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1.0 SCOPE

This procedure describes the dinrensional measurements that are required to be performed and
recordcd to meel the requirements of American Petroleum Institute (APi) "Bulletin on Stability
Design ol Cylindrical Shells" (BUL 2U), the requirements of fabrication and construction, and the
requiremen[s of Caltech Specitication No. 1100004.

DIMENSIONAL CONTROL EQUIPMENT

Calibration of specilic types of equipment used lbr tlnal acceptance of Code items shall meet the
requiremenrs of rhe LIGO QAM. A list oi equipnenr with rel-erencc to a Calibration Certificate (CC)
with traceability ro rhe Narional Instirute of Science and Technology (NIST), the applicable intemal
calibration procedure(s) or policy statement, as applicable shall be maintained by the Project
Manager.

DEFINITIONS

Beam Tube Module: -- A bezLni tube thal is approximately 2 kilometers (km; in length and terminated
with a weld joint end preparation at the tbllowing locations.

1. The ends may be at a col'ner station and a nid station.
2. The ends may be at a corner station and a mid pointjoint.
3. The ends may be at a nrid point.ioint and an end station.
4. The ends may be at a mid stltion and an end staiion.

Beam Tube Section: -- Approximarely 20 m length of tabricated beam tube with expansion joint,
pumpin_q port, and relared equipnrenr as applicable that a-re field assembled without intruding into the
clear apenure.

Beam Tube Section Dimensional Test: -- A test denonstrating acceptable geometry before each beam
tube section gets installed. The contractor shzrll provide documentadon that records acual
measurements and provides calculations that demonstrate acceptable geometry and traceability to
each beam tube section (See Caltech Specification No. 1100004, Section 4.3.3.).
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Czrdinal rel-erence point: -- (Clocking rel'erence point) -- 0', 90", 180', & 360" centerline punch
mark at beanr tube ends used durin-g t-abrication and installation tbr ali_snment control points.

Random Measurements: -- A set of measurements with the number and location at the discretion of
the inspector.

Wrap-around Template: -- A rectan_qular sheet, 12" min. width with the edge straight within 1/8",
made of paper, steel or plastic that is wrapped around the beam tube (approximately two times) for
the puryose of establishing a sraight and square layout lile. This layout line will be used to establish
the Iocations of cut lines, stit-teners and pump ports.

MEASUREMENT METHODS

Accuracy: -- The methods uscd to obtain and record the dimensions should be at least two times
more accurate than the specilled tolerance.

Method to establish 0', 90', 180', & 360'cardinal ret-erence points and cut lines.

l. Set the beam tube on horizontal rollers or rails
2. Using the wrap-around template, establish a straight and square rel'erence line around the

beam tube approximately 2" trom one end.
3. Layour thD cut line locations, overall length o[ bean tube.
4. Locate the pump port position, when applicable. The pump port reinforcing ring must clear

the spiral weid. This establishes the 90 deg. cardinal line.
5. Pi tape the end of the beam lube that has the wrap-around template. Calculate the arc

dimensions tbr the cardinal points.
6. Mark the cardinal points on end of beam tube within a tolerance of +l- 1132". When

applicable, the 90 deg. line, on which the pump port is located, will be used as the starting
point.

7. Mark cut line at cardinal line locations.
ll. Plunb the 0 deg. & 180 deg. cardinal points,
9. Pi tape the other end ofthe beam tube. Calculate the arc dimensions tbr the cardinal points.
10. Mark the cardinal lines on this end of the tube without rotating the tube. The 0 deg. & 180

deg. cardinal poinls are to be plumb to within +/- 113?".
11. Using the wrap-a-round template establish and mark the cut line on this end.
12. Punch mark the tlnal cut lines and cardinal reterence poins. Cardinal points to be punched

(1") liom the finished cut lines.
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COMPONENT INSPECTION

Components:-- The tbllowing list describes the beam tube components and a briei outline of the
required inspections and reviews.

