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1 
 Introduction
1.1 Purpose

An interface represents a technical agreement between two or more activities or Work Breakdown Structure (WBS) elements that documents the functional, performance, and physical characteristics required to exist at a common boundary between the activities or WBS elements.  Interfaces serve as integration constraints to ensure that systems and subsystems mutually can be assembled and/or function together.  As the design evolves, increasing more detailed interfaces will also evolve and be documented.  The process described in the Interface Control Management Plan (ICMP) describes the policies and procedures for generating and administering these technical agreements.

The process of defining and managing interfaces on NCSX is called Interface Control and Management (ICM).  The ICM program outlined in this ICMP begins well before the start of conceptual design and ends with project decommissioning.  
Two key requirements of ICM are the:

· Technical efforts to arrive at mutually acceptable technical agreements and the preparation of supporting documentation of these agreements; and

· The administrative efforts to manage the generation of agreements and related documentation, including changes as the design evolves.

The ICM Program is closely linked to the Systems Engineering (SE) program and its detailed supporting programs such as Configuration Management and Data Management. A broader discussion of the relationship of the ICM Program to these is contained later in this plan. 

1.2 Applicable Documents

This ICMP draws on the documents listed below.  Documents referenced are the latest issues of the:

· Systems Engineering Management Plan (NCSX-PLAN-SEMP)

· Work Breakdown Structure (WBS) Dictionary (NCSX-WBS)

· Quality Assurance Plan (NCSX-PLAN-QAP)

· Data Management Plan (NCSX-PLAN-DMP)

· Documents and Records Plan (NCSX-PLAN-DOC)

· Configuration Management Plan (NCSX-PLAN-CMP)

· Pro/INTRALINK Users Guide

1.3 Overview of the Interface Control and Management Program

1.3.1 Responsibility for the ICM Program

The Systems Engineering Support Manager is responsible to the NCSX Engineering Manager for administering the NCSX ICM Program.  At a minimum, the following personnel will be involved in identifying, resolving interface problems, and documenting interface agreements:

· Systems Engineering Support Manager

· Cognizant Project Engineers impacted by the proposed interface

· Cognizant WBS Managers impacted by the proposed interface

· Other personnel deemed necessary to fully define and reach agreement on the interface

A major responsibility of the Systems Engineering Support Manager is to facilitate processing of and approval of scope sheets and ICDs
, resolving interface requirements definition and responsibility disputes (with the concurrence of the responsible Project Engineer and Engineering Manager), and resolution of interface incompatibilities and changes. 

1.3.2 Interface Definition 

1.3.2.1 Primary Interfaces

A primary interface item exists between two separately deliverable items (referred to as Configuration Items/CIs in systems engineering terms) when the mutual boundary area is not controlled by a single WBS manager and/or when, at the discretion of the cognizant Project Engineer, the interface is determined to be critical to the performance of the NCSX program.  Configuration Items (CIs) represent the lowest level of control under configuration management and may be a single physical or functional item or collection of items that will satisfy a final end product or deliverable.  Primary interfaces will be defined, documented, and brought under configuration control by the time of the earliest Preliminary Design Review (PDR) for those CIs.  The methods by which primary interfaces are identified, documented, and managed is controlled by the policies and procedures in this ICMP and other project plans.

1.3.2.2 Secondary Interfaces

A secondary interface is an interface that lies solely within the control of a single WBS Manager, even though it might cross WBS boundaries.  Secondary interfaces will remain under local control by the WBS Manager until such time that the design is completed and the CI ready for delivery or if the CI interface is elevated to a primary interface status.  The methods by which secondary interfaces are identified and managed are left to the discretion of the WBS Manager.  Accordingly, the policies and procedures described in this ICMP are not mandated for secondary interfaces.

1.3.3 Interface Documentation

Primary interfaces are defined by Interface Control Documents (ICDs).  The need for new or updated ICDs may be generated by the introduction of new components/software either by engineering changes to existing designs and/or design evolution.  These ICDs may be either in a drawing (pictorial) or book form (written) format.  As a first step in generating ICDs, scope sheets will be developed for each interface.  Section 2 includes a broader discussion of the ICM process and its documentation.  Approved ICDs will be stored in the Pro/INTRALINK database, either as part of drawings and models or as controlled book form ICDs.

