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1. INTRODUCTION

This report summarizes the field acceptance testing conducted by Process Systems International
(PSI) at Washington Site Left End Station. The station was tested in accordance with Acceptance
Test Procedure V049-2-115 Rev 3.

The test report is intended to meet the requirements of CDRL No. 6 for the Vacuum Equipment
Contract (PC 175730).
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2. SCOPE

This report addresses acceptance testing only those components/subsystems that are included in
the Field Acceptance Test Procedure. Other components that have been previously tested and
accepted have individual Acceptance Test Reports that are included in the Station End Data
Package V049-1-170.

Figure 1 summarizes the point of acceptance of the components that comprise the station.



sesse6 18410 "HO2 0D 00 N'O°H*H
00| 104 BIEQ SUBWAINSESH BSION PUB LOHEBIAIA SaInssaig Bnied ‘uMopdiund Sinoy oL NVOS VOu whwmn—- Em-—-w>w
159} SSBUUEa}D (UeIS VO
S bz Ul SNOILYLS ¥INYOD LNOMDAHD

IVYNOLLONNS

[ NovTWiSNI e~ TivisNi le—— soueidenay_je—] aoueidexy |
b F

JONV1d3a00V
1N0 Diva

A

0] 4.01XG O} SIY ¢ J8puUn o] | >
UOREWIONU! JO) UEIS YO l— TUIMOVE
umopdiund SInoy 00k uoyoas algele|os) 01 s1aydsoune Luondas

30 umopdwing a|qeIelos| JO umopdwng
Y Y 7'y 5 FONVLZOOV

; f f
weuo "1
ﬁ. WnNod spPIed Jnos epwed
LNOMD3HD LNOMIFHD LNOMDIHD L1NOMD3HD 1NOMOAHD 1NOMOTHD A L
IWNOLLONNS TYNOLLONNS TYNOILONNZ IYNOLLONNS TYNOILONNS IWNOLLONNA LNOXOIHD LNOMI3HD
» » » » » IYNOILONNA IYNOLLONNA
7y

A
[ rwsn | [ vwsw | [ twasw ] [ twasw | [ vwasw | [ wvisn | [ sosHownnowa | [(rwsw | [ 1wasw |

!!!4!!!!!!!- e RSt .-iiiiii.!!!q.i.!mtw!!!!!!sm!!!!J,i.!!!!!!!!-i-ﬂ.!-i.-m:w.., N

[ aws ] [ _aws | [oor wey onsoeu] | oo woy eneomy] L diHS ] [ ahs T aws ] [ams | [ ams |

3
T 1 » [ S | I
uopeayseds 158] |Jeuonoung
Ag ] 1539) paedg Ay
Asotoe 4 SSORIM

_ wsishs ' A SOARA 01
oqiny Xny noxoeyD Aooed 3.9.00
sdwnd sNINUUY u
09I 0t dug _
$M-01 ¢ 01X1L sejqesaneq
0917 0L dIHS S1¥VD JOUINOD [ #o3u0 38NINYIE L—
E see; aineubis iy gouejdeooy J
ONIHOLINOW UBDS YOM
153), paadg Ny BSTOHINOD odky
hwﬂ_m >..“, 1581 BouBINPU] Joenioe pue
! 1s0| pesds 1y ds Hive 8215 4089 JO
1891 duind i1 15a luomuny 8038 48 au(:1s8) %o0US [}
sy 1SN UoRES4UBA e UOREIYUSA
uonesyuBA ubiseq SSBUIM 3ONVY.1d300V uBisaq
ubiseQ | 1s3L NOHO MV
_ I.l||l._|| — 13INNVI8
sdung 51 feuoipUnd s0905 Ag 3dALOLO¥d 0S8 ot VNGO SPed |
uoj §71 0052 waishg | | 1581 paads iy uoneoyuap, ubisaq 121 vOd ™ wooy 1sng| | uoqQuEsOIPAH ”
oqung uey [ ] fopey FHNLOYINNYW axeg Aioled uonedyuBA Jiodme Mol4
. | _ C } ubisaq 159} Aopoey
Sdiind SdNd NOI 008ZH3/002da3 §30NVO | ] WILSAS LIINYE q cwuwowhw_> |
OAHD 08 Tn_s_:..._ omm:L _ SAS ONIHONOY ' WNNOYA sane/ ejeD obre] ubIsaq]
| | 219 ‘stiono9s plojuey | _ |
ONIHOLINOW wesg 'Jaues|d
%h<zo SLVD 8pOIN ‘WVH ‘0S8 SINOOY
SNOILDO3S Nv310 S311ddNS
ST0HLINOD TJOYLINOD B SLIMNYIE SAATVA
Sdiind WNNOVYA ONIONVO W3LSAS 1LNO iva 3anL1 ® SY3aNWVHO IIVM 1408 HIY Nv310
WANDYA 318v.LY0d

NVY1d S1S31 30NVLda00V  LN3IWJINDA WNNOVA OOI1




3. ACCEPTANCE TEST CRITERIA

Item Acceptance Criteria Acceptance Results
Tnterface to CDS | Functional Checkout per V049-2-163 | Checkout completed on 1/27/98
Clean Air System | Functional Checkout per V049-2-109
Test Dewpoint:<-60 C Dewpoint: -75. C
Particle Count: Class 100 @ .5 Particle Count: 0
micrometer. Hydrocarbon Check: 0 PPM
Hydrocarbon Check:
Class 100 Functional Checkout per V049-2-110
Cleanroom Test | particle Count: <100 Particle Count: <17.1
System Leak Individual leaks greater than All components comprising the
Check 1x10” torr-L/s will be repaired. isolatable volume were helium

Vacuum Check:

Annulus: P<3x10 torr 60 min
for vessels and 30 min for
spools and ate valves.

Main Volume: by RGA air
signature. Maximum rate to be
consistent with system
requirements and RGA
sensitivity.

leak checked via evacuation and
spray prior to bakeout.

All flange annuli checked and
passed. Data recorded in site test
logs.

The volume is leak tight to
<6x10 torr-L/s

System Bake-out

Functional Checkout per V049-2-112
Revl

Bakeout:
Ramp Rate:<1C/hour
Uniformity: 150 C+/-20C

The station was ramped from 18
C to 150 C over a period of 93
hours (1.4 C/hr) and held for 49
hours at 150C. Temperature data
recorded in the bakeout cart data
acquisition system was sub-
sequently overwritten; therefore
no temperature uniformity data is
available. After the 48-hour hold,
the temperature was ramped to 48
C over 48.5 hours (2.1C/hr) prior
to shutting off the power.
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Item Acceptance Criteria Acceptance Results
Ultimate Pressure | Total Pressure:<2x10™ torr Total Pressure:5.5x107 torr
sz)t (After Bake- Partial Pressure Measurements: Partial Pressure Measurements:
Sum of all gasses other than Sum of all gasses other
H, and H,0:<3x10” torr than H, and H,0:1.1x10”
torr

Backfill/100 Hr. Roughing to < 0.2 torr in 15 hours Roughing to 0.5 torr in 4 hours
Pumpdown Test Roughing to 5x10°® torr in 24 hours | Roughing to 8x107 torr in 18.75

RGA scan after 100 hours for hours
information only Partial pressures:
AMU torr
2 3x107
16 9x10™!
18 9x10™"!
28 7x10”
44 4x10°
all others  1x107
Total 1.4x10°®
LN, Consumption | LN2 consumption per V049-2-208
Test 90 days without refill. 119 days without refill.
Noise/Shock/Vibrat | Per CAA Test Plan See CAA Test Report

ion Field Test
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4. ACCEPTANCE TEST RESULTS SUMMARY

As shown in Section 3 the WA Left End Station has been successfully tested to meet the
Acceptance Test Criteria with the following comments:

System Leak Check

The system is believed to be leak tight to a level of 6x10 *® Torr-L/s Air. -
The minimum detectable leak from the RGA scan with the sensitivity obtained during the scan

for the Left End Station is about 6x10  Torr-L/s Air. This was deduced based on mass 32 ion
current. The Argon signal is not used because the pumping speed of the ion pump is not known
accurately for Argon.

The RGA scans of just the calibration chamber isolated from the main volume, indicates that
there is a leak in the calibration chamber. The observed signal for mass 32 was almost 5x10 13
A with the RGA chamber by itself. With a calibrated sensitivity of 3 Torr/Amp the partial
pressure is 1.5x10 12 Torr. With a calibration chamber speed of 3.7 liter/s the leak in the RGA
chamber is estimated at 3x10 ! Torr-L/s Air. If there was no leak in the RGA chamber the
minimal detectable leak would be 6x10 ° Torr-L/s Air. Bagging the entire chamber with helium
did not lead to a helium signal on the RGA scan.

System Bakeout

The bakeout ramp up and ramp down rates exceeded the specified rate. The design ramp rates
were selected to minimize thermal stress and to keep input power requirements at reasonable
levels. The actual ramp rates, although in excess of the acceptance criteria are still low and are

not considered to be sufficient to cause thermal stresses, and are therefore acceptable.

The loss of the temperature data is unfortunate, but the subsequent excellent RGA scans after
bakeout indicate that the system is clean and the bakeout was therefore effective.
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Ultimate Pressure Test

The partial pressure measurements after bakeout readily exceeded the acceptance criteria and
match very well with the LIGO goals indicating that the volume is clean and leak tight. A
comparison table of the actual results vs. the LIGO is included for information.

AMU LIGO Goals Acceptance Test
Partial Pressure : Partial Pressure

(Torr) (Torr) (Torr) .
2 5x107 - 144x107

16 2x10™ 22x 10"

18 5x107 1.7x 107"

28 1x107 8.9x 10

44 2x10°™° 25x10"

Other 1.9x10” 1.3x10"°

Backfill/100 Hour Pumpdown Test

A comparison of the partial pressures before and after the backfill is shown below. As expected
an approximate one-decade increase in N, and CO, pressures are observed. This is consistent
with the prototype test program. There is also a factor of 4-5 increase for H,0, CHa, and a one
decade increase for the other gasses that did not occur in the Left Mid Station. The resulting
partial pressures for all gasses are still below the LIGO goals.

After Bakeout | After Backfill &
100 hr Pumpdown

AMU Partial Pressure | Partial Pressure
(Torr) (Torr)

2 44x10” 3.3x 107

16 22x 10 8.8x 107"

18 1.7x 107" 94x 10"

28 89x 107" 7.7x 107

44 25x 107" 3.8x 10

Other t3x10" 9.7x 10"

LN2 Consumption

Results of the Left End Station Cryopump indicates a full tank capacity of more than 100 days.
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5. ACCEPTANCE TEST RESULTS

This section contains signed data sheets for each component or subsystem.
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LIGO VA M EQUIPMENT

ACCEPT EST REPORT

5.1 Interface To CD

The interface to LIGO’s CDS computer system was tested by point to point wiring
checks using the following documentation:

V049-1-163

Control functions (displays, interlocks, etc.) were checked by monitoring CDS
display screens and actual equipment control.

v049-1-168.doc
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LIGO VACUUM EQUIPMENT

ACCEPTANCE TEST REPORT

5.2 Clean Air System Test

The clean air system (class 100) was tested per Acceptance Test V049-2-109.

All test results met or exceeded the requirements.

v049-1-168.doc
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LIGO VACUUM EQUIPMENT

ACCEPTANCE TEST REPORT

5.3 Class 100 Cleanroom Test

The class 100 cleanrooms were tested per Acceptance Test V049-2-110.

All test results met or exceeded the requirements.
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CLEAN ROOM: Left End DATE: 1/12/98 BY: John Flinn TESTNO.: 3
LIGO Witness: Kyle Ryan

| MET ONE MODEL 227 FLOWRATE=0.1CFM PERIOD=2.0 MIN. START TIME: 1415
NO. LOC.=43 SAMP/LOC=1 HOLD=1.0 MIN. STOP TIME: 1545
Samples= 21
READING CONCENTRATION (A-MEAN)"2 MEAN = 171
(PART/CUBIC FT) SD= 39.7
SE= 8.9
0 Al= 0 293.88
0 A2= 0 293.88
0 A3= 0 293.88
2 Ad= 10 51.02
4 AS5= 20 8.16 -
10 AB= 50 1079.59 -
3 A7= 15 4.59
0 A8= 0 293.88
2 A9= 10 51.02
0 A10= 0 293.88
0 All= 0 293.88
0 A12= 0 293.88
- 0 A13= 0 293.88
0 Al4= 0 293.88
0 A15= 0 293.88
2 A16= 10 51.02
0 A17= 0 293.88
12 A18= 60 1836.73
35 A19= 175 24918.88
2 A20= 10 51.02
-0 A21= 0 : 293.88
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. JAN-86-1998

11011

PROCESS SYSTEMS INT'L

P.B4

,_\l Title: ACCEPTANCE TEST PROCEDURE FOR PORTABLE SOFT-WALL CLEANROOMS

TABLEIT - SAMPLE LOCATION GRID BSC TYPE 1,2,3

F

! 2 3 4 5 6
X117
XI5 X1,
o-6 o-§
o-l5 0-8
x1 o- o-1 %5
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1 M EQUIPMENT

ACCE TEST RE T

54 Leak Check

Leak testing was conducted in stages with individual components being leak checked and baked
at PSI’s Westborough facility. Each building system was then leaked as a system in the field per
the system Acceptance Test Procedure (End Stations V049-2-115).

The leak testing philosophy and data sheets are attached.

