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1. Introduction

1.1 Purpose

The purpose of this document is to provide definitions for terms associated with the Conceptual Design Shop project. This glossary is referenced by other project documentation.

1.2 Scope

This glossary contains terms that are related to the aircraft conceptual design domain at LaRC. The glossary includes terms related to the CDS software system to be developed that will support conceptual design for LaRC’s VSP VISTA Vehicle Sector Analysts and the Systems Analysis Branch.

1.3 References

None identified.

1.4 Overview

The remainder of the document lists acronyms and definitions.

2. Acronyms - General

· CDS – Conceptual Design Shop

· COTS – Commercial Off-The-Shelf

· DOE – Design of Experiments

· FAA – Federal Aviation Administration

· FAR – Federal Aviation Regulations

· FEA – Finite Element Analysis

· FEM – Finite Element Model

· GOTS – Government Off-The-Shelf

· LMS – Langley Management System

· GOTChA – Goals / Objectives / Technical Challenges / Approaches

· ESTOL – Extreme Short Takeoff and Landing

· HALE – High Altitude Long Endurance

· PAV – Personal Air Vehicle

· R/C – Rotorcraft

· ST – Subsonic Transport

· STOL – Short Takeoff and Landing

· SSA – Supersonic Aircraft 

· UAV – Uninhabited Aerial Vehicle

· VSA – Vehicle Sector Analyst

3. Acronyms - Organizations Involved with CDS

· CADWG21 – Conceptual Aircraft Design Working Group 21st Century

· EASI – Efficient Aerodynamic Shapes and Integration

· GRC Glenn Research Center

· ASAB – Aeropropulsion Systems Analysis Branch

· LaRC (Langley Research Center) – Competencies and Branches

· AAAC – Aerodynamics, Aerothermodynamics, and Acoustics Competency
· AB – Aeroacoustics Branch

· CAB – Configuration Aerodynamics Branch

· CMSB – Computational Modeling and Simulation Branch

· ASCAC – Aeronautics Systems, Concepts, and Analysis Competency

· AAB – Advanced Aircraft Branch

· SAB – Systems Analysis Branch

· MDOB – Multidisciplinary Optimization Branch

· AirSC – Airborne Systems Competency

· DCB – Dynamics and Control Branch

· GCB – Guidance and Control Branch

· VDB – Vehicle Dynamics Branch

· SEC – Systems Engineering Competency

· DAIB – Data Analysis and Imaging Branch

· SMC – Structures and Materials Competency

· MDB – Mechanics and Durability Branch

· ACMB – Analytical and Computational Methods Branch

· VISTA – Vehicle Integrated Systems Technology Assessment

· VSP – Vehicle Systems Program

4. Definitions

4.1 Conceptual Design Domain – General Terms

· Aircraft Component - part or region of an aircraft such as flap, wing, h-tail, v-tail, fuselage, etc.

· Aircraft Conceptual Design - defines fundamental shape, size, weight and performance of an aircraft concept to select configurations for more detailed analysis.

· Analysis - predicting the behavior of an aircraft based on mathematical models.

· Analysis Levels – see Fidelity.

· Baseline Vehicle – existing flying vehicle of the same class, or an analysis reference vehicle model, which the analysis is based on and compared.

· Calibration - comparison of a computed result to a known correct result.

· Code - a set of computer instructions that can be executed to transform input into output. (see also,  Tool)

· Component Technology – the science behind an advanced component such as a high lift aerodynamic device or a new engine type.

· Concept – a vehicle system as a whole, or a technology or component.

· Concept Definition (high-level) – initial estimate of a vehicle configuration, size and mission.

· Configuration – a relative arrangement of parts or components; the vehicle shape.

· Conventional vs. Unconventional - a vehicle very similar to vehicles studied in the past vs. a radical departure from vehicles with past experience.

· Critical Gap - an important tool or analysis that is missing from the conceptual design process.

· Design Cycle - one iteration of a tool or set of tools that updates design variable values.

· Design Layout - specifying the geometry and topology of components that make up the aircraft.

· Discipline - a specific area of design or analysis (i.e., aerodynamics and structures are disciplines).

· Empirically Based - analysis based on comparisons with or relationships among similar vehicles taken from historical data.

· Extrapolation – prediction of some quantity based on known data, but outside of the range of the known data.

· Fidelity - the level of detail used in an analysis or model.

· Fidelity, High - a level of analysis, most likely nonlinear, that requires an excessive amount of time and resources to accomplish.  Always requires detailed geometric modeling.

