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1.0 SCOPE:

This procedure det-rnes the method of maintaining the LIGO tube alignment using the
Global Positioning System(GPS), Derailed are procedures lbr ret'erence verification, set-
up and inspection of tube positions at each support.

2.(} REFERENCES:

The alignment nraintenance procedures tor the Beam Tube Mtrdule are based on I
thc lollowin_e refelcnccs: I
1) Summary of concepts and Ret-erence Design tirr a Laser Gravitational-

Wave Observatory, CAL TECH; Feb-92.
2) LIGO Project Sal-ety Manual.
3) Manufacturer's Procedules tbr Global Positioning System(GPS)

EqLripment and Conrputel Softwarc.
4) LICO Procedure "lnitial and Final Ali-cnment durin-g installation ol LIGO

Bean Tube Modules Using GPS System," ALI-1.

3.0 EQUIPMENT:

The ibllowing is a listing of alignment equipment selected lbr use in establishing and
maintaining the LIGO beam tube clear aperture.
1) Global Positioning System Packa_qe consistin-q oi the lbllowing:

a. Brse Stal ion Receiver.
b. Radio link systenr, Tribracs, Stands, Etc.
c. Anlenna Accessolic.s and tlxtures.
d. Per sonal Computer worksta[ion formatted tbr DOS and MS Windows@.

The computer must have a nath co-processot'as a minimunt with RAM
and storage capability requircd based on the manul'acturer's
rccommendati0ns.
Data Collector
Real Time and Stat ie Sr l ' twalc
Satellite Positionin_c Alnanac and Forecasting Sotlware with modem.

f.

h.

u//o/gs-

y'lfit ,
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2) Equipment ReqLrired tbr Positioning and Adjusunenrs:
i. Beam Tube Reltrence Point Layour and Anrenna Support Fixture(All-1,

Figure 5.2a)
.j. Tools including flashlighrs, shop li_rhts, wrenches, impact drivers,

oquipment carts and personell trlnsportation.
k. Jacking ecluipnrent consistin_c r.rl'Plrmps, Cylindcrs, Valvcs, Manitirld and

High Pressure Hrrsc(Figure 5.3a).

4.0 DOCUMENTATION:

The receiving, recordin_e, calculaLion and use r.rf data is controlled by data logging
lorms that will bc docunicntcd in b{)th hard copy and r_rn 3.5" diskenes formatted to
DOS.
l) Forms.shall be standardizcd and used ro record all data including dimensional

and atmo-\phefic treasurenents, and will include insrument intbrnration
includin_s calibration da[es, in.stru]nent serial numhers and fleld calibration
anonlalies.

2) Data used lo proco.ss cooldinute poins, atmospheric condirions, and instrument
intbrmation shal.l be in-put tcr a spread sheet computer program having
capabilities to sorl tbr ran,res and specitlc text rct'erences.

3) Standardized Documenls are indexed below:
a. Daily GPS Field Report(See LIGO Procedure ALI-1, FigLrre 4.3a)
b. Data Record(Sec LIGO Procedure ALI-l, Figure 4.3b)
c. CPS lnventory/Calibration Lo_s(See LICO Procedure ALI- l, Figure 4.3c)

4) All documentation should inclLrde the namc of the rcsprrnsible technician and the
date the in.spection/calc ulations were cumplcted.
5) A plottin-s lbrmat should be used to provide a,rraphic repre.sentation of layour
and alignment conditions when advanta.seou.s in detemrinins relationships in visual
observations.

5.0 EXECTJTION:

The Belm Tube Ali-tnnrent Mainrenance activities witl be pertbrmed in an similarl
manner as tbe tlnal alignnent acrivity noled in the LIGO Procedure ALI- 1. Thel
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tollowing steps are sug-gested tbr tuture beam tube centerline inspections
adjustmenLs.

5.1 Set-up for GPS alignment activities.
1) Pertbrm pre-plannin_r by analyzin_u the satellite conditions and PDOP quality.

Assess the daily accuracy level and schedule layout activities. Begin the "Daily

GPS Field Report" by conrpleting the applicable sections of the report as
noted in LICO Procedure ALI- I , FiguLe 4.3a.