Philosophy of Leak Testing at PSI-Westboro

The leak test specification for the LIGO vessels is to find, and repair, all 1x10” Torr-Vs of
helium and greater leaks in accordance to ASTM E498 Standard Test Methods for Leaks. In
order to optimize the leak testing process, we have bagged the first vessels of each type:
WBSC10, WHAMI1, and WCP4. Additionally, three spool sections were bagged: A15 (01), Al
(01)-A7B (01), and A6 (01)-B6 (01). Bagging these vessels consisted of enclosing the chambers
with tarp and filling the bag with helium again in accordance to ASTM E498 specification. This
creates a concentrated helium environment enabling the leak detector to find small leaks. A total
leak rate can then be quantified. All six vessels registered a total leak rate of < 1.5x10” Torr-Us
per vessel. Bagging was performed to try to qualify our evacuate-and-spray techniques
developed during the prototype program. The results of the bag tests verified the evacuate-and-
spray techniques implemented to attain the 1x10 Torr-Us leak rate specification per joint. The
history at PSI has shown that the smallest leaks our stainless steel welding techniques yield are
1x10” Torr-Us for the worst case scenario. This statement is also confirmed in High Vacuum
Technology by Hablanian (See Attached Reference). This size weld leak is easily found using
our evacuate-and-spray technique. Mechanical joints and aluminum welding are therefore the
only other source of 1x10” Torr-Us leaks. All aluminum cryopump reservoirs were bagged for
the leak testing technique prior to and after final assembly. Mechanical joints were targeted as
the probable source for very small leaks (1x10”7 — 1x10”° Torr-Us). Very few leaks of this size
were found on the vessels.

v049-1-168.doc
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Philosophy of Leak Testing in the Field

The philosophy of leak testing the assembled LIGO vessels in the field is to verify the integrity
of the leak test performed at PSI and to test new or remade conflat assemblies. The RGA air
signature is an additional confirmation as to the tightness of the complete assembly. Taking the
extra step to leak check each isolatable volume reduces the risk of getting a large, and therefore
unacceptable, air signature. We field leak test every joint that has been changed since the initial
leak test at PSI. This is confirmed by our conflat torque tags. Any missing or newly tagged joint
is rechecked, and often all joints are rechecked if time permits.

PSI Leak Testing Summary
Following all of the steps listed above helps to ensure meeting the leak test specification. As of
this writing, the air signature has been demonstrated in the Left Mid, Left End, and Left Beam

Manifold. The air signature method was used to identify a gate valve bellows leak in the Right
Mid Station. A new test has been developed for the large gate valve bellows.

v049-1-168.doc
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WASHINGTON
LEFT END
STATION

TAG NO. SER. NO.
WBSC10 | 01 .
WBE4C ' 03
WCP7 02
WAIB 02
WATB 02
GNB GATE VALVES |
WGV17 003

WGV ?1% ) 009



May 31 88 03:06p

-

David M. Evers 8943-44293 p.2
MAy-28-1998 188 36 PRIMESS S3TEMS L'l P.a1
Title: SPECIFICATION FOR LEAK CHECK PLAN UGO VACUUM EQUIPMENT
LEAK TEST DATA SHEET
caul P
i ) 7

Component Name

LEET - EA7) ST~

Aseotsy DPE

WHSE [0 <+ p/

Mcde! Number uh/3F sar CF
Serial Number WA[3 5% I |
Drawing Number VOSF D -5 -pe’'7 wer v o9

j APy a0
Detector Name RALIEAL S Bal 2625 Werl7 4208
Modsl Number H2F J R HT _14p Véy 8 3500 ¢/ 1P
Senal Number /. : OR 1@ iv" &

s varEeT - - | & (e &£y
P Calibration HLT (D gl irss o Poenps
Expiration Date [~12-98 vt CAL. gwly |4l psuevlss [Pieie
Standard Leak Rate 4.53vm T )

Background A
Standard Response 5vr0~9
Leak Test Data ,
Location /Date WAsH SHE Arah it
Tracer Gas He He ’
Pressuré /e - p < X/e~6 1orR Lits thae Jerg > PHC AOVVIRS s Pack
Duration A lh ROt oy | YA Efloconte s $i%A
Response A PL Y10 F5cal: | VDL A W“Ts (o2~
Leak Ratwc
Measured A D 21074 o bpoy DLy i5T seats EMae + SPERY
Calculated
Allowabje. A
Pecformed By "D, ff. | Date: 9 049 & 2%,
Witnessed By : Date :
Signawre ¥ /J, 4/, 4., 7L Date :
Title - terk 17T
Rematks :
SPECIFICATION
Number:  V048-2-014 Rev.
A 2
Page _5__of_ Jf_
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Title: SPECIFICATION FOR LEAK CHECK PLAN LjGO VACUUM EQUIPMENT

LEAK TEST DATA SHEET
1 2 3

Component Name (L ofumpP SPoo L
Model Number Ly e} ey
Serial Number s -5 o3
Drawing Number
Detector Name Poad ZERS
Mode! Number wA LT 16O
Serial Number A

Detector Calibration

Expiration Date

©F 2 BT

Standard Leak Rate

e

Background

g

Standard Response

Leak Test Data
Location /Date CiVYe [Com—
Tracer Gas e
Pressure '
Duration KRN
Response U, o il
Leak Rate
Measured
Calculated
Allowable
Performed By : 'Q\»{ Date: &-2-97)
Witnessed By : " | Date:
Signature : Date :
Title : o N
Remarks : NOQi . O (0" yoge [ (~T. 4 oxd. )
. - 7/
SPECIFICATION
Number  V048-2-014 Rev.
A 2
Page_5___o_ e
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Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

SPbbL SECTION LEAK TEST SUMMARY SHEET

Name (KO St
Model No. | e ) Red C
Seral No. | <-4~ E
Drwg.No.
Location Category Leak Rate | Allowable | Pass Fail Signature | Date
Torr Torr
Annulus-1 v _[1x107 v D e -9
Annulus-2 v | 1x10™ " VA <) Y7
Annulus-1 v 1x107
Annulus-2 \ 1x10~
Torr-L/s Torr-L/s
Weld Joint I 1x10~ s 1/ 13-1-97
Weld Joint il 1x10” - D o (-97
Conflat i 1x10”
Comments
Witnessed ,
Signature Dfi
Title
Date ¢ )} ,Cl')
SPECIFICATION
Number:  V048-2-Q14 Rev.
A Z

Page

8

of _ 1l




Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

LEAK TEST DATA SHEET
1 2 3
Component Name Al-A4 /2
Model Number '
Serial Number Oz
Drawing Number
Detector Name /% 7/;5<
Model Number HLET 160
Serial Number 3/ 379% 4 -0
Detector Calib.Date b~7<92
'Detector Calib.Factor V23 -
Standard Leak Rate YYxw 7
Std.Leak Expir.Date VAN e A4
Standard Response O 2Xp™7
Leak Test Data
Location /Date
Tracer Gas HE
Pressure @ Turbo Inlet
Duration 20 el =
Response I Xp~7
Leak Rate
Measured
Calculated
Allowable
Performed By " [ 2 4 Date: - B-GD
Witnessed By : Date :
Signature :éj,(%{%ﬂ. Date : é{@‘/ -
Title :

Remarks : £ &£44

CaTEL (5% dtae [X2 T Pome 135 TEE7-

SPECIFICATION

Number:  V049-2-014
A

p2




Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

VESSEL(BSC/HAL\/I) LEAK TEST SUMMARY SHEET

Name /-7 7%
Model No. |
. SerialNo. | & (
B Drwg.No.
Location Category Leak Rate | Allowable | Pass Fail Signature Date
Annulus Torr Torr
V-V _ | 4x10” £ Tyt |G 372
II | NDL (107 . e
Scale) e~ - PP
Vessel Torr-L/s Torr-L/s ~
N\
Weld Joint I 1x10” e 1T
Weld Joint I 1x10” ]
Conflat m 1x10” \

Comments £ £FK K?‘f:é- L sz 7hH52 | X{/)’? Hmnn [ TES T~

Witnessed

Signatur 77

Title

Date: é — -G
77

SPECIFICATION

Number: V049-2-014 p2
A




Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT

e

!

1 T

|

|

P4

|

e

LEAK TEST DATA SHEET
1 2 3
Component Name 55(
Model Number WwBhsc \0
Serial Number pe
Drawing Number
Detector Name 1340 2¢F LS
Model Number H(T 160 Z
Serial Number
Detector Calib.Date U1~ T 7
Detector Calib.Factor l{
Standard Leak Rate RN i
Std.Leak Expir.Date C-F7G 2
Standard Response sy¥'4 2L X /D~
Leak Test Data
Location /Date
Tracer Gas e
Pressure @ Turbo Inlet
Duration £0 AN .
Response I A
Leak Rate
Measured
Calculated
Allowable
Performed By 1) &f. |Date: 4. /017
Witnessed By : , Date :
Signature[}vﬂgﬁ Date | ¢ ~-/2~7—>
Title :

Remarks: Z Ak Ro1e (55 +441

lyp~7 Aﬁfg( =5 Anq 194 Tt

SPECIFICATION |

Number:

V049-2-014

A

p2




Title: SPECIFICATION FOR LEAK CHECK PLAN LIGO VACUUM EQUIPMENT - |

VESSEL(BSC/HAM) LEAK TEST SUMMARY SHEET

Name P
Model No.
Serial No. | poZ
Drwg.No.
Location Category Leak Rate | Allowable | Pass Fail Signature Date
Annulus Torr Torr _
A% 4x10” s L@outa? | 452
I NDL (107 - |
Scale) /a T24sr | 57
: i
Vessel Torr-L/s Torr-L/s N
Weld Joint I 1x10” T~
Weld Joint II 1x10” e
/ \
Conflat il 1x10” — T~
Comments £ ok A2TF Lés5 The] Ixw™ ARk 50 10 K T 1
Witnessed |
SignatureW@d%z/
Title
Date: & ~¥ <7D ]

SPECIFICATION

Number: V049-2-014

A

p2




LIGO VACUUM EQUIPMENT

ACCEPTANCE TEST REPORT

5.5 System Bake-Out

The completed station was baked-out per Acceptance Test Procedure V049-2-112.

The bakeout passed the requirements since the ultimate pressure test was
successfully completed.

v049-1-168.doc
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LIGO VACUUM EQUIPMENT

ACCEPTANCE TEST REPORT

5.6 Ultimate Pressure Test (After Bake-Out)

The ultimate pressure test was conducted per Acceptance Test Procedure V049-2-
114.

All test results met or exceeded the requirements.

v049-1-168.doc

S



 Partial Pressure Calculation

TAC ance of the Bak with respect to Air Sign. nd Partial Pi
-.03/29/9‘8
. WLERGA
F (armu) E famu) S (pamy) { (amu) PP (amu)
‘ ttansmasson lomzaﬁon ) sensxtivity fon current
efﬁaency effi cxency :
wrt N2 wit N2 (TorrlA) (A) (Torr)
: - - 247 1.80E-09 | 4.45E-09 -
16 - - 057 - =460 - - - 1.50E-11 |  2.18E-11
748 064 1.2 7.90E-12 | 1.73E-11
28 - - '3.08 2.90E-10 8.93E-10
44 1.57 1.42 920E-12 | 2.50E-11
I alothers ] - 308 430E-11 | 1.32E-10
- *—— " LIGO Contract Limits Actual Pass
_:Primary =~ Total ) : : ,
Cntena - Pressure: 2.00E-08 Tormr 5.54E-09 Torr Yes
Secondary Othersexcept :
“Criteria - H2& H20:  3.00E-0S Torr 1.07E-09 Torr N/A
LIGQ: % M
/
PSI -«

35




\

Title: PROCEDURE FOR RGA FIELD CALIBRATION ON AN ISOLATABLE SECTION
TITLE RGA CAL. CHAMBER PARTIAL PRESSURE DATA SHEET
DATE: 3 /2¢/7¢
TIME: :
TEST 1.D.: e.g. WBSC1_1 WL EREA. L. 54C RGP CHAMBER CARLIB, BasELnG
PSI TEST ENGINEER: //7 WLERGAR.2,54c CAL. LEFK OPEN
AMU Iamu Qamu'_leak F, amu Eamu Ileak Sp_amu P, amu
wigetrn_ | | Leak rate | Transmission | Ionization |WLERGA-2
(Amp) | (Torr-L/s) Factor efficiency | (Amp) (Torr/A) (Torr)
CYel€ 4 wrt N, witN,* | €YeLso
H, |74£-10| 4.8x10° 0.46 [ 4E-7 2.47 5,8 E-9
He |(/£-/3 0.18 /E~13 .
12 |/.0&-11 0.42
14 |3,0£-/2 0.5
15 |3.3¢-/2 0.54 1
CH, 2.9/ | 0.57 1.60
17 |5,0£=// 0.6
-} Lo |l 6&~/0 0.64 1.12 T.0E-I0
- 19 |6,57F-/2 0.67
26 |4.4L-/2 0.71
28 |/ 3,/~/0] 9.5x107 1.00 P4E-8| 3.08 4.0 £-]O
32 14,4£-/3 1.14 1.01
38 |4./£-/3 ' 1.36 : '
40 15.9£-/3 9.4x10°% 1.29 7, 9L-9| 3. %2 2,2 £-12
43 7,413 1.53
4 9.0~/ 1.57 1.42
129 |/ £-/3 | 2.2x10° 287 |Z.06-9 | 6.34 4.3£-13
131 |/7&-/73 1.8x10° 2.87 L SE-T
132 |y7-)3 2.2x10* 287 |/, 9,59
134 1/-/3 9.0x10” 2.87 74-£-10
136 |/-/3 8.0x10” 287 4. 205~/0
Other 1.00 :
* Values used from Granville-Phillips for their B-A ion gauges (CH, from Leybold)
<, = Chmu_ leak
vfé)vq 5
hee s (T - Top) SPECIFICATION
\To o £ - | Number: V049-2-186 Rev.0
t I g = 3673 -gi?_? A
amy
Page ___21___of 22
Jb




Title: PROCEDURE FOR RGA FIELD CALIBRATION ON AN ISOLATABLE SECTION

TITLE RGA CAL. CHAMBER PARTIAL PRESSURE DATA SHEET
DATE:  >)2¢/9¢
TIME:
TEST LD.: e.g. WBSC1_1 LEFT EAMND STATION ( WAJ‘/%) Wiergq-6,5ac ,cyec/e |2
PSI TEST ENGINEER: b '
AMU Ianm Qamu_leak I, amn Emnu I leak Sp_amu P amu
Leak rate | Transmission | lonization
(Amp) | (Torr-L/s) Faclor efficiency | (Amp) (Tort/A) (Torr)
wrt N, wrt N,* e~
1, |[/#&-9] 48107 0.46 Z,47 4.4 E-F _|*=3
lle |/ 4&-13 0.18 o
12 |79£-12 0.42 3,08 4.5E£-12
14 6,212 0.5 : 2,08 .4 E£-11
15 ¥,2£-/2 0.54 3.08 /4 E-1 -
| Cll, (45&£=-71 0.57 1.60 3.08 2.2 E-1) f‘ffj
% 1 17 |47£-72 ' 0.6 3,09 [ E-]] JuN
- Yo maEn 0.64 12 3,08 h7 &= (A
19 [7,05-/2 0.67 3.08 LeE=]] =
26 |2.3£-72 0.71 : 3,08 S.2£-12 o
28 |2,9£-/0] 95x107 100 5.08 $.9E-10__|Pap
32 | 144-/3 1.14 1.01 2,08 2.4L£-/2
38 |/, 74£+13 1.36 3,08 G E-13
40 | 76E-1Z] 9.4x10° 1.29 13,852 2.9~/
43 |, 513 1.53 | 3,08 S5,7£E-)3 -
i | %2E 157 42 3,08 25 E-17 (A3
129 [/ £-13 2.2x10° 2.87 6,34 GCE-/3
131 1.8x10° 2.87
132 2.2x107 2.87
134 9.0x10” 2.87
136 8.0x10” 2.87
Other |/, £/ 1.00 3,08 3,94£-1) ’)M%D
¥ Values used from Granville-Phillips for their B-A ion gauges (CH, from Leybold) '
' 7071 Frisss = 5.5 X0~ 7 Torr "
SPECIFICATION
Number: V049-2-18 Rev.l)
A .

