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Purpose of the System

The Common Structures Workstation (CSW) will provide the software necessary to support detailed structural analysis through all phases of the product life cycle: preliminary design, detailed design, certification, and product support.
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 Figure 1-1 Current Structural Analysis Process
The Common Structures Workstation is a set of stress analysis, graphics, and document processing tools that enables process improvement by:

Capturing standard structural analysis methods and best practices in software tools.

Storing and managing engineering information pertinent to the stress analyst, and making that information seamlessly available to the analysis tools.

Storing and managing the results of the analysis process, and making those results readily available and updatable for all downstream customers, both internal and external.

Improving the automation of stress analysis tools even further, allowing the part idealization, analysis methods, and calculations to be captured in part-based analysis templates for standard parts.  The templates can be used to rapidly re-analyze structure for new loads or conditions.  These templates can then be saved and designated as a standard, creating a software environment which enables technology thrusts such as optimization, parametric CAD/CAE, and probabilistic analysis.
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Figure 1-2  Future Structural Analysis Process
The primary new component of the future analysis process will be the part-based analysis template.  It will enable the analyst to capture the part idealization: approved methods and tools, logic, margin of safety calculations; all the tasks involved in the analysis, into an analysis program.   Once the template is defined, the analyst links the template parameters to electronic sources of data, such as material properties and allowables, CAD geometry and parameters, and internal loads, to perform the calculations.
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Figure 1-3  Part-based Analysis Template
This concept reduces or eliminates data entry for new load cycles, drastically reducing labor and cycle time.  The template would be linked to “live” stress notes which would be automatically generated, largely eliminating the manual documentation task thus reducing cycle time and cost even further.

The part-based analysis template would also enable the development of new standard approved templates for common structure.  These could be used by designers or tech-aides, reducing cost and cycle time, and freeing analysis specialists for more complicated tasks.

1. Performing Structures Analysis Tasks Using CSW

The CSW will provide a suite of integrated software tools to support the full range of structural analysis tasks.  Each task is shown with the system functions required to support that task.

1.1 Idealize Structure

The first job of the analyst is to idealize the structure; to identify the external loads, supports, reactions, internal load paths and potential failure modes.  Typically, the first step in this process is to refer to published design guides and analysis documentation of similar structure as a starting point.

The analyst then applies this information plus his/her own knowledge and experience, taking into account differences in configuration, material, environment, etc. to produce an idealization of the given structure.

CSW will change the process by enabling the creation of standard analysis templates for common types of structure.  The first step in the new process will be to see if an applicable template exists.  If not, the analyst performs the idealization process in much the same way as before, by consulting design standards and prior analysis. Using CSW, however, would provide an integrated set of tools for capturing and reusing the new idealization in a part analysis template. 

After a template is developed, it can be used for manufacturing and customer support of the product, and may be approved and used as the new standard analysis for this type of structure.

1.2 Select Analysis Methods and Tools

Having idealized the structure, the analyst must select the appropriate analysis methods and tools to evaluate the anticipated failure modes.  He selects from the methods available in the Boeing design manuals and design guides, and textbooks, and then selects the software tool to implement those methods.

For complicated structure that doesn’t lend itself to a closed form solution, a detailed finite element analysis may be necessary.

Selecting Methods and Tools In CSW

Under CSW, the analyst would choose from a library of approved, validated analysis modules that implement approved Boeing analysis methods.  These would be linked with the analysis template editor to form a complete part analysis.

1.3 Gather Material Properties and Allowables

Using CSW, the analyst will acquire all the material engineering data through an interface with a material data management system.  CSW will link that data to the analysis parameters associated with a structural component.

1.4 Gather Geometry Data and Parameters

Gathering the geometry data and parameters necessary for analysis requires the analyst to perform several tasks.  The required parameters are those needed to perform the selected analysis methods.

Determine physical dimensions:  This is accomplished usually by interrogating the CAD data directly, measuring lengths between reference points, etc.  For parameterized designs, much of this information comes from the parameters data.

Calculate cross section properties: Cross section properties for analysis are calculated either by creating a face in the CAD model by cutting it with a plane, utilizing the CAD analysis tools, creating and analyzing the shape in a specialized cross section analysis tool, or by referring to handbook solutions for standard shapes.

Calculate effective dimensions: Oftentimes the analysis method uses effective dimensions that are derived from physical dimensions, e.g., the effective length used for calculating column buckling for a member may not correspond directly to any particular physical dimensions.

