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Table 2: TBDs to be resolved

end-statlon vE connsuratron orawrnss
show annulus ion pumps on the +Y side of the vac-

um manifold (per recent TDM)
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LIGO-8950091-00-E

SCOPE
This document defines the interfaces between the LIGO System & Detector (Det) and the Vacuum
Equipment (VE). This ICD takes precedence over previous interface definitions between these
sub-systems.

1.1 Purpose

The purpose of this document is to define the interfaces required to insure compatibility between
the LIGO System & Detector (Det) and the Vacuum Equipment (VE) and compliance with the
LIGO Svstem Specifi cation.

1.2 Content

This document contains interface descriptions, definitions, drawings and requirements. The con-
tent is intended to be as concise as possible so as to convey requirements and not duplicate design
information.

The intont is that this document be self-contained with little or no requirements included by refer-
ence to other documents or drawings. If it is necessary to include information by reference to
another document or drawing, then that source must be:
. an approved document
. under configuration control
. cited by document number, date, and revision number

1.3 Interface Overview

There are four major subsystems involved in the design and construction of the LIGO project; the
detector system, the Civil Construction (CC) package, the Vacuum Equipment (VE) and the Beam
Tube (BT). Since a quadripartite ICD is impractical, the interfaces have been approached in a
pairwise fashion. This ICD addresses the interfaces between the LIGO System & Detector and the
VE. As a consequence, the complete interface definition for any system is the ensemble of (at
most) three ICDS.

The interfaces between the LIGO System & Detector and the Vacuum Equipment (VE) involve
mechanical and electrical interfaces. For each of these areas, the detailed requirements are delin-
eated in text supported with drawings as required; these drawings (each marked with a note indi-
cating that they are part of an ICD) are an integral part of the ICD and subject to the same conhol
procedures as the overall interface control document.

When an interface is site-specific, the definition is provided separately for the Hanford, WA and
the Livingston, LA sites; otherwise, the information applies to both sites.

) APPLICABLE DOCUMENTS
The documents cited in Table 2-1 soecificallv relate to the interface defined and controlled in this
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ICD. In the event of discrepancies, this ICD takes precedence; any conflicts should be repofted to
LIGO Systems Engineering.

Table 2-1: Relevant Documents

DOCUMENT TITLE ID NUMBER

LIGO System Specification LIGO-Eg50084
TITD.CIT.MIT

De sign Confi guration Control Document
(DCCD) PAR-FDCMO]OABlBO3

Vacuum Equipment Technical Specifi ca-
tion, Exhibit I of the RFP LrGO-8940002-02-V

D e tector Sy stem S pecification TBD-CIT.MIT

LIGO Master Schedule Latest Revision

Interface Control Document (ICD):
Detector - Vacuum Equipment LIGO-8950093

Interface Control Document (ICD):
Vacuum Equipment - Beam Tube LIGO-E950092

Interface Control Document (ICD):
Detector - Civil Construction LrGO-E950090

Interface Control Document (ICD):
Beam Tube - Civil Construction LIGO-E950089

3

3.1.

REQUTREMENTS FOR INTERFACE

General Requirements

3.1.1 Responsibilities

The LIGO Integration and Systems Engineering group is responsible for maintaining this ICD
and for resolving interface conflicts which may arise between the involved subsystems. The forum
for interface conflict resolution is the Interface Control Working Group (ICWG). Members of the
ICWG consist of Caltech and MIT personnel; representation of LIGO contractor interests is
through the subsystem task managers. It is the responsibility of the subsystem task leaders to
insure that they and their contractors design and implement in accordance with this interface spec-
ification.

3.1.2 Schedules

The LIGO program office is responsible for maintaining the master project schedule. Schedules
often have significant interface impacts. Recognizing the often volatile and certainly evolving
nature of project schedules, they are included only by reference.
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3.1.3 Dimensioning

All interface drawings in this document shall be dimensioned in english units with metric units in
parentheses.

