NCSX Training Module 9

Annex 9-1

The NCSX Systems Engineering Processes 


Background and Purpose:
NCSX Training Module 9 (WBS Dictionary and Management Plans) provides an overview of the various Management Plans and Procedures specific to the NCSX Project.  This Training Session will address in greater detail the contents of the NCSX Systems Engineering Plan (NCSX-PLAN-SEMP) and associated NCSX procedures. In several instances, the details contained in the SEMP are expanded out in separate NCSX Training modules and these will be referenced. 
The SEMP is the top-level engineering management plan and outlines the engineering systems and processes for the NCSX Project during the construction phase.  The SEMP and all subordinate NCSX engineering plans and procedures are derived from the concepts and approaches outlined in the SEMP.  The SEMP and subordinate plans and procedures fully commit the Project to follow the guidelines contained in existing relevant DOE orders specified in the PPPL Master Contract and PPPL plans, procedures, and standards.  NCSX-specific plans and procedures have been developed as needed to expand on or augment the requirements and processes defined in the relevant PPPL plans, procedures, and standards.  The most recent version of the NCSX SEMP is located at:

http://ncsx.pppl.gov\SystemsEngineering\Plans_Procedures\NCSX_Mgmt_Plans.htm
 The NCSX Systems Engineering Plan: 
· The Systems Engineering Process and Management:

Systems Engineering (SE) is integral to the NCSX management approach.  SE is a disciplined set of processes for engineering design development that originally started in Department of Defense programs and has now been expanded to DOE programs as well as industry.  The application of System Engineering principles has driven the development of the following processes to ensure that:

· Common databases are established and controlled for documents and drawings to ensure that everyone is using the same information.  This includes the establishment and implementation of controlled configuration control processes to ensure that proposed changes to system configurations are properly processed and approved and that the common databases are updated in a timely manner.

· System requirements are developed through an iterative process in which the overall objective is to develop an optimally balanced and robust design that meets cost and schedule objectives.  

· System requirements and design constraints are allocated to subsystems and components through a hierarchy of specifications.  Requirements will be traceable and verifiable.  Configuration Items (CI’s) 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.  A CI may be a subsystem, a component, assembly, or subassembly.  The WBS Manager will determine the appropriate level of the CI.  The process of identifying and agreeing to the interfaces between CIs is key to fully understanding requirements and design constraints. 

· Design reviews are conducted during the project cycle to ensure that the design is robust and meets requirements at all levels, identifies deficiencies, and allows correction in a timely manner.  

· Verifications are conducted at the CI, subsystem, and system levels to assure that the “as-built” design meets specifications.  This may take the form of testing, prototypes, and/or analyses.

The Engineering Manager has overall responsibility for implementing the SE program on the NCSX Project.  The Systems Engineering Support Manager and the Design Integration Manager support the Engineering Manager in implementing the SE program.  In the line organization, the Engineering Manager has a series of Project Engineers/Responsible Line Managers (RLMs) that report directly to him and are responsible for the respective design and manufacturing/assembly operations for NCSX.

To be successful, the SE approach requires a have broad and coordinated participation by a wide spectrum of project participants.  The NCSX Systems Integration Team (SIT) has been established with the charter to facilitate this integration.  The SIT provides the project has an established a forum for discussion of systems engineering matters such as requirements interpretation, potential areas of risk, system level trade studies/analyses, coordination of processes, and resolution of issues.  Resolutions are worked outside the SIT by the responsible organizations and designated working groups formed as needed to address and resolve specific issues.  Results are reported back to the SIT. The SIT will facilitate obtaining decisions through line management that are best for the project as a whole.  The SIT will meet on a regularly scheduled basis with a frequency appropriate to the phase of the program and magnitude of system related activities in progress.
· SE Project Planning and Control:
As described in the in the Project Execution Plan (NCSX-PLAN-PEP), the NCSX Project is responsible for developing and maintaining an integrated cost and schedule management process.  NCSX will use the existing PPPL Project Control System (PCS) as described in the PPPL Project Control System Description.  

WBS Managers develop detailed, resource-loaded schedules in collaboration with the Project Control Manager that include all the labor and procurements required to complete the required scope of work.  The resource loaded schedule will be maintained in a Primavera Project Planning (P3) database. Jobs will be identified in the resource loaded schedule that will be used as the basis for earned value reporting.

