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uGo-E980080-00-D

DESICN REQUIIU}IENTS TOR THE LICO,'\II{ IJEARINGS

1. Loads (total for eacJt Air Bearing)
X- Dircction (a.l:ng beam Pattt)

Bcllows - 106 Ib., 4 bcllorvs 14.7[J rrtnr cxcursiutt
Y- Dircction*

Bellorvs - 275 lb.,4 bellows 16.53 mm cxcursiotr
Z - Dircction*

Bcllows - 233 Ib.,4 bc.llows 12.65 tnm e.tcursion
Applicd - BSC wcight = - 3,000 Ib. (weiSht supported by tlte uir beurittg)

- HA.|v{ wciglrt = - 1,500 lb.

*Note: Zre conbittetl natiotr in the Y'Z ptane is 20.3 t ntn e-wttrsion

lvloLiou Cupabil.ity:
Truulations:

X- Dircction = +l- 22.23 mm (0.875 in)
Y- Dircction = +/- 22.13 mm (0.875 it)
Z- Direction = None

Rotal ions:
a-a = +i- 2.5 Dcgrccs
Y-Y = +/- 2.5 Degrees
7-7 = +l- 2.5 Degrees

+Note: Iire Air- Dctu'ing ttrotiott cuFubili!ies (rc Sreulu' Ihun rhc etcursirtns givert irt # I

ulnt'e to nllow ample tnotiott Jor initiul po:;i tittttitt,g- lrritiol posirittrring is

re quirctl to dccoutlt Jbr Iolentnce' lutnls utttl ullter e.tlennl luclors.
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3. Motion:
VelocitY:

6.

5.

X. Y. Z = 0.0I ctnls (nurinuun)

Accelcratttltt:
X.Y.Z= 0.001 cm/ s'  (nnt-t inutn)

Duty Cyclc = < 17o

LiIc cxpectancy = 20 )cars

Nominal Operutirg Ettvilonntcnt:
Tempeiature = 22 +l- 2"C
Flumidiry =20 '7t) %
Contaminants (clcurlirless) = clc:rn cnvilutmtent

Radiadon = nottc
Eartlqulkcs = Dcsigned to rvithstanti a 0.4 g static equivaiertt tateral artd vertirJ:! ioad

(rotal weight) widrout cat:15rroph.ic failure - thc pirt nlust rem:ft1 structurirlly

sound. Applying a 0.4 g loud in all three directions simultuncously can be

ctlnscrvttive, t.hercfore the 100-10-40 rule* can bc uscd to acc0un! for phlNc

ciiflercnccs bctrvecn tlre X- Y and Z motions.

+Norc: Tite 100-.10-.{0 rule is used by civil engineers to account lbr ph:rsc diilerenccs

betwccn thc tlrce axes. The rulc is applicd !o thc seisntic problenr by using 100";

of t5e staric equivalent load l: one rlircction altl .10% of the static equivalcnt Ioud

in lhe Lwu orthogonal directions. The rvorst case is dcpendent on $c problcm'

7. Interfaces:
rllcchanical = Cross Beam (Top) and lvlounting Platc (Bortom)

. pneumatic = Air supplied by LICO anrl air quuliry Rcrluirctncnts supplicd by vcndor.

Urility = All utilirics/cabiiug rvill not crc:rte or rcsult in krads grcater thur l0 lbs.

8. Air Supply:
Source = Suppilcd by HYTEC and LICO'

Quality = Rcquiretnents rvill be supplied by the uir bearirtg irutufaclurcr'
pressure = Rcquircments wiii be supplied by the air berrirtg manulacturtr.

9. Smoothness:
The systcm nrusL provide slnooth/stable rigitl body moLions durirrg air bcuiilg motions-

Flutter or rn instubility of my sort is not pcrm.issiblc ill ally tinlc'

Air Belrirrg Pressurizeti:
Stiction = llolle

Friction = non"^

.+.
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1 1 .

1?.

Ak Bearing UnPrcssurized:
Crclk+ = nPne
Friction = liictional lbrccs will bc-{rcxtcr than opu!" tionxl lo:lds

*Notc: Cr.eat is a nicro-burst ttf eneryv releosel i to the s\"rtettl.

l{). Systern S tilfness:
The over:rll stilfircss of thc :rir bearing componcllLs lllust lncet surck attcnultiurl goals

whcn unpressurizcd, > 25 Hz.

S:rfety Stops:
Tlie air bcurng rvill incorpcrale mecltanical safcty.stops to prclcnt any dumagu to tltc

system causcd by an erraut actur.tor system and eartltquakc type movenlents. Thc stops

will be corrligurcd to a.Llow for thc full range of mobLlity'

Ivlaterial:
MlterialS SelcctCrl [or cOnstructiOn Of the bearutg ntust mcet the requiremctttS S|olvu

above. In patticuhr the infrcqucnt uSe ol'tlte lta:drv;rrc will not cflcct tltc expcctcrJ

perlbrmance.
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Jonuory 28, 1998

Morc Hodorik
Specioify ComPonenls
2/A Villoge Lone
Wollingford, CT 06d92

Subiecl: LIGO-I'O-l I I 2

Deor Morc:

C

Enclosed ore lwo copies ol the drowings (Drowing {0972106l on lhe refetenced

purchose oIder.

