3 . 9 5 4 8 - 1 3
3 . 9 2 3 8 - 1 3
3 . 9 2 3 8 - 1 3

2 .7 698-L2
2 .7 658-L2
2 .7 668- t2
2 .7  658-L2
2 .7 668-L2
2 .7 65F'-]-2
2 .7  688- t2
2 . 7 7  0 E - 1 2
2 .7 6LE-r2
2 .7 61,8-L2
2  . 7  6 t E - L 2
2 .7 65E'-L2
2 .7  638-L2
2  .7  648 - t2
2 .7 668-1,2
2 .7  648-L2
2  .7  698 -12
2 . 7 5 8 8 - L 2
2 .7598-1 ,2
2 .7  608- t2
2 .7 618-1-2
2 .7  628- t2
2 .7  62E"-L2
2 . 7 5 9 8 - L 2
2 .7 658-L2
2 .7 648-1,2
2 .7  638-L2
2 .7 578-L2
2 .7 638-1-2
2 .7  528-12
2 .7 638-1-2
2 .7  648-L2
2 .7 648-1-2
2 .7 6LE-1"2
2  .7  61 ,8 -12

9 .7 93E-L2
9 .7 878-L2
9  .7  968 -12
9 .7 878-L2
9 .7 888-L2
9 .7 9tE-1"2
9 .7  938-L2
9 . 7 8 9 8 - L 2
9  .77  9E-L2
9  . 7 7  6 E - r 2
9 .7  838-L2
9 .7 848-L2
9 .7 808-L2
9 . 7 8 3 E - t 2
9 . 7 8 0 8 - L 2
9 .7 848- t2
9 .7  858-L2
9  . 7 7  6 E - L 2
9  . 7 7  0 E - L 2
9  .77  0E-L2
9 . 7 7 3 8 - 1 - 2
9 .7  658-L2
9 . 7 7 7 8 - L 2
9 . 7 7 5 8 - 1 2
9  . 7 7  6 E - L 2
9 . 7 7 8 8 - t 2
9 . 7 7 5 8 - L 2
9  . 7 7  6 E - L 2
9 . 7 7 5 8 - 1 , 2
9 . 7 7 3 8 - L 2
9  .77  8E-L2
9  . 7  8 A E - L 2
9 . 7 7 2 8 - L 2
9  .77  9E- t2
9  . 7  6 t E - 1 - 2



Number
r i t le
Name
unit Date time

0 / 0
Ion Current,
1 5 . 0 0
A

0 / L
Ion Current
1 - 7  . 0 0
A

0 / 2
Ion Current
1 - 8 . 0 0
A

urof ' r ,ns z oL2322.mdc

D A T E  t  t / 2 3 / 9 5  T r u E  :  5 : 0 8 : 5 7  P M
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eacn :

Cycles :

2 /

1 1

3 6
3 7
3 8
3 9
4 0
4 L
4 2
4 3
4 4
4 5
4 6
4 7
4 8
4 9
5 0
5 1
5 2
5 3
5 4
5 5
5 6
5 7
5 8
5 9
6 0
61_
6 2
6 3
6 4
6 5
6 6
6 7
6 8
6 9
7 0

t / 2 3 / 9 5
1 , / 2 3 / 9 s
t / 2 3 / 9 s
t / 2 3 / 9 s
r / 2 3 / 9 5
t / 2 3 / 9 5
r / 2 3 / 9 5
t / 2 3 / 9 5
1 - / 2 3 / 9 5
t / 2 3 / 9 5
1 . / 2 3 / 9 5
L / 2 3 / 9 5
1 / 2 3 / 9 5
L / 2 3 / 9 5
1 , / 2 3 / 9 5
r / 2 3 / 9 5
L / 2 3 / 9 5
t / 2 3 / 9 s
r / 2 3 / 9 5
r / 2 3 / 9 s
L / 2 3 / 9 5
r / 2 3 / 9 s
L / 2 3 / 9 5
r / 2 3 / 9 5
1 . / 2 3 / 9 5
r / 2 3 / 9 5
r / 2 3  /  9 5
t / 2 3 / 9 5
t / 2 3  /  9 s
1 , /  23  /  95
L / 2 3 / 9 5
t / 2 3 / 9 s
r / 2 3 / 9 5
t / 2 3 / 9 5
L / 2 3  /  9 5

5 : 1 9  : 1 3
5 : 1 9  : 3 1
5 : t 9  z  4 9
5 : 2 0  2 0 7
5  2 2 0 : 2 4
5 2 2 0 t 4 2
5 : 2 1 - : 0 0
5  z 2 L : 1 7
5 : 2 1 : 3 5
5 : 2 1 - : 5 3
5  2 2 2  z L O
5 : 2 2 : 2 8
5 : 2 2 : 4 5
5 : 2 3  : 0 3
5 : 2 3  z 2 L
5 : 2 3  : 3 8
5 : 2 3  : 5 6
5 : 2 4  z L 4
5  2 2 4  z 3 L
5 2 2 4 2 4 9
5 : 2 5 : 0 6
5  225  224
5 2 2 5 2 4 2
5 : 2 5 : 5 9
5 : 2 6  z L 7
5 : 2 5  2 3 5
5  226  252
5 ; 2 7  z L 0
5  2 2 7  : 2 7
5 : 2 7  z  4 5
5 : 2 8 : 0 3
5 : 2 8  2 2 0
5 : 2 8  : 3 8
5 : 2 8 : 5 5
5 229 zL3

P M : 9 8
P M : 5 1 -
P M : 1 9
P M : 9 0
P M : 5 2
P M : 4 1
P M : 2 6
PM:  84
P M : 5 2
P M : 5 0
P M : 7 9
P M : 3 5
P M : 9 4
PNI:62
P M : 2 0
P M : 8 3
P M : 4 1
P M : 9 0
PM:  57
P M : 3 0
P M : 9 3
P M : 5 1
PM:  L9
P M : 8 3
P M : 3 5
P M : 9 0
P M : 6 1 -
PMz24
P M : 9 3
P M : 4 5
P M : 1 3
P M : 7 1 -
P M : 4 0
PMz 92
P M : 6 6

3 . 9 0 6 8 - 1 _ 3
3 . 8 9 6 8 - 1 3
3  . 7 8 2 8 - l _ 3
3  . 7 1 5 8 - l _ 3
3  . 6 5 8 8 - 1 _ 3
3  . 5 4 3 8 - 1 - 3
3  . 4 8 3 8 - 1 _ 3
3 . 3 4 2 8 - L 3
3 . 3 6 2 8 - L 3
3  .  3  6 4 8 - 1 3
3  . 3 4 1 E - l - 3
3 . 3 1 7 8 - 1 3
3  . 3  0 4 E - 1 3
3 . 2 2 1 E - 1 3
3  . 1 5 4 8 - l - 3
3 . 2 2 7 E - 1 3
3 . 2 2 1 8 - 1 3
3 . r 7  3 E - 1 3
3  .  19  6E- l -3
3 . 1 0 4 E - 1 3
3  .  13  8E- l -3
3 . 1 6 7 8 - 1 3
3 . 1 3 9 8 - l - 3
3  . 1 5 8 E - 1 - 3
3 . 1 3 8 E - 1 3
3 . 1 - 5 0 8 - 1 3
3 . L 4 5 8 - 1 3
3 . L 5 2 8 - L 3
3  . 0 8 3 E - 1 3
3 . t 2 7 E * L 3
3  . 1 1 3 8 - 1 3
3 . 0 9 7 8 - 1 3
3 .  r -0 ] -E -1 -3
3  .  r -148 -1 -3
3 . 1 - 1 5 8 - 1 3

2 . 7 5 7 E . - 1 2
2 .7  488-12
2 .6858-L2
2 . 5 9 4 8 - L 2
2 . 5 ? 9 8 - L 2
2  .48A8-L2
2  .4408-L2
2 .4028-L2
2 . 3 8 5 8 - L 2
2 .3738-1 -2
2 . 3 6 L 8 - L 2
2 . 3 3 7 8 - t 2
2 . 3 2 5 8 - ] . 2
2 . 2 9 9 8 - 1 , 2
2 . 2 8 9 8 - L 2
2 . 2 7  0 E - 1 _ 2
2 . 2 4 7 F . - t 2
2 . 2 4 0 8 - L 2
2 . 2 3 9 8 - L 2
2 . 2 2 8 8 - L 2
2 . 2 2 4 E - L 2
2 . 2 2 1 8 - L 2
2 . 2 r 9 8 - L 2
2 . 2 0 9 8 - L 2
2 . 2 0 7 8 - L 2
2 . 2 0 4 8 - 1 2
2 .L938-1 -2
2 . L 9 2 8 - L 2
2 .1 "918 -L2
2 .L908-1 ,2
2 . r 8 2 8 - t 2
2 .1 ,798 -1 "2
2 . L 7 7 8 - L 2
2 . L 7  5 E - 1 2
2 . I 7 3 8 - L 2

9 .7 40F.- ] -2
9 . 6 9 L 8 - L 2
9 . 4 0 4 8 - 1 2
9 . 0 8 9 E - 1 2
8 . 8 9 4 8 - L 2
8 .7 468-1,2
8 .6L68-1 "2
8 . 5 1 5 E - l _ 2
8 . 4 4 9 8 - t 2
8 . 3 9 0 8 - 1 2
8  . 3 2  9 E - t 2
8  . 2 7  4 E - t 2
8 . 2 t 6 8 - 1 2
8 . 1 5 7 8 - I 2
8 . 0 9 2 8 - L 2
B .02  4E-L2
7  .9688-12
7 .9398-1,2
7  .9 t08 - r2
7 .89L8-1-2
7 . 8 7 0 8 - 1 2
7 .85L8- ] .2
7 .8458- t2
7 .8238-1-2
7  . 8 L 2 8 - 1 - 2
7 .7908-1-2
7 .77 4E-1,2
7  .759E. -L2
7 .7  498- t2
7 .7348-12
7  .71 ,98 -1 ,2
7  . 7  0  0 E - 1 2
7 .6868-1-2
7 . 6 7 8 E - 1 - 2
7 .6648-1-2
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D A T E  z  I / 2 3 / 9 5 T I I | E  :  5 : 0 8 : 5 7  P M