Page 21 of_ 22
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WASH| LEFT END . | - 3/24/'75’,4’»-

50 SHEETS

22-142° 100 SHEETS
22-134 200 SHEETS

@ 22.141

,
(o)

([?éi"? creIBl Wlfkéﬁ_ l.s4c cyele 4 )NLL’RM z cgc/cé
/7/2. Sorifice.amey = 3,673 ‘/ z2575
. Zro :
= /3.‘73'
-6 -' - -
S/é-_" 4:?)(/0 : b"k_-g _
| - 7 - —__....——5_—-— gj /_-—-D,-’.
(03.93) (14 %10~ "= 7,4 x107 ") TS Py
S v
- th"-? 7—5f‘r
Amp

NZ_ 5" - %5 X/0 -7

A
e 673) (%14 %077 /,5x)o“'°)

= 3103 ZQ.’.P

AmP

/4,\ 5-/} = 4/4‘7(/0 -¢ ,
" (5 ¢73) //?i‘va') (7,qm -9_ 59%p 5)

Torr
= 3:?2 ,—4/\7/)

227()0

re /2.9 xe'z‘f T (3:673) ([/ 2/2;”) (2 6. 30 1= LoVO" ’5) ,




[1setatED sECTIN IWf”5H LEFT EMD | - 329/ Ay P
T WLERGS6 Se¢ YL ' '

CHe _ —_
‘ = Lam 2
M ETHANE Pana = Tames fama Spuy | z

£ L5 &

Ry = (h5E11) (2.57) (3,08) JZE (Amps)(zzn)
. /,éo . /b o .

£75

= 2, X)D_” Torr

50 SHE
200 SHEETS

CO’L .

2, - (9.2 E—ll)//,57)(30§)(y%) o | - |

114-2 '

] 22.142 100 SHEETS

22.144

7o, 22-141
AMPAD

= 2.5 w0 T

Oy B, - (7.4E-13) (hi4)(3.08) / i:?_

Lol

-

2.4 %107'F T3,

720 5

o = (176v2) (64)(3.08) 2L

///7—-

= L7 507" B

"




lw/-a?s/% LEFT £ND l 32ake . ®

AmY .

/2 A= (7.9 £-12.) (- 42)(3,08) [ /-27/;)
: /r O

= 45 x07'% Tiorn

14 b2 F-l2 (.5)(553) {//g;?

50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22-141

/4

/5 G2 £ (.54)(3,08) 723,?

2[4 x,07

17 47512 (6)(3.08) ﬂ%?

= /,/xlo—/l

19 oc-in (.47)(3;08) 'ﬁ;’

= //'-57'-‘ X/D—/’ -
26 2.3 E-/z[-'?/)[b,o‘if)l/f—f
= 5,2 X/o"”'_‘ |

38 117£-/3 (/, 54) (5,05) !/;s_? ’

= 6. /~X/0-)3

13 /1.83)(308) [ 25
4.3 /15515//55)(308)/:
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Conductance Calculation for RGA Calibration Chamber at I eft End Station

Main Volume

o | e 8" N

RGA

25 |
All-metal l

Valve

1. C,s yaye =800/s  from published data
2. 2.5” tube path =4” + 87 =127

-1 -1
P,u,,e=(1+3-£) =(1+-3--£) =(4.6)" =21.7%
8 8 1.25 |

2
Sz_s.._a,,.ﬁce=(2.5in)2%x£(-)'—02_—5:‘25—ﬂx117,000 L _370 51/

in s—m?

Cosr e = Prsr use *Sas onpee =(0.217)-(370.51/5)=80.41/ s
Conductance from Chamber to RGA:

C.. = L —40.1//5
: T, 1

80.4//s 80l/s

{this applies to the RGA on the cross at any location (/=8")}

The pumping speed to the chamber is almost 11 times greater with the 0.25” orifice
(S=3.7 l/s).

This test configuration should provide better results than the Left Mid Station
configuration.

7]
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5.7 Backfill/100 Hr. Pumpdown Test



LIGO VACUUM EQUIPMENT

ACCEPTANCE TEST REPORT

5.7 Backfill/100 Hr. Pumpdown Test

The backfill and 100 hr. pumpdown test was conducted per Acceptance Test
Procedure V049-2-114.

The roughing and turbo pumping requirements met or exceeded the requirements.

The ultimate pressure and partial pressure results are detailed herein. This test was
for demonstration purposes only.

v049-1-168.doc




Partial Pressure Calculation

Demonstration of the Back-to

-Air 100 hour pumpdown with respect to Partial Pressures

Date: 04/14/98
Test ID: WLEBTA (100 hr)
PSI Engineer:  J. Flinn
AM U F (amu) E (amu) S (p_amu) / (amu) PP (amu)
transmission jonization sensitivity ion current
efficiency efficiency
wrt N2 wit N2 (Torr/A) (A) (Torr)
2 - - 2.87 1.14E-09 3.27E-09
16 0.57 1.60 4 85E-11 8.85E-11
18 0.64 1.12 3.40E-11 9.38E-11
28 - - 3.87 1.98E-09 7.66E-09
44 1.57 1.42 1.11E-10 3.79E-10
all others - - 3.87 2.50E-10 9.68E-10
[Total Pressure = 1 25E-08 |
LIGO:

;P‘§l:




04/02/98
04/03/98

04/04/98

4/5/98
4/6/98
477198

1300 Start clean air purge with cryopump isolated by GV18

1300 End clean air purge
Start rough pumping system with QDP80
1700 P=0.49 Torr
Start turbo pumping system with STP2000C
745 P=8.0E-8 Torr
P(cryo)=4.0e-6 Torr
Fill Cryopump
830 Start 2500 I/s ion pump and close 14" gate valve
1000 Open GV18 (44" gate valve)
1030 P=5.0E-8 Torr
1530 lon Pump (Voltage=3000V, Amperage=2.5E-4A)
P=3.0E-8 Torr
Open 14" gate valve
1531 P=2.5E-8 Torr
Close 10" gate valve to isolate STP2000C
1535 P=3.5E-8 Torr
lon Pump (Voltage=3000V, Amperage=5.2E-4A)
700 P=1.5E-8 Torr
700 P=9.0E-9 Torr
1300 P=7.0E-9 Torr
1700 PT410=6.84E-9 Torr  End of 100 hour test
PT424=6.69E-9 Torr

Save ail RGA data to WLEbta_1."**

Graphical Data

Time (hr)  Press (torr)

4
18.75
21.5
26.5
26.52
26.58
42

66

96
100

760

0.49
8.00E-08
5.00E-08
3.00E-08
2.50E-08
3.50E-08
1.50E-08|
9.00E-09
7.00E-09
6.80E-09

Pressure (Torr)

Left End Station 100 Hour Pumpdown

0 25 50

Time (hour)

100

S/
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Partial Pressure Calculation
Demonstration of the Back-to-Air 100 hour pumpdown with respect to Partial Pressures

Date: 04/14/98
Test ID: WLEBTA (115 hr)
PSI Engineer:  J. Flinn
AMU F (amu) E (amu) S (p_amu) | (amu) PP (amu)
transmission jonization sensitivity ion current
efficiency efficiency
wrt N2 wrt N2 (Torr/A) (A) (Torr)
2 - - 2.87 9.61E-10 2.76E-09 -
16 0.57 1.60 3.88E-11 7.08E-11
18 0.64 1.12 2.61E-11 7.20E-11
28 - - 3.87 1.59E-09 6.15E-09
44 1.57 1.42 9.49E-11 3.24E-10
all others - - 3.87 1.94E-10 7.51E-10
[Total Pressure = 1.01E-08 |
LIGO:
PSI:
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Title: RGA Sensitivity Calibration
Date: 4/6/98
Test ID: WLEcal_2
PSI Engineer: John Flinn
AMU l(amu) |(Ieak) F(amu) E(amu) Q(amu_leak) S(orifice_amu) S(p_amu)
(A) (A) (-) (-) (Torr-l/s) (i/s) (Torr/A)
2 6.91E-10 1.21E-07 4 80E-06 13.9 2.87
16 - 0.57 1.6 1.82
18 - 0.64 1.12 276
28 | 1.28E-10 | 6.65E-08 9 50E-07 37 387
40 2.69E-13 6.56E-09 9.40E-08 3.1 462
44 - 1.57 1.42 3.41
129 1.00E-13 1.63E-09 2.20E-08 1.7 7.94
131 1.00E-13 1.28E-09 1.80E-08 1.7 8.27
132 1.00E-13 1.58E-09 2.20E-08 1.7 8.19
134 1.00E-13 6.14E-10 9.00E-09 1.7 8.62
136 1.00E-13 5.34E-10 8.00E-09 1.7 8.81
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LIGO - Specific AMU - LE

AMU Calibration Measurement Left End Station Left End Station
Chamber Main Volume Back to Air Test
HS he

2 1.22E-07 6.96E-10 1.80E-09 9.74E-10
12 1.50E-11 9.06E-12 7.90E-12 3.40E-11
14 5.46E-09 2.20E-12 6.20E-12 6.40E-11
17 8.10E-11 2.87E-11 4.70E-12 1.43E-11
18 2.85E-10 8.77E-11 7.90E-12 2.58E-11
27 6.50E-11 4.25E-12 2.61E-12 1.04E-11
28 6.80E-08 1.30E-10 2.90E-10 1.56E-09
29 5.70E-10 2.60E-12 3.06E-12 1.60E-11
32 2.60E-12 6.30E-13 7.40E-13 4.30E-11
40 6.70E-09 3.27E-13 7.60E-12 4.30E-11
41 2.15E-12 7.44E-13 3.00E-13 9.00E-13
43 5.04E-11 7.68E-13 1.50E-13 6.80E-13
44 2.00E-10 1.00E-10 9.20E-12 9.49E-11

bl



Conductance Calculation for RGA Calibration Ch:amber at Left End Station

Main Volume
" L " N
4" | e 8 »
RGA
| [T |
All-metal N
Ve | l |
1. Cys vane =800/s  from published data
2. 2.5” tube path =4"+ 87 = 12"
-1 -1
Pupe = 2 k) ofie2 2 =(4.6)" =21.7%
8 r 8 1.25 ’
2
Sy e = (2.5i1) Zox 00254 m)’ 117 000 =370 5015
o= 4 in §—m

CZ.S"_tube = P2.5"_lube ) S2.5"_oriﬁce = (02 17) ) (37051/5) = 804I/S
Conductance from Chamber to RGA:

1
Cmml - l l - 40 . ll/s

804175 80175

{this applies to the RGA on the cross at any location (/=8")}

The pumping speed to the chamber is almost 11 times greater with the 0.25” orifice
(§=3.7 I/s).

This test configuration should provide better results than the Left Mid Station
configuration.




M PMENT

ACCEPTANCE TEST REPORT

5.8 LN2 Consumption Test

The LN2 consumption test has been conducted per Acceptance Test Procedure
V049-2-114. The duration between refills exceeded 100 days.

v049-1-168.doc
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May 19 88 07:28a

Station

Test
Date
Time

Storage Tank
14400

David M. Evers

LIQUID NITROGEN CONSUMPTION TEST
Ref. Spec. V049-2-208

943-4428

WA. Left End Cryopump WCP7
Start Finish

5/6/98 5/16/98

7:00 11:00

wWDW?7

gallons total volume

13700 gallons at full trycock .
13700x09= 12330 usable gallons

300 in.H20 level indication at full trycock

4567 gallons / in.H20

Resuits

Starting level= 154 in.H20

Ending level= 131 in.H20

Duration= 244 Hours

Liquid consumed=  1050.3 gallons

Tank pressure= 15 psig

Ave.consumption for test duration= 4.30 galfhour
Projected duration for usable gallons= 119.3 days

psi TS/ e/

LIGO ( % Wzﬁ«/‘«
/
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MAY-86-1998

May 18 898 07:28a

16:36

David M.