This leller is conlitnroiion ol LIGO-PO-lll2 lhot wos vetbclly issuecl on )anuory 12'

l9?8 lhot requesled you to oegin ordering mol€liols^ond prepoting lhe design'

O.il-".ii"t of iri. lsi Articte beorings ore crilicol lo lhe LlGo proglon)'

This procuremenl is in supporl of ihe UGo Proiect' collob()rolion belween llle

i"rir5inJ'rnrrirrle ol Technolo=tv 
'icoiiecn) 

ond Mossocl)usetls Inslilule oJ

l-;i;; iMirl' monoged ov Cottectr ond sponsotetJ bv llre Nolionol science

;;;;i-# tiiisri. rrco:rs inlenrjed for cjeleclion onrJ sludv ol gtovilolionol wcves

hom oslroPhYsicol soutces'

This procutemenl is slrucluted os o two phosed ellorl' ttomely llre ln Arlicle Phose

iii.irriizo ait s."ringd ond o ProcJuclion Phose (88 Air Beorings wilh on oplion lor 2

#;;:i. ffiHlt"lri.nrrv 'ttpontible for procuiemetrl ol llte I' nriicle ltordwote

ond Collecir wil i be tesponslore-for lhe procuremenl ol l l le procJuclion hotdwore'

fn,r-fr"JlJ"a i^ Lrco-io-l I t2 wilh o requesl lo putchose lhe firsl 20 ok beolinq' I ' l

;;ibil.;;";",;;Jo priced oplion (poge i) ror llte ptocuremenl or llre rernoirrins e0

oit becrings bY Coilech'

Speciolly Componenls sholl peliorm occeplonce leslit)g ol.eocil oir beoting prior

to being delivered ro rne oppoprlle iocili lv' lt slioll .be requited ilrol lhe

occepionce lestirrg ol ff t" ri"r ri atiitL-beorinq nrusl be wilnessecj crrd sigtred oll

i i" ' inlC.icaiJch represenlolive lo ensure llrol llre oi' Ir€ori.g design meers or

.i#;;',h" ,"*iremenrs ourtineJ in |co-ls-ng {Atroched}. priof lo compleling

the l,r Arlicle phose. pteo5e no,'ry rnl opp,op,iote iIYTEC tepresenlolive lwo weeks

;;;r i" l;;.iulll lsrins aore' il ' i ' *il otto* omple lime lo moke lhe opptoptrure

iro".l ouongurn"nls ond nrininrize llre inrpocl on lhe oit bc'Jritrg scheduie



a,

Dellvery Sch€dule:

Time ls of lh€ ess€nce on this procuremenl' Ih€ first bedfing should b€ delivered I6

"ifriero. slnce you hove been lssued o P-o' numb€t' this shouid in ellecl be l6

;;;k; i;mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm' l/14/96, whtch woutd be 5t6/98. rhe tint 4 beorlngs will ln lurn. be
ji"-rJ r. HyTEC on or betore 5/13/98- ihe rerncining l6 beodngs ol lhe Id Adicle

il;; ilf be oetverea lo the Hontord observalory du.h]g fhe n€xl 6 ws€k5,

;i;;;;i"t .ai. n" t'Adlcle Phos€ ls €xp€cled lo be complele on or b€fore

li'iitii. pt."t" nofe lhol wo onllcipole o 2-monlh hlolus belwe€n lh€ shipm€nl of

ii.'i; Irriii" ""t lh€ b€glnnlng ol lhe Ptoducflon aflicla Phose' Ihlr wifl oilow us

ii.in'f t"uofuoi. the hsrdiore dnd lo Incorporol€ ony chonges lnlo lho producllon

hotdwole.

Nol€: oelively o( lhe Producllon phos€ hordwdre. wlll begln.wllhln I monlh ollel

ir.'ffn".if"", tl,O.l or wrlll€n' from cdllech lo begin lhe producllon phose' Polliol

liriiii."ii "iff be requlr€d lo me€l locllity deadllnes' --Th€ LJGo rqcllilv will requiro

if# " "tfti"^rt of 20 beorings be shlpped 6och monlh ln otd€r lo meel schedul€

ii]OU".r.' H""""er, otl of lhl remoinlng bedrlngs (88_loloi) dre €xpecled lo ortive

;iii;;;;;;;1" uco rocilltv tv tne Jnd o( December lee6' Th€ two romoinins

,ooi" oJJtl"b rn.ll b€ shlpped onyllme during lhis lime period'

&ik Swensen will ocl os li,e lechnicol poinlof conlocl lor llris order' ll you hove orry

.*,it"i. pf".t. Oon'l lresilole to coll me ol (505J 661-3OOo' You rnov olso coll [rik

Swensen oi ISOS) 661-4021'

Sincerely.

