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I. INTRODUCTIONANDSUMMARY

The LIGO specification places special operational constraints on the firnctioning of

a number of devices that make up the interferometer vacuum system. Consideration has

been give.n to these devices as sources ofnoise, vibration, and shock and their effect on

the sensitivity and alignment of the interferometer. In conjunction with Process Systems

Intemational, lnc. a plan was proposed in PSI's proposal ofJune 19, 1995 to reduce the

risks associated with these issues. The plan included selecting the proper equipment,

measuring the noise, vibration and shock of the equipment, desigring the first order

mitigation treatments and analyzing perfomrance with the treatment in place to determine

the degree of compliance with the LIGO specification.

At this time there is no equipment available to obtain actual source strenglhs and

the design ofthe vacuum equipment system is just being finalized. The analysis is

therefore preliminary using extrapolated data provided by the turbo pump vendor to

estimate the source level. The focus of the analysis is the end station. The end station is

the least complicated to model, contains all the sources, and is anticipated to produce the

highest levels at ttre receiver because ofthe close proximity between source and receiver

with a minimum number of discontinuities.

The analysis ofthe vibration and shock path utilizes tbree different models to

predict the receiver response over the entire frequency range. The first model is a low

&equency finite element beam and plate model. This model is extended large distances to

capture the primarily low frequency influence of the boundary on the transmission path.

In the frequency ftrnge where the influence of the boundaries is less important but the

response of the path structure still extribits distinct modal peaks, a mid frequency finite

element shell model is used. In the high frequency region where modal overlap is strong a

statistical energy analysis is performed.

Results for the turbo pump nearest the beamsplitter indicate that in the low-to mid

frequency range where modal peaks are dominate, the predicted levels exceed the LIGO

specification by 20-40 dB. The beam tube manifold between this particular turbo pump

and the beamsplitter does not have a bellows in contrast to the situation at most of the

other locations. It is estimated that such a bellows will reduce the levels by 20-40 dB
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except at the very low tequencies.

A tansmission path/room acoustics model has been used to estimate the noise

level in the end station's vacuum equipment afea. This model indicates that l) noise from

the tnrbo pump will produce a21 dB excess re: NC'20 in the 500 llz octave band

frequency; 2) noise from equipment in the vacuum support equipment room will cause

levels to exceed the NC-20 cT iteria by I to l0 dB. The latter transmission ofthis noise is

due to leakage via the pass door between the two roodrs.

Transmission path analyses are scheduled to be completed by the end of May

1996. Included in the analyses will be low and high frequency vibration models and

acoustic models of the corner, mid and end stations. The mid frequency vibration analysis

will be performed for selected worst case locations in the three stations.

Source measurernenls for the turbo pump are scheduled for June, the gate valves

will be tested in June and July and the ion pump, cr''o purnp and vent and purge system

will be tested in AugUst. The equipment source levels and measured impedances will be

input to our transmissiou models to predict the levels at the various receivers.

II. LIGO SPECIFICATIONS

A. VIBRATION

. The LIGO vibration specification (Ref. l) for the specral density of the allowable

displacement 6 on the walls of any vacuum chamber or on the floor within I meter of any

chamber is shown on Fig. la. This spectral density represents the allowable level of a

tone having a bandwidth of I Hertz at any frequency between 0.1 Hz and l0 kHz.

Because aCceleration sensors are used more commonly than displacement sensors to

measure equipment vibrations, it is useful to recast the displacement specification of Fig'

la as an acceteration specification by multiplying by al2(where ot is radian frequency)

and expressing the result in pglt/Hz. The resulting acceleration spectal density is shown

a

on Fig. lb.
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B. NOISE

The specified acoustic noise limit tom all simultaneously operating vacuum

equipment in normal operation at any location within the LIGO vacuum equipment and

laser areas is NC-20 (Noise Criterion) G.ef. 2). This noise criterion, shown on Fig. 2 is

defined in terms ofoctave band levels starting at the 63 llz center frequency band and

extending to the 8 kllz band.

C. SHOCK

Valve actuation or other intermittent device operatio[ shall induce no more than

0.01 g peak-to-peak acceleration at any point within I meter of any vacuum chamber.

APPROACH TO SPECIFICATION COMPLI,ANCE

A. OVERALLPLAN

A comprehemive plan has been put in place to identifr all potantial sources of

significant areas ofnoise, vibration, and shock, in the vacuum equipment to determlne

the degree of compliance with specifications, to desigr and waluate control measures

proposed in PSI's proposal, and to test installed vacuum equipment oPeration in the LIGO

facility. The objective is to achieve the lowest possible impact on the gravity wave

instnrmentation. This plan, wbich is under way, cotsists of &e following four parts:

1. Vacuum system equipmert is evaluated with resPect to vendors'stated

vibration, noise, and shock performance and the inherent equipment design features that

i mf act these characteristics.

2. Tests will be made on selected operating equipment in a qualified test facility to

verifi vendor claims and to supplement vendor data with detailed measurements to cover

the full range ofthe LIGO specifications. Because the specified vibration levels are

extremely low, low noise instrumentation and specialized equipment mountings will be

used to enhance the capability to obtain measurements over the full &equency range

specified.l'o
F
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3. Vibration, noise, and shock mitigation requirements as defined by PSI's

proposal will be implemented. Constaints imposed by the LIGO facility will be

iocorporated into the Eeatnent desigr.

4. Transmission of shock vibration, and sound ftom the sources to the vacuum

chambers and to the laboratory floor within one meter of any vacuum chamber are

analyzed mathernatically. Estimated levels with first order treatnent in place are

compareit with LIGO specifications. Regions where compliance with specifications is

not achievable are identified for flrther review and assessment.

B. SOURCES OF EQUIPMENT VIBRATION, NOISE' A}ID SHOCK

1. Mechanical Roughing Pumns

These first stage roughing pumps are not subject to vibration specifications.

2. Turbomolecular Roughing Pumps

Turbomolecular roughing pumps achieve thek Pumping capability by multi-

stage vanes rotating at high speed (approx. 27,000 RPM). Pump shafts are driven by

bnrshless motors. Shaft bearing desips include ceramic ball aod magnetic-

The principal vibration source of these pumps is the uobalance in the rotor which

produces a spectrum with a line at the rotational speed and at its odd and even harrronics.

Vibrations at the power line frequency, tlpically around I kHz' and its harmonics result

from magnetostrictive effects in the stator pole structure, Finally, with non'magretically

levitated bearings, broadband noise, (e.g., dse to the interaction ofthe balls with the

lubricant) is generated.

3. Ion Pumps

Ion pumps oPerate without moving parts. They are energized by high voltage

DC from an AC powered controller. Ion pump vibration and noise is primarily associated

with the high voltage power supply and controller wNch incorporate cooling fans and

transformers.

"o
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4. Cr-vosenic 80K Pumps

These pumps consist of exposed surfaces re&igerated to a cryogenic temperatue

upon which gnses are condensed. The proposed pumps use liquid nitrogen that boils at

atnospheric pressure at a temperature of 80oK. The boiling action of liquid nitrogen

involves cavitation (i.e., vapor bubble formation and collapse) which produces broad

spectum pressure pulses that act on vessel and liquid/air surfaces to produce noise and

vibrations.

5. Pursing and Venting Compresson

Non-reciprocating scr€w comtrtressors are planned for this purpose and will be

located in adjacent Mechanical Equipment Rooms.

6. Gate Valves

Srate valves are subject to the shock specification which limits the peak

vibrational amplitude induced by their operation. Primary mechanisms of shock are

deceleration aod seating. Both electric and pneunratic valve actuators are used for various

LIGO locations.

C. VERIFICATION TESTING

. l. Test Chambers

The background acoustic and vibration levels of the test af,eas must be equal to

or less than equipment levels being measured. A special acoustically treated chamber has

been built at PSI to test tbe Turbomolecutar pump, its backing Pump and the ion pump. A

prototype bearnsplitter is being built to test the sbort cryopump. The gate valves with

actuators and the vent and purge system have higher levels ofnoise and vibration and will

be tested at the vendors'facility.

2. Equipment Mounting

Equipment to be tested will be suspended or supported compliantly to isolate it

from the test chamber and allow the measurement quasi-free vibration levels required forO
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the analysis.

3. Test Instrumentation - Sensors

a. Vibration

When equipment levels are below the measurement capability of general

purpose accelerometers, high-sensitivity ulta low-noise accelerometers will be used to

define equipment vibration levels. Two such sensors are available to span the full

frequency range of the LIGO specifications. The Wilcoxon Research model 73lA

acceleromEter (l0V/g, 600 grn) has a useful bandwidth from 0.1'300 Hz. The Wilcoxon

Research model 9 I 68T0- I (7 .5 Y / g, 700 gm) provides low noise capability above 3 00

tlz. The equivalent acceleration spectal densities corresponding to the electronic noise

floors ofthese sensors are shown on Fig. lb. Above l0 H4 the noise floor ofthe model

73lA is lower than the specified amplitude. Above 300 Hz, the noise floor ofthe

9168T0-I is below the specified amplitude. When a measuremant equals the sensols

noise floor, the vibrating amplitude ofthe test device is at least a factor of3 dB lower

than the noise amplitude.

Low noise measurements require limiting the electronic noise that occurs outside

the frequency bandwidth ofinterest by using high-order bandpass filters.

b. Noise

Operating equipment noise will be measured using a Bnrel and Kjaer type

model 2236 Precision Sound Level Meter octave band ana$zer. Acoustic power

measur€ments will be made for use in assessing the overall sound pressure level in the

Laser and Vacuum areas of the LIGO facility.

c. Shcek

$hock measurements will be performed at the gate valve vendor site using

small, lower sensitivity accelerometers such as Bruel and Kjaer model 4384 or 4366.
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4. Test Instmmentation Data Analysis and Processing

a. Vibration

Vibration sigrrals will be acquired on a digital recorder and processed to
a

obtain frequurcy specta in the form of spectal densities. Acquisition and processing of

these signals will be perforrned using a CAA's computer-based SIGNAI systern.

The dwation of the signal acquired must be sufficiently long to insure confidence
a- 

in the measured spectral amplitudes. Signal duration criteria for autospectral density

firnctions are given in Ref. 3. The variance of the estimated autospectral density function

( G(fl ) for a tandJimited Gaussian noise signal is related to the resolution bandwidth B
l} 

in Henz and the total signal duration T in seconds as follows:

YartGA. #
( l)

where G(fl is the actual autospecbal density. Therefore, a time-bandwidth product

(BT) of unity yields a variance equal to the actual function. For purposes of estimating

a test requirements, we select a time-bandwidth product of 10. This yields sipal

acquisition requirements of 100 seconds for a 0.1 lfu baodwidth and l0 seconds for I Hz

resolution. During these acquisition times, the equipment would have to be stable in its

O operation, and the test would have to be frec from outside interference.

b. Noise

Acoustic measurements will be made using a Bnrel and Kjaer type 2236

a precision sound level meter. Noise levels in the octave bands between 63 Hz and 8 kllz

will be recorded. This meter has a noise floor corresponding to less than NC'10.

c. Sheck

O Measurements of shock-induced vibration due to operation of the gate

O valves will be made by recording the output of acceterometers oriented in three

a
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a

orthogonal directions and mounted on the gate valve fixfire. The signal will be recorded

during the entire duration of the closing even! and the peak acceleration arplitude will

be obtained.

D. VIBRATIONMTIGATION

l. Design Approach

The overall approach to mitigating equipment induced vibration encompasses

both the equipment source and the vibration tansmission paths to the LIGO test

hardware. tn the initial review of vendor-supplied information, recommendations were

provided for teatnents that are easily applied to the equipment Vibration transmission

paths are heated using the approaches described in the following sub-sections.

The equipment vibration measurements will be used to characterize the source

levels. The LIGO specification limits the vibration level at the receiver, on the chasrber or

on the ground within 1 meter of any chamber. To determine the extent of the mitigation

required analyses are perfonned to predict the vibration level at the receiver.

When the source can be effectively isolate4 the equipment vibrations characterize

the source output. When the path from the equipmant to the receiver is not capable of

being effectively isolated, it will be necessary to supplement the vibration levels

measured on the equipment with estimates or measurements of the stnrctural impedance

of the equipment at its attachment. Estimates of vibration transmission will then make

use ofan equivalent vibration source using Thevenin or Norton equivalent system

representations @ef. 5).

The method of modeling the path between the source and receiver is determined

by its complexity and the frequency range of interest. For simple paths analytical models

are used. For more complex paths, finite element methods are used at the low-mid

&equencies where the modes of vibration are well separated. Statistical energr analysis

(SEA) methods are used for the higher fiequencies where modal overlap is strong.
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Because vibration limits are specified over a broad frequency range (i.e., 5

decades), multiple strategies may be necessary to reduce equipment vibration across the

entire range. Structural elements having low stiffitess relative to their mating stnrctures

provide effective vibration isolation at frequencies below the rarge wh€re the elements

become resonant or wave-bearing stilctures. Compound equipment mounts obtained by

connecting multiple isolator stages in series can be used to enhance vibmtion isolation

effectiveness. Use of compound mounts is primarily limited by space availability.

Above the frequency range where isolators behave as simple compliant elements,

vibration energy is transmitted along these elements in the form ofpropagating stnrctural

waves. ThiS mode of enerry transmission can be reduced with a combination of

"blocking" masses and damping. The concept ofblocking masses is to provide an

impedance discontinuity along the enetgy transmission path to reflect propagating waves.

Since this approach does not dissipate stuctural energy, damping teatments are added to

the isolator. Damping treatments using viscoelastic materials applied to the extemal

surfaces ofthe isolator can be desigred in the form of both unconstained and constrained

layers.

. 2. Mitigation for Specific Equipment

a. Main Turbomolecul ar Pumps

Each of the main turbomolecular pumps is separated from is backing pumP.

The nrbopump is placed on its own cart and separated from the interferometer by a soft

bellows. The turbopump/cart is anchored to the floor to prevent the bellows from

compressing axiatly due to the extemal Pressure. High frequency isolators in the form of

rubber bushings and washers isolate the turbopump tom the cart.

The backing pump, which is a much greater source of vibration than the

turbopump, is placed on its own cart and located in the Mechanical Equipment Room'

The backing pump cart has its own vibration isolators.

9
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b. Ion Pump Power Supplies

The source of vibration with the ion pumps are the power supplies. For the

large ion pumps the power supplies are located in the Mechanical Equipment Room.

Vibration isolators will be used if needed. The small ion pumps' power supplies are

tocated in the Vacuum Equipment Room and rest on vibration isolators. The cable will

be flexible and incorporate "drip loops" to enhance flexibility.

c. Cryogenic Pumns

The 80K pumps will produce vibrations due to the formation and collapse of

bubbles in the liquid nitrogen. An experiment using air and water to simulate the two

phase flow ofthe nitrogen entering the 80K pump showed that the generation oflarge

bubbles via the inlet pipe can be reduced by bringing ttte stratified flow Aom the inlet

pipe abovi the liquid reservoir. The incoming liquid flows gently down a chute into the

resenoir while the gas escapes without bubbling through the liquid. The bubbles

generated from the boiling liquid in the reservoir are smaller and generate higher

frequencies. Vibration transmission into the interferometer resulting from this action is

reduced by low frequency isolators.

An additional source ofvibration from the 80 K pump operation is due to vibration

in the supply and retum lines. Flex lines are used to attenuate the vibration.

d. Purging and Venting Compressors

The vent and purge system will be skidded and placed inside the Mechanical

Equipment Room. The skid is mounted on vibration isolators. The discharge and suction

side of the system in the comer station have mufflers or sound attenuators. The mid and

end station's systems are not operated during interferometer operation.

e. Equipment Located in Adacent Mechanical Equipment Rooms

The turbomolecular backing pumps, vent and purge compressor skids, and the

ion pump controllers are located in Mechanical Equipment rooms. These rooms are

a 10
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located adjacent to the vacuum equipment area on separate floor slabs, AII lines going

from the mechanical room to the vacuum equipment area will have flex connectors.

E. NOISEMTIGATION

l. DesiEr Approach

Noise radiated by operating pumps and electronics can be mitigated by

reducing the vibrations of the extemal sruduml surfaces of the equipment. Measures to

accomplish this include externally applied structural damping treatnenB. Vibration

isolation may also be required as a component ofnoise conhol.

2. Implementati on

A computer model of the vacuum equipment areas is utilized to predict the

combined noise levels in the specified NC contour octave bands from 53 Hz to 8 kllz

Aom the vprious vacuum pumps and auxiliary equipment located in these areas. The

input to this model is the acoustic power measurements perforrred on the operating

equipment. Any remotely localed equipment that could contribute to the noise via

transmission through walls, doors, ductwork, and other flanking paths is also included.

The model includes the sound absorption and scattering effects of major equipment such

as chambers, beam tubes, large diameter piping, and other large objects, as well as the

sound absorbing properties ofthe room boundaries. Equipment identified by the model

as exc€eding the NC-20 noise specification will be evaluate d fot 2nd order noise

reduction treatment (if authorized by LIGO).

Noise measurements on representative vacuum system components will be made

either at PSI, a vendor's facility, if suitable, or at a commercial acoustical laboratory.

Measurements will include octave or third octave band over the NC Aequency range.

Depending on the test facility, either sound pressure at a given distance and at various

positions around the source or sound power will be measured, From this data and the

room model discussed above an initial prediction of total noise at various locations in

'o
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the Laser and Vacuum area will be made.

Specific noise control second order options for the vacuum system components

are indicated below (note these options are not included in the current contract).

a. Main Turbomolecular Pumps

If necessary the pump and motor housing will be shrouded with loaded vinyl

sheet laminated to open cell foam. Dampbg featnents, discussed above, can also be used

to reduce sound radiation from support structures.

b. Cryoqenic 80K Pumos

The magnitude of acoustic noise emissions of the boiling nitrogen inside the

shroud needs to be measured. It is anticipated that the insulating vessel required for the

shroud may be sufficient to preclude the need for further noise reduction.

c. Equipment Located in Adjacent Mechanical Equipment Rooms

The furbomolecular backing pumps, vent and purge compressor skids, and the

ion pump controllers are located in Mechanical Equipment rooms. These units can take

advantage ofthe noise control provisions required to adequately isolate auxiliary

equipment (e.9., fans, chillers, pumps) located in these rooms Aom the vacuum

equipment areas. Airbome noise isolation required for mechanical equipmelt to achieve

the project noise goal irr the vacuum equipment areas through walls, doors, windows,

ducts, and rooflceiling desigrr is assumed to be adequate for isolation ofthe vacuum

equipment to be located in the Mechanical Equipment rooms as well. If authorized by

LIGO, supplementary noise control treatments, recommendations of the vacuum

equipment can be provided should the noise isolation in the Mechanical Rooms be found

to be inadequate for meeting the project noise goals in the vacuum equipment areas.

F. SHOCKMTIGATION

The gate vblves are located in close proximity to the chambers. With the excepion

of adding a short flexible bellows, blocking the shock path is not an option. In this regard
' l
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therefore we have required the valve manufacture to reduce the shock at the source. The

valves will be comptiantly supported &om below to isolate them from the facility floor.

IV. SOI.JRCEMEAST]REMENTS

At this time there is no equipment available to obtain source measurements' The

turbomolecular pump vendor provided vibration data for a simililr pumP. This will be

used to estimate vibration levels at the end station. The vibration levels used for the

analysis is shown in Figure 3. For the acoustic analysis, estimates of sound levels were

obtain by either measurements on similar equipment at vendors facility or from

experience.

V. TRANSMSSIONANALYSIS

A. VIBRATION

The modeling ofthe transmission path betureen the source and receiver is divided

into three &equency regions, low, mid and high. In the low frequency or large stnrctural

wavelengths region the vacuum equipment and connecting manifolds are model with

beam finite elements, the foundation slab is represented by plate elements and lossy

springs represents the soil. The model can be extended large distances and caPtures the

primarily low frequency influence of the boundary on the transmission path.

The transition &om the low to mid frequency region begins when the structural

behavior is no longer compact and circumferential shell modes exist in the equipment or

the manifold. In the mid frequency region the transmission path is modeled with

o<isymmetric finite elements. The model assumes the structfe is symmetric but applied

loads, boundary conditions and displacements need not be axisymmetric. The mid

frequency model is limited by size of the model and the influence of the boundaries

where the model is artificially terminated. Typically boundaries become less important

with increasing frequency. By varying the boundary conditions, the impact of the
'o
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boundary is detennine in the analysis.

The limitation of CAA's computer and the Nastran fitrite elern€nt Program

detennines upper frequency limit of the mid range. Above this frequency statistical

energy analysis is perforrred. With this technique the structure is divided into subsystems

and the power flow between subsystems is calculated based on coupling loss factors.

Transmission path models ofthe vacuum system are currently being developed.

The following sections describe preliminary models and results for the vacuum

equipment in the end station (Figure 4).

l. Low Frequency Model

A Nastran [6] finite element beam representation of the equipment is plotted in

Figure 5. Beam cross sectional prope*ies are calculate for all the equipment and their

supports. Stiffeners, flanges and non-structural parts are modeled as mass. The 30"

concrete floor is model with plate elements and the soil is model as lossy springs. The

soil properties were obtain from Panons repod [7].

The upper frequency limit ofthis model is approximately 50lfz' Above this

frequency circumferential shell modes occw. Below this frequency tbe body of

equipment and the manifolds behave as a rigid mass on the flexibility of the supports and

bellows.

Unit forces in each of three directions are applied at the two turbo pump locations'

the floor below the turbo cart and at the cryopump. Observation locations were with I

meter of the beamsplitter on both the manifold and the concrete slab. Large tansmission

losses are observed across the bellows and via the concrete slab path'

Estimates for source levels are available for only the turbomolecular pump (see

Figure 3). Norton theorem is used to convert the acceleration levels to forces. The pump

is connected to the manifold tube by a soft bellows. The bellows axial spring rate (60

lb/in) is much less than the stiftress of the pump. The pump then can be consider a pure
'r
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velocity source and a force across the spring into the manifold can be comput€d. Results

are listed in section 4.

2. Mid Frequenc]' Model

The purpose of this section is to describe the finite element analysis that we

performed to study the mid-frequency behavior ofa portion ofthe end-station sElrcture

adjacent to the beam-splitter. Figure 4 is a skerch ofthe portion ofthe LIGO vacuum

equipment that we refer to as the end-station structure. We developed a finite element

model of a portion of end-station stucture, indicated in Figure 6, for a preliminary study

ofthe vibration levels produced near the beam splitter due to mid-frequency vibrations

from the tuibopump. The Nastran computer plot ofthe model is shown in Figure 7.

The mid-frequency model consists of Nasban a:<isymmetric conical shell and

trapezoidal solid elements. These Nastran elements can only in themselves model

axisymmetric structures; however, the applied loads and displacements need not be

a:<isymmetric, as the element formulations use a Fourier expansion about the azimuthal

coordinate [6]. The conical shell element, used primarily to model the thin shelUplating

that predominates the structure, includes both membrane and bending flexibitity (with the

possible inclusion oftransverse shear flexibility). The non-axisymmetric features ofthe

structure, such as the ion pump and supports, are not modeled in this stage in the analysis'

but it would be a straightforward task in ttre future to model some of these features via

concentrated loads simulating lumped impedances, such as simple inertia or compliance.

The attachment of the manifold tube to the beam splitter is modeled at this time as a fixed

boundary condition. Future models would possibly include other boundary conditions at

the beam splitter end or the use of a terminating structure simulating the impedance seen

by the manifold tube at the splitter. The bellows, on the other end of the strucfttre, is

modeled with coriical shell elements fixed at the far end with properties assigred to give

an effective axial stifhess of 6514 lb/in (specified by bellows manufacturer) and a
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negligible bending stiffiress.

The vibration of the turbo-pump was simulated by point loads in the radial, axial,

circumferential direction applied at the center point of the location of the turbo-pump.

The Nastran direct fiequency formulation was used for tbese calculations. The analysis

was performed to 500 IIz. Higher frequencies will be computed in the future.

We obtained the radial, axial and tangential components of the acceleration

response of the model at various azimuthal locations and axial locations within 1 meter of

the splitter end. We examined these results and present those that appear to represent the

"worst" cases of vibration Eansmission in Section 4.

3. High Frequency Model

a. Introduction

Ih this section we present a high frequency analysis ofstnrctureborne noise

propagation along an end section structure Aom a gate valve to the beam splitter. For the

thin shell and plated box-like structures along this path the predominant higb Aequency

wave motion tends to be flexural. By high frequency we mean frequencies at which the

flexural wavelengths are small relative to the structural scales, such as the lenglhs and

diameters of the tubular sections. For thin steel plating the flexural wavelength is given

by

)', : 2ntk, = 6x10\/MiMi

where h is the plating thickness and f is &equency. To illustrate, with l/4 in. plating at I

WIz., Lf-lz.in. Structureborne noise levels will attenuate as they propagate fiom a

noise source to a receiver. The overall attenuation is the result ofboth a spreading ofthe

vibration energy dnd its dissipation, that is conversion to heat. Along two dimensional

plated structures the spreading is cytindrical wilh acceleration levels decreasing as r-la

(2)
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where r is the distance (range) along the plating from source to receiver. Dissipation

associated with flexural wave propagation is conveniently expressed in terms of a

structural loss factor q . Here the associated attenuation is of the fomt

exp( k71l$ exp( nry/2),). Dissipation may also be associated with parallel

propagation paths that do not measurably couple to the receiver. For example for the

problem of interesg the vibrational enerry traosmitted to the concrete slabs and in tum the

ground via the manifold tube supports is believed to fall into this category.

Statistical energy analysis (SEA) is an analytical formulation that capftres the

phenomena described above and allows one to estimate absolute levels at rcceiver

locations, e.g., the beam splitteq in terms of the noise source stength (input power). The

technique is briefly outlined below and applied to the end station in the following section.

b. Statistical Energv Anal]'sis (SEA) Concepts

With this technique the structure to be analyzed is dMded into subsystems each

"large" in terms of the characteristic wavelengths. For each subsystem "j" a steady state

power balance is imposed

trj ni En1,

where trj is power input to the subsystem, { it th" po*o it dissipates and $* t}re

power ,'lost" to neighboring subsystems. A fundamental SEA concept is that the above

dissipated and ,'coupled" powers are proportional to the space-averaged stored enerry of

the subsystem, <F>. Specifically [8],

a \ j<Ei>

(3)

ri
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trj*: .[-tlrr.Er> - r1u<E*>'] (t

.
here ol 2nlfand r1, and r[p are defined as dissipation and coupling loss factors.