1.3.4 Changes to Interfaces

Once an interface is defined, approved, and posted as an ICD, the interface will come under configuration control.  Generally this will occur prior to the time of the PDR for the impacted CIs.  Changes to interfaces will be processed in accordance with the processes and procedures outlined in the CMP.

2 The Interface Control And Management Process
2.1 Evolution of the ICM Process 

The ICM analysis of an interface begins with the concept design phase and with the identification of the basic interface boundaries, continues through the design and fabrication phases, the operational phases, and ends with project shutdown and decommissioning
.  The major activities in each phase are identified in the following subsections.

2.1.1 Concept Design Phase

During the establishment of the NCSX program in the pre-conceptual and conceptual design phases, a system-level interface analysis was conducted that resulted in the definition of the major functional interfaces for each concept being considered.  These basic interfaces were reflected in the overall Pro/Engineer (Pro/E) models that were developed.  At this stage, although no ICDs were generated, at the completion of Conceptual Design Review (CDR) the initial technical, cost, and schedule baselines are established.  The technical documentation that provided the basis for the establishment of the technical baseline represented high-level interfaces between major components and WBS elements.  These baselines serve as the starting point for the preliminary design phase.  It was also at this point in the Systems Engineering process outlined in the System Engineering Management Plan (SEMP), that the majority of Configuration Items (CIs) that will form the configuration management bases were defined.  

2.1.2 Preliminary Design Phase

Once the conceptual design is established and preliminary design commences, the details and completeness of interfaces increase.  Early in the preliminary design phase, scope sheets are prepared to initiate agreements that will eventually define the primary interfaces required between participants.  As the Preliminary Design Review (PDR) approaches, these scope sheets are converted to preliminary ICDs that define and facilitate coordination between participants in support of the PDR.  ICDs shall be one of the deliverable items to be finalized by the completion of the PDR.  These ICDs then become part of the technical baseline documentation and are under the configuration control processes outlined in the CMP.  In cases where the design has just not progressed to a level of maturity necessary to fully define the primary interface, the interface is defined and documented on the ICD in as much detail feasible with notes and TBDs indicating where additional work is needed to finalize the interface.  As indicated in the SEMP, not all subsystems and CIs undergo PDRs at the same time and so not all subsystems and CIs have their ICDs developed on the same time scale.

2.1.3 Final Design Phase

Following successful completion and resolution/plans to resolve all comments and CHITS resulting from the PDR, the subsystem and CI proceed into final design.  As part of this process, the primary interfaces defined at the completion of preliminary design continue to be refined and increased in detail.  Fit checks and functional integration tests using prototypes (when available) and/or increasingly more detailed models and drawings are conducted to verify that the design has resulted in compatible items.  Existing scope sheets and  ICDs are updated and any new scope sheets and ICDs representing new primary interfaces are developed as part of the Final Design Review (FDR) package.  Successful completion of the FDR is marked by fully detailed and signed off ICDs for each primary interface of the subsystems and CIs being reviewed.

2.1.4 Fabrication Phase

The completed ICDs (whether in a drawing format or book entry format) continue to be controlled as part of the technical baseline.  As the need for modifications are identified, the established interfaces are examined for impacts.  This iterative process of refining and redefining interfaces continues via the configuration change control process until the project is ready for operation.

2.1.5 Operations and Support Phase

Although not part of the scope of this plan, the process of refining of interfaces continues throughout the operating cycle of the experiment.  As changes are proposed, interfaces are continually analyzed and updated with respect to the impact of the proposed modification.

2.2 Scope Sheets and ICDs

2.2.1 Numbering Scheme

Scope sheets and ICDs will utilize a standard numbering scheme that clearly identifies the two impacted WBS elements that interact to form a primary interface.  The following format shall be utilized:
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Figure 2.2‑1 ICD and Scope Sheet Identification Scheme

2.2.2 Scope Sheets

Scope sheets are the first step in the process of generating ICDs representing primary interfaces.  The scope sheet is really only a planning document that provides a formal acknowledgement between two parties that an interface exists between them, who is responsible for documenting the primary interface, and when the primary interface will be defined on an ICD.  These will be generated early in the preliminary design phase and will eventually be replaced by formal ICDs prior to the CDR, although the scope sheets will be retained as historical records since they are useful in providing a prose definition of where primary interfaces exist.  When a scope sheet evolves into an ICD, the SS designation will be changed to ICD so that there will always be connection between the scope sheet and ICD.