To perform an analysis the engineer is required to define relationships between the physical dimensions of the part and the effective dimensions required for analysis.

To defining Analysis Geometric Parameters using CSW: CSW will change this process by providingan interface to CAD geometry and parameter data that will enable the analyst to link that data directly to parameters associated with the analysis templates. The programming capability of CSW will allow the analyst to define and capture the mapping of physical parameters to effective parameters required for the analysis templates.  This eliminates the task of manually entering this information, thus eliminating a source of errors. In addition, since the analysis is fully automated and linked to its input data, it can be quickly repeated when a new structural configuration is released.
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Figure 2-1  Geometry Data Linking
CSW will provide a cross section analysis tool to calculate cross section properties.  It will be able to define the cross section geometry either by cutting the CAD model with a plane, or as combinations of parameterized standard shapes.

1.5 Calculate Applied Loads

Structural internal loads are delivered to the analyst in the form of output from an airplane finite element model.  The analyst must map the FEM output values such as element corner forces, nodal forces, etc. into part applied loads used in analysis.  This task has consumed a great deal of engineering time across the company in the past, and has initiated the development of numerous data conversion and mapping programs and processes.
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 Figure 2-2  Mapping Applied Loads
Defining Applied Loads in CSW

CSW will provide a standard interface to the FEM internal loads data.  It will enable the analyst to visualize the internal loads FEM model, isolate details, extract node and element forces and moments, and link them to parameters in the analysis template.

1.6 Perform Analysis Calculations

Generally, detailed structural analyses are performed for a number of different conditions: e.g., load cases, structural configurations, etc.  This task is repeated multiple times for new load releases and structural configuration changes.

Performing Analysis Calculations in CSW

CSW will provide an analysis data manager to define and maintain links with analysis data (materials, geometry, design parameters, internal loads) and execute the specified analysis template(s) and other analysis programs, for all conditions.

	Stringer i.d.
	Station
	Area
	y to C.G.
	x to C.G.

	12
	104.50
	1.45
	0.55
	0.45

	12
	110.25
	1.48
	0.56
	0.63

	12
	116.00
	1.49
	0.57
	0.48

	12
	121.75
	1.52
	0.58
	0.49

	13
	55.25
	1.09
	0.47
	0.52

	100's of stringers
	100's of locations
	etc.
	etc.
	etc.


	Loadcase
	Pz (kip)
	Mx (kips/in.)
	My (kips/in.)

	rudder maneuver 2
	30.2
	104.5
	12.9

	rudder maneuver 3
	35.7
	88.6
	11.5

	2.5 g. pitch up
	28.6
	-13.3
	74.4

	100's of cases
	etc.
	etc.
	etc.


The system must make it simple to set up and execute the analysis for multiple conditions…
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Figure 2-3  Perform Calculations
1.7 Validate and Approve Results

Once the analysis is complete, it must be reviewed and approved.  CSW affects this process in several ways:

Company or group standard, approved part analysis templates:  The standard part analysis has already been reviewed and validated.  Analysis review and approval for a given part consists of making sure that the standard applies to the part, and that input values were entered/mapped correctly.

Approved analysis modules:  Approved analysis modules guarantee that analysis methods are calculated properly.  The reviewer need only verify that the part was idealized correctly, that the proper analysis methods were chosen, and that the input values to the methods were entered/mapped correctly.

Analysis automation:  Once the analysis has been reviewed and approved, it need not be reviewed again for subsequent load cycles.

Automatic documentation:  CSW tools will automatically generate “live” stress notes, linked to the latest update of the analysis.  This capability, especially when coupled with web publishing of stress notes, will greatly enhance the lead’s or manager’s ability to review analysis results, and improve communications with designers.

2. Scope of the System

CSW will provide analysts with an interrelated suite of tools that support the vast majority of structural analysis tasks.  The system should be a stand-alone package (i.e., not directly dependent on a particular CAD system) that can be easily integrated into the larger design process.

The system will implement Boeing standard analysis methods such as the Boeing Design Manual, 777 Composites Handbook, and approved analysis methodologies as currently implemented in Boeing proprietary analysis codes and a programming/scripting language that enables the engineer to link them together into a complete analysis for a given part.

The system will produce printed strength check notes that meet Boeing Co. documentation guidelines for format, layout, common symbols, subscripts, and nomenclature.