Evers

PRDOCESS SYSTEMS [M™'L

943-4429

P.o7

Title: PROCEDURE FOR BACKFILL/PUMPDOV/N DEMONSTRATION AND LN2 CONSUMPTION

TEST
_ aca. |
D2.TA SHEET F jﬁ
STATION L 1SO. SECT
OPER. . ; . ,
DATE 5[b* S[2 s[¢ . 5]4 ql//( 5//2: 5/i3
Zm.r-: T00 130 205 ! g/5 a5 24S il
N2 ;
Pl /5 p5iq [Dp56 | !5 psle 15 psie, | /4 g5iq | 1S psia /5550,
PI f t ] T %4 r/ s / U J
LI /5H 7 /50% M8 we (47" 143" [ 190 (38"
LI
PT Yof | O35 515 | O Bpwe | OBpse 0.2 psi| Or2pseg | 022500 | 313 o
PT 1 7 TV T \/' I J Y7 ¥ v} - ‘”_,-
i.xg .77 | 39.9% | 3% 476 328.27 321% | 3¢.4 76 | 3587
T | ]
LCV OP| O Lo S LO L0 O o0
LCV_ OP
LCV CcL| /5 20 20 20 A0 oy 20
LCV CL
MAIN V. R
PL 924 12, 0ixip (13«07 [ [A5xt0 T 62T 15707 1LYE8 x1p077] 147 x 17T
Pl ¢ m 128 x0” ) )59 i 1535071 [ Y2k 101070
Pl
Pl
GHI1
GH2
GH3
ION P.
El ZocO v | Becoy SoooV - 3000V | ZocoV | 2aV | W00V
El
TREY 2,5 (0 SA 3 ZN0B 20 A 2.5 (0 A2« (6AR | 2T ety 34
T cuz 3.5 o A7 1 10% 2 YxIGIA| 2o x (A |24 (0T A]2 30A
% &rAeT of 240 hour TesT
SPECIFICATION
Number. V049-2-208 Rev 0
A
vage. b ot
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i

May 19 98 07:29a

”

David M.

Evers

943-4429

#
F#le: PROCEDURE FOR BACKFILL/PUMPDOWN DEMONSTRATION AND LN2 CONSUMPTION
TEST
Efje 2
DATA SHEET
STATION / (£ ]1SO.SECT
OPER. T ) L
DATE sid &5 |S/L]98%
TIME 705 914 /112)
LN2
PI 15 psie | /5 p5ia | L4 Psi4
PI V7 o
L1 [2(7 (B 13471 /%7
LI ' .
PT YOI 0.% 0.3 0.5
PT
LIC 255% | 244 Lo [531-34.3
LIC 94 e 92, Yo
LCV OP L0 . Lo :
|Lcy  OP
LCV CL| 20 20 20
LCV CL
[MAIN V.
Bl 474 | [Mlrlg | [ #0E-T|/3 ¥O?
Pl 4o | \3de(od | [ 2FE-9 1424 X074
PI
PI
GHI1
GH2
GH3
ION P.
Bl (Al1] 2000v |pvz2V |30V
EI ' |
0T (al |2 24520 E-5S [Z2:0&-5
T (7 |22 oA 2 0E-S |2, 0675

X% 240 /\bm' 7"651’ Fw:s/m&

SPECIFICATION

Number: V048-2-208

A

Rev.0

&1




LIGO VACUUM EQUIPMENT

ACCEPTANCE TEST REPORT

5.9 Noise/Shock/Vibration Field Test

The Noise/Shock/Vibration Field Testing was conducted by Cambridge Acoustical
Associates (approximately .03g Vs. .01g specification requirements.

v049-1-168.doc
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CAMBRIDGE ACOQUSTICAL ASSOCIATES, INC.

L INTRODUCTION AND SUMMARY

The first phase of the LIGO commission test for vibration, noise, and shock has
been completed at the Hanford, WA end- and mid- stations. Acoustic and vibration
measurements were recorded on or near the chambers in these facilities with individual
PSI vacuum equipment operating and the facility in a “quiet mode™. Background
measurements were also recorded. In addition manual and motorized valves were open
and closed while shock measurements were recorded on the valve and on the chambers.

The results of the measurements are summarized as follows:

A. The background vibration levels, “quiet mode” (see Section I1.A.2), are
significantly higher than the LIGO vacuum equipment specification, and typically
fluctuates about the higher LIGO building vibration specification. When measuring the
vibration levels due to the operation of the vacuum equipment, the background vibration
dominates much of the frequency range.

B. Operating the ion pump does not measurably increase the vibration levels.

C. Excitation frequencies of the molecular turbopump are 48 and 54 Hz due to
the pump’s controller, 280 Hz of unknown origin, and its spin frequency of 450 Hz and
higher harmonics. A broadband resonance of the beamsplitter at 300 Hz amplified the
280 Hz excitation frequency. The vibration isolation system designed for the turbopump
was short circuited during measurements to prevent the bellows from collapsing. This
transmitted higher vibration than expected.

D.  The excitation caused by boiling in the cryopump is broadband and tends to
increase the overall level of vibration. Controlling the boil process is essential in
minimizing vibration. During our measurements, we varied the operation of the
cryopump (see Sections II.A.4.d and II1.A.5) and significantly changed the levels of
vibration. At the lower frequencies there is a 10 dB reduction in level across the beam

manifold bellows between the cryopump and the beamsplitter. Overall reduction in the

7




CAMBRIDGE ACOUSTICAL ASSOCIATES, INC.

resonance response to the broadband excitation of cryopump as well as the background
noise could be achieved by increasing the effective loss factor of the structure.

E. The noise measured during the operation of the turbopump did not meet the
LIGO’s noise specification above 125 Hz, as expected. A properly installed noise
enclosure around the pump and its controller would reduce the noise level to the rooms
background level, which also does not meet specification above 125 Hz.

F. Shock measurements on the beamsplitter chamber, when the manual valves
were opened or closed, met or slightly exceeded LIGO’s revised shock specification, with
the exception of the 14" ion pump valve in the mid station. When the spring loaded . .
mechanism released during opening of this valve, the specification was exceeded by a
factor of 2.7. Levels on the valve body were significantly higher for all valves.

G. When operating the large gate valves, the levels on the chamber were 3-4
times greater than the specification. Levels on the large gate valve’s body were not as
high as for the manual valves.

H. The results at the mid-station overall are similar to the end-station, with

narrow band variation.

B 1. MEASUREMENT DESCRIPTION

A. Vibration Measurements
1. General Test Conditions

The PSI equipment was under a high vacuum for all tests. To
highlight sources of energy originating in the vacuum equipment, tests were conducted
with a minimum of facility-induced background noise and vibration, “quiet mode”. At
each observation location, measurements were recorded with each piece of vacuum

equipment (ion pump, turbopump and cryopump) operated alone. Background

measurements, without any vacuum equipment operating, were recorded for comparison.
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A typical measurement, at an observation or receiver location on a chamber,
recorded vibration in three mutually perpendicular directions. To span the full frequency
range of the LIGO specification, two high-sensitivity ultra low-noise accelerometers were
utilized. A total of six measurements was recorded at each chamber receiver location. For
floor measurements, a single vertical low frequency measurement was performed.

2. Instrumentation

The two vibration sensors were a Wilcoxon Research model 731A
accelerometer (10V/g, 600 gm.), for frequencies from 0.1-300 Hz, and a model 916BTO-
1 (7.5 V/g, 700 gm), which provided low noise capabilities above 300 Hz. Manufacturer’s. —
specifications for the two accelerometers are shown in Figure 1. The equivalent
acceleration spectral densities corresponding to the electronic noise floors of the sensors
are shown Figure 2. Recommended manufacturer’s battery power units were used with
the accelerometers.

To perform the tri-axial vibration measurements, a Wilcoxon Research Model TC1
triax cube with a non-conductive coating was utilized. The cube was designed for the
Model 731 seismic sensor and can accommodate the Model 916 sensor but with a
frequency limitation. Based on information from the manufacturer, it is estimated that the
cube may influence measurements above 1-2 kHz. In addition, due to the mass of the
accelerometers and the cube, a massive mounting location is required to measure the
higher frequencies.

A digital PC based data acquisition system with a dynamic range of 72 dB
recorded the vibration signals. Gain control in both the accelerometer’s power unit and
the data acquisition system optimized the dynamic range of the recorded signal. SIGNAL'!
software controlled the acquisition and processing of the data.

For the low frequency measurements, the data were acquired at 1250 samples per

second for 98.3 seconds using a 450 Hz anti-aliasing filter. Averaged power spectral
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density (PSD) spectra (4096 lines and 30 averages) were created from the data using a
Hanning window. Similarly, the high frequency measurements were acquired at 12,500
samples per second for 9.83 seconds using a 4,500 Hz anti-aliasing filter. Time histories
were saved for all measurements, in the event that additional post-processing is required

3. Measurement locations

Measurement locations (receivers) were selected by Michael Zucker
from the LIGO/MIT team?. Figures 3a and 3b indicate the locations of all vibration,
noise, and shock measurements in the end- and mid-station respectively. Vibration
measurement locations are indicated by the symbol 731/916, which relate to the sensor
used. Photographs of the locations are shown in Figure 4. In this report, the locations

shown in Figure 3, going from left to right, will be designated as follows:
End-Station Vibration Locations:

Position 1- Beamsplitter Nozzle G Circumferential Direction
Vertical Direction
Radial Direction

Position 2- Beamsplitter Flange Axial Direction
Radial Direction

Position 3- Cryopump Stiffener Axial Direction

Vertical Direction

Radial Direction

Position 4- (Tie Rod) Bracket Near Axial Direction
Beam Tube Vertical Direction
Radial Direction
Position 5- Floor (near Beamsplitter) Vertical Direction
4

75
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Mid-Station Vibration Locations:
Position 1- Beamsplitter Nozzle G Circumferential Direction
Vertical Direction
Radial Direction
Position 2- Beamsplitter Flange Axial Direction
Vertical Direction®
Radial Direction

Position 5- Floor (near Beamsplitter) Vertical Direction

*High ﬁequency accelerometer only
Surface normals and space restriction did not allow a global orientation of sensors
and the directions listed above are slightly rotated. At position 2 on the beamsplitter
flange, the flange bolts interfered with performing measurements in the vertical direction.
4. Operating Conditions During Measurements

Vibration measurements were recorded for four different operating
conditions:

a. Quiet Mode - Background vibration of the quiet mode was
measured at all receiver locations. During the quiet mode, all facility equipment was shut
off except lights, a transformer, and several electronic racks located in the area. With the
exception of the background measurements at position 3 and 4 in the end station, the data
acquisition system was located in a separate room behind closed doors. At a later time,
the background measurement was repeated at location 3 and showed no significant
difference.

A reference accelerometer, located on the floor of the building away from the
equipment, was used to monitor changes in background levels during the measurements.

Wind, traffic, and other source of external vibration could be observed.

76



b. Ion Pump Source - In the end station, vibration measurements
were recorded at position 2 while the ion pump nearest the beamsplitter, was operating. It
was determined that the ion pump was not a significant sources, and therefore no further
measurements were performed.

¢. Turbo Source - In both the end- and mid-stations, the turbo
pump at beam manifold section WA-7 was operating. Because the mechanical room was
not totally closed-off, the turbo-pump was operated without its backing pump. During the
test, the bellows connecting the pump to the manifold was structurally short circuited to
prevent it from collapsing under the vacuum load. This eliminated the vibration
mitigation expected from the bellows. Measurements were recorded at positions 1,2 and 5
in both stations.

d. Cryo Source - Cryopump measurements were performed only in
the end station at receiver positions 1,2,3 and 4. Measurements were recorded on two
separate days. During both days, the pump was filled and ready to test in approximately
two hours. There was some question whether the pump and/or fill line reached steady
state conditions? On the first day, the pump was overfilled to 94% capacity, with the LN,
liquid level in the vessel above the inlet line. Vibration measurements were recorded at
positions 2 and 3. On the second day the LN, liquid level was set at the normal operating
level, below the fill line, and two series of tests were performed. First, operating set
points were varied while the vibration response was measured at position 3, the nearest
location. Three flow rates were tested, M1, M2, and M3. M1 is the slowest, and M3 is
the fastest flow speed. These flow rates were set using the 2 manual bypass valve
(automatic control was not operational). Next, measurements were recorded at positions
1,2,3 and 4 for the “same” operating conditions to determine the flow of vibration energy.

e. HVAC Source - An additional measurement was recorded at

position 2 with the HVAC on, and all other equipment in its quiet mode.

CAMBRIDGE ACOUSTICAL ASSOCIATES, INC.
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B. Noise Measurements

Background and turbo source noise measurements (see previous section)
were recorded in both the end- and mid- stations. A Bruel and Kjaer Model 2236
Precision Sound Level Meter measured the overall sound pressure level at the
microphone locations shown in Figures 3a and 3b. Octave band measurements were read
directly from the sound level meter and compared with the LIGO noise specification.
Narrowband measurements, recorded at 12,500 samples per second, were processed as
described in the previous section for diagnostic purposes.

C.  Shock Measurements

Shock measurements were récordéd on sample valves, opening and closing,
in both the end and mid station. Valves tested include the 10" manual turbopump valves,
the 14" manual ion pump valves, the main gate valve WGV-18 in the end station, and the
main gate valves WGV10 and WGV11 in the mid station.

General purpose PCB Model 338A35 accelerometers measured the shock levels. A
single accelerometer was mounted on the valve body for diagnostic purposes, and a tri-
axial arrangement of accelerometers was mounted on the upper “G” nozzle of the
beamsplitter nearest the valve. Locations of the accelerometers are indicated in Figures 3a
and 3b by the symbol 338. Photographs of the locations are shown in Figure 4.

Measurements were recorded by our data acquisition system at 1250 samples per |
second using a 500 Hz anti-aliasing filter. A 100 Hz low passed filter was applied to the
data, and maximum and minimum shock levels were measured. These values are
compared to LIGO’s revised shock specification: “shock levels should be less than 0.01
g’s peak to peak” (note: the absolute sum of the min-max measurements is an upper

bound estimate of the peak to peak level). For diagnostic purposes, the min-max

measured levels are listed from the 500 Hz filtered data.
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For the manual valves, two sets of opening and closing measurements were
recorded, while only one set of data was recorded for the large gate valves. Per PSI
request, additional shock measurements of the large gate valves at various operating

speeds were recorded.

III. MEASUREMENT RESULTS

A.  Vibration Results

Some 110 different vibration measurements were recorded and analyzed.

Acceleration power spectral density curves are plotted in Appendix A and B for the end- _.
and mid-station respectively. For reference, the LIGO equipment and building vibration
specifications are shown on each plot. For easy comparison between measurements, the
dynamic range and number of frequency decades are the same on each plot and therefore
can be overlaid.