· Fidelity, Low – a level of analysis usually consisting of simple equations and table lookups. Usually doesn’t require geometric modeling.

· Fidelity, Medium - a level of analysis, most likely linear, that requires some additional time and resources to accomplish.  Usually requires some geometric modeling.

· Fidelity, Variable - using differing amounts of analysis detail depending on what are deemed the critical elements of an analysis.

· Method - a means of performing a particular type of analysis.

· Model - a mathematical virtual representation of the aircraft concept you are analyzing.

· Physics Based - analysis using a mathematical representation based on the laws of physics.

· Preliminary Design - a detailed analysis of a configuration once its size and shape have been defined using conceptual design methods. This usually produces a refinement of weight including internal structure and refinement of performance including higher fidelity aerodynamics.

· Reference Vehicle – model used for measuring progress toward goals and assessing future scenarios.

· Requirement - a goal that a candidate vehicle design must satisfy.

· Sensitivity Analysis - determination of the sensitivity of the output of a procedure or system with respect to its input or internal parameters; typically, a partial derivative of a dependent variable (output) with respect to an independent variable (input or parameter).

· Sizing and Synthesis - an analysis tool that sizes a vehicle’s geometry for one or more requirements while considering some set of constraints.

· Subsystem – a subordinate part of an aircraft system or component.

· Technology Assessment - a design study to evaluate the impact of a technology on the aircraft concept.

· Technology Factor – a user supplied constant (e.g., one within FLOPS) that modifies a result to account for an assumed capability (e.g., an advanced structural material).

· Tool – The executable software used for an engineering activity (such as analysis).

· Tool Set - a collection of tools used for conceptual design.

· Topology – the layout of internal structure, from a structural analysis viewpoint.

· Validation - the process of comparing a computed result with a known solution (e.g., experimental results if available).

· Vehicle - any machine intended to fly in an atmosphere.

· Vehicle Sectors - classification of vehicles by intended use or purpose (e.g., subsonic transport, UAV).
· V-n diagram – Wing loading as a function of aircraft velocity.
4.2 Conceptual Design Domain – Discipline Terms, Fidelity Levels, and Tools

4.2.1 Aerodynamic Discipline

Aerodynamics Abbreviations

· CFD - computational fluid dynamics
Aerodynamics Terms

· CFD - CFD is computer/software based fluid dynamics analysis.
· Drag polar –Drag coefficients (CD) as a function of lift coefficients (CL) - varies with Mach number and altitude.
· Spanwise load distribution – Variation of aerodynamic loads as a function of spanwise distance from the fuselage centerline.

· Vortex Lattice Method - The vortex-lattice method is a linear aerodynamic analysis software code in which horseshoe vortices are applied to a finite number of panels superimposed on a wing (Suction Analogy).
4.2.1.1 Aerodynamics Fidelity Levels

· Level 0: Empirical relationships for lift and drag, over a user-selected range of Mach number and altitude, that are based on gross aircraft descriptors including, as a minimum: lifting-surface planform area, aspect ratio, span, root-chord, taper, twist, sweep; fuselage volume, fineness-ratio, maximum diameter; total wetted-surface area.

· Level 1: Vortex Lattice Methods (VLM), Skin friction drag, and Wave drag analyses, over a user-selected range of Mach number, altitude, and angles of attack that use a simplified computational mesh.

· Level 2: Low-order Panel analyses with optional coupled boundary-layer analyses over a user-selected range of Mach number, altitude, and angles of attack that use a suitable computational mesh.

· Level 3: High-order Panel analyses with optional coupled boundary-layer analyses over a user-selected range of Mach number, altitude, and angles of attack that use a suitable computational mesh.

· Level 4: Euler equation analyses with optional coupled boundary-layer analyses over a user-selected range of Mach number, altitude, and angles of attack that use a suitable computational mesh.

· Level 5: Navier-Stokes analyses over a user-selected range of Mach number, altitude, and angles of attack that use a suitable computational mesh.
4.2.1.2 Aerodynamics Tools

· A502 – Level 3

· AERO2S – Low speed aerodynamics – Level 1

· AWAVE – Level 1 - an aerodynamic analysis and design software code that calculates supersonic wave drag.  The “awave.in” file format is a Craidon geometry format used by many analysis programs for geometry definition.
· CDF1 – Skin friction drag analysis – Level 1

· CDMIN – 

· CFL3D – Level 4 and 5

· DLFLUT – Flutter analysis code – medium fidelity.