The system will support links to external data sources such as FEM, CAD, materials data, etc.  It is assumed that inputs from these external sources will be provided through a standard interface, and that CSW will not implement separate links to specific software packages.  In other words, the details of the specific data interfaces will be hidden from the analyst.

CSW will not implement tools that duplicate general purpose commercially available FEM packages, but will implement interfaces to such tools as needed for data interfaces.

2.1 CSW Components

2.1.1 Part Analysis Integration Tool

The part analysis integration tool is the framework in which the analyst captures the idealization of a part, defines the calculations that must be made, extracts data from electronic sources and performs those calculations.

The part analysis integration tool will provide the following services:

part analysis template editor

The part analysis integration tool will have an intrinsic programming language with mathematical expressions, data types and control constructs, necessary for defining the analysis logic for a given part or assembly.

The editor will use a GUI (Graphical User Interface) to aid the engineer in template definitions, by providing engineering information and context for standard analysis functions, preventing syntax and other simple errors, and by providing debugging information.

The editor will provide GUI components that enable the analyst to build a template that is easy to use and understand.  These components include, but are not limited to:

· descriptive ASCII text

· data input components: input cells, text menus, graphical menus, combo boxes, input tables, etc.  These components will have optional range limits, tool tip text, pop-up help and other necessary usability features.

· output/equation cells

· imported graphics

· comments

· help messages

· error and warning messages

part analysis data management

The part analysis integration tool will provide interfaces to electronic sources of data: parameters (geometry and other analysis parameters), loads and materials data.

The part analysis integration tool will enable the engineer to define multiple analysis conditions (loadcases, frame stations, stringer numbers, etc), and perform the specified analysis over the entire range of data values.

standard analysis functions

The part analysis integration tool will provide a set of pre-defined structural analysis methods using algorithms derived from the Boeing Design Manual (BDM-6000) and other specified references.

The graphical user interfaces to the standard analysis functions will aid the user in understanding the use of the analysis method, and the meaning of all input and output parameters.

A listing of required analysis methods is shown in Appendix B.  All of the listed analyses have been implemented in software.  CSW will provide an environment that will enable those existing analysis codes to be integrated within the system.

solution engine

The part analysis integration tool will have an intrinsic programming language and math solving capability, to perform intermediate calculations between standard analysis modules, integrate the results from the standard modules, and calculate margins of safety and other user defined quantities.

The engine will supply standard data types and operations common to a standard programming language such as FORTRAN, C or Basic.  This includes intrinsic math functions such as sine, cosine, tangent, etc., text manipulation, plus matrix math functions.

The solution engine will also supply data aggregate functions for performing statistical calculations such as summation, maximum value, minimum value, average, mean and standard deviation, on variables with multiple degrees of freedom.

Example:

P1 is defined as the load on a fitting in a spar analysis. The analysis is run for many loadcases and many different stations on the spar, therefore the variable P1 will have two degrees of freedom, loadcase and spar station.

The aggregate functions would enable the analyst to determine the maximum value of P1 for the entire set of values, or the maximum at a given station for all loadcases, or find the station with the highest load for a single given loadcase.

report generation

The part analysis integration tool will produce a printable report that meets the Boeing requirements for detailed structural analysis documentation as defined in (incl. references).  The required documentation features include:

· Limited font control; e.g. bold, italic, underline, superscript, subscript, etc.

· Standard document components such as section headings, page headers, page footers, etc.

· Standard engineering symbols and Greek letters.

· Importation of graphics in industry standard formats.

· Native annotation and editing of imported graphics.

· Static (notation only) mathematical equation editing.

· Display of calculated template equations in mathematical format, with the optional display of intermediate values.

· Tables of calculated values, both single DOF (values for multiple variables for a particular degree of freedom, e.g., P, Mx, My, Mz, etc. for each loadcase) and two DOF (one variable summarized against two degrees of freedom, e.g., Margin of Safety (MS) vs. loadcase and location.)

· Graphs of calculated values.

The output report must support integration with specified COTS word processing programs, and comply with the requirements of Stress Analysis Management project from PSI/ADEPT.

analysis tool integration

The part analysis integration tool will provide an application programming interface (API) for executing external analysis programs, passing template data to them, and retrieving the results.

The interface will enable local groups to easily integrate existing and/or special purpose code into CSW analysis.