PAGE :  3 /

ctrcles : 11

Nurnber
Ti t le
Name
unit Date time

0 / 0
Ion CurrenE
1 6 . 0 0
A

o / L
Ion Current
1 - 7 . 0 0
A

0 / 2
Ion Current
1 8 . 0 0
A

7 L
7 2
7 3
7 4
7 5
7 6
7 7
7 8
7 9
8 0
81-
8 2
8 3
8 4
8 5
8 6
8 7
8 8
8 9
9 0
9 1
9 2
9 3
9 4
9 5
9 6
9 7
9 8
9 9
1 0 0
1_ 01- l . 02

1 0 3
1 0 4
1-0 5

L / 2 3 / 9 s
t / 2 3 / 9 5
L / 2 3 / 9 s
L / 2 3 / 9 5
t / 2 3 / 9 s
t / 2 3 / 9 5
L / 2 3 / 9 5
L / 2 3 / 9 5
L / 2 3 / 9 s
t / 2 3 / 9 5
t / 2 3 / 9 s
1 , / 2 3 / 9 5
L / 2 3 / 9 s
1 . / 2 3 / 9 5
L / 2 3 / 9 5
L / 2 3 / 9 5
t / 2 3 / 9 5
L / 2 3 / 9 5
1 , / 2 3 / 9 s
L / 2 3 / 9 5
t / 2 3 / 9 5
L / 2 3 / 9 5
t / 2 3 / 9 5
t / 2 3  / 9 5
r / 2 3 / 9 5
L / 2 3 / 9 5
t / 2 3 / 9 5
L / 2 3 / 9 s
t / 2 3 / 9 5
1 , / 2 3 / 9 5
t / 2 3 / 9 s
r / 2 3  / 9 5
L / 2 3 / 9 5
L / 2 3 / 9 s
t / 2 3 / 9 5

5 : 2 9  : 3 1
5  229  248
5 : 3 0  : 0 5
5 : 3 0 : 2 3
5 : 3 0 : 4 1
5 : 3 0 : 5 9
5 : 3 1  : 1 5
5 : 3 1 : 3 4
5 : 3 1 : 5 2
5 : 3 2  : 1 0
5 : 3 2  2 2 7
5 : 3 2  2 4 5
5 : 3 3  : 0 3
5 : 3 3 : 2 0
5 : 3 3 : 3 8
5 : 3 3 : 5 5
5 : 3 4 : 1 3
5 : 3 4 : 3 1
5  2 3 4 : 4 8
5 : 3 5 : 0 6
5  2 3 5  2 2 4
5 : 3 5 : 4 1
5 : 3 5 : 5 9
5 : 3 6 : 1 5
5 : 3 6 : 3 4
5  2 3 5 : 5 2
5 : 3 7  : 0 9
5 : 3 7  : 2 7
5 t 3 7  t 4 4
5 : 3 8 : 0 2
5 : 3 8 : 2 0
5 : 3 8 : 3 7
5 : 3 8 : 5 5
5 : 3 9 : 1 3
5 : 3 9 : 3 0

P M : 2 3
P M : 8 1
PM:  44
P M : 9 6
P M : 7 0
P M : 2 8
P M : 8 5
P M : 5 0
P M : 3 4
P M : 2 0
P M : 7 1
PM:  40
P M : 8 0
P M : 5 6
P M : 3 4
P M : 9 2
P M : 6 1
PIt:24
P M : 7 6
PM:  50
P M : 2 0
PM:  55
P M : 2 8
P M : 8 6
PM:  54
PM:  12
PM:  81
P M : 3 8
P M : 9 5
PM:  54
PM:22
PM:  85
PM:  37
PM:  11
P M : 6 9

3  . 1 4 8 8 - 1 3
3  . 0 1 2 E - 1 3
3  . 0 7 0 E - 1 3
3  . 0 4 1 E - 1 3
3  . 0 5 6 8 - 1 - 3
3  .  0 3  9 E - 1 3
2 . 9 6 4 8 - L 3
3  . 0 5 2 8 - 1 3
3  .  0 3  9 E - 1 3
3 . 0 3 5 8 - 1 3
3 . 0 3 6 E - 1 3
2 . 9 7 3 8 - ] - 3
3 . 0 7 0 E - 1 3
3 . 0 2 0 8 - 1 3
3 . 0 1 5 E - 1 3
3 . 0 1 _ 3 8 - 1 3
3 . 0 1 3 E - 1 3
3 . 0 0 2 E - 1 3
3 . 0 2 2 8 - L 3
2 . 9 9 0 8 - 1 3
3 . 0 0 2 E - 1 3
2 . 9 6 9 8 - 1 ' 3
2 . 9 2 6 8 - 1 3
3 . 0 2 7 F . - L 3
3 . 0 0 7 8 - 1 3
2 . 9 6 7 8 - 1 , 3
2 . 9 9 3 8 - L 3
2 . 9 8 6 E - 1 3
2  . 9 5 1 8 - 1 3
2 . 9 5 8 8 - 1 3
2 . 9 4 0 8 - L 3
2 . 9 3 0 8 - 1 3
2 . 9 L 7 8 - r 3
2 . 9 4 9 8 - 1 3
2.9598-1 ,3

2 . t 6 4 8 - L 2
2 . L 5 5 8 - L 2
2 .L588- r2
2 . L 5 6 8 - L 2
2 .L5LE-12
2 . L 5 6 8 - t 2
2 .L488-1 ,2
2 . L 4 3 8 - L 2
2 . L 4 0 E - 1 2
2 .L388-1 ,2
2 .L368-1 -2
2 . L 3 6 E - L 2
2 .1338-L2
2 . L 2 5 8 - L 2
2 . L 2 8 E - L 2
2 .L268-12
2 . L L 9 E - L 2
2 . L L 6 B - T 2
2 . L L 2 E _ L 2
2 . L L 6 E - 1 2
2 . t r O E - L 2
2 .L088-L2
2 .L058-L2
2 .L058-L2
2 . L 0 0 E - 1 2
2 . t 0 2 8 - L 2
2 . 0 9 8 8 - L 2
2 . 0 9 4 8 - t 2
2 . 0 9 3 8 - 1 " 2
2 . 0 9 0 8 - L 2
2 .0848-1 ,2
2 . 0 8 5 8 - t 2
2  .0808- t2
2 .0828-1 -2
2 . 0 7 8 8 - L 2

7  .6548-L2
7 . 6 4 9 8 - L 2
7  .6368-12
7 .6248-1,2
7 .6078-1-2
7  .595E-L2
7 . 6 0 2 8 - t 2
7 .57 6E-1,2
7 . 5 7 0 E - 1 2
7  .5668-L2
7 .5548-12
7 .5448-1.2
7 .  53 0E-12
7  . 5 1 " 6 8 - t 2
7 . 5 0 8 8 - l _ 2
7 .5028-L2
7 . 4 9 8 8 - L 2
7 . 4 9 0 E - L 2
7 . 4 8 I 8 - L 2
7 . 4 6 9 8 - L 2
7  .4648-12
7 . 4 4 5 8 - L 2
7 . 4 4 6 8 - L 2
7 . 4 3 7 8 - I 2
7 . 4 3 3 8 - L 2
7 . 4 2 0 8 - L 2
7  . 4 1 , 2 8 - 1 2
7  .3958-L2
7  .3928-L2
7 .3838-1.2
7  . 3 7 7 8 - L 2
7  .3678-L2
7  . 3 7 t 8 - t 2
7  .3638-L2
7  .3478-L2
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D A T E  :  L / 2 3 / 9 5  T I M E  :  5 : 0 8 : 5 7  P M e.t"" 
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Number
Tl t le
Name
Unit Date Tlme

0 / 0
Ion Current
1 6 . 0 0
A

0 / r
Ion Current
1 7  . 0 0
A

0 / 2
Ion Current
1 8 . 0 0
A

1 0 6
1 0 7
1 0 8
1 0 9
1 1 0
1_ 11
t L 2
1 1 3

t / 2 3 / 9 5
t / 2 3  /  9 s
t / 2 3 / 9 5
1 ,  / 2 3  /  9 s
L / 2 3 / 9 5
t / 2 3 / 9 5
t / 2 3 / 9 5
t / 2 3 / 9 5

5 : 3 9 : 4 8
5 : 4 0 : 0 5
5 : 4 0  2 2 3
5  : 4 0  : 4 1
5 : 4 0 : 5 8
5 : 4 1 : 1 6
5 z 4 L z 3 4
5 : 4 1  : 5 1 -

Pl(z27
P M : 9 5
P M : 5 3
P M : 1 5
P M : 7 9
P M : 3 7
P M : 5 0
P M : 6 3

2  . 8 9 3 E - 1 3
2 . 9 0 4 8 - t 3
2 . 9 3 2 8 - L 3
2 . 9 2 8 8 - 1 3
2 . 9 0 9 E - 1 3
2 . 9 0 0 E - 1 3
2 . 9 0 6 8 - 1 3
2 . 9 5 5 8 - 1 3

2 . 0 7 3 8 - 1 2
2 . 0 7 2 8 - L 2
2 .07 4E-1,2
2 . 0 6 9 8 - t 2
2 . 0 6 7 8 - t 2
2 . 0 6 4 8 - L 2
2 .0648-1"2
2 . 0 6 7 8 - t 2

7  .3378-L2
7 .3398-L2
7 .3258-12
7  . 3 L 6 8 - L 2
7  . 3 L 0 8 - L 2
7  .3048- t2
7 .2978-1,2
7  .2928-L2
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Oneratins the Data Acquisition Proqram

Hardware Reouirements

All temperanre measurements will be made with Tpe-K (Chromel-Constantan) thermocouples
using a Hewlett Packard IM497 Data Acquisition and control unit withW44422[
thermocouple multiplexer card. A Gateway-2000 48GDX2 50 MHz personal computer using
MS-DOS Version 6.2 andrunning custom data acquisition sofnvare naned'T-IGOTEMP" will be
used to collect" display and record all the data. The [ffi497 is interfaced to the computer
through a National Instnrments AT-GPIB adapter. The data acquisition system will also monior
other analog data signals such as vacuum gauges

Software Requirements

In order to run "LIGOTEMP", the config.sys file must contain the entry "device = c:Vt-
gpib\pib.com" to install ttre AT-GPIB adapter. In addition, the "Universallanguage Interface"
driver 'UIJ.COM" should be included in the autoexec.bat which is cxecuted when the computer
is frnt turned on. While the program may be nrn directly from DOS, it is preferably started
within MicrosoftWindows 3.1 which also allows maintaining a separate textwindow to serve a
laboratory notebook forrecording comments and observations. The program and supporting
configrration files are stored on the Cdrive in the direcory path C:\LIGO\DATA.