· EDET (as currently internal to FLOPS) – Level 0

· LIFTME – Non-linear lifting surface – high fidelity.

· LTSTAR – Supersonic wing performance code – low fidelity.

· MSES – Drella code for airfoil design – medium fidelity.

· MUSEC – Euler code – high fidelity.

· PANAIR – Level 3

· PMARC – Level 2

· USM3D – Euler code – Level 4

· USM3DNS – Navier-Stokes code – Level 5

· UDC – UC Davis nonlinear lifting surface – high fidelity.

· USSAERO – Level 2

· VORLAX – Level 1

· VORVIEW - medium fidelity - Vorview enhances the operation of Vorlax (a vortex lattice method) by providing a graphical means through which a user may specify how a configuration is modeled within the Vorlax code. Based upon user selections and a three dimensional cross-sectional model, a Vorlax panel geometry is automatically generated. Vorview also provides the user an interface for specifying the Vorlax inputs and control settings.

· WAREAF – Wetted area calculation – low fidelity.

· WDES – High speed drag due to lift – Level 1

· WINGPERF – wing performance code – low fidelity.

4.2.2 Aeroelasticity Discipline

4.2.2.1 Aeroelasticity Fidelity Levels

· Level 0: Empirical data based: Divergence and flutter analysis from basic configuration over a user-selected range of Mach number and dynamic pressure, that are based on gross aircraft descriptors including, as a minimum: lifting-surface planform, span, root-chord, taper ratio, sweep, weight, bending and torsion frequency (wing only), elastic axis, cg axis, stability and control effectiveness vs. dynamic pressure.

· Level 1: Divergence and quasi-steady flutter analysis using cantilever beam model, 2-D strip theory, spanwise quasi-steady aerodynamic lift coefficient, bending and torsion stiffness, and mass distribution.

· Level 2. Divergence and flutter analysis of cantilever wing using modal stiffness matrix, mass matrix and mode shape from Equivalent Plate Analysis (ELAPS), unsteady lifting surface doublet lattice method (e.g. DLM, N5KM, ZAERO) or unsteady Panel code (PANAIR) to generate generalized aerodynamic forces (GAF) and an efficient direct computation of flutter boundary variation with Mach number and dynamic pressure. (e.g. ISAC, AVA, Gregg Wrenn's code, NASA Dryden STARS-EC, NASTRAN, ZAERO etc.)

· Level 3. Preliminary divergence and flutter analysis, for wing and full aircraft configurations including wing, fuselage, tail, engine mount and attachments. The finite element method (FEM) based Mass and stiffness matrix, mode shape and frequencies and reduction of these large matrices to vehicle modal mass and stiffness matrices shall be provided by the structural analysis module. The unsteady generalized aerodynamic forces shall be provided by the (Unsteady) Aerodynamics Module at applicable speed regime with input from the Structures analysis module and Geometry Module. (e.g. NASTRAN, ZAERO).

· Level 4. Reduced order Modeling – 

· Level 5. Time marching computational aeroelasticity: (e.g. CAPTSD (transonic), FAST, CFL3D.AE CFL3D.AE-BA)  (Out of scope) (PR-3+)

Note: Each fidelity level is required depending on the class of vehicle and the criticality of flutter as a design/mission performance driver (e.g. HELIOS, HSCT). Flutter dynamic pressures are usually lowest at the transonic speed regime. If the vehicle is flying at close to transonic speeds (On of the VPS GOTChA Chart goals), then detailed flutter analysis at transonic speeds would become essential.

4.2.3 Airspace, Safety, and Security

4.2.3.1 Airspace, Safety, and Security Terms

· NAS

4.2.4 Approximations

4.2.4.1 Approximation Terms

· Feature analysis – A linear transformation that maps the data from a physical space (such as the recorded signal of a sentence, or grid points) to a lower-dimensional feature space (such as the frequency domain, or bumps on the airfoil).

