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1. Introduction

1.1.  Purpose of Handbook

The purpose of this handbook is to define the authority and responsibilities of a  Project Chief Engineer (PCE) while conducting a flight project. These responsibilities include leading the engineering team through all phases of a flight program, including  the planning and requirements definition through design and implementation, envelope expansion, and  research objectives. 

1.2. Definition of the Function

The PCE is the lead technical representative on a project and as such assures that the flight research is performed in a safe manner and that the research objectives are accomplished and the technical systems engineering functions are performed.  The main aspect of this position is the technical systems engineering function and the coordination of the project engineering research work among the team discipline engineers and other project personnel.  The PCE may also become responsible for flight envelope expansion, risk management, development of facilities, instrumentation, data displays and analysis methods, interagency coordination and technology transition.

Not all projects will have a Project Chief Engineer.  In this case, these responsibilities will be delegated to a Project Engineer, or a Principle Investigator. 

1.3.  Project Chief Engineer Authority

The PCE is assigned by the Chief of the Research Engineering Directorate and acts with the authority of the Directorate on that project.  The PCE represents research engineering on a project when it comes to decision making and execution of the flight program and is authorized to direct NASA DFRC research engineering personnel assigned to the project for the purpose of systems engineering, research and / or analytical evaluation of the aircraft or its systems.  The PCE is responsible for DFRC  research engineering decisions made in connection with the execution of the research aspects of the flight program.  The PCE is authorized to plan and prioritize engineering research objectives and to determine the best way to accomplish those objectives.  Initial plans or subsequent major changes impacting safety of flight or research objectives will be briefed to the Director of Research Engineering for approval.

2.  Project Functional Responsibilities

2.1. General

The PCE engages in system engineering, planning, coordinating, and directing the overall engineering work needed to successfully complete a project.  On some smaller projects, the PCE will usually perform a wider range of functions like flight test planning, analysis, flight monitoring, etc. than might be performed on a larger project . On larger projects these tasks would typically be provided by supporting staff.

The PCE is responsible for ensuring prioritization of engineering objectives and requirements,  technical decisions, facilitating risk assessment, and planning and coordinating engineering functions.  The PCE must coordinate engineering functions with the Project Manager, Research Engineering management, Operations Engineering, and with other agencies both inside and outside NASA. 

2.2. Systems Engineering

Systems Engineering is defined in the NASA Systems Engineering Handbook 9SP-6105) as:

An interdisciplinary approach encompassing the entire technical effort to evolve and verify integrated and life-cycle balanced set of system people, product, and process solutions that satisfy customer needs.  Systems Engineering encompasses (a) the technical efforts related to the development, manufacturing, verification, deployment, operations, support, disposal of, and user training for, system products and processes; (b) the definition and management of the system configuration; (c) the translation of the system definition into work breakdown structures; and (d) development of information for management decision making.1
Typical functions covered under Systems Engineering include: ( 1) Requirements,  (2) Systems Architecture, (3) Integration, (4) Test Planning, and (5) Operations Planning.

Requirements

Detailed requirements are generated from the goals and objectives of a project.  Requirements flow down from the goals and objectives to overall system requirement and then to subsystem and their decomposition.  Typically the goals and objectives of a project are defined in the formulation phase in conjunction with the initial cost and schedule estimates.  Various tools and mechanisms are used in defining the detailed requirements.  Mission analysis, trade studies, configuration analysis, performance analysis, cost analysis and risk analysis are often elements of defining the detailed requirements.  

Project requirements dealing with costs, schedule, and risk are typically the responsibility of the Project Manager.  Operational requirements are developed by the operations Engineer in response to technical requirement, as are facility requirements.  

Typically at Dryden the Project Chief Engineer is responsible for ensuring that the engineering requirements are well defined and coordinated with the other organizations.  An integrated requirements document for the overall system should be generated.  ORDs are typically generated by the subsystem engineers and should flow from the overall project requirements.  It is the PCE responsibility to ensure that all engineering requirements have been coordinated with the other Directorates.

Typical documentation for function of a project includes:

Project Plan:  Defines top level project requirements (goals and objectives), costs, schedule, etc. typically the responsibility of the Project Manager.

Requirements Definition:  Flows the top level requirements into system level requirements typically the responsibility of the PCE.

Objective and Requirements Document: Defines experiment and subsystem objectives and requirements and is typically developed by the disciplinary engineer.

Design Description Document(s):  The design description document defines the system design.  Each subsystem will have their own design description.  The PCE is responsible for assuring the top level design description is documented. 

