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LIGO Seismic Isolation System

Air Bearing Specilication
October 24, 1997
Abstract

This specification encompasses the air bearing specifonions Gy othe TIGO SET preeres

lor which HYTEC is responsible.

VREPARED BY. Ol S

Erik Swensen

PROJECT MANAGER %ﬂi/ﬂm

Tim Thom H!l
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DESIGN REQUIREMENTS FOR THE LIGO AIR BEARINGS

X

Sphericad Bearing
Surface

Surface

Lincar Bearfig ’

1. Loads (total for each Air Bearing)

X- Direction (along beam path)
Bcllows - 106 [b., 4 bellows [4.78 mm cxcursion

Y- Dircction®
Bellows - 275 ib., 4 bellows 16.53 mm cxcursion

Z — Dircction*
Bellows - 233 1b., 4 bellows 12.65 mum excursion
Applicd - BSC weight = ~ 3,000 Ib. (weight supported by the air bearing)

- HAM weight =~ 1,500 Ib.

*Note: The combined motion in the Y-Z plane is 20.81 nun excursion.

2. Motion Capability:

Translations:
X- Dircction = +/- 22.23 mm (0.875 In)
Y- Direction = +/- 22.23 mm (0.875 in)
Z- Direction = None

Rotations:
X-X = +/- 2.5 Degrees
Y-Y = +/- 2.5 Degrees
Z-7Z = +/- 2.5 Degrees

*Note: The Air Bearing motion capabilities are greater than the excursions given in#!

above 1o allow ample motion for initial positioning. Initial positioning is
required to account for tolerance, loads and other external fuctors.
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3. Moton:
Velocity: :
X, Y, Z=0.01 crv's (maximum)
Acceleration:
X.Y,Z=0.000 c/ s? (maximum)

4. Duty Cyele =< |%
5. Life expectancy = 20 ycars

6. Nominal Operating Environnient:

Temperature = 22 +/- 2°C

Humidity =20-70 % _

Contaminants (cleanliness) = clean environment

Radiation = nonc

Earthguakes = Designed to withstand a 0.4 g static equivalent lateral and vertical load
(total weight) without catastrophic failure - the part must remain structurally
sound. Applying a 0.4 g load in all three directions simultancously can be
conservative, therefore the 100-40-40 rule* can be used to account [or pitasc
differences between the X. Y and Z motions.

The 100-40-40 rule is used by civil engineers to account for phase differences
between the three axes. The rule is applied to the seismic problem by using 100°-
of the static equivalent load in one dircetion and 40% of the static equivalent load
in the two orthogonal directions. The worst case is dependent on the probiem.

*Nole:

7. Interfaces: 7
Mechanical = Cross Beam (Top) and Mounting Platc (Bottom)

Pneumatic = Alr supplied by LIGO and air quality Requirements supplicd by vendor.
Utility = All wilitics/cabling will not create or result in loads greater than 10 Ibs.

8. Air Supply:
Source = Supplicd by HYTEC and LIGO.
Quality = Requirements will be supplied by the air bearing manufacturer.
Pressure = Requircments will be supplied by the air bearing manulacturer.

9. Smoothness:
The system must provide smooth/stable rigid body motions during air bearing mouons.

Flutter or an instability of any sort is not permissible at any time.

Adr Bearing Pressurized:
Stiction = none
Friction = none
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Air Bearing Unpressurized:
Creak™® = npne
Eriction = (rictivnal lorces will be greater than operational loads

*Note: Creak is a micro-burst of energy released inio the sysien.

10. System Stilfness: :
The overall stilfiess of the air bearing components must meet stack attenuation goals

when unpressurized, > 23 Hz.

11. Safety Stops:
The air bearing will incorporate mechanical salety stops to prevent any damage to the
system causcd by an errant actuator system and earthyuake type movements. The stops
will be configured to allow for the full range of mobility.

12. Material:
Materials selected for construction of the bearing must meet the requirements shown

above. In particular the infrequent use of the hardware will not effect the expected
performance.
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DESIgH EHOHITERING
ADVAHCED COMPOSITE APPLICATIONS

ULTRA-STABLE PLAIFORNS

11O EASTGATE DR, Sre. 100
LOS ALAFOS, NM 87544

PHOoME 505 661:.3000
Fax 505 6615179
www HYTESING.GOM

January 28, 1998

Marc Hadaiik

Specialty Compaonenis

27A Village Lane

wallingford. CT 06492 *

Subjeck: LIGO-IO-1112

Dear Marc:

Enclosed are two copies of the crawings {Drawing #D9%72106) on the referenced

purchase order.

