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System Design Specification Guidebook Appendix B – Air Systems


System Design Specification (SDS) Appendix: NAVAIRSYSCOM

1. Introduction-The System Design Specification (SDS) is a library of specifications that define the performance, functional, physical, and allocated baselines for a weapon system.  The SDS includes documents that identify the technology readiness entering System Design and Development (SDD), SDD Integrated Master Schedule (IMS), resource loading, earned value progress evaluations criteria, and program risks.  Technology Development (TD) leading to SDD shall follow a disciplined engineering process in accordance with the Naval Air Systems Command Systems Engineering Technical Review (SETR) Instruction, NAVAIRINST 4355.19C.  The development of documents included in the SDS shall be done in the Concept Refinement (CR)  and TD phases. The quality and completeness of the documents in the SDS shall be assessed incrementally during Systems Requirements Reviews (SRR-I and SRR-II) and during the Systems Functional Review (SFR) .  A specification tree shall be included in the SDS that specifies the documents contained in each baseline. 
2. Requirements- The SDS will follow an indentured structure which aligns with capturing design maturity decisions.  Tier I is designed to support the SDD RFP.  Lower tier documentation is derived during Concept Refinement (CR) and Technology Development (TD) Phases to establish a preliminary cost/schedule/performance balance analysis. The results of this balance are documented in the Tier I specification and tracable to, and throughout, lower tier specifications..

2.1. SDS TIER I, System Requirements- A Performance Baseline shall include a top level performance specification containing all system performance requirements and capabilities as identified and derived from the Capabilities Development Document (CDD) and Concept of Operations (CONOPS). The performance specification shall include threshold attribute values for Key Performance Parameters (KPP's) Key System Attributes (KSA's), safety, operability, supportability, reliability, maintainability, availability, human integration and cost of ownership. The Tier I performance specification shall include all performance requirements derived from lower tier specifications.  All weapon system design criteria shall also be included in the Tier I top level performance specification.  

2.2. Tier II-Functional Baseline-The systems segments are identified and higher level system functions are assigned to these system segments.  Complete system functionality, derived from CONOPS and Use Case Analysis are also assigned to these segments with associated inter-segment and intra-segment dependencies documented.  Completion of the allocated functional baseline allows the design to proceed to subsystem specification at Tier III.  System constraints identified at Tier II will be traced to the Tier I and the CDD and incorporated as required to guide the RFP for SDD.

2.3. Tier III-Physical and Allocated Baseline- The physical and allocated baseline is developed within the segment by assigning functionality to the physical world through system architecting.  This includes decisions to integrate or federate systems and components This will also include hardware vice software implementation decisions, which will influence  the completeness of subsystem Interface Control Documentation (ICD).  Analysis  of safety, security, reliability, maintainability, supportability and cost of ownership will further drive physical constraits on system architecture.  Derivation of this level of understanding highlight cost and schedule impacts driven by system constraints.  These support a clearly communicated Tier I SDS Specification, as well as, identifying a complete task structure in the IMS.
3. Design Criteria and Specification Guides- The following documentation and topics will be used as guidance for determining Weapon System Design Criteria for inclusion in the top level performance specification as well as for deriving requirements for lower tier specifications. Weapon System Design Criteria establish standards for design adherence during development and verification. Criteria shall be designated as mandatory or tailorable and shall be measureable and verifiable. 
3.1.  Weapon System Design Criteria

3.1.1. MIL SPEC / MIL STDs

3.1.2. OPNAV Instructions

3.1.3. SYSCOM Instructions

3.1.4. Air Worthiness Design Criteria- Criteria used to define the air worthiness certification basis. Air Worthiness criteria shall be established for all manned and unmanned, fixed and rotary wing air vehicle systems. Topics to be addressed are presented below:
3.1.4.1. SYSTEMS ENGINEERING 