4.2.5 Aviation Discipline

4.2.5.1 Aviation Tools

· @RISK/CRYSTAL BALL – 

· ASAFE – Aviation safety Analysis and functionality analysis

· DEMOS – 

· FACET – 

· HUGIN – 

· PROMODEL – 

· ASAC – Aviation system analysis capability

· FRAMEWORK CT – Framework hooks to EXCEL/MAPPOINT

· MAPPOINT - 

4.2.6 Cost Discipline

4.2.6.1 Cost Terms

· Life Cycle Cost (LCC) - Development, Production, Operations and Support and Disposal costs.
· Current Year Dollars – Cost estimate without inflation or escalation estimates, as if the entire effort occurred in the current year.
· Then Year Dollars – Cost estimate including inflation or escalation estimates, given an assumed schedule of expenditures and an assumed inflation index.
4.2.6.2 Cost Tools

· ALCCA – Aircraft life-cycle cost

· TCM – Taylor cost model

4.2.7 Geometry

4.2.7.1 Geometry Terms

· 2D (Two-Dimensional) - 2D refers to a planar representation of an object or drawing having no depth - varying X and Y coordinates but Y coordinates are constant.

· 3D (Three-Dimensional) - 3D is a spatial representation of an object incorporating depth (like the real world) - varying X, Y and Z coordinates.
· ASSEMBLY - An assembly is a CAD model containing other CAD model parts located and oriented with various constraints relative to other CAD models or geometry objects. The constraints can be parametric.

· B-Rep (Boundary Representation) - A 3D modeling database structure that defines and stores a solid (open or closed) as a topological set of explicitly defined vertices, edges, and faces. The B-Rep database structure is used by most modern 3D CAD systems. 

· B-Spline (basis spline) - A B-Spline is a mathematical, parametric definition of a series of connected geometric curve segments, belonging to the spline curve family. Control points define the continuous curve of a b-spline, and while the curve is shaped by the control points, it generally does not pass through them. B-splines consist entirely of smooth curves, but sharp corners can be introduced by joining two spline curve segments.

· CAD (Computer-Aided Design or Computer-Aided Drafting) - CAD software is used to design and view objects in two or three dimensions on a computer. CAD software may be focused on drawings (2D) or the design of objects (3D) or both and can also provide additional features like analysis or evaluation tools.

· CAD MODEL - A CAD model is the data managed by a CAD system to represent the geometric parts. It is a virtual model of an object that defines its dimensional shape.   

· Carry-through Structure- The carry-through structure is the part of the wing structure (especially the spars) that extends into the fuselage and is usually mounted to a bulkhead or frame in the fuselage.

· CCD (Configuration Control Documentation)  - CCD is a code or method for cataloging changes made to a tool or model so that a previous state of that tool or model can be recalled at a later time (e.g. revision history).

· CSG (Constructive Solid Geometry) - CSG defines a solid as a series of unions, intersections, and differences of primitive shapes. The intersecting boundary topologies of a CSG solid are mathematically implied. Most modern CAD programs use the B-Rep database structure, which can define CSG-like operations using Boolean techniques.

· DXF/DWG - DXF and DWG are the native AutoCAD file formats for CAD models. DXF defines only 2D representations (drawings). DWG defines both 2D and 3D geometry including surfaces and solids.

· Feature-Based Modeling - Feature-Based Modeling is a 3D CAD modeling method in which an object is designed by creating features that are similar to how the part would be manufactured (e.g., extrusions, cuts, holes, fillets and bosses). Virtually all modern 3D modeling systems are feature-based. There is normally an associated feature tree (or history tree) that allows features to be edited, suppressed or deleted after other features have been defined. (This can cause near catastrophic trickle-down effects on the subsequent features.)

· Geometry - The actual vertices, edges and faces that make up a 3D model that are either implicitly (CSG) or explicitly (B-Rep) defined. Topology differs from geometry because it only defines the relationship of and not the actual vertices, edges and faces. You can parametrically alter the geometry of a 3D model while maintaining its original topology.

· Hierarchical (tree-based) - A hierarchical (tree-based) data structure is a data structure that retains the relationships of a parent object to its children objects.

· IGES (Initial Graphics Exchange Specification) - IGES is a file format for the exchange of CAD information (both 2D and 3D). A 3D IGES file can contain surface and wire-frame information of a part, but does not contain solids information.

· Isometric View - An isometric-view is a three-dimensional view of an object rotated 120( about the x, y and z axes without foreshortening. It is the typical default CAD working view.

· Kernel - The math engine CAD programs are built on that contains the library of creation and editing functions. Some 3D modeling kernels, such as ACIS (Spatial Corporation) and Parasolid (UGS PLM Solutions) are licensed for use in different CAD systems.

· Loft - A surface feature created by lofting (blending) through a series of open or closed profile curves. Options may include the ability to adjust the loft connection points and the magnitude of continuity between adjacent faces of the loft and the connecting faces if any. 