2 Ihot was vetbally issued on January 12,

This leltet is confimation of UGO-PC-1 11
ing the design.

1998 that requested you lo begin ordering maleiials and prepdr

Deliveries of ihe |si Article bearings are crilical 1o the LIGO prograrm.

ojec!, collaboralion between ihe

and Muossachusells Inslilute  of
y the Mational Science
gravilaticnal waves

This procurement is in supporl of the LUGO Pr
Caiifotnia Inslilute  of Technology (Caitech]
Technology (MIT}, managed by Caliech and sponsored b
Foundation (NSF). LIGO is intended for detection and siudy of

from asirophysical scurces.
is slruciuted as a two phased ellorl, namely the 13t Ariicle Phase
d a Production Phase (88 Air Bearings with an option for 2

spares]. HYTEC is cuirenlly respansible for procuremen! of lhe 1* Arlicle hardwale
and Callech will be responsible for the procurement of fhe produciion hardwaie.
This is rellected in UIGO-PO-1112 wilh g request lo purchase ihe first 20 air bearing, 1¥
Arlicle Phase. and a priced oplion {Page 2} for Ihe pracurement of the remaining 90

aif bearings by Caltech.

This procurementi
{1he first 20 Air Bearings} an

aill perform ccceplance lesling of each gir beating plior
appropriate facility. 1t shall be requited ihat fhe
st 1 Aclicle beating musl be wilnessed and signed olf
eniative o ensure that the air bearing design meels or

LIGO-TS-AB {Allached}. piior 1o compleling
le HYTEC represenialive two weeks

le lime o make the cppropriate
aring schedule.

Specialty Componentls sh
lo being delivered fo the
accepiance fesling of the fir
by a HYTEC or Callech repres
exceeds the requirements oullined in
lhe 14 Arficle Phase. Please nolify the apprepna
prior fo the aclual tesling date. This will allow amp
iravel argngements and minimize e impact on the air be




Delivery Schedule:

Time Is of the essence on this procurement. The first bearing should be delivered 16
weoks ARO. Since you have been issued a P.O. number, this should in effect be 16
weeks from 1/14/98, which weuld be 5/6/98. The first 4 bearings will In furn be
delivered fo HYTEC on or belars 5/13/98. The rernaining 16 bearings of lhe I* Arlicle
Phase shail be delivered lo the Hanford Observalory during the next & weeks,
shipped In lots of 4. The 14 Aticle Phase Is expecied lo be complefe on of belote
4/17/98. Please note thal we anlicipate a 2-.month hiatus befween the shipment of
the 1# Adicle and the beginning of the produciion arlicie phase. This will allow us
fime fo evaluaie he hardware and o incorporale any changes into the produciion

hardware.

Note: Dslivery of the produciion phase hardware will begin wilhin | month after
noification, vetbal of wrilten, from Callech fo begin the production phase. Parfial
shipmenis will be requited to meel faciity deadlines. The UGQ faclify will require
that @ minimum of 20 bearings be shipped each manih In order to meet schadule
deadlines. Howsver, all of the remaining bearings (88 lelai) are axpecled lo arrive
at Ihe appropriate UGO facilty by the ond of Dacember 1998. The two remaining
spare bearings shall be shipped anytime during this lime period.

e lechnical point of conlact for lhis crder. I you have any

Erik swensen will act as li
| {505) 661-3000. You rmay also call Ciik

queslions, please don'tf hesilale to coll me a
Swensen af (505) 641-4021.

Sincerely,

//‘
ﬁh/f\: / ‘ff-kOW"“ —

Tim Thompson
Vice Presiden!