Our comments are as follows:

1. Structural Resonances

Structural resonances can be inferred from the measurements by observing
spectrum peaks that cannot be attributed to the known narrowband sources. From our
previous analyses’, we can include additional insights into the identification of the
resonant modes.

The resonant frequencies identified are:

a. Below 12 Hz, the peaks are primarily due to the six isolation frequencies
of the inner cryopump vessel. The analysis also predicts a lateral beam mode of the
cryopump section between the two manifold bellows. Resonant responses are greatest at
Position 3, located on the cryopump (see Figs E3-14&18).

b. At 15 Hz, the manifold section between the beamsplitter and the first

bellows resonates in a lateral beam mode(see Fig. E2-17,22).
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c. Additional beam manifold modes occur at 20 Hz and 50 Hz, (see Fig.
E2-17,22 and E3-14,18).

d. At 52 Hz, an axial mode involving the mass of the large diameter
manifold and the local stiffness of its neck down section is resonant (see Fig. E2-7,15).

e. At 90 Hz, there is an apparent resonance of unknown origin.

f. The cryopump vesse‘l has a shell resonance at approximately 200 Hz.
(See Fig. E3-15&19). A similar mode was evident in our previous measurement of the
cryopump’s inner vessel (see Fig. 3f of Ref. 3).

g. Around 300 Hz there is a broad build up owing to a beamsplitter ..
resonance (see Fig. E1-8,10,¢etc.).

2.  Quiet Mode

Background vibration measurements are significantly higher than the
LIGO vacuum equipment specification (see Figs. E1-7 thru 12,E2-7 thru 11, E3-7 thru
12,21&22, E4-7 thru 12, EM-7, Mid-7 thru 12, Mid-19,21,22,&23 and Mid-29). They
typically fluctuate around the higher LIGO building specification shown on the plot.
Below 1 Hz, the levels are typical of background ground vibration, decreasing with
increasing frequencies. Between 5 and 60 Hz, the cryopump isolation frequencies and the
beam manifold resonances described above amplify the floor vibration. Narrow band line
and fan blade excitations and their harmonics, evident above 29 Hz, are mixed in with
additional structural resonances.
As mentioned previously, the data acquisition system was inside the vacuum

equipment room when the background measurements were recorded at position 3 and 4.

A repeat of measurements at position 3 (compare Figs. E3-21&22 with E3-11&10),

showed no significant difference with the system in another room.
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3. lonpump Excitation

Measurements with the ion pump operating are shown in Figs. EM-

11 thru 14. There was no significant difference in the levels with the ion pump on or off.
4. Turbopump Excitation

The turbo source measurements are shown in Figs. E1-14 thru 19,
E2-15 thru 18, EM-9, and Mid-13 thru 18. Our comments are as follows:

a. Below 48 Hz, the measured levels are approximately the same as
the background.

b. At 48 and 54 Hz, there are sharp peaks due to the turbopump’s
controller.

c. At approximately 280 Hz there is a sharp peak that is amplified
by the beamsplitter’s broad resonance at 300 Hz (see Fig. E1-15,17). It is not as dominant
at the other locations, and its source is not known. It was measured previously, but not
investigated, during characterization of the turbopump’s vibrations (see Fig. 4c of Ref. 3).

d. The spin frequency of the turbopump at 450 Hz and harmonics at
900 Hz and above are quite evident in all the measurements. There are variations in the
measured levels between the end and mid station at the same position, as much as 10 dB.
This is not unusual for lightly damped systems with narrow band excitations.

e. The turbo’s bellows, designed to reduce vibration, was short
circuited during the measurements. If properly installed, we would expect the bellows to
reduce the vibration levels by 10-20 dB.

£ Because the source consists of primarily narrow band frequencies,
a dynamic absorber tuned to a structural resonance frequency that is coincident with the

source will reduce the vibration response.

10
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5. Cryopump Excitation

The cryopump source measurements are shown in Figs. E1-21, E2-
20 thru 25, E3-14 thru 40, E4-13. Our comments are as follows:

a. The cryopump excitation is broadband and tends to excite the
system’s resonances.

b. The response to the cryopump source varied with operating
conditions. In the first set of tests (see Figs. E3-14 thru 20 and E2-20 thru 24) the pump
was over filled to 94% capacity, and the measured levels were higher across the
frequency range than for subsequent tests.

In the second set of tests, the pump was filled to correct operating level, and an
accelerometer was placed on the fill pipe away from the pump to monitor the variation of
its vibrations with flow. Just prior to the first test, the fill line was open to a flow rate of
M3 and measurements were recorded (E3-23&24). These measurements, although not as
high as for the case when the pump was overfilled, were higher in the lbwer frequencies
than for subsequent tests. Rich Bagley of PSI thought this occurred because the fill pipe
was initially warm and additional boiling occurred inside the fill line.

In subsequent tests, the flow rate was varied (Figs. E3-25 thru 39). There was no
significant change in vibration level with flow, except for the vibration on the fill line
when there was no flow. Although this is puzzling, it is consistent with early
measurements (see Fig. 3f of Ref. 3). In a final test, a one psi back pressure was applied
to the fill line (see Fig. E3-40). This increased the level of vibration.

c. For approximately the same operating conditions, vibration
measurements were recorded at all four positions in the radial direction (see Fig. E1-

21,E2-25, E3-39, and E4-13). In the low frequencies, there is approximately a 10 dB

reduction across the manifold bellows.

&
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5.  HVAC Excitation
A test was performed to determine the impact the HVAC has on the
equipment response (see Figs. E2-12 thru 14). The levels on average are 10 dB above the
background levels. They are also 10 dB above the turbopump and cryopump excited
levels between 10-50 Hz.
6.  Mid Station
The results at the mid-station overall are similar to the end station.
Because the equipment have slightly different vibration signatures, there are narrow band
variations. N
B.  Noise Results
Figures 5 and 6 compare the background and turbopump noise
measurements in the end- and mid-stations, respectively, with the LIGO noise
specification, NC-20. Below the 125 Hz octave band, the background noise dominates,
but the levels are below the specification. Above 125 Hz, the turbopump noise as well as
the background noise is above the specification. The background noise in the mid station
is slightly lower than in the end station, but the octave band noise at 250 Hz and 1000 Hz
is significantly higher. This is due to higher narrow band peaks at 270 and 900 Hz (see
Figs. EM-16 and Mid-33). A properly designed noise enclosure around thc turbopump
would drastically reduce these levels.

C. Valve Shock Results

A tri-axial accelerometer was located on the upper “G” nozzle of the
beamsplitter, nearest the valve, to monitor the shock during opening and closing of the
valve. Accelerometer #1 sensed the shock in the circumferential direction of the
beamsplitter, #2 sensed the vertical direction, and #3 the radial direction. In addition a

fourth accelerometer, #4, was located on the valve body for diagnostic purposes.

12
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A 500 Hz anti-aliasing filter was utilized when recording the data. Subsequently, a
digital 100 Hz low pass filtering operation was performed on the data in order to compare
it with the LIGO specification. In Appendix C and D are the plots of the acceleration
time histories of each event for the end- and mid station respectively. Corresponding
maximum and minimum acceleration shock levels recorded when the valves open and

closed are listed in Tables I and II for both sets of filtered data.

IV. REFERENCES
1 - Engineering Design, SIGN ser’s Guide, Ver. 3.0, July, 1996. -
2 - MEZ 4/10/98 Rev-01,Test points for Hanford Y mid- and end-station vacuu R

equipment acceptance vibration and acoustic testing, Personal Communication
from Michael Zucker of MIT to Kyle Martini of CAA, dated 10 April, 1998.

3 - Kyle Martini, Klaus Kleinschmidt, Joel Garrelick, Carina Ting, Measurement and

Analysis of LIGO Vacuum System Shock Vibration and Acoustic Noise, Rev2,
CAA Report U-2379-2041, dated 10 January, 1997.
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Table I - LIGO E TATION VALVEM ENT RE
500 Hz Filter 100 Hz Filter
Accel # Max(g)  Min(g) Max(g)  Min(g)
1 End Station 10" turbopump valve opening
1 0.0165 -0.0269 0.0071 -0.0062
2 0.0278 -0.0387 0.0038 -0.0048
3 0.0150 -0.0167 0.0066 -0.0062
4 0.2692 -0.2039 0.1133 -0.0409
2 End Station 10" turbopump valve closing i
1 0.0158 -0.0130 0.0043 -0.0060
2 0.0196 -0.0165 0.0039 -0.0048
3 0.0100 -0.0090 0.0040 -0.0039
4 0.1773 -0.1093 0.0274 -0.0287
3 End Station 10" turbopump valve opening
1 0.0216 -0.0272 0.0064 -0.0073
2 0.0349 -0.0403 0.0039 -0.0039
3 0.0240 -0.0165 0.0058 -0.0056
4 0.2523 -0.2116 0.1542 -0.0332
4 End Station 10" turbopump valve opening
1 0.0104 -0.0106 0.0059 -0.0070
2 0.0151 -0.0117 0.0051 -0.0046
3 0.0125 -0.0119 0.0066 -0.0067
4 0.2005 -0.1130 0.0567 -0.0638

14
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5 End Station 10" turbopump valve closing

0.0081 -0.0115 0.0038 -0.0039
0.0114 -0.0086 0.0042 -0.0036
0.0071 -0.0061 0.0042 -0.0039
0.1066 -0.0624 0.0090 -0.0082
500 Hz Filter 100 Hz Filter
Max(g) Min(g) Max(g) Min(g)
6 End Station 14" ionpump valve opening
0.0276 -0.0286 0.0046 -0.0063.-
0.0324 -0.0389 0.0049 -0.0079
0.0166 -0.0171 0.0100 -0.0100
0.3636 -0.2224 0.3430 -0.1865
7 End Station 14" ionpump valve closing
0.0296 -0.0290 0.0043 -0.0041
0.0186 -0.0205 0.0041 -0.0043
0.0117 -0.0128 0.0048 -0.0045
0.0299 -0.0389 0.0106 -0.0096
8 End Station 14" ionpump valve opening
0.0111 -0.0113 0.0050 -0.0059
0.0128 -0.0151 0.0048 -0.0051
0.0096 -0.0075 0.0080 -0.0060
0.3689 -0.3157 0.3565 -0.3054
9 End Station 14" ionpump valve closing
0.0195 -0.0186 0.0043 -0.0046
0.0133 -0.0146 0.0048 -0.0043
0.0113 -0.0107 0.0047 -0.0045

15
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4 0.0158 -0.0247 0.0063 -0.0072

500 Hz Filter 100 Hz Filter
Accel # Max(g) Min(g) Max(g) Min(g)
10 End Station 42" motor valve near beamsplitter opening
1 0.0388 -0.0452 0.0231 -0.0207
2 0.0623 -0.0636 0.0095 -0.0128
3 0.0298 -0.0308 0.0214 -0.0235
4 0.1139 -0.1244 0.0585 -0.0680
11 End Station 42" motor valve near beamsplitter closing .
1 0.0144 -0.0158 0.0091 -0.0081
2 0.0218 -0.0168 0.0080 -0.0091
3 0.0122 -0.0117 0.0091 -0.0098
4 0.0464 -0.0684 0.0434 -0.0519




CAMBRIDGE ACOUSTICAL ASSOCIATES, INC.

Table II - LIGO END AND MID STATION VALVE MEASUREMENT RESULTS

500 Hz Filter 100 Hz Filter
Accel # Max(g) Min(g) Max(g) Min(g)
12 Mid Station Background levels
1 0.0054  -0.0056 0.0050  -0.0049
2 0.0052 -0.0057 0.0050 -0.0047
3 0.0057 -0.0056 0.0051 -0.0049
4 0.0051 -0.0051 0.0044 -0.0042
500 Hz Filter 100 Hz Filter
Accel # Max(g) Min(g) Max(g) Min(g)
13 Mid Station 10" turbopump valve opening
1 0.0083 -0.0059 0.0049 -0.0040
2 0.0057 -0.0055 0.0042 -0.0042
3 0.0059 -0.0049 0.0052 -0.0044
4 0.0314 -0.0267 0.0102 -0.0133
14 Mid Station 10" turbopump valve closing
1 0.0261 -0.0198 0.0036 -0.0038
2 0.0175 -0.0162 0.0038 -0.0041
3 0.0157 -0.0194 0.0044 -0.0046
4 0.1638 -0.1487 0.0058 -0.0058
15 Mid Station 10" turbopump valve opening
1 0.0109 -0.0155 0.0045 -0.0053
2 0.0103 -0.0102 0.0039 -0.0050
3 0.0083 -0.0093 0.0061 -0.0063
4 0.0491 -0.0335 0.0133 -0.0106
17
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16 Mid Station 10" turbopump valve closing

1 0.0062 -0.0084 0.0050 -0.0043
2 0.0084 -0.0067 0.0039 -0.0043
3 0.0053 -0.0079 0.0043 -0.0055
4 0.0483 -0.0416 0.0048 -0.0050
500 Hz Filter 100 Hz Filter
Accel # Max(g) Min(g) Max(g) Min(g)
17 Mid Station 14" ionpump valve opening
1 0.0718 -0.0791 0.0081 -0.0061 N
2 0.0684 -0.0918 0.0058 -0.0069
3 0.0506 -0.0363 0.0095 -0.0140
4 0.5475 -0.1126 0.4695 -0.0210
18 Mid Station 14" ionpump valve closing
1 0.0130 -0.0129 0.0065 -0.0067
2 0.0084 -0.0062 0.0051 -0.0043
3 0.0090 -0.0081 0.0061 -0.0062
4 0.0154 -0.0109 ~0.0106 -0.0068
19 Mid Station 14" ionpump valve opening
1 0.0825 -0.0815 0.0079 -0.0071
2 0.0739 -0.0760 0.0063 -0.0054
3 0.0420 -0.0303 0.0145 -0.0131
4 0.5465 -0.1078 0.4609 -0.0266
18
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20 Mid Station 14" ionpump valve closing

