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Change Record:
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1 Introduction

The purpose of this document is to capture the interface definition for the advanced LIGO system. The nature of all Interface Control Documents (ICD) is to describe the design implementation of the requirements in the specifications (requirements and design descriptions) as they relate to interfaces. During the design phases of the program the ICD is a 'living' document; It must be actively maintained and controlled. Once the ICD has achieved a reasonable level of completion (at least for sections related to a few subsystems), it will be released with a Document Change Notice (DCN) which is signed by the leaders/managers for all subsystems involved. This places the ICD under configuration control. For each subsequent revision, a DCN is required. This DCN is initiated by the systems engineering group and signed by all the leaders/managers of the effected subsystems. The DCN lists the changes and the reasons for the changes. The DCN also indicates if the changes effects cost, schedule or performance. It is the responsibility of the systems engineering group to arrange for appropriate review or approval by a Material Review Board (MRB), Technical Review Board (TRB) or the Configuration Control Board (CCB) as required in the process of reviewing the DCN.

The advanced LIGO system is divided into subsystems as listed in Table 1. Of all the possible pair wise interactions, less than half are expected to have interface definition, as indicated in Table 1. The green cells indicate the ICDs which are relevant to SUS/UK as an example.

Table 1: Subsystem interface matrix
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Note: The cells in Table 1 should eventually cite the section in which the interface is defined.

The Suspension subsystem is further divided into the United Kingdom (UK) team's scope and the United States (US) team's scope. In this way the interfaces between elements common to the overall assemblies produced by both teams are effectively captured in this ICD.

The Advanced LIGO Work Breakdown Structure (WBS), M030120-00, defines the scope of the subsystem efforts and deliverables. Since the time of the proposal and this WBS statement, it has been decided that preparation for Installation as well as Support Equipment (SUP) are to be part of Facilities (FAC), i.e. FAC is now facilities modification and preparations.

2 Content and format

A suggested standard subsection format is given below.
 This outline is not mandatory but serves as a reminder of topics to consider.

The requirement section is organized per the ICD Matrix above, by row. Each bilateral ICD section are stand-alone documents.

The following provide guidance on what is, or is not, appropriate for inclusion in the ICD:

· In general an interface requirement defines the implementation on both sides of the interface.

· Scope, responsibilities & schedules are not in the ICD. Responsibilities are handled through the scope definition in the WBS dictionary (M030120-00) and in the subsystem development plans. Schedules are handled by a detailed and a top level schedule, both routinely updated, coordinated and released by LIGO Lab.

· Statements of compliance with overarching requirements (e.g. the Generic Requirements and Standards, E010613-01; Drawing Requirements, E030350-A; Vacuum Compatibility, E960022-B, etc.) are not interface requirements.

· In principle EMC requirements could be an interface requirement, where for example one subsystem permits more source emission by hardening themselves. However, in LIGO we expect all subsystems to comply with the EMC requirements stated in the Detector Generic Requirements and Standards, E010613-01; and not deviate by negotiation. Exceptions include in-band magnetic field emission around sensitive receptors (like magnets on suspensions), where in fact the general requirements do not adequately cover compatibility.

· In general, performance requirements for each subsystem are also not in the ICD even if relied upon by another subsystem to achieve their requirements. The performance requirements are typically set at the Systems level by a trade-off. The subsystem requirements are then defined and controlled in separate documentation (the Design Requirements Document for each subsystem). For example, SUS requires a certain amount of isolation performance by SEI. An ICD statement that SEI must comply with SEI's requirements is redundant. If in the course of time it is realized that a better partitioning of requirements should be made (for example SEI provides less isolation and SUS more isolation), then this must be reflected in the performance requirements for SEI and SUS and not in an ICD which allows for a deviation of basic performance requirements.

3 Configuration Control

The ICD will be in considerable flux during the design and development of the subsystems (especially the early phases of design). In addition the disparate subsystem development schedules lead to varying levels of maturity in the definition of the ICD sections. For these reasons the entire ICD (i.e. the collection of all of the bilateral ICDs at the subsystem level) will not be placed into configuration control. Each of the individual ICDs will be configuration controlled. The configuration control procedure is as described in E030350-A. The Document Change Notice (DCN) which releases the ICD must be signed by at least one representative of each subsystem and the systems engineer. The entire ICD will also be occasionally issued and archived. The individual bilateral ICDs will be included as chapters (using the master document feature in MS Word) with their separate LIGO assigned document number and revision indicated; The overall ICD will always have a numbered revision (i.e. not under configuration control). 
Figure 1: Suggested section organization.
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Scope

2

Applicable Documents

3

Requirements

3.1

Physical Interface

3.1.1

Mechanical Requirements: envelope, attachment, obscuration, alignment

3.1.2

Master Tooling

3.1.3

Mass Properties: mass, center of mass position, moments of inertia, axes, model exchange

3.2

Electronic Interface

3.2.1

Command Signals: format, rates, identification

3.2.2

Data Signals: RF characteristics, format, rate, clock, recording

3.3

Electrical Interface

3.3.1

Electrical Power: type, voltage, power profile, protection

3.3.2

Interface Pin Assignments

3.3.3

Electromagnetic Compatibility

3.4

Hydraulic/Pneumatic Interface: type, flow rate, temperature, pressure

3.5

Software

3.5.1

Data: inputs, outputs, rates, accuracies

3.5.2

Messages: format, content, storage

3.5.3

Prototcols: enable, processing, validation, error detection, recovery

3.6

Hardware/Software

3.6.1

Interface: Diagrams, standards and conventions

3.6.2

Timing and sequencing: control and logic, relationships, data transfers, input sensing

3.7

Environmental

3.7.1

Structural: vibration, shock, acoustic, loads, dynamic mode shapes

3.7.2

Thermal: temperature range, heating rates, heat transfer surfaces

3.7.3

Magnetic: flux density, rate of change

3.7.4

Ambient: pressure, temperature, containments

3.8

Safety

3.8.1

Handling: personnel and equipment safety

3.8.2

Laser

3.9

Operational Limits

4

Verification

4.1

Quality Assurance

4.1.1

QA Requirements

4.1.2

ICD Requirements Verification: Matrix

4.2

Tests

4.2.1

Facility Requirements

4.2.2

Receiving Inspection

4.2.3

Installation Requirements

4.2.4

Test Constraints

4.2.5

Test Sequence


When the ICD must make reference to data from another document such as a drawing, it is acceptable to reference or to include the document within the ICD. If the document is included, it should still retain the separately assigned document number and revision field. In either case (referenced or included) the document should include the following note:

Note: ICD INFORMATION: This drawing contains interface information. Revisions must be coordinated with a revision to E030647 and with LIGO systems engineering.

Requirements

3.1 FAC (( SEI

3.2 FAC (( SUS/UK

3.3 FAC (( SUS/US

3.4 FAC (( PSL

3.5 FAC (( COC

3.6 FAC (( DAQ

3.7 FAC (( LDAS

� modified from Defense Systems Management College, Systems Engineering Management Guide, Jan 1990
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