2.1.2 Standard Analysis Programs

CSW will support a set of the “Best of Boeing” analysis codes, and make them available across the enterprise.

These codes will be integrated into the CSW framework, and can be run either as stand-alone programs or from within the CSW part analysis integration tool.

2.1.3 Internal Loads Interface

This component provides a consistent interface to internal loads data integrated with the CSW framework.   This is a tool that enables the engineer to perform the internal loads extraction tasks required of structural analysts, namely to map internal loads model data (node forces, element forces and moments, etc.) into freebody loads required for detail analysis: P1, P2, M1, M2

model visualization

The program will enable the engineer to visualize the internal loads model, and perform node and element selections and other operation graphically.

details identification and selection

The program will support intelligent detail selection, i.e., the software will recognize details such as ribs or frames once the engineer has defined them.

freebody loads extraction

The program will enable the engineer to define details and extract freebody loads for those details, beamed to user defined nodes.

cross section loads extraction

The program will enable the engineer to extract resultant cross section loads on a user-defined plane that cuts through the model.

definition of local coordinate systems

The user can define local coordinate systems and map extracted loads onto those coordinate systems.

derived properties definition

The program will enable the user to define derived properties consisting of mathematical combinations of other extracted values for a given loadcase.

span-wise load, shear, moment calculation and visualization

The program will calculate and display load, shear and moment diagrams for a selected span for a selected loadcase.  It will also permit enveloping across multiple selected loadcases.

2.1.4 Cross Section Analysis Tool

Planar cross section analyses are performed on nearly every structural component in every vehicle program in every business unit.  A solid, capable cross section analysis tool is a vital component of CSW.  The program must be tightly integrated into the CSW framework, and must be able to perform the following functions:

create and edit cross section definitions

The analyst must have flexibility to define and edit the cross section definition, either as combinations of standard parameterized shapes, generic polygon (corner locations selected with a mouse), or as planar faces extracted from the CAD system.

geometric section properties calculation

The section analysis tool will calculate the following geometric cross section properties relative to the x-y axes:

	Property Name
	Description
	Units

	A
	Area
	in.2

	C.G.
	Center of Gravity (both x and y coordinates)
	in.

	Ixx
	Moment of Inertia about the centroidal X-axis
	in.4

	Iyy
	Moment of Inertia about the centroidal Y-axis
	in.4

	Ixy
	Product of Inertia
	in.4

	(xx
	Radius of gyration about the centroidal X-axis
	in.

	(yy
	Radius of gyration about the centroidal Y-axis
	in.

	(
	Principal angle
	deg.

	Ix
	Moment of Inertia about the principal X-axis
	in.4

	Iy
	Moment of Inertia about the principal Y-axis
	in.4

	(x
	Radius of gyration about the principal X-axis
	in.

	(y
	Radius of gyration about the principal Y-axis
	in.

	Qx
	First Moment of Area above the principal X-axis
	in.3

	Qy
	First Moment of Area above the principal Y-axis
	in.3

	Q
	First Moment of Area above a user-specified axis
	in.3

	J
	Torsion Constant
	in.4

	S.C.
	Shear Center (both x and y coordinates)
	in.

	
	Warping Constant
	in.4

	(x
	Balance of Inertia about the principal X-axis. This property is used in calculating the critical lateral instability moment of prismatic beams.

Reference BDM‑6142.
	in.

	(y
	Balance of Inertia about the principal Y-axis. This property is used in calculating the critical lateral instability moment of prismatic beams.

Reference BDM‑6142.
	in.


The tool will enable the engineer to calculate these values for either the full cross section, or any selected component of the cross section.

The tool will automatically detect and correct for part overlaps, and negative areas that don’t cover positive areas when calculating section properties, and display the net (corrected) cross section shape.

modulus adjusted section properties calculation

The program will calculate the modulus adjusted section properties necessary to perform multiple-material elastic bending analysis, namely EA, EIxx, EIyy, and EIxy.

simple elastic axial tension and bending analysis for homogeneous (one material) and non-homogeneous cross sections

The program will calculate the elastic bending stress on the cross section due to axial load plus two axis applied moments for both homogeneous (single material) and non-homogeneous sections.  It will perform this calculation for both the unrestrained condition, where the section is free to bend about its principal axis, and the restrained condition, where the section is restrained to bending about a given axis. (A typical restrained axis bending problem is one in which the member is fastened to a much larger structure which constrains bending to occur about a specific axis, such as a stringer attached to a wing panel.)

plastic bending analysis for homogeneous and non-homogeneous cross sections

The program will calculate plastic bending stresses, strains and maximum allowable moments for both homogeneous (single material) and non-homogeneous cross sections.

combined loading (axial, bending, shear, and torsion) analysis of prismatic cross sections

The program will calculate stresses for prismatic cross sections for combined loading: shear in the x and y directions, torsion, axial load, and bending moments.