Annex I to this ICMP contains a sample Scope Sheet format and a broader discussion of the content of the scope sheet.  Scope sheets will be signed by both parties to the primary interface and will be posted on a scope sheet/ICD interface tracking log shown as Figure  .

2.2.3 Interface Control Documents

2.2.3.1 Interface Types

The format and content of an ICD will vary depending upon the nature of the design requirements documented.  For example, the interface between two electrical connectors may also include mechanical aspects (e.g., connector size, pin/socket configuration, etc.) of the interface.  Thus, an ICD for this interface would necessarily include both electrical and mechanical information on that interface.  Interface design requirements are typically grouped into the following categories:

· Mechanical, including envelopes

· Electrical

· Magnetic

· Fluid

· Environmental

· Sequencing/programming and Timing

· Computer Programming

· Man/Machine

2.2.3.2 Book Form ICDs

Book form or written ICDs are generally used to document functional design requirements (e.g., electrical, sequencing and timing, etc.) where extensive written information or tabular data must be presented.  Book form ICDs may be multi-sheet, letter-size documents.  They may also be used mechanical/envelope interface requirements provided that the information can be adequately displayed on a standard letter-size page.  Every book form ICD shall contain, as a minimum, a title page (including revision number), the unique ICD number, and a description of the interface, and summary/tabular data that defines the interface.

2.2.3.3 Drawing ICDs and Use of Flagnotes

The Pro/INTERLINK Users Guide provides a broader discussion of the preparation of CAD drawings and models using Pro/Engineer software.  Interfaces that can be defined pictorially on a drawing will utilize this format as the preferred method of illustrating primary interfaces.  When the ICD is prepared, the drawing or model will be updated and promoted as appropriate.  The drawing format ICD shall be prepared in sufficient detail to accurately reflect the interface and envelope.  In addition, the overall drawing and model will be annotated to show the ICD number clearly on the drawing and flagnotes used to qualify or amplify information on the interface.

For drawings and models developed in AutoCAD or other project-approved drawing software package, ICDs will also be clearly reflected on the drawing or model.  If the ICD impacts component or subsystem envelopes, the ICD will also have to be reflected on the overall Pro/Engineering model to be used for space allocation and assembly.

Flagnotes will be utilized to amplify interface information.  For mechanical and envelope interfaces, the flagnote will used to display critical dimensions and characteristics to assist the system designers in evaluating potential changes and to assist them in preventing changes that inadvertently alter an interface.  Interface characteristics can be affected by a multitude of details in the design or modification to an electrical circuit, software, or timing or I/O sequencing documents.  This sometimes makes it impractical to flagnote at the piece-part level.  In this case, flagnotes will be placed on a higher level assembly drawing or software program component.  

2.2.3.4 Tracking and Implementation System 


Table 2.2‑1

 is a sample of a scope sheet and ICD tracking log that will be maintained on a sub-web the Engineering Web page that is dedicated to interfaces definition and control.  This web page is envisioned to be a simple Excel spreadsheet format to facilitate various sorting options.
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Table 2.2‑1 Scope Sheet and ICD Tracking Log

Once an ICD is approved and under configuration control, the implementation of the ICD into the impacted documentation shall be tracked as part of the ECP implementation tracking system outlined in the Configuration Management Plan (CMP).  If an approved ICD is later modified as a result of a subsequent ECP, the ICD will be also listed as an impacted document and its implementation tracked.

2.3 Relationship to Data Management and the Configuration Management Programs

2.3.1 Data Management Program

An ICD whether in drawing or book form format is just another technical document that needs to be prepared, controlled, and managed.  The Document Management Plan (DMP) provides a discussion of how these ICDs will be managed.

2.3.2 Configuration Management Program

The Configuration Management Plan (CMP) contains a broader discussion of the overall configuration control process.  Once under configuration control, changes to ICDs, like drawings or models, or specifications are processed via the ECP and will be listed as an impacted document.  As indicated above, the implementation of modifications to ICDs shall be tracked and discussed as part of the detailed ECP implementation status during the monthly status meetings with the WBS Managers.