Systems Integration

System Architecture defines much of how the project will operate.  It includes elements such as configuration control, work breakdown structure, scheduling, risk management, reviews and audits, and procurement.  At DFRC the majority of the work in this are typically the responsibility of the Project Managers.  The PCE should be aware of these plans and provide input as required.  Typical documents for this function are:

Project Plan: Defines top level project requirements (goals and objectives), costs, schedule, etc. typically the responsibility of the Project Manager.
Configuration Management Plan:  Defines the configuration management process followed by the project in accordance with DCP?.  The plan typically includes all elements of the products including hardware, software and documentation.  Typically this is the responsibility of the Project Manager.

Risk Management Plan:  Defines the process by which risk will be assessed and managed by the project.  This plan addresses schedule, cost, and technical ris and is typically the responsibility of the Project Manager.

Quality Assurance Plan:  Defines the process to assure quality for all aspects of the project, including hardware and software and is typically developed by the Project manager.

System Safety Plan:  The define the process, including fault trees, FMEAs, etc.) used by the project to assure safety and is typically written by the Project Manager with help from the Safety Office.

Procurment Plan:  Defines the types of procurement that the project will use and is typically written by the Project manager with assistance from procurement.

Schedule:  A detailed schedule along with the critical path is necessary for project tracking and is typically the responsibility of the Project Manager with inputs from everyone on the project. 

Software Development Plan:  The defines the process to be used for all the software on the project is is typically the responsibility of the software manager.

Hardware Development Plan:  This plan is seldom written at DFRC, but defines the process that are used for the development of various hardware components.  Typical elements include how the manufacturing will be done (directly from electronic CAD, etc.).  Typically this would be written by the manufacturer of subsystem leads.

The PCE is responsible for ensuring the proper coordination between engineering and projects in this function.

Integration

This function addresses the need to assure all elements of the project and all subsystems interface properly with each other.  The PCE is generally responsible for ensuring that all the technical requirements and designs communicate with each other and acts as facilitator and arbitrator when there are differences.  The typical documents for this function are:

Interface Control Document(s):  Documents that define the interfaces between subsystems and the PCE is typically responsible for ensuring they are completed.

Test Planning

Each subsystem will have its own individual plans and various organizations are responsible for the different plans.  The PCE is responsible for ensuring that the engineering organization prepares the test plans required.  All test plans should show how they verify the system and subsystem meets the requirements.  Typical documents within this function are:

System Test Plan:  This plan specifies all the tests that will be done for the project and is typically the responsibility of the PCE.

Subsystem Test Plan(s):  These plans are typically the responsibility of the subsystem leads and define specifications.

Flight Test Plan:  This plan defines the flight conditions, the specific flights, their order, and other information necessary to fly the vehicle and meet its objectives.  This plan may be the responsibility of the discipline lead or it may be the responsibility of the PCE.

Test Reports:  The results of the tests as specified in the test plans are reported with results and anomalies..  The test reports are typically the responsibility of the subsystem leads.

Operations Planning

Operations planning defines how the flight project will operate.  It is typically the responsibility of the Operations Engineer to define how the flights and vehicles maintenance will be preformed.  The PCE ensures that engineering’s inputs are incorporated into the planning.  Some elements of the operations planning are defined outside of the operations organization, such as software maintenance and instrumentation maintenance, but are worked closely with the Operations Engineer.  The Project manger also has responsibilities for defining overall project operations during the operational time of the project.  Typical documents include:

Operations Plan:  This plan defines how the project will operate when the project is flying.  Is typically the responsibilities of the Operations Engineer and includes such elements as mission rules and control room protocol.

Pilot’s Flight Manual:  The flight manual provides the pilot with the vehicle specifications, pilot interface to the vehicle, procedures for opeating the vehicle and emergency procedures.  The Pilot’s Flight Manual is typically the responsibility of the project pilot of operations engineer.

Emergency Response Plan;  This plan is typically written by the Project manger and defines the procedures the project will follow in cause of an incident.  It typically includes any special handling necessary.
2.3. Project Management / Dryden Organizational Interface

The PCE is the primary project engineering interface between Research Engineering and the Project Manager,  other Dryden Directorates,  other NASA organizations, Government agencies and contractors.  The PCE resolves technical project conflicts, reflecting an overall Research Engineering position.  The PCE keeps Project and Research Engineering management well informed on progress and problem areas within the project.  This information can take the form of regular progress reports, memos, briefings, or personal discussions.  The PCE is the communications link on a project to relay the requirements and positions of the Project Manager and other organizations to Research Engineering and its branch offices.  Should an irresolvable conflict arise, the Research Engineering Director or Center Director will make the final  decision on a given matter. 