7;.6r,,(u*-
Tim IhomPson
Vice Presidenl

Al lochnlenls :
.  L I G O - P O ' I l 1 2
. Drowing #0972106
. tlCo Selsmic rsololion svslem Air Beoring Specilicolion - LIGO-Is'AB

LIGO
IIYTEC
I{YIEC

Mike l-ine
Erik Swensen
Motilyn Joltnson
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Note 1: D€liw( ta HYTEC Inc.
'110 Eastgate 0r' Suite 1Cl0
Los Alaftos NM 8i544
Ph: (5o5)661-402t
Fe.\: (5O5) 662'5179

Note Z Dotiv€. tot UGo H8ntord Observaiery
Roule 10, MilE Matker #2
Rlchtand, WA 99352
C/o Or' Fred Raeb/Jill Berry

S l l ip  lo :

Nole 6;
Nole Z

Note 8l

[t j,ffi],ir13;1ri,rr/ ccrnpcnenrs adheres lo r€ sch€dur. ou,i.ed in ureir quore dare.J oe.em[re* 12. reei.

Ths pakaoinq .r1d shipo,ng co.ts rrave oJ i i"rro.a in fr" prr"iras€ Fric6 as par t of lhe beatillg cos ts. The aclu: co$ls "e:

ffiffffi,:l: il:,tig'or*"rl"H u," ,"ouu"rerrs ourJined irr urs te.tr cal specitrcauon - "Ltco s",smic lsorabon sysi'j',, Art

g€€rinq Specilica!on", UGo'TS'AB'

1. Pte€s€ send tlYa coples ol tour itlldce

2 Enle. liis,rd€r in accordance with the Pli'e3' lerms' delivery

nithod, 8nd gp€cilicalons lisled abgv6-

3. PlEatE notily us immedately ilyo{'i a'e unable lo ship as sp€cilied'

.1. 5-' 6Jlco espolldeoce to:
l l  '  fEC lnc.
1 i'J €€rtaale Or. Sui:-" 1@ Los Alanos ' tll'1 875d4

1SOS1 OOi-COOO: Fa)( {505) 662'5179

P,' :CHASE OR'}ER
P.O.  NUMBEFI:  L IGO-1 ' �0-1 112

Tlre PO nuntber shown alrove must
corresPondence, shiPPing

appear on all reltted
papers, a[{l Invoices

27A Villaga Lane
Wailinglord, CT 06492

Phono: (203) 284-9112

Your Fleletence:
-HEOUISITTONEF- S}I IP VIA tr.o.8. POINT TEnlYis

P.O. DATE
To LIGO Facil it ies Nel 3('

January t9, 1998 Erik A. Swensen Fastesl Ground

I  l rNrT PnlcE TOTAL
UNIT

^ i ,  : - . . i nd  -  n r rw inn  dD972106

,  
l F  I  l v r r

HAM Air Bearing?8 - t"'on't'" ('n"il* t""'"* t"ttt I sg e;o co

a. Soherical Air Bearing - Drawing #D922106 t

s132.320.00
16 aacil

c. Air Bearrng 8"." - Dt"*in9 fiD9721

l 0 land 5f

5:1,080.00
each

0
20 aach

$ r61i,400.00

_ _  0

$ 1 6 r , 4 0 0 . 0 0

(TAX EXEMPTJON CEBTIFICATE WILL BE PROVTDED) SALES IAX

(See nbove) SHIPPING & HANOLING

OIHEA

I U I A L

(_ - f l
Auufori;ed t,vt 

f,/i 
t u- / tl.f t. t I 

),! t\ Uate :  Janu i , ,y  ZB,  I99B



Priced Option

e oE916P ENnr [EFt 'do

co6.c tq t  e  AF LTC^f  to r tg

uet t^  9 r^ !LE

r C  e ^ e t o ^ t a  C P . . g r q  1 O A

LOt  AL^aoa,  NA 419!J

Psove 5Q5 6e l '3aQo

F^x  5oS 6619179

sww.HYrECr !6-COtr

PURCHASE ORitEfr
P.O. NUMBER: LIGO-F J-1 112

,.1)art 2)

The PO nunll)er sllown above nust apPear orl ' l l related

correspondence, shipPlng papers' ant' l l lvolces

HYTEC

Shlp to:

-l
I

Your Hetetence:

dE.r l  | |qrTlnNFFl s rP VIA F.O.B.  POINT TEnlvr'i
P,O. DATE

Fastesl G[ound To LIGO Facilities Nel 3"
January 29, .|998 Erik A. Swensen

UNtT PFICE
'l 0 rAL

UNIT
IIITI[ringtt - Production Phase (lncludes lhe Following Parts)

a. Soherical Air Bearing - Drawing #0972106

b. Linear Air Bearing - Drawing flD972106

c. Air Bearing eass - Drawing ltD972106

HAM Air Bearin-o38 - Ptody"tifu

^d^ ^: -  o^- . indz '8 -  Prrr . i ,e l ion Phas€

s3,843.00 s6 r ,488.00
16 sacn

€acn
3.843.00 6 i , , lBB.00

3,843.00 131 ' ,3 ,18 .00
each

BSC Air Bearing3'8 - Production Phase

Soare BSC/llAt/ Air Searing"o
^^ .1  <h i^^ in . r /

3,843.00 7rr .860.00
20 each

3,843.00 ;, riB6.00

0€ach

each
0

90
SUBTOIAL

)) SALES TAX

$3.15,870.00
0/.I-^V CYtrNIDTI.|N 'trtrTIFICATE WILL BE PFIOVIDEI

(See Above) SHIPPING & HANDLING

OTI.]EF

TOTAL

_ _:_

_ 0 _
$3n I"870.00

Not€ 2 D€ll\,/€f to:

Ngtg 3l D€liv€f lo:

UGO Hsnlord obserwtory
Route 1o. Mile Matket i2

Hichland. WA e9352
Cllo Dr. Fred R8€t/Jill Beiry
Ph:. l5o9\ 372'232s
UGO Uvingstm Obseryato'Y
P.O. 8ox 94o
LMnaslon. LA 7075'1
c/o dr- Mark Col€s/Bolllne Wescom
ph: {5oa) 686-2709 ..M ,^ d,r.h... rrr.<a rwo sDorej at lt)e puctrase pric6 pro:1,le.J above, drytime Ll'rlit'g tlE

iil, i;i lo]**",i* shajl have lie option to purchas€ urese two sPo'ej at lr)e p

coflbsct pe(iod. r i ,na ̂ ,  rdttr l l t rr^,atter 1re tt ,Atl icle F'rase ol t l  s Purchase (Jrdf l  walhout
iiiit"'"" *,i- .,'"fl b€ lransle'abl€ lo tlls calilornra lrrslrlule ol T€clrtr.;nr-gy allel

rJiii"LGr't" t" rEe€<, uporr pricing inlormation provde<J above

tl i3 criticai Ulat Specinlty CompoT ents oonJes lc Ute scilatlut" ouffineJ ir I Ilr4ir (lu'le dal€"J D€€er lrry l2' M97

TlrePackaoinosndshippingcostshavooeenincludedinl l |epulchasgP|ic?aspa'to| lhebea' i | |gc.s|s.Tl leactualcoslsole:
Packegirrg I  $7o arra Shrpprl lg - $ 120 

..  ^,,rn,dr i , !  l t ta t{trnicr i  s r}eci l icatro. - Llcc Sersgric lsotaLion Sysi, l ln nrr
iirlti*'er,""" ilta't*tJ"t"""o tlt" '"qu'rernenti outlirr€'J irl Llre leclnnc0l slc

Beating Specjaicalioc'. LIGO'TS-AB

Not€ 4:

Nlle 5.

-- 
tlul€ 0.

-- Nale 7:

Nol6 8i



I . PACKIIIG AND SHIPPING
E"J i""'"I""i i",l ,""ttPenylng pacHng llsls mrlsl show thls order number'

iiibJi ",r"" l*lu,i"" a ctrarqes lor paitaging t)actlng and shirphg - and no

iiittiJ Siii-l"i "rit' wlfl b; p6]d unless aurrrol2ad bv Buver- Arr goods

,^iiJr'Jt"r.,io ro "*urs ssto dellvery. lo m€st lh€ canier 3 requlremanls and

f ;;fi;;;i iioiable transpoaauon end Insur'nce rer6 Routrns
\-;b-'-d;i'; rnsrrucuons sho n on lhe lace ol thls Order musl Do

r.iiEij- ""4 tiol-ln",r u. ttabl€ lor atry arcess ct'rqe3 or drma(E resurrhs

;;;;;;;;;";. s€lrd shart nol d€clar{t erces! Ydlu€ on shrpmsnrs

unlt$ auftotiiEd try BLtyir or dooo lof hls own a€ounl'

deliv!'rv. ll anv sueh clli - rses an incteese ot dei:Ilase ill ll clil ul ol

rr.. -."lro,l iut Un,iotrnnnce ol lftrs Order' an etlrilable adlrrsli' 'lrl sl|all b€

,n"aoin-rfio urf"r, o, O"ftuery sclr4dtrle. or butlr' art{]llh4 O'det rt|ollilied lrr wrlllllg

accoriflndlv 
' 

Anv clailn ol tlre Seller lor adlushelll unucr ll s clarlse rllusl b€

recefuaajr'v rrre elv€r wltt tr lrddy {30) deys ttler tecRlpl ol lhe notlllcatlon ol

chenqo. o; suclr longor Perlod as Inay be aulhotired Uy lho ouyer' lltlrrlrJ In lhls

ciaus; shall sxcug; lfts Soller Itorn p'oceeding wilh penonnaflca ol work Es

c&rng€{t.