While many different planning tools and documents will contribute to ensuring that the necessary activities are properly identified, planned, and executed, the focal point for planning work on NCSX is the PPPL Work Planning Form (WP).  PPPL Work Planning Procedure ENG-032 provides the guidelines for preparing a WP.   The WP defines project expectations for the WBS Managers for each phase of the project in the form of a checklist of activities and deliverables that need to be provided for a design review and/or field-related activities.  These activities and deliverables are addressed by WBS Managers in the development of the detailed schedules.  NCSX Training Module 4 (Work Authorization) and NCSX Procedure PROC-004 (Work Authorization) contains greater detail, discussion, and guidance in developing WPs for the NCSX Project.
The WP is the starting point in the work planning process and will eventually evolve into a job estimate represented by resource loaded plan  as a first step in getting the work authorized to proceed. Once the job estimate has been reviewed and approved by the RLM, the Project Control Manager will enter the job estimate, in the form of logically linked resource-loaded tasks with estimated durations, into the P3 database and generate a Work Authorization Form (WAF) and open a job cost account.  On the NCSX Project, the WAF is represented by a detailed P3 resource loaded schedule for that job. Work will be authorized in advance of the scheduled start date, but not necessarily at the beginning of each fiscal year.  The WAF will be the basis for work authorization (i.e., the job manager can start work).
· The Systems Engineering Processes:

· Definition of Technical Requirements

Technical requirements for the NCSX Project are captured in a hierarchy of requirements documents.  These requirements are initially defined in a hierarchy of specifications and then evolve down into detailed models and drawings.  NCSX Training Module 3 (Specifications, Design Criteria, and Statements of Work) contains greater detail, discussion, and guidance in developing requirements documents for the NCSX Project.
Training Module 3 and the associated Specification Guidelines link on the NCSX Engineering Web page defines the three basic type of specifications:

· Development Specification – a document which states performance, interface, and other technical requirements in sufficient detail to permit design, engineering for service use, and evaluation. The General Requirements Document (GRD) and System Requirements Documents (SRDs which are the tier of specifications immediately below the GRD) are development specifications.  Lower tier development specifications may also be generated.  Development specification should be maintained current during production when it is desired to retain a complete statement of performance requirements.  Format guidelines for development specs are provided on the NCSX Engineering Web.
 

· Product Specification  - a document applicable to a production item below the system level which states item characteristics in a manner suitable for procurement, production, and acceptance. Product specifications are oriented toward procurement or fabrication of a product through specification of primarily performance requirements or detail design requirements. There are two basic types of Product Specifications:
· Performance Specifications - a performance specification is used for procuring a component by specifying its functionality - the supplier does the design.  It states requirements in terms of the required results and provides criteria for verifying compliance, but it does not state methods for achieving results.  It defines the functional requirements for the product, the environment in which it must operate, and the interface and interchangeability requirements. 
· Detail Specifications. A detail specification is used for procuring or fabricating a component by specifying its design - the project does the design.  It specifies design requirements such as materials to be used, how a requirement is to be achieved, or how an item is fabricated or constructed. 

 

· Product Requirements Lists- product requirements lists (PRLs) are used for purchasing commercially available items.  PRLs should describe, by functional or performance characteristics, the available, acceptable commercial products that will satisfy the Project's needs.  The format of the PRL is at the discretion of the originator.  However, PRLs must be referenceable documents, signed, and subject to revision control.  
· Definition of Contract Requiements 
A Statement of Work (SOW) should specify in clear, understandable terms the work to be done in developing or producing the goods to be delivered or services to be performed by a contractor.  A SOW defines (either directly or by reference to other documents) all non-specification requirements for contractor effort. Qualitative and quantitative design and performance requirements shall be contained in specifications or standards. Such specifications are typically referenced in the SOW but the specific qualitative or quantitative technical requirements shall not be spelled out in the SOW.  Not all procurements require a separate SOW and specification, but it is anticipated that most contracts for large and complex systems will require a SOW which will form the basis for successful performance by the contractor or developer.
NCSX Training Module 3 (Specifications, Design Criteria, and Statements of Work) also contains greater detail, discussion, and guidance in developing Statements of Work  for the NCSX Project.  Additionally, the NCSX Engineering Web page has a link to SOW guidelines.

· Definition of  Installation and Assembly Processes

As the design progresses into the fabrication stage, the product specifications will give way to installation and assembly procedures.  These documents provide the step-by-step processes and material requirements for installation and assembly. Specific requirements for these procedures are outlined in PPPL Engineering Procedure ENG-030, PPPL Technical Procedures for Experimental Facilities.
· Models and Drawings

For the NCSX Project the majority of the drawings and models will be developed using Computer Aided Design (CAD) software; e.g., Pro/Engineer for mechanical 2D and 3D drawings and models and AutoCAD for electrical drawings.  All drawings and models that interface with the stellarator core will be prepared in 3D using Pro/Engineer.  NCSX Training Module 6 and NCSX Procedure PROC-006 (Control of NCSX Supplier and In-House Fabrication Information) and PROC-007 (NCSX Electronic Model and Drawing/INTRALINK Processes) contains greater detail, discussion, and guidance in developing requirements documents for the NCSX Project.