A. Beam Tube Marerial Coils: -- Receiving inspection and review of material certifications tbr
chemistry, mechanical tests afld out gassing results and supplier dimensional reports for width,
thickness and weight.

B. Expansion Joinls: -- Receiving inspection and review of material certiircations for chemistry,
mechanica.l tests and out gassing results and labricator dimensionaVinspection and leak test
reports.

C. Beanr Tubes: -- lnspection aiter tube mill spiral welding to verily tube diameters, straightness and
lengths.

D. Beam Tube Final Assemblies: -- Inspection of assemblies after welding of stilTeners, pump ports
and expansion joints when applicable, end machining and end expandin-g to record and verify
drawing compliance.

E. Beam Tube Support Rings: -- Receivin_g urspection and review of supplier material certifications
and dimensional inspection reporLs.

F. Pump Ports: -- Reccivin_s inspccrion and review of supplier material certifications and dimensional
inspection reports.

G Beam Tube Vacuum Stift'ener Rings: -- Receiving inspection and review of supplier material
certitlcations and dimensional inspection repo16.

H. Beam Tube Supports including related items: -- Receiving hspection and review of supplier
material certitlcalions and dimensir-rnal inspection reporls when applicable.

Inspection by Supplier: -- The CBI Matcrial Specificatir-rn and Product Procurement Specitication
specify the dimensional measurenents, inspections, and records to be provided by the vendor.

Rcceivin,s Inspection

A. Beam Tubc Material Coils: Random checks tbr width and thickness taken during mill operation.
B. Expansion Joints: Outside diameter and length measurements taken and recorded during
tabrication. The Purchaser will review the supplier documentation during receiving inspection.
C. Beam Tube Support Rings: Random dimensions veritied during receiving inspection. The
neasurements taken at receiving inspection are used tbr veritlcation of procurement requirements.
Review documentation provided by the supplier.

5.2

5.3
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D. Support Welded Attachment Members: Rant
The measurements taken at receiving inspec
requirements. Review of documents provided by s
E. Beam Tube Supports including related item,
inspection. The measurements taken during r
procurement requiremens. Re view ol docuntcnts
F. Pump Ports: Random dimensions taken dul
during receiving inspection are used tbr verificatic
leview the vendor documentation during receiving

5.4 Tnspection During Fabrication

5.4. 1 Beam Tubes: The tbllowin_q inspections and mt
The measurements wiil be taken with the tube sr
round out fixtures installed, if required.
A. Measure and record the tube oulside circun
ends, quarter points and center. The measuren'tent

r Tolerance I Dianierer ]: 49.00" + 0.28" i - t
B. Measure and record the len-sth ol the tube at
will be taken with a sLeel tape.

. Minimun Cutotl Length = Final Specilled L
This prrrvides ().25" allt-rwance tbr weld shrir

C. Make random checks tbr local deviation tiot
tenplate and no-go gauge fsee Section 6.1.2 ].

. No-go Gauge Size - 0.121" as measured usi
D. Make measurements and record straightness
sretched from end to end. Measurements lo be
distance from the w e to the tube at center and
diameter variance to arrive at tube axis sfaightnes

. Tolerance - +/- l/8"
E. Make randonr measurenren$ and record sq
template. Measurc the distance tiom edge of tube

o Rough cut End - +/- u4

5.4.2 Beam Tube Fina.l Assemblies: The tbllowing
welding of stitfeners, supports, pump ports and e
and end nrachining. Inspections will be per1brme
expansion joint weld station, when applicable, At

rm dimensions verified during receiving inspection.
ion are used tbr verification of procurement
pplier.

Random dimensions veriiied during receiving
:eiving inspection are used for verification of
rovided by supplier.
ng receiving inspection. The measurements taken
i of procurement requirements. The Purchaser will
inspection.

rsuremenls will aken after the spiral mill welding.
)ported by rolls or rails and with tempomry metal

erence to determine the et'lbctive diameter at the

,will 
taken with a precision Pi tape.