Data is stored in this direcory and is Jopied o the L:\FUBLIC\LIGO\DATA directory on the
RSE nenvork file server. A new data file is created every 24 hours starting at midnight The file
name is constnrcted from characters representing month, day and year followed by the character
'1-" (example: APRM94L.CS$. The file name includes the ".CSV" extension which is a data
fomrat recognized by spreadsheet sofnvare such as 'EXCEL". Thc Data filc will contain a single
line with a title describing the file and the date. The second line contains a brief idcntifier for
each of the ransducen. There are a total of 50 thermocouples identified as TE-l, through TE-l
and six vacuum gages. "VAC-l" and "VAC2" are the cold cathode and the pirani on the coupon
test chamber vacuum system. "CCl", "CQ","CC3", and "PPl" are the cold cathode and pirani
gages on the beam nrbe vacuum chamber.

Runnine LIGOTEMP

It is preferrcd that the sofnvare be run after first loggrng on to the file server as a LIGO project
user. This assures ttrat the data files will be copied to the L:VLIBLIC\LIGO dfuecto'ry on the
network file server. However the program will auto-start undcrDOS but data will bo storcd only
to the local hard drive. Therefore, the program will recover from a temporary power intcrruption
without any loss of data but the user should exit the program and log onto the file server when
convenienL



The program will continuously display the data o the ssr€en but store data to disk at intcrvals
determined by ttre curent saved configuration. The following function keys are active a5rd may be
pressed to modify the program as needed:

FL. Store Data. Allows an immediate storage of a single scan to the hard drive. This will over
ride the selected interval in ttre configuration file. After a single scan stote, the program will
revert to the default intenval.

F3. Steep Mode Toggle. By pressing this key the scanning will toggle sleep mode on and off.
The sqeen will always display the current mode. In sleep mode, ttre default sore interval is
still in effect, but the screen display will be refreshed only once per interval rather than
continuously. There are two reasons why sleep mode might be chosen:

1. Sleep mode significantly reduces the amount of activity that the CPU must handle and
thus frrees up system resources when nrnning concurrently with Windows. This is
especially important when using the logbook editor in a separate window.

2. Sleep mode extents the life of the relay multiplexer on the HP3497.

F6. Quit progran. This is the only recommended way to exit or terminate the program. If
selected, the user will be grven a second chance to verify this or continue the program.

FlL. Cnange Setup. The configrration menu allows the user o select the number of
thermocouples to be read' the interyal for storing dat4 and ttre descriptive text in the header on
the diqplay screen. After the selections are made, the user must decide if these changes are
temporary or o be saved to the configuration file. If the changes ate saved, they will become
thc default settings on subsequent startups of the program.

Other Files Required

LIGO.CFG
This file is a text file containing limited configuration parameteni. Some of the parameters do not
apply to the curent program, but must contain thc same structurc and order. A 6'pical
LIGO.CFG file would appear as follows:
o 900
o L?.0
o Q

I The number of seconds benpeen stored data saves
I notused
I notused

o 55 | number of transducen- not used
o PlainfieldDevclopment - LIGO I scleen header text
o 2440 I modem baudrate - not used

PARMDATA
This file contains coefficients for three kinds of thermocouples
o type 1 =T(coppcr-constantan)
. type 2=K(chromel-a1umel)
o type3 =J (iron-constantan)



CHANIJST.TXT
This file contains a list of channel assignments and descriptions for each input measuremenl The
descriptions are those that appear on the dtring operation. The list also contains the actual input
card channel assignment for the HP3497A Data Acquisition system. The fint ttuee columns of
the attached table, LIGO Channel List are essentially the same as this file. This file may be
edited with a text editor such as Notepad, but care should be taken not to add extra lines and to
prcserve the spacing and the length of text in the descriptions.

Running A Word Loebook Document at the Same Time

Windows, has been configured so that both LIGOTEMP and WORD are both in the "starnrp-

Window". LIGOTEMP has.also been configrred to multitask with WORD, in fact both programs
can be displayed at the same time in nvo separate windows. However, Windows can become
quie slow and unresponsive if ttre data acquisition system in a scanning operation. During
extended periods of text entry in the logboolq LIGOTEMP should be placed in "sleep" mode by
pressing F3. This way scanning will only be done at save intervals instead of continuously. In
sleep mode, only the last saved datais displaced on the screen, and this might be several minutes
old depending on the selected save interval. Remember to nrn off slecp mode to update the
screen when monitoring temperatures.

Press ttre Alt-Tab key combination , "V"t"between LIGOTEMP, WORD and the Windows
Program Manager. To display LIGOTEMP in a "window", first enter LIGOTEMP then press the
Alt-Enter key combination at it will become an active "windod'. This window will share screen
space with other applications and it can be moved or resized.



EXAMPLE OF LOGBOOK ENTRY

Otll3tgs t4:L6: This is a test of the LIGO logbook file editor. The Edit Vector macrd has
been modified and improved and should speed up the process of scrolling through the
documenl The new Toolbar "button" for the Eclit Vector macto is the "V" button. This
will load a vector editing program on the screen. In order to change the vector status,
press the arrow keys to move the cursor. When the cursor covers the vertor component,
press the space bar to toggle the vector benreen 0 and 1. The "RGA" component is
different in that it allows entry of values from 0 to 99. The qpace bar is used to
increment the value in single increments and the * key is used to increase the value in
increments of 10. When the value is increased past 99, it will roll over o 0.

When any changes are made, and you wish to update the vector status file, the return key
should be pressed. The crurent vector file will be updated and the vector status file will
be appended to ind.icate the changes made as well as the time when this happened- The
vector status file is named "STATUS.CSV" in the direcory
'C:\LIGO\-OGBOOIAIvIACRO". This file is log file thatpertarns only to changes in the
stafts of the system vector.

In the following example, all elements of the status vector are changed to the value of
zero (0).

OLll3l95 L4:43

0lll3l95 14:46: Vl, V2, Y7 are opened
AUBPS L4:47

Vl= 0
V8= 0

V15= 0
Y29= 0
RP2= 0
CC3= 0

Vl= 1
V8= 0

V15= 0
V29= 0
RP2= 0
CCi= 0

Vl= 1
V8= 0

V15= 0
V29= 0
RP2= 0

V2= 0
V9= 0

V19= 0
RGA= 0

LNTI= 0
CC4= 0

', Y3=O
V10= 0
V25= 0

TMPI= 0
LNT2= 0

CC5= 0

V4= 0
Vl1= 0
Y26=0

TMP2= 0
LNT3= 0
cc6= 0

V5= 0
V12= 0
Y27=O

TMP3= 0
CCl= 0

V5= 0
Vlz= O
Y27=O

TMP3= 0
CCl= 0

V5= 0
V12= 0
Y27=A

TMP3= 0
CCl= 0

V7= 0
V14= 0
V28= 0
RPl= 0
CC2= 0

V/= 1
V14= 0
V28= 0
RPl= 0
CCz= 0

V7= 1
V14= 0
V28= 0
RPl= 0
CCz= 0

0lll3l95 L4:47: RGA is set to status 33.
0111319514:48

Y2= L
V9= 0

V19= 0
RGA= 0

LNTI= 0
CC4= 0

V2= I
V9= 0

V19= 0
RGA= 33
LNTI= 0

V3= 0
V10= 0
V25= 0

TMPI= 0
LNT2= 0

CC5= 0

V4= 0
V11= 0
V26= 0

TMP2= 0
LNT3= 0
cc6= 0

V4= 0
Vl1= 0
V26= 0

TMP2= 0
LNT3= 0

V3= 0
VlO= 0
V25= 0

TMPI= 0
LNT2= 0



0[l3l95 14:52: In order o have the proper appearance of the LOGTEXT.DOC file on the
ssreen, the following settings are suggested. :

FontTimes New Roman - 12 Point
Zoom:(View Menu) Custom 857o
Tabs: 0.9 in.
Margins: One inch for top, bottom left andright

Indentation:0.9" from left, -0.9 first line
These values have been assigned to the Page Sryle named "LIGO".

Otll3lgs 15:10: The time starrp shown at the beginning of this line is produced by clicking on
the "clock" button on the toolbar. This shouldprecede and logbook entries. 

'When

entering comments, it is not necessary to press the <enter> key at the end of each line.
The word wrap feature of Microsoft Word will automatically feed the text to the next
line. It should also be noticed that after the first line in a paragraph, the text is indented.
The <enter> key should be pressed to signify the end of a paragraph and the cursor will
rcturn to the far left margin.

OLIL3/95 t5:21: After each entry, it is a good practice to save the document. At certatn intervals
the logbook file should be converted to an ASCII file. From the FILE Menu, select
SAVE AS. Next select SAVE FILE AS TYPE and select "DOS Text with Layout
(*.asc)". In the File Name entry box, enter the name of the file you wish to save it as.
Use a new different name or.else the new file will replace ant file with the same name.

0rll3l95 16:32
Vl= 1
V8= 0

Vl5= 0
Y29= A
RP2= 0
CC3= 0

Y2= |
V9= 0

V19= I
RGA= 41
LNTI= 0

CC4= 0

V3= 0
V10= 1
V25= 0

TMPI= 0
LNT2= 0

CC5= 0

V4= 0
Vl1= 0
Y26=0

TMP2= 0
LNT3= 0

CC6= 0

V5= 0
V12= 0
Y27= 0

T}IP3= 0
CCI= 0

V7= I
V14= 0
V28= 0
RPl= 0
CC2=A



2.

