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Summary

This report summarizes the efforts to date of the first year in the System Definition
and Module Development for a Comprehensive Aircraft Sizing and Synthesis Tool contract
(NAG 1 1786). This year's tasks were as follows:

* Establish evaluation criteria amongst ASDL, NASA Langley SAB, and NASA

Ames SAB

* Receive training in the ACSYNT, FLOPS

* Model various aircraft classes in each of the two synthesis codes

* Analyze each of these aircraft in the synthesis codes and critique the codes based

on the results (i.e. address fidelity issues, ease of modeling, etc.)

» Examine the possibility of incorporating modules from existing programs

» Suggest a system architecture for a next generation synthesis program
To achieve these tasks, members from the ASDL traveled to both NASA Langley and
Ames Research Centers to receive training and to develop evaluation criteria that meet the
needs of the two centers. In addition, a visit was made to the Air Force's Wright
Laboratory to receive training in ICAD and IDAS, two codes used by the Air Force with
similar capabilities. These codes are being reviewed to establish a point of reference for
military vehicle modeling and sizing. Based on these visits, evaluation criteria were
established and a survey developed and distributed to the various users. The results from
these surveys are still being collected and expected to be in the report by the end of this
years effort.

Three configurations are being modeled in ACSYNT and FLOPS at this time. The
configurations are the B747-400, C17, and F16C and represent baseline commercial and
military configurations. The particular vehicles were selected based on data availability.

The modeling is proceeding in two directions. First, an input deck is generated for each
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configuration without the use of technology factors (adjustments, correlation factors). This
will test the default prediction capabilities of the codes. Then, these factors are applied to
test the ability for these codes to match the aircraft performance based on actual data for this
configuration. Initial modeling results are presented in this report. Based on the modeling
results and the user survey, a side-by-side comparison will be made of ACSYNT and
FLOPS based on rankings from the evaluation criteria.

To complement the aircraft modeling, scaling laws used by these codes to carry out
the sizing function are investigated. Scaling laws prove to be essential in aircraft codes
because they dictate the final configuration and performance. These sizing laws, in
addition to the ability to integrate new technology modules, determine the applicability of
the code to modeling revolutionary (versus evolutionary configurations). Sizing laws for
ACSYNT and FLOPS are summarized in this report and a recommendation is made to
model a futuristic fighter concept to test thz response of these codes to such a futuristic
concept. In closing, arguments are made to investigate modularity and the use of

supporting cede to facilitate analysis.
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1. Introduction

Significant investments have been made in the creation and maintenance of aircraft
sizing codes for use in early conceptual design activities. These codes permit a designer to
rapidly trade-off new designs and perform mission analysis. FLOPS, ACSYNT, IDAS
and ICAD are four leading synthesis and sizing codes used by government organizations
within the US. The first two representing the only two “public domain” synthesis and
sizing codes In existence outside of industry, which umplies that they are the only ones
available for government and academic use. These codes are described later in this section
and will be the focus of this study. The effort for year one of this three year study has been
focused on a side-by-side comparison of these codes as to independently quantify their
differences and similarities; address issues associated with their for modeling accuracy,
modularity, and user-friendliness; and identify possible shortcomings and suggest remedies
to be carried out during subsequent phases of this study. This will eventually lead to a set
of recommendations stating means by which these two programs can be enhanced to better
serve the aerospace design community.

These design tools may be considered as monolithic codes with an executive
module managing a geometry and mission/sizing core with links to appropnate disciplinary
modules. The executive has traditionally included the capability to do opumization and
carpet plots in addition to single-point analysis. Graphical user interfaces have focused on
geometric modeling and program control. These monolithic codes in general have been
proven to have less modular capabilities when compared with modem-day programming
techniques. To make up for these shortcomings, these codes are often not used in isolation
but, rather, are combined with a number of supporting codes and used together as a
system. For instance, FLOPS may be used in conjunction with RAPID, AERO2S, and
BDAP whereas ACSYNT may be combined with RAM, VORILLAX, FELISA, and FPS3D

depending on the level of desired analysis. This phase of the study will primarily focus on
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the examination of the capabilities of these monolithic codes while future studies will
concentrate on testing these codes as they are used collaboratively with their supporting
tools.