2.4. Engineering Team Organization / Integration

The PCE  identifies the engineering support  requirements to carry out the research objectives and negotiates with various Research Engineering Branches and discipline group leaders to meet the technical staffing  required to accomplish these objectives.  This may involve requirements for contractor support. The PCE maintains oversight of the Research Engineering team personnel and identifies additional work and/or personnel required to assure safety of flight.  For large projects, lead disciplinary engineering personnel will be identified.

The PCE coordinates the technical team and is responsible for integration of that team with other members of the project. The PCE evaluates new or changing needs within the project and recommends adjustments to workforce requirements to satisfy these needs .

Frequently, the integrated needs of the project will exceed the project resources available to accomplish the objectives .  In that event, the PCE's responsibility is to recommend adjusted objectives, schedules, or resources to the Project Manager and/or Research Engineering Directorate Management. 

Technical Requirements and Schedules
The PCE works in conjunction with project personnel and line management to develop technical requirements such as air and ground instrumentation needs, ground tests, mission instrumentation "no-go" requirements for both safety of flight and research objectives, flight operating limits (FOL) or constraints, real time and post-flight data processing requirements, mission control room set up and displays, and air and ground facilities.   

The PCE is responsible for jointly developing Research Engineering schedules with Project Manager, tailored to meet program objectives and schedules.  This will include schedules for hardware and software development, data processing and data turn-around, research and flight test plan development, and reporting.  The PCE will also develop program flight schedules which pertain to flight envelope expansion and flight research.  These schedules will be updated or modified and communicated to all affected organizations as the program progresses.

Technical Plans Development
The PCE will be responsible for the development of several project planning documents. Where contractor support is required, the PCE may assist in the development of statements of work, write specific task descriptions, and develop criteria to judge successful completion of the work.  In some cases, plans will be developed in cooperation with the Project Manager, the Operations Engineer, the lead discipline engineers, and the Flight Test Engineer.  These plans are subject to review and approval by the Project Manager and Research Engineering Management.

Direction of Project Engineering Activities
The PCE is responsible for coordinating the day-to-day project-specific engineering work and for maintaining a cohesive and effective project research engineering team.  Each team member's line management (Branch Chief) is responsible for the individuals supervision and administrative needs.  Conflicts should be resolved with the engineers' immediate supervisor.

Technical Briefings / Presentations
The Project Manager is responsible for organizing and developing Technical Briefings in preparation for flight.  As the primary technical representative on the project, the PCE is responsible for most of the Tech Brief content and on some projects may be given total responsibility for its organization.  The Tech Brief format is described in the DCP?.

The PCE assists  in setting up the briefing time and place, developing a coherent format, and arranging for participants as needed.  Tech Briefings are announced in a written notice to all Directorate Chiefs, the Dryden Chief Engineer, Flight Assurance, Research Engineering Branch offices, project pilots, and all pertinent senior review engineers at least a week in advance.   

If flight operations and engineering flight results are nominal during the briefed flight phase, no further briefings are necessary.  If problems / anomalies, unusual results, or hazardous conditions arise, or additional required ground tests are accomplished, then an additional "mini-tech" briefing between flights may be required to address these issues.  The "mini-tech" is particularly required if the difficulty has a potential safety of flight impact or results in a major in-flight discrepancy.  If the need for a "mini-tech" is ascertained, the PCE should consult with the Center Chief Engineer for guidance and approval.  If required, a "mini-tech" briefing is set up as soon as possible with the same participants as in the previous Tech Brief.  The format and content  of the "mini-tech" briefing is generally similar to the Tech Brief, however, judgment should be used  to focus on the specific concern(s) and not repeat  irrelevant information from the  most recent Tech Briefing.  "Mini-tech" briefings are often scheduled at the beginning of a Crew Briefing.

The PCE is responsible for  engineering control room staffing, control room internal communications, and any special engineering matters directly affecting the flight operations.  These items should be presented at the pre-flight Crew Briefings. 

The PCE will also prepare and present briefings to organizations both inside and outside NASA Dryden.  These briefings may be on a matter specific to a project engineering discipline or on the project flight / engineering status.   