3.

How to insert a Sysfem Vecforinto the LoobookFile

1. Place the cursor on the ptace in the document where you want to insert the sysfem
vector.

Click on the "V" tool button. This activates the Edit Vector macro.

A screen will appear showing the name of each element of the system vecforand its
current status. The value zero (0) signifies the elment is closed or off. The value
one (1) indicates that it is open or on. One element, indicated as 'RGA" can contain
a vafue ranging from 0 to 99.of the sysfem vectorwill appear as a Table of 2
columns. Refer to the table of RGA status to determine the correct value.

4. Use the arrow keys to move the cursor on the system vectorscreen and use the
space bar to change the value of the vector element. The "RGA" component will
accept values between 0 and 99. The "*" key will advance the value by tens and the
space bar by ones. lf the value is advanced past 99 it will return to 0. lf you decide
that no changes are to be made, or you wish to undo any entry errors, press
"Control-X" to exit without any changes. When Word asks if you wish to paste the
system vectorinto the document, click on the "cancel" box.

5. When you have finished editing the vector, press the enter key to save the new
vector and return to the logbookdocument. Word will also ask you if you wish to
paste the current vector into the document. Click on the "yes" box or press enter to
confirm or click on "cancel" if you do not want to paste the vector into the document.

6. The edited vector is copied and pasted into the LOGBOOK document at the
previously selected cursor location. The copied vector is preceded with a time
stamp.

7. Each time the system vectoris recalled for editing, it will contain the most recent
vatues in the template. Only the devices that have changed will require editing.



Examnle of Disnlav Screen

Chicago Bridge and lron Technical Services Company
Test Location : Plainfleld Development - LIGO
Date :  01-L6-1995 T ime:  14 :4 ] -z4 l

Temperature HPS 937 Vacuum Gauge Controller

1 .
2 .
3 .
4 .
q

6 .
7 .
8 .
9 .

1 0 .
1 l _ .
t 2 .
1 3 .
! 4 .
1 5 .
1 6 .
L 7 .
1 8 .
1 9 .
2 0 .
2 L .
2 2 .
2 3 .
2 4 .
2 5 .
2 6 .
27 .  Ca] j5 .
28 .  LNT 1
29.  LNT 2
30.  LNT 3

2 4 . 7  " C
2 4 . 8  " C
2 5 . 1  0 C
2 4 . 7  " C
2 4 . 8  " C
2 4 . 7  " C
2 4 . 6  " C
2 4 . 6  " C
2 4 . 6  " C
2 4 . 6  " C
2 4 . 5  " C
2 4 . 7  " C
2 5 . 3  " C
2 5 . 2  " C
2 5 . 1  " C
2 3 . 2  " C
2 4 . 8  " C
8 6 . 0  " C
6 7 . 6  " C

1 0 8 . 1  " C
1 0 2 . 6  . C

8 8 . 4  0 C
9 0 . 3  0 c

. ; 5 2 . 5  " C
7 7 . 9  " C
2 6 . 5  " C
8 6 . 2  0 CLeaks. .

Internal.
Internal.
Internal.

Chamber Repress. Valve..
Chamber Isolation Valve.
Cross - Chamber i.nlet. . .
T e e  a t  H 2  L e a k  V a l v e . . . .
H2 Leak Isolat ion Valve.
Pneurnatic Valve - Turbo.
Turbo Purnp.
CoJ.d Trap
Cross at RGA.
CoId  Trap  vent  va lve . . . .
R G A  I s o l a t i o n  V a 1 v e . . . . .
RGA Spool
Coupon Chamber  -  Top. . . .
Coupon Chamber - Center.
Coupon Chamber - Bottom.
Inslde Coupon Chamber. . .
I,tguid Nitrogen Trap.. . .
LNT-1
8  i n .  T e e . .
v-3 .  .
8 ln .  Cross
v -1 .  .
v -2 .  .
v -10 .
R G A . .
v -15 .

1 .
2 .
3 .
4 .
5 .
6 .

C o I d  C a t h o d e . . . . .  4 . 7 2 E + 0 4  T o r r
P i ran i  .  2 .158+04 Tor r
CC1. .  2 .LGE-L2 Toz t
C C 2 . .  4 . 5 9 8 + 0 4  T o r r
P 1 . . .  2 . 1 3 8 - 1 2  T o r r
C C 3 .  .  1 . 4 1 8 - 0 8  T o r r

31. N End Head Center Line.
32. N Support - NE Stiffener
3 3 . N S u p p o r t - N P 1 a t e
34.  N Suppor t  -  SW Klcker . . .
3 5 .  N  S u p p o r t  -  S .  P l a t e . . . .
36 .  N Suppor t  -  SE K icker . . .
3 7 .  2 2 8  T o p  C e n t e r . . . .
38. 22u- Top St i f fener.
39 .  FLex .  Supp. -  S tL f fener . .
40. Bel l"ows ins conv - ToP..
41. BelloYrs outs conv - ToP.
42. 22A Bottorn Center.

o c
o c
o c

o c
o c
o c
o c
o c
o n

o c
o c
o c
o c
o c
o c
o c
o c
o c

4 3 .
4 4 .
4 5 .
4 6 .
4 7 .
4 8 .
4 9 .
5 0 .

22A Bot tom St i f fener . . . .
S Support - NW St,iffener
S Suppor t  -  NW Pla te . . . .
S Support  -  NW Kicker. . .
S  S u p p o r t  -  S E  P l a t e . . . .
S Support  -  SE Kicker. . .
S.Support - Il l Beam.
S End Head Center tlne..

Press <F1> to store scan once
Press <l.2> to clear screen
Press <F3> to toggle sleeP mode.
Press <F6> to quit,
Press <F10> to change setuP

Current save interval ls 15 min.
Sleep Mode on



LIGO Channel List
Transducer

Number

P D

Channel.

Numlrer

Descr ipt lon H . P .  C a r d

Num. Termlnal

'I

2

4
(
6
1

8
9

11
7 2

1 4
1 q

1 6
1 7
1 8
1 9
2 0
2 t
22
2 3
2 4
25
2 6
2 7
2 8
2 9
3 0
3 1
32
33
3 4
3 5
3 6
3 7
3 8
3 9
4 0
4 L
42
4 3
4 4
4 5
4 5
4 1
4 8
4 9
5 0
5 1
52
5 3
5 4
55
5 5

0
1

2

4

o

1
n

9
1 0
1 1
L 2
L J

1 4
1 q

1 6
2 6
2 1
2 8
2 9
3 0
J T

3 2
5 J

3 4
3 5
4 0
4 1
4 2
4 3
4 4
tt5

4 6
4 1
4 8
4 9
5 0
5 1
s2
53
5 4
55
5 5
5 7
5 8
1 ?
1 8
2 t
22
23
2 4
3 5
3 7
38
2 0

1

2 .

4 .
R

6 .
1

8 .

9 .

1 1

7 2
1 ?

1 4
1 <

1 6

L 7

1 8

1 9

Chanber Repress.  Valve. .
Chamber Isolat ion valve.

C ross  -  Chamber  l n1e t . . .

Tee  a t  H2  Leak  Va l ve . . . .

H2  Leak  I so l a t l on  Va l ve ,

Pneumat lc Va1ve -  Turbo,

Turbo Pump.

Cold Trap.

C r o s s  a t  R G A . . .

Co ld  T rap  Ven t  Va l . ve . . .

RGA f so la t l on  Va l ve . . . .

RGA Spool .

Coupon Chamber -  foP.. .

Coupon Chatnber - Center

Coupon Cbamber - Bottom

Inside Coupon Cttanber. .

L i eu id  N i t r ogen  T raP . . .

LNT-1 .

8  i n .  T e e .

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
I
I
I
I
I
I
I
I
I
I
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
0
0
I
t
I
I
I
I
I
I

0
1

2

4

6

1

I

9

1 1

L2
1 3
l 4
1 5
1 6
5
1
8
9

1 0
11
t 2
1 ?

T 4
1 5
0
1
2
5

4
5
6
7
8
9

1 0
1 1
L2
13
1 {
1 <

1 6
L 7
1 8
t 7
1 8
1
2
3
4

1 5
1 ?
1 8
0

2 1 ,  8  i n .  C r o s s

v- t5 .  .
cl i ru. teaks.-.
LNT 1  In te rna l . . .
LNt  2  In te rna l . . .
LNT 3  In te !na&. .
l l  End Head Center L1ne..
N Support - NE stlffener
N s u p p o r t - N P l a t e . . . . .
N Support - SW Kicker.. .
N  S u p p o r t  -  S .  P l a t e . . . .
N  Suppor t  -  SE K lcker . . .
228 tog center.
228 Top Sti f fener.
F lex .  Supp. -  S t i f fener . .
Bel loss lns conv - ToP..
Bellors outs conv - loP.
22A Bottotn Cente!.
22A Bot ton  St i f fener . . . .
s support - NW Stiffener
S Suppor t  -  N t f  P la te . . . .
S Support - Nlf Kicker.. .
S  Suppor t  -  sE P la te . . . .
s support - sg Klcker.. .
S . S u p p o r t  -  9 f  B e a m . . . . . .
S End Head center Line..
1 .  C o l d  C a t h o d e . . . . .
2 .  P l ran l .
3 .  C C l .
4 .  CCz.
5 .  P l .
5 .  C C 3 .

2 6 .
2 1  .
2 8 .
29 .
3 0 .
3 1 .
32 .
5 5 .

3 4 .
3 5 .
3 5 .
3 ? .
3 8 .
3 9 .
4 0 .
4 1 .
42.
4 3 .
4 4 .
.45 .

4 5 .
4 1  .
4 8 .
4 9 .
5 0 .
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CIRCUMFERENTIAL WELD JOINT LEAK TEST VACUUM BOX PERFORMANCE
EVALUATION FOR LIGO QUALIFICATION TEST

PERFORMANCE REQTIIREMENTS

The vacuum box used to create the pressure differential for the Local Hood Test Procedure
must be evacuated within a reasonable time to a sufficiently low vacuum (absolute test
pressure) to enable the test operator to unambiguously detect a total helium leakage rate of 1
x 10-lo atm cclsec.