Altagchmenls:
e LGC-PO-1112

¢ Diawing #0972106
LIGO Seismic solafion Syslem Air Bearing specificalion - UGO-15-Ab

CC:
Mike Tine LIGO
Erik Swensen HWYIEC
HYTEC

Matilyn Johnsen




NCORPFOARATED

H,

~HYTELC
C

oEsigt Cradrfoeine:
ALVANCED COMPOGITE
ULTRA.STABLE FLATEQRMS

NO E~staaTE FR. SI1E, 102
LIS ALAMGS, NM 87544

PuoNE 505 661-3000
Fax 50% €82-517%
W MY TECING . COM

LicAnIgHS

JCHASE ORJER

P.O. NUMBER: LIGO-Pu-1112

I8

The PO number shown above must appear on all related

correspondence, shipping papers, am! invoices

To:| Specially Components Ship to: | See Notes Beiow
27A Village Lane
Wailingford, CT 06492
Phone: {203) 284-9112
Fax: {203) 265-2804
Your Reference:

P.0. DATE REQUISITIONER __ | SHIP VIA | F.0.8. POINT TEAMS
January 19, 1988 Erik A. Swensen , Fastest Ground To LIGO Factlilies Net 30 |
Q7Y UNIT DESCRIPTION | UNIT PRICE TUTAL

16 each | HAM Air Bearing®® — 1% Article (Includes the Fcllowing Parts) | sger0.00 | $132.320.00
a. Spherical Air Bearing — Drawing 40972108 |
b. Linear Air Searing - Drawing #D972106 [
¢. Air Bearing Base — Drawing #D972106 |
4 each | BSC Air Bearing'® = 1* Aricle I ez70.00 33,080.00
20 each | Packaging and St oping’ | 0 0
SUBTOTAL | $165,400.00
C (TAX EXEMPTION CERTIFICATE WILL BE PROVIDED) SALES TAX v
{See Above} SHIPPING & HANDLING 0
QTHER o
TOTAL | $16G!.400.00
Nole 1; Deliver to: HYTEC Inc.
110 Easigate Or, Suile 100
Los Alamos, NM 87544
Ph: (505) 661-4021
Fax: (505) 662-5179
Note 2: Daliver to:  LIGO Hanlord Observatory
Roule 10, Mile Marker #2
Richiand, WA 993582
Cla Dr. Fred Raab/Jill Berry
Ph: (509) 372-2325
Note 6; ILis critical that Specially Cempenents adheres lo the scheduls oullined in their quole dated December 12, 1997,
Note7: The Packaging and Shipping cosls have been included in the purchase prica as part of lhe bearing cosls. The aclual cosls e
Packaging - 570 and Shipping - 5120, _
Note 8: The air bearings shall meet or exceed the requiremeits outlined in e leshnical specilicalion - “LIGC Seismic |solalion Sysiei Air

Bearing Specificalion”, LGD-TS-AB.

1. Please send two copies of your invoics.

2 Enter this order in accordance with the prices, lerms, delivery

m.sthed, end specifications fisted above.

3. Please notily us immedhalely il you are unabie to ship as specitied.

4. Send all coreapondence tor

. I TEC Ine.
1.} Egstgate Dr, Suils 100, Los Alarnos, HM 87544

(505) 661-3000; Fax (505) 662-5179

Authorized by

: /{‘:{:\‘,%y“r_u»] I~ Date: January 28, 1998




 Priced Option

PURCHASE OR:IER

DesigN EMNASIHEFRING

(‘ ’ AQVAICED COMPCGITE AFPLICATIONS
- ' ULTRA - STABLE PLATFORMS
1O E~sTasre DR, SrE. 100 PO NUMBEH LIGO-F J-1 112
H TEC Los ALamOs, N 87544 : 3’8!’( 2)
IingcoapanATED '
PHEOME 505 6613000
Fax SO5 GG1.3179 Tie PO number shown above mus! appear on all relaled
correspondence, shipping papers, ant. Invoices

WWW HYTECINC.COM

Ship to: | See Noles Below

To:[ Speciully Components
274 Village Lane
Wallingford, CT 06482
Phone: (203} 284-9112
Fax (203) 265-9904 J