Flight Planning and Preparation
The PCE acts as the primary engineering focus for determining the general flight approach to project objectives and determination of flight priorities.  The PCE is responsible for the conceptual phase of flight planning , flight block planning efforts, review of detailed flight cards, and pilot mission preparation.  If the project has a flight test engineer (FTE), the FTE will normally implement these tasks.  Flight block planning should occur at approximately two to three weeks before the intended flight date(s) and flight card reviews at least three to five days before the flight phase.  The flight planning effort is directed towards optimization of several factors such as flight time available, flight envelope constraints, and flight objectives.  Any special or new maneuver requests not addressed in the approved flight test plan are to be submitted to and approved by the PCE and tech briefed before they can be flown on any subsequent mission. 

The PCE, in conjunction with the project FTE, should work closely with the project pilot(s) to fully prepare for flight, including simulation.  The PCE must ensure that the pilot is aware of the relationship of the flight objectives to the cleared flight envelope boundaries and any existing flight operating limits.  The pilot must be made aware of the risk involved and be prepared to execute the mission as planned in a safe and timely manner. 

The PCE works jointly with the mission controller and pilots to develop control room seating plans, communication networks (including use of Red Phones) and communication terminology relating to emergency calls.

In preparation for flight, the PCE determines the support needed from the flight support organizations.  Support requirements are usually coordinated / scheduled through the project FTE, Operations Engineer, Test Information Engineer (TIE) Instrumentation Engineer, pilot, or flight scheduling office. The PCE is responsible for coordinating with the project instrumentation engineers and range technicians to ensure range and real time facilities are prepared to support  the mission.  

Project Flight Operations
The main duties of the PCE  during  flight operations  are related to operations in the mission control room .  The PCE provides oversight to the overall conduct of the mission, coordinates the overall engineering effort, and renders engineering decisions dealing with test point priorities or other real time engineering mission needs. If the flight tests are not resulting in anticipated outcomes, the PCE should question the variances (realtime) and consider whether continuing the flight test  or test point without additional analysis will impact safety.  In some cases the additional analysis may result in the PCE recommending discontinuing a specific type of test (envelope expansion or particular maneuver type) and accomplishing other contingency tests, or discontinuing a particular flight altogether until further analysis is conducted. 

The PCE also takes part in post-flight activities, especially those involving engineering debriefs of the mission, normally held immediately after the pilot debrief.  Test points are reviewed to determine if all flight objectives were met, data quality and real time data processing were satisfactory and to ascertain if any test points need to be re- flown.  When necessary,  prioritization of data formatting and post-flight data processing is determined to ensure the most important data gets evaluated first .

Problem Identification and Resolution
The PCE should keep abreast of the operational status of the aircraft and its ability to carry out the planned engineering objectives.  Problems that arise in the aircraft systems or instrumentation on the ground or in-flight  must be addressed by the PCE. The impact of these problems on engineering research objectives, conduct of flights, and/or flight safety must be brought to the attention of all team members and project management for proper assessment. 

Engineering personnel problems that adversely impact the technical conduct of the program should likewise be identified by the PCE.  This could be a personal problem or an operational problem associated with an individual being unavailable (e.g. vacation).  The PCE should first seek to resolve the problems with the individual involved.  If further resolution is needed, the PCE should then consult with the appropriate level of engineering management and the project manager. 

Documentation and Reporting 
After safety of flight, the primary responsibility of the PCE is to maximize the research output of the program.  The PCE is expected to identify areas of research opportunity, emphasize interdisciplinary coordination and cooperation, and encourage the engineering team to obtain the necessary data, write reports, present papers and otherwise accomplish timely technology transfer.  The PCE is typically responsible for planning and coordinating symposia and industry briefings. 

The PCE also directs and/or participates in technical and management documentation activities within a project.  This involvement includes such things as participation in design reviews and flight readiness reviews (FRR), the project configuration control board (CCB), writing and coordinating the development of flight reports, and writing weekly or monthly progress reports to Dryden management.  In addition, assistance is given to project management to write statements of work, work schedules, contract specifications, etc.  

In the case of the CCB, the PCE acts as coordinator and in some cases originator of engineering documentation inputs to the CCB.  The PCE may act as either CCB chairman or alternate and should ensure that all appropriate engineering disciplines are in attendance at the CCB meetings.  The PCE will often be relied upon by the project management to make a final disposition of configuration change requests (CCR) or discrepancy reports (DR) presented to the CCB. 

The PCE is responsible for gathering  all the discipline inputs to the project flight reports, ensuring these inputs are timely and that they reflect all the major findings from the flight(s) being reported. 