PLASTIC VACUUM BOX EVALUATION

Beam Tube Section for Evaluation

Trial HMS tested a circumferential weld joint that joined two of the qualification beam tube
sections. The weld had typical reinforcement and peaking.

Plastic Vacuum Box

Overall Box Dimensions - Il7'x 12" wide x 35" long with built in "O" ring grooves

Dimensions of evacuated space - 1116" deep x 8" wide x 31" long (Volume = 0.25 liters)
Perimeter seals - two 0.375" diameter 50 duromter Buna N rubber "O" rings
Connections - pump port;40 KF (l-1/2" O),He calibrated leak port; 40 KF (l-112" O), &
between seals port; 16 KF (314" A)

- Procedure RBlated Equipment:

1. Helium Mass Spectrometer - Alcatel Model ASM 110 TCL
a. Turbomolecular pump speed (net) = 3 literVsec.
b. Roughing pump speed @ inlet Port = I liter/sec
b. Instrument sensitiviy =2 X l0-rr atm cc/sec. of helium per division

2. Calibrated Helium Standard Leak with a leak rate of 2.I x 10{ atm cclsec. of
helium connected to the box KF reducer listed as item 6..

3. Six (6) feet of flexible stainless steel hose with.25 KF (1" @) cowrcctors on the

ends.
4. One butterfly valve 40 KF (l'112" O)
5. One in-line valve 25 KF (Y'A)
6. Reducer 40 KF to 25 6P 11" O)
7. Heavy Duty Ratchet Tie Down Straps
8. Auxiliary Duo Seal Mechanical Vacuum Pump @isplacement = 1 Us)

Seouence

Installed the assembled vacuum box over a segment of the circumferential weld joint with no

special preparation. Cleaned the test area by wiping the outside of the can with clothes soaked

with alcohol. Held the vacuum box against the beam tube outer shell by two ratchet straps.

Used wood and metal wedges to tighten the vacuum box against the shell at each location



where spiral or circumferential welds were crossed by the box seals. Connected the HMS leak

detector to the box.

Evacuated the box with the auxiliary vacuum pump. Partially thottled the HMS into the box.

Obvious seal leakage was observed. The box would not evacuate low enough to allow the

HMS throttle valve to be completely opened. Stopped test.

After grinding the circumferential weld and spiral weld reasonably smooth in the areas where

the box seals crossed these welds, the reseated box evacuated low enough to get the HMS

throttle valve about 3/4 open. The HMS manifold gauge indicated an absolute pressure of

about l0-2 torr. The HMS high vacuum section gauge indicated an absolute pressure of about 2

x 10-5 torr . The background slgnal was in the middle of the 3 x 10-' atm. cclsec. range scale'

Nulled the background signal to 1.0 in the
10 x l0-t0 atm. cclsec. range scale. Calibrated the test system using the standard leak on the box.

The response signal increased above background to i reading of 1.69 on the 3 x 10{ atm.

cclsec. range sCate. The response time had been calculated to be approximately 25 to 30

seconds. The actual response time was about 50 seconds.

For an allowable leakage rate of 1 x 10-10 atm. cclsec., tlril system calibration resulted in an

allowable slgnal increase during test of 0.8 on the 10 x 10-10 atm. cclsec. range scale in about

one minute of elapsed test time for this test set up.

Though it was proven that the required test sensitivlty was achievable with the plastic box, it

. was obvious that plastic would not be sufficiently durable for this repeat type of leak testing.

Ttlus, it was decided to try an aluminum box with slightly larger diameter "O" rings

ALUMINUM VACUUM BOX EVALUATION

Beam Tube Section for Evaluation

Trial HMS tested a circumferential weld joint between npo four (4) foot long sections of beam

tube. These beam tube sections had vacuum stiffeners tack welded at each end to keep the

beam tube round. The weld had offset, peaking, reinforcement and roughness that was close to

the maximum allowable per the visual inspection procedure VI8X.

Aluminum Vacuum Box

Overall Box Dmensions - 3/8" thick x 16" wide x 48" long

Dimensions of evacuated space - 1/8" deep X 8" wide 39" long (Volume = 0.64liters)

Perimeter seals - two 0.4375" diameter 50 durometer Buna N rubber "O" rings

Connections - pump port; 40 KF (1-112" O), He calibrated leak port; 25 KF 0" A), &

between seals
port;25 KF (1" O)

2



Procedure Related Equipment:

helium

ends.

1. Helium Mass Spectrometer - Alcatel Model ASM 110 TCL
a. Turbomolecular pump speed (net) = 3 liters/sec.
b. Roughing pump speed @ inlet port - I liter/sec
b. Instrument sensitivity =2X 10-rt atm cclsec' of helium per division

2. Calibrated Helium Standard Leak with a leak rate of 2.I x 10-8 atm cclsec. of

3. Six (6) feet of flexible stainless steel hose with 25 KF (1" O) connectors on the

4. Three butterfly valves 40 KF (I-112" O)
5. Two inline valves 25 KF (1" O)
6. Cross & Tees 16 KF (314" O)
7. Reducers 40 KF to 25 KF (1" A) &25 KF to 16 KF (314" A)
8. Heavy Duty Ratchet Tie Down Straps (15 ft. min. l0 kips)
9. Duo Seal Auxiliary Mechanical Vacuum Pump (Displacemert = 30 CFM). This

could have been much smaller.pump

Auxiliarv Equipment used to Analvze Aluminum Vacuum Box Results

1. Two Convection Gauge Tubes with controller l6KF (314'' A
2. Two ionization gauge tubes with controller

3



First Aluminum Vacuum Box Evaluation

Sequence

Installed the vacuum box over a segment of the circumferential weld joint with no special
preparation or cleaning. Held the assembled vacuum box against the beam tube outer shell with
three ratchet straps. Used wood and metal wedges to tighten the vacuum box against the shell at
each location where spiral or circumferential welds were covered by the seals.

The preliminary pump down of the vacuum box was done with a redundant convection gauge
instatted at a cross l6KF (314" A) with the calibrated helium leak and a blank flange. The
second redundant convection gauge was installed at a tee 16KF (314" o) with a butterfly valve
40 KF (l-112" A) Md the duo seal vacuum pump hardware to measure the absolute pressure in
the space benreen the seals. The vacuum box chamber pressure measured by the first
convection gauge was 10-3 torr. The pressure benveen the seals measured by the second
convection gauge was 2.6 X l0-2 torr. The leak detector high vacuum absolute pressure reading
was at 1.0 X 10-5 mbar. The system calibration was performed with the helium standard leak
attached at the leak detector. The pump down of the box was done over a ten hour period.
This indicated excessive seal leakage. Detailed data was not recorded in the log.

The vacuum box was moved one inch from its original location in an attempt to keep the weld
reinforcement from making contact with the metal seal restraint plate. An ion gauge tube was
installed at the cross with the convection gauge and calibrated helium standard leak. The
vacuum box was pumped down for testing. The data was recorded in the leak testing log
notebook.

Minimum absolute pressure achieved in the vacuum box chamber was 1.5 X 104 torr. Pump

down time to this ultimate absolute pressure was 7 hours. This long pump down indicated

excessive seal leakage.

The lowest background helium signal without nulling was 2.0 on the 10-e atm.cclsec. range scale. By

nulling the backgfound, the leak detector was readily capable of unambiguously detecting leakage

of 1.0 x 10-10 atn. cclsec. of helium within ilre established response time.

Inner seal leakage was observed. The typical inner seal width was |ll32". At the

circumferential weld joint, the inner seal width was less than 1/16". The vacuum box needs a

minor modification to allow better contact at the circumferential weld joint. The seal rings had

exhibited particles of paint and concrete that came loose from the outside of the beam tube

during the test. Special cleaning is required for the outside of the beam tube where the vacuum

box seals come in contact with the can.

Second Aluminum Vacuum Box Evaluation

Sequence



A Il2" wide X 1/8" deep groove was made across the seal retainer bars on the ends at the
center line of the vacuum box. The vacuum box was installed over a segment of the
circumferential weld joint that had been cleaned with stainless pads and Proponal soaked lint
free rags. The vacuum box was moved four inches from the previous location. The vacuum box
was held against the beam tube outer shell by three ratchet straps. wood and metal wedges
were used to tighten the vacuum box against the shell at each location where spiral or
circumferential welds were covered by the seals. An ion gauge was installed at the cross with
the convection gauge and the calibrated helium standard leak. It was to be used for analyzing
the results.

Minimum absolute pressure achieved in the vacuum box in four hours was 2.4 X 104 torr.

The lowest background signal without nulling was 3.6 divisions on the 10-e atm.cclsec. range scale.

By nulling the background, the leak detector was readily capable of unambiguously detecting leakage

of
1.0 x 10-t0 atn. cclsec. of helium within the established response time.

The inner seal did not make contact at the circumferential weld joint. There was a 7/8" long

non-contact area where offset + reinforcement + banding was greater than 1/8".

Third Aluminum Vacuum Box Evaluation

Sequence

The vacuum box was installed over a segment of the circumferential weld joint one inch from

the previous location. The vacuum box was held against the beam tube outer shell by three

ratchet straps. Wood and metal wedges were used to tighten the vacuum box against the shell at

each location where spiral or circumferential welds were covered by the seals. The helium mass

spectrometer and connection hardware were installed as before. Polyethylene sheeting was

taped around the outer edge of the vacuum box and filled with nitrogen to lower the helium

background.

Minimum absolute pressures achieved in the vacuum box were: 3.0 X 104 torrin 30 minutes;
2.0 X 104 torr in I hour;
1.0 X 104 torr in 7 hours

The lowest background signal without nulling was 1.6 divisions on the l0-e atm.cclsec. range scale.

By nulling the bickground, the leak detector was readily capable of unambiguously detecting leakage

of
1.0 x 10-10 atm. cclsec. of helium within the established response time.

The inner seal did not make contact at the circumferential weld joint. There was a 3132" long

non-contact area where offset + reinforcement + banding is greater than 1/8". To further reduce



leakage, the circumferential weld joint must be ground and polished where the seals make
contact with the weld.