3.1.4.1.1. Tools and databases 

3.1.4.1.2. Materials selection 

3.1.4.1.3. Manufacturing and quality

3.1.4.1.4. Operator's and maintenance manuals/technical orders 

3.1.4.1.5. Configuration identification 

3.1.4.1.6. Configuration status accounting 

3.1.4.2. STRUCTURES 

3.1.4.2.1. Loads 

3.1.4.2.2. Structural dynamics 

3.1.4.2.3. Strength 

3.1.4.2.4. Damage tolerance and durability (fatigue 

3.1.4.2.5. Mass properties 

3.1.4.2.6. Flight release 

3.1.4.3. FLIGHT TECHNOLOGY 

3.1.4.3.1. Stability and control 

3.1.4.3.2. Vehicle control functions (VCF 

3.1.4.3.3. Aerodynamics and performance 

3.1.4.4. PROPULSION AND PROPULSION INSTALLATIONS 

3.1.4.4.1. Propulsion safety management 

3.1.4.4.2. Gas turbine engine applications 

3.1.4.4.3. Alternate propulsion systems 

3.1.4.5. AIR VEHICLE SUBSYSTEMS 

3.1.4.5.1. Hydraulic and pneumatic systems 

3.1.4.5.2. Environmental control system (ECS) 

3.1.4.5.3. Fuel system 

3.1.4.5.4. Fire and hazard protection 

3.1.4.5.5. Landing gear and deceleration systems 

3.1.4.5.6. Auxiliary/emergency power system(s) (APS/EPS) 

3.1.4.5.7. Aerial refueling system 

3.1.4.5.8. Mechanisms 

3.1.4.5.9. External cargo hook systems (rotary wing) 

3.1.4.5.10. External rescue hoist (rotary wing) 

3.1.4.5.11. Fast rope insertion/extraction (FRIES) (rotary wing) 

3.1.4.6. CREW SYSTEMS 

3.1.4.6.1. Escape and egress system 

3.1.4.6.2. Crew stations and aircraft interiors 

3.1.4.6.3. Air vehicle lighting 

3.1.4.6.4. Human performance 

3.1.4.6.5. Life support systems 

3.1.4.6.6. Transparency integration 

3.1.4.6.7. Crash survivability 

3.1.4.6.8. Air transportability and airdrop 

3.1.4.6.9. Lavatories, galleys, and areas not continuously occupied 

3.1.4.7. DIAGNOSTICS SYSTEMS 

3.1.4.7.1. Failure modes/effects 

3.1.4.7.2. Operation 

3.1.4.8. AVIONICS 

3.1.4.8.1. Avionics architecture 

3.1.4.8.2. Avionics subsystems 

3.1.4.8.3. Avionics air vehicle installation 

3.1.4.9. ELECTRICAL SYSTEM 

3.1.4.9.1. Electric power generation system 

3.1.4.9.2. Electrical wiring system, including power distribution 

3.1.4.10. ELECTROMAGNETIC ENVIRONMENTAL EFFECTS (E3 

3.1.4.10.1. Component/subsystem E3 qualification 

3.1.4.10.2. System-level E3 qualification 

3.1.4.11. SYSTEM SAFETY 

3.1.4.11.1. System safety program 

3.1.4.11.2. Safety design requirements 

3.1.4.11.3. Software safety program 

3.1.4.12. COMPUTER RESOURCES 

3.1.4.12.1. Air vehicle processing architecture 

3.1.4.12.2. Functional design integration of processing elements 

3.1.4.12.3. Subsystem/processing element 

3.1.4.13. MAINTENANCE 

3.1.4.13.1. Maintenance manuals/checklists 

3.1.4.13.2. Inspection and preventive maintenance requirements
3.1.4.14. ARMAMENT/STORES INTEGRATION 

3.1.4.14.1. Gun/Rocket integration and interface 

3.1.4.14.2. Stores integration 

3.1.4.14.3. Laser integration and interface 

3.1.4.14.4. Safety Interlocks 

3.1.4.15. PASSENGER SAFETY 

3.1.4.15.1. Survivability of passengers 

3.1.4.15.2. Fire resistance 

3.1.4.15.3. Physiology requirements of occupants 

3.1.4.16. MATERIALS 

3.1.4.16.1. Properties and processes 

3.1.4.16.2. Corrosion 

3.1.4.16.3. Nondestructive inspection 

3.1.4.16.4. Wear and erosion 

3.1.4.17. OTHER CONSIDERATIONS 

3.1.4.17.1. Mission/test equipment and cargo/payload safety
3.1.5. Policy for Design Margins

3.1.6. Mass Properties

3.1.7. ESOH Requirements

3.1.8. Environmental Pollution Control

3.1.9. Design Standards 

3.1.10. Information Assurance

3.1.11. Navy Enterprise Architecture Standards

3.1.12. Open System Architecture Standards

3.1.13. System Software Safety Technical Review Panel (SSTRP) Guidance

3.1.14. Weapon Systems Explosive Safety Review Board (WSESRB) Guidance

3.1.15. Wartime Reserve Mode Requirements