Your Reference:
P.0. DATE REQUISITIONER SIHP VIA F.0.5. POINT | TERM':
January 28, 1998 Erik A. Swensen Fastest Ground To LIGO Facilitiss | Net 3
[ ary UNIT DESCRIPTION UNIT PRICE TUTAL
16 each | HAM Air Bearing®® —~ Production Phase {Includes the Following Parts) $2,843.00 $61,188.00
a. Spherical Air Bearing — Drawing #D972106
b. Linear Air Bearing — Drawing #D872106
—_ c. Air Bearing Base — Drawing #D872106
(__ T aach HAM Air Bearing™® — Production Phase 3,843.00 G:,:IBB.UO
36 each BSC Air Bearing™® — Production Phase 3,843.00 13!-!,348.00
20 each | BSC Air Bearing®® — Production Phase 3,843.00 71.860.00
2 each Spare BSC/HAM Air Bearing*® 3,843.00 7,586.00
g0 each | Packaging and Shipping? f 0 0
SUBTOTAL | $345,870.00
(TAX EXEMPTION CERTIFICATE WILL BE PROVIDED) SALES TAX 0
(See Above) SHIPPING & HANDLING __,_ 0]
QTHER 0
TOTAL | $340,870.00
Hote 2; Deliver io:  LIGO Hanlord Qbservatory | .

Route 10, Mile Marker #2
Richland, WA 28352
C/o Dr. Fred Raablill Betry
Ph: (509) 372-2325

Note 3; Deliver io:  LIGO Livingsion Qbservatory
P.O. Box 940
Livingslon, LA 70754

Gio Dr. Mark Coles/Bennie Wascom
waled above, anylime Jnring the

Ph: (504) 686-2709
Nota 4: The LIGO Callatoration shail have lhe option 10 purchasa hese two spares at the putctiase price pro
contract petiod.
Nute 5. This prices option shall be transieralle to the California Instilute of Technoicgy after the 1" Ailicle Fhase ol s Purchase Grder without
- modifications lo the agresd upon pricing information proviced above.
r Mula G. It is crilical hat Specially Components adheres to the schedule oullined in their quole Jated Decernber 12, 1997.
- MeleT. The Packaging and Shipping cosls hava been inciuded in the purchase price a3 part of the bearing costs. The aclual cosls i
"G Seistnic solalion Systorn Ar

Packaging - $70 and Shipping - $120.
Note 8; The air baarings shali meat of excesd lhe requirements outlined in the lechinicai specilicatiun -
Bearing Spscification”. LIGO-TS-AB.




C\haﬂ be packaged 10 agsure

( " perlotmanca as (o future servi

1. PAGKING AND SHIPPING
Each conlainer and accompanying packing lsis must show this Qrder pumber,

The Ordet price includes all charyes for packaging. packing and shipping, and no

addiional charge lor such will be pald uniess avihorized by Buyer. All goods
sale dellvery, 10 mesl the camier's requirements. and

', obiain the most [avorable lransporlalion and [nsurance rales. Routing,
shipeng and deflvery instructions shown on Ihe face of this Oruer must be
ioilowed, and Seiler shall be Habile for any excess charges or damiage resulling
Irom davialion thereirom. Saller shall nol declara excess value on shipments
unigas auihonized by Buyer of done lor his own accaounl.

2, YARIATION ¥ QUANTITY - EXTRAS
d unless caused by condilions of Joading,

No variaion In quantity will be aczzple
shipping, packing or aflowances In manufaciuring process. No payment for

axitzs will be made unless such exiras and ihe prica lhereol are authorizad In
writing Ly the Buyer.

3. NSFECTION

a) All goods (which lerm Includes wilheut limitalion raw materials, componenis,
Inlermectale assembiles, and end products, lentified 1o lhis QOrder) o be
doliverad hereunder, may be inspecled by Buyer, or Buyer's authorized
reprezantaiive, al any reasonable time and place, including Sefler's plant. and
in any reasonable manner, belore payment or acceptance and wilthout regargd
lo tha manner of shipment or any shipping or price tenns contained In this
Orger, . All goods lendered ere subject lo courd and Inspecilon for a
reasunable period of ime after receipl. Paymnent shall not terminale Buyers
right 1o inspect, and no Inspaction shalt be deemed 1o consillute acceplance.
No-conionning goods may be refecled al any tine prior o linal acceplance,

and withaut imiting any other rig
all expenses of Inspectien, re-pa
sioding, atiribidabla 1o such non-contorming goods.

b) All services (which term includes wilhoul limilaffons services performed,
malerial {ymished of ufilized In the performance of the services, and
worionanship) may be inspecled by Buyer, or Buyers autharized
representaives al any reascnable lime and placs, Including Seller’s planl and