The design process keeps the interface documentation current by continually addressing primary interfaces between WBS elements.  ICDs approved at the end of the PDR are used as the starting point for any change or modification effort.  The existing ICDs will likely have to be modified to reflect approved changes or design evolution 
as they may modify an existing interface condition or impose an interface condition that did not previously exist.

2.4 Incomplete, Cancelled/Obsolete ICDs

2.4.1 Incomplete ICDs

An incomplete ICD is one in that has been approved and released without a complete definition of, or agreement to, the interface requirements documented in the ICD
.  Incomplete interface definitions may be due a temporary lack of interface data since the design has not matured to a sufficient level of detail or a disagreement over the adequacy of data currently available.  Incomplete interface definition may also result from a lack of contractual authority to proceed with the design or from delays in receiving contractor information on particular aspects of interfacing designs.  Incomplete information on an ICD should be clearly identified and a plan developed on when the missing or incomplete interface information will be available.  When the information becomes available, an ECP will be prepared to reflect the updated information.

2.4.2 Cancelled or Obsolete ICDs

In some rare instances, it may be appropriate to cancel an ICD since it no longer defines an existing interface or the interface requirements have changed so significantly due to design changes such that the ICD is no longer applicable.  Requests to cancel an ICD will be processed via the ECP process.  In cases where the interface requirements have changed so significantly, a new scope sheet and ICD will be developed and approved.

2.5 Interface Incompatibilities

Engineering errors, specification anomalies, manufacturing tolerance problems, etc., may result in interface incompatibilities that may not be discovered until after interface agreements are complete.  Incompatibilities may be detected as the design matures, as prototypes are developed, during functional or verification fit checks, assembly and testing, etc.  All incompatibilities must be identified to the impacted parties to the interface, the cognizant Project Engineer, and the Systems Engineering Support Manager as soon as they are discovered.  The potential impact on other interfaces must also be assessed.  A correction plan will be developed by the two interface parties and may include further analysis, hardware/software redesign, or interface revision to correctly define the actual interface.  More than likely, an ECP will result from the resolution of interface incompatibilities.

2.6 Dispute Resolution

In cases where agreement cannot be reached between two parties, the Systems Engineering Support Manager will request the assistance of the cognizant Project Engineer to resolve the dispute.  If the dispute cannot be resolved at that level, the Engineering Manager will be the deciding official.
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Annex I

Sample Scope Sheet

	INTERFACE SCOPE SHEET

	Scope Sheet Number:
	Date Initiated:

	Title:
	Revision #:          Rev Date:

	Impacted WBS Elements:

	Responsible WBS Mangers:

	Scope of Interface:

	Equipment and Responsibility List:

	Sketch or Drawing of Interface: (or Attach Continuation Sheet)

	Date ICD will be Prepared:

	Related Scope Sheets or ICDs:

	Approvals:

______________________     ______________________     _____________________

    WBS Manager                           WBS Manager                      Project Engineer

______________________________

 Systems Engineering Support  Manager


Guidelines for Completing Scope Sheet

· Scope Sheet Number – Number in accordance with Section 2.2.1.  The Systems Engineering Support Manager will assign the sequential number.

· Date Initiated – Self explanatory.

· Title – The title should contain names of the systems or components to which the interface belongs with the originating system named first, e.g., Power Systems Control to Central I&C.  If the scope sheet contains mulitiple interfaces, the names used will be the names of the interfacing WBS elements.

· Revision and Date – self-explanatory.

· Responsible WBS Managers – identifies the responsible WBS Managers impacted by this interface.

· Scope of Interface – The scope description should be a summary of the Scope Sheet and eventual ICD and its intended purpose.  If deemed important, the scope may also specify the methods to be employed by the ICD to document/verify interface design parameters, such as installation drawings, mated circuits, timing diagrams, etc.  The location of the interface should also be included, e.g., the interface between the shielding and vacuum vessel shall be at the (provide the location by appropriate physical description.

· Equipment and Responsibility List – The equipment responsibility list should consist of listing of interfacing hardware/software/facilities along with their respective identification numbers, common name, and the WBS Manager responsible for their design.  This identifies the which party of the interface agreement has responsibility of taking the lead in defining the interface.