3.1.4 CoordinateSystem

The common coordinate system to be used in global dimensioning for interfaces is a Cartesian
system with its origin located at the comer station vertex (intersection of the projected beam tube
centerlines) and with its:
. x-axis aligned along the northwest beam tube centerline in Hanford, WA and along the south-

west beam tube centerline in Livingston, LA. These anns are also denoted "Right Arm" or
"X-Arm".

y-axis aligned along the southwest beam tube centerline in Hanford, WA and along the south-
east beam tube centerline in Livingston, LA. These arms are also denoted "Left Arm" or "Y-

Arm".
z-axis aligned upwards along the normal to the x-y plane.
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3.2 SpecificRequirements

3.2.1 Site Independent

3.2.1.1 Mechanical

3.2.1.1.1 CDS-VE Interface Racks

3.2.1.1.1.1 Interconnection

VE sensors and actuators which require interfacing to the VCMS are to be routed to, and termi-
nated at, the Vacuum Cross-Connection Area of the appropriate CDS-VE Interface Rack. The
Vacuum Cross-Connection Area is on the side of the rack (as indicated in Figure 3-l) and con-
sists of ptmduit and DIN rails for routing and termination. All wire routing and termination on the
other side of the DIN rail connection (i.e- within the CDS-VE Interface Rack and between the
CDS-VE Interface Racks) is the responsibility of the Detector/CDS group.

3.2.1.1.1.2 Rack Space Allocation for VE 24V Power Supply

In each CDS-VE Interface Rack, a4U height (7" ll78 mml) by 28" Ull mml maximum depth is
reserved for a standard 19 in. rack mounted power supply to be fumished by the YE solely for its
use; The CDS group will cable and terminate the supply outputs at the DIN rails in the Vacuum
Cross-Connection Area at appropriate locations (see sections 3.2.2.2.1 and,3.2.3.2.1 for intercon-
nect wiring).

3.2.1 . I .2 Chamber Intental Attachment Brackets

3.2.1.1.2.1 Dimensions andLocations

The locations and details of the brackets available for use in attaching Detector components to the
interior surface of the main cylindrical vacuum chamber are as indicated in drawing LIGO-
D96O316 for the BSC chamber and D96xxxx (TBD-VE; use VE specification drawing Dl101051
in the interim) for the HAM chamber.

3.2.1.1.2.2 LoadCapacity

The brackets are not intended to take significant moments at each bolt connection; moments are to
be reacted by distributing the load via multiple bolt hole connections. The maximum static loads
which can be applied to any bolt hole on any of the brackets (independent of loads to other holes
and brackets) are as indicated in Table 3-l .

3.2.1.1.3 BSC Chamber Floor

The floor in the BSC chamber rs:
. designed for a 500 kg point load
. flat and level to +/1 5 mm, but with a segmented surface (for removal)
. extends to within 25 mm of the interior wall of the chamber
. are tangent to the bottom of the large access poft nozzle diameters
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Figure 3-1: CDS-VE Interface Rack

Rack f,'ront View

CDS
Equipment

CDS
Equipment

_a
4U

7" [178 mm]-T
I
l N / A

I

llffi

H

VE Power Supply
(standard 19" mount)

CDS
Equipment

Table 3-L: Chamber Bracket Attachment Load Capacity

Load Direction
Marimum Load per BoIt

tbf tNl

vertical TBD.VE

radial TBD-VE

tangential TBD.VE
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3.2.1.1 .4 Chamber Interface Ports

3.2.I. I .4.1 Dimensionsandl,ocations

There are three types of flanged nozzles on each chamber used to interface with Detector compo-
nents, as indicated in drawings LIGO-D960376 and LIGO-D960377 for the BSC chambers and
LIGO-D96xxxx (TBD-VE\ for the HAM chamber:
. SIS support beams
. Electricalfeedthroughs
. Optical ports
The number and position of these ports are indicated in the referenced drawings.

3.2.1.1 .4.2 Flange Details

The interface ports are provided with blank-offs installed. The flanges are all non-rotatable, con-
flatl type, or compatible altematives. For interchangeability, all flanges of the same diameter are
to be of the same design and from the same vendor (vendor TBD-VE). The flange sizes are as
indicated in drawings LIGO-D960376 and LIGO-D960377 for the BSC chambers and LIGO-
D96xxxx (TBD-VE use VE specification drawing DI101010 in the interim) for the HAM cham-
bers. In all cases, the flange bolt holes straddle natural centerlines of the nozzle (i.e. the intersec-
tions of the vertical and horizontal planes with the flange face as shown in the Figure 3-2).