3.1.16. NSS Supportability – Bandwidth / Quality of Service Requirements

3.1.17. Statutory and Regulatory Requirements

3.2. Joint Service Specification Guides:
3.2.1. Air System Design Specification (JSSG-2000B)

3.2.2. Air Vehicle Design Specification (JSSG-2001B)

3.2.3. Avionics Subsystems (JSSG-2005)

3.2.4. Aircraft Structures (JSSG-2006)

3.2.5. Aircraft Turbine Engines (JSSG-2007)
3.2.6. Vehicle Control and Management Systems (JSSG-2008)

3.2.7. Air Vehicle Subsystems (JSSG-2009)

3.2.8. Crew Systems (JSSG-2010) 

3.2.8.1. Crew Systems Crew Station Automation, Information and Control/Display Management

3.2.8.2. Crew Systems Cockpit/Crew Station/Cabin

3.2.8.3. Crew Systems Aircrew Alerting

3.2.8.4. Crew Systems Aircraft Lighting

3.2.8.5. Crew Systems Sustenance and Waste Management

3.2.8.6. Crew Systems Crash Protection

3.2.8.7. Crew Systems Energetics

3.2.8.8. Crew Systems Personal Protection Equipment

3.2.8.9. Crew Systems Oxygen Systems
3.2.8.10. Crew Systems Emergency Egress

3.2.8.11. Crew Systems Deployable Aerodynamic Decelerator (DAD) Systems

3.2.8.12. Crew Systems Survival, Search, and Rescue (SSAR)

3.2.8.13. Crew Systems Aircraft Windshield/Canopy Systems and Transparent Enclosures

3.2.9. Air Vehicle/Ship Integration (JSSG-2011)

3.2.10. Logistics:  (CJCSM 3170.01C)

4. Reference Documents – Additional guidance for the derivation of information contained in the SDS Tiered Documentation can be obtained for the Document Identification Descriptions (DIDs) associated with standard DoD Contract Data Requirements List (CDRL).
4.1. System Requirements Document - The Functional Baseline is documented in the SRD. The System/Subsystem Specification specifies the requirements for a system or subsystem and the methods to be used to ensure that each requirement has been met.  Requirements pertaining to the system or subsystem's external interfaces may be presented in the SRD or in one or more Interface Requirements Specifications (IRSs) All functional requirements shall be traceable to higher-level capabilities and shall be verifiable by a specific test method. All elements of the SRD will be reviewed at the SRR and the follow-on SFR. A template for the Systems Requirements Documents can be found in the System/Subsystem Specification (DI-IPSC-81431A).

4.2. System/Subsystem Design Document - The SSDDs (DI-IPSC-81432) can be used as a guide to SSDD development. Requirements pertaining to the system or subsystem's external interfaces may be presented in the SSDD or in one or more IRSs referenced from the SSDD. The SSDD, possibly supplemented by IRS and IDD is used as the basis for design and qualification testing of a system or subsystem.

4.3. Element Requirement Specifications – Uses the same System/Subsystem Specification (DI-IPSC-81431A) as the System Requirements Document but provides a lower level of requirements detail.

4.4. Interface Requirements Specifications - The IRS (DI-IPSC-81434) specifies the requirements imposed on one or more systems, subsystems, HWCIs, CSCIs, manual operations, or other system components to achieve one or more interfaces among these entities. An IRS can cover any number of interfaces. The IRS can be used to supplement the SSDD and SRS as the basis for design and qualification testing of systems and CSCI.

4.5. Interface Requirements Specifications - The IRS (DIIPSC-81434), specifies the requirements imposed on one or more systems, subsystems, HWCIs, CSCIs, manual operations, or other system components to achieve one or more interfaces among these entities. An IRS can cover any number of interfaces. The IRS can be used to supplement the SSDD and SRS as the basis for design and qualification testing of systems and CSCI.