S. AS5ICNIJENT OF NGI ITS ' OELEGA'ION OF DU TES

ei ttra Setter nray assto4 monies dlrlt ot to becornt due utdtt lltls r'r(br' subiecl

lo lhe lollowlng condlllons:
tlt  nv assl{jnmenl. or subs€quent reassiunlnel shall cover ell nmouni3
' ' 

oavatle inrjer lhls Ordet end not p'id es ul 0) llr€ qll"clrvs dale ol

as;lonm4nl. ol (ll) lhe dale Buyer receives wr'llefi nolice cl alsrgnmenl'

*hlci-lever ls laler.

t2) tlo assllnlnenl mayDe made lo nlore lhan one peny

iii Two coiles ol ttre ootlce ol assignrment. sigrcd tiy lht assignot silall b€

,u!nishad lo BUY€r'
tal No "*,ln-"ni t*y bo mad€ witich Incluoes erll|ar $Pcilicelly or try
' ' 

lrnollcallotr any d€legallon ol Selle's (tutv lo pgltoth lll' selt'ice3 or

oridrre the tterns re,plred by lhis otder withol'l llle ptlot ttill'rr coneenl

ol Buver tn accon ance wllh pataoreph ib) below'

lr) The Sstler;gre?s lo dslegtle no patl ol the (futles rer||llrso oI i lller oy llxs
-' 

orJai *tttroui tltt p'lot wtillen consenl ol Buyer' Itovlded lr '{ev"' lx:|l

"=oirtrno "onr"rn"a h€r€ln snall be deerned to l,|ohlttll Sell4t orn Flacl"U

"Jo"ti'riii. ""tt"a ro "nv €quite |ent hereln lor spproYal ol 3t'r'conlracls'

iii "it"t" "n;r.ilt.. ""slgning apptopriale le'rns atd condlllor: ul llris ottJer

lo the sultco0lractor.

S. TENMNAIDIJ. C NCELLATION
li b"v.i r""t ",rn,"ri" inrib,oer' errlre' In wtrcle or In part l r'.o gving ot
" 

;;'i;; i;i";i", tl;r lh€ otder wlll b€ so tetrt nared orr a stal" | 'lalo such

nollca shEll:"iii 
rr"'i" *t[tng, hensnille{, by lelegtspltc n|eans or cerlili4'J [|all wilh

rcrurn reialpl requosleq.
fZt ","L ,na [;e terrn|nelion ts eiiher lolsl o' pa'llal and ll l-ul'.l' speci'y

whal llatns or set1lces erc lEminaled;

{3) slale llta dste suci tennlnallon ls ellectlrc rvllicil dela sjEll b€ ao

soon4r il|en llve (5) da!3 aller lht nollce ls tecetved

n rr,tliii-oi " ior"i iJnrtatlo'' s€lle' sitall be pald ln accotrr'nce wlrr lho

i"rii" "i-ii,l" order lor alt ll€rns detlwred 'nd accepled nr all serv|c€t

it.iioirn".f*a ""op,"a prior lo lhe sllectlv€ dale oi lerrnlnallon

u iiruii ii'oiiiii elseruce ru rns penrontit HcE oF l llri olruEn' .r-'u)1"" 
*"t"" lhctudfiro wfihoul llmil'llon any iatlur€ ol rl|c s'ller lo

uroJlr" p"rrorni"*" tn; llln€lyrrannet ot lo Ina*€ s'llstacltn i prolfess tn

il;il;;; "i ;;tt)' tt'e tj're' rras reEsorrabl' Itound3 irr hr'e€urlv

;'';;;;t lo setlers pariormance. llre Buyer rrmy denl'd adequgl€

;$;;;f; ;;";;;,,Iiice- tt 'uctr ""'u'"nc? rs rrot pror'r' 4r \trrhin rrre

rr"" ..i".lr"i],i "ir"rt.f.na d' or ll na lhne ls spec'lterJ wrlt rr r''ndaF aller

iiiJii,iiliii,*G" tt" aemaftl llre Suver mav cEncel rhr ordcr 'orlhwilh'

10. rNuElJl'llncAr|()ll  No INSUIIANCE
friirr"ii tl rft" s"1",. fls e|nplotees egdtrts or subconllaclols '! rtti pretnises

lil,iii'liioi Ji ri'il"i ir'e coniroi ot ttre Euver in lhe Fer'ormarrcc "r rl s orus'
ii.'iJi"til,ii". irtlr rr ifii be reponslble io and rniletturrtv afld h lrl hannless'
;;; ;;;;,-i;il;;;; olllc6.5. end emplovees' trotn anv loss' ir'sl' rl€'nas''

",o"n"'" o, llrt tllly by rcason ot properiy (laurages or ptrsuaal lnlr'ry-.,o{

*i*=""*i u^J"t it"iacle.' .risrrg oul ol is a result ol or ln 't 'nrclron rvnrl

ffi;;;; LL"ro"l uvitre nesttsarce or orl'et rnuit bv acl..o'