2) Set-up the let'erence receiver at a selected LIGO Control Point. and log in tbr
satellite cornmunication. Follow the GPS Equipment Manufacturers' guide for
pefibrming this activity. Locate the site control points and verily position to
assure set-up is coffect and repeatable.

5.2 Verification of Beam Tube Support Stiffener centerline positions is
pertbmred in the tilllowing steps:
L) Locate the nrst support point and veify location and I.D. number. Input data in

to the Data Collector.

-ol

k r l r 9 c l ' a ] o

Fi,sure 5.2a
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2) Attach the Beam Tube Rel-erence anlenna fixture to the beanl tube stiffener and
level (Figure 5.2a). Inspect lryout mart on beam tube stiltener tbr location to
the tixture cross hair. Record the ot|sel in the data collector.

3) Mount the GPS antenna to the [ixture connection and tine adjust level.
4) Input antenna height data into the data collector and record location.
5) Take GPS reading. Keep the antenna Iocaled on the point for a time required to

obtain sLutic data lbr post processing. Real time positions should be recorded on
the field copy of rhe "Data Record" (LIGO Plocodure ALI- I, Figure 4.3b) ibr
a quick rel'erence, however nr:r beam mbe support ad.iustments should be made
until the static data is pc.r.st-processed.

6) Post-processing shall be pertbrrled hy first obtaining the conected satellite
positions and clock colroctions via modem liom the NOAA. Data will be down
Ioaded to the hard drjve of Lhe GPS work station computer.

7 ) Position tlata obtained shall be post-processed using actual satellite position and
clock currcctions. GP.S Manutacturer prcivided sotiware shall be used to post
process data and determine actual c()frccted po.\itions.
A spreadsheet progrirm shall be used to calculatc a "corrccLed" beam tube
centerline condition and compare thc line with each beam tube support ring
position. Ofi-set-s shdl bc calculated and those outside of lhc corrected
centerline tolerance zone shall be hi-qhli-chted for adiustlnenls.

9) Quantilied Beam TLrbe support adju.stmenLs shall be input into the data collector
tbr real time inspcctions at each out-ot'-tolerance support. This will aid the field

ncr.sonncl durinc bcam tuhe centelline n'taintenance activitics.

5.3 Adjustment of Beam Tube Supports shiill be perlbrmed per the tbllowing
steps:

+ f  * *1 . * * ; k t , k : f  +

PRECAUTION
WHEN JACKING BEAN,I TUBE SUPPORT POINTS:

SUPPORT LOAD LI]VIITS
DO NOT EXCEED 6750 lbs TOTAL LOAD AT ANY TIME

Actual Jacking Pressure Reading = TBD
+-+++*r++***d<*

ri)
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2)

*,13**, l tr*****+

OVERSTRESSING OF THE EXPANSION JOINT WILL RESULT
IF THE TUBE IS ROTATED IN EXCESS OF t 3MM

(Radial @ Support Ring O.D.).
*:t *< * * * *:* d. *:S *

1 )

Elevation l\'lovement

Irvel the tixture(ALl-l) on lhe tube stiflener to within 0.001 in/ft. Record the
position serial number and location on the data collector. The data collector shall
provide position correction lacmrs(off'--seN) for adjusting beam tube centerlines.
Attach dial indicators, at alljack locations, to monitor the novements between thel
beam tube and the tlxed support brackets. Set the diai indicators to monitor venical I
and horizontal nr)venrcnls. I

Jocking C/hder High Pressure
(4 fypl Hvdraulic Hose

lsololion Volve
Normollyopen -Pu$l

Hydraulic Jack

Mani lo ld

Closed,Spring Action
(a $p;

Figure 5.3a

3) Set-up the j;rckin-r systerr li)r either lixed suppol't or gr.rided support adjustments.
The tlxed support system requires two(2) jacking cylinders. The guided supports
require four(4) cylinders. A detail is shown in Figure 5.3a. Install jacks between the
concrete slab and support fiame, and or between the support brackets and the
support tlane at the desi-gnated .jacking points. The iacks are to be placed at equal
distances t}om the tube centerline and the hydraulic lines manitbld together so that

wayo-
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the jacks will apply equal tbrces on the supports when raising or lowering. This is
done so the iacks will not apply an otT center loading to the support and twist the
beam tr"r be while rarsins or lowerin_q the support. Betbrc jacking, assure the jack
isolation valves tbr the operating cylinders are in the "open" position. When
adiusting a t'ixed suppo , close the two isolation valves f'eeding the two un-used
cylinders.