Fourth Aluminum Vacuum Box Evaluation

Sequence

A segment of the circumferential weld joint was measured and marked to fit the vacuum box.
Four (4") inches at each end the circumferential weld was contoured and polished with a 80 grit
2" sanding wheel. The area under the vacuum box was cleaned with Merichem 500, rinsed with
warm water, then rinsed with Proponal and allowed to dry. The vacuum box was cleaned and
installed over the segment of the circumferential weld joint. The vacuum box was held against
the beam tube outer shell by three ratchet suaps. An ion gauge was installed at the cross with
the convection gauge and the calibrated helium leak. The leak detector and connection hardware
were installed. The preliminary pump down of the vacuum box was done with the leak detector.
The vacuum box absolute pressure ionvection gauge reading was 4.7 X l0-2 torr in 10 minutes
and the pressure between the seals was at 760 Ton. A 5 psig nitrogen purge was injected
between the seals. In l0 minutes the vacuum box absolute pressure convection gauge reading
was 8.0 X l0-3 torr and the pressure between the seals was at 1013 Torr. A redundant
ionization gauge and a second redundant convection gauge were installed to two 1661t (3/4"

O) tees with a butterfly valve 40 KF (1-112" O) with the duo seal vacuum pump connected to
the space benveen the seals.

. Based on prior helium background signals at this absolute pressure level for this system, after nulling

the background, the leak detector would have been readily capable of unambiguously detecting

leakage
of 1.0 x 10-r0 atm. cclsec. of helium.

The ultimate absolute pressure obtained in the box after evacuating it for another 6 days was

shown on the auxiliary ionization gauge as 3.3 x 10-' torr. The absolute pressure benreen the

seals was 3.3 x a torr.

CONCLUSIONS

This type of local aluminum vacuum box is capable of achieving the required test sensitivity of

1 x 10-10 atm. cclsec. with some amount of grinding and preparation of the weld surfaces where

they wilt be crossed by the vacuum box "O" ring seals. However, the degree of leak tightness

that can be obtained where the box seals cross the welds is too inconsistent and sometimes more

time consuming than the erection schedule would allow. This result would dictate that a 360

degree vacuum box would be the realistic choice for the full scale LIGO.
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OUTGASSING RATE CALCULATION

GAS TO BE INVESTIGATED =
RGA FILE FOR TUBE ACCUMULATION =
RGA FILE FOR LEAK ACCUMULATION =
TUBE ACCUMULATION SPIKE HEIGHT =

TUBE ACCUMULATION TIME =
LEAK ACCUMULATION SPIKE HEIGHT =

LEAK ACCUMULATION TIME =
LEAK FLOW RATE =

STEADY STATE RGA MEASUREMENT OF TUBE AND PUMPS =
STEADY STATE RGA MEASUREMENT OF TUBE, PUMPS AND LEAK =

STEADY STATE RGA MEASUREMENT OF PUMPS ONLY =
TUBE SURFACE AREA =

CPS OR AMPS
MINUTES
CPS OR AMPS
MINUTES
STD CC/S
CPS OR AMPS
CPS OR AMPS
CPS OR AMPS

Eii$6 iiii:CM2

TUBE ourcAssrNc RATE = @TRANsIENTAPPRoAcH
TUBE OUTGASSING RATE = @STEADY STATE APPROACH

CBI Technical Services Company TUBEOUT1.XLS
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BEAM TUBE OUTGASSING RATE CALCULATION

GAS TO BE INVESTIGATED =
RGA FILE FOR TUBE MEASUREMENT =
RGA FILE FOR LEAK MEASUREMENT =

LEAK FLOW RATE =
STEADY STATE RGA MEASUREMENT OF TUBE AND PUMPS =

STEADY STATE RGA MEASUREMENT OF TUBE, PUMPS AND LEAK =

STEADY STATE RGA MEASUREMENT OF PUMPS ONLY =
TUBE SURFACE AREA =

TUBE OUTGASSING RATE =

STD
CPS
cPs

cc/s
OR AMPS
OR AMPS

TEADY STATE APPROACH

CBI Technical Services Company TUBEOUT4.XLS
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BEAM TUBE OUTGASSINGRATE CALCULATION

GAS TO BE INVESTIGATED =
RGA FILE FOR TUBE ACCUMULATION =

RGA FILE
TUBE ACCUMULATION SPIKE HEIGHT =

TUBE ACCUMULATION TIME =
LEAK ACCUMULATION SPIKE HEIGHT =

LEAK ACCUMULATION TIME =
LEAK FLOW RATE =

STEADY STATE RGA MEASUREMENT OF TUBE AND PUMPS =
STEADY STATE RGA MEASUREMENT OF TUBE, PUMPS AND LEAK =

STEADY STATE RGA MEASUREMENT OF PUMPS ONLY =
TUBE SURFACE AREA =

TUBE OUTGASSING RATE =
TUBE OUTGASSING RATE =

CPS OR AMPS
MINUTES
CPS OR AMPS
MINUTES
STD CC/S
CPS OR AMPS
CPS OR AMPS

cM2

TRANSIENT APPROACH
STEADY STATE APPROACH

CBI Technical Services ComPanY TUBEOUT2.XLS



BEAM TUBE OUTGASSING RATE CALCULATION

GAS TO BE INVESTIGATED =
RGA FILE FOR TUBE ACCUMULATION =

RGA FILE
TUBE ACCUMULATION SPIKE HEIGHT =

TUBE ACCUMULATION TIME =
LEAK ACCUMULATION SPIKE HEIGHT =

LEAK ACCUMULATION TIME =
LEAK FLOW RATE =

STEADY STATE RGA MEASUREMENT OF TUBE AND PUMPS =
STEADY STATE RGA MEASUREMENT OF TUBE, PUMPS AND LEAK =

STEADY STATE RGA MEASUREMENT OF PUMPS ONLY =
TUBE SURFACE AREA =

CPS OR AMPS
MINUTES
CPS OR AMPS
MINUTES
STD CC/S
CPS OR AMPS
CPS OR AMPS

cM2

TUBE ourcAsstNc RATE = mTRANstENTAppRoAcH
TUBE OUTGAsstNG RATE = @STEADY STATE APPRoACH

CBI Technical Services ComPanY TUBEOUTT.XLS
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BEAM TUBE OUTGASSINGRATE CALCULATION

GAS TO BE INVESTIGATED =
RGA FILE FOR TUBE ACCUMULATION =

RGA FILE
TUBE ACCUMULATION SPIKE HEIGHT =

TUBE ACCUMULATION TIME =
LEAK ACCUMULATION SPIKE HEIGHT =

LEAK ACCUMULATION TIME =
LEAK FLOW RATE =

STEADY STATE RGA MEASUREMENT OF TUBE AND PUMPS =
STEADY STATE RGA MEASUREMENT OF TUBE, PUMPS AND LEAK =

STEADY STATE RGA MEASUREMENT OF PUMPS ONLY =
TUBE SURFACE AREA =

TUBE OUTGASSING RATE =
TUBE OUTGASSING RATE =

CPS OR AMPS
MINUTES
CPS OR AMPS
MINUTES
STD CC/S
CPS OR AMPS
CPS OR AMPS

cM2

TRANSIENT APPROACH
STEADY STATE APPROACH

{:riSFH*$6
ln60E

CBI Technical Seruices Company TUBEOUT5.XLS



BEAM TUBE OUTGASSING RATE CALCULATION

GAS TO BE INVESTIGATED =
RGA FILE FOR TUBE ACCUMULATION =
RGA FILE FOR LEAK ACCUMULATION =
TUBE ACCUMULATION SPIKE HEIGHT =

TUBE ACCUMULATION TIME =
LEAK ACCUMULATION SPIKE HEIGHT =

LEAK ACCUMULATION TIME =
LEAK FLOW RATE =

STEADY STATE RGA MEASUREMENT OF TUBE AND PUMPS =

STEADY STATE RGA MEASUREMENT OF TUBE, PUMPS AND LEAK =

STEADY STATE RGA MEASUREMENT OF PUMPS ONLY =
TUBE SURFACE AREA =

CPS OR AMPS
MINUTES
CPS OR AMPS
MINUTES
sTD CC/S
CPS OR AMPS
CPS OR AMPS

cM2

TUBE ourcAsstNc RATE = ffiTRANsIENTAPPRoAcH
TUBE oUTGAsstNG RATE = @STEADY STATE APPRoAcH

CBI Technical Services ComPanY TUBEOUT6.XLS



BEAM TUBE OUTGASSING RATE CALCULATION

GAS TO BE INVESTIGATED =
RGA FILE FOR TUBE ACCUMULATION =

RGA F]LE
TUBE ACCUMULATION SPIKE HEIGHT =

TUBE ACCUMULATION TIME =
LEAK ACCUMULATION SPIKE HEIGHT =

LEAK ACCUMULATION TIME =
LEAK FLOW RATE =

STEADY STATE RGA MEASUREMENT OFTUBE AND PUMPS =
STEADY STATE RGA MEASUREMENT OFTUBE, PUMPS AND LEAK =

STEADY STATE RGA MEASUREMENT OF PUMPS ONLY =
TUBE SURFACE AREA =

CPS OR AMPS
MINUTES
CPS OR AMPS
MINUTES

TUBE OUTGASSING RATE =
TUBE OUTGASSING RATE =

TRANSIENT APPROACH
STEADY STATE APPROACH

CBI Technical Services CompanY TUBEOUTs.XLS



BEAM TUBE OUTGASSING RATE CALCULATION

GAS TO BE INVESTIGATED =
RGA FILE FOR TUBE ACCUMULATION =

RGA FILE
TUBE ACCUMULATION SPIKE HEIGHT =

TUBE ACCUMULATION TIME =
LEAK ACCUMULATION SPIKE HEIGHT =

LEAK ACCUMULATION TIME =
LEAK FLOW RATE =

STEADY STATE RGA MEASUREMENT OFTUBE AND PUMPS =
STEADY STATE RGA MEASUREMENT OF TUBE, PUMPS AND LEAK =

STEADY STATE RGA MEASUREMENT OF PUMPS ONLY =
TUBE SURFACE AREA =

CPS OR AMPS
MINUTES
CPS OR AMPS
MINUTES
STD CC/S
CPS OR AMPS
CPS OR AMPS
CPS OR AMPS
cM2

TuBE ourcAsstNc RATE = @TRANsIENTAPPRoAcH
TuBE oUTGAsstNG RATE = @STEADY sTATE APPRoAcH