· NURBS (Non-uniform Rational B-Spline) - NURBS is a form of geometric description of free-form surfaces used for modeling of complex shapes based on spline curves. A NURBS curve is defined by a set of weighted control points, the curve's order and a knot vector. NURBS are generalizations of both B-splines and Bézier curves with the primary difference being the weighting of the control points which makes them rational (non-rational B-splines are a special case of rational B-splines; in practice most NURBS curves are non-rational).

· OML (Outer Mold Line) - The OML is the outer-most surfaces of a geometric object – usually in reference to aircraft geometry. 

· Parameter- A parameter is a variable on which some other object (or variable) depends.  For example, the height, width and length are parameters of a box. 

· Parametric - Parametrics is a method of linking dimensions and variables to geometry such that when the values of the variables change, the part changes too.  Design modifications and creation of a family of parts can be performed much more quickly than with the redrawing required by traditional, non-parametric CAD systems.

· Part - A part is a CAD model that describes a single object. It will usually be built up from features and be represented as a solid.

· Shaded Image - A Shaded Image is a rendering technique in which surfaces (or solid faces) of a geometric object are shaded to give the appearance of a physical solid. Qualities such as reflectance and translucence can be incorporated into the image as well as lighting effects.  A shaded image is not a photo-realistic rendered image. Most modern CAD programs allow the user to work with geometry on the screen being shown as a shaded image in real-time.  

· Sketch - A sketch is 2D geometry (lines, arcs, circles, and curves) used to drive 3D geometric features. The sketch environment usually incorporates a constraint manager that allows the placement of dimensional and relational constraints on geometry. 

· Solid - A solid is a geometry feature containing topological information that defines a closed three-dimensional space. The boundary of a solid separates points inside from points outside the solid. Modern CAD tools represent solids using a B-Rep (Boundary Representation) feature.

· Spline Curve -A spline curve is a smooth curve defined mathematically by two or more “knot” points. The term spline originates from flexible strips used to create smooth curves in traditional drafting applications. The spline takes the shape which minimizes the energy required for bending it between the fixed points and thus adopts the smoothest possible shape.  Much like Bezier curves, they are formed mathematically from piecewise approximations of cubic polynomial functions with zero, first and second order continuity. 

· STL (Stereolithography) - STL is a file format for translating a CAD solid model to a model compatible with stereolithography machines. STL files produce a triangulated approximation of the original surface model. 

· STEP (STandard for the Exchange of Product model data) - STEP is a neutral data exchange standard file format for the exchange of CAD information. A 3D STEP file can contain solids information of a part. The development of this standard is an attempt to integrate the European standards and IGES and to embody a larger, more flexible subset of information.

· Stress - Stress is force (due to loads) per unit (cross-sectional) area (pounds per square inch).

· Structural Layout - The structural layout is the arrangement of internal support structures (including ribs, spars, bulkheads, frames, stiffeners, and longerons) in the structural model of an aircraft (especially in the wing and fuselage).

· Structural Sizing - Structural sizing is a structural optimization problem usually performed with finite element analysis to minimize the weight of a structure subject to constraints such as displacements less than a given value and stresses less than a yield stress.

· Surface - A surface is an infinitely thin “sheet” of geometry – it can be an outer face of an object or a finite portion of a plane, bounded by an identifiable perimeter. Several surfaces can be “stitched” together to create a solid, but a group of surfaces with shared boundaries are not necessarily a solid. There is no implicit information on the boundary between inside and outside the model volume.

· Tessellation and Meshes - Tessellation is the process of transforming representations of objects into a polygon representation of the objects. This is used in polygon-based rendering (shading), where objects are broken down to meshes - nets of interconnected triangles.  Meshes are easy to render using scanline rendering. Polygon representations are not used in all rendering techniques, and in these cases, the tessellation step is not included in the transition from abstract representation to rendered scene.

· Wire-frame- Wire-frame models only contain edges and vertex information of a CAD object. There is no implicit information on the boundary between inside and outside the model volume. Wire-frame can also refer to a rendering technique in which only the edges and vertices are represented in the image – as opposed to a shaded image.

· Yield Stress
-Yield stress, in ductile materials (such as metal), is the stress beyond which the material will undergo large deformation with a small increase in load.  Yield stress is typically used as a limit value in structural optimization studies.
· Internal layout – 3 view diagrams showing position of seats and lavatories etc.
· External layout – 3 view diagrams showing the wing, tail, engines etc.
4.2.7.2 Geometry Tools

· VSP (Vehicle Sketch Pad) - VSP is a 3D aircraft geometry software tool similar to a CAD tool but oriented more to be a replacement for the “back of the napkin” conceptual design.