In any reasonable manner, before payment or acceplance. 1 any services do

nol conform with the requirements of this arder, or do nol conform wilh
of the trage applicable lo such services, the

generaity recognized standards
perform the servicas again In conlormily wilh

Buyer may require the Seller lo
When Ihe non-

such requirements or standards al no cost lo the Buyer.
uch a naiure that the geiect cannot be correcled

conforming sarvices are of 31
by re-periormanca, the Buyer may (B} demmand adeguale assurance of due
ces, and (I} reduce the Ortler price fa reflect the

* racuced value af the services pedommed. & the Seller tails lo perorm lhe
senvicas again or to provide adeguate assurances. Ia Buyer may cance! this

Order forttowith.

cking and packaging. handling, shipping and

4. PAYMCNTS

The Seifer will be paid, upon Lhe submission of a proper invoice, lhe ptices
stipulated ' goods defivered and accepted or services rendared and accepled,
less deductions and ciscounts, If any, as herein provided. Unless olherwise

specilied. payment will be made for any portion of the wark delivered or rendered
uttil prica is slaled In the Qrder. Discount

and accepled for which a separale or
perlods shall be compuled Irom lhe dale a prapef Invoica Is received by the
Buyer, or from the date of delivary, whichever |3 later. For the purposa of earning
an;l :Lsmunk payment shall be deemed made on (he date Buyers chack Is

5. TAXES

Excepl as may be clherwise provided In this Order, the Order price inciudes all
applicable Federal, Stale and local taxes and dutles. with respect (o
Iransactions for wilch he Buyer may be exempi [rorn any {ax or duly, the Buyer
will provids, upon request, evidence to suppor ils claim lo such exempilan.

6. WARMANTY
Selter warranis thal ail gooda furnished hereundar, whether manulagiured by

Seller or by others, are irse lrom defects [n maleriais and workmanship, confarm
to applicable specificallons, drawings, samples, and descriplians, and I of
Sailsr's Jesign, are Iree from design delecta. Seller warrania thail the gooda may
be shipi'ad, sold, and used In & customary manner wilhout viciation of any law,
ordinance. ruie, or requiailon of any government or adminisiralive body. Seiler
agrees lo assign to Buyer, at Buyer's request, all rights Selter may have against
manuiatlursra or disiributors lor breach of warraniies relating to the goods anri
Seller aroes to exacule any documents of assigninent Ihat Buyer may request.
Notwilhtandlng any usage of lrade or course of asailng betwesn the parties,
Saliers llability fo- breach of any wamanty, express of unphied, shall Inclyde; {i)
replaceingnl or repair of deleclive goods of, al Duyers opinion, refund of lhe
purcha~e price, and (I} any general, spaclat, of consequential damayes
prodmaisly cavsed by the breacit of warcanly. There are no exclusicns
limitations, or disclaiimers of warranly athar (han thesa axpragsly reclied In this

hdar,

7. CHANGES
Biryer may al any lme by welllen notice, and withaut nofice lo surelles o

trsignees, make changes within the genaral scepe of this Order. !n any ane or
mnte of the fotlowing: (1) drawings, dasiuns, or specilications, where the lleins
219 10 be speciaily manuiactured lor hg Buyer in accordance hargwith, (h)
niethod of shipmem or packing, (i) the tiine of Uelivery. and (v) the place of

his Buyer may have. Seller shalt be liabte or -

delivery, N any such chi tSes an Increase or decrrase in il conl ol or
line reguited for petiormance ol liiis Crder, an eruitable adjustivant shiall be
made Iy e price, or delvery schedule, or buth. anl the Order madilied In weilloy
accordingly. Any clakn of the Seiler for adjustment under this clause mus! be
recetved by the Buyer within (hirly (30} days aller receipl of lhe aolification of
changa, or sucl longer period as may be authneized by ihe Buyer, Hothitg in this
clause shall sxcuse ihe Seller from proceeding wilh pertorinance of work as

changed.

8. ASSIGNMENT OF RIGHTS - DELEGATION OF DUTIES
a) The Saller may assign inonies dua or to becoma due under this (rder, subjecl

lo Ihe iollewing condiiions:
(1) Any assignment, of subsaguent reassignmenl, shall cover all amounis
payable under s Order and not paid as of () the ellecliva daie of
assignmani. of (i) the dale Buyer seceives wrillen nolice of assignmeni,

whichever Is latef.
tio assignineni may be made lo more than one parly.