Significant factors in the selection of a design code are in its prediction and
modeling capabilities. This is directly related to the level of fidelity (measure of prediction
accuracy of the final vehicle size, performance, etc.) of the analysis. Obviously, accuracy
1s an important issue when doing conceptual design because the decisions that are made in
this phase lock in the major features of the configuration and have a significant impact in
the life-cycle of the vehicle. These design codes have varying degrees of accuracy because
the historical databases they were based on regression analysis for different vehicle classes
using similar technologies and simplified empirical analysis methods. In recent years,
many users have felt that FLOPS is more appropriately used for the modeling of transports
while ACSYNT is centered around the prediction of advanced technologies for fighter
aircraft (e.g. ASTOVL vehicles, advanced short takeoff and landing vehicles). During this
phase of the study, three evolutionary vehicles, the C17, B747-400, and F16C are modeled
in each code and the results compared side-by-side in order to test the accuracy of the tools
as compared to known data. These three configurations were selected primarily due to data
availability.

Another factor in the selection of a design code is user-friendliness. The term
“user-friendliriess” can include traits such as complexity of input, usefulness of defaults,
input modification, etc. There are a number of disciplines that are required to be defined
tor proper vehicle analysis. This task can be quite complex and the number of varables
overwhelming. Ideally, a code should have default settings that minimize initial user input.
The prediction capabilities of a code based on defaults will be one part of this study.
Another consideration is the level of difficulty to medify program inputs to match a
particitar configuration. Each of the codes that will be surveyed has some form of user

interface that facilitates vebicle modeling, which includes disciplinary information as well
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as geometric modeling. A qualitative analysis of both the GUI and stand-alone interface
will be done as the three selected configurations are modeled in-house and also based on
USer SUrveys.

Given that these conceptual tools arc the current bascling, it is unportant to
understand that conceptual design is growing beyond the strict optimization and sizing for
which these codes are based. Requirements are evolving to address such things as
uncertainty and the need to include approximations of higher fidelity tools in earlier design
processes. These requirements come from the need to perform an Integrated Product and
Process Development (IPPD) approach in the early design phases. As IPPD will provide
the impetus for innovation and technelogica! advances during these early conceptual design
phases, tools must also grow to accommodate these advances. Synthesis and sizing codes
must thus be sufficiently modular so that they can accommodate these newer as well as
future design techniques. During this phase of the study, the various disciplinary
contributions/functions will be critiqued and modularity of the overall code assessed.

An evolving vehicle base will also be required to be analyzed by these synthesis
codes. Based on changing world threats, these codes must accommodate evolutionary as
well as revolutionary configurations and technologies. These codes were developed during
an era of strict evolutionary principles where statistical databases and sizing laws can be
used effectively to analyze an appropriate aircraft configuration. Modem aircraft design
requirements ere providing these codes with configurations that are far outside of existing
databases and technologies that are still developing. These revolutionary concepts will
require that the modules have a strong, physics-based development so that their
applicability remains valid for a larger pool of configurations. Because these concepts need
to be included in the codes of the future, this study will also examine the vehicle scaling
laws (e.g. how a vehicle configuration is changed internally by a code in order to fly u
certain missior.) that are inherent in each. In addition to looking at scaling laws, a highly-

maneuverable fighter concept from Lockheed, Ft. Worth, representative of futuristic
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configurations, will be modeled in each code during the later phases of this study. Also,
the ability to integrate the required disciplinary modules to support the required technology

developments based on physics will be investigated as discussed earlier.

