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1.0 SCOPE:

This procedure det-ines the method of establishing the LIGO Beam Tube alignment during
construction activities and final alignment. This procedure uses Global Positioning System(GPS)
techniques with jigs and t'ixtures unique to LIGO requirements. Deuiled are procedures tbr Beam
Tube Layout, Initial Alignnent and Final Inspection of Bearn Tube Suppon positions.

2.0 REFERENCES:

The alignment nainlenance procedures tbr the Beam Tube Module are based on the tbllowing
references:

ol
1) Sunmary of concepts and Ret'erence Design tbr a

CAL'fFl( lH; Feb-92,
2) LIGO Project Sat'ety Manual.
3) Manulacturef's Procedures tbr Global Positioning

Sr.rftware.
4) (lustomel Site Plans and Drawings plovided.

3.0 EQUIPMENT:

Laser Graviradonal-Wave Observatory,

System(CPS) Equipment and Computer

The tbllowing is a tisting of alignrlenL cquipment selected tbr use in esrablishing and maincaining the
LIGO beam tube clea-r aperture.

I ) Clobal Positioning Sy.\tenr Package consisting of the following:

a .
b.
c.
d.

e.
t .

h .

Base Sration Receivcr.
Radio link systen, Tritrracs, Stends, Etc.
Antenna Accessories and f! xlrres.
Personai COmputer work.\tation forrnatted f.or DO.S and MS lVindows@. The
compulcr nust have a math co-pfoccssor a.\ r minimunr rvith RAM and storage
capability requiled b:rscld on lhe manulaclLlrer's recomnrentlations.
Data Collector
Real 

'fime 
and Static Softrvare.

SaLcllite Positioning Almanao and Rrrecasting SgiUlare 4$:ttqd_eD.,, ___ ____1
Target Reference Rod and antenna posit ioner i  . ; .  - ' .  r  . ' ;  ' ." ' . :  .- ' ' ,  I  .  .1 , 'n I

;Jx*
LI4o

Vl
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2) Equipment Required for Posirioning and Adjustments:

i. .Beam Tube Rel'erence Point Layout ald Antenna Support Fixture
5.2a)

j. Tools including flashlights, shop lights, wrenches, impact drivers,
and personel transpofl.ation.

k. Jacking equipment consisting of Punrps, Cylinders, Valves. Manilbld anrl l{igh
Pressure Hose (see Figure 5.3a).

4.0 DOCUMENTATION:

The receiving, recording, caiculation and use of data is controlled by data logging forms that will be
documented in both hard copy and on 3.5" diskettes fomatted to DOS.

1) Fotms shall be standardized and used to record all data including dimensional and
atnospheric measurements, and will include instrurnent information including calibration
dates, instrument scrial numbers and field calibration irnomalies.
Data used to process coordinate points, atmospheric conditions, and instrument
information shali be in-put to a spread sheet computer program having capabifities to sort
for ranges and specific text references.
Standiudized Documents are indexed below:
a. Daily GPS Field Reporr(Figure 4.3a)
b. Data Record(Figure 4,3b)
c. GPS lnventory'Calibrarion Log(Figure 4.3c)
All project documenration shall include rhe name of the responsible technician and rhe date
the inspection/calculations were completed.
A plotting foimat shall be used to provide a graphic representation of layout and alignment
conditions when advantageous in determining relationships in visual observatitins.
Craphing tbrmats r.vill be devekrped on a point by point situari()n.

(ALI-l, Figure

equipnent carts

2)

3)

4 )
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Figure 4.3b
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C  u s l o m e r :  C A  L T E C H
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X - i { X
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SUPPORT
LOCATiON

IDENTIFICATION
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-z'
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Figure 4.3c

5.0 EXECUI'ION:

The Alignment Process begins when the I-IGO slab is in place and in a "cured" condj.tion. The Layout
of Beam Tube Supports, rail uack systems and general reference points is detailed below.