· Sketch or Drawing of the Interface – sketch or drawing in sufficient detail the interface.  An initial layout drawing showing the location of the interface may be sufficient.

· Date ICD will be Prepared – an agreed upon date when the interface will be finalized and converted to an ICD.  In all instances, this will be prior to the PDR for the impacted Configuration Items.

· Related Scope Sheets or ICDs – All known interfaces impacted by the proposed interface that will be or have been identified on other scope sheets or ICDs should be listed.  Related interfaces documented on scope sheets or ICDs should be reviewed for impact whenever this interface is changed.
· Approvals – approval signatures are required for all WBS Managers and Project Engineers that are affected by this interface to formally recognize the agreement.  Signature by the Systems Engineering Support Manager denotes that the scope sheet has been recorded and preparation and approval of the respective ICD will be tracked.



Controlled Document


This is a controlled documentThis is an uncontrolled document once printed.  Check the NCSX  Engineering WebPro/INTRALINK database prior to use to assure that this document is current.











�PAGE \# "'Page: '#'�'"  ��Overall, the document looks very good.  Please see comments below.


�PAGE \# "'Page: '#'�'"  �� What we put in place for the M&IE project is not binding beyond first plasma.  Suggest deleting this sentence.


�PAGE \# "'Page: '#'�'"  ��First appearance – need to write out


�PAGE \# "'Page: '#'�'"  �� Reference first comment.  What we are doing is defining Engineering procedures for the M&IE project, nothing else.


�PAGE \# "'Page: '#'�'"  �� This comes as a surprise to me.  The interface should be defined and come under configuration control by the PDR.  It is done.  It is not a preliminary ICD.  It is a full fledged ICD (the only kind), and fully acceptable for final design because it will provide the basis for completing final design without any further modification and negotiation between the WBS Managers.  Where did this notion that somehow the ICD prepared for the PDR needs to be refined and increased in detail during final design come from?  I strongly suggest lumping Final Design and Fabrication together and say that ICDs will be under configuration control.  If it becomes necessary to change an ICD, the change proposal will be processed through the normal ECP process.  Forget the Operations and Support Phase.  That is outside the scope of the project and not addressed in any other supporting documentation.


�PAGE \# "'Page: '#'�'"  �Page: 1��� Do we really need the NCSX lead-in?  Do we really need the definition down to the 4th level or will the 3rd level suffice? Probably.  If this document goes into the Ops Center where it will be mixed with documents from other projects, it probably would be helpful.


�PAGE \# "'Page: '#'�'"  �� A scope sheet does not evolve into an ICD.  A scope sheet is a planning document.  An ICD is a technical document.  Each primary interface should have one of each.


�PAGE \# "'Page: '#'�'"  �� Please consider preparing a book form ICD for every interface.  If the interface can be completely described in a drawing, then the book form ICD could have a single sentence, which simply points to the Interface Control Drawing.  Drawings will be stored according to their drawing numbers, which are different than the ICD number.  Having a book form ICD for each primary interface should make the tracking much simpler (I think).


�PAGE \# "'Page: '#'�'"  �� Flagnotes make me a bit nervous.  How are they different than callouts that would ordinarily be part of the drawing?  The use of flagnotes must be consistent with our drawing standards as they are part of the drawing.





�PAGE \# "'Page: '#'�'"  �Page: 1��� Illustrative example only


�PAGE \# "'Page: '#'�'"  �� If you have a 4-digit WBS identifier, the first digit should correspond to the level 2 WBS identifier.  The second digit should correspond to the Level 3 ID, etc.  For instance, in your example, 0011 is not allowed.  It should be 1100 or 11XX.


�PAGE \# "'Page: '#'�'"  �� Again, there is no reason that an existing (i.e. approved) ICD will likely have to be modified.  The ICD represents an agreement that we will do it this way so we can go on and not reopen this question again and again.


�PAGE \# "'Page: '#'�'"  �� This is a stretch for me.  I would be hard pressed to approve and release an incomplete ICD.  What in the world does that mean?


�PAGE \# "'Page: '#'�'"  �� There may be two Project Engineers involved if there are two WBS managers.
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