1.1. General Programming Structure

Synthesis and sizing codes tend to be predominately in FORTRAN and are based
on a master executive with a number of disciplinary modules. This is commonly referred
to as a “Stand-Alone Version” and an example is shown in Figure 1 where a configuration,
defined by an input file and auxiliary files (for engine decks, etc.), is analyzed and results
written to an output file. To perform the analysis, a number of disciplinary modules may
be called. A user has the capability to add additional disciplinary modules. This basic
structure is common not only for various vehicle synthesis codes but for individual

disciplinary tools as well.

e

Input Fil

Namelist

Formatted
ot ALl FORTRAN

Acrodynamics FORTRAN Economics
FORTRAN -Em COHIHA
Siructures/Weights et - Noisa
FORTRAN e
Propulsion Usar - Defined

Madulas

Figure 1. Stand-Alone Code

These original sizing codes can be extended to include a Graphical User Interface
(GUIL), commonly referred to as the “Graphical Version”, to make modeling and execution
easier for the end user. The GUI complements the geometry routines in the original code

with a visualization tool as well as enhances the executive. Also, be GUI helps a user in
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defining inputs and analysis post-processing. GUI's are written predominately in C and
make use of the already existing sizing and disciplinary modules.

In eithier version, the exccutive may also contain links for optimization and carpet
plots. The optimization routines tend to be off-the-shelf, gradient-based optimizers. These
optimizers favor well for traditional designs with limited search spaces as defined by a
reasonably constrained problermn.

As a final note, the information structure for these codes plays an important role in
modularity. Information is contained in and passed by global vanables and/or common
blocks. This makes information exchange easy programmatically. However, this type of
information passing significantly reduces the modularity and portability of the code. For
instance, if a variable is added to a namelist in aerodynamics and the same namelist also
appears in another disciplinary module, both modules must be re-compiled. Moreover, as

any module changes the complete system must be re-linked.

1.2. Present Day Modular Strategies

A synthesis and sizing tool can be visualized as a number of analysis modules
linked via a geometric modeling and mission analysis core, as shown in Figure 2. Modules
can be added, deleted, or modified in respcnse to analysis requirements driven by aircraft
configuration and technology. The modules are executed in a problem dependent synthesis
network and are controlled by synthesis and sizing drivers. This strategy has subtle
differences from the codes discussed earlier and shown in Figure | in that no strict
coupling of the modules exists. The framework is plug-n-play instead of being compiled

into a single monolithic executable.
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Synﬂ{;sls & Sizing

S8C ¥ |

Preliminary Design Tools
.
Propulsion

Figure 2. Sample Synthesis Toolkit

Each module in the Synthesis Toolkit is a library of analysis programs. A particular
choice of analysis program may be selected depending on problem analysis requirements
and configuration, available data and files, and user preferences. Analysis modules can be
interchanged as a design progresses from conceptual to preliminary to detailed design.
Modules are determined by the particular problem to be analyzed or synthesized. In
addition, new modules may be added as the level of detail in a design increases. For
instance, initial weight estimates may be based on historical data and a module that
determines weights based on production information could be integrated later.

Notice that these modules are developed and analysis codes are selected
independent from the software architecture. Codes will be validated and documented off-
line from the architecture by disciplinarians. After this process, these codes are integrated

into the architecture. The synthesis network can be configured without having all of the
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codes in place. As codes are selected, the final data and analysis sequences are determined.
Disciplinarians will still be required to maintain and enhance their respective analysis codes
as well as provide expert advice, when needed, about the validity of information. The
importance of an architecture that can be configured with rmmmal effort 1s emphasized by
the need to incorporate future technologies as they are identified and developed based on
needs of revelutionary configurations. These codes do not exist as preliminary vehicle
performance assessments are made. Rather, estimates are used with the understanding that
codes will be integrated if the technologies provide system level benefits. An architecture
organized in this way is flexible because modules are organized to leave particular code
selections open.

Using this technique, generic synthesis templates can be developed based on
aircraft configurations or corporate design practices. As shown in the lower right of Figure
2, lower fidelity analysis codes comprise the inner ring of synthesis modules. As a design
problem becomes increasingly more determinate, higher fidelity codes can be interchanged.
This i1s emphasized by an outer ring of analysis codes.