· Deviations and Non-Conformances

A deviation is a specific written authorization to depart from a particular requirement(s) of the item’s current approved technical documentation.  A Request for Deviation (RFD) must be submitted and granted prior the start of the first manufacturing step that incorporates the proposed deviation. A RFD shall be submitted by the manufacturing organization (project or supplier) in either a letter or tabular format and will contain specific required information as defined in the NCSX Request for Deviation Procedure (NCSX-PROC-009).
Non-conformances are similar to deviations in the intent to document departures from the technical performance or design requirements.  Non-conformance requests shall be used to document departures from technical performance or design requirements that cannot be documented via a RFD (e.g., after the start of a specific manufacturing step). PPPL QA Procedure QA-005, “Control of Nonconformances,” provides the guidance on the preparation, processing, and approval of Non-Conformance Reports (NCRs).  
As indicated in the NCSX Configuration Management Plan (NCSX-PLAN-CMP), if the project decides to not update the design documentation to as-built configuration, it is acceptable to make notations on individual models and drawings to indicate approved Requests for Deviation (RFD) and/or NCRs.
· Risk Identification, Mitigation, and Tracking
As part of the WP process and requirements identified in PPPL Engineering Procedure ENG-032, risk categories are assigned and risk mitigation strategies outlined.  However as the work proceeds additional more detailed level risks are likely to evolve.  These risks will be identified and mitigation strategies addressed in weekly discussions between the NCSX Engineering Manager, the NCSX Project Engineers, WBS Managers and cognizant engineers.  The design engineers, with the appropriate management oversight, establish the specific approaches to addressing the individual risk elements.  These risks are addressed through design improvements, manufacturing studies, prototypes, schedule contingency and cost contingency. 
The Systems Integration Team (SIT) will facilitate identifying areas of critical and near term risk, coordinating the development of risk mitigation plans for these items, and monitoring performance against these plans.  To assist in this process, the SIT has developed a Critical Risk Issues List that is addressed during weekly SIT meetings.  Items on this Critical Items List have three stages of life:
· Stage One – the risk has been identified, but no risk mitigation plan has been developed.
· Stage Two – a risk mitigation plan has now been developed and is being implemented;

· Stage Three – the risk is now retired.
· System Build, Test, and Demonstration
The system build process begins with design definition and continues until the system is constructed and is ready for integrated systems testing.  As part of the systems engineering process, the build of the system is an extension of the requirements analysis and design tasks for all subsystems and components. 
NCSX will be constructed at PPPL using existing procedures and practices that are familiar to PPPL staff. The following NCSX Training Modules and the associated NCSX Procedures contain greater detail, discussion, and guidance to the existing PPPL procedures and policies:

· Training Module 3 (Specifications, Design Criteria, and Statements of Work) 

· Training Module 4 (Work Authorization) and PROC-004 (NCSX Work Authorization Process)

· Training Module 5 (Design Review Process) and PROC-010 (NCSX Design Review Process)

· Training Module 6 (Electronic Drawings and Models) and PROC-006 (Control of NCSX Supplier and In-House Fabrication Information) and PROC-007 (NCSX Electronic Model and Drawing/INTRALINK Processes)

System verification is accomplished through a combination of inspection, demonstration, test, and analysis activities. Specifications shall identify requirements in Section 3 (Requirements) and then provide a one-for-one correlation of verification activities (Section 4) to those requirements.

On NCSX, both external and internal design reviews are planned throughout design, fabrication, and assembly processes. External design reviews are determined by DOE and conducted to support DOE Critical Decisions.  Internal design reviews are conducted to assess the technical adequacy of the configuration baseline as it is developed, consistent with ENG-033 Design Verification and P-010 Design Reviews. A NCSX-specific procedure, NCSX-PROC-004 (NCSX Work Planning), has been developed that augments the requirements of ENG-033 and P-010.  These reviews verify the proper development, establishment, and control of the configuration baseline.  They are used to verify conformance with requirements at the system, subsystem, and component levels.  They also serve as an appropriate point to update project technical, cost, and schedule baselines.