(2)

{3) Two coples of the nollce of assigmnent, sighed by the assiynor, shall be

furstished \o Buyer,

(4) No assignment may be mace which includes, rilher specilically or by
ninpilcalion any delegation of Seliers duly lo perlonn the services or
provide ihe llems re«uired by this Order without ihe prior wrilten consant
of Buyer In accordance wilh paragraph {b) Ledow,

by The Seiler agrees io delegate no pan of the dulies remquired of ! -dler by lhis

Order without the prior wrillen consenl of Quyer, jmovided h wevsr, that
nolhing comalned herein shall be deemned to prohilil Seiler * vm placing
subcontracls swbjeet lo any requirement herein lor approval of culcontracts,

and where appiicable, assigning appropriate lenns and conditloa: of 1his arder
la the subscaniracior.

9. TEAMINATION - CANCELLATION
a) Buyer may lerminale this Order, eillier In whiole of in part. I+ tua giving of
nolice 1o Sellar that the Order will ba so ternkinaled on a stale 1 rfale. Such

notlce shail:
{1) be In wiiling, transinilled by telegraphic means of certilid mall wilh

raturn recelpl requested.
(2} stale Ibat lhe terininalion Is gilher lolal or parlial, and if j-uiial, specily
whal llams or services are lemminaled;
{3) stale e date such lerminaitan 1s efleclive, which dals shall ba no
sooner ihan live (5} days ailer he nolice is regeived.
In ihe even! of a lotal lennination, Seller shalt be pald In accord inee wih (e
lenns of this Crder for all lleins defivered and accepted anu all services
pertorned and accepled prigr to Ihe allective dale of lermninalion.
TIME IS OF THE ESSENCE N THE FERFORMANCE OF T ONUER. N
for any reason (Including without imiialion any failure of e Seller lo
underiake parformance k1 a tinely manner, or lo make sallsfacie- ¢ progress in
the periormance of work), the Buyer has ressonable grounds or fresecurity
wilii respect lo Sellers parlormance, the Duyer may demand adequale
assurance ol due perlormance. H such assurance Is not provh il within 18
tine specilied ln sych derpand, or il nq thne Is speciied, wilhin '+n days atter
itie Seller raceives ihe demand, the Buyer may cancel this Ortler “orihwill.

b

10. INDEMNIFISAT KON AND INSURANCE
In the eveni ire Sellor, Its emnpioyees, agails, of subconhactor
occupied by or under the conired of e Buyer in he petformance ut Ihis Grder,
the Seller aurees that il wili be respansible le, and indemnily and i Jtl hanniess,
the Duyer, iis frustass, allicers, and etnployees. ltam any loss, cnsl, amaya.
expense or lavilly by reason of propetty damages or persunal Injury ol
wialsoaver kind or character, alising ot of, as 3 resull o, or tn ex -maction with
such perlormance occasioned by the negtigence or olher faui, by acl or
amissiun, of the Sellar, s ayernis, employees, of subcomractors; nnd the Seller

~ul propetly

ayrees that It and ils subconiragtors will mainiain public Hablity
ring the obligations e furih above,

damage insurance in reasonabie [nils cove

and will maintain work's compensaiion coverage (elther by hry-uance or, If
quallited pursuani Lo law. tirough a sell-Insurance pragram) coving  all
ermployees pesfonning this Order on preinises occupied by of under e conltol of

ihe Buyer,

g, 1 ilar premises

11. DRUG-FREE WORKPLACE

Snflor atneaa to Inionn alf Sadler pesseiind, prior 1o Hyvr (st enliamen (gar
Duyer's prommiges, Mhat Buyer's policy Is ta Iy comply wilh the 1edmiremeants of
\he Drug-Free Waorlkplace Act and thal Seller persunnel are required to comply
with Buyer's policy of mainiaining a diug-free woikplace.

12. LABOT DISPUTES
SeHer shall give proimpl notice lo Buyer of aay of poteniial labor dis; 2 wihich
delays or tay daiay thnely periermance of this Qrder.

12. ADVENTISIMNG OR PUDBLKSTY

Satler glinll nel yas the nyees namn in any sdvalising of Jmibilte-ly 1ninages. of
publicize tha fact hat Buyer has placed itds order with Sofler, withipik lhe prive
wtitlen consent of Buyer.