1 0.0163 -0.0140 0.0048 -0.0055
2 0.0091 -0.0075 0.0041 -0.0055
3 0.0091 -0.0100 0.0050 -0.0056
4 0.0124 -0.0130 0.0070 -0.0083
500 Hz Filter 100 Hz Filter
Accel # Max(g) Min(g) Max(g) Min(g)
21 Mid Station 42" motor valve WGV10 partial opening 1700 rpm
1 0.1163 -0.1137 0.0119 -0.0160. N
2 0.0332 -0.0244 0.0117 -0.0117
3 0.0329 -0.0321 0.0171 -0.0178
4 0.0886 -0.0710 0.0551 -0.0588
22 Mid Station 42" motor valve WGV10 partial closing 1700 rpm
1 0.1324 -0.1151 0.0166 -0.0130
2 0.0430 -0.0424 0.0130 -0.0122
3 0.0395 -0.0367 0.0199 -0.0207
4 _ 0.2717 -0.1160 0.1554 -0.0631
23 Mid Station 42" motor valve WGV10 partial opening and closing at 1700 rpm
1 0.1106 -0.1081 0.0141 -0.0177
2 0.0391 -0.0522 0.0157 -0.0184
3 0.0343 -0.0413 0.0242 -0.0239
4 0.2156 -0.1189 0.1385 -0.0608
19
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24 Mid Station 42" motor valve WGV10 partial opening and closing

at 850 rpm
1 0.1263 -0.1330 0.0152 -0.0139
2 0.0749 -0.0692 0.0123 -0.0123
3 0.0377 -0.0345 0.0186 -0.0174
4 0.1642 -0.1048 0.0870 -0.0644
500 Hz Filter 100 Hz Filter
Accel # Max(g) Min(g) Max(g) Min(g)
25 Mid Station 42" motor valve WGV11 opening 1700 rpm
1 0.0243 -0.0270 0.0154 -0.0196"
2 0.0205 -0.0092 0.0194 -0.0083
3 0.0316 -0.0313 0.0263 -0.0293
4 0.0639 -0.0499 0.0180 -0.0248
26 Mid Station 42" motor valve WGV11 closing 1700 rpm
1 0.0226 -0.0243 0.0117 -0.0112
2 0.0104 -0.0111 0.0074 -0.0070
3 0.0182 -0.0204 0.0159 -0.0165
4 0.0360 -0.0377 0.0155 -0.0152
27 Mid Station 42" motor valve WGV11 partial opening and closing at 850 rpm
1 0.0156 -0.0113 0.0101 -0.0075
4 0.0403 -0.0398 0.0099 -0.0104
28 Mid Station 42" motor valve WGV11 partial opening and closing at
425 rpm
1 0.0169 -0.0153 0.0051 -0.0065
4 0.0828 -0.1227 0.0069 -0.0072
20
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RESEARCH
FEATURES:

e Compact construction to fit in tight spaces
e Ultra-high sensitivity
e Ultra low-noise electronics for clear
signals at very low vibration leveis
e Miswiring protection
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Microdot

/ Connector

1.1"
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| 1.00" .

dia.

Model 731-201

Fig. la Ultra Low Frequency Seismic Accelerometer

SPECIFICATIONS

DYNAMIC
Sensitivity, £10%, 25°C

Acceleration Range

Amplitude Nontinearity ..

Frequency Response:

E5% covrvnenenanninnens

+10%

+3dB.

Resonance Frequency, mounted, nominal
Transverse Sensitivity, max.

Temperature Response

ELECTRICAL
Power Requirement:
voltage source

current reguiating diode

Electrical Noise, equiv. g, nominal:
2.5 Hz to 25 kHz
2Hz..

Broadband
Spectrai

Output Impedance, MaX. .....c.coeresens
Bias Output Voltage, nominal ..

10 V/g
0.5 g peak
1%

0.6 - 650 Hz
0.5-850 Hz
0.2- 1,300 Hz
2.4kHz

1% of axial
see graph

18-30VDC
2-10mA

2ug

0.12 ug/NHz

0.06 ugHz

0.03 pgAHz

500 Q .
10 VDC

OPTIONS: Customer specified sensitivity, filtering, connectors.

ACCESSORIES AVAILABLE: Cementing studs, power supplies, amplifiers, signal conditioners, cable assemblies.

TYPICAL TEMPERATURE RESPONSE

n
[=]

10

i

Deviation, %
o

Due to continued research and product development, Wilcoxon Research reserves the right 1o amend this specification without notice.

page 22

40

Temperature, °C

-100 (1.03 pg/ Hz)

Acceleration
dB8re 1 g/yHz

~140 (.01 pg/ H2)
1

~110 (.30 pg/ Hz)

-120 (.10 pg/ Hz)

-130 (.03 g/ Hz)

Grounding case grounded
ENVIRONMENTAL
Temperature Range......... . ... 0to80°C
ViIBration LIMit ....eeerereeecverersasnmesnsssesnasnsscsscssnnnsaseessnasnnese 50 g peak
Shock Limit . ... 250gpeak
Electromagnetic Sensitivity, @QUIV. G- woeveerviirinearecinennee 20 pg/gauss
Base Strain Sensitivity ....... 0.0005 g/ustrain
PHYSICAL
Weight........ 30.5 grams
£ase Material.......ceereeeeemeerenserinrinsssnsiossesnrsnsnsssnmasnnsases nickel plated aluminumm
Mounting adhesive
Connections . microdot
TYPICAL FREQUENCY RESPONSE
02 AN I il
AR — —— .
= t b i H :
5 i i B R AL
I O
‘5 o N N T (R R RFERRY
80 0.1 1 10 100 1K
Frequency, Hz
TYPICAL NOISE RESPONSE
EQUIVALENT g
oy b | ! i
R i
Co ! ! N .
BRI o
R : : ;
10 100 400
Frequency, Hz
Rev.A 12/82
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Model 916BTO-1

Fig. 1b Superquiet High Frequency Accelerometer

PRELIMINARY SPECIFICATIONS
DYNAMIC .
Sensitivity . 7.5Vig, +-2dB
Frequency Response:
Y N -3 dB <30 Hz
+3dB > 8 KHz
Resonance > 15 KHz
Maximum Acceleration:
' Vibration 0.1 gpk
3.44° Shock 200 g pk
ELECTRICAL
Power Requirement
\é:ltage Soun;a (lowDi:;s:) 15 - mﬂ;&nc
_ rment Regulating Di 4-10
— 3/8-16 threads Electrical Noiss in 1Hz bandwidth at 25°C, nominal:
4 {ull threads .
- 100 Hz 30 nano g Ms
1 kHz 3nanogms -
10 kHz 1 nano g ms
Output Impedance, max. §00 Q
Bias Output Voitage, typical 10VvVDC
Grounding case grounded (to
. common wire)
ENVIRONMENTAL
Operating Temperature, maximum X 50°C
Storage Temperature, maximum 100°C
PHYSICAL
Weight 700g
Size 1.98"* dia x 3.5" height
Case Material . stainless stsel
Mounting 3/8-16 tapped hole
Output Connector I © MIL-C-5015, 2 pin
Pin A signal, power :
PinB common, case
Cabling J1 PVC coaxial cable,
30 pFAt, 0.080"
s, ;;- 1

“Tde -

NOTES: ' The equivalent input noise of the following electronics should be less than 2 nanovoltroot Hz at 10 KHz and should be >20 H; high
pass filtered to avoid degrading the signal. .

ACCESSORIES SUPPLIED:  calibration data; SF7 mounting stud
AC.CESSORIES AVAILABLE: Magnetic mounting bases; cementing stud; power supplies; amglifiers, signal conditioners

Wﬁ“ﬂm Yees P R Rl

WILCOXON RESEARCH, Inc. » 21 FIRSTFIELD ROAD, GAITHERSBURG, MD 20878 USA * 1-800-WILCOXON  301-330-8811 ¢ FAX 301-330-8873
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CAMBRIDGE ACOQUSTICAL ASSOCIATES, INC.

APPENDIX B
PSI EQUIPMENT VIBRATION MEASUREMENTS
AT LIGO MID STATION
HANFORD, WA

LIGO/PSI VIBRATION MEASUREMENT LOG
Mid Station at Hanford, WA

VL. MEASUREMENT AT MID STATION-LOWER NOZZLE G ON
BEAMSPLITTER

A.  Background Measurements 4/21/98-everything shutoff except bld.
transformer and one unknown electrical cabinet, vibration measurement equipment
behind door.

Mid-7 Circ. dir., Low freq. accelerometer

Mid-8 Circ. dir., High freq. accelerometer

Mid-9 Vertical dir., Low freq. accelerometer

Mid-lO Vertical dir., High freq. accelerometer

Mid-11Radial dir., Low freq. accelerometer

Mid-12Radjial dir., High freq. accelerometer

B. Turbopump 4/21/98-Turbopump on near Beamsplitter, all other equipment
off, turbo backing pump not operating.

Mid-13 Circ. dir., Low freq. accelerometer

Mid-14 Circ. dir., High freq. accelerometer

Mid-15 Vertical dir., Low freq. accelerometer

Mid-16 Vertical dir., High freq. accelerometer

Mid-17 Radial dir., Low freq. accelerometer

Mid-17 Radial dir., High freq. accelerometer

B.1

03




CAMBRIDGE ACQUSTICAL ASSOCIATES, INC.

Mid-18 Floor Ref.., Zucker’s accelerometer

VI. MEASUREMENT AT MID STATION-ON BEAMSPLITTER FLAN GE

A.  Background Measurements 4/21/98 - everything shutoff except bld.
transformer and one unknown electrical cabinet, vibration measurement equipment
behind door.

Mid-19 Axial dir., Low freq. accelerometer

Mid-21 Vertical dir., High freq. accelerometer

Mid-22 Radial dir., Low freq. accelerometer ' -

Mid-23 Radial dir., High freq. accelerometer R

Turbopump 4/21/98-Turbopump on near Beamsplitter, all other equipment

off, turbo backing pump not operating

Mid-24 Axial dir., Low freq. accelerometer

Mid-25 Axial dir., High freq. accelerometer

Mid-26 Vertical dir., Low freq. accelerometer

Mid-27 Vertical dir., High freq. accelerometer

Mid-28 Radial dir., Low freq. accelerometer

C. Floor Measurements 4/21/98 - everything shutoff except bld. transformer
and one unknown electrical cabinet, vibration measurement equipment behind door for all
other measurements.

Mid-29 Background, Vertical dir., Low freq. accelerometer

Mid-30 Background, Vertical dir., Zuckers accelerometer

Mid-31 Turbo Source, Vertical dir., Low freq. accelerometer

D.  Acoustic Measurement near Beamsplitter 4/20/98 - everything shutoff
except bld. transformer and one unknown electrical cabinet, vibration measurement

equipment behind door for all other measurements.

B.2
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Mid-32 Background Measurement

Mid-33 Turbopump on Measurement
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CAMBRIDGE ACOUSTICAL ASSOCIATES, INC.

APPENDIX D

PSI VALVE SHOCK MEASUREMENTS AT
LIGO MID STATION
HANFORD, WA

LIGO/PSI VALE SHOCK MEASUREMENT LOG
Mid Station at Hanford, WA |

For each valve opening or closing test, eight curves are plotted. Plots 1-4 are shock ”
measurements of accelerometers 1-4 with a 500 Hz low pass filter. Plots 5-8 are the same
measurements using a 100 Hz low pass filter.

V12 Mid Station Background levels

V13  Mid Station 10" turbopump valve opening

V14 Mid Station 10" turbopump valve closing

V15 Mid Station 10" turbopump valve opening

V16 Mid Station 10" turbopump valve closing

V17 Mid Station 14" ionpump valve opening

V18 Mid Station 14" ionpump valve closing

V19 Mid Station 14" ionpump valve opening

V20 Mid Station 14" ionpump valve closing

V21 Mid Station 42" motor valve WGV 10 partial opening 1700 rpm

V22  Mid Station 42" motor valve WGV10 partial closing 1700 rpm

V23  Mid Station 42" motor valve WGV 10 partial opening and closing at 1700
rpm

V24  Mid Station 42" motor valve WGV 10 partial opening and closing at 850
rpm

D.1

13>




CAMBRIDGE ACOUSTICAL ASSOCIATES, N

V25 Mid Station 42" motor valve WGV18 opening 1700 rpm
V26 Mid Station 42" motor valve WGV 18 closing 1700 rpm

D.2
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5.10 Station Acceptance Test Summary and Signoff Sheet
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Apr 13 98 10:32a

ol }

David

M.

Evers

S43-4428

ATTACHMENT It

" LIGO PROJECT - PROCESS SYSTEMS INTERNATIONAL

: END STATION ACCEPTANCE TESTING AND INSPECTION SUMMARY

WA LEFT. END'STA| BY. | complewe | = ° -meComBR
1. -LNZ Tank Inspection 1tfiof47 76 myorr @ 38
Tank SIN_C 05696 s
(per V049-2-102) )
7 Regeneration Heater Inspection J~ 2-74-98 | noeo b cedice fdues T ;{\/f
HTR # .
(per V049-2-102) ]
3. Cryopump Instrumentation )
Calibration & Functional Test | J#/<m |2~ 19-98
(per )
4. Vacuum Instrumentation TJF/OH |5 -jq-48
Checkout R/ “
5. Fill LN; Tank Am (Ji6f98 |52 m7Terr) AT L
/25" 6 P33
6. Instrument/Electrical Wiring ) e
Checkout 'W’J 1-2F 18
| (per V049-1-163)
7.  Clean Air Compressor 7 -5 | Dew AT = =78.3C
Checkout w}n E ParTiacjares = © PAr] T3
(per V049-2-109) Hyvarocanrps =&© PP
8. Clean Room Testing 27 eyaa
(per V049-2-110) TE 111098 r
5. Gate Valve Operational Test
(per V049-2-107) JF
10. N/A
11. Turbopump Skid Operational o 7 -17-95 |R0PEOC omf/una;{ Z -13>-98
Test
(per V049-2-105) —
12. 10 & 14 In. Manual Valves T o (218" 9§ | io” THLVES N CRYoPuMP AOT
(per V049-2-108) OPLIED,
13. Auxiliary Turbopump Test len 2-13-48
(per V049-2-105)

F:\HV\LIGO\CORRESPO\MISC\ENDACC EP.DOC
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Rer 13 88 10:32a David M. Evers

»

)

ATTACHMENT ii

A" LIGO PROJECT - PROCESS SYSTEMS INTERNATIONAL

END STATION ACCEPTANCE TEST ING AND INSPECTION SUMMARY

(continued)

W

iy b A | By || Comm
7 7| Complete Ry Lo
14. Main fon Pump Testing ' fF/A’m 2z -/4/20 DimpP PIRATIR OV ERA
(per V049-2-106)
15. Bake-out Cart/System Ay /KW 3 299y

(per V049-2-112)

€ Annulus lon Pump Functional | JFA/41 |2 -/19-98
Test
(per V049-2-106)

17. Flange Annulus Leak Test
(per V049-2-115) @\H .

204

T8 Mz Volume Leak Test ' .
(per V049-2-115) 9) 4

2P94

19. Ultimate Pressure/RGA Test ) Sy
(per V049-2-115) S |3-2598

Acceptance Testing Complete
Signed : A Q/Z‘-/\-'
Date I/ b{ - { % ~ ? g

Backfill/Pumpdown Demonstration (One Demonstration per Station Tvpe)

Signed \Qﬁfﬁ/\_ j,é;-
Date // (/{'( 3 - (i/?