4.2.8 Noise Discipline

4.2.8.1 Noise Terms

· Noise Prediction –Calculation of noise metrics at observer locations on the ground or around a noise source.

· Noise Metrics –Measures of physical and/or perceived noise levels such as:

· SPL – Sound Pressure Level (dB)

· EPNL – Effective Perceived Noise Level (EPNdB)

· PNL – Perceived Noise Level (PNdB)

· PNLT – Tone-corrected Perceived Noise Level (PNdB)

· SPLA – A-weighted Sound Pressure Level (dBA)

· SEL – Sound Exposure Level (dBA)

· DNL – Day-Night Noise Level (dBA)

· OASPL – Overall Sound Pressure Level (dB)

· SENEL – Single Event Noise Exposure Level

· NEF – Noise Exposure Forecast

· Noise Contour – Contour of constant noise metric on the ground surrounding the airport

· BVI – Blade vortex interaction, which is a rotorcraft noise source.

· Flight Condition – Flight condition definition includes a description of the aircraft position, orientation, velocity and operating conditions.
· Polar directivity angle – The angle relative to the engine inlet axis or airframe longitudinal axis (parallel to the fuselage).

· Azimuth angle – The angle relative to the airframe or engine vertical axis (perpendicular to both the wing and fuselage).

· Sonic boom signature – The time history of acoustic pressure for a sonic boom.

· Sonic boom footprint – Quantification of the sonic boom signature at all points on the ground to which the sonic boom propagates from a given point on the flight path.

4.2.8.2 Noise Fidelity Levels

· Level 0:  Empirical correlation of noise source levels based on engine component inlet and exit average thermodynamic properties, simple geometric parameters such as fan diameter and wing span; straight-line propagation methods and point-source ground models using empirical impedance.

· Level 1:  Calculation of source noise using simplified geometry (e.g. constant radius) and methods such as strip theory.

· Level 2:  Lighthill Acoustic Analogy-based methods which have separate mean flow and acoustic properties and use statistical quantities for turbulence-induced noise; ray-tracing methods for acoustic propagation.

· Level 3:  Finite element and Euler analyses requiring grid generation and using frequency-domain boundary conditions for noise sources.

· Level 4:  Time-domain computational aeroacoustic (CAA) methods using coupled mean and acoustic quantities.
4.2.8.3 Noise Tools

· ANOPP – Aircraft noise prediction

· AVATAR -

· FOOTPR -

· INM – Community noise prediction

· NFBOOM -

· PBOOM -

· RADIUS -

· TRAC -

4.2.9 Performance Discipline

4.2.9.1 Performance Tools

· ACSYNT – Ames sizing and performance code

· ADAC – Airship design and analysis code

· FLOPS – Flight optimization system sizing and performance code

· Mars-GRAM – 

· SAAC – Solar aircraft analysis

4.2.10 Propulsion Discipline

4.2.10.1 Propulsion Abbreviations

· HPC – High Pressure Compressor

· LPC – Low Pressure Compressor

· HPT – High Pressure Turbine

· LPT – Low Pressure Turbine

4.2.10.2 Propulsion Terms

· Element – An individual part or component of the propulsion system (e.g. inlet, propeller, compressor, turbine, nozzle, shaft, etc.).
· Performance data – Thrust and fuel flow from maximum power to flight idle at a matrix of Mach numbers and altitudes. Net thrust is gross thrust minus ram drag.  May be highly interwoven with aerodynamic data, as in cases of some integral propulsion/airframe designs.
· Thermodynamic cycle data – Information regarding the internal operating characteristics of an engine including temperatures, pressures, mass flow rates, and rotational speeds.
4.2.10.3 Propulsion Tools

· NPSS – Numerical propulsion system simulation

· QFAN – Propulsion/noise

4.2.11 Emissions Discipline

4.2.11.1 Emissions Terms

· NOx = Oxides of Nitrogen

4.2.12 Stability and Control Discipline

4.2.12.1 Stability and Control Abbreviations

· S&C – Stability and Control

4.2.12.2 Stability and Control Terms

· Global Axis System – A world-fixed axis system (reference inertial coordinate system)

· Stability Axis System – A body-fixed axis system, usually centered at the vehicle nose or center of gravity point, in which the X-axis points from the vehicle nose forward of the body along a vector running from vehicle tail to the nose; the Y-axis points to the right of the vehicle as determined by a forward facing pilot; the Z-axis points down from the vehicle toward to ground.