4. This order shall b deomed o be a contiact made i the Slale of How Maexico,
and shall be constiued Iy accordance wilh the Hew Mesico Unifori Cormnnrcial
{ode In existenca ofy the yala of this Crder.
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LIGO Seismic Isolation System

Air Bearing Specification
October 24, 1997

Abstract

This specification encompasses the air bearing specifications for the LIGO SEI progrom
for which HYTEC is responsibie.

I'REPARED BY: M S T T

Erik Swensen

PROJECT MANAGER /?f”fv dﬁ%m_

é}m Thomés
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LIGO-TS

DESIGN REQUIREMENTS FOR THE LIGO AIR BEARINGS

Surface

Spherical Bearing J

Lincar Bearing ’
Surface |

1. Loads (total for each Air Bearing)

X- Direction (along beam path)
Bellows - 106 1b., 4 bellows 14.78 mni excursion

Y- Direction®
Bellows - 275 Ib., 4 bellows 16.53 mm excursion

Z - Dircction*
Bellows - 233 Ib., 4 bellows 12.65 mm cxcursion
Applicd - BSC weight = ~ 3,000 Ib. (weight supported by the air bearing)

-  HAM weight =~ 1,500 ib.

*Note: The combined motion in the Y-Z plane is 20.81 nun excursion.

2. Motion Capability:
Translations:
X- Dircction = +/- 22.23 mm (0.875 in)
Y- Dircetion = +/- 22.23 mm (0.875 i)
Z- Direction = None

Rotations:
X-X = +/- 2.5 Degrees
Y-Y = 4/- 2.5 Degrees

*Note: The Air Bearing motion capabilities are greater than the excursions given in#f
above 1o allow ample motion for initial positioning. Initial positioning is
required 1o account for tolerance. loads and other external factors.
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3. Mouon:
Velocity:
X, Y, Z=0.01 coo/s (maximum)
Acceleration:
X, Y, Z=0.001 cnv/ s* (maxinuinm)

4. Duty Cycle =< 1%
5. Life expectancy = 20 ycars

6. Nominal Operating Environnent:

Temperature = 22 +/- 2°C

Humidity = 20 - 70 %

Contaminants (clcanliness) = clean cnvironment

Radiation = none

Earthquakes = Designed to withstand a 0.4 g stalic equiviee s siil R EE AR
(total weight) without caiastrophic failure - the part must remain structurally
sound. Applying 2 0.4 g load in all three directions simultancously can be
conservative, thercfore the 100-40-40 rule® can be used to account for phasc -
differences between the X, Y and Z motions.

™
i

*Note: The 100-40-40 rule is used by civil engineers to account for phase differences
between the three axes. The rule is applicd to tie seismic problem by using 100"~
of the static equivalent load in one dircction and 40% of the static equivalent load
in the two orthogonal directions. The worst case is dependent on the problem.

7. Interfaces:
Mechanical = Cross Beam (Top) and Mounting Platc (Botiom)

Pneumatic = Air supplied by LIGO and air quality Requirements supplied by vendor.
Utility = All wtilitics/cabling will not create or result in loads greater than 10 Ibs.

8. Air Supply:
Source = Supplicd by HYTEC and LIGO.
Quality = Requirements will be supplicd by the air beuring manufacturer.
Pressure = Requircments will be supplied by the air bearing manufacturer.

9. Smoothness:
The system must provide smooti/stable rigid body motions during air bearing mouons.

Flutter or an instability of any sort is not permissible al any Lime.

Air Bearing Pressurized:
Stiction = none
Eriction = nene
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Air Bearing Unpressurized:
C Creak* = none
Friction = lrictional forces will be greater than operational loads

*Note: Creak is a micro-burst of energy released into the system.

10. System Stiffness:
The overall stiffness of the air bearing componcnts must mect stack altenuation goals

when unpressurized, > 25 Hz.

11. Salety Stops:
The air bearing will incorporate mechanical safety stops Lo prevent any damage to the

system causcd by an errant actuator sysicm and earthquuke type movements. The stops
will be configured to allow for the full range of maobility.

12. Materiak:
Materials selceted for construction of the bearing must muet the requirements
above. In particular the infrequent use of the hardware will not cffect the expected

performance.

shown
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