Figure 3-2: Chamber Flange Angular Alignment (non-rotatable, conflata type)

I t l

F
U

.]

t
H

BOUT HOLES STRADDLE
NATURAL CENTERLINES

(+/- l DEGREE)

/

IN THE PLANE OF THE
FLANGEFACE

a. Resistered ftademark. Varian Vacuum Products

1. Registered trademark, Varian Vacuum Products
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3.2.1 .l.5 Vacuum Tube Ports

3.2.1. 1.5.1 Dimensions and Locations

There are six ports on each of the vacuum tube adapters. The dimensions and locations of these
ports are as indicated in drawing LIGO-D96xxxx (TBD-VE use VE specification drawing
D1101 100 in the interim).

3.2.1.1.5.2 FlangeDetai ls

See section 3.2.1.1.1 .2

' t 1 i Washington Site

Note that the Mid-Station and End-Station Buildings have identical floor plans. Furthermore, the
Mid- and End-Stations on the Y-Arm are mirror imases of the Mid- and End-Stations on the X-
Arm.

3.2.2.1 Mechanicallnterfaces

3.2.2. 1. I General Configuration and VE Stay-Clear Envelopes

The overall configuration and layout of the VE and the critical location dimensions are as given in
drawings LIGO-D960373, LIGO-D960374 and LIGO-D960375; These drawings are in compli-
ance with the VE System Specification and are cited herein as reference only -- there are no addi-
tional interface requirements regarding the layout.

Stay-clear envelopes, or exclusion zones, reserved for VE are listed in Table 3-l with reference to
appropriate drawings for definition.

TBD-VE:ll/.id-station drawing to be rovised to indicate the annulus ion pumps on the +Y side of the vac-
uum manifold.

TBD-VE:End-staion drawing to be revised to indicate the annulus ion purnps on the +Y side of the vacuum
manifold.

Table 3-2: VE Stay-Clear Envelope Definition

VE Component
LIGO drawing number

comer station mid-station end-station

Piping (LN2, GN2, exhaust, instrument air)
and pipe bridge

D960373 D9603744 D960375b

Pumps: Rough Pump (RP) and Turbo-
Pump (TP) Carts and annulus ion pumps

Vacuum envelope: manifolds & chambers
& suppoft stuctures

Electrical conduit stub-up locations D960042 D960043 D960044
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The RP and TP exclusion zones include a stay-clear region around the pumps for access during
use. The access region of the RP and TP exclusion zones can be used for transitory purposes.

3.2.2.1.2 Detector Stq)-clear Envelopes

Stay-clear envelopes, or exclusion zones, reserved for Detector elements are listed in Table 3-3
with reference to appropriate drawings for detailed definition. (Note: Although the stile is pro-
vided by the VE group, it is included here in the detector stay-clear envelope definitions to distin-
guish it from contractor provided equipment.)

a. A movable cross-over stile will be used to provide access to the region behind the VE vacuum manifold after
acceptance testing of the VE. This stile will be designed around the

b. The orientation of the chambers are to be define.d (chamber rotxionTBD-VE) in the configuration/layout
drawings, LIGO-D960373, D960374 and D960375.

The exclusion zones for the CDS electronics racks include a stay-clear region around the racks for
door swing and access to equipment/connections inside the racks. The access region of the rack
exclusion zones can be used for transitory purposes.

3.2.2.1.3 CDSNCMS-VE Intetface Rack Locations

The number and location of CDS-VE Interface Racks are indicated in drawins D960378.

3,2.2.2 Electricallnterfaces

3.2.2.2.1 CDSNCMS

The signal interconnection (wiring) diagram for the CDS/VCMS interface with the VE is given in
the drawings cited in Table 3-4.

Table 3-3: Detector Stay-Clear Envelope Definition

VE Component
LIGO drawing number

comer st^tion mid-station end-station

CDS electronics racks D960378,
she€t I

D960378,
sheet 2

D960378,
sheet 2

Stile (for access to the vertex region) D960378,
sheet 1

TBD.CIT-MIf N/A

PSL D960378,
sheet 1

N/A N/A

ACS optical tables/fi xtures T'BD-CI'I'-MIT TBD-CI7"MIT TBD.CI'I'-MIT

SIS support structure and columnsb BSC chamber: D950132
HAMchamber: D950134

Cable traylconduit (under/around vacuum
manifold and chamber)