"i"""i"- oiu', !or,*. lls agrr s. emDloye;s 
-or 

subconlractor4; xnd trr4 Sellar

"ur""'r ii*i fi "ttO'lf" "Ubcolnfacrots wlll mehrltlll publlc llsblllly 1rd ptoperly

,ji'i."g- |n;, n^n"" ln,"ason3l'le lhnils c4ering the obligatEns.cc rutlh-above'

""-i 
-"lu 

iii",'*ln works cotnpensallon cowtage leltlrer by lt+ aaflc' or' rl

iua-itltetJ prirs,rant lo law thlough e sell-lns;rance pr5-orext coY.'t|ng.all

Jioir"tJ"{r"t"-rt;g flrls order o; premrs* occr4lleil by ot lnder lhe conlrol of

the Buver.

I !. DRUG-Fn|:E YTOnKPLACE
i"i , i .  i t i " 'o"-;" r . ." ' '  nl l  s4iror rr4isortrr^r t ' r ' '  tu t ln'rr | | |sr ' rrrr i t 'd ' ! 'on

BuYeis flctrlB€s' ltrai Buyer s polrcy ls to rully colltlny wIh lht Itrlrftclnenls ol

ii* ij*,1:i-,e+ yii,rqrr"is Act end ti6t seller personr€l ar€ r'{luired to comPrv

wiltr €$ils pottq otmairdeiniog a dlug'lree wollQlace'

t2. L 8(Jn osPulEs
seller sl|6ll (,ve onpt ltollce lo 0uver ol anyor pt cllljaltaDot dtsl nt lvhlcll

det.rvs or rtl;y deliy tlrrrely gcrlotmence ol tlns Ordet

r3. ADV€nr$|ll(i .Jn Ptjol|ctrY
S€tt,!r slrjlll rr,l urrr tlr. lnr'/6.3 x,rrrrn nr afly trdvarllrh(l 'Jr lrrtt'llrtl/ Inl'nrtr'' or

rir.:trtlctio lrrc t:,:l ttrat Sufr l€s placeC thls order wllh S'rller' rYlllrrt'rl lln tjl|.J'

rvrltlen conscfit ol Buyer.

ln. I his ori ler slr l b4 d4nrrred lo lrc a corrlra'it 't'nde irr tlre 5lal4 ' n t lew l/4ri|m'

afld sl'all 1,4 consltrrer, h nccordetc4 wlrh lhe llcw Me:{co Uniknr't Cortrrrrorcrtu

Code ln e storrct olt llrc dile ol this Otdet

2. VAFI^'IOH N AU MII'Y ' EXTRAS
i'"'riiljitiii,i 

'"iJtirv 
"tll b€ eccepled unlass caused bv condlllons ol loadlng'

;"d;;. il;il;; 
'",ilanc"" 

In manulacru'ing process- No peFenl 
.ror

u* iitl'L t"O" unl"a" suc,t €lras and lho prlco lhereol ar' aulhoriied In

w.illltg bY |no BuFr.

3. NSPECTION
ii'riioJ& iwr'rcn rer- rnctud$ tYllhout lhnitalion taw male'lals componenls'
-'i"-Lr"-Jri" 

oi",ttlrr"g, and end products ldenlltled lo lhis ordet) lo b€

Ji*r"o it".uno",, may bs lhspect€d by Bu!€r' or Bu)€/s aulhorlzed

;;;;;;;i donabre tlms and Prace lncludlns s€flers planl enu

ii'-v t"as"niu" tirnn"r. lerore Paltnent ot acieplanco and wllhoul re_oeto

i" 
-nJ 

tJn"-f aftfpt"nt or any sltlpPlng or p'ke te'rn3 contalrted In lhis

;;;. 
-ni 

"".d" iendered ars 3ublecl lo courrt and InsDecllon lor a

i"i'n*i" o"lioa-of rit" allor recelpi Pa}loent shsll nol t€rmlnat€ grTFnt

aorlo-l."oi+ -O no r-p*tlon slEtl be de€nr€d lo conslllulg acceplenc€'

iiii.o'loin'r,i "*0" tev De re,ecled al anv llm€ ptior lo linai- acceplanca'

lnd trthoul l;'nilhg stty otha. righls EuFr mdy haw s€llor snall og aore ror

;i;;;;;4in&".11""' re'psctng and pactaging' handllng' shlPplng end

slodno. atlribuiSbtd lO SUcn ron'clnlolmlng goods
or,tiit"l"*- iJl-"rtl"rm tnctuoes wtttroui tirnrtnllons servlces petlormed
'nt 