It will calculate the following resultant stress values:

· Axial stress

· Shear stress in the x-direction

· Shear stress in the y-direction

· von-Mises, or octahedral shear stress.

shear flow analysis for thin-walled open and closed cross sections

The program will enable the engineer to define a thin section/lumped area model for the cross section (either open or closed), and calculate the shear center, torsion constant, and warping constant.

This model will also support the analysis of column lateral torsional instability, as described in BDM-6142.

load transfer

The program will provide a simple mechanism for load transfer, whereby the load application point may be specified by the user, and forces and moments resolved to the C.G. by the program.

compression crippling analysis

The program will enable the engineer to build a crippling model of the cross section and compute the compression crippling value Fcc according to the method specified in BDM-6220.

display of results

The program will display the results of stress analyses graphically on the section as a color contour plot.

For all stress analysis types, the program will allow the analyst to select and display the stress values at specified coordinate points on the cross section.

2.1.5 Standard Analysis Template Library

The standard analysis template library will enable The Boeing Company to capture and leverage high quality component analysis templates across a business unit, a program or across the enterprise.  

The library will be the repository for standard, approved component analysis templates.  It will provide the following configuration management services for those templates:

Gradual levels of management:  The library will have different levels of management for different kinds of analysis templates.  

· Templates with wide applicability will be stored at the highest level, and require the highest level of documentation, testing, approval and change control.

· Group standard templates will be stored at a lower level, and require lower levels of documentation, testing, approval and change control.

· Project specific templates can be approved and managed at the project level.

· And so on…

Check-in/Check-out:  The library will support check-in and check-out of templates for editing.  Only approved users will be allowed to edit standard templates.

Library Searches:  The library will provide a variety of means for searching for templates; indexed by approval levels and/or categories, keyword searches, searches by group, by owner, etc.  

Template information: The library will also provide template information and status (e.g., key engineer, abstract, technical information, user information, and approval status).

2.2 Interfaces & Dependencies

2.3 Types of Analysis Out-of-Scope for CSW

Modeling and simulation computer codes for system analysis, aerodynamics, propulsion, and vehicle-level structural response are not within the scope of CSW.

3. System Requirements

3.1 Hardware and Operating Systems

All CSW components will be available on the following Boeing CAE platforms: IBM RS/6000, HP/UNIX, Sun and Microsoft Windows NT.  The preferred solution is for system software to run directly on the user’s processor, but other architectures will be considered, providing they satisfy system performance criteria.

3.2 Printer Support

CSW will support output to PostScript printers.

3.3 Integration of Existing Analysis Tools

CSW will provide a framework to support the integration of legacy analysis programs into the CSW environment.

3.4 User Interface

3.4.1 Standard GUI Look and Feel

The CSW graphical user interface will employ an industry standard look and feel.

3.4.2 Batch Mode

All CSW programs will support a scripting language and batch mode processing.

3.4.3 Clipboard Support

CSW will be an integrated environment for performing, for example, detailed stress analysis tasks.  As such, the components will have to satisfy particular integration requirements.

CSW components will support cut and paste from the operating system clipboard.

The system will support cut and paste of ASCII text, formatted text and specified graphics types, both raster and vector based.

.

3.4.4 On-line Help

CSW will provide a robust on-line help system that aids the user in performing system tasks, and engineering tasks.

The on-line help system will provide an index navigation, a Table of Contents navigation, a general search capability, and information on both CSW system functions and analysis library modules.  It will also be locally extensible, and will provide both feature-based, and task-based information.

3.5 Legacy Data Upward Compatibility

An acceptable migration path will be provided for integration of critical data from programs superseded by CSW.

3.5.1 BCAG Requirements

BCAG has, by far, the largest investment in legacy data upward compatibility since the SWS IAS program implements the reusable analysis template concept.  Over 10,000 analysis templates have been created using IAS, and these are used extensively for new programs, derivatives, modifications, plus liaison and customer support tasks.