TBD.CIT.MIT TBD-CIT-MIT TBD-CI7}MII'
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Table 3.4r CDS/VCMS-VE Electrical Interconnection

drawing title drawing number

CDS Interface Diagram: LIGO \rE Vr'A Site:
Comer Station

D960101

CDS Interface Diagram: LIGO VE WA Site:
Left Mid-Station

D960102

CDS Interface Diagram: LIGO VE WA Site:
Rishr Mid-Srarion

D960103

CDS Interface Diagram: LIGO \rE WA Site:
Left End-Station

D960104

CDS Interface Diagram: LIGO VE WA Site:
Rieht End-Station

D960105

3.2.2,3 Thermallnterfaces

Not applicable.

3.2.3 Louisiana Site

Mid station buildings exist only at the Hanford, Washington site. At Livingston, a pump station
building with a VE gate valve and space for portable pump carts will exist at the 2km point.

3,2.3.1 Mechanical

3.2.3.1.1 General ConJiguration and VE Stay-Clear Envelopes

Refer to section 3.2.1.1. I where the corresponding drawings arc TBD-VE (a subset of the Wash-
ington site drawings). There are no Detector-VE interfaces at the l,ouisiana mid-station.

3.2.3.1,2 Detector Stay-clear Envelopes

Refer to section 3.2.1.1.2 where the corresponding drawings ate TBD-CIT-MIT (a subset of the
Washington site drawings).

3.2.3.1 .3 CDSNCMS-VE Interface Rack Locations

The number and location of CDS-VE Interface Racks are indicated in drawine D960378.

3.2.3.2 Electrical Interfaces

3.2.3.2.1 CDSNCMS

The signal interconnection (wiring) diagram for the CDS/VCMS interface with the VE is given in
the drawinss cited in Table 3--.

page 11 of 17



LIGO-8950091-00-E

Thble 3-5: CDS/VCMS-\'E Electrical Interconnection

3,2.3.3 Thermallnterfaces

Not applicable.

drawing title drawing number

CDS Interface Diagram: LIGO VE WA Site:
Comer Station

TBD-VE

CDS Interface Diagram: LIGO VE WA Site:
Left Mid-Station

TBD-VE

CDS Intedace Diagram: LIGO VE WA Site:
Rieht Mid-Station

TBD-VE

CDS Interface Diagram: LIGO VE WA Site:
Left End-Station

TBD.VE

CDS Interface Diagram: LIGO VE WA Site:
Risht End-Station

TBD.VE
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INTEREACE VERIFICATION
Verification of the interface is to be performed by one of the following methods:
. Test/Measurement

A test (wherein the specific test is to be specified) is conducted to insure compliance with the
ICD requirements. In some cases this test may be part of a planned component or subsystem
test program and not required specifically for verification of the interface.
Inspection
In some cases verification may be accomplished by an inspection of the physical article (e.g.
measurement of critical dimensions).
Analysis
Verification by analysis (wherein the specific analysis is to be specilied) may be appropriate in
instances where verification by test is expensive or impractical.
Demonstration
Demonstration may be used for qualitative determination of properties and performance of an
item. Demonstration is accomplished bv observation of the item in the performance of its
function.
Similarity
Arguments of similarity of design may be invoked to verify compliance with interface require-
ments (e.g. lifetime of a component based upon demonstrated lifetime of similar component
desiens).

The specific verification method is called out for each of the requirements in the following table.

Thble 4-1r Verification Matrix

Para. Requirement Title
\ s
F q

s.s
?

s *
wt

3 . 2 . 1 . 1 . 1 . 1CDS-VE Interface Rack Interconnection

3.2 . t .1 . r .2Rack space allocation for VE 24V power supply

3.2, 1.1 ,2.  I Chamber internal attachment bracket dimensions and locations

3.2 . t . r .2 .2Chamber internal attachment bracket load caoacitv

3.2-1.1.3 BSC chamber floor

3.2.1.1.4.1 Chamber interface oort dimensions and locations

3.2.1.1.4.?
3.2.1.1.5.Z

Chamber interface pon flange details

3 . 2 . 1 . 1 . 5 ,  1 Vacuum tube oon dimensions & locations
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Table 4-1: Verification Matrix