For stucfureborne noise

I <rfi.>: a2<Er>lM, (6)

a
where <ilf is lhe subsystem space-averaged squared accelerati on and M, the subsystem

mass. Thd analysis is executed by defining the appropriate subsystems, using Eq. 2 to

formulate a set of simultaneous equations in the unknown stored energies, obtaining the

required loss factors [9], defining ttre source strength(s) solving the equations and finally

using Eq. 5 to obtain the desired response. This is described below for the end section

structure pictured in Fig 8.

c. SEA Model ofLIGO End Section Structure

The section being analyzed is shown in Fig 8. There are twelve subsystems in

our SEA representation, each a uniform section ofthe tubular manifold. Power is coupled

among them across structural discontinuities ofvarious types, viz., stiffening ribs

modeled by their inertia, bellows characterized by their compliance, and section radius

changes. Power may also be transmitted through the supports and lost to the floor slab.

In addition it propagates beyond the modeled sections where it is "lost" to the beam

splitter on one end and the continuation ofthe manifold on the other.

As is common practice with this approach, we obtain the required coupling loss

factor expressions from the analytical solutions to highly idealized, so called "canonical",

problems. For coupling from one manifold section (i) to another (i) we take all such

probtems to be one-dimensional with a loss factor of the form 6\ij t iMfvl>

.l
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a
where <up is the mean squared velocity of subsystem i. Also manifold curvature is

igrored, thus limiting the validity of the analyses to frequencies above the ring frequency

(Q aalc 1) of the smallest diamEter (,{4 in.) manifold sectioq roughly 1.4 kHz.

For coupling across a bellows the coupling loss factor is obtained from the model

sketched in Fig 9a. Coupling is through shear forces inducing flenral vibrations.

Assuming a high performance bellows and in turn "weak" coupling the result is

ouli . : Z(kberl o)2 ReIY)l mi

tvherc k- KJ2na, and m, Mf2ta, are respectively the spring constant of the

bellows and the total mass of subsystem i both per unit distance around the

circumference. Ir, (z)-t tQ i)a(phlk)/21-r is ttre admittance of rhe subsystem j

plating taken to be semi-infinite in extent with k, yt/3.46alci the flexural wavenumber

in the plating, c is the material sound speed and h the plating thickness [0]. The factor

T [1 g-zltr+ is introduced to account for the stiffening of a tube owing to its curvature

as the frequency approaches its ring frequency from above I I I ].

Coupling across a rib or a flange at a section radius changg modeled via their mass

per circumferential distance (n*), is analyzed similarly as shown in Fig 9b. Here the

coupling loss factor is given by

rtf" = lZp/ Z,,ol2 RelYJl n.

with Z* iam* atd again we have assumed a stong discontinuity and hence weak

coupling.

Finally, in Fig 9c we sketch the model for estimating the coupling loss factor from

manifold plating into the floor slab via a support. The plating and slab are modeled as

a

(8)

' l
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effectively infnite plates and the (point) support is massless and rigid. The plating

discontinuity provided by the support nulls the motion at the interface and in so doing

gsnerates a force that is tansmitted to the slab where the energy dissipates. Here the

coupling loss factor becomes

@rl iow 
: 2(Zo*/ M) (Zpwl Z,H,)

wbere Z*u (/t/-3(pchz), is the drive point impedance of the manifold plating assumed

tobeofinfinite ernclrltU2lafi Zoo/2,^ (pch2)/(pch2'1,*<1. istheratioofplatingto

slab point impedances.

For this preliminary evaluation, 1. we let qd 0.04 for all subsystems typical of

fabricated structures, and 2. the parallel path through the concrete slab is ignored. Our

excitation,source is the turbomolecular pump located in subsystem 5. The input power is

taken to be that for a compact radial force, F2p15y, driving the tube plating as if of infinite

exrenr, P, Ffr6/ZaE
ln the following section results are presented for the mean squared accelerations

in the driven section (5) and downstream in Section l, closest to the beam-splitter.

4. Results

In the implementation of all three models a force is applied to the

turbomolecular pump's coonection to the manifold tube in the radial direction. The drive

point accelerance at this location, or the averaged drive compartrnent acceleraoce in the

high frequency range, is plotted in Figrre 10. The data fiom the three models collapse at

the drive point. The fansfer flrnction accelerance from the drive point to locations within

one meter of the beamsplitter is plotted in Figure I l. In the low to mid Aequency range

there is a 10-20 dB reduction from the drive point location. ln the hi€lt frequency range

the discontinuities in the system, as modeled, produce much greater reductions.

The turbo pump source levels shown in Figure 3 have been applied to the models

(e)
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and the estimated accelerations near the beamsplincr comprfed. These levels are

compared to ttre LIGO specification levels in Figrne 12. In the low- to mid-ftequency

range where the source levels can only be rougfily approximated from tbe available

information, the predicted lwels exceed the LIGO specification by 20-40 dB.

B. NOISE

l. Acoustical Modelling for Airbome Noise in LVEA's Overview

The purpose of the acoustical models is to predict the noise level at specific

receptor locations in the various Laser vacuum Equipment Areas ofthe LIGO End

Station at the Washington Site generated by vacuum pumps and auxiliary equipment

provided to LIGO by PSI to which the project specified operational noise criterion

spectrum of NC-20 applies. Noise from other ventilation and other machinerT or

personngl is not included in this acoustical analysis.

The elements incorporated in the model iaclude the following:

Noise Sources - sound power [or equivalent sound pressure and distance] in octave

bands &om 31.5 to 8 kHz center frequencies.

Room Acoustics of Vacuum Support Equipment Rooms IVSERJ - The End

Station has a room dedicated to vacuum pump support equipment.

Noise Reduction of Envelope of VSER - partition, door, and other components of

VSERs contributing to airborne sound transmission to the LVEA.'

Room Acoustics ofLVEA - acoustical treatnent of ceiling and sound absorption

ofother surfaces; effect of scattering by large equipment; distances between

sources and receptors.

These model elements are handled by spreadsheet computer programs llotus 123]

customized for this project. Source noise outputs are based on either manufacturers' data,

measurements perfoimed by CAA / PSI as described in the statement of work, or estimates

based on information in our files ofthe closest equivalent equipmant where information is
'o
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not available at the time of the initial computations.

2. Equilxnent Included in the Acoustic Models

As prwiously stated, the sources included in the acoustical models are vacuum

pumps and auxiliary equipment manufachred or procured by PSI for the LIGO project to

which the project specified operational noise ctiterion spectrum ofNC-ZO applies. In Comer

Stations a segment of the LIGO system may be in operation while another is sealed off

temporarily from the operational seCment for repairs or modifications. In such situations the

Vent and Purge Equipment would be in operation and ifs noise sources must be included in

determining the acoustic levels at critical operational vacuum comPonents. segments.

It is assumed, initially for lack of complete noise level inforrration" that the Small lon

Pump Controllers produce no significant noise; that the Cryopump produces a noise

specfium rhat matches the ambient noise level, and that the Vent and Purge Compressor
'

noise equals that of a specific Siemens Side Channel Compressor [2CH4] having a capaclty

similar to that of the compressor in the selected system. For the Large Ion Pump Controller

a haystack spectrum of modest level similar to typical fan cooled electonic equipment is

used. The TMP is assumed to be operating, however, the calculation can be repeated

without its contribution, to model the more typical condition.

3. Room Acoustical Models

a. Model of vacuum support equipment rooms

The acoustical model of these equipment spaces assume that there is no

special sound absorbing treatrnent installed and that atl room surfaces have very low

sound absorption coeffrcients over the frequency range ofthe model [31.5 Hz to 8 kHa

octave band center frequencies]. However, due to the closely spaced array of

equipment there is considerable diffirsion and multiple reflection of sound waves

resulting in an effective sound absorption coeflicient for the nominal room boundary

surfaces, i.e., floor, ceiling/root and walls, that is typically found to be higher than that

for surface. The model uses absorption coefftcients that lie between N and 20Vo,

'o
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varying with frequency. If a particular machine or the dominant noise source of a

machine is close to a wall there is no reduction due to room reverberation an4 in fact'

a small enhancement of the sound pressure on such a surface may (rccur'

Basically, the sound power ofeach source is reduced by the effective absorption

characteristic of the equipment room, taking note of any non-qualiffing machine

locations. It is further reduced by the combined sound transmission loss of t$e room

envelope components in comrnon with the receiving space, the LVEA. The resulting

sound pressure is assumed to radiate Aom the envelope into the LVEA with an

equivalent acoustic power in proportion to the associated radiating area'

b. Model of end station taser vacuum equipment areas

The most critical receiver locations in the LVEA's are Beam Splitter

Chamber vessels and beam tubes or beam manifolds which intercept the airbome

sound and transmit them [as structureborne sound or vibrations] to nearby sensitive

optical components in the LIGO system. The sound sources include the envelope

elements of the vsER as well as equipment located directly in the LVEA, including

Small lon Pump Controllers,80K Cryopumps.

The acoustical nature of the larger L\IEA's, especially the comer stations,

have larger volumes which contribute to longer reverberation times, however, this

undesirable effect is largely cancelled out by the sound absorbing ceilings which have

relatively high absorption coefficients [averaging around 60%]'

Acoustic levels from sources that are zor directly adjacent to the sensitive

receptors will decrease substantially with distance, primarily because ofthe absorptive

ceiling but also because the large vacuum equipment will provide the scattering and

multiple reflection effects described above for the VSERs. The room corrections in

each octave band and for each source - receiver pair incorporate both the distance and

sound absorption factors as welt as small adjustments, as aPproPriate, based on

experience.
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4. Sound Transmission Calculations

The primary paths of sound transmission from VSER to the LVEA are the

common partition and the single access door. Their construction, e.g., thickness and type of

material, e.g. rypsum wall board [GWB] detemrines tbe transmission loss venus frequency

obtained through laboratory measurements of specific partitions. Using information on

these partitions obtained from the Ralph M. Parsons Co., the facility designer, we can

determine the needed information even ifthe exact construction does not precisely duplicate

any ofthe tested partitions using our priorjob files and a large quantity ofpublished

infonnation on this subject. For the door, a standard office door that is fully gasketed is

assumed and, as will be seen, a special acoustically rated door may be desirable for meeting

the noise criterion.

5. Results of Initial Calculations

The results ofthe noise analysis for end station is shown in Figure 13. The

calculations indicate that 1) the TMP cart creates sound levels at the vacuum vessel or beam

tube which it is seruicing ttrat exceed the noise criterion by as much as 27 dB [in the 500 IIz

Octave Band] and 2) that noise from support equipment in the VSER exceeds the criterion

by 8 to 10 dB in most octave bands. The latter tansmission is, however, dominated by

leakage via the pass door between the VSER and the LVEA.

VI. LIGOCOMMSSIONTESTING

During the commissioning Process of tbe installations in Hanford, WA and

Livingston, LA" measurements of vibration and noise generated by vacuum system

equipment will be conducted. Vibration measurements will be made on one each of the

following chambers: horizontal access modulepbeam splitter moduleg

(WA site only). At each chamber, normal vibration (i.e., single axis) measurements will be

made at one location on the floor within I meter of the chamber. Tri-a,tis measurements

will be made at two tocations on each chamber. Measurements will be made with and

without operating auxiliary equipment for the purpose of establishing ambient levels.

'r
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O 
Additionally, sound pressure levels will be measured in the vicinity of each chamber with all

vacuum system components in normal operation.

Shock measurements will be made on representative chambers during the operation

l ofthe gate valves. For the baseline tests, the beam-splitter chamber located at the vertex

will be instnrmented for tri-axis shock measurements during the operation of the 35 and 15

cm gate valves on the chamber and of the nearby 122 cm gate valve. Tri-axis shock

a measuremetrts will also be made on the following: (l) one mid or end station chamber

during the operation ofa nearby . l l2cmgatevalve.
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rille PROJECT DESIGN GOALS/REQUIREMENTS PROCEDURE

19 PURPoSE

The purpose ofthis procedure is to define instructions for preparing the Design
Goals/Requirements Form for the LIGO project.

GEIYERAL

As part ofthe LIGO project management plaq PSI has committed to generate design
criteria for for each subsystem and major component. The desigr criteria is to be listed on
the Design Goals/ Requirements form. The Design Goals/ Requirements form is to be
completed as an initial activity and serves as a baseline document against which the desigrt
is dweloped. The purpose of the Design Goals/ Requirements form is to aszure tlnt the
resulting design is compliant with all ofthe requirements of the Contract, Statement of
Work, Technical Specification , and good engineering/design practice.

A project Ilesign Goals/ Requirements master file is maintained by the technical director.
As riith other documents the Design Goals/ Requirements Form should be dated and if
changes are made they should be noted by the rwision level.

RESPONSIBILITY

It is the responsibility ofthe cognizant engineer to prepare and issue the Design Goals/
Requirements form. The form is to be reviewed by the technical director prior to iszue.
Each element of the Design Goals/ Requirements form should be signed offwhen the
requirement has been completed by incorporation into lower lwel project documents
including calculations, specifications, drawings, manufacturing, test, and installation
procedures. The Design Goals/ Requirementu form is to be rwiewed, updated and
issued as part of each design review meeting minutes.

ATTACHMENTS

Attached is a list of components/subqystems for which a Design Goals/ Requirements
form is issued.
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Tille spEcIFIcATIoN FoR RoucHINc puMp CARTS

SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, and shipment of
roughing pump carts. Separate carts shall be provided for the roots-t1pe pump and for the
backing pump.

All attachments are part of this specification.

The specified equipment is intended for use as pad ofthe Vacuum Equipment supplied
for the Laser Iiterferometer Gravitational-Wave Observatory GIGO). LIGO, which is
operated by Caltech and MIT under an NSF contract, includes two installations at widely
separated sites: near Hanford" WA and Livingston, LA. Each installation contains laser
interferometers in an L shape with 4 kn long arms, a vErcuum system for the sensitive
interferometer components and optical beams, and other support facilities.

Inforrnation contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

SCIIEDULE

Equipment delivery (for pairs of carts) shall be as follows:z . l

Washington Site:

Louisiana Site:

Quantitv Date

2 8/r/96

2 8/10197
A

il" Acceptances at the sites (the start of Vendor's warra$ty periods) are expected to occur on
a staggered basis, with final acceptance to ocflrr no later than 6 months after delivery.

SPECIFICATION
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Tille
SPECIFICATION FOR ROUGHING PUMP CARTS

3.0 EQUIPMENT REQUIREMENTS

Each pump cart (se| shall be capable of roughing down a volume of 2,000 cubic meters
from 760 torr to I totr without overheatine.

Deleted.

The minimum required pumping speed at the pump inlet at 1 torr is 500 cfin; at 0.1 torr
the minimum required pumping speed is 1000 cfn. The pump set shall be capable of
roughing a volume of200 cubic meters from almosphere to 1 torr in 4 hours or less.

Vendor to specifu system performance when cad is separated (see paragraph 4.I . 1).

DESIGN REQUIREMENTS

The pulpcarts will be required to operate under two distinct operating conditions: Beam
Tube evacuation and Vacuum Equipmenl evacuation.

1. Beam Tube Purnping

The main roughing pumps will be used to evacuate the 2000 *' beam tubes. For
this case the roughing pump carts wiil be separated by approximately l0'. It is the
intent of this specification to allow this cart configuration to be the suppliers
standard design.

The beam tube evacuation will occur during initial stages of construction prior
to completion of the Vacuum Equipment Building. During this phase, a
temporary stucture will house the pumping cart system. The pumping carts will
be located on the Beam Tube Anchor Foundation (see Attachment D).

2. Vacuum Equipment Pumping

For evacuating Vacuum Equipment during installation and maintenance, the
pumping carts will be separated into two sections. The first stage blower will be
close coupled to the Vacuum Equipment in the Vacuum Equipment room. The
fust stage pumps will discharge into a vacuum header connected to the second
stage blower and backing pumps which will be located in a separate Mechanical
Equipment Room (to minimize noise and eliminate the requirement for supplying
large quantities of cooling water into the Vacuum Equipment Room). The
vacuum equipment suppoft structure for the final configuration of the fust stage
blower will be provided by PSI.

J . l
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SPECIFICATION FOR ROUGHING PUMP CARTS

Mechanical Requirements

4.1.1 Each cart set shall consist of a roots-type blower cart backed by one or more mechanical
pumps on a separate cart and accessories described below and on the attached P&ID
Bypass valves shall be provided if required by the vendors design. lnitial operation will
have the blower and backing pump separated via the l0' of flex hose between blower
discharge and the backing pump. Future operation wiil have the carts separated via 10' of
flex hose and a vacuum header.

ll+.t.2 Eactr cart strall be a complete system moulted on a frame suitable for operation in a

ll Federal Stadard 209 Class 50,000 environment (cleanroom). Vibration isolation
ll supports shall be included. Castors or palletjack access must be provided for each cart.

4.1.3 The design of the carts shall preclude contamination of the vacuum chambers during the
life ofthe equipment, even in the event of equipment failure or operator error.

l+.t.+ The process inlet to the cart shall be supplied by others. gsals shall be nonlubricated
I baked Viton O-rings.

ll+.t.S The process outlet Aom the roots-type pump cart shall incorporate a 10' long flex line for

ll connection to the backing pump or in the future a vacuum header. This connection shall,

ll depending on the required tube size, be an ISO Quick Flange or Large Flange witl double
ii claw clamps. Seals shall be nonlubricated baked Viton O-rings.

14.1.6 Provision for sealed corurection to a ducted facility exhaust system shall be provided on
I the backing pump outlet.

4.1.7 There shall be no oi1 in the pumping path.

4.1.8 Any required util$ connections (such as for cooling water) shall be manifolded to a
single connection point and terninated appropriately (such as with an isolation valve and
a l/2" quick disconnect fitting). Filtered cooling water will be provided as follows:

Supply Temperature:
Supply Pressure:
Retum Temperature:
Retum Pressure:

20 -zsc
3. - 5. bara
2s -30c
2. - 4.bara

Cooling water hose kits shall be provided to interconnect tle blower cart and the backing
pump. The hoses shali be 15'lons.
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SPECIFICATION FOR ROUGHING PUMP CARTS

[+.t.1 he roots pump cart inlet nozzle shall be located at as low an elevation as possible. A
il blind flange with a gauge cormection and suitable volume for shop speed testing shall be
I provided.

4.1.10 The acoustic noise and vibration requirement detailed in Section 5.1 of Attachment A do
not apply to tle roughing pump carts.

A 1 Electical Requirernents

4.2.1 InstrumentationRequirements

i4.2.1.1 There shall be Pirani vacuum gauges located at each pump inlet (both the roots pump and
i the backing pwnp). Bakeable vacuum gauges are required only for the inlet (chamber
I side) of the roots blower. A local vacuum gauge readout controller shali be provided.

The vacuum gauges will remain with the roots blower when the backing purnp is
remotely located.

.

4.2.1.2 There shall be auxiliary valved (manual valves) ports to allow connection of a leak
detector.

4.2.1.3 All unused ports shall be fitted with blankoff flanges.

i4.2.1.4 A purge gas flow switch (or pressure switch) shall be provided to shutdown the cart when
i there is insufficient pwge gas flow (or pressure). An adjustable 10-60 second delay timer
I shall be included in the shutdown logic to prevent spurious shutdowns.

4.2.2 Controls Requirements

4.2.2.1 Controls for local operation shall be provided. The Buyer will intercorurect tle cart
wiring when they are installed in the split location for Vacuum Equipment pumping
(terrninals to be provided by the vendor). In additioq provide terminal strips in a
junction box to interface with the future LIGO control system. The following sipals
shall be orovided:

z
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SPECIFICATION FOR ROUGHING PUMP CARTS

Description Signal Type

Pump Running @ach Pump) Dry Contacts

Auto. Valve Open Dry Contacts

Roots Pump Inlet Vacuum 0 - l0 VDC

Backing Pump Vacuum 0 - l0 VDC

lPwge Gas Shutdown Dry Contacts
I

4.2.2.2 The pump carts shall be self-contai:red so that, under power failure or pump failure,
interlocks shall prevent purnped chambers from being vented or ftom being exposed to a
non-operating pump.

4.2.2.3 A manual gate valve on tle chamber nozle will be provided by others. A fail closed
pneumatically actuated 6" UHV gate valve (with pilot solenoid and open and closed limit
switches) shall be provided on the inlet of the roots pump cart. The controls necessary to
close this valve on pump failure shall be incorporated into the cart controls.

lt.z.z.+

114.2.2.5 Pumps shall be stopped and started by pushbutton switches located on the blower cart.
ll Th" backing cart shall be capable of being started and stopped by a signal from the
ll blower cart.

4.2.2.6 Y endor must list in his quotation all safety devices (such as flow switches, pressure
switches' temperature switches, safety relief valves, etc.) supplied with the systems.

4.2.2.7 Vendor must provide in his quotation a brief description of ail operational sequences such
as starhrp, normal quotation, normal shutdown, safety shutdowns, etc.
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SPECIFICATION FOR ROUGHING PIJMP CARTS

4.2.3 PowerRequirements

4.2.3.1 Power connection to the caxt shall be by an appropriate 20' long cord with twistJock,
NEMA type plug configuration (a single connecfion for tle cart including controllers
when configured as one assembly). Required controllers and overload protection shall be
provided on the cart. Vendor must provide specifications for fhe power and control
cables needed to corurect the separated cart components. The field wiring cables will be
provided by the Buyer when ttre biower is remotely located. Vendor will provide the
cables needed when the carts are located tosether.

4.2.4 Purge Gas
Clean, dry, air will be supplied at 80 psig for use as seal purge gas for the vacuum pumps
requiring this utility.

5.0 REQUREDDOCLIMENTATION

Documentation requirements listed in Attachment B and attached Q.A. requirements
form, Attachment A slrall be provided according to the Buyer's schedule.

6.0 SHOPJIESTING

In addition to the Vendor's standard tests, each electrically powered vacuum pump cart
shall be tested for speed, ultimate pressure, leakage and operation of protective features.
All safety interlocks shall be tested for proper operation by simulating the faulted
condition

7.0 INSPECTION

AII testing and inspections called for in Attachment B (Specification V049-2-033 General
Equipment Requirements) shall be performed by the Vendor. Additional quality
assuftmce requriements are listed itr Attacbment A, Quallty Assurance Requirements
Summary.

8.0 WARRANTY

I nefer to Specification V049-2-034, Equipment Purchase Commercial Requireme,nts for

I Warranty Requirements
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ritle spEcIFIcATroN FoR MAIN TURBoMoLECULAR pUMp cARTs

)

1.0 SCOPE

This specification covers the minimun requirements for the design, materials,
fabrication, assembly, inspectioq testing, preparation for shipping, and shipment of tle
main turbomolecular pump cads (and backing pump carts).

A1l attachments are part ofthis specification.

The specified equipment is intended for use as part of the Vacuum Equipment supplied
for the Laser Inte. rferometer Gravitational-Wave Observatory PIGO). LIGO, which is
operated by Caltech and MIT under an NSF contract, includes two irstallations at widely
sepmated sites: near Flanford, WA and Livingstoq LA. Eaph installation contains laser
interferometets in an L shape with 4 km arms, a vacuum system for the sensitive
interferometer components and optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

SCIIEDULE

Equipment delivery (for pairs of carts) shall be as foilows:

2.0

)

2.1

PSI (Westboro, MA)

Washington Site

Louisiana Site

Total Required

Quantity Date

2 4/U96

4 84t96

4 8ll0l97

l 0

z-) Acceptances at the sites (the start of Vendor's warranty periods) arc expected to occur on
a staggered basis, within 6 months of delivery.

I

z
=

o

r
I

SPECIFICATIOI{

l-*" t-n:"* Rev.+
ol



o

t

o

o

a

a

t

o

o

Tille SPECIFICATION FOR MAIN TI,JRBOMOLECULAR PUMP CARTS

3.0 EQUIPMENTREQUIREMENTS

The main turbpmolecular pump carts are to be used to purnp down large volumes from I
torr to I x 10'" torr. The minimum speed at the inlet port shall be 1,400 Vs for nihogen at
1 x 10-r torr. The pump set shall bd capable of a tbioughput of ai least 5 ton-liters per
second at a backing pressure of I ton. The pump set sllall be capable of pumping a
volume of at least 2,000 cubic meters (ftom I ton to I x 10-" ton) without overheating.

The backing pump will be used to rough pump volumes up to 70 -3 fiom afinosphere.
The cart shall be equipped with a bypass line and manual valving to allow the turbo pump
to be bypassed during early stages ofpumpdown.

1,,
4.0

Vendor to specif system performance (speed vs. pressure curve) when the cart is
separated (see paragraph 4.1.1).

DESIGN REQUIRSIT4ENTS

The main twbo pump carts will be required to operate rmder two distinct operating
conditions: Beam Tube Evacuation and Vacuurr Equipment Evacuation.

1. Beam Tube Pumping

The main turbomolecular pumps will be used initially to evacuate the 2000 m3
Beam Tube. For this case all of the vacuum purnp components will be mounted
o1 6 single cart (or'two frames bolted together). [t is the intelrt of this
specification to allow this cart configwation to be the suppliers standard design.

The Bearn Tube evacuation will occur prior to completion of the Vacuum
Equipment Building. During this phase, a temporary shucture will house the
punping cart. The pumping caxt will be located on the Beam Tube Anchor
Foundation (see Attrachment D).

2. Vacuum Equipment Pumping

For evacuating the Vacuum Equipment during installation and maintenance, the
pumping carts will be sepaxatad-into two sections (by the buyet). The turbo
inole^cul*ar purnp will be ciose coupled to the Vacuum Equipmeit in the Vacuum
Equipmenf Room. It will discharge into a vacuum header connected t9 dty
backing pump which will be located in a separate Mechanical Equipment Room
(to minimize noise and vibration).

The turbomolecular cart will be modified by PSI to reduce vibration transmission
into the vacuum vessels and into the floor.

z
3
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SPECIFICATION FOR MAIN TTJRBOMOLECULAR PUMP CARTS
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4.1 Mechanical Reouirements

4.1.1 Each turbomolecular pump set shall consist of a "wide range" magnetically lewtateA
turbomoiecular pump backed by an oil-ftee pump (diapbragm" piston or scroll pump) on
separate carts. Also included on the carts are the accessories described below and on the
attached P&ID. Initial operation will require the turbo cart to be mounted on top of the
backing cart. Future operation will have the turbopump and backing pumps separared via
the following vacuum header: 240' of 4" diameter pipe, (6) 90 degree elbows, (l) 45
degree elbow, (1) tee Oranch), l0' of I 1/2" flex hose between turbopump discharge and
header.