Given that, CSW must have the capability to read IAS templates and datasets, and reproduce the results.  The exact layout of the generated notes may change, but the results must be consistent.

In order to do this, CSW will have to support all IAS data types and flow control constructs, plus the following analysis functions:

	Function Name
	Reference

	Beams
	

	FEM (3D Space Frame) Beam Analysis
	

	Continuous Beam-Column Analysis
	Perry, 18.8-18.2

	Continuous Beam-Column Analysis (old version)

	Perry, 18.8-18.2

	Beam-Column Analysis

	BDM-6255

	Section Analysis Program: Elastic Bending
	

	Section Analysis Program: Compression Crippling
	BDM-6220

	Plastic Bending of Round Tubes
	BDM-6124

	Plastic Bending (general sections)
	BMA/BDM-6124

	Symmetrical Curved Beams, Bending Stresses
	BDM-6126

	Small Cutout Analysis:
	

	Reinforced Hole Analysis
	BDM-6820

	Flanged Holes in IDT Webs
	BDM-6820

	Flanged Holes in Shear Resistant Webs
	BDM-6820

	Tapered Beam (Lumped Area) Analysis
	Perry, 1st Edition, 6.8

	Stability:
	

	Column Fixity Coefficient and Effective Length
	BDM-6232

	Euler-Engesser Column Allowable
	BDM-6234

	Johnson-Euler Column Allowable
	BDM-6236

	Lateral Torsional Instability
	BDM-6142 and BDM-6144

	Panels
	

	Allowable Web Shear Stress – IDT Beams
	BDM-6320

	Allowable Web Shear Stress – Shear Resistant Beams
	BDM-6310

	Flat Rectangular Plate Buckling
	BDM-6520

	Curved Plate Buckling
	BDM-6550

	Allowable Flat Panel Shear Buckling Stress
	BDM-6310

	LESTAB Plate Buckling Analysis (metals only)
	

	Utilities
	

	Effective Skin Width
	BDM-6530

	Section Analysis Program file import
	

	Inter-rivet Buckling Allowable
	BDM-6535

	Transformation of Stresses (Mohr’s Circle)
	BDM-6030

	Lagrangian Interpolation (Curve Fitting) –old version–
	

	Lagrangian Interpolation (Curve Fitting)
	

	Margin of Safety
	BDM-6070

	Database Integration
	

	BCAG Material Database (metals)
	

	BCAG Fastener Database
	

	BCAG Composites Database:
	

	Ply Definition
	

	Core Definition
	

	Laminate/Sandwich Definition
	

	Design Values Calculation
	

	Composite Laminate Properties
	

	Composites Analysis
	

	Composite Laminate Strain Analysis
	

	LEOTHA Panel Buckling Analysis
	

	LESTAB Plate Buckling Analysis
	

	Details
	

	Joint Tensile Efficiency (general case)
	BDM-6610 and BDM-1460

	Joint Tensile Efficiency (constant diameter and spacing)
	BDM-6610 and BDM-1460

	Compact Fastener Group Analysis
	BMA/BDM-6610

	Bathtub Tension Fitting Analysis
	D6-81766

	Angle Clip and Tee Fitting Analysis
	BDM-6620

	Lug Static Strength Analysis
	BDM-6630

	Single Pin, Single Shear Allowable
	BDM-6640

	Single Pin, Double Shear Allowable
	BDM-6640

	Durability
	

	Critical End Fastener Load Ratio (JOLOAD)
	D6-24956 (Book 2)

	DFR Base Functions (7 functions)
	D6-24956 (Book 2)

	Lug Durability
	D6-24956 (Book 2)

	Modification Factor Functions (9 functions)
	D6-24956 (Book 2)

	RC Factor
	D6-24956 (Book 2)

	DFR Cutoff
	D6-24956 (Book 2)

	S-N Curve
	D6-24956 (Book 2)


The system will also have to support a number of superseded versions of functions, for upward compatibility of old templates.

3.6 Software Quality & Validation

The system should be easy to support and cheap to maintain.  The majority of post-deployment dollars should be spent on new development and enhancements, and not on simply keeping the software running.

3.7 Security

3.7.1 Software Licensing

A software licensing scheme will be employed that protects Boeing proprietary interest in the software, and prevents unauthorized use of the software.