Lpproximately 90 deg. intervals The measurements

ngth of Welded Beam Tube Assembly + 0.75".
kage and 0.50" stock for machining.
a rue circle using an outside segmental circular

g a 9.02" chord length circular template.
,f tube fiis using standotT blocks with music wire
ken along tbur equal quadrant lines. Measure the
/4 points. Correct the data for the hodzontal axis

eness and flatness of ends using wrap-around
wrap-around template.

nspections and measurements will be taken after
pansion joints when applicable, and end expanding
I at the end machining and expanding station and
he end cutting and expanding station, the tube will
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be positioned and supponed so that the tube is sq
checked periodically to insure lhat alignment il
expanding, end tlatness and circumt'erence and le
station, the length of the tube will be measured alt

A. Measure and record the tube outside circum.
raken with a precision Pi tape,
. Tolerance: +/- 0.048"

B. Measure and record the end llatness. The
attached to the end cutter.
. Tolerance: 0.010" MAX. TiR

C, Measure and record the tube length. The mea
temperature correciion will be rnade per para!
o Tolerance: +/- .l/4"

5.4.3 Beam Tube Support Rings: Measuremenls will b
measurenents of the outside diameter using an
taken for each support ring shall be recorded.

5.4.4 Beanr Tube Vacuum Stitfener Rin-qs: Measuret
Take random neasurements oi locations.

5.4.5 Pump Pr.rrts: Measuremenls will be veritled duri
the cut line to the center line of the pump porl.
deg. cardinal line.

5.5 Constructionlnstailation

5.5.1 Welded Beam Tube Assemblies shall be insrall(
alignment procedure "ALI- I" is used to measure i

are and aligned with end cutter. The station will be
maintained. At this station, after machining and
gth will be measured. At the expansion joint weld
r attaching the expansion joint.

:rence I l" ] tiom ends. The measurcment will be

be using indicator

urements will taken with a steel t"ape. If necessary,
aph 4.2.

veritled durin-q assembly fabrication. Take random
ouKide caliper. The representative measurements

be durins assemblv fabrication.

g assembly fabrication. Measure the distance from
/erity that ihe pump port is installed along the 90

in accordance with the contract fuawings.
d record linal insuallation dimensions.
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AMERICAN PETROLEUM INSTITUTE ( I) "Bulletin on Stability Design of Cylindricat
Shells" (BULL 2U) DIMENSIONAL TOL

BULL 2U -- 10. TOLERANCES

Maximum Dit-tbrences in Cross-Sectional Diam
noninri diameter at any cross section, D nax. -

Local Deviation From True Circle -- Ma.ximum
9.02" chord length circular template.
Additionally the dift'erence between the actual
radius should not exceed (0.005R) = 0.123"

l. Outside segmental circular template dim
length = 9.02"

Radius = 622 mm
(24.50)

Chord = 229 mm
(e.02)

NCES

-- The difference should not exceed lqo al lhe
min. = 12.44 mm (0.490").

ible deviation = 0.121" as measured using a

us to the shell at any ooint and the theorctical

radius = 24.50", arc length = 9.07", & chord

arc = 230 mm
(e.07")

outside segmental
Circular Template

e max. = 3.1 mm
(0 .121" )
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7.0 RECORDS

"Measurement Record & Check Lisf ' I see atta
Manager for the component, beafl tube, beam t
tbrm will identify the piece or assembly to be
nleasurements to be taken. Theoretical dimensior
QC Supervisor, Engineer or a designated inspect
the t'orm. The identification of the measuring equ

The conipleted 'Measurement Record & Cher
Manager lbr inclusion into the tlnal record packa

ATTACHMENTS

Attachment I -- (Typical) " Measurement Recor

7 . 1

7 .2

8.0

8 . 1

rhment I I shall be initiated by the Welding & QC
rbe linal assembly and installation inspections . The
.nspected and the required number and location of
s and tolerances will also be shown. The Welding &
tr will take the required measurements and complete
pment shall be recorded on the form, if required.

k LisC' will be submitted to the Welding & QC

& Check List" Form DC.l
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