4.1.2 Each cart shall be a complete system mounted on a frame suitable for operation in a
. Federal Standard 209 Class 50.000 environment (cieanroom). Vibration isolation

supports shall be included

4.1.3 The design of the carts shall preclude contamirurtion of the vacuum chambers during the
life of tte equipment, even in the event of equipment failure or operator error.

i 4.1 .4 The inlet connection to the tr:rbomoiecular pump will be a 12" O.D. conflat.
i Turbomolecular pumps shall be supplied with profective inlet screens.
' ' .
4.1.5 The piocess outlet ftom the turbo pump cart shall incorporate a 10' long flex line for

connection to a vacuum header. This connection shall, depending on the required tube
size, be an ISO Quick Flange or Large Flange with double claw clamps. Seals shall be
nonJubricated baked Viton O-rings.

14.1.6 Provision for sealed connection from the backing pump outlet to a ducted facility exhaust
I system shall be provided.
I
4.1.7 There shall be no oil in the pumping path.

l4-l R Anv reonired rriilifv connectinns /srrn.h ac fnr cnolino water\ shall he rnanifolded to a

a

o

t

ri"!t" d*""tio"liri"i-aGtm".t"a approptataylEucn *Gtl ."-itotrti* uau" uoa
a 1/2" quick disconnect fitting). Filtered cooling water will be provided as follows:

Supply Temperature:

Supply Pressure:

Return Temperature:

Retum Pressure:

20 -25C

3. - 5. bara

25 -30C

2. - 4. bara
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SPECIFICATION FOR MAIN TLTRBOMOLECUI,AR PTIMP CARTS

4.1.9 The turbo pump shall be portable and connected to the pumpcart by 10ft. long flex line
lbr vacuum, power, and cooling water. For pumping of the Beam Tube the TMP will be
mounted horizontally and hard piped to an isolation valve mounted on top of the Beam
Tube. A blind flange with a gauge connection and suitable volume for shop speed testing
shall be provided.

4.1.10 Insulated heating jackets witl temperature contollers for the turbo pumps and inlet
piping (flex) up to the turbo inlet flanges will be provided by the buyer. The heaters shall
be capable oftemperatue contol up to 120 C.

4.2 Electical Instrumentation Reouirements

4.2.1 Instrumentation Reouirements

4.2.1.1 There shall be vacuum gauges located at each purnp inlet (both the trubomolecular pump
and the backing pump). The inlet to the turbomolecular pump shall have bottr a Pirani
gauge and a cold cathode gauge, and the inlet to the backing pump shall have a Pirani
gauge. All vacuum gauges remain with the turbomolecular pump when the backing
pump b remotely located. Bakeable (to 250C) v.rcuum gauges are required only for the
inlet (chamber side) of the turbopump. A local vacuum gauge contoller sball be
provided wirh each cart.

4.2.1.2 Therc shall be auxiliary valved. (manual valves) ports to allow connection of a leak
detector.

4.2.1.3 All unused ports shall be fitted with blarkoff flanges.

4.2.1.4 A purge gas flowswitch (or pressure switch) shall be provided to shutdown the cart when
there is insufficient purge gas flow (or pressure). An adjustable 10-60 second delay timer
shall be included in the shutdown to prevent spurious shutdowns.

SPECIFICATION
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4.2.2 Conhols Requirements

4.2.2.1 Controls for local operation shall be provided. The buyer will interconnect the cart
wiring when they are installed in the split location for vacuum equipment pumping
(terminals to be provided by the vendor). In addition, provide terminal ships in a
junction box to interface with the future LIGO contol system. The following signals
shall be provided:

Description Signal TWe

Pump Running @ach Pump) Dry Contacts

Auto. Valve Open & Closed Dry Contacts

Turbo Pump Inlet Vacuum (2) 0 - l0 VDC (2)

Backing Pump Vacuum 0 - l0 VDC

j Purge Gas Shutdown Dry Contacts
;

4.2.2.2 T\e pump carts shall be self-contained so tha! under power failure or pump failure,
interlocks shal1 prevent purnped chambers fiom being vented or from being exposed to a
non-operating pump.

4.2.2.3 A manual gate valve on the chamber nozzle will be provided by others. A fail closed
pneumatically actuated valve (with pilot solenoid and open and close limit switches) shall
be provided on the outlet of tle roots pump cart. The controls necessary to close this
valve on pump failure shall be incorporated into the cart contols.

4.2.2.4

4.2.2.5 Pumps shall be stopped and started by pustrbutlon switches located on the turbo cart. The
backing cart shall be capable of being started and stopped by a signal from the turbo cart.
The control system must include a safety permissive that requires the turbomolecular
pump foreline pressure to be < 2 ton before the turbo punp is allowed to start.

4.2.2.6 Y endor must list in his quotation all safety devices (such as flow switches, pressure
srvitches, ternp€rature switches, safety relief valves, etc.) supplied with the systems.

4.2.2.7 Vendor must provide in his quotation a brief description of all opemtional sequences zuch
as starhrp, nonnal operatioq normal shutdowq safety shutdowns, etc.
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4.2.3 PowerRequirements

4.2.4 Purge Gas

- -Clean, dry, air will be supplied at 15 psig for use as seal purge gas for the vacuum pumps
requiring this utility.

4.2.3.1 Power connection to the cart shall be by an appropriate 20' long cord with twist-lock,
NEMA type plug configuration (a single connection for the can, including controllers
when configured as one assembly and two cards and plugs when separated into two
sections). Required controllers and overload protection shall be provided on the cart.
Vendor must provide specifications for the power and control cables needed to connect
the separated cart components. Field wiring cables will be provided by buyer when the
turbopump is rernotely located. Vendor will provide the cables needed when the
turbopump is located on the cart.

5.0 REQUIRED DOCUMENTTATION

Documentation requirements listed in Attachment B and the QA requirements form,
Attachment A, shall be provided according to the Buyer's schedule.

SHOP TESTING

In addition to the Vendor's standard tests, each electrically powered vacuum pump cart
shall be tested for speed, acoustic noise, ultimate pressure, leakage and operation of
protective features. 

- 
Ali safety interloiks shall b'e tested for froper operation by

simulating the faulted condition.

INSPECTION

All testing and inspections called for in Attachment B (Specification V049-2-033,
General Equipment Requirements) shall be performed by the Vendor. Additional quality
assurance requirements are listed in Attachment A, Quality Assurance Requirements
Summary.

WARRANTY

Refer to Specification V049-2-034, Equipment Purchase Commercial Requirements for
Warranw Reouirements.
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Title: SPECIFICATION FOR AIIXILIARY TIIRBOMOLECULAR PUMP CARTS

J

SPECIFICATION FOR

ATXILIARY TURBOMOLECULAR PUMP CARTS

FOR

LIGOVACUT]MEQUIPMENT

t{anford, Washington
and

Livingston, Louisiana

PREPAREDBY:

QUALITYASSURANCE:

I TECIIMCALDIRECTOR:
J

PROJECTMANAGER:

WtuJ tC/-szuLs

Infonration contained in this specification and its attachments is proprietary in naturc and shall be kept confidential. It shall be
used only as required to respond to the specification requirements, and shall not be disclosed to any other party.
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SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, and shipment of the
auxiliary turbomolecular pump carts. The Vendor shall quote 1) complete packages and
2) individual components.

All attachments are part of tlis specification.

The specified equipment is intended for use as part of the Vacuum Equipment supplied
for tle Laser Interferometer Gmvitational-Wave Observatory GIGO). LIGO, which is
operated by Calteoh and MIT under an NSF contract, includes two installations at widely
separated sites: near lfunford, WA and Livingston, LA. Each installation contains laser
interferometers in an L shape r/rrith 4 km arms, a vacuwtr system for the sensitive
interferometer components and optical beams, and other zupport facilities.

Information contained in this specification and its attacbments is proprietary in nature and
shall be-kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

SCHEDULE

Equipment delivery shall be as follows:

1.0

2.0

) 2.1

PSI (Westbom, MA)

Washinglon Site:

Louisiana Site:

Washington Site:

Louisiana Site:

Total Required

Quantit,v Date

2 4^/96

2 8/U96

2 8tI0t97

9/U97

3tl/98
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2.2 Acceptances at the sites (the start of Vendor's warranty periods) are expected to within 6
months of delivery.

3.0 EQUIPMENT REQUIREMENTS

The auxiliary turbomolecular pump carts are to be used to rough purnp annular spaces
between flange seais in various components. The minimum speed at the inlet port of the
turbo pump shall be 50 Vs for nitrogen. (Once the annular space is roughed to, it will be
maintained by an ion pump supplied by others.)

DESIGN REQUIREMENTS

Mechanical Reouirements4 .1

4. 1.1 Each turbomolecular pump set shall consist of a turbomolecular pump backed by an oil-
ftee pump (diaphragm, piston or scroll pump). Also included on the carts are the
accessories described below and on tle attached P&ID. Ifa manual bypass around the
TMP is necessary to permit operation from atrrosphoe prcssure, it shall be provided by
the vendor.

4.1.2 Each cart shall be a complete system mounted on a frame suitable for operation in a
Federal Standard 209 Class 50,000 environment (cleanmom). Vib,ration isolation
supports shall be included.

4.1.3 The design of the cart shall preclude contamination of the vacuum chambers during the
life ofthe equipment, even in the event of equipment failure or operator enor.

4.1.4 Deleted.

l4. r .s
I
4.1.6 There shall be no oi1 in the pumping path.
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4.1.7 Any required utility connections (such as for cooliag water) shall be manifolded to a' single connection point and terminated appropriately (such as with an isolation valve and
a l/2" quick disconnect fitting).

Filtered cooling water will be provided as follows:

Supply Temperature:

Supply Pressure:

Retum Temperature:

Refum Pressure:

20 -25C

3. - 5. bara

5 - 3 0 C

2. - 4.ban

4.1.8 The process inlet to the cart shall include a flex line or bellows for corurection to the
roughing ports (ISO Quick Flange or Large Flange with clam shell closure, depending on
tle required tube size to meet the requhed pumping speed). Seals shall be nonJubricated
baked Viton O-rings. Other connection types shall be as indicated on the attached P&ID,

4.1.9 The Buyer will supply insulated heating jackets with ternperature controllers for heating
the turbo pumps.

4.2 ElectricalRequirements

4.2.1 lnstrumentationRequirements

i 4.2.1 .1 There shall be vacuum gauges located at each pump inlet @oth the turbomolecular pump
i and the backing pump). The inlet to the turbomolecular pump shall have both a Pirani
i gauge and a cold cathode gauge, and the inlet to the backing pump shall have a Pirani

I

t

a

gauge. Bakeable yacuum gauges are required only for the inlet (ihamber side) of the
turbopump (o 250"C). A local vacuum gauge readout controller shall be supplied with
each cart.

4.2.7.2 There shall be arxiliary valved (manual valves) ports to allow connection of a leak
detector to the inlet and ouiet of the TMP.

4.2.1.3 All unused ports shall be fitted with blankoffflanges.
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4.2.2 ControlsRequfuements

4.2.2.1 Controls for local operation shall be provided. In addition, provide terminal strips in a
junction box to inte;face with the fuiure LIGO control syst6m. The following Sigals
shali be rrovided:

Description

Pump Running @ach Pump)

Aulo. Valve Open

Roots Pump Inlet Vacuum

Turbo Pump Inlet Vacuum (2)

Signal TWe

Dry Contacts

Dry Contacts

0 - l 0 v D c

0 - l0 vDC (2)

4.2.2.2 The pump cart shall be self-contained so that, under power failure or pump failure,
interlocks shall prevent pumped volumes from being vented or from being exposed to a
non-opemting pump.

4.2.2.3 A manual gate valve on the chamber nozzle will be provided by others. A fail closed
pneumatically actuated valve (with pilot solenoid) shil be ptorrided on tle ialet of the
TMP. ,The conhols necessary to close this valve on pump failure shall be incorporated
into the cart contols. An automatic vent valve and associated contols shall be orovided
to properly vent the TMP during a shutdown.

4.2.2.4

4.2.2.5 Pumps shall be stopped and started by pushbutton switches located on the cart.

4.2.2.6 Y endor must list in his quotation all safety devices (such as flow switches, pressue
switches, temperature switches, safery relief valves, etc.) supplied with the systems.

4.2.2.7 Vendor must provide in his quotation a brief description of all operational sequences swh
as stadup, nonnal, operation, twist-lock, NEMA type plug configuration normal
shutdown, safety shutdowns, etc.

4.2.3 PowerRequirements

Power connection to tle cart shall be by an appropriate 20' long cord with (a singls
connection for the cart, including controllers). Required controllers and ovedoad
protection shall be provided on the cart.

5.0 REQIIIREDDOCUMENTATION

I Documentation requirements listed in Attachment B and the Q.A. requirement form,
I Attachment A, shall be provided according to the Buyer's schedule.
t '
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6,0 SHOP TESTING

In addition to the Vendor's standard tests, each electrically powered vacuum pump cart
shall be tested for speed, acoustic noise, ultimate pressue, leakage and operation of
protective features. All safety interlocks shall be tested for proper operation by
simulatine the faulted condition.

7.0 INSPECTION

All testing and furspections called for in Attachment B (Specification V049-2-033,
General Equipment Requirements) shall be performed by the Vendor. Additional quality
assurance requirements are listed in Attachment A, Quality Assurance Requirements
Summary.

8.0 WARRANTY

I Refer to Specification V049-2-034, Equipment Furchase Commercial Requirements for

I Warranty Requiranents.
I
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SPECIFICATION F'OR ION PUMPS

1.0 SCOPE

This specification covers the midmum requirements for the desip., materials,
fabrication, assembly, irspection, testing, preparation for shipping, shipment and delivery
of the ion pumps for the LIGO vacuum system. The ion pumps will be used to perforrn
the followins functions:

a) Main-tain an ultra high vacuum in the equipment at the comer, mid and end
stations of the LIGO interferometer (main ion p'mps;.

b) Maintain an ultra high vacuum in the annular spaces between dual-sealed flanges
on the chambers (chamber annulus ion pumps).

c) Mahtain an ultra high vacuum in the annulm spaces between the double gate
seals and dual seal flanges of the large gate valves which isolate sections of the
interferometer from each other (valve annulus ion pumps).

AII attachments are incorporatred herein by reference and made a part of this specification.

The specified equipment is intended for use as part of the Vacuum Equipment supplied
fbr the Laser lnterfemmeter Gravitational-Wave Obserruatory (LIGO). LIGO, which is
operated by Caltech and MIT under an NSF grant, includes two sites (tlanford
Reservation, near Richland, WA and Livingston, LA). Each site contains laser
interferometers in an L shape with 4 km arms, a vacuum system for the sensitive
rnterfer:meter components ant optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

SPECIFICATION
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2.0 SCHEDULE

Equipment delivery ihall be as follows:

Main Ion Pumps (2500 l/s)

2.1
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SPECIFICATION FOR ION PUMPS

i CONTROLLERS CHAMBER AND BEAM MAMFOLD ANNTJLUS ION PUMPS
I AND 75 l/s ION PUMP

I

43

43

43

I VALVEANNI.JLUS ION PI,'MPS AND CO 25 l/s ION PUMP

i 1 ,
: PSI Site; 5/1/96

L1 = PSI Site;7ll/96

L2 = Washinglon Site; 5/1/97

L3 : Louisiana Site; 11/1/97

L4 = PSI Site; 5/1/97

2-314" CF Rouehine Port

Minivac Power Supply

v0492004 Pll25 l/s Noble Diode Pump

v0492004 PlO

SPECIFICATI
NamberO vo49-2-oo4
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Above is for pumps and cables. A11 main ion pump controllers will be shipped to PSI
(Westboro, lvf.,A.) oir,specified dates listed above ixceit for Lot l.

Lot 1 (Qty 1) and Lot 3 (Qty l) will be shipped on5/1/96. Remaining controllers from
Lot 3 will be shipped as specified above.

12.2 Acceptances at the sites are expected to ocflu on a staggered basis, with final acceptance
I ut Washington expected to occur about May 31, 1998, and abor.rl November 30, 1998 in
I Louisiana.
I

3.0 EQUIPMENTREQUREMENTS

3. i Main Ion Pumps

3.1.1 The main ion pumps shall have minirpum nominal pumping speeds at the pump inlet of
2,500 liter/sec for nitogen at I x l0'torr and 4,700 liters/sec for hydrogen at I x l0-'
ton. The minimum guaranteed pumping speeds for other gases at the partial prcssrres
specified in Table l phall be stated. ̂ The pumping speed for nitrogen for total pressrues
ranging from I x 10" torr to 1 x 10-'" torr shall be stated.

Table I

Partial Pressure (Torr)

5 x 10-e

5 x 10'e

5,x 10-ro

5 x 10-ro

2 x l0-ro

2 x 10'ro

5 x 10-lo

5 x 10-ro

Min. Required Pumping Speed

3.1 .2 A single large pump shall be provided.

3.1.3 Noble gas diode-tne iop pumps with a minimum
operating pressure of 10" torr shall be used.

2940Us

4700Us

2500 Vs

2350 Us

2940Us

2150 Us

295 Us

590 Vs

of 40,000hours or more

$pesies
' Huo

H2

N2

co
CO:

cH4
' H e

AI

life
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SPECIFICATION FOR ION PUMPS

3.1.4 Main Ion Plmps (cell degign and feedtluoughs) shall be designed to allow starting at
pressures ofat least lx l0-' ion (two feedthroiglis).

For this requiremen! tle vendor shall provide a design that electrically connects one half
of the pump to one feedthrtl while- ttre lgmrining cells are connected to the olher
feedthru.

3.1.5 The vendor shali supply a controller for each main ion pump with sufficient currenr
capability to start the pump at a pretsure of at least ixl0' to; and run all cells of the
pump under normal operation (1x10* ton and lower).

i3.1.6 Duai cabling shall be provided ftom controller to pump.

3.2 Chamber Annulus Pumps

3.2.1 Noble gas diode ion pumps, each with a capacity of 75 lls of air at I x 106 ton, shall be
provided for each chamber to maintain the annular vacuum for dual-sealed flanges.

3.2.2 T"he vendor shall supply a contoller for each annulus ion pump with sufficient cunent
capability to start the pump at a prcssure of at least 5x 1 0' torr.

3.3 Valve Amulus Ion Pumps

3.3.1 Noble gas diode ion pumps shall be provided for each large gate valve to maintain the
annular vacuum at the valve flange dual seal annuli, as well as the dual gate seals when
the valves are closed.

3.3.2 Each valve annulus ion pump shall have a capacity of25 Vs of air at I x 10{ ton..

3.3.3 The vendor shall supply a controller for each annulus ion pump with sufEcient current
capability to start the pump at a pressure ofat least 5x10'ton

4,0 DESIGNREQUIREMENTS

4.1 Mechanical Requirements

4.1.1 Thr main ion pump shall 6s a 5ingle pump. The pump will be supplied with a 14" O.D.
tube on which a 16.5" Conflat Flange (CF) is mounted. The pipe or manifold on which
the ion pump mounts will be the responsibility of the Buyer.

SPECIFICATION
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i 4 .17 AII ion pump shalls be supplied with a 2 3/4" CF tougfung port.
I

i4.1.8 AII main ion pumps shall be supplied with an additional 3" Conflat Flange (CF) and 8"
i CF blank.

4.2 Elecnical Requirements

4.2.1 Inshumentation Requirements

1a.2.1.1 The cables to interconnect the main ion pumps and contollers shall be provided.
i cables will be 150' long. The remaining 16 wili be 250' long.
I

l+.tl.Zfne cables to interconnect the annulus ion pumps and controllers shall be provided.
I cable length is approximately l0 feer for eaih pump.
I
4.2.1.3 Unused ports shrll be fitted with blankoffflrnges.

| 4.2.1.4 The vendor will submit full load power requirements for each contoller.
I

4.2.2 ControlsRequirements

14.2.2.1 The main ion pump controllers shall be rack mountable in standard 19 inch rack consoles
i (supplied by others). These consoles may be located up to 250 feet (cable length) away
i ftom the pumps. Rack mount hardware should be included with the power supplies.
T

I+.Z.Z.Z X main ion pump contollers shall be supplied with (2) I{V cards installed by the vendor
i that will provide a combined capacity of 800 MA.
I

't4.1.2 The chamber armulus ion pumps will be supplied with a 2.5" O.D. tube on whch a 4.5"
i CF is mounted.
I

la.t.: The valve arnulus ion pumps will be supplied with a 1.5" O.D. tube on which a2 3l{'
i CF is mounted.
I

4.1.4 Electrical feedthroughs shall be protected from mechanical damage.

41.5. All annulu-s prynps shall have a minimum Iife of 40,000 hours or more at an operating
oressure of l0-".

4.1.6 The vendgr shall provide mounting or intemal supports for the main pump (if necessary)
to allow the pumf to be mounted iertically from^the CF. Lifting lugi shail'Ue provideii
See attached drawins.
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SPECIFICATION FOR ION PUMPS

i4.2.2.3 All main ion pump contollers shall have remote capabilities that include the following:
. .

Run Status Dry Contact Output

Pump Fail Dry Contact Output

Currenl Trip Dry Contact Output

Standby Mode Dry Contact lnput

Start Dry Contact Input

Stop Dry Contact Input

O-IOVDC analog output proportional to ion pump current.

0-IOVDC anaiog ouput proportional to ion pump voltage.

4.2.2.4 Nl annulus pump contollers will have a single 0-10VDC analog ouput proportional to
the ion pump current.

4.2.2.5 Nl annulus pump controllers are not required to be rack mountable and will be located
witlin 10 feet of the pumps.

4.2.2.6 Vendoi shall provide max. staxting prcssures for all contoller/pump combinations.

5.0 REQUIREDDOCUMENTATION

Documentation requirements listed in Attachment B shall be provided according to the
Buyer's schedule (schedule later).

6.0 SHOP TESTING

In addition to the Vendor's standard tests, the first lot (Lot #l) of pumps shall be tested
for speed, ultimate pressrue, leakage and normal operation, referencing Table #1 located
in Section 3 . 1 . I of this specification. All safety interlocks shall be tested.

7.0 INSPECTION

The inspections called for in Attacbment A & B shall be performed by the Vendor. Each
pump shall !g insFected for dimensional ionformance to ap,proved assy. drwings.

8.0 WARRANTY

Refer to RFQ for waranty requirements.

SPECIFICATION
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rlle SPECIFICATION FOR 112 CM AND 122 CM GATE VALVES
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rrle SPECIFICATION FOR 112 CM AFID r22 CM GATE VALVES

r.0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspectiorl testing, preparition for shipping, shipmen't and delivery
of the 112 cm and 122 cm gate valves fo-i theiIGO vacuum system.

"All attachments are.incorporated herein by reference and made a part ofthis specification.

The specified equipment is for use as part of the Vacuum Equipment supplied for the
Laserlnterferomitdr Gravitational-Wavi Observatory (LIGO).'LiGO, whi-cir is operated
by Caltech and MIT under an NSF grant, includes two siGs (Hanford Reservation, near
Richland, WA and Livingsto4 LA). Each site contains laser interferometers in an L
shape with 4 km arms, a vacuum system for the sensitive interferometer components and
optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed ro any other party.

SCHEDULE

Equipment delivery shall be as follows;2.1

Type

I i2 cm Valves (Electric)

I 12 cm Valves @neumatic)

122 cm Valves (Electric)

Deliverv Site

Washington

Louisiana

Total

Washingon

Louisiana

Total

Washinglon
Louisiana

Total

Ouantitv Ends

BWFIg
FlglFlg
BWFIg
Fle/Flg

BWFIg
FlglFlg
BWFIg
Fle/Flg

Flg/Flg
Bw/BW
Flg/Flg

Date

8/r6t96
9t19t97
8tr0t97
3/U98

8/L6t96
9nt97
840t97
3lt/98

9/t/97
8tL0t97
3^t98
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TITIE SPECIFICATION FOR 1I2 CM ANI} I22 CM GATE VALVES

Acceptances at the sites are expected to occur on a staggered basis, with final acceptance
at Washinglon expected to occur about May 31, 1998" and about November 30, 1998 in
Louisiana.

A *first article" valve shall be manufactured and tested (per Section 6.0 of this
specification) as e4rly as possible to allow design changes to be incorporated in the

' production lot of valves. Additional valves shall not be manufactured until the Buyer
accepts the design ofthe fnst article valve after testing.

EQUIPMENT REQINREMENTS

Tlrc 122 cm gate valves (mating to bearn tubes) are used to isolate sections of the
interf€rometer vacuum envelope fom one another. The ll2 cm gate valves senre the
same fimction but are located near rhe 80K cryopumps.

2.2

3.0

4,0 DESIGNREQTJIREMENTS

4.1 MechanicalReouirements

4.1.1 Gate valves shall be stainless steel (304L or 3l6L) with flange connections designed for
double O-ring seals with grooves in the mating flanges supplied by others, or weld
fiuings as specified. Valves shall also have SS metal bellows stem feedthroughs, and
shall be designed to seal in borh directions.

4.1.2 Only non-contaminating and non-migratory lubrication shall be used on the intemal
mechani srns.

4.1.3 Valve body and flange leakage strall be measured to be less lhan 10-10 torr liter/sec of
helium before shipment. Body flange faces shall be flat 1o within 0.010".

4.1.4 Gate valves shall have double viton gate seals and bonnet seals. Annular spaces between
gate seals and bonnet seals shall be isolatable and designed to be pumped with an ion
p"Tn (supplied by others). Gate seals and bonnet seals shall be leak fiee to a level of
l0- ton liter/sec of helium. Seal O-ring and annulus groove designs shall be subject to
Buyer acceptance.

4.1.5 Valves of the same size and type shall be identical to minimize the number of required
spare parts. Valves shall be rated for 10,000 cycles before service is required.

4.1.6 Valves shall be installed vertically with the actuators on top. Provision strall be made for
supporting the valves from below. It is anricipated that four attachment poins will be
requrreo.

z
3
g
o

o

) +:.1 Valves shall be bakeableto 150 C +/- 20 C (170 C maximrlm
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rf rfe SPECIFICATION FOR I 12 CM AtrD L22 CM GATE VALVES

4.1 .8 The valves (including their actuators) are exempted from the acoustic noise and vibration
requirements of paragraphs 5.1.4, 5.1.5 and 5.2.1.3 of Attachment C of this specification.

4.1.9 Valve actuation shall induce Do more than 0.019 peak-to-peak acceleration at any point
on the valve mounting flanges or weld snrbs.

4.1.10 Gate valves shall have a positive, padlockable device to prevent opening or closing. The
valve shall be desisned so that no darnase occurs to the valve or to its actuator if valve" 
actuation is attempied wbile the valve is l-ocked open or closed.