· Configuration Management Processes
The Configuration Management (CM) program and processes are described in the NCSX Configuration Management Plan (NCSX-PLAN-CMP).  The CMP and its accompanying NCSX procedure (NCSX-PROC-002).  The physical and functional description of the components, systems, and software/firmware comprise the “configuration” of the NCSX Project.  The NCSX project (and details of its design configuration) is progressively described in greater detail as it proceeds through the design process.  Once a configuration item (CI) is placed under configuration control, any technical, cost, or schedule changes require an Engineering Change Proposal (ECP) to document and approve the change.  In addition, changes to approved for fabrication drawings will require processing an Engineering Change Notice (ECN) as per PPPL requirements.  In lieu of physically preparing as-built drawings, it is considered acceptable to call out on affected drawings the approved NCR and or ECN that documents each nonconformance or change on the drawing and models to represent the as-built condition.  
· Data Management Processes
The NCSX The Data Management Plan (NCSX-PLAN-DMP) describes the processes to be used for document and drawing control.  Training Modules 2A and 2B (Overview of the NCSX Engineering Web) and Training Module 9 (WBS Dictionary and Management Plans) contain greater detail, discussion, and guidance.   
The majority of project documents will be accessible electronically. These electronic records are subject to the same degree of configuration and revision control as those hard copy records stored in the PPPL Operations Center.  In addition, in order to maintain the records current, the electronic records on the NCSX Project Web  are automatically backed up periodically (at least weekly) by the PPPL Data Management and Retrieval Systems.  Since these records are subject to the same degree of rigor in maintaining them current, those records stored electronically on the NCSX electronic sites are considered to be a satellite locations of the PPPL Operations Center. 

Electronic Data will be stored in seven electronic sites and physical data not readily convertible to electronic format will be stored in hardcopy format in the PPPL Operations Center.  
The NCSX Document Records Plan (NCSX-PLAN-DOC) defines the official documents and records for the design, fabrication, and construction stages of the NCSX Project, including commissioning prior to first plasma. This document defines the purpose, content, format, approval level, records retention requirements, and file/document naming convention for each document and record. The DOC meets the requirements of PPPL Policy P-015, Records Management, and GEN-023, Records Management.
· Interface Control Processes
Interface Control is that part of system design integration that generates and administers technical agreements between two or more activities, when the products must assemble and/or function together. An interface may define a written agreement between WBS systems or define a physical boundary, mating surface geometry or attachment details that exist between two adjoining WBS components.  

At the current time, the entire Interface Control processes are being revisited. While existing guidance is documented in the NCSX Interface Control Plan (NCSX-PLAN-ICMP) and PROC-003 (Interface Control), the NCSX Project is considering simplifying the entire process for identifying and documenting interfaces. 
· Other Related Engineering Processes

The RAM program to be implemented on NCSX is defined in the NCSX RAM Plan (NCSX-PLAN-RAM).  The RAM Plan will be reviewed and approved as part of the Final Design Review (FDR).  The RAM program will utilize a graded approach that is based on consideration of risk.  The RAM program will utilize a graded approach that is based on consideration of risk.  WBS Managers are responsible for optimizing designs for reliability and maintainability through systematic evaluation of design options, and for performing failure modes, effects and criticality analysis (FMECAs) for RAM design improvement and verification. 

Value Engineering (VE) is the systematic application of recognized techniques by a multi-disciplinary team to identify the function of a product or service, establish a worth for that function, generate alternatives through the use of creative thinking, and provide the needed functions to accomplish the original purpose of the project at the lowest life-cycle cost without sacrificing safety, necessary quality, and or environmental attributes of the project.  The NCSX Project has applied and continues to apply VE methodologies following a graded approach to the formal elements of VE.

The NCSX QA program provides a framework that defines quality in terms of goals and expectations and establishes processes to fully integrate the quality function into all phases of the program by providing continual, independent, and disciplined reviews/audits of all processes, products, and services.  The Quality Assurance Plan (NCSX-PLAN-QAP) establishes the requirements for controlling work and for providing management and independent self-assessments to find, report, and solve problems.
Manufacturing processes, inspections, and tests will be documented in Manufacturing, Inspection, and Test/QA (MIT/QA) Plans.  The purpose of these plans is to provide an up-front understanding of how an item will be manufactured, how it will be inspected, and how it will be tested to ensure compliance with the specification requirements.  These plans shall include a process flow diagram showing each of the major manufacturing operations.  They will identify any special process procedures required to produce the component to be fabricated.  Inspection and test plans shall also be described.  The MIT/QA Plans, along with product specifications, provide the technical basis for the procurement of components. 
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