3.7.2 Software Use Tracking

A software use tracking scheme will be employed such that use of each CSW tool at each site will be recorded, and regularly reported.  Tracking data will include: machine identification, user identification, number of accesses, session length, and crashes.

This data will be used to help prioritize CSW work.

3.7.3 Installation in Secured Sites

The CSW architecture will permit installation and use of all CSW tools on secure systems, and on government and sub-contracting programs.

Appendix A.
Glossary

A&M
Boeing Military Aircraft and Missiles Group.

BCAG
Boeing Commercial Airplane Group

BDM
Boeing Design Manual.  A set of Heritage Boeing documents that define approved analysis methods, processes, material properties and design values.

CSW
Common Structures Workstation. CSW will provide analysts with an interrelated suite of tools that support the vast majority of structural analysis tasks.  The system should be a stand-alone package (i.e., not directly dependent on a particular CAD system) that can be easily integrated into the larger design process.

D6 document
Boeing Commercial Airplanes specific design document.  Sometimes used to define approved analysis methods, processes, material properties and design values applicable only to commercial airplanes.

D1 document
Boeing Commercial Airplanes program specific design document.  Sometimes used to define approved analysis methods, processes, material properties and design values applicable only to a particular model of commercial airplane.

IAS
Boeing Integrated Analysis System.  Part of the BCAG SWS suite of analysis tools.  Program used to implement BCAG standard analysis methods, integrate with standards and loads database systems, and link them into part analysis templates.

load cycle
The process whereby external loads are revised based on the evolving design, and published for use by project engineers.

S&C
Boeing Space and Communications Group.

SA
Section Analysis Program.  The cross section analysis program developed by, and used at BCAG.  Part of the SWS suite of software.

SWS
Structures Workstation.  The BCAG suite of structural analysis software.

stress notes
The written record of the structural analysis performed in support of design and certification.

template
The definition of a part analysis, captured in software, that specifies the failure modes of the part, the standard analysis methods used to analyze the part, the   input parameters, equations, and program flow control necessary to calculate the part's margins of safety.

The template also contains the text and diagrams to required to completely document the analysis performed and prepare a complete stress note.

Appendix B.
Required Standard Analysis Methods

COMPONENT DESIGN METHODS

Note: Most of the following analysis methods have been implemented in software in the Boeing Co.  CSW will provide a mechanism for integrating existing analysis codes into a unified system.