4.1.11 Valve end connections shall be flaneed or butt welded as denoted in Section 2.1. above.
For valves wiih at least one end fianged, the valve shall be designed with the gate
adjustment system facing a flanged end (accessible from that end when the valve is
closed). Fot butt welded valve connections, the weld stub shall & 49.12" +i-0.02" ID
with a 0.127'l +/-0.007' wall thickness and a 10" length. For ttre two valves for shipment
8ll0l97 to louisian4 the length of the weld stubs shall be equal and sized to provide a
total end-to.end dimension of I meter. The ends shall be square butt with the surface' perpendicular to the tube axis and flat within 0.001". The srlrfaces shall be cylindrical
and unotsructed for 6" from the end on the ouside, and for 2" on the inside. The sulfur
conlent of the weld stub material slnll not exceed 0.02 perc.ent.

4.112Gate valves shall be capable of stoking from fully open to sealed in 5 minutes or less,
and fiom sealed to fully open in 5 minutes or less.

Valves shall be electrically or pneumatically actuated as denoted in Section 2.1, above.

Notwithstanding Paragraph 4.l.ll, above, valves shall be designed to maintain the gare
seal with vacuum or atmospheric pressure on either side ofthe gate. The valves shall also
be designed for a piping load of21,000 pounds in addition to the pressure load of vacuum
on either side ofthe gate.

The clear aperflre through the valve shall be not less rhan ttre nominal size (l 12 cm or
l22cm).

For flanged valves, the flange shall be consistent with the mating flanges shown in
Attachment B. The flanee face that mates with the O-rins seals shall be machined to a 32
microinch finish using i circular lay. Fiml flange miting details shall be subject to
Buyer's accgpr"nqg.

Final assembly and cleaning of valves shall take place in a Federal Standad 209 Class
I 00 clearuoom environment.

4.1t3

4.1l 4

4 .115

4.1l6

4.1t 7

4.2 Electtcal Requirements

4.2.1 Instrumentation Requirements

Valves shall be provided with iimit switches to indicate the firlly opened and fully closed
- positions.
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rltle SPECIFICATION FOR 1r2 CM AND 122 CM GATE VALVES

)

4.2.2 Controls Requirements

Each valve shall be provided with a controller for local open, close and stop operations.
ln addition, provide terminal strips in a junction box to interface with the future LIGO
control system for remote open, close and stop operations. A bracket shall be provided
for mounting of required confollers (e.g., speed controllers) at working height (exact

'{ocation later). Controls shall be comoletelv assembled. wired and lested Drior to
shipment.

4.2.3 Power Requirements: See Attachment C.

5.0 REQUIRED DOCUMENTATION

In addition to the documentation listed in Attaclunent C, the following documentation
shall be provided pdor to shipment:

o Leak test procedure and report (including data).
o Shock test procedure and report (including data)
r Manufacturer's standard QA reports (including final functional test reports)

SHOP TESTING

Operation of each valve for 20 cycles shall be demonstrated. This shall be done prior to
final gate seai leak testing.

Each valve shall be tested for leakage per Paragmph 4.1.4 (using oil-tee pumping
equipment and leak detector) prior to shipment from the manufacturer. Each valve shall
be baked at 150 C prior to leak checking. For dual gate seals and end seals, each seal
shall be individually tested. For the end seals, the Vendor's test fixture shall allow testing
of each seal individually. An RGA with calibrated leak shall be used in performing the
leak testing.

One valve of each size and type of actuation shall be tested for shock. The valve shall be
tested in the vertical position resting on a pad that deflects at least 0.1" under the static
load of the valve, so as not to simulate a "hard mount". Testing shall be doae both at
atmospheric pressure and with the valve under vacuum. An accelerometer shall be
mounted near a connecting flange (or weld stub) on the valve housing or near the edge of
one of the flange covers. Separate measurements shall be taken in each of the three axes.
The Buyer reserves the right to conduct an independent shock test.

) 6.0

61

6.2

6.3
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rltle SPECIFICATION FOR 112 CM Ai{D 122 CM GATE VALVES

7.0 INSPECTION

7.1 The inspections called for in Attachment C shall be performed by the Vendor.

7.2 Also, each valve shall be inspected for cleanliness by black light and RGA prior to
shipment. Valves shall be recleanq{ if any contamination is found. Partial pressures of' 'hydrocarbons 

great:r than 2.0 x l0-'u Ton for any species shall be cause for rejection.

7-3 
-All 

valves shall be inspected for dimensional conformance to approved assembly
drawings.

8.0 WARRANTY

Refer to Specification V049-2-034, Purchased Equipment Commercial Requirements
(attached to the Request for Quotation), for waranty requirements.

SPECIFICATION
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ritle SpEcIFIcATIoN FoR 6", t0'AND 14" GATE VALVES

2.0

lz.r

SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspectiorq testing preparation for shipping, shipment and delivery
of 6", 10" and 14" gate valves for the LIGO vacuum system.

All attachments are incorporated herein by reference and made a part ofthis specification.

The specified equipment is for use as part of the Vacuum Equipment supplied for the
Laser Interferometer Gravitational-Wave Observatory (LIGO). LIGO, which is operated
by Caltech and MIT under an NSF grant, includes two sites (Hanford Reservatioq near
Richland, WA and Livingston, LA). Each site contairu laser interferometers in an L
shape with 4 km arms, a vacuutn system for the sensitive interferometer components and
optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to ttre specification
requirements, and shall not be disclosed to any otler party.

SCIIEDULE

Equipment delivery shall be as per the purchase order.

Valve Usage:

Washington Site:

10"
14"

Louisiana Site:

1rl"

14"

Total Required

10,,
14"

Quantitv

I

1.0

4
t6
12

J

9
6

'I

25
1 8

SPECIFICATION



ritle SPECIFICATION FoR 6', 10'AND 14" GATE vALvEs

)

4.O

4.1

^ . ,

+ .J

4.4

4.5

4.6

4 . 7

Acceptances at the sites are expected to occur on a staggered basis, with final arceptance
at Washington expected to occur about May 31, 1998, and about November 30, 1998 in
Louisiana.

EQUIPMENT REQUIREMENTS

The 6", 10" and 14" gate valves (mating to 8" OD, 12" OD and 16 ll2" OD CF flanges,
respectively) are used to isolate chamber vacuum roughing pump ports.

DESIGN REQUIREMENTS

Gate valves shall be stainless steel (304L or 3l6L) with CF flanges (see 3.0, above), and
SS metal bellows stem feedthroughs, and shall be designed to seal in both directions.

Only non-contaminating and non-migratory lubricalion shall be used on the intemal
mechanisms.

Valve body and flange total leakage shall be measured to be less than 10-10 ton liter/sec
of helium Lrefore shipment.

Gate seal leakage shall be less than lx 10'e ton liter/sec of helium.

Gate seals shall be nonlubricated, prebaked Viton (DuPont Type E60C, Type ,{500 or
Type V75, or Buyer-accepted equal).

Valves of the same size and type shall be identical to minimize the number of required
spare parts. Valves shall be rated for 10,000 cycles beforc service is required.

Valves shall be manually actuaied by a handwheel.

Valves shall have a visible position indicator showing the location of the valve gate
relative to the firlly open and fully closed positions.

Valves shall be marked with "open ' and "close" handwheel rotation arrows.

Gate valves shall have a positive, padlockable device to prevent opening or closing.

)

4.8

4.9 The valves are exempted forrr the acoustic noise and vibration requirements of paragraph
5.1.4 and 5.1.5 of Attachment B of this specification.

4.10 Valve actuation shall induce no more than 0.019 peak-to-peak acceleration (shock) at any
point on the valve mounting flanges.

4.11 Valves shall be bakeable to 150 C +/-20 C (170 C maximum).

4.12 6" and 10" valves shall be provided with limit switches for the firlly open and fully closed
oositions.
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Tille spECIFIcATToN FoR 6". 10, Ai.{D 14' GATE vALvEs

7

4.13 Final assembly and cleaning of valves shall take place in a Federal Standard 209 Class
1 00 cleanroom environment.

4.14 Each 14" valve shall be equipped with al 712" connection on the housing to allow rough
pumping of the isolated equipment. This corurection shall have a 2 3/t' CF flange with a
blind, and shall be located so as to permit connection ofan angle valve and pumping line.

4.15 Each 14" valve shall be sufEciently strong or reinforced to be able to be operated when
installed in the horizontal position with a static load of 1,500 pounds immediately above
it.

4.16 Valves shall be supplied with suitable lifting lugs or eyes for handling during installation
or maintenance operations.

4.17. Valves shall be supplied with removable studs made of a non-galling material such as
silicon bronze or silver plaled staidess steel. Studs shall have U.S. sta[dard thr€ads and
be ofan appropriate length for mating flange installation.

5.0 REQUIRED DOCUMENTATION

ln addition to the documentation listed in Attachment Ao the following documentation
shall be.provided prior to shipment:

r Leak test procedure and report (including data).
o Shock test procedure and report (including data).
r Manufacturer's standard QA reports (including final functional test reports)

SHOPTESTING

Each valve shall be tested for leakage (using oil-free pumping equipment and leak
detector) prior to shipment ftom ttre nanufacturer. An RGA with calibrated leak shall be
used in performing the leak testing.

One valve of each size shall be tested for shock. The valve shall be tested in the vertical
position resting on a pad that deflects at least 0.1" under the static load ofthe vaive, so as
not to simulate a "hard mount". Testing shall be done both at atmospheric pressure and
with the valve under vacuurn. An accelerometer shall be mounted near a connecting
flange on the valve housing or near the edge of one of the flange covers. Separate
measurements shall be taken in each of ttre three axes. The Buyer reserves the right to
conduct an independent shock test.

)

6.0

6.1

6.2
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TiTIe SPECIFICATION FoR 6". 10' AND 14" GATE vALvES

)

7.0 INSPECTION

The inspections called for in Attachment A shall be performed by the Vendor. Also, each
valve shall be inspected for cleanliness by black light and RGA prior to shipment.
Valves shall be recleaned if any contamination is found.

8.0 WARRANTY

Refer to Specification V049-2-034, Purchased Equipment Commercial Requirements
(attached to the Request for Quotation), for warranty requirerrents.
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Title: SPECIFICATION FOR VACUUM GAUGES

,

SPECIFICATION FOR

VACUUMGAUGES

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washinglon
and

Livingsto4 Louisiana

PREPARED BY:

QUALITY ASSURANCE:

\ TECHMCALDIRECTOR:
,

PROJECTMANAGER:
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lnformation contained in this specification and its attachments is proprietary in natue and shall be kepr confidential. It shall be
used only as required to respond to the specification requirements, and shall not b€ disclosed to any other party.
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Title: SPECIFICATION FOR VACUUM GAUGES

1.0 scoPE

This specification covers the minimum requiremenls for the design, materials, fabrication, assembly,
inspection, testing, preparation for shipping, and shipment ofthe vacuum gauges for the LIGO vacuum system.
Gauges are arranged in pairs, with each pair consisting ofa Pirani gauge and a cold cathode gauge.

All attachments are part ofthis specification.

The specified equipment is intended for use as part of the Vacuum Equipment supplied for the Laser
Interferometer Gravitational-Wave Observatory (LIGO). LIGO, which is operated by Caltech and MIT under
an NSF conhact, includes two installations at widely separated sites: near Hanford, WA and Livingston, LA.
Each installation contains Iaser interferometers in an L shape with 4 km arms, a vacuum system for the sensitive
interferometer components and optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and shall be kept
confidential. It shall be used only as required to respond to the specification requirements, and shall not be
disclosed to any other party.

2.0 SCIIEDI]LE FORMAT

2.1 Equipment delivery shall be as follows:

Destination Quantitv Mfg. Release Delivery Description
Date Date

Washingon Site: 24 4n8/97 9/l/97 Yacuum gauge pair, mounted
on 2 3/4" CF Flange,23/4"
tee mounting (include gasket,
bolts and any needed
accessories).

1 4128/97 9/l/97 SpareYacuum Gauge Pair

Louisiana Site: 13 10/26197 3/l/98 Vacuum gauge pair, mounted
on 2 3/4" CF Flange, 2 3/4"
tee mounting (include gasket,
bolts and any needed
accessories).

1 10/26197 3/l/98 Spare Vacuum Gauge Pair

Total Required 39
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Title: SPECIFICATION FOR VACUUM GAUGES

.2 It may be required to shi_p several of the above items to the Buyer directly (Westboro, Massachusetts).

2.3 Acceptances at the sites (the start ofVendor's warranty periods) are expected to occur on a staggered
basis, with finaI acceptance at Washington expected to occur no later than May 31, 1998, and no later than
November 30, 1998 in Louisiana. Portions of the equipment will be accepted earlier.

3.0 EQUIPMENTREQUIREMENTS

3.1 General

3 . I . I The vacuum gauges shall be provided in pairs consisting of one Pirani gauge and one coid cathode
gauge to cover the pressure range from atmospheric down to 1 x 10-v ton (nitrogen equivalent).

3 . i .2 Gauges shall have local tansmitters which shall be removable for bakeout.

3.2 Pirani Gauges

Pirani gauges shall operate from atmosphere to 104 torr.

.3 Cold Cathode -Gauges

Cold cathode gauges shall operate from 1 x 10-3 torr to 1 x l0-e torr.

4.0 DESIGNREQUIREMENTS

4.1 MechanicalRequirements

4.1.1 The gauges shall be supplied mounted on 2 3/4" OD CF flanges on a piping tee for installation by others
on the chambers.

4.1.2 Gauges shall be bakeable (if necessary to remove electronics, state max. bakeout temp. with electronics).
To:

lPirani Gauees 2750 C
t -
lCold Cathode Gauees 27 50 C
t -

SPECIFICATION
Number:

A vo49-2-{to7
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Title: SPECIFICATION FOR VACUUM GAUGES

4.2 ElectricalRequirements.

4.2.1 Instrumentation Requirements

Connectors for the gauges shall have locking, positive contact to the mating vacuum feedthrough,
properly shielding the high voltage and signal connectors, and providing proper strain relief.

4.2.2 Controls Requirements

The transmitters shall operate on 24 VDC power and have analog ouputs of 0-l 0 VDC and an
adjustable setpoint switch contact. (Please state power requirernents)

s.0 REQUIREDDOCUMENTATION

Documentation requirements listed in Attachment A shall be provided according to the Buyer's schedule
(schedule later):

6.0 SHOP TESTING

The Vendor shall perform his standard tests.

7.0 INSPECTION

The inspections called for in Attachment A shall be performed by the Vendor:

8.0 WARRANTY

Refer to Attachment A, Section 15.0, and to Attachment B, General Provisions, Article 40 for wananty
requirements.

SPECIFICATION
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Title: SPECIFICATIONFORBAKEOUT SYSTEM
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FOR

LIGO VACUUM EQUIPMENT
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and
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

1.0

1 . 1

SCOPE

General Information

1.1.1 This specification covers the minimum requirements for the design, materials, fabrication, assembly,
inspection, testing, preparation for shipping, and shipment of the bakeout blanket system for the
LIGO vacuum system.

l.l .2 All attachments are part of this specification.

1.1.3 The specified equipment is intended for use as part ofthe Vacuum Equipment supplied for the Laser
Interferometer Gravitational-Wave Observatory GIGO). LIGO, which is operated by Caltech and
MIT under an NSF contract, includes two installations at widely separated sites: near Hanford, WA
and Livingston, LA. Each installation contains laser interferometers in an L shape with 4 km arms, a
vacuum system for the sensitive interferometer components and optical beams, and other support
facilities.

1 . I .4 AutoCAD Rl2 electronic files of V049-4-series of drawings will be available to Vendor for blanket
design. Fabrication drawings for all ofthe LIGO Vacuum Equipment components requiring bakeout
will be sent to Vendor as thev become available.

1.1.5 Information contained in mi, ,p".inrution and its attachments is proprietary in nature and shall be
kept confidential. It shall be used only as required to respond to the specification requirements, and
shall not be disclosed to any other party.

1.2 Heating Blankets

1.2.1 Furnish a system of reusable heating blankets that consists of enough blankets to bakeout the largest
isolatable section of vacuum equipment (An isolatable section is a section of vacuum equipment that
is closed off by one or more 44" or 48" gate valve, e.g. Vertex section comer station). Only one
isolatable section will be baked out at the same time as indicated on each drawing of Attachment C.

These blankets should be also designed to be reusable on any of the remaining isolatable sections as
equipment configuration permits. Equipment configuration shape may necessitate additional
blankets if some blankets from the larsest isolatable section cannot be reused on the other isolatable
sections.

SPECIFICATION
Number:

A vo49-2-oo9
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Title: SPEGIFICATION FOR BAKEOUT SYSTEM

1.2.3 Portion of supports (legs) near equipment attachment require heating blankets.

Support Leg Blankets: Blankets for support legs need only be heated from the outside surface, that is
there is no need to have a heating surface on the inside ofthe square tube. For supports which have a
complex shape, such as the saddle legs on the HAM chamber, a boxed blanket configuration is
adequate, that is the blanket need not follow the shape of the support.

1.2.4 Tubing that connects to the vacuum equipment requires heating blanket coverage up to and including
the isolation valve.

Back to air line including the angle valve
10" pumpout port including 10 inch gate valve
6" pumpout port including 6 inch gate valve

Annulus tubing: the annulus tubing require only insulation from the connection at the large flange
for over a length of approximately 12 inches.

The largest isolatable section will (have) require blankets for:
4 main ion pumps _ 4 gate valves - 14 inch
One 6" Port + 6" gate valve
One 10" Port + I 0" gate valve
One Back to air connection + isolation valve

The other isolatable sections will have less than 4 main ion pumps> one 6" port, one 10" port and one
back to air connect.

1.2.5 At annulus piping, brackets, and thermocouple access patches, furnish insulation similar in
construction to heating blankets, but non-heating.

1.3 Heating Blanket Controls

The Buyer will fumish equipment to control a separate 277V circuit to each blanket and to monitor
the blanket's temperature.

2.0 SCHEDULE

2.1 Fumish bakeout blanket sets as listed on Attachment D and deliver to PSI (Westborough, MA).

SPECIFICATION
Number:
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

3.0

3 .1

Acceptances at the sites (he start ofVendor's warranty periods) are expected to occur on a staggered
basis, with final acceptance expected to occur no later than May 31, 1998. Portions of the
equipment may be accepted earlier.

EQUIPMENT AND BAKEOUT REQUIREMENTS

General Blanket Requirements

The bakeout (heating) system is used for initial conditioning of the LIGO vacuum vessels and
components, and for periodic reconditioning. The blankets will be used to heat the system to 150"C
+ 2C.C @ a rate of 1.8'C/hr. For design purposes, the blankets shall be capable of heating the
vessels and components to 200"C in 48 hours except to 250'C at gauge pairs. The blanket control
system shall be capable of ramping the setpoint temperature to a desired target temperature at a
desired rate, and maintain the target temperature +l-20"C for all vessel or component surfaces.

The Buyer will furnish the programmable blanket controls, power distribution with overload
protection, and interconnecting cables.

Gauge Pair Blanket

Each gauge pair heating jacket shall be an independent controlled heating zone and shall be capable
of heating the gauge pair to 250oC in 48 hours. Gauge pairs consists of a Convectron and cold
cathode gauge mounted on a 1.5" TEE with 2-314" Conflat flange fittings. Two thermocouples shall
be fumished to monitor temperature on each gauge surface. The approximate dimensions of a gauge
pair assembly are 12" x 6" x 12".

Equipment Support Legs

To maintain temperature at the vessel wall, where the supports attach the to vessel, heater blankets
are required at the support legs. These heater blankets shall partially or firlly *over Jhe legs
depending on length and power density of the heating blanket. The vendor shall fumish adequate
power density and blanket coverage of the support legs. Tradeoff can be made between power
density and coverage requirements. The support legs are made of carbon steel.

The following are estimated power densities and coverage requirements. Less blanket coverage at
the support leg may be fumished if a higher power densiry is used to maintain the required bakeout
temperature ofthe vacuum equipment. Further dimensional details are given in the Attachment D
drawines.

J . . ! ,

3.3

SPECIFICATION
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

3.4 Vacuum Equipment Adjacent to The Isolatable Bakeout Section

When one isolatable section is being baked, the spool piece on the other side of48" gate valve needs
to be heated to maintain the bakeout temperature of the gate valve . The required power density for a
blanket length of 0.3m is 1700 W/rn"'. For spool pieces adjacent to gate valves that are longer than
0.3m, at least 0.3m minimum length ofthe spool shall have blanket coverage at a power density of
1700 W/m,' or a tradeoff can be made for a longer blanket section at a lower power density but in
any case sufficient to keep the gate ai 150'C.

Component Estimated
Minimum
Power Density

Blanket
Coverage

Support Leg Dimensions

BSC Support Legs 600 Wm2 Fully 8"X8" X 0.63'
Tube x 48" Tall

HAM Saddles 3500 Wm2 Fully 66" x 0.5" x 14" Tall
At Valley x 28" Tall At Edges

Mode Cleaner Tube Support
Legs

600 Wm2 Partially
(48')

2 " x 3 " x 0 . 1 3 "
Tube x 70" Tall

72" Dia Beam Manifold Support "

Less
600W/n'� Partially

(48")
4'x 2. x 0.31'
Tube x 75" Tall

48"/44" Gate Valve Support Legs 600 W/rn'� Partially
(48)

I Beam
0.25" x 36" Tall

Cryopump Support Legs 600 Wm2 Partially
(48) Tube x 70" Tall

48" Dia Spool Support Legs 600 Wm2 Partially
(48)

4 " x 4 " x 0 . 5 "
Tube x 70" Tall

SPECIFICATION

v049-2-009
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

GENERAL EQUIPMENT REQUIREMENTS

Disregard parts of Attachment "B" (Specification # V049-2-033) not applicable to this work.

DESIGN REQUIREMENTS

4.0

4.1

5.0

5.1 MechanicalRequirements

5.1.1 Bakeout blanket sets shall be based on Attachment D equipment drawings. Blankets shall be of
durable construction, designed to be installed, removed and reinstalled on the vessels without
degradation.

5.1.2 Blankets shall be constructed to be non-shedding and suitable for installation, removal and storage in
a Fed. Std. 209 Class 50.000 cleanroom.

5.1.3 Insulation thickness shall result in a cost-effective system design (2 inch min.). The Vendor shall
indicate the design heat loss with this proposal. K thermal conductivity, Cp specific heat, and
density data of the insulation shall be provided.

5.1 .4 Components shall be identical to the maximum possible extent to minimize the number of required
spare pans.

5.1 .5 The size of each blanket shall be suitable for installing without the use of special equipment.

Spool Piece Power Densify
WA,I2

Minimum Length With Higher Power
Density Heater

wA-l54. 1700 0.3 m (Entire spool)

wA-158 i 700 0.3 m (Entire spool)

8-6 or B-7 1700 0.3 m

B-4B or B-4A 1700 0.3 m

WA-3A 1700 0.3 m

WA-3B 1700 0.3 m

SPECIFICATION

v049-2-009
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

5.1 .6 Each blanket shall be capable of being secured properly on the equipment in any position (horizontal,
vertical) without sliding offits desired location and without gaps between blanket and surface being
heated. The blankets shall accommodate equipment expansion caused by bakeout heating.

5.1.7 Provide blankets with flaps made of fiberglass fabric and Velcro, lacing ties or lacing hooks to
interconnect blankets without gaps.

5.1.8 Provide blankets with strap loops and nylon straps to ensue that the individual heating blankets are
held tight against the body being heated.

5.1.9 Non-heated patches are acceptable for thermocouple access opening and for annulus piping,
brackets, lifting lugs and other appendages where thermal insulation is needed.

5.t.10 Each blanket shall be properly tagged with a permanent label identifring the blanket and noting its
wattage and measured ohmic resistance. Locate labeling on the blanket outer cover near the power
cable. Blanket identification shall match the bakeout blanket layout configuration as shown on
Vendor's drawings. Tag numbering method shall be coordinated with PSI.

5.1.11 Each blanket shall have an approximate 3" x 5" removable patch to allow the installation of the
thermocouples onto the metal surface. This patch shall be in the middle of the blanket.

5.1.12 Outer and inner blanket cover material shall be submitted to the customer for acceptance prior to
fabrication. Outer jacket shall be the low emissivity type.

5.2 ElectricalRequirements

5.2.1 InstrumentationRequirements

5.2.1.1 Each blanket shall have two thermocouples. Attach thermocouples to opposite sides of 3" x 5"
blanket opening. Provide a tlpe "J", #20 AWG stranded, shielded, 300 volts, 260"C Teflon
insulated thermocouple cables with non-rusting braided jacket. Make one end of.each cable 24" long
and terminate with male connector as indicated on Attachment E drawing. Tag cables near
connector with blanket number. Make other end of each cable 72" long with junction in ring type
terminal and isolate cable shield from ring terminal as indicated on Attachment E drawing. As an
option, quote ungrounded (electrically insulated from shield) thermocouple junction.

SPECIFICATION
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5.2.2 Controls Requirements

5.2.2.1 Controls for local operation will be furnished by the Buyer.

5.2.3 PowerRequirements

5.2.3.I The system shall be powered from 480Y /277V , grounded power system.

5.2.3.2 Each blanket shall be rated for a2'17Y source and shall have a 2-foot long (minimum) power cable
terminated as indicated on Attachment E drawing. Locate emerging cable through eyelet at least 12"
from 3" x 5" blanket opening and anchor cable to blanket cover. Power wiring shall be stranded
copper, 600V, 260oC minimum. Power requirements shall not exceed 8 amps per blanket. Tag
cable bear connector with blanket number.

5.2.3.3 The maximum power allotments at each isolatable section are as follows:

ISOLATABLE SECTIONS
see Attachment C drawines

MAX

Vertex section (sheet 1) 180 kw
Left beam tube manifold section (sheet 2) r40kw
Rieht beam tube manifold section (sheet 3) 140kw
Diagonal section (sheet 4) 180 kw
Risht mid station (sheet 5) l05kw
Left mid station (sheet 6) l05kw
Risht end station (sheet 7) 70kw
Left end station (sheet 8) 70kw

6.0 REQUIREDDOCUMENTATION

In addition to the documentation listed in Attachment A & B, the following documentation shall be
provided prior to manufacturing:

Catalog data sheets or other published materials showing appearance, electrical ratings, and
performance characteristics of blanket components.

Blanket drawings detailing each blanket.

Blanket heat transfer calculations.

Blanket layout drawings for each bakeout configuration along with blanket identification (TAG
number).

Blanket tag number versus power consumption table.

SPECIFICATION
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Title: SPECIFICATION FOR BAKEOUT SYSTEM

7,0 SHOP TESTING

The Vendor shall submit standard testing procedures for acceptance. The Vendor shall test blankets
and repair defective components. Submit test reports. The Buyer reserves the right to witness shop
testlng.