Shock/Noise/Vibration Survev Complete (C.A.A)

Signed

Date

Page 2 0f 2
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PRILE Sty

ATTACHMENTS

Component Acceptance Test Procedures
(REF own¢ y)

80K Pumps

Roughing Pumps

Turbomolecular Pumps

Ton Pumps

Large Gate Valves

6, 10, 14” Gate Valves

Clean Air Supplies

Portable Soft Wall Cleanrooms

Small Valves

Bakeout System Blankets and Carts

Document No.

V049-2-102
V049-2-104
V049-2-105
V049-2-106
V049-2-107
V049-2-108
V049-2-109
V049-2-110
V049-2-111
V049-2-112

System Acceptance Test Procedures ( 4 TrAcHEO/

End Stations

V049-2-115
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Title: SPECIFICATION FOR SYSTEM ACCEPTANCE TEST PLAN, END STATIONS

1.0 PURPOSE

The purpose of this Acceptance Test Procedure (ATP) is to define the overall plan for systems
acceptance testing of the vacuum envelope and vacuum pumping system in order to demonstrate
that it meets the requirements of the LIGO Vacuum Equipment Specification, LIGO-E940002-
02-V, Revision 2, dated August 31, 1995.

This document will be part of the Acceptance Test Report as required by CDRL No.06.

2.0 GENERAL

2.1 The plan will generally apply to all the end stations. -

2.2 Tests will be performed by PSI personnel, and will be witnessed by an agent designated by LIGO.

23 An Authorization to Vacuum Test Form shall be signed off by the Project Manager or his
designated representative prior to any vacuum testing of systems or components (see
Attachment III).

SPECIFICATION

Number: V049-2-115 Rev.3
A
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Title: SPECIFICATION FOR SYSTEM ACCEPTANCE TEST PLAN, END STATIONS

3.0 REFERENCE DOCUMENTS

The following documents shall be used in conjunction with this one for performing the ATP:

Description Document No.
Leak Check Procedure V049-2-014
Bakeout System Procedure V049-2-116
80K Cryopump Operating Procedure V049-2-143
Bakeout System Control Cart Operating Manual & Procedure
RGA Calibration Procedure (Field) V049-2-186=

RGA Operating Manual

EDP200/EH2600 Roughing Pumps Operating Manuals
STPH2000C Turbomolecular Pump Operating Manuals

Auxiliary Turbomolecular Pump Operating Manuals

QDP80 Dry Backing Pump Operating Manuals

Vacuum Gauges: Cold Cathode & Pirani Gauges Operating Manuals
2500 L/s, 75L/s, 25L/s Ion Pumps Operating Manuals

Acceptance Test Procedure for Clean Air Supplies V049-2-109

4.0 RESPONSIBILITY

Tt shall be the responsibility of the project engineer assigned to this component or subsystem to
ensure that all procedures required by this acceptance test procedure are performed, and that the
LIGO designated witnessing agent, who has signoff authority, shall sign the data sheet/test
certification attached to this procedure, verifying that the procedures have been performed. The data
sheet shall also be signed by the project engineer or other designee as assigned by the PSI project
manager. Any test listed in the data sheet which is not applicable to this component or subsystem
shall be noted by writing “N/A” in the appropriate space. Any deviations from the test procedures or
parameters shall be noted on this data sheet.

SPECIFICATION

Number: V049-2-115 Rev.3 |
A
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Title: SPECIFICATION FOR SYSTEM ACCEPTANCE TEST PLAN, END STATIONS

5.0

5.1.1.1

5.1.1.2

5.1.1.21

FIELD TEST PROCEDURES

Leakage Test

Chamber and Tube Section Leak Tests

The specification requires all component leaks greater than 1x10? torr-V/s of helium to be repaired in
accordance with LIGO approved procedures. Leak checking shall conform to ASTM E498
nStandard Test Methods for Leaks using the Mass Spectrometer Leak Detector”. (Ref. Specification
V049-2-014, Leak Test Procedure). The following is a summary of the field leak testing plan.

Prerequisites

The individual vacuum enclosures have completed their manufacturing cycle and have been-cleaned,
baked, factory leak tested and sealed for shipment. The unit is then wrapped and packaged for
shipment.

Upon arrival at the installation site, the unit will be visually inspected for any shipping damage.

Isolated Sections

Individual vacuum components are assembled into isolated sections which will be leak checked as
an independent volume. The procedures used to leak check the isolated sections are similar to the
procedures used for individual components and in general follow the guidelines of ASTM E498.

Each isolated section has basically two types of vacuum volumes; the main chamber volume and the
annulus volume between the dual o-ring seals. When leak checking the main chamber volume, it is
important to prevent permeation of tracer gas(es) through the Viton o-rings. To eliminate this
potential source of high background readings, the o-ring flanges will be bagged and purged with pure
nitrogen gas as required.

Annulus Leak Check
The annuli of each vessel will be leak checked by a simple pumpdown test. The annuli shall be

considered tight if the pumpdown for each vessel or component to 3 x 10 —4 torr is within the limits
of Table 5.1.1.2.1.

SPECIFICATION

Number: V049-2-115 Rev.3 -
A

Page __5__of _21

157




Title: SPECIFICATION FOR SYSTEM ACCEPTANCE TEST PLAN, END STATIONS

Table 5.1.1.2.1
Component Max Allowable Pumpdown TimeMinutes
BSC 60
Spools 30
Gate valves 30

5.1.1.2.2 Main Volume Leak Check

52

5.2.1

Each isolated section will be leak checked by the air signature method after bakeout using an RGA.
The maximum acceptable leak rate shall be consistent with the system requirements as determined
by isolated volume size and RGA sensitivity, as mutually agreed upon by LIGO and PSI. Method
and leak rate to be consistent with the BSC prototype chamber test results. - -

This leak will be performed at the completion of bakeout in conjunction with the ultimate pressure
test.

Bakeout and Ultimate Pressure Test: End Station

An ultimate pressure test is performed after bakeout to determine that the system is clean and leak
tight. The ultimate pressure test is performed on the isolatable section with an 80K pump. Before a
pumpdown and ultimate pressure test is performed, the sections that make up the isolatable section
must be baked.

Annuli pumpdown

The annuli on the flanges will have been pumped during installation for leak checking. Any
remaining flange annuli at atmosphere will be pumped prior to start of bakeout. Because of greatly
increased outgassing from the O-rings during bakeout, the annulus ion pumps may be inadequate to
maintain the annulus within the operating range of the ion pump with its standard Minivac
controller. The use of an auxiliary turbo pump cart or a Multivac controller to operate the annulus
ion pump is required during bakeout. Because of the limited quantity of auxiliary turbo pump carts
available, these should be used on the components with the largest amount of O-ring area; i.e., the
BSC’s.

Note that the gate valve’s gate seal annulus must also be evacuated during bakeout.

SPECIFICATION

Number: V049-2-115 Rev.3
A
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Title: SPECIFICATION FOR SYSTEM ACCEPTANCE TEST PLAN, END STATIONS

5.2.2

5223

5.2.2.4

Vacuum equipment

The roughing carts, and main turbomolecular pumping system and main ion pump system will have
been tested already. A functional test may be required prior to start of the bakeout to ensure proper
operation of the equipment.

The main ion pumps will be evacuated and baked after installation onto the vacuum envelope. The
main ion pumps will then started to ensure proper operation.

Deleted

System/Isolatable section bakeout.

The bakeout system will be installed on the isolatable section and baked out according to the bakeout
procedures. Prior to the start of bakeout, the system will be evacuated using the roughing system.

The isolatable section will be heated to 150°C (at 1.0°C/hr maximum) and soaked fof:lS hours at
150°C £20°C.

Cooldown of the system will be carried out with the heating system operating to maintain
temperature uniformity (logging rate = 1.0°C/hr maximum). This is done by ramping down the
setpoints to ambient temperature.

Install bakeout blankets on the mid station, and ion pumps.

Install roughing and turbo pumps.

Evacuate volume to 0.1 torr using roughing pump prior to starting blankets or turbo pump. Bake
section at 150°C for 48 hours.

Allow section to cool. When temperature is less than 100°C, the RGA electronics may be installed
and the ion pumps may be started.

When the section reaches ambient temperature, the section is ready for the ultimate pressure test.

SPECIFICATION

Number: V049-2-115 Rev.3
A
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Title: SPECIFICATION FOR SYSTEM ACCEPTANCE TEST PLAN, END STATIONS

5.2.2.5

5.2.2.6

Residual gas analysis after bakeout and cooldown

With the system baked and cooled down, a residual gas analysis will be carried out to determine the
presence of any air leaks and cleanliness of the system.

Ultimate Pressures after 100 hours

The isolatable section shall attain a total pressure of 2 x 10 8 torr or less (N, equivalent), measured
with a calibrated Granville-Phillips “stabil” ion gauge at a BSC RGA port after bakeout and”?
cooldown to ambient temperature (approximately 100 hours after start of pumpdown for bakeout).
The partial pressure shall be measured with an RGA at a BSC RGA Port. If the hydrogen content of
the steel prevents the attainment of this value, then the total pressure of the gases, other than H, and
H,0, shall not exceed 3 x 10 -9 torr. Only the main ion pumps and 80K cryopumps are permitted to
operate during this test.

SPECIFICATION

Number: V049-2-115 Rev.3
A

Page __ 8_ of _21

/60




Title: SPECIFICATION FOR SYSTEM ACCEPTANCE TEST PLAN, END STATIONS

Table 5.2.2.6 shows the LIGO specification and partial pressure goals and the corresponding partial
pressure acceptance criteria.

Table 5.2.2.6
Gas Species LIGO Acceptance
Partial Pressure Partial Pressures
Goals
Torr - Torr
H, 5x10-9
H,O 5x10-9 -
Total H,0, H, 1x10-8 R
N, 5x10-10
CcO 5x10-10
CO, 2x10-10
CH, 2x10-10
All others 5x10-10
Total other 1.9x10-9 3x10-9
Total 1.2x10-8 2x10-8*

*Exclusion for H2

Partial pressure of H,O is expected to be higher at the BSC because the ultimate pressure calculation
is based on pressure of water at the cryopump. The partial pressure of water will be measured near

the inlet of the cryopump.

SPECIFICATION

Number: V049-2-115 Rev.3
A
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53

5.3.1

5.3.2

533

534

Backfill and purge with dry air, and 100 hour pumpdown

The system will be back filled with dry air from the Class 100 air system, and purged for 24 hours.
This test is for information only.

Pumpdown of isolatable section with 80K cryopump

End station: \

Once the isolatable section has been baked and back filled, the vacuum pumpdown test can be
initiated. The section shall be pumped for 100 hours. Pressure shall be measured throughout the
pumpdown. Partial pressures shall be recorded at 100 hours. -

Pumpdown from atmosphere to 0.2 Torr using the roughing system

End stations:
The isolatable section will be pumped using the backing pump of the main turbo pump to a pressure
below 0.2 Torr. Acceptance will be when the pressure of 0.2 Torr is reached in less than 15 hours.

Pumpdown from 0.2 Torr to 10" Torr using the main turbomolecular system

End stations:

The isolatable section will be pumped using one main turbomolecular pump system to a pressure of
less than 5x10° Torr. Acceptance will be when the pressure of less than 5x107 Torr is reached in 24
hours.

80K Cryopump

The cryopump will be turned on when a pressure of less than 5X10° Torr has been reached. To
minimize cryotrapping of CO2, the cryopump should be cooled down as late as possible, (between
t=16 and 24 hrs) during the turbomolecular pump roughing stage.

SPECIFICATION
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5.3.5 Main Ion Pumps

The main ion pumps will be turned on after the cryopump is cold and has been pumping for several
hours. (between 24 hours to 30 hours into the pumpdown). .

5.4 Noise, Shock, and Vibration

During the commissioning process, measurements of vibration, shock, and noise generated by
vacuum system equipment will be conducted in accordance with the CAA test plan (Attachment 1).
No tests will be conducted in Louisiana.

SPECIFICATION
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5.5 Interface to the CDS

All CDS cabinets are supplied and installed by LIGO. PSI will terminate all VE instruments and
other system interlocks as shown on PSI electrical drawings. CDS cabinet locations are shown on
the following drawings:

V049-3-408 (2 sheets)

V049-3-508 (2 sheets)

V049-3-708 (2 sheets) e
V049-3-808 (2 sheets) T -

Acceptance test for instrument loops and other wiring installed by PSI and terminated in the CDS’s,
will be performed as follows:

a. Check point to point continuity of each conductor to insure that wiring is intact and terminated at
the proper place at both ends.

b. Verify wire connections are made in accordance with terminal wiring diagrams and schedules.

c. Using highlighter (transparent marker), indicate on terminal wiring diagram sheets that each wire
and connection has been verified. These sheets will be made available to the buyer.

d. Replace defective wiring and retest.

e. Additional testing requirements are listed in V049-2-022 (Electrical and Instruments
Construction Work).