4.6. Interface Design Document - The IDD (DI-IPSC-81436) describes the interface characteristics of one or more systems, subsystems, HWCIs, CSCIs, manual operations, or other system components. An IDD may also describe any number of interfaces. The IDD can be used to supplement the System/Subsystem Design Description (SSDD)(DI-IPSC-81432) or Software Design Description (SDD) (DI-IPSC-81435). The IDD and its companion IRS serve to communicate and control interface design decisions.

4.7. Software Requirements Specifications – The SRS (DI-IPSC-81433) specifies the requirements for a Computer Software CSCI and the methods to be used to ensure that each requirement has been met. Requirements pertaining to the CSCI external interfaces may be presented in the SRS or in one or more Interface IRS referenced from the SRS. The SRS, possibly supplemented by the IRS, is used as the basis for design and qualification testing of a CSCI.
4.8. Integrated Master Schedule (IMS)-The IMS Data Item Description (DI-MGMT-81650) contains the format and content preparation instructions for the data product generated by the specific and discrete task requirement as delineated in the SDD contract.  An IMS is an integrated schedule containing the networked, detailed tasks necessary to ensure successful program execution. The IMS is vertically traceable to the Integrated Master Plan (IMP) (if applicable), the Contract Work Breakdown Structure (CWBS), and the Statement of Work (SOW). The IMS shall be used to verify attainability of SDD contract objectives, to evaluate progress toward meeting program objectives, and to integrate the program schedule activities with all related components. The IMS Data Item Description is applicable to development, major modification, and low rate initial production efforts; it is not typically applied to full rate production efforts.

4.9. Contractor Cost and Software Data Reporting- DODI 5000.2, Operation of the Defense Acquisition System, prescribes mandatory Cost and Software Data Reporting (CSDR) reporting requirements for Major Defense Acquisition Programs and Major Automated Information System Contracts.  The following is a list of the required CSDR requirements: CWBS, “Contractor Work Breakdown Structure” (DI-MGMT-81334, current edition); DD Form 1921, “Cost Data Summary Report” (DI-FNCL-81565, current edition); DD Form 1921-1, “Functional Cost-Hour Report” (DI-FNCL-81566, current edition); DD Form 1921-2, “Progress Curve Report” (DI-FNCL-81567, current version) ); SRDR-Init, “Software Resources Data Report (Initial Developers)” (DI-MGMT-81739, current version) and SRDR-Final, “Software Resources Data Report (Final Developers)” (DI-MGMT-81740, current version).

5. Supportability- Supportability is an integral part of the systems engineering process (design for supportability) to ensure operational effectiveness (material availability, mission reliability, maintainability, etc) and Total Ownership Costs (maintenance ratio, mean corrective maintenance time, material reliability, cost per flight hour, maintenance manhours per flight hour, etc) requirements are met.  An initial sustainment approach/CONOPs should be presented as part of the SDS and should establish a basic performance baseline for system sustainment.  It may identify key/critical sustainment strategies, new maintenance/support technologies, tools or systems for detailed development during SDD.  Further evolution of these strategies is accomplished via the systems engineering process, and consistent with evolution of system design.  The supportability element of the SDS documents the baseline of supportability KSAs to be allocated across the system and system segments, and managed throughout the development process (not unlike ‘weight’ is managed).  Elements of the sustainment strategy that should be addressed (and in some cases allocated) include:

5.1. Ownership Costs objectives/thresholds allocated to the system, and system segment levels.
5.2. Maintenance Planning evolution; Maintenance Concept Refinement; Maintenance Task Analysis; Support Resource Identification (and the relationship to the Integrated Master Schedule)

5.3. Preventive Maintenance requirements determination including Reliability Centered Maintenance analysis consistent with the IMS for failure analysis and reliability allocations.

5.4. Requirement for use of Prognostic/Diagnostic technologies and Condition-Based Maintenance as an element of KPP/KSA achievement.

5.5. Technical Data demands and use/development/delivery of Interactive Electronic Technical Manuals (IETMs) consistent with design evolution/maturity.

5.6.  DMSMS and Obolescence strategy and risk mitigation

5.7. Manpower constraints (as a design factor)

5.8. Training system requirements (as a design factor)

5.9. Support Equipment requirements/design constraints

5.10. Facilities requirements/design constraints

5.11. Requirements for/of an Automated Maintenance Environment, and quantified KPP/KSA dependencies

5.12. Support System Footprint requirements/design constraints (including defined inclusions/exclusions)

5.13. Item Unique Identification (IUID) requirements and design constraints as an element of the baseline sustainment strategy.