8.0 INSPECTION

The inspections called for in Attachment A & B shall be performed by the Vendor'

9.0 WARRANTY

Refer to V59M9-2-034 (Commercial Requirements), General Provisions, for warranty requirements.

SPECIFICATION
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TITIE SPECIFICATION FOR GENERAL EQTIIPMENT REQUIREMENTS

1.1

DEFINITIONS

The 'Yendof is defined as the successful bidder accepting responsibility for meeting all
require,nents of this specification

The "Oqmed'is defined as the Califomia lnstitute of Tecbnology (Caltech) in partnership
with tbe Massachusetts Institute of Tecbnology (MIT), rmder a grant from the National
Science Foundation.

The *Buyed' is defined as Process Systems Intemational, Inc. @S!.

The "sites" are located on the llanford reservation near Richland Washiagton and in
Livingston, Louisiana

1 2

1.3

1.4

2.0 DELETED

GENERAL REQTJTREIUET{TS

The Veodor shall be rcsponsible for coordination of atl subsuppliers and for overall
warranty and guaratrtees of all equipmen! including &eir compatibility. The Vendor
shall comply with all applicable refereoced speci-fications and standards and invoke then
on each subsupplier purchase order.

Equipment will be installed at Hanford (near Ricbland), Washington and in Livingston,
Iouisiana Unless otberwise indicated, equipment shall be capable ofcontinuous service
in an indoor location with a confolled temperature of 23 t 1.5 C and alelative hwnidity
contolled at 40 I 5%. The equipment will, however, be exposed to diumal and seasonal
ranges during shipmen! construction and power loss. lt shall, therefore, not be damaged
by cxposur€ to temperatue in the range of -20 to +40 C, or a humidity of I 00p/o.

The Buyer shall be notified at least 10 working days prior to the stad ofmajor
fabrication, assembly or testing.

Non-escort privileges for Buyer, Owner, Government and Owner representatives to all
areas ofthe facilities uihere the work is being perforoled shall be arranged. This will
include access to fabrication, assembly, cleaning and test areas for the purpose of

3.0

3.1

3.2

3.3

3.4

monitoring activities.
SPECIFICATION
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TItIe SPECIFICATION FOR GEITTERAL EQUIPMENT REQT,IREiUENTS

4.0 CODESATIDSTAI{DARDS

4.1 Hority of Codes and Standards

l. Codes
2. Standads
3. Data Sheets
4. This Specification

4.2 All couEicls shalt be brought to the attention of PSI for a written resolution prior to
award of a purcbase order. If more than ooe document applies to a tecbnical
requiremeirg the Bore strbgent r€quir€,ment shall [ays prec€dence.

4.3 Applicable Codes and Standards:
-

) anerican Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code
Pressure Vessels: Section VIII, Division I
Welding and Brazing Qualifications: Section IX

American National Standards Institute (ANSI)
AI.ISI A58.1: ASCE Minimum Design loads for Buildings and Other Stuctures

International Standards Organization
ISO Standard 2861: Flange Standards

Expansion Joint lvlanufacturers' Association @JMA)
EIMA Standards

Government Stadards
llilding and safetf codes: local, state and federal, including OSIIA

Federat Standard 209 for Clearuooms
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TITIE SPECIFICATION FOR GENERAL EQIIPMENT REQUIREMENTS

)

5.0 DESIGNREQLIIREMENTS

The constuction of equipment shall be performed in the highest manner of workmanship
using only new and unused top quality materials. The equipment shall be guaranteed
agains defects in design, naterials and workmanship as required elsewhere in the
Contact.

5.1 MechanicalRequirements

5.1.1 Equipment feet or mounting plates shall have machined surfaces. Shim stock used shall
be stabless steel.

5.1.2 Each vacuurn elment great€r rhrn 12" in dianeter shall be desigrc4 &bdcated and
tested in accordoce with the lalest edition of the ASME B&PV Code, Section VItr,
DMsion l, and subsequent addenda (orcept as noted rmder section 8,0, Welding), wen
though vacuum chambers lie outside ofthe scope ofthat documenl.

5.1,3 Bolt holes in flanges shall snaddle natural centedines.

5.1.4 Reasonable meastres shall be taken to minimi"e noise. The goal is for acoustic noise to
not exceed NC-15 when measured at any point within I ' of tie equipment.

5.1.5 Reasonable measures shall be iaken to minimizc vibration. The goal is for the vibration
of any item of equip'm.ent not to iDduce motion of the walls of any vacuum chamber or of
the facility floor within I meter of any chamber which exceeds the followiag spectal
density limits:

Frequency Band- Flz Vibration l.imit m/Vflz

0 . 1  - 1 0  3 x l O r r

3x l0 -ex( t / f )2

3 x 10'15

The above limits apply wtren all simultaneowly operating equipm.eot is running, and in
tbe absence ofvibration from other sources. Limited narrow band orceptions may be
permitte4 subject to Buyer's acceptance. Compliance with this requir,ement may be
demonstrated by any combination of measurements and analysis, subject to Buyet's
acceptance.

r0 - 1000
1000 - 10000
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TIIIe SPECITICATION FoRGENERAL EQIIIPMENT REQT,IREIUENTS

5.1.6 AN$StandardA58.lshallbeappliedtodeterminetheprobabilityofcrthquakesand
seismic coefficients at the two sites.

5.1.7 No equipment shall emit or harbor particulates at a level inconsistent with maintenance of
a clean environnent conforming to Federal Standard 209 Class 50,000.

5.1 .8 The equip,ment shall be designed for a minimum sieliceable life of 20 years.

5.1.9 Erposure ofthe equipment to ambient conditions during construction, power failure or
contol hilure sball not result itr d'mage.

5.1.10 Separable parts shall b€ fully interchangeable between asscmblies.

5. I . I 1 Adequate ctearance shall be provided for assembly of mating flanges aod for handles.
External access sball be provided to all vacuum seams for leak checking.

5.1.12 Ele,ments heavier than 50 pounds shall have lifting lugs installed.

\ 15.1.13 Vendor shall specifr all trolt torque requilements in the equipmeirt operating and
, I maintenance manual.

52 ElectricalRequirements

5.2.1 General ElectricalRequirements

5.2.1.1 Electical equipment and wiring shall conform to the National Electric Code.

5.2.12 Nl electrical equipment shall meet commercial standards for EMI (see Attacbment A).

52.1.3 Elcctical equipment sball meet the acoustic noise and vibration reqrriements of Sections
5.1.4 and 5.1.5, above.

5.2.1 .4 See Attachment A for other electical requirements.

5.2,2 InstrumentationRequirements

| 5.2.2.1lnstnrmentation shall be ofindustial quality and shall be subject to the acceptance ofthe
I Buyer.
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fiUE SPECIFICATION FOR GENERAL EQTIIPMENT REQI]IREMENTS

t
5,2,2,2 Vibration monitoring is lol a requirement of this qpecification.

5.2J.3 Unless otherwise indicated, analog insturnent signals shall be 4-20 ma or 0-10 VDC.

52.3 ContolsRequiremens

Conhol signsls shall be 24 VDC.

5.2.4 PowerRequirements

5.2.4,1 Motors shall comply with the Vendor's standard specifcations, rmless olherwise required
by this specific*ion. J[6 minimrrm service frctor of motors shall be 1.15. Motors shall
be sized so rhat lhey can sta and acc€l€rare their loads to design speed at 90yo voltage,
and sball be energy efficient ifrequired by local or state codes.

5.2.4.2 Moton less tbatr 3/4 IIP shall be 120 VAC, I phase, 60 Hz Those 3/4 HP to 200 HP
\ shall be460VAC,3 phase,60 ltz.
J

MATERIALS

Materials used for lrr€ssurre or vacuum retaining parts, nrfs, bolts and studs sball be new.
Where praeticable, materials shall be of US origin; where not, materials from Canada
the European Community or Japan riray be used. The Vendo,r's quotation shell identiry
the couuty of origin and how he intends to establish material taceabitity and
conformance of composition and properties to applicable codcs.

Copies of mill test reports of ctamber and flange materials shall be fumished. Other
nozzles, small parts, smell fl6ags aezl6s, and bolting rraterials shall be firmished with a
Certifi cate of Compliance.

Fabricated mmponents exposed to vacuurn shall be made fiom typ€ 304L or 3l6L
stainless steel using low carbon weld filler wire, where required. Standad eatalog items
of304 or 316 stainless steel are acceptable ifnot available in 304L or 316L. Copper,
aluminum and prcbaked Viton @upont Type E-60C, riranufactured by Parker or Buyer-
accepted equal) must be used for seals. Vacuum feedthroughs must utilize UIIV
compatible glass or ceramic. All oiher materials are subject to Buyer's acceptance.

6.1
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TITIE SPECItr'ICATION FOR GENERAL EQUPMENT REQT]IREI'ENTS
I.

)

64 Vacuum surfaces shall not be allowed to come into contact with carbon steet or oil,
including during forming, handling or manufacture. Machining fluids sball be water
soluble and &ee of oil and sulfur.

6.5 When manufachting materials arc marked for material identificetion or traceability,
marking shall be done on the outside, and not on surfaces that will be exposed to vacuum.

78 UTILITIES

The following utilities are available. The vendor shall state in his proposal the usage of
each utility.

7.1 Electric Power

120VAC,I pbase,60 IIz
480VAC,3 phase,60Hz or 208/120VAC,3phase, 60Hz

\  - ^
) 72 lnsErument Air: 80 psig, -60 C Dew Point

7.3 Deleted.

8.0 WELDING

8.1 Welding exposed to vacuum shall be done by the gas trmgsten arc inert gas (GTAW)
procesg with a 100% Argon shield and purged back gas.

8: Welding techniques shall deviate Aom the ASME C-ode in accordance with rhe best ulua
high vacuum practise to sliminate art *virtual leaks" in the welds. Wherever practicable,
welds shatl be intemal and continuous. E;rternal welds for structural purposes shall be
htermittent to eliminate trspped ysluurgs.

8.3 Defective welds shall be repaired by removal to sound metal and rewelding.

E.4 Vacuum weld procedures sball include steps to avoid contamination ofthe heat affected
zoae witb air, hydrogen, hydrccarbons or water. This requires tbat inert pqge gas, such

z

I

)

as argorl DE usc(l Io Ilooo ule vacuum stq€ oI neareg P0IT
weld wire shall be cleaned prior to welding

lons. Ii'r! vacuum surlaces ano
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TIIIC SPECTFICATION FOR GENERAL EQTIIPMENT REQUIREIT'ENTS

I
8.5 The finished product shall be free ofweld spatGr, cutoff spatter, free iron, weld oxidation

and defects. There shall be no grinding or abrasion of completed welds or internal
vacuum surfaces. Completed welds shall only be cleaned wiih SS wire brushes that have
not pr€viously come in contact with carbon steel.

8.6 All welding procedures, procedure qualifications and welders employed on thisjob shall
be qualified in accordance with ASME Section DL latest edition.

9.0 REQI'IREDDOCIJMENTATION

9.1 Drawings

9.1.1 Assembly drawings shall be submitted for the Buyer's review prior to fabrication. They
rhall inslude all pertbe,rt desig! darq and calculations, including design pressres and
temPerafirres.

- 9.1,2 Drawiag acceptance must be obkined from the Buyer prior to the stat of fabrication

I Dr"*iig acceptance does not constitute acceptance ofany errors or of any deviation from

I these specifications or any instuctions relating to the work. The Vendor shall call
attention to any such deviations by separate written notice. Unless specific writen
acceptance is obtained fiom the Buyer, deviations re not acceptable.

9.1 .3 If cbanges are made to any drawing subsequent to acceptarce' drawings shall be
resubmitted wiih all changes clearly identified. *As-Built" drawings shall be subnitted.

9,1.4 Drawiags in AutoCad, Release 12.0 arc prefened. All documents stored electronically
(procedures and CAD drawing$ stull be backed up daily and the back-up tape shall be
$ored iD a 5re-proof safe.

9.2 Mechanical Data

9.2.1 Dimensioned outline drawings (indicating weigbts and center of gravity). These shall be
subrnitted with the Vendor's proposal.

92.2 Connection sizes and ratings, design and test pressures and temp€ra$res.

9.2.3 Cross-section drawings of all seals identifiing all seal parts and materials.
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9.2.4

1e2.5

Allowable nozle loads, if applicable.

All procedures to be utilized shall be submitted for acceptance prior to use. This includes
wglding, Qd cleaning, testing, welding, Heat Treating, leak testing, etc.

9.3 Electrical Data

9.3.1 Electical schematics and wiring diagrams

9.32 Conhol logic documentation

93.3 Insnument data sheets

9,3.4 Motor data sheets

9.4

9.4.1

9.42

9.5 Test and QA Data

The following shall be submitted where applicable:

9.5.1 Manufacturer's Code Data Report

9,52 Nameplatefacsimile

9,5.3 Hydrotest results @eleted)

Acoustic Noise and Vibration (See Sections 5 . I .4 and 5 . I .5)

A plan desaibing how the vendor will address the design issues associated with acoustic
noise and vibration is to be submitted.

An analysis ofrhe equipment's design dynamic characteristics (mass, center of gravity,
isolator stiftess, ransmissibility). The analysis shall support the Vendor,s claim of
meeting or not meeting the specification requirements. In the case that the requirements
are not me! the Vendor shall show thaf all reasonable engineering attempts have bee,n
made to meet thern, and the design will b€ $bject to th€ Buyer's unitten acceptaace prior
to the start of manufactruing.

rltle SPECIFICATION FOR GEI{ERAL EQUIPMENI REeUIREMENTS
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TIIIE SPECITICATION FOR Gf,IVERAL EQTIIPMENT REQIJIREIIENTS

f

9.5.4 Performance and leak test proc€drnes and resuls

9.5.5 Mill test rcports and certificates of codormance per Section 6.2

9.6 OtherDocumentation

9.6.1 Schedule, including desigq material procurement and fab,rication activities

9.6.2 Priced spare parts list with recommended spares

9-6.3 Installatio4 Operation and Maintenance Manual, including drawiugs

l9.e.+ e sanrs report with updated scbedule shall be sub'mitted mombly

1O.O NAMEPLATES

7 l0.l Each separable part (except fasteners, seals and intercbangeable, standard blank flanges)
shall be peraranently marked with a uaique identification number in a location readily
viewable.

10.2 Each item shall have a stainless steel narneplate (permanently attached ifpractical).
Nameplates shall include the Vendor's standard data- Wbere p'rovide4 each motor shall
also have a nameplate.

IT.O CI,EANINGAIYDPAINTING

1 I . I Equipnent intemals shall be cleaned and free of all foreign materials.

I t t: Extemal carbon seel surfaces shall be cleaned and painted. The Veador's standard is

| ."."pulle if it meets specification requiremelrrs and is compatible with federal standard

| 209 class 50,000.
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TItIe SPECTFICATION TOR GENERAL EQTiIPMENT REQTJIREIT,IENTS

11.3 Surfaces exposed to vacunn shall be cleaned in accordaace with procedures ar{€pted by
the Buyer prior to fabrication and installation. Surface recontamination during
subsequent processes shall be prevented. Cleaning procedures for ulfa high vacuum
service shall be required.

11.4 ltems shall be wra@ or sealed after cleaning to maintain cleanliness through handling,
tansportation and storage. Care shall !s taken 16 minimize ergosure to corrosive
environments, such as those containing ciloride compounds.

Itz.o euALrryAssrJRANcEREeurREMENTs
I

The responsibility for inspection and testing rests witb tbe Vendor. However, the Buyer
reserves the right to review equip,m.ent at any time &ring the frbrication to assrre that the
work performed is in accordance with ttis contact The Vendor shall give the Buyer l0
working days notice prior to the start of major frbrication, assembly or testing so tbat his
representative may witness these tests.

I' The vendor shall have implemented inspection system ia effect at all times during this
contmcl The inspection system shall comply with the following:

Design Control And Change Control
Provide a system to contol the issuance of documents and drawings including cbanges to
the locations wherc the work is being The system stull address both
electonic files and hard copies.

Meterial Control
Provides system tbat controls materials from receipt through the finished product. This
system shall assrne that only accepted items are used and installed. Physical
identification shall be used to the maximum ocent possible.

Qualitv Planning (Iraveler)
A system of shop tavelers shatl be established for all work in process. The traveler shall
contain Hold/Witness points of the Vendor, the Buyer and the Owner. AII planning
documents shall be submiBed to the buyer for acceptance prior to fabrication.
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TIIIE SPECINCATION FOR GENERAL EQTIIPMENT REQUIRN/TENTS

f
ReceMng Insoectiol
Measures sball be astablished to inspect incoming materials to the applicable
procurement docutnents. Status ofmaterials shall be visible, by tagging or marking.

Jn-Process And Fingl Inspection
A system of inspection and test status shall be maintained using tags, ma*ings, shop
travelers, stardps or inspection rccotds.

Control Of Special Processt And Testing
A sysGm shall be established to assure tbat weldi.g, heat treatmeot, cleaoing and NDE
are accomplished rmder conFolled conditions, in accordance with witten procedures,
using qualified persomel, to the applicable codes aod staodards.

Cllibration Of Meesuring r nd T€rt I'quiFment
A sysem shall be established and doqmented to as$rc that tools, gageg instuncnts and
other inspectioD, meo$ring, and testing equipnent are oftbe proper range, type a[d
accuracy. The above shall be coaaolle4 calibrate4 and certifed against nationally
knoqm standnls (NIST).

\ ' .

7 Control Of Non-Conformrncec
A system shall be established aod documented to control it€ms or services which do not
conform to requirements. The systern shall include appro'priarc procedures for
identification, documentation, segregation, disposition and notifi cation.

I)ocumentation And Recortls
Sufficient records sball be prepared as work is performed to firmish documentary
evidencc ofthe quality ofit€ms and activities atrecting quality.
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TIIIe SPECIFICATIoN FoR GEIVERAL EQTIPMENT REQI,IREMENTS

PREPARATION FOR SHIPMENT

l3.l lt€ms shall be completely drained and dried.

13.2 Bolted mnnections shall be made rp before shipment.

13.3 Altminum plate Sipping covers shall be attached with bolts to flanged connections, and
with suitable attacbments to other connections.

13.4 Units shall be completely covered for protection against the ambient and wea her
coaditions e4pected during tansportation. Uaits shall be adequately groteAd for
unsheltered storage at the sites.

135 The Vendor sball have a sigped nRelease for Shipnent' fom povided by the Buyer,s
Quality Assurance regrescnutve pior to firll or partial shipment of product

13.6 Shipping crates shall have the Buyer's purchase order number, Vendor's name and list of
tag numbers or pafi numbers on the outside ofeach crate.

13.7 Surfaces that will see vacuum shall be flrther protected b5 after finat st€anin& sealiry
openiugs with oil-free heary duty aluminun foil, attaching the nozzle cover and applying
strink vnapped plastic.

I4.O STARTTJPASSISTA-I{CE

The sernices ofa qualified startup assistant $all be provided on request of the Buyer or
the Owner to provide operator training and startup assistaoc€ at the sites.

I5.O DELETED
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ATIACIIMENTA

OTIIER ELECTRICAL REQI]IREMENTS

1.0 Definitions

2.0 Exceptions

3.0 Codes and Staodards

4.0 Labeled and Listed Equipment

5.0 General Assembly Requirements

6.0 Wiring

7.0 Field Connection Boxes

8.0 Testing

9.0 Deleted

-. 10.0 Motor Data Sheets
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DEFINffIONS

Indicated

Labeled

Permitted

Provide

Buyer

Required

Submittal

Use

Vendor

Wo*

Wire (Verb)

Wiring

Shown or noted.

Approved by nationally recognized testing company.

As by code, Contact Documents, or Buyer.

Funish and assenrble.

Process Systems International @SI)

As by Contract Documents and/or applicable codes aod standards.

Information required to show ibat the proposed equipment meets
project rcquirements.

Provide material or equip.eut refereaced.

Successfirl bidder accepting responsibility for equipment
fabrication

Material, equipm.ent and fabrication and other requirements as
established in the Contract Documerfs.

Connect to equipment indicated and provide wiring required for
mnnection.

Conducton, raceways, and accessories as requircd for a complete
installation.

)

EXCEPTIONS

If the Vendor cannot meet requiremeots established rmder this specification and its
attachmenb, provide a list ofdeviations with your p'roposal. In the absence ofa list of
deviations, it shall be deemed that the Vendoy's product is fully in compliance wiih this
specification.
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3.0 CODES AND STANDARDS

The assembly sball comply with applicable parts of latest editions ofpublicatioos by the

. 
following organi"atisns;

American National Standards InSitute, Inc. (Al.ISt)
" 

Code ofFederal Regulations (CFR) Title 47, Part 15

Electical Standards for Industial Machinery (NFPA 79) rmless otherwise indicated

Factory Mutual (FM)

Federal Communicatisns Commission (FCC) Part l5

Instinrte of Electrical and Electonics Engineers 0FFr)

Insulafed Cable F.ngrneers Association (ICEA)

National Electric Code (NFPA 70)

National Electrical lvfanufacturers Association (NElvlA)

Underq/rite/s Laboratories (JL) or equipm.ent and installation standards by other
- nationally recognized testing companies
l '

,

4.0 LABELED ANDLISTED EQTIIPMENT

Provide UL label (or that of other nationally recopized testing company) or listed
components where zuch standards exist.

5.0 GEI{ERALASSEMBLYREQIIREMENTS

5.1 Anange and assemble components in accordance with their manufachners'
specificatioos.

5.2 Label components with the equipment designation as indicated using adhesive backed
labels with l/8" higt lettering.

5.3 Label terminat snips as indicated using printed rranufacturer's labels.

. 5.4 Where air-actuated valves require pilot solenoids, mormt the solenoid valves on the air
operated valves.
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6.0 WIRING

Install wiring in raceways, wireways, or neatly tirewrapped wire bundles. Provide
product data for all cables.

6.1 Power Wire

6.1.1 ltovide "12 AWG or larger single, sfanded copper conductors with Tpe TIIHN-TI{WN
or MTW insulation rated 90 C, 600 volts.

6.12 Use black colored insulation, except green for equipment grounding corductors.

6,2 Control Wire @iscrete Siglals)

6.2.1 120 VAC: Provide #14 AWG, sEanded copper, multicondustor cable with T5pe THHN-
THWN or MTW insulation rated 90 C, 600 volts.

6.22 24\De: p,rovide " I 6 AWG sbaoded copper, twisted pairs, single or multipair cables
raled 90 C and 300 volts.

6.2.3 Color code conductors as follows:

l20VAC-Line Red

l20VAC-Neutual White

24 VDC Blue

External Source Yellow

Grormd Green

6.2.4 ldentify w,h singls coadpctol at each end with wire aumber or desigmation. Use printed,
sleeve type wire marker.

6.3 Inshument Wire (Analog Siglals)

6.3.1 +20 mA: Provide "16 AWG or larger, stranded copper, individually shielded twisted
pairs, single or multipair cables rated 90 C, 300 volts unless otherwise indicated. Where
practicable, instal cables spaced at least 12 inches away from power md contol wiring.

SPECIFICATION
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Ir 6.3.2 Provide shielded twisted pair cables with one black and one wbite crtnductor.

6.4 Thermocouple Wire

6.4. I Prrovide t l 6 AWG solid thenrocouple exr,ension cable shielde4 n ed lO5 C, 300 volrs of
type required.

6.4.2 . - hovide thermocouple extension wire in accordance ISA color coding standards.

6.5 Wire and Cable Installations

6.5.1 ldeoti$ each cable end with cable nunber or designation. Use printed slewe wire
marker.

6.5.2 Provide sfficient wire length to permit grouping md tnining the wires aod cables.
wlicre applicable, use selfJocking nylon wire ties; cut offloose ends. Do not exceed
nanufacturer's wire bending radii. Do not allow wiring to bear against edges of
enclosures. Replace wiring cut too short to meet installation requirements.

\ ,

) e S Wiring Terminations and Connectors

6.6.1 Confol Wiring

6.6.1.1 To termimte #10 aWG and smaller conductors to buses, enclosures, and similar
applications, provide compression (crimp) terninals.

6.6.1.2 To terrninate #8 AwG and larger conductors, provide eitber compression (crimp)
coDrcctors usirg natching installing tool or mecbanical screw tlT€ coDnectors.

6.6. I .3 Where more than one conductor requires termination, provide screw or prcssue type
insulated terminal blocks.

66.2 Instrument Wire

6.6.2.1 Use insulating sleeve to secure shielrting at instrument end of cable. Clip shields to avoid
protruding from insulating sleeve.

6.62.2 Coil, insulate, and label ends of spare conductox.

\
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6.6.2.3 Remove insulation from ends of conducton using mechanical or electric heat type

6.7

suipper.

Equipment Grounding

Bond notors, heaters, and other electrical equipment to skid base. Weld to di4gonal
comers of skid base a 4 by 6 by l2 inch steel plate with two 3/8"-16 tapped holes spaced

-two inches apart, or if steel base is at least l/2 inch thick, tap holes directly into steel
base.

6.7.2 Do not ground insfrunelrt shielding. Use insulating tape or heat sbrink to secure
shielding at instument end of cable. Connect shielding ai otber end of cable to juaction
box terminal. (Shielding connects to a single ground reference point at Owne/s controller
or VO rack.)

6.7 -3 Completely remove paint, dirt, and cormsion down to bare metal where connecton, lugs,
aad other metal compo!€ots ar€ attached to mountiag panels and enclosures to assure
grounding continuity.

6.7.4 Where a grounding stud or odsting paael mounting bolt is used, the Vendor may p'rovide
tbe grouding conductor with a ring4otrgpe terminal ard a "star' type washer installed
benreeir the panel and tenninal. Use horagon nut to secure tightly.

7.1

FIELD COI{NECTION BOXES

To facilitate field wiring, provide separate power, control, and instument NEMA 4 or 12
t5pe enclosr:res, unless othervrise required with terminals and a minimrrm of 20 percent
spare terminals.

Arrange surrounding work and location ofboxes to permit box accessibility and to p€rmit
@ottom, sides, top, aad rear) entance of field conduits.

In power box, segegale voltage systems using barriers or separate boxes. Use box to
terminate motors, heaters, and other branch circuirs with #8 AWG and sm2lt wiring. PSI
will field wire larger circuits directly to equipmeotjunction boxes.

72
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7-4 ln instument box, segregate temperature element wiring using barriers or separate boxes.

8.0 TESTING

I 
ft is.the Vendols responsibility to conduct the following tests *iftou1 damage to

I equpment.