· Longitudinal motion – A motion in the Stability Axis System X-Z plane, induced by forces in the X- or Z-axes, or by moments about the Y-axis (pitch, or derivatives with respect to Q)

· Lateral motion – A motion in the Stability Axis System X-Y plane, induced by forces in the X- or Y-axes, or by moments about the Z-axis (yaw, or derivatives with respect to R)

· Rolling motion – A motion in the Stability Axis System Y-Z plane, induced by forces in the Y- or Z-axes, or by moments about the X-axis (roll, or derivatives with respect to P)

· Combined motion – A maneuver consisting of two or more of longitudinal, lateral, or rolling motion components.

· State variable – the independent variable of an S&C derivative (e.g., the angle of attack, angle of sideslip, speed, Mach number, rotational or translational positions, rates, and accelerations)

4.2.12.3 Stability and Control Tools

· POTATO – Load and balance plot

· POTATOPLOT:EXCEL – Load and balance plot with stability iteration

· VORVIEW – Stability and control for conceptual design

· PMARK – Stability and control using Euler level analysis

4.2.13 Structures / Weights Discipline

4.2.13.1 Structures Abbreviations

· c.g. – center of gravity

· FEA – Finite Element Analysis

· FEM – (1) Finite Element Mesh, (2) Finite Element Model

4.2.13.2 Structures Terms

· As-built weight – Total weight of the component including structural and nonstructural weight.

· Component – Refers to large structural or subsystem items (e.g., wing, tail, fuselage, etc.).

· Cruise Shape – Shape of aircraft at cruise under aerodynamic loads.

· Displacement - Displacement is the change in location of a node in a finite element model.
· FEA - FEA is a structural analysis method that uses a mesh of finite elements as a model of a complex structure. A typical static FEA is used to compute displacements and stresses.  

· Finite Element Mesh – May be used as a noun or a verb. A mesh (noun) consists of nodes, finite elements, and element types (e.g., 2 or 3 node beams, 4 or 8 node plate/shells, point elements) and their distribution over a structural part. To mesh (verb) a part is to create a one, two- or three-dimensional distribution of nodal coordinates, and associate finite elements with the nodes.
· Finite Element Model – 

· Node- A node is a point in space which defines the vertex of one or more finite elements.

· Jig Shape – Shape of aircraft under no aerodynamic, inertial, or internal loads.

· Structural weight – weight of load–carrying material.

· Sub-Component – Refers to smaller parts of a component.

· Weight Statement – Weight breakdown for each component or sub-component on the aircraft.

· Structural constraints -
· Maximum deflection

· Maximum strain and/or stress subject to material allowables

· Maximum or minimum buckling load

· Maximum or minimum vibration frequency

· Packaging volume

· Minimum or maximum geometric constraints

· Manufacturing specifications

· Material properties types include:

· Isotropic materials (e.g., metals)

· 2-dimensional orthotropic materials (e.g. wood, composite laminates) 

· 3-dimensional anisotropic materials (e.g. graded foams, other exotic materials)

· Smart materials (e.g. nitinol, piezoelectric materials)

4.2.13.3 Structures Fidelity Levels

· Level 0: Wing approximated as mechanics of materials beam with lumped masses. 

· Level 1: Wing and/or airplane approximated as series of equivalent plates. Ribs and spars and caps modeled as equivalent plates.

· Level 2: Wing or airplane approximated as finite element beams. May include rigid body link elements, lumped masses and springs.

· Level 3: Wing or airplane approximated as finite element beams and plate/shell elements. May include rigid body link elements, lumped masses, and springs. 

· Level 4: Special purpose detailed structural sizing and optimization tools.

Structural analysis types:

· Type 1: Linear static analysis

· Type 2: Vibration analysis of unloaded structure.

· Type 3: Buckling analysis from linear pre-buckling state

· Type 4: Dynamic time-history analyses

· Type 5: Analyses that include temperatures (thermal stress analysis)

· Type 6: Geometrically nonlinear static and dynamic analyses

· Type 7: Coupled temperature-electrical analyses

· Type 8: Buckling from nonlinear equilibrium state

· Type 9: Vibration analysis of loaded structure (including air effects)

· Type 10: Heat transfer analyses

Notes on analysis types: 

· Types 1-4 are considered in-scope for an advanced SAB user within spiral one. 