CBI Technical Services CompanY TUBEOUTg.XLS
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BACKCAOB.XLS

CHAMBER BACKGROUND OUTGASSING RATE CALCULATION

CALIBRATED LEAK SIZE =
VOLUME OF SYSTEM =

BACKGROUND TEST FILE NO' =
BACKGROUND ACCUMULATION TIME =

BACKGROUND ACCUMULATION PEAK RGA READING =
CALIBRATED LEAK TEST FILE NO. =

CALIBRATED LEAK ACCUMULATION TIME =
CALIBRATED LEAK PEAK RGA READING =

oUTGASS|NG RATE CORRECTTON FACTOR = 9626.047
oUTGASSING RATE FOR CHAMBER = 8.46E_10 TUS

TUS
L



BACKCAOA.XLS

CHAMBER BACKGROUND OUTGASSING RATE CALCULATION

CALIBRATED LEAK SIZE =
VOLUME OF SYSTEM =

BACKGROUND TEST FILE NO. =
BACKGROUND ACCUMULATION TIME =

BACKGROUND ACCUMULATION PEAK RGA READING =
CALIBRATED LEAK TEST FILE NO. =

CALIBRATED LEAK ACCUMULATION TIME =
CALIBRATED LEAK PEAK RGA READING =

OUTGASSING RATE CORRECTION FACTOR = 8200.422
OUTGASSING RATE FOR CHAMBER = 8.26E-10 TIJS

TIJS
L



BACKCAL1.XLS

CHAMBER BACKGROUND OUTGASSING RATE CALCULATION

oALIBRATED LEAK stze =tfi.friffiffirus
voLU M E oF SYSTEM = iiiiiiiiiiil#,$'e$i L

BACKGROUND TEST FILE NO. =:iSK{: [P
BAc KG Ro u N D Ac c u M uLAr I oN I tu e = iitililiiiiiitrffi u t t t

BAc KG ROU N D Ac cU M U LAT loN P EAK RGA R EAD t rue = i;Llf;ffiff.9;g;1
CALIBRATED LEAKTEST FILE No. =ii-ii*l:

cAL I B R ArE D L EAK Ac c u M u LAr loN r I M E = itilili*iiifitii#t*: na r ru
OALIBRATED LEAK PEAK RGA READING =ijfi-tjffi1!.�$

oUTGASS|NG RATE CORRECTTON FACTOR = 6272.682
oUTGASS|NG RATE FOR CHAMBER = 9.02E-10 TUS



OUTGCAL1.XLS

COUPON OUTGASSING RATE CALCULATION

SAMPLE DESIGNATION =
NO OF COUPONS =

AREA OF EACH COUPON =
CALIBRATED LEAK SIZE =

VOLUME OF SYSTEM =
COUPON TEST FILE NO. =

COUPON ACCUMULATION TIME =
COUPON ACCUMULATION PEAK RGA READING =

CALIBRATED LEAK TEST FILE NO. =
CALIBRATED LEAK ACCUMULATION TIME =

CALIBRATED LEAK PEAK RGA READING =
CHAMBER BACKGROUND OUTGASSING RATE =

OUTGASSING RATE CORRECTION FACTOR =
OUTGASSING RATE FOR CHAMBER AND COUPONS =

COUPON OUTGASSING =
COUPON OUTGASSING RATE =

8241 .159
4.58E-09 TIJS
3.71E-09 TUS
1.43E-13 TUS-CM2



OUTGCAI2.XLS

COUPON OUTGASSING RATE CALCULATION

SAMPLE DESIGNATION =
NO OF COUPONS =

AREA OF EACH COUPON =
CALIBRATED LEAK SIZE =

VOLUME OF SYSTEM =
COUPON TEST FILE NO. =

COUPON ACCUMULATION TIME =
COUPON ACCUMULATION PEAK RGA READING =

CALIBRATED LEAK TEST FILE NO. =
CALIBRATED LEAK ACCUMULATION TIME =

CALIBRATED LEAK PEAK RGA READING =
CHAMBER BACKGROUND OUTGASSING RATE =

OUTGASSING RATE CORRECTION FACTOR =
OUTGASSING RATE FOR CHAMBER AND COUPONS =

COUPON OUTGASSING =
COUPON OUTGASSING RATE =

8241.159
4.56E-09 TUS
3.69E-09 TLIS
1.42E-13 TUS-CM2



OUTGCAL3.XLS

COUPON OUTGASSING RATE CALCULATION

SAMPLE DESIGNATION = i.H
No oF couPoNs =iiiii.i.i.l iii+iii. ,i

AREA oF EACH couPoN =i.i.t'f'liii+rtffi ctvtz
CALIBRATED LEAK SlzE =iiii$"{ TIJS

voLU M E oF SYSTEM = iriii+Xiii#-ti-e$j r
couPoN TEST FILE No. =i

co u po N Acc u M u LAT| o N T I M E = Iilr.ffi ltiii;iiii.,fl$j M I N
couPoN AccuMULATloN PEAK RGA READING =i$li$i?,#H+iiilrl

CALIBRATED LEAK TEST FILE No. =ili'"H{$$;g_,#..#.g
GAL I B RATE D L EAK AC C U M U LAT I ON T I M E = Iiiiiiiilil1fii,i::il# IU I I'I

CALIBRATED LEAK PEAK RGA READING =l:i:i$i$EF$.{ilt:r
CHAMBERBACKGRoUNDOUTGASSTNGRATE=f.lt'B"tf-sstjii#irus

OUTGASSING RATE CORRECTION FACTOR = 7181.581
OUTGASSING RATE FOR CHAMBER AND COUPONS = 4.09E-09 TUS

COUPON OUTGASSING = 3.22E-09 TUS
coupoN ouTGAsstNG RATE = 1.24E-13 TUS-CM2



OUTGCAL4.XLS

COUPON OUTGASSING RATE CALCULATION

SAMPLE DESIGNATION =
NO OF COUPONS =

AREA OF EACH COUPON =
CALIBRATED LEAK SIZE =

VOLUME OF SYSTEM =
COUPON TEST FILE NO. =

COUPON ACCUMULATION TIME =
COUPON ACCUMULATION PEAK RGA READING =

CALIBRATED LEAK TEST FILE NO. =
CALIBRATED LEAK ACCUMULATION TIME =

CALIBRATED LEAK PEAK RGA READING =
CHAMBER BACKGROUND OUTGASSING RATE =

OUTGASSING RATE CORRECTION FACTOR =

OUTGASSING RATE FOR CHAMBER AND COUPONS =
COUPON OUTGASSING =

COUPON OUTGASSING RATE =

6225.519
2.42E-09
1.55E-09
6.21E-14

23-1 1c &75-1 1c

CMz
TUS
L

MIN

MIN

TUS

TUS
TUS
TUS-CM2



OUTGCALs.XLS

COUPON OUTGASSING RATE CALCULATION

SAMPLE DEslGNArloN =i#ffi.lfiH$t 23-11c &75-11c
No oF couPoNS =iiiiri**liiiffi

AREA oF EACH couPoN =ii*$fiiiiiii+it4'Hl;cM2
CALIBRATED LEAK SIZE = iiili$.i.$HHifff TUS

voLU M E oF sysrEM = fiilfli|iiliu._1T,i*$i r
couPoN TEST FILE No. =iss,f*.ili$Sp

c o u p o N Ac c u M u L Afl o N r I M E = $iiitlliliiiiiiffi n/| t ru
couPoN ACCUMULATIoN PEAK RGA READ|NG =+iii$iili#H::ijr*i

CALIBRATED LEAK TEST FILE No. =tli#ili*'*flffi,*
cAL I B R AT E D L EAK Ac c U M U LAT I o N T I M E = lliiif*f--iitril+fi.1.#i l'l| t t l

CALIBRATED LEAK PEAK RGA READING =fi+is-ttiffii.$lit+
c HAM B E R BAoKG RoU N D oUTG AS S I N G RATE = *fii$l-?.i$#iE$# TUS

OUTGASSTNG RATE CORRECTION FACTOR = 7163.57
OUTGASSING RATE FOR CHAMBER AND COUPONS = 2.47E-09 TUS

COUPON OUTGASSING = 1.60E-09 TUS
COUPON OUTGASSING RATE = 6.41E-14 TUS-CM2



OUTGCAL6.XLS

COUPON OUTGASSING RATE CALCULATION
.

sAM P L E D Es I c N AT| o N = ffijhTffi.E#$I! 23-1 1 c &75 - 1 1 c
No o F cou PoNS = fiiil|i1iiiiiiij:iiffi

AREA OF EACH COUPON =i:liiiiiliiiii:i*,,ffiicM2
cAL IBRATE D LEAK SlzE = iriiF-i-tffiffi.S. 1 rus

voLUME oF sYsrEM ="F-+Hllniiii#i.�,,8itij t
COUPON TEST F|LE NO. =l#m#,.{,:#..,,:?

couPoNAccuMULATloNTlME=iti-i,lilif l{;x*il,i,ffillrtttl
couPoN AccuMULArloN PEAK RGA READtrue =iif1{9.7;ffi$;i}i

cA L I B RAT E D L EA K T EST F I L E N O. = lli#..{'9, i1$.q}i*
CALIBRATED LEAK AccuMULATloN TIME =iii{fiffitif:lffi utr.t
CALIBRATED LEAK PEAK RGA READING =ilf.V;1ffiSffi