r"ti"i tur*tt "O ot ullllz€d In lhs p€rtormanca ol lh{' servces' and

""*t "rtti t"" b€ Inspeoed by Buy€f' o' Bulris aulhorlzed

rao'lgentdfis at e;w reasonabla tlrne and place lnciudlng SelEr s Planl aro

tn'"n" reason ble m;nnor. belo,e psl'|tont or acceptancs' I any serllcls oo

rol codoam wilh lha requlrsmeols ol lhb order' or do nol conlorrn lenn

*r"Jf" t"*6rla* "f""i*(ts ol lhe t|ad€ affllcsbte lo slch s€^1cs3' lt|€

hrpr rniy ,"ortt" Ut" S"lle. to pedotm tne soMc?s agah ln conlodnly wlln

".rJ t"qtirt ni"ars or llsnda(b al oo a!31 lo tn' Euy€r' when ll|o non-

-a"t itt i"nf"- oc a such a nelure tltel lhe delect cannol tto correcled

o" io",ri--o. lho Bwgr may 0) desond adequale Egsutance ol (tue

okti"tto r" foirrut" 6e;/ces. and (lll toduct the ordt' Ptlc6 lo rellad lhe

t*J-*f* "i_fft g€dlcss p€tlo.m€d I llle Soller lalts lo p€rlorm lhe

redat! !!dn ol lo Ptogi(b atjequal€ assurancos. lt|€ Suyol may canc'l lhl9

Odea loa{rrfir.

,t. P YMEIn-S
Th. Satlnr Yrill ba pd4 upon lha submlssion ol 6 proper InvDlce' lhe prices

sllpukl.d rur goods d€lllrrcd and accePlod or seftt"*- t"".d"1T,:19 ::-"-"t]fl
lerg d€ductto.E End dscounlg, ll any a3 heroh ptuvld€d unlos3 olnentrse

rpecilhd. psytned wlll bo made lo, 5nv porllon ol th" *9tl 
flt"1t4-:t f,1911

end eGapiei tor l|hlch e separalo or unll ptics ls slaled ln ll|g or(Fr' uFcou
pedo(b ll|all be corpuled lrom lh. dals a propet 5"t" l" 9,"1Y iy-:l:
buFr. or from lha &t; ol delh€ry. wl c.icler ls later- Fot lhe purpose ol eamhg

ani &couni paytnsa shall b; deemed made on llu dale 8!ten chlck ls
.:a/led.

5.T IGS
EFetl !s lney ba othe.wl3o provi(H In thls Order' lhe Orde' prlco Includ€3 all

"ppll"Of, fiL."l, Slale ;nd ,ocai tsre3 lnd dutlts Wllh respecl lo

il"i.*unn" foi ml"ft ft" 8uF. tnay be €rempt tton any lel or dulY .tho 
SLtFr

wtllpm*Je, upon rsquoat, aliijenca lo suppod lLs claim lo guch grempl|on'

6. WAF|]ANTY
Soltor t|rranls lhal all ooodr lutnisi€d hereundar' whethe' manulaclured by

S€ller orby olhe's, sre l;e Itoh de,ecls In melerlal_' and \'totknanship' conlorm

lo alplics6b sp€cillcatlong. d.ewinos sampt€s. and cltscnptlons and ll ol

S.llal! b!19n, ars lrs€ lrorn d€aqn dtlects. S€lltr wadanl' llld Ino gooos maY
b€ snpl9d, rold. 6nd ut€<,| In e cuslomaty Inonfitr rrlllrot',t volallon ol any lat

odlnsni€. rul€. or regulallon ol anv govEmment or edninisllall\€ Dody 
-sefler

aEe€s lo a53l9n to 8uygr, al gulst3 requesl. all nollts Seiler may. nave roansl

m-anula'.turerr-or oisrl6uto.s loibraach oi wetranl|€s telallng lo he gooos anrl

Sallof r.trss to exec|rto arry docutnenls ol esslgnltel lhal Euyer mty req'l'sJ
NoMdn i.ndtng eny llsegs ol |tacle or course ol deallng b€hd€on lho partles'

Sbllelr llaDlifty fo' b.oach ol any wa,'ranty. eroress or implled shall.hclude:, iil
retttcrroonl or repalr ol delec,tv€ goods o. 61 ou\€tt ooln|on teruno ol Ine
putcha-o p,ica. and 0l) any gnniral. speclat or .coffiequenllal - 

deJnages
pt,r.{nal.ly csuldd Uy ine tiroicr' ol watrErly TI're are no 

,6rc'us|cn3
/^illr lstlons:of dtsclaitttoB ol warlanly othtt llen rhos€ olq)rossly llcllod |n lrrls

l � r d € , .