· Types 5-10 are considered in-scope for a discipline consultant working outside of CDS in spiral one. Results from these types of analyses are anticipated to come through an approximation module. Morphing vehicles and other unconventional vehicles may require analysis types 5-7 to adequately assess a particular design. High-speed airplanes may require analysis types 5 and 10 to adequately assess a particular design. UAV vehicles may require analysis types 6 and 9 to adequately assess a particular design. Types 1-10 can be provided by modern finite element software or by finite difference codes.
4.2.13.4 Structures Tools

· ABAQUS – Levels 2-3

· FLOPS – Level 0

· COSMOS – Levels 2-3 - Finite element analysis

· DLFLUT – medium fidelity - Flutter analysis code 

· ELAPS – Level 1 - Equivalent plate analysis

· GENESIS – medium/high fidelity (depending on model) - finite element analysis

· Hypersizer – Level 4 - Special purpose structural sizing and optimization tool.

· NASTRAN – Levels 2-3 - Finite element analysis

· PASCO – Level 4 – Special purpose structural sizing and optimization 

4.2.14 Uncertainty Discipline

4.2.14.1 Uncertainty Terms

· Uncertainty – quantifiable variation of a measurable or derived quantity
· Confidence – quantified knowledge of the variation of a decision metric
· Uncertain Variable – modifiable input variable whose value has uncertainty
· Uncertain Parameter – parameter used within a discipline module or analysis whose value has uncertainty
· k-factor Uncertainty – recognized, quantified uncertainty attributed to estimates of advanced technology performance enhancements 
· Robust – the characteristic of a design that its performance metrics do not degrade appreciably despite significant anticipated variation of input variables and operational parameters or analysis fidelity
· Reliability – referring to the violation of inequality constraints by a random outcome. Such violation is usually made by the tail(s) of the probability distribution.
4.2.15 Visualization Discipline

4.2.15.1 Visualization Tools

· ACAD – Aero computer aided design

· ALCHEMIZE – Structured to unstructured gridding

· CDM – Configuration definition module

· GRIDTOOL – Aerodynamic gridding

· PATRAN – Visualization interface to NASTRAN

· POSTGRID – Aerodynamic gridding

· PREFACE41 – Aerodynamic gridding

· PRO-E – CAD modeler

· RAM – Rapid aircraft design – CAD modeler

· TECPLOT – Geometry viewer

· VGRIDNS – Aerodynamic gridding

· VIEWER – Geometry viewer

· XFLOPS – GUI for FLOPS

· XYTOOL – Geometry viewer
4.3 Conceptual Design Shop System

4.3.1 General Terms

· Collaboration – Facilitated by team members involved in a conceptual design study sequentially sharing a process model; each team member executes his portion of a process model (according to his area of expertise), saves the process model, and provides an updated process model instance to the next team member.

· FILE FORMAT - A file format is the prescribed way information is recorded in a computer data file. File format specifications permit the file to be written according to a standard and then retrieved for use or alteration and allows other programs that understand the particular file format to use the data.
· Flexible – Characteristic of an analysis generic enough to analyze more than one type of vehicle.

· Modular – Characteristic of a tool capable of being separated into basic functional parts that can be easily reassembled.

· Portable - Characteristic of a code or system using no machine or operating system specific functions and therefore is able to run on a variety of computing platforms.

4.3.2 Data Management Terms

· Knowledge Database - a collection of past experience (e.g., papers, data files, experts).

· Data Repository - tool that manages a collection of data by vehicle identification and contains performance data, configuration data, and all available documents (e.g., tool input files, text files, PDF files, web URL etc).

· Temporary Database - data accumulated during a single conceptual design study.

· Permanent Database - archival data from previous studies.

4.3.3 Tool Integration Framework Terms

· Capability - a function of the framework that may or may not require new modules or plug-ins

· Component – A wrapped tool that is part of a process model.

· Link – A mapping of a variable from one component to a variable of another component.

· Module - a stand-alone piece of computer code that is wrapped and included in CDS.

· Plug-in - a module that is tightly coupled with the framework.

· Process – A sequence of steps describing an engineering activity (e.g., analysis or design) that defines the data dependencies and execution order of individual engineering disciplines.

· Process Model – The implementation of an engineering process within a tool integration framework; typically consists of one or more components.

· Process Model Instance – A process model and its current design data state.

· Tool Integration Framework - Software that supports development (integration of tools), execution, and data management for multidisciplinary applications.

· Wrapper – Software that provides an interface between a tool and the tool integration framework; the interface specifies both inputs and outputs.
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