4) Note that the jacks have only I l/2" stroke. Add or remove shims as necessary when
the jacks must be re-located to provido ildditional mr)vcment.

:1.**+**+$l l++

DO NOT REMOVE THE "U' '  CLAMPS.
ONLY LOOSEN NUTS ENOUGH

TO REMOVE CLAMPING FORCES
TO PERMIT MOVEMENT OF THE SUPPORT BEAM.

+**+  j t  +++++*

5) Extcnd thc jacks until c()ntact thc boarr tube and prcssr.Lrize to l(Xl P.S.l. This will
apply a nominal force trl the jacks.

6) Loosen thc "U" Clamps to raisc or- lower lhe supp{)rt tiame to the specified
movement. Use the dial indicaLors to measure [he amount of movement made during
the .iackin-q operation.

7) Use a light pryin_s eftbrt bctween the hofizontxl support and the base to move the
support when ltiction is enc()untered at the support.

Lateral Movement

8) InstaII ihe lateral .jackin-n cylindcr bctween the support franie and the lixed support
brackets.

9) Move tho .suppr)rt li 'amc latorally with thc hydraulic cylinder to the specilied
movement, U.se Lhe dial indicatols [(] meirsu'e the amount crf movement made dudng
the iackin c onerat iOn.

o
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OVERSTRESSING OF THE EXPANSION JOINT WILL RESULT
IF THE TUBE lS ROTATED IN EXCESS OF + 3mm.

(Radial @ Support Ring O.D.)

ROTATION MOVEMENT

l) Rc-check thc bean1 tube r{rtuiion by setting the lli-gnnrcnt lixlure on the stift-ener and
locking it to thc rot'efcncc punch mark. Notc the levcl ()l'thc tlxture and rotate the
beafl nrbe lirst by loosenin-c the "U" holt-s lnd allowing the lube to relax back into
its non-stressed condition. Il'this does n0t re-align the beall, then romte using the
leveling jacks. Each i)l'thu lcvclin-t.jacks has a nomrally open valve that has to be
held down to permit diflcrenLial levclin-g and lwist lhe beam tube. DO NOT
ROTATE THE TUBE lN EXCESS OF +/- 3millineters radial ai the support ring
O.D.

2) Re-clamp the support frames Lo the tlxcd .support brackets and contlrm that the
support has been moved its specified.

5.4 Final lnspection of Beam Tube Support Positions shall be pertbrmed per the
tbllowing steps:

5.4.1 Set-up for GPS alignment activities repeat steps noted in puagraph 5. l. I

5.4.2 Verification of Beam Tube Support Stiffener centerline positions is
pedirlmed by rcpcating stcps in palagraph 5.2

5.4.3 Additional Adjustments of Beam Tube Supports shall be pertbrmed per I
steps detai lcd in paragraph 5.3. I

5.5 Final verification of Beam Tube Support Stiffener centcrline positions i.s pertbmred
in the tbllowing steps:

L Repeat all steps ntrted in par-qlaphs 5. I and 5.2 as necessary to assure clear
aDeratLrre is available,
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rr.0 CALIBRATION:

Since rhe CPS cquipment under goes a calibration during each use, the formal documents
recordin-q fie calibration.\ will be recorded on each "Daity CPS lnspection Report." The
equipment shall be handled, calibratcd and stored per rranuf acturer''s i'equirements. All calibration
sha.ll be traceable to national and intemadonal standards. AII equip enL maintenance ald
calibrations shall be documented in the "GPS EQUIPMENT INVENTORY/CALIBRATION
LOG"(LIGO Procedure ALI-1, FigLrre 4.3c).