Para. Requirement Title
\ t s

&
3

E

s
F

3.2.2.1.1
3.2.3. t .1

General configuration and VE stay-clear envelopes
dwgs

3.2.2.1.2
3.2.2.1.3
3.2.3.1.2
3.2.3. t .3

Detector stay-clear envelopes
dwgs

3.2.2.2.1
3.2.3.2.1

CDS/VCMS-VE electrical interfaces
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5 NOMBNCLATURE AND ACRONYMS

Acrcnyru Meqning

Arm One of the two perpendicular beam lines which constitute the LIGO interfemmeter vacuum enve-
loDs betwegn stations

BT Beam Tube

BTE Beam Ttbe Enclosure

Caltech Califomia Institute of Technology

CB Circuit Breaker

CC Civil Construction

Corner Station The vertex or point of intersection of the LIGO arms. Also may refer to the facilities erected
around this point. It is also called the vertex or vertex station.

DCCD Design Configuration Conftol Document -- the requirements document for the Civil Construction
design

End-Station The 4 km termini of the LIGO arms . There are buildings situated at these points at both sites.

ICD Interface Control Document

ICWG Interface Conhol Working Group

LICO Laser Interferometer Gravitational Wave Observatory

iff if and only if

KVA Killo-volt-amperes; apparent power (total curent times ms voltage)

LNz Liquefied nitrogen (cryogenic fl uid)

LVEA Laser and Vacuum Equipment Area

Mid-Sution The 2 km mid-points along the LIGO arms. At the Hanford site, there are buildings located at the
mid-station. At the Livingston site, there is no mid-station building, just a rninor expansion of the
Beam Tube Enclosure (BTE)

MIT Massachusetts Institute of Technology

N/A Not Applicable

N.B. Nota bene: Ilote well

NEMA National Elecftical Manufacturer's Association

sIs Seismic Isolation System; a Detector Sub-system

TBD To be determined (for as yet unspecified quantities).

TBR To be resolved/reviewed; used when a provisional data value is possibly uncertain

VCMS Vacuum Control and Moniroring System

VE Vacuum Equipmsnt
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VEA Vacuum Equipment Area

Vertex The point of intersection of the LIGO arms. Also may refsr to the facilities erected around this
point. It is also called lhe corner or corner station.

q electrical power phase

LIGO-895009 I -00-E
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6 DRAWINGS:

LIGO Dwg
(PSI Dwe)

Title
Subtitle

No. of
Sheets

Completed

D960101-00-V
(v049-3-123-P1)

CDS Interface Diagram: LIGO VE WA Site:
Comer Station

4

D960102-00-V
(v049-3-208-Pl)

CDS Interface Diagram: LIGO VE WA Site:
Left Mid-Station

2

D960103-00-v
(v049-3-308-P1)

CDS Interface Diagram: LIGO VE WA Site:
Risht Mid-Starion

2

D960104-00-v
(v049-3-408-P1)

CDS Interface Diagram: LIGO VE WA Site:
Left End-Station

I

D960105-00-v
(v049-3-508-P1)

CDS Interface Diagram: LIGO VE WA Site:
Risht End'Station

1

D960373-00-V
(v049-5-001-P4)

Equipment Anangement: LIGO VE WA Site:
Corner Station

1

D960374-00-V
(v049-5-004-P4)

Equipment Arrangemenr: LIGO VE WA Site:
Risht Mid-Station

I

D960375-00-V
(v049-5-0os-P4)

Equipment Arrangement: LIGO VE WA Site:
Risht End-Station

I

D950132-01-V Detector/Sls Stay-Clear Envelope Around HAM Chamber 2

D950134-01-V Detector/SlS Stay-Clear Envelope Around BSC Chamber 2

D960376-00-V
(v049-4-001-P5)

BSC Chamber 5

D960377-00-V
(v049-4-014-P1)

Tlpe 1 Cover, BSC Chamber 1

TBD-VE HAM Chamber

D960378-00-E Detector Stay Clear Enveiopes (racks, stile, ACS, PSL) 2

D960042-01-V
(v049-3-r24-P2)

Electrical Stub-Up Plan, LIGO VE, Comer Station 2

D960042-01-V
(v049-3-r24-P2)

Electrical Stub-UD Plan. LIGO VE. Rieht Mid Station I

D960042-01-V
(Y049-3-r24-P2)

Electrical Stub-UD Plan. LIGO VE. Risht End Station I
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