5.1 Layout of Beam Tube Reference Points shall be perf<rmed per the following steps:

1) Pertbrm CPS pre-planning activities by frst analyzing the sateJlite conditions and PDOP
quality. Assess the the daily accuracy level and schedule layout activities. Begin the
"Daily GPS Field Report" by cornpleting the applicable sections of the report as noted
in l'isure 4.3a.
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Establish a rcctangular coordinate system to identify layout points by referencing the
LIGO control points defined on customer site plans. These control points are defiled in
three dimen.sions to a tracable state plane datum provided by the cuslomer. The
rectangular coordinate system shall hare a vertex common with rhe beam tube intersecdon
and be formated in a rnetric system.
Set-up tlre reference receirer at a selecled LIGO Control Point and log in fior satellite
communication. Folkrw the GPS Equipment lvlanufacturer.g' guide for peforming this
activity. Locate the site conlrol points and verify positon to assure seL-up is correct and
repeatable.
Locate construction reference poinlc at predetemrined locations using the Roving GPS
antenna, antenna support, and Data Collector. Key the designated point identification for
the specific LIGO location on the data collector. Store the GPS data with the point
identifllcation by saving the infonnation in the data coliector fbr reprocessing at a later
date.

5) Adequately mark the krcation "point" on the concr€te slab using scribed points identified
by a painted Identificalion number as shown in Figure 4.3b.

6) Continue stDps lbr all refcrence points.
7) Aiier each day ofi layout activi.ty, down-load the field measurenent data from the data

collector to a f.bppy disk and/or PC hard drive. Post-process the data using as-build
sat(]llite po.sitions and clock coffecdons received via modem from the NOAA. Pdnt out a
final "Data Record" (Figure 4.3b) with point conections for use during beam tube and
supportr installations.

5.2 Installation of Beam Tubes Supports shall be perfonned per the toilowing steps:

*:1.d.* **rJ* * *+X

NOTE: Assure the support is in the IVIID position
ofadjustment before bolting to th€ foundation.

Pull a string line from two Beam Tube Support Ret'erence Points. Measute the distance
tiom the Beam Tube Reference Point along the string line and mark the open tube end
distance calculated per the data record. The first Beam Tube Assembly and Support shall
be positioned by locating the fbrward end of the tube to the layout rcference and centering
the weld end to the beam tube support punch rnark. This mark may be extended in the
same string line fashion as noted previously. When additional punchmarks are placed wirh
GPS equipment and verilied usin-g post-processing techniques, *rese marks may b€ used in
lieu of transt'ering points with stringl'ines. Check the elevation tiom the beam tube support
ring to tlre concrete surf-ace and rrake adjustments with the temporary jacking supports.
While the beam tube i.s still supported by the temporay jack or ,stand, mount the Beam
Tube Ref'erence Fixlure ALI- 1(Fi-eure 5.2a)to the support ring and level with ths fixt0re

2)

3)

4)

1 )

2)



O,

3)

4)

coincedence bubble. Mark with a punch a lmm diameter point on the O.D. of the
machined stiftlener.
Install the Beam Tube Reference Fixture with the punch sight attachment and set-up on
the punchmark made in .step 5.2(2). Record the difference on the rotation column of Data
Record(Figure 4.3b).
Secure lhe Beam Tube Support to the foundation mat per the engineering del.ail.
Repeat steps 1 thnr 4 ibr installation for each support.

1) Beam Tube Target Fixlure Used Cam Lock Typ€ ClampTo
Hold Assembly To B€am Tub€ Stifl€ner.
2) Two Pins Are Used For Centeing Unir On Concenlric Beam
Tube Stiflener In A Fsdial Line PlumbToThe Beam Tube
cenlerline.
3) Level Vil€ Shall 8e Calibraled To 1 Min Acclracy Fo.
Po6ilioning Tarcel Fixlure Assembly.
4) Marerials Shall Be Aluminum Excepl Pins, Bushings, Cam
Clamp, Faslengrc And LevelVile.

STANOARD GPS AXIINIIA CONIIECTION

ALIGNMENT FXTURE ALI.1
.)
I

I
I
I

(

rD,A BUSHING

SUPPORT
STIFFENEB
RING
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5,3 Initial Beam Tube Support Alignment shall be performed per the Ioilowing steps:

*r.{.****+**:k*

PRECAUTION
\ryHEN JACKING BEAM TUBE SUPPORT POINTS:

GUIDRD SUPPORT LOAD LIMITS
DO NO'r EXCEED 6750 lbs TOTAL LOLD AT ANY itIIvIE

Actual Jacking Pressure Reading =-JED-.