5.14. Configuration Management and Control mechanisms which ensure evolution/development/delivery of sustainment consistent with design maturity

5.15. Software sustainment requirements and possible design constraints

5.16. Environmental constraints

6. Risks
6.1. Risk Management Plan– Provide methodology for managing risks.

6.2. Operational Risk areas (where is system not meeting the requirements)

6.2.1. Identify alternatives that offer partial solutions to operational requirements

6.2.2. Identify cost and schedule impacts of these alternatives

6.3. Technical Risks

6.3.1. Define probability of occurrence and consequence 
6.3.2. Identify off ramps and impact on perf,cost, and schedule

7. Cost
7.1. Cost Analysis Requirements  Description (CARD)

DoD 5000.2 an DoD 5000.2M  require that both a program office estimate (POE) and a DoD Component cost analysis (CCA) estimate be prepared in support of acquisition milestone reviews.  As part of this requirement DoD 5000.2-M specifices that the DoD Component sponsoring an acquisition program establish, for the basis for cost estimating, a description of the salient features (technical, programmatic, schedule, etc.) of the program and the system being aquired.  The CARD is to be prepared by the program office and approved by the DoD Component’s Program Executive Officer.  The apporoved CARD is then provided to the teams preparing the POE and the DoD CCA estimates 

7.2.  Program Office Estimate

The program office estimate is the translation of the technical and programmatic solution as described in the CARD for meeting a war fighter requirement into a financial solution for meeting the same requirement.  The first step in preparing a credible cost estimate is to begin with the development of a sound analytic approach. During this planning phase, critical ground rules and assumptions are established, the scope of the estimate is determined, and the program to be costed is carefully defined and documented.  Normally, cost estimates are are prepared by a multi-disciplinary team with functional skills in financial management, logistics, engineering, and other talents. The team also should include participants or reviewers from major affected organizations, such as the system’s operating command, product support center, maintenance depot, training center or command, and so forth. Typically, the analytic approach to the cost estimate has a written study plan that includes a master schedule (of specific tasks, responsible parties, and due dates). For sufficiently complex efforts, the estimating team may be organized as a formal Integrated Product Team (IPT).  The POE should cover the range of cost for all phases of the weapon system life cycle; Development, Procurement, Operating & Support and Disposal. 

7.2.1. Cost Risk Analysis

A well developed program cost estimate recognizes that there is uncertainty in describing the technical and programmatic baselines, as well as the estimating relationships used to cost out the program.  The amount of uncertainty is high prior to the start of a program SDD and decreases throughout the development cycle.  Because there is uncertainty, a point estimate is precisely wrong.  Instead of a point estimate, a program should look at generating a range of possible cost outcomes; most frequently termed cost risk analysis.  The program budget should be compared to the range of possible cost outcomes to help in determining the level of risk associated with successfully completing a given program phase.  Cost risk analysis shall be shown both as a cumulative “S” curve of total program costs by phase and as a year by year table showing the 5% to 95% ranges of cost.

7.2.1.1. Technical Baseline Risk

The technical baseline flows from the requirements for the program, but even for a well developed requirements document the range of technical solutions can vary considerably.  Prior to SDD a program should evaluate the range of possible technical outcomes and that these ranges are reflected in the cost risk analysis.  When possible they should also be shown in the CARD.

7.2.1.2. Programmatic Baseline Risk

Programmatic uncertainty exists in the areas of schedule, prime and subcontractor selection, quantities, assumptions about GFE, and parallel program developments that potentially affect the scope of work.  Like the technical baseline, prior to SDD there is potentially a high degree of uncertainty in these areas that will affect the cost estimate and should be reflected in the overall program cost risk analysis.

7.2.1.3. Estimating Risk

In addition to the technical and programmatic uncertainty there exists error in the relationships used to cost the program baseline.  The program cost risk analysis needs to incorporate this uncertainty.

7.2.2. Tradeoff Priorities

Prior to SDD there are potentially several solutions to a given requirement and there are some requirements that drive cost.  A program needs to understand the cost implications of both scenarios and perform cost trades to determine which approaches best meet mission needs while providing the best value, both in acquisition and operation costs.

7.3. Schedule Risk Assessments
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