Summary of Duties
The PCE is appointed by, and acts with the authority of, the Director of the Research Engineering .  The main aspects of the position is the technical coordination of the project engineering research work among the team discipline engineers and other project personnel and the performance of the technical systems engineering role.  The Project Chief Engineer is expected to plan, coordinate, and direct the overall engineering work needed to complete the project in a safe and timely manner, while extracting the maximum research content.  These duties include, but are not limited to team organization and integration, developing technical requirements, staffing requirements, technical plans, flight planning and preparation, technical briefings, supporting project flight operations, and documentation and reporting.

Appendix: Example summary tasks items are
Definition of project research objectives

Inputs to project plan

Inputs to safety plan

Development of the Research Plan

Definition of engineering schedules and milestones

Direction of disciplinary effort

Interface with internal and external engineering personnel

Translation of project objectives into technical specifics

Support of tech and Crew Briefs

Monitoring aircraft development and modifications 

Support FRR and AFSRB activities

Member CCB

Coordinate pre-flight testing

                     Calibrations

                     Control systems

                     Software V&V

                     Mass properties

                     Taxi tests

                              

                     Structural Load Tests

                     Ground Vibration Tests

                     Combined system tests

                     Engine runs

                     Other ground tests as required

Direct / conduct -


Hazard / risk identification


Flight plan development


Instrumentation definition


Simulation development


Pilot training


Test team training


Control room set up


Data reduction / analysis


Reporting

Appendix   Summary Project Systems Engineering Documents

The documents in italics are typically the responsibility of the Project Chief Engineer.

Project Plan:  Defines top level project requirements (goals and objectives), costs, schedule, etc. typically the responsibility of the Project Manager.

Requirements Definition:  Flows the top level requirements into system level requirements typically the responsibility of the PCE.
Objective and Requirements Document: Defines experiment and subsystem objectives and requirements and is typically developed by the disciplinary engineer.
Design Description Document(s):  The design description document defines the system design.  Each subsystem will have their own design description.  The PCE is responsible for assuring the top level design description is documented. 
Configuration Management Plan:  Defines the configuration management process followed by the project in accordance with DCP?.  The plan typically includes all elements of the products including hardware, software and documentation.  Typically this is the responsibility of the Project Manager.

Risk Management Plan:  Defines the process by which risk will be assessed and managed by the project.  This plan addresses schedule, cost, and technical ris and is typically the responsibility of the Project Manager.

Quality Assurance Plan:  Defines the process to assure quality for all aspects of the project, including hardware and software and is typically developed by the Project manager.

System Safety Plan:  The define the process, including fault trees, FMEAs, etc.) used by the project to assure safety and is typically written by the Project Manager with help from the Safety Office.

Procurement Plan:  Defines the types of procurement that the project will use and is typically written by the Project manager with assistance from procurement.

Schedule:  A detailed schedule along with the critical path is necessary for project tracking and is typically the responsibility of the Project Manager with inputs from everyone on the project. 

Software Development Plan:  The defines the process to be used for all the software on the project is is typically the responsibility of the software manager.

Hardware Development Plan:  This plan is seldom written at DFRC, but defines the process that are used for the development of various hardware components.  Typical elements include how the manufacturing will be done (directly from electronic CAD, etc.).  Typically this would be written by the manufacturer of subsystem leads.

Interface Control Document(s):  Documents that define the interfaces between subsystems and the PCE is typically responsible for ensuring they are completed.

System Test Plan:  This plan specifies all the tests that will be done for the project and is typically the responsibility of the PCE.

Subsystem Test Plan(s):  These plans are typically the responsibility of the subsystem leads and define specifications.

Flight Test Plan:  This plan defines the flight conditions, the specific flights, their order, and other information necessary to fly the vehicle and meet its objectives.  This plan may be the responsibility of the discipline lead or it may be the responsibility of the PCE.

Test Reports:  The results of the tests as specified in the test plans are reported with results and anomalies..  The test reports are typically the responsibility of the subsystem leads.

Operations Plan:  This plan defines how the project will operate when the project is flying.  Is typically the responsibilities of the Operations Engineer and includes such elements as mission rules and control room protocol.

Pilot’s Flight Manual:  The flight manual provides the pilot with the vehicle specifications, pilot interface to the vehicle, procedures for opeating the vehicle and emergency procedures.  The Pilot’s Flight Manual is typically the responsibility of the project pilot of operations engineer.

Emergency Response Plan;  This plan is typically written by the Project manger and defines the procedures the project will follow in cause of an incident.  It typically includes any special handling necessary.
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