C H AM B E R B AC KG R O U N D O U TG AS S I N G R ATE = r-Iiii-�gT#*:',r!,,$: T US

OUTGASSING RATE CORRECTION FACTOR = 7906-743
OUTGASSING RATE FOR CHAMBER AND COUPONS = 2.21E-09 TUS

couPoN oUTGASSING = 1.34E-09 TUS
coupoN oUTeASStNG RATE = s.38E-14 TUS-CM2



OUTGCALT.XLS

COUPON OUTGASSING RATE CALCULATION

SAMPLE DESIGNATION =
NO OF COUPONS =

AREA OF EACH COUPON =
CALIBRATED LEAK SIZE =

VOLUME OF SYSTEM =
COUPON TEST FILE NO. =

COUPON ACCUMULATION TIME =
COUPON ACCUMULATION PEAK RGA READING =

CALIBRATED LEAK TEST FILE NO. =
CALIBRATED LEAK ACCUMULATION TIME =

CALIBRATED LEAK PEAK RGA READING =
CHAMBER BACKGROUND OUTGASSING RATE =

OUTGASSING RATE CORRECTION FACTOR =
OUTGASSING RATE FOR CHAMBER AND COUPONS =

COUPON OUTGASSING =
COUPON OUTGASSING RATE =

8175.297
2.6E-09

1.73E-09
6.94E-14

23-11c &75-11c

cM2
TIJS
L

MIN

MIN

TIJS

TIJS
TUS
TUS-CM2
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BACKCALs.XLS

CHAMBER BACKGROUND OUTGASSING RATE CALCULATION

CALIBRATED LEAK SIZE =
VOLUME OF SYSTEM =

BACKGROUND TEST FILE NO. =
BACKGROUND ACCUMULATION TIME =

BACKGROUND ACCUMULATION PEAK RGA READING -

CALIBRATED LEAK TEST FILE NO. =
CALIBRATED LEAK ACCUMULATION TIME =

CALIBRATED LEAK PEAK RGA READING =

OUTGASSING RATE CORRECTION FACTOR = 10907.42
OUTGASSING RATE FOR CHAMBER - 1.40E-09 TUS

TUS
L

MIN



BACKCAL2.XLS

:R BACKGROUND OUTGASSING RATE CALCULATION

CALIBRATED LEAK SIZE =
VOLUME OF SYSTEM =

BACKGROUND TEST FILE NO. =
BACKGROUND ACCUMULATION TIME =

BACKGROUND ACCUMULATION PEAK RGA READING =
CALIBRATED LEAK TEST FILE NO. =

CALIBRATED LEAK ACCUMULATION TIME =
CALIBRATED LEAK PEAK RGA READ]NG =

oUTGASS|NG RATE CORRECTTON FACTOR = 11201.22
OUTGASSING RATE FOR CHAMBER = 1.56E-09 TUS



BACKCAL4.XLS

CHAMBER BACKGROUND OUTGASSING RATE CALCULATION

CALIBRATED LEAK SIZE =
VOLUME OF SYSTEM =

BACKGROUND TEST FILE NO. =
BACKGROUND ACCUMULATION TIME =

BACKGROUND ACCUMULATION PEAK RGA READING =
CALIBRATED LEAK TEST FILE NO. =

CALIBRATED LEAK ACCUMULATION TIME =
CALIBRATED LEAK PEAK RGA READING =

oUTGASS|NG RATE CORRECTION FACTOR = 9695.481
OUTGASSING RATE FOR CHAMBER = 1.50E-09 TUS

3/30/95 1:17 PM
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COUPON OUTGASSING RATE CALCULATION

SAMPLE DESIGNATION =
NO OF COUPONS =

AREA OF EACH COUPON =
CALIBRATED LEAK SIZE =

VOLUME OF SYSTEM =
COUPON TEST FILE NO. =

COUPON ACCUMULATION TIME =
COUPON ACCUMULATION PEAK RGA READING =

CALIBRATED LEAK TEST FILE NO. =
CALIBRATED LEAK ACCUMULATION TIME =

CALIBRATED LEAK PEAK RGA READING =
CHAMBER BACKGROUND OUTGASSING RATE =

OUTGASSING RATE CORRECTION FACTOR =
OUTGASSING RATE FOR CHAMBER AND COUPONS =

COUPON OUTGASSING
COUPON OUTGASSING RATE

HEAT 1152998/Cl
1 1 0
263 CM2

5.00E-09 TUS
20.29 L

221COU2
60 MIN

4.47E-11
221L|,<2

30 MIN
4.63E-11
1.50E-09 TUS

9580.308
2.41E-09 TUS
9.14E-10 TIJS

.14 TUS-



OUTGCALg.XLS

COUPON OUTGASSING RATE CALCULATION

sAMpLE DESIGNATTON = :heat :t,1 5299tr/c'l
NO OF COUpONS = ,.::1:10

AREA OF EACH COUPON = 263 CM2
CALTBRATED LEAK S|ZE = 5.00E-09 TUS

VOLUME OF SYSTEM = 20.29 L
COUPON TEST FILE NO. = 2l21cou12

COUPON ACCUMULATION TIME = ;;. .,., ::::,;r:65,MIN
COUPON ACCUMULATION PEAK RGA READING =,',...5.35E:11'

CALIBRATED LEAK TEST FILE NO. = ,..,,,
CALIBRATED LEAK ACCUMULATION TIME =,,,,,,,,,;,,: ,,,...30 MIN

CALIBRATED LEAK PEAK RGA READING =."."4.76E'ii
CHAMBER BACKGROUND OUTGASSTNG RATE = 1,50E-.09 TUS

oUTGASS|NG RATE CORRECTTON FACTOR = 9318.661
OUTGASSING RATE FOR CHAMBER AND COUPONS = 2.s9E-09 TUS

couPoN oUTGASS|NG = 1.09E-09 TUS
COUPON OUTGASSING RATE -14



OUTGCA1O.XLS

COUPON OUTGASSING RATE CALCULATION

SAMPLE DESIGNATION =
NO OF COUPONS =

AREA OF EACH COUPON =
CALIBRATED LEAK SIZE =

VOLUME OF SYSTEM =
COUPON TEST FILE NO. =

COUPON ACCUMULATION TIME =
COUPON ACCUMULATION PEAK RGA READING =

CALIBRATED LEAK TEST FILE NO' =
CALIBRATED LEAK ACCUMULAT]ON TIME =

CAL]BRATED LEAK PEAK RGA READING =
CHAMBER BACKGROUND OUTGASSING RATE =

OUTGASSING RATE CORRECTION FACTOR =
OUTGASSING RATE FOR CHAMBER AND COUPONS =

heat l 15299b/c1
,  , 110

263 CM2
s.00E-09 TUS

20.29 L
222iail2
:,, ,  I  

. ,  . '  65 MIN
:r:4.54E-i 1 ,
2221k11:|,,,,,.,,,
,,::,:,:: ,: . ,,,.',Uo "tt
,,,,a.36E-1,1,;,
,ti50E-09 TIJS

10173.58
2.4E-09 TIJS

9.03E-10 TUSCOUPON OUTGASSING
COUPON OUTGASSING RATE

NOTE: this outgassing test was accomplished with the pumping system
continuing to evacuate the system. All other tests were run with the pumps
isolated from the system.

-14



OUTGCA1l.XLS

COUPON OUTGASSING RATE CALCULATION

SAM PLE D ES lcNATloN = #f,d"$."ffi
No oF cou PoNS = xiiiiilillilii,lt:ilusi

AREA OF EACH COUPON = 263 CM2
CALIBRATED LEAK SIZE = iJi{,$Iffii TUS

MIN

TUS

OUTGASSING RATE CORRECTION FACTOR = 7486.3U
OUTGASSING RATE FOR CHAMBER AND COUPONS = 2.28E-09 TUS

couPoN ouTGAsstNG = 7.78E-10 TUS
COUPON OUTGASSING RATE 2.69E-14

VOLUME OF SYSTEM =
COUPON TEST FILE NO. =

COUPON ACCUMULATION TIME =
COUPON ACCUMULATION PEAK RGA READING =

CALIBRATED LEAK TEST FILE NO. =
CALIBRATED LEAK ACCUMULATION TIME =

CALIBRATED LEAK PEAK RGA READING =
CHAMBER BACKGROUND OUTGASSING RATE =



OUTGCA12.XLS

COUPON OUTGASSING RATE CALCULATION
:

sAMpLEDEsrcNArroru=i.$fi$$"#.tiir$,irs#li?iiiii,ii-i,
No oF couPoNS =ii,:iliiiiiiiiiii*f

AREA OF EACH COUPON = 263 CM2
oAL|BRATED LEAK sze = *ii*i.ffiffi$i rus

MIN

TtJS

OUTGASSING RATE CORRECTION FACTOR = 8151.331
OUTGASSING RATE FOR CHAMBER AND COUPONS = 2.52E-09 TIJS

COUPON OUTGASSING = 1.02E-09 TUS
COUPON OUTGASSING RATE .14 TUS-

VOLUME OF SYSTEM =
COUPON TEST FILE NO. =

COUPON ACCUMULAT]ON TIME =
COUPON ACCUMULATION PEAK RGA READING =

CALIBRATED LEAK TEST FILE NO' =
CALIBRATED LEAK ACCUMULATION TIME =

CALIBRATED LEAK PEAK RGA READING =
CHAMBER BACKGROUND OUTGASSING RATE =

20.29 L



OUTGCA1s.XLS

COUPON OUTGASSING RATE CALCULATION

sAMPLE DESIGNATIoN =lb,?,*H$,h,-.---E*iti$."l$*I$tT.."H..,flj$.'i,$.;1.;;;T.iifffi
No oF cou poNS = $iitiiiiiiiiiii_*il,ipj

AREA OF EACH COUPON = 263 CM2
CAL|BRATED LEAK stze = Iiii#iffi#ffi rus

VOLUME OF SYSTEM =
COUPON TEST FILE NO. =

COUPON ACCUMULATION TIME =
COUPON ACCUMULATION PEAK RGA READING =

CALIBRATED LEAK TEST FILE NO. =
CALIBRATED LEAK ACCUMULATION TIME =

CALIBRATED LEAK PEAK RGA READING =
CHAMBER BACKGROUND OUTGASSING RATE =

MIN

TUS

ouTcAsstNc RATE CORRECTTON FACTOR = 8050.241
OUTGASSING RATE FOR CHAMBER AND COUPONS = 2.49E-09 TIJS

COUPON OUTGASSING = 9.91E-10 TUS
COUPON OUTGASSING RATE

I

-'t4
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