8.1 .. Wire Testing

8. I . I Check point-to-point continuity of each conductor to ensrre that wiring is intact and
t€rrriaated at th€ proper place at both erds.

s.1.2 vedfy wire connections are made in accordance with terninal wiring diagrarrs and
sc,hedules.

8.13 Deleted

lA.t.l ell defective wiring shatt be replaced md the rmit rct€sted.

82 Motor.s

8.2.1 Bgfore connecting motor, measure motor winding resistance in accordance with
manufacfurer's recommendations,

8.3 Test each tbree-phase motor for proper rotary direction.

8.4 Submit a signed test report for each electrical test conductor.

9.0 Deleted

TO.O MOTORDATASHEETS

The attached motor data sheets shall be completed by the Vendor and submitted to ihe
Buyer with the Vendor's proposal.
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MOTOR DATA SHEET - DESIGN PARAMETERS

)

)

ITEM DESIGN PARAMETERS MOIOR MOTOR MOTOR
DAIA

I Motor
?a
2b
2c Herlz
3
4 )
.l Service Factor
6 Load Brake Horse Power
7 Tr
8
9 Drive (belt/direct couple
t 0 Rotation(CWCCW
l t Enclosure
12 Mounting (horzlvert)
lza I$EMATypeFlange
12b Vertical Trust (!rp/down)
t3 Indoor/Outdoor Use
t4 Space Heater, 120!y' (nolrvats
1 5 Winding Temp Sensor (yesino)
16 Bearing Temp Sensor (yeVno)

SPECIFICATION
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MOTOR DATA SIIEET. MANUFACTURER'S NAMEPLATE

tIEM MANU FACTURER'S NAMEPLATE MOTOR
DATA

MOTOR
DATA

MOTOR
DATA

MOTOR
DATA

I Motor Identification (taC)
2a Mfr:
?b Type
2c Frane Size
J Horsepower Output
4 Time Rating (NEMA MGI-10.35
) Max Ambient Temperature
6 lrsulation System
7 RPM @ Ratedload
8 Frequency
90 Phases
l0 Rated Load Amps
1 l Voltage
12 Locked Rotor Amps or NEMA Code Lu
l 3 NEMA Desierx Letter
14 Efficiency
15 Service Factor
r6 Thermal Protectors

ITEM MANUFACTURER'S DATA MOIOR
DATA

MOTOR
DATA

MOTOR
DATA

MOTOR
DATA

I Motor Identifi cation (tag)
2 P@gTyp"
J Bearing Lub
4 Efficiency @ Full Load
5 EEciency @ 3/4 Load
6 Efficiency @ l2l,rrad

Power Factor @ Full Load
8 Power Factor @ 3l4Load
9 Power Factor @ l?Load
l0 Space Heater Voltage
1 l Space Heater Watts

SPECIFICATION
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v049-2{09 REV.,I 10r0ru96
ATTrcHNIENTD

TO SPECtFtCATtON V049-240S, REV.4
LIGO BAKEOUT BLANKETS
FOR VACUUM EOUIPMENT

) i,ffi,t'ltr REV II-, DESCRIPTION
IFSSEMELYDWGSII BLANKETS

QTY II REQ'D BY DATE II REQ'D BY DATE

)-0-001 O P & ID VAC EQUIP LEGEND

v0494-10'1 (1 SHEETS) O BEAM SPLITTER CHAMBER (BSC)
SEE ANNULUS PIPING, V049.4-025
SEE BELLOWS TIE ROD, VO49-4.040
SEE RGA/AUX. TURBO CONN., V0494.045
sEE 75 L/S tON PUMP, V049-4-077
sEE COVERS, V0494-014 & V0494-A.t.l

1 11D9t96 01t17t97
2 09n5i97

v04s-4-o02 (1 SHEETS) 0 HoRtz. AccESS MODULE (HAM)
SEE TYPE A4 COVER, VO4S4-A4
SEE BELLOWS, VO49-2-53
SEE ANNULUS PIPING, VO4+4-054

1 11/01196 1?/13p6
5 09/05197

v0494-004 (5 SHEETS) O 8OK CRYOPUMP LONG GENERALARRG
SEE CLEAN AIR PIPE AND VALVE
v049-5-014, SECTTONS L & t\4

1 11t15t96 01n3t97

v04$4-005 (5 SHEETS) O 8OK CRYOPUMP SHORT GENERAL ARRG
SEE CLEAN AIR PIPE AND VALVE,
v049-5-019, SECTTON D
v049-5-023. SECTTON D

1 11i15/96 Ung97

v0494-014 (1 SHEET) 4 11t'15/s6 un!97

f4e4-025 
(1 sHEEr) ' 1 BSC ANNULUS PIPING ARRANGEMENT 1 11t29t96 01117/97

2 09n 97

v049.4-040 (1 SHEET) 3 HAM BELLOWS TIE ROD ASSEMBLY
sEE V0494-001

v049-4-045 (1 SHEET) O RGA,/AUX TURBO CONN ASSEMBLY

v0494-053 (1 SHEET) O 60-5 ID METAL BELLOWS HORIZONTAL C
sEE V0494-002

v049-4-054 (1 SHEET) O HAM ANNULUS PIPING ? 11t01196 1?/1319,6
4 09t05t97

v049-4-077 (1 SHEET) 1 75 US ION PUMP - BSC
sEE V0494-001

V0494.A1 (3 SHEETS) 0 ADAPTER A-1 44 5/8 lD x 60 112 lD 1 12t1386 0?,07 tS7

v0494-A3 (2 SHEETS) 0 ADAPTER A-3 481l4lDx6O lDlD
SEE CLEAN AIR PIPE AND VALVE
v049-1014, sEcTtoN c

2 1?J13/96 02n7197

V0494.A4 (2 SHEETS) O 60 HAM COVER GROOVED TYPE 44 2 11n1196 M3tgri

V0494-A6 (3 SHEETS) 0 ADAPTER 4-6 48 1/4 lD x 60 12 lD 2 1?,13196 0V07 E7

v0494-A7 (5 SHEETS)

)

0 ADAPTER A-7 601t21Dx72114lD
SEE CLEAN AIR PIPE AND VALVE
v049-1019, sEcTloN E
v049-5-023, SECTION E

1213t96 02tO7 r97

V049.4-A,I'I (1 SHEETS) O BSC END COVER ryPE A11 't I I l29tS6 01 t17 E7

C:V59049\BLANKETS.WBI 10/03/96 PAGEl



o

a

a

r/049-2{09 REV. 4 10,04/96
ATTACHMENT D

TO SPEC|F|CATION V049-2-009, REV.4
LIGO BAKEOUT BLANKETS
FOR VACUUM EOUIPMENT

) i,ffi,g'lf .REV II DESCRIPTION
IA$SEMBLYDWGSII tsLANKETS

qrY ll heq'o ay DArE ll REa'D BY DArE

V049.4-A12 {2 SHEETS) 0 ADAPTER A-12 48.25 lD x60.50 FLANGE 1 12t13t96 0ZO7 E7

v049-4-413 t2 SHEETS) 0 ADAPTER A-13 60.50 lD x 72.25 lD 1 1A13t96 02107 t97

V0494-A14 (3 SHEETS) 0 ADAPTER A-14 44 5t8 tD x6O 112lD 1 17t1386 02n7p7

V0494-A15 (2 SHEETS} 0 ADAPTER A-15 48114lO x60 1t2tO 2 12t13t96 0?107t97

v049-4-B t (3 SHEETS) 0 sPooL B-1 72 1i4 tD 1 0u07t97 03t28t97

VO49-4-B2A (4 SHEETS} 0 SPOOL B-2A 30 1/2 lD x 60 1/2 lD
SEE CLEAN AIR PIPE AND VALVE
v04s.5-014. sEcTtoN F

1 12t13/9�6 02t07197

v049-4-B2B (4 SHEETS) 0 SPOOL B-28 30 1/2 lD x 60 112 lD '12t13t96 021O7t97

V0494-B3A (4 SHEETS} 0 SPOOL B-3A 30 lDlO x601nlD
SEE CLEAN AIR PIPE AND VALVE
v04$5-014. SECTTON C

1 02t07t97 BnU97

v049-4-84 (2 SHEETS) 0 sPool 84 48 1/4 tD 2 0'u'17t97 0tsn7197

v049-4-BsA (4 SHEETS) 0 SPOOL &5A 30 112 lD x 60 1/2 lD 1 0207 t97 03na/97

v04$4-86 (3 SHEETS)

I
0 sPooL B4 48 1/4 tD

SEE CLEAN AIR PIPE AND VALVE
v049-5-014. SECTION E

1 02n787 03t28t97

v049-4-87 (3 SHEETS) 0 sPooL B-7 481t4 tD 1

v049-4-88 (3 SHEETS) 0 sPooL B-8 72 1 t4 tD

v049-4-89 14 SHEETS) 0 sPooL B-9 72 1/4 tD

VO49-4-BE2 (3 SHEETS) 0 sPooL BE-2 60 1t2 lD 2 t17 t97

V0494-BE3 (2 SHEETS) O OFFSET SPOOL BE.3 60 1I2 ID

VO49'4-BE3A (2 SHEETS) O OFFSET SPOOL BE-3A 60 1/4 ID 1 t97

0 sPooL BE-4 44 5/8 rD

VO49*4.8E5 (5 SHEETS) 0 sPooL BE-5 72 'ti4 tD
SEE CLEAN AIR PIPE AND VALVE
v049-5-014. SECTION D

1 Q1t17ts7 Osn7rJ7 i

v049-4-BE6 (5 SHEETS) 0 sPooL BE4 72 1/4 tD
SEE CLEAN AIR PIPE AND VALVE
vo49-5-014. SECTTON D

1 01t17t97 03to7t97

v049-5-002 (1 SHEETS) O EQUIP. ARRG ISO CORNER STATION (WA)

v049-5-010 (1 SHEETS) O EOUIP, ARRG ISO RT. MID STATION (WA)

l{049.5-011 (1 SHEETS) O EQUIP. ARRG ISO RT. END STATION (WA)

5-014 (1 OF 2 SHEETS O PIPING ARRG SECS CORNER STATION {W
SEE CLEAN AIR PIPE AND VALVE
sEcTroN c (wB-3A)
SECTION F (WB-2A)

1 03t28197 09/05/97
1 $EAt97 09n5/97

a

a

a

a

a

a
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y049-2409 REV.4 10104/96

\

AI  IACHMEN I  U
TO SPEC|F|CAT|ON V049-2{09, REV.4

LIGO BAKEOUT BLANKETS
FOR VACUUM EQUIPMENT

, i,ffi,t'if REV II. .OESCRIPTION
llassEMBLYDwcsll ELANKETS

OTY II REO'D BY DATE II REO'D BY DATE

sEcTroN D (wBE-5)
sEcTroN E wBE.6)
sEcTloN L (wcP2)
SECTION M (VVCPI}

1 03r2A97 09/05197
I O3r28E7 09/05/97
1 03nat97 09/05/97
1 03n8/97 09n5/97

v049-5-019 (1 SHEET) O PIPE ARRG SECS RIGHT MID STATION (Wr'
SEE CLEAN AIR PIPE AND VALVE
SECTION D (WCP5)
SECTION E (ADAPTER A.7)

2 fir29196 01h7 tS7
1 03n8E7 09t05t97

v049-5-023 (1 SHEET) O PIPE ARRG SECS RIGHT END STATION (W
SEE CLEAN AIR PIPE AND VALVE
sEcTroN D 0/|icP8)
SECTION E (ADAPTER WA.7C}

1 11t29tffi 01t17t97
'l 11D9i97 01117197

v049-4255 (1 SHEETS) O ASSEMBLY G48E (48'GATE VALVE) 2 03t28t97 09n5t97

v049-8.228 (1 SHEETS) 9 25OO US ION PUMP. OUOTATION DWG- 03n8t97 ogn 97

v049&249 {1 SHEET) GATE VALVE 14' ID DIM DWG 1 12t13t96 0?/07 t97
2 09t05t97

v049-8-250 (1 SHEETS) OIMENSIONAL OWG LIGO VALVES (6"1 03t2887 09n5/97

v049-8-306 (1 SHEET) .
\ .

SCHIEBER ND 250 (.I0" GATE VALVE) 2 11n1,96 12113t96
1 09/05/97

Toon-.-*t,uol ASSEMBLY GZI4E (44" GATE VALVE)
slt\4LAR TO V049-8-255

03t2887 09t05197

V049-8-XXX (NA) GAUGE PAIRS 3 03D8tS7 0sn5tg7

ClV59049\BLAN KETS,WBl
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Tltle
SPECIFICATION FOR CLEAN AIR SUPPLY SYSTEMS

SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
of clean air suppiy systems for the LIGO vacuum system. The systems will supply clean
and dry air for equipment venting and pwging, and for air showers in various vacuum
vessets.

All attachments are incorporated herein by reference and made a part ofthis specification.

The specified equipment is intended for use as pafi ;f the Vacuum Equipment supplied
for the Laser Interferometer Gravitational-Wave Observatory @lGO). LIGO, which is
operated by Caltech and MIT under an NSF grant, includes two sites (Hanford
Reservation, nem Richland, WA and Livingston, LA). Each site contains laser
interferometers in an L shape with 4 km arms, a vacuum system for the sensitive
interferometer components and optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be tept confidential. It shall b€ used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

SCIIEDIJLE

Equipment delivery shall be as follows:

1.0

2.1

Westboro (PSI)
50 CFM
200 cFM

Washington Site:
50 CFM
200 cFM

Louisiana Site:
50 CFM
2OO CFM

Quantitv Date

2 1111/96
0 t1nt96

4 9n/97
1 9tv97

0 3/1/98
1 3/t/98

Total Required
50 CFM
200 cFM

The first unit of each size shall be a "prototype" and shall be inspected for cleanliness
prior to the release for subsequent rudts. The first units will also be tested for noise anc
vibration by the Buyer.
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Tltle
SPECIFICATION FORCLEAN AIR SUPPLY SYSTEMS

Acceptances at the sites are expected to occur on a staggered basis no more than 120 days
after delivery, with final acceptance at Westboro expected to occur about January 2,
1997; about May 31, 1998 in Washington; and about November 30, 1998 in Louisiana.

EQUIPMENT REQUIREMENTS

The clean air supply systems will be used to provide air for equipment venting and
purging, and for air showers in various vacuum chambers. The air at the supply point
shall be 50 SCFM (6 systems) or 200 SCFM (2 systems) minimum. It shall be filtered
through prefilters and HEPA filters to provide air meeting Fed. Std. 209 Class 100. It
shall be dried to -60 C dew point (at atmospheric pressure), and provided at a minimum
pressure of 30 psig. Supply air to the systems will be ambient indoor air. Air
comDressors shall be nonlubricated with filteted suction. Perfiormance for flow,
dewioint and particle count shall be guaranteed. Commercially packaged compressors,
dryers and filters (subject to PSI approval) used in these systems need not meet
Attachment B of this specification.

As a miirimum, the following components shall be provided:

o A receiver with manual drain and automatic start/stop capbilities for the
compressor. (System operation will be continuous for periods of several hours to
several weeks, with variable flow rates.)

r Hydrocarbon removal adsorbers with sample taps upstream and downstream.

o An inlet air filter capable oftaking air ftom an adjacent room (piping by others).

Dryer blowdown silenceis suitable for locating outside of the building by others.

A 0.01 micron sterile final filter with stainless steel housinq,

il"
il
3.0

4.0 DESIGNREQUIREMENTS

4.1 Mechanical Requirements

4.1.1 Systems of each size shall be
required spare parts.

self-contained and identical to minimize the number of

4.1.2 Any required utility connections (such as for cooling water) shall be manifolded to a
single connection point and terminated appropriately (such as with an isolation valve).

4.I.3 The acoustic noise and vibration requiremefts detailed in Section 5.1 of Attachment B do
not apply to the clean air supply systems. However, reasonable measures shall be taken
to minimize vibration.

4.1.4 TJne final filter and all downstream materials shall be stainless steel (304, 304L, 316 or
316L).
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SPECIFICATION FOR CLEAN AIR SI'PPLY SYSTEMS

4.1.5 The 200 CFM systems shall be waler cooled and the 50 CFM units air cooled.

4.1.6 Manifolding and-/or proper compressor cabinet connections shall be provided to allow a
single air inlet from an adjacent room (piping and silencer by others). The compressor
inlet shall be filtered.

4.1.7 Building access for installation is through 8' wide by 8' high doorways. Therefore, each
skid must be sufficiently less than those dimensions to allow adequate clearance. If
necessary, it would be acceptable to remove an item from the skid for installation, then
reinstall it on the skid. AcCess space will be provided by others around the skid. Skid
equipment arangements are subject to Buyer's approval. CAD drawings and files are
preferred, AutoCAD 12, if possible.

4.1 .8 Ail piping shall be detergent washed and rinsed to remove all traces of oils. No
hydrocarbons shall be used on the process surfaces of the compressors during their
nianufacture, and none shall be used in making up piping joints. All dryer vessels, filter
housings and other components shall be free of hydrocarbons, and inspected to ensue
that thel are clean and dry.

4.1 .9 The clean air supply systems shall not introduce hydrocarbons into the air stream.

4.1.10 Biowdown from compressor unloading may be vented into the compressor cabinet if it
does noJ result in a sigrrificant increase in noise.

4.1.1 1 The sarnple taps upstream and downstream of the hydrocarbon removal adsorbers shall be
valved and have 1/4" male Swaeelok thread for customer connection.

4.2 Electrical Requirements

4.2.1 Instrumentation Requirements

Appropriate gauges for local operation and monitoring shall be provided.

4.2.2 Contols Requirements

4.2.2.1 Controls for local operation shall be provided. In additio4 provide terminal strips in
junction boxes with dry contacts to indicate that the systems are running or not.

4.2.2.2Systens shall be stopped and started by hand switches located on the systein s!id. The
"ontpressors shall be'started and stoppeil automatically based on pressure in the discharge
receiver tank.

4.2.2.3 Provide a receiver low pressure switch for alarm, wiretl to dry contacts on terminal strip
in above junction box (see 4.2.2.1, above).

4.2.2-4 Provide a dryer failure to switch alsrm wired to the comp1gg5sryry!. anq3
alarm for the compressor. SPECIFICATION
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SPECIFICATION FOR CLEAN AIR SUPPLY SYSTEMS
Tltle

4.2.3 PowerRequiremenls

4.2.3.1 Required controllers and overload protection shall be provided on the system skids.

4.2.3.2 A single discorurect switch for each system shall be provided on each skid. An additional
disconnect for each dryer system shall also be provided.

4.2.3.3 All wiring, conduits and terminations between skid components shall be provided, with
only a single power feed necessary for field connectton.

4.2.3.4 A sngle 480/277 V, 3 phase, 4 wire (with ground) circuit will supply power to the
system.

4.2.3.5 All starters, switches and overload protectior devices shall be provided by the Vendor.

4.2.3.6 All instrument wiring shall be segregated in separate conduits based on signal voltages
(one type per conduit). Barriers shall be used to separate terminal blocks of different
voltages.

4.2.3.7 The system shall meet the requirements of the N.E.C. and all local codes.

REQUTRED DOCUMENTATION

In addition to the documentation listed in Attachment B, the following documentation
shall be provided prior to shipment:

. System installation and operating manual

o Certified test results

6.0 SHOP TESTING

The Vendor shall perform his standard testing (tests for one system of each size to be
witnessed by the Buyer). In addition, the Buyer will make measurements of flow,
dewpoint, hydrocarbons and particle count for the delivered air, and noise and vibration.

INSPECTION

The inspections called for in Attachment B shall be performed by the Vendor. Also, al1
equipment and components shall be inspected in accordance with Paragraph 4.1.8, above.

7.0

WARRANTY8.0
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Refer to PSI Specification V049-2-034,
Requirements, for warranty requirements.

Purchased Equipment Commercial
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Title: SPECItr"ICAIION FOR LN2 DEWARS

SPECIFICATION FOR

LN, I}EWARS

FOR

LIGO VACUUM EQIIIPMENT

I{anford, Washington
and

Livingstorq Louisiana

PREPARED BY:

QUALITY ASSIIRANCE:

TECMflCALDN,ECTOR:

PROJECTMANAGER

r l
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a- A. LLU)

Information contained in tlis specification and its attachments is propdetery in Mture and shall be kept coddential. It shall tre
used only as required to rEspond to the specification requircments, and shall not be disclosed to any other party.
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PROCESS SYSTEMS INTERNATIONAL. INC.
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SPECIFICATION
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Number V049-2-013 Rev.
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Title SPECIFICATION FOR LN, DEWARS

SPECIFICATION TABLD OF CONTENTS

1.0 Scope

2.0 Schedule

3.0 EquipmentRequirements

4.0 DesignRequirements

5.0 RequiredDocumentation

6.0 ShopCleaning/Testing

7.0 Inspection

8.0 Warranty

Attachment A LIGO QA Requirements Summary

Attachment B General Equipment Requirements,
PSI Specification V049-2-033, Rw. 2

Attachment C Vessel Piping & Instrumentation Diagranr,
V049-0406. Rev.2.
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Title SPf,,CIfl CATION F'OR LNI DEWARS

1.0 SCOPE

This specifcation covers the minimum requirements for the manufrcturing engineering
materials, fabricatio4 assembly, inspectio4 testing preparation for shipping, and shipment
of LN2 dewars for the LIGO vacuum system.

All attachments are part ofthis specification.

The specified equipment is intended for use as part of the Vacuum Equipment zupplied for
the Laser Interferometer Gravitational-Wave Observatory @ICO). LIGO, which is
operated by Caltech and MIT under an NSF contract, includes two installations at widely
separated sites: near Hanford, WA and Livingsto4 LA. Each installation contains laser
interferometers in an L shape with 4 lmr arms. a vacuum wstem for the sensitive
interferometer components and optical beams, and other supporr flcilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

SCHEDIJLE

Equipment delivery shall be as follows:

2.0

2 .1

Ouantitv Date PSI P/N

10,000 Gallon (minimum net after 90 d?rys)

Washington Site: 6 9t1t97

v0492013Pt

Tag nos.

wDw3,wDw4,wDw5,

wDw6,wDw7,wDw8

Tag nos.

LDW3,LDW4

Louisiana Site: 2 3nt98

Total Reouired
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SPECIflCATION F.OR LN, DEWARS

Ouantitv Date PSIPAI

12,000 Gallon (minimum net after 90 days)

Washington Site: 2

Louisiana Site: 2

Total Reouired

9^t97

v0492013P2

Tag nos.

wDwl,wDw2

Tag nos.

LDWI,LDW2

3nt98

2.2

3.0

Acceptances at the sites (the start ofVendor's warranty periods) are expected to occur on
a staegered basis, with final acceptance expected to occur no later than May 31, 1998.
Portions ofthe equiprnent may be accepted earlier.

EQTIIPMENT REQUIREI\{ENTS

The dewars shall have minimum usable capacities as shown in Section 2.2, above, after
accounting for boil-off losses due to parasitic heat loads over a storage time of 90 days
without refilling at an ambient temperature of 100 F. The dewar boil-off rate shall be
noted. Each dewar shall be provided with an ambient air vaporizer with associated
contiols to maintain dewar pressure at a design LN2 consumption rate of200 gallons per
hour.

DESIGN REQUIREIT{ENTS

The Vendor shall use his standard dewar design, subject to the requirements listed below,
indicating the design pressure and temperatures. The Vendor shall fabricate and test the
vessels according to this specification and the attached drawings.

4 .7

SPECIFICATION
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SPECIFICATION FOR LN2 DEWARS

+ .L Dewars shall have a 9o/o Nickel steel (ASTM A353) inner vessel and carbon steel outer
vessel, with skirts or legs and lifting lugs. They shall be designed to be mounted on a
concrete pad outdoors in a vertical position. The suggested footprint for the anchor bolts
is a circle with a 52 inch radius. Fobtpads may exte;A beyond tiris circle by a reasonable
amount. The Vendor shall advise PSI with his bid if there is a significant deviation from
this requirement in his desigr.

The inner vessel shall be ASME Section \|Itr, Division I Code stamped.

Vessels shall have an electrical grounding connection (lug).

An outer vessel relief device sized in accordance with CGA requirements shall be
provided. Thd inner vessel relief shall meet ASME requirements.

4.6 In aildition to the Vendor's standard level gaugg the Vendor shall provide pressure taps
to install a lwel transmitter supplied by Buyer.

4.7 The Vendor shall provide a self-contained vent line back pressure regulator as shown on
theP&ID @SI drawing V049-0-006).

4-8 The Vendor shall provide a self contained pressure regulator for the vaporizer loop to
maintain dewar pressure as shown on the P&ID.

14.9 The inner vessel shall have a single relief valva/rupture disc arrangement as shown on tlre
I P&ID.
I
4.10 The bottom liquid draw line will mate with stainless steel vacuum - jacketted pipe

(supplied by others). The inlet ofthe liquid draw line shall be 18" above the bottom of tlre
dewar inner vessel, facing dowq in order to minimize the possibility of ice particles being
drawn into the line.

4.ll The dewar shall be suitable for the following outdoor ambient conditions:

Winter: 15 deg. F dry bulb
Summer: 96 deg. drybulb,68 deg. F wet bulb.

+- t

4.4

4.5

SPECIFICATION
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Title SPECIFICATION FOR LN, DEWARS

4.12 The following paragraphs of Attachment B are not applicable:

5 .1 .4  5 .1 .5  5 .1 .7
6.3 6.4 6.5
9 .4  11 .3  l l .4

14.13 A vapor line pressure gauge shall be provided with the dewar.

5.0 REQT'IREDDOCUMENTATION

Documentation fequirements listed in Attachment A shall be provided according to the
Buyer's schedule (schedule later). In addition, the following shall be provided.

r Copies ofthe material test reports for pressure boundary material

. Copies of ASME Manufacturer's Code Data Report.

. All documentation shall be supplied to the PSI Quality Assurance Manager at the
time of shipment.

6.0 SEOPCLEANING/TESTING

The Vendor shall follow his standard cleaning and testing procedures.

7.O INSPECTION

The inspections called for in Attachment A shall be performed by the Vendor.