7. CIIANGES
8'rytr may al eny lllne by wrlllcn nollc6' and Y/'thout nollcE to surelles ot
d4slgnoe3, ma*g cfiang€s wllhln lha 6enerai sccpg ol lllb orcl€r- h orry ol|e or
|nnre ol lhe lotlowhg: il) drawlr4r. das,gns or speclrl€llons wh6te the. .llerns
a'i Io b€ s9€clally manu{actured lor ttl6 Buyer In ic'ordanco h4rowllll (h)

n,ailDd ol shlpment or packlr{. (lllj lle lkne 4l tlgllvery. ald (lv) lho placo tl
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A bstract

Thls spccification cncon)Passcs the air bcaling spccillcaLions for Lhc Lico sEl plogft'ttt

lbr which HYTEC is resPonsibie.
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DESIGN nEQUIREIVIENTS FOR THE LICO r\IIt IIEARINCS

l . Loads (total for each Air Bcaring)
X- Direction (alon-e beam Path)

Bcllows - i06 lb',4 bcllows l4'7tl rnm cxcursitltt
Y- Directioni

Bellorvs - 275 Ib., 4 bellows 16.53 mrn excursion
Z - Dircction+

Bcllows - 2331b.,4 bcllows 12.65 mm cxcursion
Applicd - BSC wcight = - 3,000 Ib. (tt'cight.suppottcd bv tlrc uir I;earirtg)

- HAM rvcight. = - 1,500 lb.

+Note: Tlte conbined nwlion in the Y-Z plane is 20'E I nun e'\cursiort'

MoLion Crpability:
Translations:

X- Dircction = +l- 22.23 mm (t).875 in)
Y- Dircction = +l- 22.23 mm (0.875 in)
Z- Direction = None

Rotations:
1-a = +l 2.-5 Dcgtccs
Y-Y = +/- 2.-5 Dcgrces
7-2 = +l- 2.5 Degrecs

+Nrrre: I/re Air Il enring, uuttion cnpubilities drc Sre(tl(r tlrttrr lhc e.rcutsitttts gircu in fl I

ulntelot l lot 'anlt lemotionrt)r ini t i lposir ioninTi ' lni t ialposit ioningis
requiretl to uccount Jbr tolerattte. luutls utul ttllter c.tlcntul Jttclors'C
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LIGO-TS. I '

3. Motion:
VelocitY:

X, Y, Z =0.01 cm/s Qiwrimun)
Accclcratiolt:

X, Y, Z = t).001 crnl s' (ntatinrutn)

Duty Cyclc = < l7c

Lifc cxpcctancy = 20 Ycars

Nominal Operating Environntcnt :
Temperature = 22 +l- 2oC
Flunridity = 2Q - 70 Vo
Contaminants (clcarrliness) = clean cnvirotrnlellt
Radialion = nonc
Earthqurkes = Designetl to withstand a 0.4 g staLic e(lui't ''' '. r- -'' ; ':: L- r' i :'l'ir: :l "'ri:-l

(tota.l weighi) without cai'stroplic failure - t5c part must rcm:ill structurally

sound. Applying a 0.4 g load in all rree directions simul[arcously can be

conservalive, thercfore the 100-40-40 rule+ can bc used to account for phase

differences bctween the X, Y and Z motions.

*No!e: The 100-40-40 rule is used by civil engineers to accoullt for phase dillerenccs

berwecn thc tlree axes. The rulc is appficd to tllc seisnlic problem by usillg 100',;

of the static equivalent load fur one dircctitln arrd 409o of the static equivalcnt load

in the trv' ortliogonal tiirections. The worst case is dcpelldent on thc problcm'

5 .

6.

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

. pncumatic = Air supplied by LICO and air quality Rcrluircrtt:nts supplicd by vcnrlor.

utiliry = Ail ur,ilitics/cabiillg will not crcxtc or result in loads grcater than l0 lbs.

8. Air Supply:
Source = Supplicd by HYTEC and LIGO

Quality = Rcquirernents rvill be supplicd by thc au bctrltg manufac[urcr'
pressure = Rcquircmcnrs wiil be sripplied by thc air lradng manufacturcr.

9. Smoothness:
Thesysrcmntustprovidesmoot|/stablcrigidbodynlot i()nsdurirrgairbcarirrgnroLions.
Flutter or an Lnstability of any sort is not pcrmissiblc at lrtly tinlc'

Air Bearilrg Pressurized:
Stiction = tttrnc
Friction = nonc

C'
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C

Air Bearirrg UnPrcssurircd:
Crclk+ = nttne
Friction = liictional forccs will bc grcatcr tltan opcrirtional lttads

*Note: O'r'nl' is a nicro-lnrst of enargl rclcasel into lhe syslent'

10. Systcrn Stilfncss:
Thc ovcrlll stillncss of thc a.ir bearing colr]pollcllts lllust ltlcct stack attclluatioll go ls

whcn unPressurized, > 25 Hz'

Safety Stops:
Tlie air'bcaring rvi.ll incorporare mccharrical safcty st()ps to Frcvcnt any dirmagc to thc

system causc<l b1'an crrartt actuator system and earthqulkc typc movenlcnts' Thc stops

will bc cot igurcti to allow for tlre full range of mobility

Material:
Materials selcctctl for construction of the bcaring nlust ]l:''r)1 i-h': reqtl;:crni:tr'r ::l:lr""tl

above.Inpafl iculartheinfrequcntuseoftheltardwarcwil l trolcffectthccxpcctcd
oerlbrmance.

I  I .

t2.
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