FIXED SUPPORT LOAD LIN{ITS
DO NOll EXCEED 6750lbs TOTALI.QAD AT ANY TIME

Actual Jacking Pressure Reading =-JED.--

OVERSTRESSING OF TI.IE EXPANSION JOINT WILL RESULT
IF THE TUBE IS ROIIATED IN EXCESS OF t 3mm

(Radial @ SuPPort Ring O.D').
Elevation Movement

f *+*+++*+:N:1.*

kvel the lixture(Al.l- i ) on the tube stilfener to rvithin 0.001 inAt. Record the position sedal
numbei and location on the data collector. The data. collector shall provide position
colr€ction factors(off-sets) for adjusting beanl tube centerlines.
Attach dial indicators, at a.ll jack locations, to monitor the movemenls between the bealn
tube ,md the fixed support brackets. Set the dial indicators to monitor vertical and horizontal
lnovements,
,Set-up the jacking system tbr either fixed support or guided support adjustrnents. The fixed
suppofi system requires two(2) jacking cylinders. The guided supports require four(4)
cylinders. A detail is shown in Figure 5.3a. Instafi jacks between tho concrete siab and
suppofi ftame, and Ur between the support brackets and the support frame at the designated
jacking points. The jacks are to be placed at equal distances fiom the tube centerline and the
hydraulic lines mznitbld to,qether so thai the jacks will apply equal forces on the supports
when raislng or lowering. This is done so the jacks will not apply an off center loading to the
support and twist the bcarn tube while raising ot lorvering fte support. Before jacking,
assue the jack isolation ralves Jbr the oper"ting cylinders are operating in the "open"

position. When adjusting a fixed.support, disconnect the two unused jack cylinders.
Extend the jacks until they contact the beam tube and pressurize to 100 P.S.L This will
apply a nominal force to the jacks.
Loosen "U" Bolts slowly to allow suppot:t movelnent.

1 )

2)

c)

4)

5 r

@
IDENTIFICATION

ALI.1

TITLE
INITIAL & FINAL ALIGNMENT DURING
INSTALLATION OF LIGO BEAIVI TUBE
MODULES USING GPS SYSTEIVI

PRODUCT
LIGO BEAM TUBE MODULES
CALIFORNIA INSTITUTE OF TECHNOLOGY

REFERENCE NO.
930212 S H T  8  O F 1 2
nEtrtatr

RSE
REVISION

MADE BY
SDH

CHKD BY
swP

MADE BY
SDH

CHKD BY
SWP

DATE
12,28t93

DATE
1'r'29t93

DATE
11t10t95t

DATE
11/1Cy95



@
IDENTIFICATION

ALI-1

TITLE
INITIAL & FINAL ALIGNMENT DURING
INSTALLATION OF LIGO BEAM TUBE
MODULES USING GPS SYSTEM

PRODUCT
LIGO BEAM TUBE MODULES
CALIFORNIA INSTITUTE OF TECHNOLOGY

REFERENCE NO.
930212 S H T  9  O F 1 2
OFFICE
RSE

REVISION
5

MADE BY
SDH

CHKD BY
SWP

MADE BY
SDH

CHKD BY
SWP

DATE
12r'28t93

DATE
12129/93

DATE
11t10t951

DATE
11/10/95

6)

7)

Raise or lorvel the $uppofi ftame lo the specilled movement. LTse the dial indicators to
rneasure the anount ot movement made during the jacking operation.
Use a light prying effort between the horizontal support and the base to move the suppofi
when friction is encountered at the suDDort.

Jockhg Cylhder High Pressure
(4 fYP) Hvdraulic Hose

lsolotion Volve
Nomoltyopen -Pugr
Closed,Spring Acl'ron

(4 hP)

Hydraulic Jack

Manifold

Figure 5.3a

:Fd.* * *+t: *:1.:l +

DO NOT RENIOVE TITE ''U" CLAN,IPS.
ONLY LOOSEN NUTS ENOUGH

TO REMOVE CLAMPING FORCES
TO PERMIT MOVEMENT OF TI{E SUPPORT BEAM.

**rI* i({. t  :F*'F+

Lateral Nlovement

Instali the lateral jacking cylinder between the support frarne and the flxed support brackets.
lvtove the support frame 1ateral1y rvith the hydraulis cylinder to th(r specified movement Use
the dial indicators to measure tle amount of movement made during the jacking operation.

wayo 6-

8)
e)
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PRECAT]TION
OVERSITRESSING OFTHE EXPANSION JOINT TVILL RESULT

IF THE TUBE IS ROTATED IN EXCESS OF + 3mm
(Radial @ Support Ring 0.D.).