8.0 WARRANTT

Refer to Attachment d Section 15.0, and to AttachmentB, General Provisions, Article 40
for wan-anty requirements.
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Tifle: SPECIFICATION FORvACUtM JACKETED PIPING

J

SPECIFICATION FOR

VACI'UM JACKETED PIPING

FOR

LIGO VACT]UM EQUIPMENT

Hanford, Washingfon
and

Livingsto!,Louisiana i

D

PREPAREDBY:

QUALITYASSURANCE:

TECIIMCALDIRECTOR:

PROJECTMANAGER:

lnformation cootabed in this specification and its &chE€nts is Forpdetary in nature ed shall be kept coDfd€xrtial It shalt be
used only as requfted to respond to the specification requirements, and shall not be disclosed to my 06€r party.
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PREPARED DATE

f, iA" 6- tv'sc
APPROVED

tf€4
DATE

z/aa/rr
v049-2-016 Rev.

t

Page I of-.!



o

I

a

a

.o

t

I

a

Titlc: spEcIFrcATroNFoRvAcuuMJAcKETEDPrPrNG

SPECIFICATION TABLE OF CONIENTS

1.0 Scope

2.0 Schedule

3.0 EquipmentRequirements

4.0 Desigrr Requircments

5.0 RequiredDocumertation

6.0 Shop Testing

7.0 Inspection

8.0 Warranty

. Attachment A LIGO QARequirunents

Attachment B PSI Specification V049'2'033, Rev. 2, Specification

for Creneral Equipment Requirements

, Attachment C PSI Specification V049-2-034, Rev. 0, Specification

for Equipment Purchasg Commercial Requirements

Piping Anangement Drawings:

v049-6-0t6-sKl

vM9-6-016-SK2
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Titlc: 
spEcmcATIoN FoR vAcuLIM JACKETED prplNc

1.0 SCOPE

This soecification oovers the minimum requirernents for the desig4 matefials, frbricatio4
assem|lv. inspection testinq. preparation ior shipping, and shipment of vacgum jacketed
fvlt oiiins for the IJGo 

-vdcuuin 
svstem. Tlie- piping will be used in liquid nitrogen

ilnfici it iire 80 K cryopumps. The crvopumps are identified in the LIGO drawings by the
designations, WCPX briCPx, where Xls a humeric identifer of a particular cryopump.

All attachments are part ofthis specification.

The specified equipment is intended for use as patt of the Vaanum Equipmg4lt-supplig{ for
ttt" fiso Inteifbiometer Gravitational-Wavi Observatory (IlCtO). 

- 
LIGO' whic,! is

ooerat"a bv Caltech and MIT under an NSF contract, includes two installations a! widely
r;'p'aI"t.1 iites: near Hanford WA and Uvingsto4 LA Each installation contains laser
int'erferometers in an L shaie with 4 km 

-arms, 
a vacuum systern for the sensitive

interferometer components ana optical beams, and otho support frcilities.

Information contained in this specification and its attachments is propriAary in nature and
shall be kept confidential. It shall be used only as requited to respond to the sPeqtrcauon
requirements, and shall not be disclosed to any other party.

SCEEI)I'LE

Equipment delivery shall be as follows:

2.0

2.1

Ouantity

Washington Site:

LN2 Supplyline 8

Louisiana Site:

LN2 SupplyLine

Total Required

Date

9nt97

4

t2

3^t98

A vo49-2-or6
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Titlc spEcIncATloN FoR vAgttuM JACKETEu prprNc

4.4

4.6

At each of the ststions along the interferometer arms where a cryopump is located, the
lengths of VJ pipe and the number of piping components is the same as every, oth€r
cryipump stati6ri. However, there are ditrarent wayi in which the piping is.routed' The
atiaihed-sketches, V049-6-016-SK1 and V049-6-016-SK2 define the ways in which the
piping is routed.

Acceptances at the sites (the start ofVe,ndor's warranty periods) are o<pected to occur or
a stalgered basis, with final acceptance o<pected to occur no later than May 31, 1998.
Ponions of the equipment rnay be accepted earlier.

EQIIIPMENT REQI'IREMENTS

The piping will be used in liquid nitrogen service at the 80 K c,ryopumps. The suppty tine
piping shaU have a heat leak no greater than 0.581 Btu/hr-ft for LN:.

DESIGN REQIJIREMENTS

The piping shall be in accordance with the attached piping arrangement drawings. Vacuum
jacketted piping is identified in the drawings with tbe ruffix *VX'.

The piping strall meet the Vendor's standards. Howwer, the liquid nitrogen process line
musfb'e in" XpS SCH lo. No bellows shall be used in the process line zupplying liquid
nitrogen to the c,ryopump. If bellows are necessary, they shall be used on the vacuum
iackei onlv. The oioinc svstern shall feature intermeAiate Sayonet connections as shown in
ihe attaclied dtd-i"g; and where',rer else is necessary as ietermined by the Vendor, so
that it can be assembl-ed inside the LIGO vacuum equipment building without resorting to
any welding.

The vacuum jacketted piping shall terminate at the cryopump in male bayonet connectio.ns
utilizing 1/2" NPS SCH l0 for its process line so that there is a smooth transrtion in the
pipe inier diameter from the zupptti |ine tkough the bayonet to the cryopump' The other
bnd ofthe oipine shall terminate in oant lee/stub end hrye connections. These connections
shall be deiilne-d so that the procesl [neslan be butt ivelded to succeeding runs of pipe
which ivill be covered by mechanical (non VI) insulation.

The jacket and process lines shall be gmde 3ML stainless steel.

The following paragraphs of Attachment B are not applicable:

5 . t .4  5 .1 .5  5 .1 .7  14 .0

9.4 9.4.r 9.4.2

2.2

3.0

4.0

4 .1

4.2

4.3

Page 4 of L
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Title spEcrFrcATroN FoRvAct rJM JACKETED prpING

5,0 REQIilR.EDDOCT]MENTATION

In addition to the documentation listed in Attachment d the following documentation
shall be provided prior to shipment (schedule later):

l) Isometric drawings of the piping system strall document the design.These' 
drawings shall be Ipdated as rieiesLry-and submitted to PSI for approval.

6.0 SEOP TESTING

The Vendor shall perfoim his aandard rcsting.

7.0 INSPECIION

The inspections called for in Attachment A shall be performed by the Vendor:

8.0 WARRANTY

Refer to Attachment A Section 15.0, and to Attachment B, General Provisions, Article 40
for warranty requirements.

A vo49-2-or6
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TiIIe SPECIFICATION T,oR BELLows EXPANSIoN JOINTS

)

SCOPE

This specification covers the minimum requirements for the desigr, materials,
fabrication, assembly, inspection, testing, preparation for shipping, and shipment of
bellows expansion joints for the LIGO vacuum system.

A11 attachments are part of this specification.

The specified equipment is intended for we as part of the Vacuum Equipment supplied
for the Laser Interferometer Gravitational-Wave Observatory G,IGO). LIGO, which is
operated by Caltech and MIT under an NSF contract, includes two inslallations at widely
separated sites: near Hanford, WA and Livingston, LA. Each installation contains laser
interferometers il an L shaoe with 4 km arms. a vacuum svstem for the sensitive
interferometer componentjand optical beams, and other sirpport facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

MATERIAL RE,QUIREMENTS

All beliows material provided by the vendor shall conform to the requirements of ASME
Specification SA-240 Type 304L with the additional supplementary requirements
described in this specification. Other vendor supplied materials shall be provided as
required by the drawings and bills of material. The bellows material used shall be hot
rolled, annealed and pickled. Bright H: annealed material is not permitted. Ifthe bellows
materiai is supplied dual certified to gnde 304/304L, this wiil be acceptable to PSI.
Vendor or purchaser supplied material for nipples shall be dual certified to grade
3041304L.

Applicable Codes

2.2.1 ASME Boiler & Pressure Vessel Code, Section II, 'Materials", 1992 Edition
through 1994 Addenda.

2.2.2 ASTM A-480, "Standard Specification for General Requirements for Flat-Roll
Stainless and Heal-Resisting Steel Plale, Sheet, and Strip".

2.2.3 ASTM .4-700, "Standard Packages for Packaging, marking, and Loading Methods
for Steel Products for Domestic Shipment".

Any apparent conflicts between the requirements given herein and the applicable ASME
Specification shall be brought to the attention ofPSI for clarification.
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rltle SPECIFICATION FOR BELLOWS EXPANSION JOINTS

)

3.0 SCHEDULE

See Attachment "B" for bellows assembly quantities and delivery schedule.

All of the above items shall be shipped to the Buyer directly (Westborough,
Massachusetts).

Acceptances at the sites (the start ofVendor's warranty periods) are expected to occur on
a staggered basis, with final acceptance expected to occur no l31gr than May 31, 1998.
Portions ofthe equipment may be accepted earlier.

EQUIPMENT REQUIREMENTS

The Vendor shall provide the fabricated items identified on the Buyer's design drawings.
The bellows detail is shown on Sketch A included in this specification.

All Bellows and assemblies shall be designed and fabricated to comply with the
requirements of the ASME Boiler and Pressure Vessel Code, Section VIII, Division I,
Presswe Vessels, latest edition and subsequent addend4 even though vacuum vessels are
beyond the scope ofthis code. Fumished components need not be code "U" stamped.

Bellows for the "Adapter and Spool Sections" , except those described in 4.4 below will
to be.etracted 3" maximum or extended 1" maximum at imtallation from the shipping
length. .Also, bellows will be retracted 3" maximum from the installed position for
equipment maintenance and "O-Ring" replacement for approximately 200 cycles (total
plant life). fhe shipping length wili be the neutral bellows length without arry ext'ensions
or compresslons.

Bellows for the HAM nozz)es and spools BE-3 and BE-3A cannot be extended because
of space limitations, hence, they muit be designed to allow from I l/2" to 2" n
compression from the installed position for "O-Ring" replacement. All other
requirements stated in this specification apply. Seller must speci! the ma:rimum
compression allowed for all adapters and spools.

For normal operating conditions, thermal expansion movements shown in TABLE I are
from the installed position and shall be designed for the Seller's normal cycle life (1000
cycles min.). Seller shall speciff and complete the dimersional inforrnation required in
Table 1.

The bellows spring rate shall be such that the total load (spring rate x maximum
displacement) shall not exceed 100 #/inch of circumference at the flange I.D.

Carbon steel parts including but not limited to tie rods, plate washers and nuts shall be
finished by the electroless nickel process meeting tle requirements ofASTM 8733.
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rltle SPECIFICATION FOR BELLOWS EXPANSION JOINTS

DESIGN REQUIRJMENTS

See Attachment "B'; for tiie list of PSI drawings which show bellows spools to be
fabricated into bellows assemblies by the Vendor. The beilows shall be provided with
end nipples fabricated as shown on PSI drawings, from buik plate provided by PSI. In
additio4 jacking lug assemblies and lifting lugs must be installed on each bellows
assembiy. Design and locations ofjacking lug assemblies and iifting lugs will be
provided by PSI. Lug & tie-rod material as shown on the PSI drawings shall be provided
by Vendor. NOTE: Tie-rod/lifting lugs are to be used as shipping reshaints by the
bellows vendor.

"HAM Chamber" bellows shall be provided loose without end nipples.

Expansion joints shall withstand Ultra-high Vacuum (108-09 Ton. ) al 400 Deg F,
bakeout and 2 PSIG internal pressure at room temperature during the purging operation.

Bellows dimensional limits are shown on PSi drawings. Thermal expansion movements,
etc. are shown in Par. 17. The Seller shall provide the actual dimensions and other data
requested in the table.

5.3.1 In Par. 17, t is the bellows thickness, O.D. Con. is the outside diameter of the
convolutions, and L is the bellows length. Other dimensions are shown on sketch

5.3.2 ,ln addition to the dimensional requirernents, the bellows must be capable of-.permitting a maximum of 1/2 degree of angular offset (bending) while in the
installed position.

Multi-ply bellows are not acceptable for Hi-Vacuum service.

Except for attachment welds to.nipples, circumferential welds in bellows are not
permitted under any circumstance.

MATERIALTESTING

One material coupon,2" x 2" min., from each heat number, lot and thickness ofbellows
material provided by the vendor must be supplied to PSI for information prior to release
for shipment. Each coupon shall be pemranently matked.istamped with heat number, lot
etc., for positive identification.

5.0

5 . 1

5.2

5.3

5.4

5.5

6 .1
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ritle SPECIFICATION FOR BELLOWS EXPANSION JOINTS

)
7.0 FABRICATION

All beliows assemblies shall be fumished complete as shown on the Buyer's drawings, as
required by the Purchase Order and as herein noted, and shall include all necessary
hardware, such as bolts, washers, and nuts. Tolerances shall be adhered to as specified on
the detail drawings.

For rolling of shells, carbon steel rollers shall be covered with heavy indoor/outdoor
carpet or S/S during the rolling process to prevent carbon steel contamination oflhe
stainless steel.

The seam edges of plates to be rolled are to be preworked to assure roundness of the final
cylinder.

WELDING

All welding shall be performed in accordance 'arith the ASME Boiler & Pressure Vessel
Code, Section IX, Welding and Brazing Qualification, 1992 Edition through 1994
Addenda and other applicable code sections referenced herein.

All welders shall be certified to ASME Section IX Procedures.

All vacuum boundary welds shall be continuously welded and shall be on inside per

7.1

7.2

8.0

8 .1

8.2

8.3

)

drawing details. Grinding is not permitted; welds shall be smooth but
. Carbide cutting is permitted.

8.4 All welds at vacuum boundarips shall be vacuum tight with a heliurr leak rate
eouivale,nt to a total of 1 x 10-'torr liters/sec/chamber. PSI will leak test all
bellows welds with a helium mass spechometer. Vendor shall repair all leak areas
identified by PSL

The Seller's fitup tack welding procedures and procedwe qualifications sball be submitted
to the Buyer for approval. Approval must be obtained prior to use.

A11 weld joint preparation shall be done by tungsten carbide tooling.

Welding Process

8.7.1 . Vacuum boundary and attachment welds shall be gas tungsten arc welds (GTAW)
or plasma arc welds (PAW) (see sample Attachment C). The vendor shall submit
weld procedures to the Buyer for review and approval prior to fabrication.

8.7.2. Nl weld repairs shall be performed in accordance with PSI approved procedures.

8.7.3. All weld wire and weld joint preparation areas shall be cleaned v/ith COz
scrubbing prior to welding per PSI procedure V049-2-070. Weld wire shall
packaged a.fter clearring to prevent contamination. Weld wire shall be handled
only with clean gloves after CO2 cleaning.

8 .5

18.6
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8.7
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r.ge SPECIFICATION FORBELLOWS DPANSION JOINTS

SPECIFICATION

8.10

8.8

8.9

9.0

9.1

Backing strips or rin_gs shall not be used.

Longitudinal seaurs ofthe bellows and spools shall be offset.

Welding shall be done in an area that is separate from dirty processes (MIG welding,
grinding, blasting, painting, etc.).

CLEANLINESS

This material is intended for use in a high vacuum application. Potential hydrocarbon
contamination shall be prevented. Also, the material shall be wrapped and covered at all
times the material is not being processed to minimize possible exposure to contarninants.

No iron, carbon steel or other contaminants (such as grease, oil or hydrocarbons) are to
come in contact with the shells. Machining fluids shall be water soluble and free of oil
and sulfir. All fluids that come in contact with bellow shall not exceed the contaminant
levels pennitted as stated below.

9.2

Maximum Concentration Limits

Contaminant

Waterleachable Chlorides

Total Halogens (including Water Leachable Chlorides)

Total Sulfur

Limit

100 ppm

1000 ppm

1000 ppm

9.3 Bellows shall be cleaned and dried (air dried) prior to wrapping. The bellows shall be
fiee of all surface conlaminants- fonnins lubricants. free from residue from fornring rcfree of all surface conlaminants, fonning lubricants, free residue from fornring rolls,
tools etc. and standing water. The Sellei shall submit all cleaning procedures and
methods for Buyers approval.

1O.O SHOP TESTING

The Seller sha1l submit all test methods and procedures that are to be used to verifu the
leak lightress ofthe expansion joints (belloris and weld nipples) or bellows (after
forrnrfg) for the buyers approvil. Thd Seiler shall submit ilie d6cumented results ofthe
tests to tle Buyer for his records. The Buyer reserves ttre right to witress the tests on-
site. The vendor shall notifu the buyer 5 wotking days befoie each lot is leak tested.

Bellows shall be helium ieak checked per ASTM E498 to less than 1x10'e Torr Vsec.

Liquid penetrant testing shall nol be used for testing.



rite SPECIFICATION FORBELLOWS EXPANSIONJOINTS

I1.O INSPECTION

1 I .1 The responsibiiity for all inspections rests with the Seller, however, the Buyer reserves
the right to inspect the components and/or final assemblies at any time during or after
fabrication to assure that the workmaashio and materials are in compliance with this
specification.

11.2 The purchaser shall have the right to witress all manufacturing processes.

1 1 .3 The purchaser shall be informed 5 worki:rg days before the scheduled ship date of each
lot. A signed release for ship fomr is required from the purchaser to release each
shipment.

11.4 Purchaser supplied material must be inspected by the purchaser before use. @irect
shipmenl from mills.)

I2.O REJECTIONS AND REPAIR OF DEFECTS

12.1 No weld splices or repair welding is pemritted to the forrned bellows. The only exception
is at tle bellows to nipple circurrferential seal welds.

12.2 If a weld defect is found in the beilows to nipple weld during PSI's leak test, the weld
will be repaired by PSI and the cost back chaqed to the vendor.

72.3 If a weld or metal defect is found in the metal beilows dwing PSI's leak test, the bellows
unit will be retumed to the vendor, and a replacement bellows assemblv will be sent to
PSI at no cost to PSI.

13.0 IDENTIfICATION

13.1 Identification of the nipple and bellows material shall be maintained and documented
t}rough all manufactuiing processes (i.e. restamping material heat numbers after each
cut).

13.2 If material identity of the bellows or nipples is lost, they shall be requalffied by making
all tests that were required for the material or as indicated in this specification.

13.3 Marking the frnished bellows with marking fluids, die stamps, and/or electro-etching is
not pennitied. A vibratory tool with a minimum tip radius of .005" is acceptable for
mari.ittg only the outside 6f the attached shells (wlien applicable). All othdr marking
methodi must be approved by t}te purchaser prior to use. All attached nipples shall be
marked 2" from the idse. Material heat numbers shall be marked on the outside of all
bellows and nipples.

13.4 All bellows and bellows assembiies shall be marked with the Buyer's drawing number
plus "P1" and a unique serial number for each assembly (1,2,3, etc.) Example: .
V0494A1P 1 Serial No. I . All quality assurance documentation shall reference this
number.

SPECIFICATION
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)

14.0 DOCUMENTATION

14.L The Certified Material Test Reports (CMTRs) for vendor purchased material shall be
provided to the purchaser with the shipment of the assemblies, and be available for
review during inspection visits prior to shipment. See Attachment A for other required
documentation.

14.2 Design calculations aad fabrication drawings shall be submitted to tle purchaser for
approval prior to fabricalion.

15.0 PACKAGING, STORING Ai\D SHIPPING

15.1 Temporary shipping supports, as required, shall be ofthe same material as the nipple and
attached so that they may easily be removed without damage to the assemblies. All
temporary devices shall be clearly marked and tagged "to be removed prior to operation".

15,2 All material and parts shall be covered with a tarp immediately after each processing
operation has been completed to minimize contarnination. The material shall remain
packaged and covered until it is necessary to remove the covering and packaging material
for further processing.

15.3 After final cleaning, bellows/assemblies shall be packaged for shipping. All
bellows/assemblies shall be wrapped in polyethylene and placed in closed wooden crates
with proper supports to prevent shipping damage.

15.4 The bellows shall be shipped as specified in the purchase order (TBD).

115.5 The purchaser shall approve each lot of bellows/bellows assernblies prior to shipment. A
I signed off(by purchaser) release to ship form shall be included with each shipment.

16.0 NON-ESCORT PRIVILEGES AI{D INSPECTION RJGHT

Non-escort privileges for Buyer, Owner, Govemment and Owner representatives to all
areas ofthe facilities where the work is being performed shall be arranged. This will
include access to fabrication, assembly, cleaning and test areas for the purpose of
monitorine activities.
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SPECIF'ICATION FOR BELLOWS EXPANSION JOINTS

ATTACHMENT "B"
Drawing List, Schedule of Bellows Assembly Quantities, and Deliveries.

PSIDwgNo, PSI Part No. Rolled Ouanti8
Ninnle (Wash.)

6

2

2

2

2

2

I

1

1

I

0

2

2

2

8

I

I

t 2

IC

Date Ouantitv
(I,A)

10/25/96 4

10/25/96 2

r0/25t96 0

10/25/96 0

10/25/96 0

11n5/96 0

11/25/96 0

1rn5/96 0

1l/25/96 1

r1t25t96 1

11t25t96 2

10/2s196 2

t1/25/96 |

t1/25t96 1

1tn5/96 4

1U25196 1

11t25/96 I

rr/25t96 6

Total 26

Sheet 1 of2

Date Make From
PSI Part No.

2/1t97 V049M159-1

2/1/97 V049M163-1,

2/t/97 V049Mt63-1

2/t/97 V049Mr63-1

2/7/97 V049M163-1

41t97 Y049M178-1

2/1t97 V049Mrs7-1

2/1197 VM9M757-|

2lt/97 VM9It'l757-|

2n197 v049Mt57-l

?/1t97 vn49Mts+1

2t1t97 V049il/{ts3-1

2nt97 V049Mt77-1

u1/97 V049]|.lr77-1

2^t97 v049Mt5E-r

2/t/97 V049M155-l

2/t/97 V049M155-1

2/1/97

I.D"

v049-4-A1 V0494A1P1 44.63

v049-4-43 V0494A3P1 48.25

v049-4-A6 V0494A6P1 48.25

v049-4-412 V0494A12P1 48.2s

v049-4-A13 V0494A13P1 60.5

v049-4-A14 V0494A14P1 44.63

vMg-4-B2A VO414B2AP1 30.5

v049-4-B2B V0494B2BP1 30.5

v049-4-B3A,V049483AP1 30.5

v049-4-B5A V049485AI1 30.5

v049-4-BE1 V0494BE1P1 72.25

v049-4-BE2 V0494BE2PI 60.5

v049-4-BE3 V0494BE3P1 60.5

V049-4-BE3A V0494BE3AP1 60.5

v049-+BE4 V0494BE4P1 44.63

v049-4-BE5 V0494BE5P1 72.25

v049-4-BE6 V0494BE6PI 72.25

v049-4-0s3 v0494053 60.5

Total

NOTE: Partial deliveries in advance of above dates are acceptable only with PSI approval.

SPECIFICATION
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TiTIe SPECIFICATION FOR BELLOWS EXPANSION JOINTS

)
Sheet 2 of2

ATTACHMENT "8"

List of PSI Purchased Plate To Be Sent To Bellows Vendor

Plate P/fr{

v049M159-1

v040M163-1

v049M178-1

v049M157-1

v049M154-l

v049M153-1

v049M177-1

v049M158-1

I V049M155-1
7

1/4 x96 x 142 3

l /4  x72x 154 4

l /4x88x142 2

LA

)

I

Total PLS

5

5

2

J

2

4

2

6

z

l / 4 x90x98

1/4 x 120 x229

1/4x62x192

3/8 x96 x 192

7/4x66x142

3/8 x96 x230

2

I

A

1

I

1

2

I

I

I

z
3

o
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ritle SPECIFICATION ['OR BELLOWS EXPAI\SION JOINTS

. 
ATTACIIMENT "D'

LIGO Project Release to Ship Form I)ate:

Purchase Order No.: Lot:

Vendor Name:

PSI Part Number:

Description:

Manufacturers' Model Number:

Manufacturers' Serial Nurnber:

Specification Number: V049. Rev.:

Packaging Requirements: Per Y 0492017

Ship Via:

Bill of Lading:

Ship to Address: Process Svstems Irrtemational
20 Walkuo Drive
Westborough, MA 01581
(508) 366-9111

FOB:

Attention of: Receiving Deparbrent

Operating Manuals: with Equipment ; to PSI

Documentation Package: To be sent to PSI; Attention: Mr. Ronald Bento

Authorized Simature:

SPECIFICATION



t

I

o

a

o

a

o

o

C

a
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Hanford, Washington
and

Livingston, Louisiana

PREPAREDBY:

QUALITY ASSTJRANCE:

\ TECHMCALDIRECTOR:
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PROJECTMANAGER:
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Tltle SPECIFICATION FOR AMBIENT AIR VAPOREERS

SCOPE

This specification covers the minimum requirements for the desiga materials, frbricatio4
assembln inspectioq testing preparation for slripping, sldpment and delivery ofthe
ambient air vaporizers for tlre LIGO vacuum system.

All attachments are incorporated herein by ref,erence and made a part ofthis specification.

The specified equipment is for use as part of the Vanrum Equipmelrt supptied for the
Laser Interferometer Gravitationd-Wave Observatory (LIGO). LIGO, which is operated
by Caltech and MfI under an NSF grant, includes to sites (I{anford Resenration, near
RicNand, Wd and Livingstoq LA). Each site mntains laser interferometers components
and optical beams, and other support frcilities.

Information contained in this specification and its attachments is proprietary in nanrre and
shall be kept confidential. It shall be used only as required to respond to the specification
requirernents, and shall not be disclosed to any other party.

2.0

2.1

SCEEDI'L,E

Equipment delivery strall be as follows:

PSIPN Type

V0492055PI 10600 SCFIimin.
capacity

V0492055P2 5300SCFHmin.
capacity

Quantity Ends Date

8m97

u5t98

8nD7

2t5t98

,

4

6

2

8

Ddivery
Site

Washington

Louisiana

Total

Washington

Louisiana

Total

SPECIFICATION
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rltle SPECIFICATIONFORAMBTENTAIRVAPORIZERS

3.0 EQUPMENTREQUIREMENTS

3.1 The ambient air vaporizers will be used to vaporize liquid nirogen at a supply prcssure of
approximately I0 psig for the purpose of warming up the LIGO 80K cryopumps.

4.0 DESIGNREQUIREMENTS

4.1 MechanicalRequirements

4.1.1 The vaporizers shall be an all welded aluminum alloy constuction desigred to be used
outdoors, and mounted directly to a concrcte pad by means of anchor bolts.

4.1.2 The vapoiznt duty cycle will be 12 hours of continuous lre followed by an extended
period (greater than 7 days) during which no gas will be flowiag through it.

4,1.3 The vaporizer design shall be based on the flow rates specified in paragraph 2.1 ,atda20
deg. F approach temperature under the following ambient conditions:

Winter: 15 deg. F dry bulb

SummCr: 96 deg. dry bulb, 68 deg. F wet bulb

1.4 The maximum allowable prcssure drop across the vaporizer shall be as follows:

10600 SCFH vaporizer 2.0 psid

5300 SCFH vaporizer 1.0 psid

4.2 ElectricalRequirements
Not applicable.

4.2.1 lnstumentation Requirements
None required.