1.0 Material Models

1.1 Linear Elastic – Isotropic

1.1.1 Thermo-mechanical properties

1.1.2 Allowables

1.2 Linear Elastic - Laminated Composite 

1.2.1 Orthotropic ply data 

1.2.2 Laminate layup

1.2.3 Laminate layup by ply percent 

1.2.4 Laminate A,B,D matrices generation

1.2.5 Laminate A,B,D matrices input 

1.2.6 Laminate loads from laminate strains 

1.2.7 Laminate strains from laminate loads 

1.2.8 Ply-by-ply stresses, strains and margins of safety

1.2.9 AML Failure 

1.2.10 Laminate angle bending 

1.3 Elasto-Plastic J2-Flow (von Mises) Theory

1.3.1 Piecewise linear

1.3.2 Ramberg-Osgood

1.4 Composite Failure Analysis

1.4.1 Interlaminar stress and strain 

1.4.2 Pull-off failure

2.0 Beams (Bending, Extension, Shear, Torsion)

2.1 Section Properties

2.1.1 Standard sections

2.1.2 Open sections – general

2.1.3 Open sections – thin-walled

2.1.4 Closed sections – thin-walled

2.1.5 Curved beam sections

2.1.6 CAD section geometry extraction

2.2 Linear Static Response:  Prismatic Beams with Open and Closed Sections

2.2.1 Uniform loads & concentrated loads

2.2.2 Linear varying loads

2.2.3 Linear varying temperature differentials

2.2.4 Partial-span linear varying loads & temperature differentials

2.3 Plastic Bending

2.4 Beam on Elastic Foundation

2.5 Continuous Beams

2.5.1 Linear elastic

2.5.2 Classical beam-column

2.6 Linear Bifurcation Buckling:  Prismatic Beams with Open and Closed Sections

2.6.1 Classical column buckling

2.6.2 Generic column buckling

2.6.3 Lateral-torsional buckling 

2.6.4 Flexural-torsional buckling

2.7 Nonlinear Buckling and Strength:  Open and Closed Sections

2.7.1 Classical beam-columns 

2.7.2 Compression crippling

2.7.3 Johnson-Euler columns

2.7.4 Euler-Engesser

2.7.5 Postbuckling

2.8 Common Beams

2.8.1 Prismatic

2.8.2 Prismatic-tapered

2.8.3 Circular loaded inplane

2.8.4 Circular loaded out-of-plane

2.9 Space Frame/Truss

3.0  Plates and Shells (Bending and Membrane)

3.1 Linear Static Response

3.1.1 Analytical

3.1.2 FE method

3.1.3 Plane strain “tabout”

3.1.4 Plane stress

3.2 Linear (Bifurcation) Buckling

3.2.1 Analytical – interpolative

3.2.2 Ritz methods

3.2.3 FE method

3.3 Postbuckling (Nonlinear) with Nonlinear Material Response

3.4 Fracture of Laminated Plate

3.5 Membrane Response (Nonlinear)

3.6 Common Plates

3.6.1 Rectangular

3.6.2 Quadrilateral plates

3.6.3 Triangular plates

3.6.4 Circular plates 

3.6.5 Annular plates

3.6.6 Rib structures

3.7 Shell Structures

3.7.1 Curved (cylindrical shell) panels

3.7.2 Cylindrical with penetrations

3.7.3 General shell structures

3.8 Penetrations with:  Reinforcements or Flanges

3.8.1 Circular

3.8.2 Elliptical

3.8.3 Racetrack

3.8.4 Rectangular w/fillets

3.9 Inter-Rivet Buckling

3.10  Effective Skin Width

3.11  Sandwich Construction

3.11.1  Laminate analysis

3.11.2  Pan-down edges

3.11.3  Intra-cell buckling

3.11.4  Face wrinkling

3.11.5  Shear crimping

3.11.6  Edges & joints

4.0  Panels (Beam, Plate and Shell Structures)

4.1 Stiffened Panels

4.1.1 Equivalent orthotropic panel stiffness

4.1.2 Uniaxial stiffeners 

4.1.3 Biaxial stiffeners

4.1.4 Ortho-grid stiffeners 

4.1.5 Iso-grid stiffeners

4.1.6 Corrugated and beaded panels

4.1.7 Bulkheads 

4.1.8 Multi-spar structures

4.2 Intermediate Diagonal Tension (IDT) Beams

4.3 Web-Buckled Beams

4.4 Sine-Wave, Arc-Wave Beams

5.0 Fittings

5.1 Clips – Angle

5.2 Clips – Channel

5.3 Clips – T

5.4 Bushings

5.5 Fittings – Angle 

5.6 Fittings – Bathtub

5.7 Fittings – Channel

5.8 Lugs

6.0 Joints

6.1 Fasteners

6.1.1 Bolt bending – fatigue

6.1.2 Bolt bending – stress

6.1.3 Bolt shear

6.1.4 Grouping

6.1.5 Pull-through

6.2 Efficiency of Plates in Tension Joints

6.3 Bolted Joints

6.3.1 Bolted joint stress - laminate

6.3.2 Bearing-bypass joint failure

6.3.3 Joint load transfer

6.3.4 Single pin joints

6.4 Bonded Joints

6.4.1 Bonded joint strength

6.4.2 Peel Stresses

6.5 Friction Joints

6.6 Single Pin Joints

6.6.1 Pin - double shear assembly

6.6.2 Pin - multiple shear assembly

6.6.3 Pin (hollow) – double shear

DURABILITY AND DAMAGE TOLERANCE METHODS
1.0 Durability and Damage Tolerance (DaDT)

1.1. Durability

1.1.1. Material Database

1.1.1.1. Stress-Strain

1.1.1.2. Strain-Life

1.1.2. Stress Concentration Library

1.1.3. Durability Code

1.2. Damage Tolerance

1.2.1. Material Allowables

1.2.1.1. Da/DN Crack Growth 

1.2.1.2. KC, KIC
1.3. Spectrum Utilities

1.3.1. Spectrum Generation

1.3.2. Spectrum Manipulation

1.3.2.1. Clipping

1.3.2.2. Truncation

1.3.2.3. Shifting

1.3.2.4. Filtering

1.3.2.5. Cycle Counting

1.3.2.6. Blocking
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