PSI will supply LIGO with sufficient information for set up of the monitoring of the pressure
gauges, the monitoring of the ion pumps, and control loops for the 80K cryopump level control
valves.

SPECIFICATION
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5.6

5.7

Liquid Nitrogen Consumption

Liquid nitrogen consumption during cryopump operation will be determined by monitoring and
recording the liquid nitrogen storage tank level and pressure. Each LN2 storage tank is equipped with a
local level indicator, pressure gauge, and a differential pressure level transmitter for remote level
indication and low level alarm functions. The data will be taken over a time period sufficient to calculate
a meaningful average consumption. Ten days of continuous operation with the tank level between 30-
70% full should be adequate.

Acceptance Criteria:

Measurements are taken for data only. Acceptance was done based on calculations presented during the
FDR review.

Clean Air System Commissioning

After installation and prior to admitting clean air into any vacuum component, the clean air supply, at
the point of usage, will be sampled for particulates (class 100), hydrocarbons and dew point (< 60 C).
The purpose of this testing is to verify compliance with LIGO specifications and preclude the
introduction of contaminants into the vacuum equipment. The results of the sampling will be
documented for future reference.

Hydrocarbons shall be monitored both at the inlet to the air compressor and at the point of usage to
confirm that no hydrocarbons are being added to the system via the clean air system. The hydrocarbon
analyzer shall be calibrated against both a zero gas and span gas to measure the absolute level.

Acceptance Criteria:
The hydrocarbon content of the air leaving the clean air system will not be higher than the air supplied

to the clean air system. The dew point of the air leaving the system will be -60 C or less. Particulates in
the air leaving the system will not exceed class 100 requirements for 0.5 micron particle size.
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ACCEPTANCE TEST: LEAKAGE ISOLATED SECTION

STATION:
SECTION:
AFTER COOLDOWN
RESULTS FROM THE RGA Torr-L/-s
TEST INDICATE AN AIR LEAK Helium equivalent
OF :
AFTER 100 HR PUMPDOWN -4
RESULTS FROM THE RGA Torr-L/-s
TEST INDICATE AN AIR LEAK Helium equivalent
OF :
ACCEPTANCE
ENGINEER NAME & TITLE SIGNATURE
PSI
PSI
LIGO
LIGO

INCLUDE ALL RAW DATA AND CALCULATION SHEETS

SPECIFICATION
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ACCEPTANCE TEST: PUMPDOWN ISOLATED SECTION, END STATION

STATION: MID

SECTION: TIME DATE
24 hr clock | mm/dd/yy
hour : min

ROUGHING 760 Torr to 0.2 Torr

PUMPS TURNED ON, ELAPSED TIME HR, MIN

at PRESSURE Torr

TURNED OFF, ELAPSED TIME HR, MIN

at PRESSURE Torr

ACCEPTANCE

PUMPDOWN from 0.2 Torr to < 5x10°°

PUMPS TURNED ON, ELAPSED TIME HR, MIN

at PRESSURE Torr

TURNED OFF, ELAPSED TIME HR, MIN

at PRESSURE Torr

ACCEPTANCE

80K CRYOPUMP

PUMPS TURNED ON, ELAPSED TIME HR, MIN

at PRESSURE Torr

MAIN ION PUMPS

PUMPS TURNED ON, ELAPSED TIME HR, MIN

at PRESSURE Torr

ENGINEER NAME & TITLE SIGNATURE

PSI

PSI

LIGO

LIGO

SPECIFICATION

Number: V049-2-115

A

Rev.3

Page ___15__ of _21

167




Title: SPECIFICATION FOR SYSTEM ACCEPTANCE TEST PLAN, END STATIONS

RGA DATA

RESULTS OF THE RGA TEST

RGA TEST : BEFORE BAKE / 100 HR PUMP

DATE:

TIME:

TEST LD.:

PSI TEST ENGINEER:

LIGO SITE ENGINEER:

SPECIES ION CURRENT

Partial Pressure

A

Torr

2

4

12

13 .

14 -

15

* 16

17

18

19

20

21

22

24

25

26

27

28

29

30

31

32

SPECIFICATION
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RGA DATA

RESULTS OF THE RGA TEST

RGA TEST : BEFORE BAKE/ 100 HR PUMP

DATE:

TIME:

TEST ID.

PSI TEST ENGINEER:

LIGO SITE ENGINEER:

SPECIES ION CURRENT

Partial Pressure

Torr

33

34

35

36

37

33

39

40

41

42

43

44

45

46

47

43

49

50

55

57

58

59

60

78

95

SPECIFICATION
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RGA DATA / ULTIMATE PRESSURES

RESULTS OF THE RGA TEST

RGA TEST :

100 HR PUMPDOWN, ULTIMATE PRESSURES

LOCATION OF RGA:

MAIN ION PUMP

DATE:

TIME:

TEST L.D.:

PSI TEST ENGINEER:

LIGO SITE ENGINEER:

SPECIES Partial Pressure ACCEPTANCE

Torr

H,

H,0

CO

o,

CH,

N,

Others

ENGINEER NAME & TITLE SIGNATURE

PSI

PSI

LIGO

LIGO

SPECIFICATION

Number: V048-2-115 Rev.3
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NOISE / VIBRATION MEASUREMENTS

RESULTS NOISE/VIBRATION

DATE:

TIME:

TEST L.D.:

PSI TEST ENGINEER:

LIGO SITE ENGINEER:

VIBRATION MEASUREMENTS COMPLETED

Tri-axis measurements, BSC (WBSC?) during

operation of 122 cm gate valves —

At one End or Mid station only

NOISE MEASUREMENTS

Sound pressure levels measurements each

chamber

ENGINEER NAME & TITLE SIGNATURE
PSI
PSI
LIGO
LIGO
SPECIFICATION
Number: V049-2-115 Rev.3
A
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ELECTRICAL / INSTRUMENTS CHECK OUT & INTERFACE TO CDS

COMPLETED
1 | Wiring checkout
2 | Vacuum equipment instruments information for setup
and scaling for contro] system.
3
4
S S
6
7
8
9
10
ENGINEER NAME & TITLE SIGNATURE
PSI
PSI
LIGO
LIGO

SPECIFICATION
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Equipment summary
End Stations
Component Quantity
Vacuum Envelope | BSC 1
Interconnecting Spools various
Short 80K Pump Chamber 1
Vacuum Pumps Main Ion Pump 1
Main Turbo Pumpcart 1
Aux Turbo Cart 1
Annulus Pumps 3
Cryopumps Short 80K Pump 1 R N
LN2 Dewar 1
Valves 44” Gate Valves 2
48” Gate Valves
14” Gate Valves 1
10” Gate Valves 2
Clean Air System Clean Air Compressor System 50 CFM
Back to Air Valve Systems
Back to Air Portable Controller Box
Bakeout System Blankets From
Corner
station
Control Cart ?
Vacuum Gauging Cold Cathode / Pirani Gauge Pair 2
SPECIFICATION

Number: V049-2-115

A

Rev.3
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} ATTACHMENT L
CAMBRIDGE ACOUSTICAL ASSOCIATES, INC.

CONSULTING IN ACOUSTICS e« NOISE & VIBRATION STRUCTURAL & FLUID DYNAMICS

200 Boston Avenue, Suite 2500 . Medford. MA 02155.4243 . Telephane {617) 396-1421 . Fax {617] 394-1507

LIGO COMMISSION TEST PLAN FOR VIBRATION, NOISE, AND SHOCK

L INTRODUCTION

During the commission process of the installations in Hanford, WA and
Livingston, LA, measurements of shock, vibration, and noise generated by PSI's vacuum
system will be conducted. Vibration measurements will be made on one each of the
following chambers at each station where they exist: horizontal access module (HAM);
beam splitter chamber (BSC); 80 k cryopump (CP); a substitute chamber for the test mass
chamber. At each chamber, normal vibration (i.e., single axis) measurements will be
made at one location on the floor within one meter of the chamber. Tri-axis e
measurements will be made at two locations on each chamber. Measurements will be
made with and without operating auxiliary equipment for the purpose of establishing
ambient levels. Additionally, sound pressure levels will be measured in the vicinity of
each chamber with all vacuum systems components in normal operation.

Vibration measurements will be made on a representative chamber during the
operation of 48,44,14,10 and 6 inch gate valves (GV). Tri-axis measurements will be
made at two locations on the chamber.

II. TESTPROCEDURE
A. VIBRATION AND NOISE
Vibration and noise tests will be performed on or near the following chambers:
a. corner station- HAMS, HAM6, BSC7 and CP2
b. right mid-station- BSCS5 and CP6
c. left mid-station- BSC6 and CP4
d..right end-station- BSC9 and CP8
e. left end-station- BSC10 and CP7
Measurements will be made with the Ion pumps, the cryogenic 80K pump, the purge and

vent compressor (corner station only) and the turbomolecular pump(s) nearest the
chamber operating. LIGO's equipment will be operating in a "quiet mode". For

/74
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comparison, a background measurement will be performed with PSI's equipment "turn
off" and the LIGO equipment in its "quiet mode".

Tri-axis vibration measurement will be made at two locations on each chamber,
one near the nozzle connecting the vacuum tubing and one near the attachment to the
support leg. One vertical floor measurement will be made at the support to LIGO's
equipment inside the chamber or in the case of the cryopump at one of its support legs.
Power spectral density plots will be created from the measurements.

In order to span the full frequency range of the LIGO specification, two high-
sensitivity ultra low-noise accelerometers will be used. The Wilcoxon Research model
731A accelerometer (10V/g) will be used for the frequency bandwidth from 0.1-300 Hz
and the Wilcoxon Research model 916BTO-1 (7.5V/g) will provide low noise capabilities
above 300 Hz. The equivalent acceleration spectral densities corresponding to the
electrical noise floor of these sensors are shown on Fig 1. Above 10 Hz, the noise floor of--
the model 731A is lower than the specified amplitude. Above 300 Hz, the noise floor of -+
the 916BTO-1 is below the specified amplitude. A

B. NOISE

Operating equipment noise will be measured using a Bruel and Kjaer type model
Precision Sound Level Meter octave band analyzer. Sound pressure measurements will be
measured in the vicinity of each chamber with equipment operating as described in
Section A.. Octave band levels will be recorded.

C. SHOCK -

Shock measurements will be performed with the following valves opening and
closing:

corner station-

a. 48" electric operated gate valve GV2

b. 44" pneumatic operated gate valve GV38

c. 14" manual gate valve at IP3 .

d. 10" manual gate valve at the turbomolecular pump near HAM
e. 6" manual gate valve near HAMS.

right mid-station-

a .44" electric operated gate valve GV14
b. 14" manual gate valve at IP10
c. 10" manual gate valve at the turbomolecular pump near CP6

CAMBRIDGE ACOUSTICAL ASSOCIATES,

INC.
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left mid-station-

a .44" electric operated gate valve GV11
b. 14" manual gate valve at IP9
c. 10" manual gate valve at the turbomolecular pump near CP4

right end-station-

a .44" electric operated gate valve GV20
c. 14" manual gate valve at IP12
d. 10" manual gate valve at the turbomolecular pump near BSC9

left end-station-

a .44" electric operated gate valve GV18
c. 14" manual gate valve at [P11
d. 10" manual gate valve at the turbomolecular pump near BSC10

Peak accelerations and power spectral density curves will be obtained from the
measurements. Acceleration measurements will be made at two locations (described in
Section A) at the chamber nearest the valve. General purpose PCB 33 8A35
accelerometers (100mv/g) will be used to perform the measurements. The broadband
resolution of the accelerometer is +/- 0.002 g's peak. '

CAMBRIDGE ACQUSTICAL ASSOCIATES, INC.
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ATTACHMENT Il
A LIGO PROJECT - PROCESS SYSTEMS INTERNATIONAL

END STATION ACCEPTANCE TESTING AND INSPECTION SUMMARY

. | Complete

LN, Tank Inspection
Tank S/N
(per V049-2-102)

2. Regeneration Heater Inspection
HTR #
(per V049-2-102)

3. Cryopump Instrumentation
Calibration & Functional Test

(per )
4. Vacuum Instrumentation
Checkout

5. Fill LN; Tank

6. Instrument/Electrical Wiring
Checkout
(per V049-1-163)

7. Clean Air Compressor
Checkout
(per V049-2-109)

8. Clean Room Testing
(per V049-2-110)

9.  Gate Valve Operational Test
(per V049-2-107)

10. N/A

11. Turbopump Skid Operational
Test
(per V049-2-105)

12. 10 & 14 In. Manual Valves
(per V049-2-108)

13. Auxiliary Turbopump Test
(per V049-2-105)

Page 1 of 2
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ATTACHMENT Il
A" LIGO PROJECT - PROCESS SYSTEMS INTERNATIONAL

END STATION ACCEPTANCE TESTING AND INSPECTION SUMMARY

(continued) -

. Date 7
| Complete |

“+ Comments

. 14. ‘ Main Ton Pump Testing —
(per V049-2-106)

15. Bake-out Cart/System
(per V049-2-112)

16.  Annulus Jon Pump Functional
Test
(per V049-2-106)

17. Flange Annulus Leak Test
(per V049-2-115)

18. Main Volume Leak Test
(per V049-2-115)

19. Ultimate Pressure/RGA Test
(per V049-2-115)

Acceptance Testing Complete

Signed

Date

Backfill/Pumpdown Demonstration (One Demonstration per Station Type)

Signed

Date

Shock/Noise/Vibration Survey Complete (C.A.A.)

Signed

Date

Page 2 of 2
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ATTACHMENT Il
ad LIGO PROJECT - PROCESS SYSTEMS INTERNATIONAL

AUTHORIZATION TO VACUUM TEST

r

System:

» Test Procedure:

References Needed:

Cautions:

Notes:

Authorized By:

Date:

AUTHORIZATION NO.
WA-

Test Performed By:

Date:
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