4.2.2 Power rcquirements
Not applicable.
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rllle SPECIFICATIONFORAMEIENTAIRVAPORIZERS

)

4.2.3 The following paragraphs of Attachment B are not applicable:

3.2 5.1.5 5.1.7

5.1.4 5.2 8.2

8.4 9.3 9.4

11.3 t t .4

5.0 REQIIIREDDOCIJMENTATION

In addition to the documentation listed in AttachmeNrt B, the following documentation
shall be provided prior to shipment:

o Manufacturer's standard QA reports (including final firnctional test reports).

6.0 SHOP TESTING

\ The equipment slrall be tested in accordance with the manufacnrer's standard shop test.
I

7.0 INSPECTION

7.1 All testing and inspections called for in Attachrnent B (Specification V049-2-033,
General Equipment Requirements) shall be performed by the Vendor. Additional qualrty
assurance requirements are listed in Attachment d Quality Assurance Requirements Summary.

&O WARRAI\ITY

Refer to Specification V049-2-034, Purchased Equipment Commercial Requirements
(attached to the Request for Quotation), for wananty requirements.
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Title: SPECIFICATION FOR 80K PUMP REGENERATION IffATERS

SPECIFICATION FOR

8OK PUMP REGENERATION IIEATERS

FOR

LIGO VACT]I]M EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPARX,DBY:

QUALITYASSURAIICE:

TECHITICAL DIRECTOR:

PROJECTMANAGER:

ELECTRICAL/
INSTRUMENTATION

-D,4, 
hd-ild/'t-,^,

Information contained in this specification and its attachments is proprietary in nature and shall be kept confidential. It shall be
used only as required to respond to the specification requirements, aDd shall not be disclosed io any other party.

".it.L\
REVLTR.I BY-DATE I APPD.DATE DESCRIPTION OF CHANGE

OCESS SYSTEMS INTERNATIONAL, INC. SPECIFIGATION

NumberA V049-2-056

fu,-e-4 ?. h,,t)
Pagelof 6
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ritle spEcIFIcATroN FoR BoK puMp REGENERATIoN HEATERS

1.0 scoPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
of the 80K pump regeneration heaters for the LIGO vacuum system.

All attachments are incorporated herein by reference and made a part of this specification.

The specified equipment is for use as part of the Vacuum Equipment supplied for the
Laser Interferometer Gravitational-Wave Observatory GIGO). LIGO, which is operated
by Caltech and MIT under an NSF grant, includes to sites (Hanford Reservation, near
Richland, WA, and Livingston, LA). Each site conlains laser interferometers in an L
shape with 4 km arms, a vacuum system for the sensitive interferometers components and
optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in natwe and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.

I 2.0 SCHEDTJLE
,

2.1 Equipment delivery shall be as follows:

PSI P/N Type Delivery Site Quantity Nozzles Date

V0492056P1 10600 SCFH min. capacity Washington 2 FlgorBW 8/1/97

Louisiana 2 Flg or BW 2/5/98
Total 4

V0492056Pt / 5300 SCFH min. capacity Washinglon 6 Flg or BW 817197

Louisiana 2 FlgorBW 2/5/98
Total 8

I

z
3
(D

I

I
{

I Number a V049_2_056
t t {

Rev.
1.
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rille SPECIFICATION FOR 80K pUMp REGEITERATION EEATERS

3.0 EQUIPMENTREQITIREMENTS

3.1 The regeneration heaters will be used to heat nitrogen gas at a supply pressure of
approximately 10 psig for the purpose of warming up the LIGO 80K cryopumps.

4.0 DESIGNREQIJIREMENTS

4.1 MechanicalRequirenents

4.1.1 The heaters shall be an all welded stainless steel construction designed to be used
outdoors, aad mounted on a skid, provided by PSI, by means of threaded studs or bolts.
The heater elements shall be accessible and removable by means ofa flanged connection.

4.1.2 The heater duty cycle will be 12 hours of continuous use followed by an extended period
(geater than 7 days) during which no gas will be flowing through it.

4.1.3 The heater design shall be based on the flow rates specified in paragraph 2.I, under the
following ambient conditions :

Minimum Gas Supply Temperature -5 deg. F.

Required Outlet Temperature

5300 SCFHHeater 375 deg. F

10600 SCFFIHeater 360dee. F

Ambient Conditions:

Winter 15 deg. F drybulb

Summer 96 deg. F. dry bulb, 68 deg. F. wet bulb

4.1.4 The maximum allowable pressure drop across tle heater shall be as follows:

10600 SCFH heater 1.0 psid

5300 SCFH heater 1.0 osid

SPECIFICATION
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ritle 
spEcrFrcATroN FoR 80K prIMp REGENERATTON HEATERS

4 . I . 5 Nozdes sizes for the heaters shall be as follows:

10600 SCFHheater l-l/2 inchIPS inlet
3 inch IPS outlet

5300 SCITI heater 1-112 inch IPS inlet
1-112 inch IPS outlet

4.2 ElectricalRequirements
Refer to Attachment B.

4.2-1 InstrumentationRequirements
Two type "IC' thermocouples shall be intemally mounted in the heater cavity. One will be
used for a high temperature alarm status, The other will be used as a spaxe.
Thermocouples shall be #20 AWG, ungrounded and shielded. A type "K' female
connector and dedicated knockout, separate from power, shall be provided

4.2.2 CottolsRequirements
TheYendor shall supply a zero crossing type SCR controller for adjustment of the power

) "Oplied to the heatei. this unit shalt beiroportionately sized based upon rhe tlre heater
power requirements. The input signal will be 4-20 ntm.. Status indication in the form of
relay outputs shall be required, at a minimum for:

a) Shorted SCR indication
b) SCR "on" indication

The SCR unit shall be supplied in a NEMA 4X enclosure.

4.2.3 Power Requirements: A dedicated power knockout and power terminals shall be
provided. The available power is a 480V, 3 phasg 4 wire qystem.

4.2.4 The following paragraphs of Attachment B are not applicable:

5 . 1 . 1  5 . 1 . 4  s . 1 . 5

5 . 1 . 6  5 . r . 7  5 . 1 . 1  I

5.2.1.3 6.3 8.2

8 .4  9 .4  11 .3

14.0
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rille sprcrrrcAlroN roR soK prlMp REcEnERATToN EEAnERS

5.0 REQUIREDDOCUMENTAIION

In addition to the documentation listed in Attachment B, the following documentation
shall be provided prior to shipment:

r Manufacturer's standard QA reports (including final functional test reports).

6,0 SHOP TESTING

6.1 The equipment shall be tested in accorda.nce with the manufacturer's standard shop test.

7.0 INSPECTION

7.1 Al1 testing and inspections called for in Attachment B (Specification V049-2-033, General
Equipment Requirernents) shall be performed by the vendor. Additional quality assurance
requirements are listed in Attachment d Quality Assurance Requirements Summary.

) a.o wARRANTY

Refer to Specification V049-2-O34, Purchased Equipment Commercial Requirements
(attached to the Requesf for Quotation), for warranty requirements.
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Title: SPECIFICATION FOR SMALL VACUUM VALVES

SPECIFICATION FOR

SMALL VACUUM VAL\TES

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

t

PREPAREDBY:

PROCESS ENGINEER:

QUALITY ASSURANCE:

TECHNICA], DIRECTOR:

PROJECTMANAGER:

Information contained in tlris specification and its attachments is proprietary in nature and shall be kept confidential. It shall be
used only as required to respond to the specification requirements, and shall not be disclosed to any other party.
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Tifle SPECIFICATIONFORSMALLVACTTMVALyES

I
SPECIFICATION TABLE OT' CONTENTS

1.0 Scope

Schedule

Design Requirements

Required Documentafion

Shop Testing

Inspection

2.0

3.0

4.0

5.0

6.0

SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
of smali (l l/2" artd 2 1/2') high vacuum aad ultra high vacuum angle valves for the
LIGO vacuum system.

The specified equipment is for use as part of the Vacuum Equipment supplied for the
Laser Interferometer Gravitational-Wave Observatory GIGO). LIGO, which is operated
by Calteci and MIT under an NSF grant, includes two sites (Hanford Reservation, near
Richland, WA and Livingston, LA). Each site contains laser interferometers in an L
shape with 4 km arms, a vacuum system for the sensitive interferometer components and
optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary ifl nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other party.
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T|fle SPECIFICATION FOR SMALL VACUUM VALI'ES

2.0 SCHEDULE

2.1 Equipment delivery shall be as follows:

Quantitv Date PSI Part No.

1l/2"HighVac 137 9/30/96 V049AVI{V15
2ll2" High\ac 70 9130/96 V049AVIIV25
1l/2"UltraHigbYac 77 9/30/96 V049AVUV15
2 l/?'Ultra High Vac 26 9/30/96 V049AVUV25

lZ.Z All valves shall be delivered to Process Systems Intemational, Inc. at 20 Walkup Drive,
I Westboro,Massachusetts,0l5Sl.

2.3 Acceptances at the sites are expected to occrr on a staggered basis, with final acceptance
at Washington expected to occur about May 31, 1998, and about November 30, 1998 in
Louisiana.

3.0 DESIGNREQIIREMENTS

3.1 Angle valves shall be 304L or 316L stainless steel (304 or 316 stainless steel is
acceptable ifthe valves are unavailable in L grade SS).

3.2 End connections shall be CF flanges.

3.3 The valves shall have stainless steel metal bellows stern feedthroughs.

3.4 Neither the body leakage not the seat leakage shall exceed I x 10-e torr liters/sec of
helium.

3.5 The valves shall be designed to seal in both directions.

3.6 The intemal valve mechanisms shall be nonJubricated.

3.7 Valves shall be manually actuated by a handwheel.
: - - : .

3.8 Valves shall be bakeable to 150 C +l-20 C (170 C maximum).

3.9 The valves shall be cleaned in accordance with the Vendor's standard procedures
- -^ l ; - -L l^  +^ +L-, , - t , , -  - - - , :^-
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Iile SPECIFICATION FOR SMALL VACUUM VALVES

)

4.0 REQTIIREDDOCUMENTATION

Engineering drawings shall be submiued for approval prior to fabrication.
Manufacturer's standard QA reports shall be provided prior to shipment:

5.0 SHOP TESTING

Each valve shall be tested for leakage (using oil-free pumping equipment and leak
detector) prior to shipment from the manufacturer

6.0 INSPECTION

The Vendor's standard inspections shall be performed. Also, each valve shall be
inspected for cleanliness by black light prior to shipment. Valves shall be recleaned if
any contamination is found.
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Title: SPECIFICATION FOR CLEAN QUARTER-TURN VALVES

.J
SPECIFICATION FOR

CLEAN QUARTER-TURN VAL!'ES

FOR

LIGO VACUUM EQUIPMENT

Hanford, Washington
and

Livingston, Louisiana

PREPAREDBY:

PROCESS ENGINEER:

QUALITY ASSURANCE:

TECHNICAL DIRECTOR:

PROJECTMANAGER:

@ t J - 4 /
fp,4-4/'fa \=/futb-.

I

Information contained in this specification and its attachments is proprietary in natue and shall be kept confidential. It shall be
used only as required to respond m the specification requirements, and shall not be disclosed to any other party.

'ta^-.s 4-;t.4 { ?'\ L, ti4 A.ZL-4L Rc"r(rD Eta.Pu' ' , -  r -  . j r l>ro o Jttl
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t - Lu) 7- {-?L RE trasu 6< Q,.ore Pca d.o o tz
REvLTR.I BY-DATE I appn.nersi DESCRIPTION OF CHANGE

PROCESS SYSTEMS INTERNATIONAL. INC. SPECIFICATION

lnnnar
APPROVALS

PREPARED DATE

fJtffi^ Z-t-ft
APPROVED DATE

tsv>
Number V049-2-060

A
Rev.
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rille SrECIFICATIoN FoR cLEAN euARTER-TURN vALvEs

SPECIFICATION TABLE OF CONTENTS

1 .0 Scope

Schedule

Design Requirements

Required Documentation

Shop Tesring

Inspection

2.0

3.0

4.0

5.0

6.0

I 
Attachment MDC Catalog Cut

1.0 SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication, assembly, inspection, testing, preparation for shipping, shipment and delivery
of2" clean quarter-tum valves for the LIGO vacuum system. These vaives will be used
in Federal Standard 209 Class 100 air service.

The specified equipment is for use as part of the Vacuum Equipment supplied for the
Laser Interferometer Gravitational-Wave Observatory (LIGO). LIGO, which is operated
by Caltech and MIT under an NSF gant, includes two sites (Hanford Reservation, near
Richland, WA and Livingston, LA). Each site contains laser interferometers in an L
shape with 4 km arms, a vacuum system for the sensitive interferometer components and
optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall be kept confidential. It shall be used only as required to respond to the specification
requirements, and sha1l not be disclosed to any other party.
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rltle spEcIFICATIoNFoRCLEANeUARTER-TURNvALvEs

2.0 SCHEDULE

2.1 Equipment delivery shall be as follows:

Quanttty Date PSI Part No.

I 
PSI, Westboro, MA: 21 11/29196 V049BVCA20

12.2 Deleted

3.0 DESIGNREQUIREMENTS

3.1 The valves shall be either butterfiy style, MDC Model No. BFV-200, MDC Part No.
360002,.

3.2 The valves shall be 304 stainless steel.

3.3 End corinections shall be CF flanges.

3.4 The valves shall be desiened to seal in both directions.

3.5 The intemal valve mechanisms .shall be nonlubricated.

3.6 The valves shall be cleaned in accordance with the Vendor's standard procedure for
valves intended for use in Federal Standard 209 Class 100 clean air service..

3.7 Valves shall be manuailv actuated.

4.0 REQUIREDDOCUMENTATION

Engineering drawings shall be submiued for approval prior to fabrication.
Manufactuier's standard QA reports shall be provided prior to shipment:

SPECIFICATION
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5.0 SHOP TESTING

Manufacturer's standard testing shall be performed.

6.0 INSPECTION

The Vendor's standard inspections shall be performed. Also, each valve shail be visually
inspected for cleanliness prior to shipment. Valves shall be recleaned if any
contamination is found.

SPECIFICATION
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Butterfly Valves

a

FEATURES

. Quick open/Quick close

. Positive lock both positions

. Pasitive Viton@ O-Ring vacuum seal

. High conductance

. Choi6€ of Del-Salor Kwik-Flanoe

DESCRIPTION

MDC Butterfly Valves require only one-quarter tum
rotation of the handle to Eio from fully open to the lully
closed position. In the 1-l/3 Mihi Del€ea/ flange series, a
spring loaded ball bearing becomes seated in an indent
providing a posiiive mechanical stop. All other size valves
einploy a roll pin stop method.

lhese quick-acting Butterfly Valves feature an improved
seding action. The opening in the body of the valve has
been rnachined at a slight angl6 to the plane of the
flapper. The flapper is set to rotate slightly off-center. On
closure,lhis causes the sealing pressure to be applied
more ffiifo.mly all around the O-ring. A reliable, positive
seal b rnade and the tendenoy of previous designs to
roughen the surface of the O-ring and eject it trom its
groove is eliminated.

MDC qunedry Valves are low oLrtgassing. All intemal
surfaces are machined from solid stainless steel bar
stock. The handle is made of aluminum. A small O-ring on
the stem prevents shatt leakage.

The valves are offered with a choice of Der-Seal ultra-high
vacuum rietal-seal flanges or ISO Kwik-Flange O-ing
seal flanges.

.a

a

a

Kwik FIangB
ISO O-Bing Flange

Kwik-Flange Flange

o

o 194
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Butterfly Valves Toll Free Ouisi.te CA , -"*.n".""r, 5t6

o
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a
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Oel-S€a/ Flange Kwik-HangeFl€f:€'e

.o
bRoeRrnc TNFoRMATtoN Plea* order by Paft Numfu

ValveNo.nl.D. Part
Size Reference Number

FlanS6

F
Flar!€ Bo[Hobs hef
O.D. No. ISO

tbiSttt
A

Boft qde rhHaress Wt llnil
B C D L b s P f i c eo

3/4
3t4

BFV.O75
KBFV.O75

360000 Del-Sea/ 1-ria
360010 Kwik-Flange

1.33 6
1  . 1 8

-  1.96 1.062
NW16 1.81

.60

.56
.7s 1 $250

1.25 1 $eSO
KBFV.lOO 360011 Kwik-Flange 1 .57 NW25 2.32 .87 1.25 1 S255

a 1-1t2 BFV-150
1-1n KBFV-150

36UIO1 Dal-Seal7-su
360012 Kwik-Flange

2.73 6 - 3.81
- NW40 3.81

2.312 1.33
- 1.31

1.00 I $aeo
1.34 1 $260

_-.-> 2
2

BFV.2OO
KBFV-200

360002 De|Seal3-g€
360013 Kwik-Ftange

a
Dimensions are in inches

' l

l-- o -*.1 F-D-->I

3.37 - 4.46 2.850 1.84 1.00 2-112 $360
NW50 4.46 T.68 2-il2 $360

1 9 5
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Titte: SPECIFICATION FOR LIGO CRYOGEhIIC CONIROL VAL\|ES

SPECIFICATION FOR

LIGO CRYOGEI\IIC CONTR.OL VALVES

FOR

LASERINTERFXROMETER
GRAVTTATIONAL WAVE OBSERVATORY

Job No. V59049

INSTRUMENTATION/
ELECTRICALENGINEER

PROJECT ENGIhIEER:

TECENICAL DIRECTOR:

PROJECTIVIANAGf,R:

-D- &, l*-tuj rl-Ue,;

Information contained in this specification ard its attacbments is proprietary in nature and shau b€ k€pt cotrfid€ntial. It shall be
used only as required to respond to the specification requirements, and sha not be disclosed to any oth€r party.

L &n ll'rlt -ir \ru. L.r; Ial# ????3.u'e.ot per DEo 6zu-
I B.�vn 1t1rtO L- bfa-  a-  q e Pe*:el oe.)Eo ilznl- rehzitctr S"r 0dreh^sro
a 8v z.lz4;t-D. 

h^ tC-) T'i.ti"t cela,-<e- ee p 'EGna-.L faqL OuDTa
REVLTR. BY-DATE APPD. DATE DESCRIPTIONOF CHANGE

PROCESS SYSTEMS INTERNATIONAL. INC. SPEGIFICATION

INTTIAL
APPROVALS

PREPARED DATE

ffivtsrrp- ztztt+
APPROVED DATE
- D . \ * t e t l  

i - t t ' 1 1

Number V049-2-062 Rev.
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Title: spEcrFrcATroN FoR LIGo cRyocEMc coNTRoL vALvES

r..0 scoPE

This specification covers the minimum requirements for the design, materials, fabricatio4
assembly, inspectio4 testing, preparation for shipping shipment and delivery ofthe
cryogenic control valves for the LIGO vacuum system.

All attachments are incorporated herein by reference and made a part ofthis specification.

The specified equipment is for use as part ofthe Vacuum Equipment supplied for the
Laser Interferometer Gravitational-Wave Observatory (LIGO). LIGO, which is operated
by Caltech and MIT under an NSF grant, includes two sites (Hanford Reservatioq near
Richland, WAr and Livingstoq LA). Each site contains laser interferometers in an L
shape with 4 km arms, a vacuum system for the sensitive interferometers components and
optical beams, and other support facilities.

Information contained in this specification and its attachments is proprietary in nature and
shall bE kept confidential. It shall be used only as required to respond to the specification
requirements, and shall not be disclosed to any other parcy.

1.1 Furnished By The Seller

a. Control valves ofthe quantity and type designated on the attached valve dala
sheets.

b. Shop testing and inspection ofvalves.

c. Drawings and data as indicated in this specification.

2.0 SCHEDIILE

2.1 Equipment delivery shall be as follows:

PSI P/N Type Delivery Site Quantity Date

V0492062 Cryogenic Control Valve PSI 12 11130196

a

Page 3 of 1



Title: SPECIFICATION FOR LIGO CRYOGEMC CONTROL VALVES

3.0 EQUIPMENT REQUIREMENTS

3.1 The control valves will be used to supply liquid nitrogen for the purpose of maintaining a
liquid level in the LIGO 80K cryopumps.

4.0 DESIGNREQI'IREMENTS

4.1 In addition to the requirements in this sectiorq procesg mechanical, and electrical
requirements for the specific application are given on the valve data sheets and/or
schedules attached to this specification.

4.1.1 Valves shall be suitable for outdoor service at the LIGO sites located near Richland,
Washington and Livingstoq Louisiana.

142 Valves shall be cabable of being mechanically insulated (a layer of fiberglass insulation
I with foam insulation around the fiberglass).

4.3 In addition to those listed in Attachment C, the following codes and standards shall apply:

816.25 Butt Welding Ends

816.37 Hydrostatic Testing of Control Valves

4.4 Electrical design and material shall conform with the latest edition of the National
Electrical Code, and shall carry the Underwriters Laboratory or Factory Mutual label,
except for material for which UL listing criterion has not been established.

4.5 Valves for cryogenic service shall be extended stem type.

4.6 The Vendor shall indicate if the "top works" (actuator, etc.) of the valve are self
supporting as supplied, or if additional supports are required, and if so, shall indicate
support points to be used. This information shall be submitted with the quotation.

4.7 ElectricalllnstrumentationRequirements

4.7 .7 A1l instruments shall have watertight enclosures for outdoor service.

SPECIFICATION

A VO49-2-O62
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Title: SPECIFICATIONFoRLIGOCRYoGENICcoNTRoLvALvES

4.7.2 Nldevices and instrumentation shall be mounted on the valv€/actuator assemblies v'/ith
appropriate heavy duty breckets. This includes transducerg positioners, combination
electro-pneumatic positioners,l solenoids, air regulator sets, etc. All such items shall be
tubed to the diapkagrn by the Seller.

4.7.3 All solenoid valves shall be stainless steel ASCO or approved equal. Wlren high capacity
type solenoids are specified on the valve data sheets, the Seller shall select the orifice size
and diaphragrn conneclion so the that Buyer's required closing times are met. All solenoid
valves shall be supplied with high temperature coils suitable for the intended service and
design ambient conditions. Solenoid coil voltage shall be 24VDC. The solenoid valve
shall be a three way ASCO valve installed at the positioner discharge side. It shall exhaust
the positioner to atmosphere when de-energized.

4.7 .4 Limit switches, as per the data sheet, shall be double-pole, double-thro (DPDT),
hermetically sealed proximity type, rated 120 VAC, 5 amps (minimum), (Go Systems or
equal).

.t4.7.5 The IIP shall operate on a 4-20 mA signal. Airsets shall be provided with the valves.

4.8 The Qllowing paragraphs ofAttachment C are not applicable:

5 . 1 . 1
5 . 1 . 1  1
8 . 1
9.4.2
14.0

4-9

5 .1 .5
s-2.1.3
8.2
9.6.1

5.1 .6
6.3
8.4
9.6.4

5 . 1 . 7
6.4
9.4.1
I  I . J

5 . 1

Utilities

Refer to Attachment C.

REQIIIRED DOCUMENTATION

In addition to tlte documentation listed in Attachment B, the following documentation
shall be provided prior to shipment:

Manufacturer's standard QA reports (including final functional test reports).

SPECIFICATION
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Title spncmtcATroN FoR Lrco cRyocEmc coNTRoL vALvEs

4.7.2 Nl devices and instrumentation shall be mounted on the valve/actuator assemblies with
appropriate heavy duty brackets. This includes transducers, positioners, combination
electro-pneumatic positioners, solenoids, air regulator sets, etc- All such items shall be
tubed to the diaphragm by the Seller.

4.7.3 All solenoid valves shall be stainless steel ASCO or approved equal. When high capacity
type solenoids are specified on the valve data sheets, the Seller shall select the orifice size
and diaphragm connection so the tlat Buyer's required closing times are met. All solenoid
valves shall be supplied with high temperature coils suitable for the intended service and
design ambient conditions. Solenoid coil voltage shall be 24VDC. The solenoid valve
shall be a three way ASCO valw installed at the positioner discharge side. It shall exhaust
the positioner to atmosphere when de-energSzed.

4 7 .4 Linit switches, as per the data sheet, shall be double-polg double-tfuo (DPDT),
hermetically sealed proximity type, rated 120 VAC, 5 amps (minimum), (Go Systems or
equal). -

4.7 .5 The I/P shall operate on a 4-20 mA signal.

4.8 The following paragraphs of Attachment C are not applicable:

5 .  1 . 1
5 .  t . 1 l
8 . 1
9.4.2
14.0

4.9

5 . 1 . 5
5 .2 .1 .3
8.2
9 .6 .1

5 . 1 . 6
6.3
8.4
9.6.4

5 . 1 . 7
6.4
9 .4 .1
1  I . 3

5.0

5 . 1

Urilities

Refer to Attachment C.

REQI]IRED DOCUMENTATION

In addition to the documentation listed in Attachment B, the following documentation
shall be provided prior to shipment:

Manufacturer's standard QA reports (including final functional test reports).

SPECIFICATION
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Tifle: spEcrFrcATIoN FoRLrco cRyocENIc coNTRoL vAl,vrs

5.2 Process Data

*1. Confirmation of the required Cv (or Cr) as shown on the attached data sheets
based on the flows and pressure drops allowed.

*2. Ifno Cv or (or C) is indicated on the attached data sheets, the vendor shall supply
such data.

*3. A table or graph showing Cv (or C) versus percent ofvalve travel.
*4. Completed PSI valve dala sheets.

*This data must be submitted with Vendor's proposal for evaluation prior to award
of contract.

Mechanical Data

1. Outline dimension drawings and weight (including operators and accessories).

2. Identification and description ofall components and accessories.

Assembly Drawings

Assembly drawings shall be prepared by the vendor shall be submitted to the Purchaser for
information onlv. Four (4) copies (two [2] reproducibles and two [2] prints) shall be
submiued to the Purchaser within four (4) weeks ARO. This includes drawings of any
purchased items. These drawings must show general and overall dimensiong details of
intemal parts, estimated weights, and all material used for construction. Drawings shall be
certified as dimensionally correct. Certified catalog cuts are acceptable.

DrawingRwiew

Drawing approval is not required from the Buyer before starting fabrication. The Buyer's
review of the Vendor's drawings is ofa general nature. Review of any drawings by the
Buyer does not serve as acceptance of any errors or deviations fiom these specifications
or instructions relating to the work. The Vendor shall call attention to any such deviations
by a separate written notice when submitting the drawings for review. Unless specific
written approval is obtained from the Purchaser, deviations are not acceptable.

Changes

If changes are made to any drawings after drawing submittal the Vendor shall furnish
copies to the Buyer showing all changes clearly identified on the drawing.

5.3

5.4

) _ )

) - b
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