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SCOPE:

This procedure dellnes the method of maintainin-c the LIGO tube alignment using the
Global Positioning Sysrem(CPS). Detailed ale procedurc.s for rcl'erence verificadon, set-
up and inspecticin ol tube positions at each .support.

REFEREn\CES:

The alignment nrethod.s and tolelances are based on lhe data contained in the followin_e
references:

1) Surnmary of concepts and Ret-erence Design tbr a Laser Gravitational-Wave
Obselvatory, Caltech; Feb-92.

2) LIGO Project Salety Manual.
3) Manufacturer's Procedures fbr Global Positioning System (CPS) Equipntent ald

Computer Sotlware.
4) As-Built Bean Tube coordinates converted tl'om WGS-84 to State/Plane Rectangular

System (N-E-Up).

EQUIPN{ENT:

The followin_g is a lisring of alignnrenc equipment .selected lbr u.se in maintainin-s the
LIGO beam tube clear apenure of 1.07 meter diameter.

l) Global Positioning System Package consisting of lollowing:
a. Base Surtion Receivers
b. Radio, Sofcware, Modem System, Stands, Etc.
c. Antenna Accessories
A. 386(rrin) Conrputer, DOS Format

2) Target Ret'ercnce Rod and antenna adapter
3) Depth Micrometer 0,00 to 75nnr..
4) Inside Microureter tor 50nm - 200mnt.
5) Master Machinist Level, 15" Len-eLh rvith l0 second accuracy nt ininrunt.
6) Ali*sntrrent work sheet and dittrt fecoldcr.
7) Miscellaneous Tools including tlashlights, shop li-thts, wrenches, screwdrivers, etc.
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EXECUTION:

The Inspection and lvlainrcnance o1'Beam Tube ali-enment is divided into two steps.
These are (1) veritication of Rel'erence Rod positions (2) inspection and adjustment of
Beam Tube Supporn.

Verification of Reference Rod is pellbrnred in [he followin,q steps:

1) Set-up receiver base station and lo_q in lbr satellite conrnunication.
2) Attach Levelin_g Plate to Beam Tube Ref'erence Rod and level rod using adjuster bolu

inside cover area and Master Machinist Level to I niin arc Max.

3) Mount the CPS antenna to the Primaryl Rel'erence Rod and level the rod to Earth.
4) Input Ret'erence Rod data into CPS coflputer and record location.
5) Calculate position location wiLh Beanr Tube Reference Pin Location and detemrine

theoretical oft'-sets.

Inspection of Beam Tube Alignnrent and Adjustnlent of Beartr Tube Supports shail
be oert'ornied Der the tbllowins stens:

1 ) Verity Beam Tube rotation by checkin_r the llaL level using the Master l\4achinist
Level. Adjust support to rc-ievel tube.

lvleasure elevation of Beam Tube Ret'erence Pin using inside micrometer. Adjust
Beam Tube Support for achieve proper elevation.

Measure oft'-set trom Primary Ref'erence Rod to Beanr Tube Reference Pin.
Adjust support to achieve propel location.

4) Record a.ll adjustments and trnal ott'-ses lbr purpose of trackin_e bean tube and
cover m0venents.

CALIBRA,TION:

Equipment Shall be handled, caliblatcd and stored per rlanuthcturer's requirements. A11
calibration shall be traceable lo national and international standards. All equipment shall
be inventoried with serial numbers, calibration dates, and logs detailing operation and
duration of eouionent use.

A '

2)

3 )

5.0

I Primnry refers to current Reference N'lonurnent beirrg nielrsured.