:fi *:F i! * + -* i? +:& :13 *,i!

ROTATION MOVEI,IENT

9) Re-check the beam tube rotation by setting the alignment lixrure on the sriftener and locking
it to the reference punch mark. Note the Ievel of the fixture and rotate the beam tube ffst by
Iooscning the "U" bolts and aiiowing the tlrbe to rclax back into its non-s0essed conditoa.
If this does not re-align the beam tube then rotete using the leveling jacks. Each of the
lereling jacks has a nomrally open valve that has to be held down to permit differential
leveling and twist the beam tube. Use dial indicators !o measure rotation. DO NOT
ROI'ATE THE IIUIiE IN EXCESS OF +/- 3 nrilimeters radial at the support ring
o.D.

10) Re-clamp the support f.-rames to the tlxed support brackets and confirm that tlie support ha.s
been moved as specified-

5,4 Installation of "Through the Cover" Access Ports after Beam Tube Covers are installed:

1) I-ocate and cut, drill &/or bore each designated access penetration above the support and
install the weather cover. Apply gasketing as required-

5.5 Final Inspection of Beam Tube Support Positions shall be performsd per the following steps:

5.5.1 Set-up for GPS alignment activities by follorving the steps noted below:

1) Perlbrm pre-planning by analyz.ing the satellite conditions and PDOP qualify. Asses.s the
daily accuracy level and schedule layout activities. Begin the "Daily GPS Field
Report" by completing the applicable sections of the repoft as noted in Figure 4.3a.

2) Set-up the reference receiver at the base monument and log in for satellite
colnmunication. Follow rhe GPS Equipment Manufacturers' guide lbr performing this
activity. Locate the site control points and vedly position to assurg set-up is correct and
repeatable.

5.5.2 Verification of Beam Tube Support Stiffener centerline positions is performed in the
foilowing steps:
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7)

Locate the first suppoft point and verify location and I.D. number. lnput data in to the
Data Collector.
Attach the Beam Tube Rel'erence antenna fixture ALI-I lo the beam tube stilfener and
level (Figure 5.2a). Inspect iayout mark on beirn tube stiltbner for location to the
lixture cross hair. Record the off-set in the data collector.
Mount dre GPS iintenna to the tixture connection and fine ad.iust level.
Input antenna height data into the data collector and record location.
Take GPS reading. Maintain the antenna location on the point for a time rcquired to
obtain static data for post processing. Real tinle positions should be recorded on the
fieid copy of the "Data Record" (Figure 4.3b) fbr a quick refbrence, however no beam
tube support adjustne[ts should be made until the static data is post-processed.
Post-processing shall be perfolmed by first obtaining the corrected satellite positions and
clock cr-rrrections r.ia modem from the NOAA. Data rvill be down loaded to the hard
drive of the GPS work station con]putel'.
Position data obtained shall be post-processed using actual satellite position and clock
corections. CPS Manufacturer provided sotiware shall be u.sed to post process data and
detennine aclrral corrcctcd positious.
A spreadsheet progran sha.ll be used to calculate a "co-rected" beam tube centedine
condition and compare the line wjth each beiun tube support ring position. Off-sets shall
be calculated and those ouiside of the corrected centerline tolerance zone shall be
highlighted for adjustrnents.
Beam Tube support adjustments shall be input into the data collector tbr real time
inspections at each out-ot--tolerance support. l'hi^s will aid the field petsonnel during
beam tube centerline maintenance activities.

5.5.3 Adjustment ofBeam Tube Supports shall be performed per steps detailed in paragraph

5.5.4 Final Alignment I\'[easurements of Beam Tube Supports sha-ll be perlbrmed per steps
deuiled in paragraph 5.5. I and 5.5.2 as necessary.

1 )

2)

3)
4)
5)

6)

8)

9)
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6.0 CALIBRATION:

GPS equipment under goes a calibration during each use ard the formal documents recording the
calibrations iLre recorded on each "Daily GPS Inspection Report"(Figure 4.3a). The equipmont shall
be handled, calibrated and stored per manufacturer's requirenents. All calibration shall be traceable to
national and intemational standards. A11 equipment naintenance and calibrations shall be documented
in the "GPS EQUIPMENT II.n/ENTORY/CALIBRATION LOG"( Figure 4.3c).
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