Response Surface Equations can be used to replace time consuming, higher-fidelity
analyses. Or, they can be used to bring higher-fidelity information into design processes
earlier. Usually, a concept progresses to a point where only a limited number of analysis
cases are run on a detailed design. The number is limited by expense, man hours, and
desired accuracy. These limitations can be overcome by systematically running a set of
cases defined under the Response Surface Methodology (RSM) guidelines and by creating
Response Surface Equations (RSE). In tun, RSE’s can be substituted for analysis codes.
This is shown in the lower right of Figure 2. There are at least two additional benefits
gained from RSE’s. The design space region of interest is continuous, allowing for robust
design and simulation techniques to be used. Second, computational cost is reduced to the
evaluation of algebraic expressions. An overview of a Response Surface Methodology is

given in Appeadix 1.
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1.3. Analysis Strategies

A designer can employ several different strategies for using these conceptual design
tocls depending on the desired analysis. These are summarized m Table 1. These
strategies are clarified in the following sections. Some example scenarios where a designer

would use one or more of these modeling strategies include:

Scenario 1. Match and verify F16 performance numbers — Point Design Analysis

Scenario 2. Study the effect of different scenarios on an Fl6-like vehicle
— Analysis, Sensitivity

Scenario 3. Match a configuration in which all geometry is not known
— Sizing Analysis

Scenario 4. Determining a new configuration that will meet a designated mission
— Sizing Analysis _

Scenario 5. Finalizing a design based on certain performance parameters
— Analysis, Optimization

Scenario 6. Technology trade-offs on a vehicle design — Sizing Analysis

These scenarios demonstrate that one or more analysis techniques can be utilized by these

codes to achieve a certain design task.

Table 1. Analysis Strategies

Strategy Use
Analysis (§1.3.1) Determine vehicle performance and point designs
Sensitivity (§1.3.2) | Determine robustness to vehicle parameters
Optimization (§1.3.3) | Determine optimal vehicle parameters for a given mission

1.3.1. Analysis - Synthesis & Sizing

Synthesis involves the assembly of the effects of individual disciplines on the
aircraft components so that performance characteristics about an aircraft can be obtained. A
majority if not all of the vehicle parameters (geometry, mission, aerodynamics, propulsion,
etc.) are known and input by the user. These parameters arc normally enough for a sized
confrguration since the user also has the respective weights available to him. The

difference between the final calculated and the known aircraft weights is an indicator of the
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prediction capabilities of the code. In this case, a user commonly applies scaling
parameters (a.k.a. fudge factors) to his inputs so that values determined by the design code
matches known data. The degree to which these values match is a measure of the code to
accurately predict the behavior of the configuration. This is very important for the selection
of which design code to use and is emphasized in this study.

Design codes have the ability to size an aircraft so that specific mission
requirements can be met. For example, a fuel balance is required to make sure that an
aircraft can fly an extended-range mission. During this process, the design code must add
and distribute fuel and apply appropriate scaling laws in order to assess mission
performance. For example, additional fuel in the wings will require additional structirral
weight to support the fuel bladders. Depending on the scaling laws that are applied,
radically different configurations may be obtained.

This process may not be altogether automated and requires the expertise of a
designer. An example is iilustrated in Figure 3 and Figure 4. An initial configuration is
shown in Figure 3 of an aircraft that is not capable of flying a transcontinental route. To
meet this mission, a user would have to sclect different engines and increase the wing area
as shown in Figure 4. Internal to the code, ACSYNT in this scenario, sizing occurred as

fuel added and performance and disciplinary metrics were recalculated.

Figure 3. Initial Configuration! Figure 4. Modified and Sized
Configuration'
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1.3.2. Sensitivities

It is often of interest to determine the effect of changing a single decision variable
on the gross weight and performance of the aircraft.? Examples include determination of
change in gross weight due to a prescribed change in physical parameters such as aspect
ratio, or mission parameters such as range. Sensitivity may be simply referred to as the
variation, or partial derivative, of one parameter with respect to another. For example, if
the sensitivity of gross weight to wing thickness-to-chord ratio is negative, the gross
weight may b= reduced by increasing the thickness-to-chord ratio. However, it must be
noted that an increase in thickness-to-chord ratio may reduce vehicle performance, violating
performance constraints on the design.

Sensitivity is also related to a robust design. It is desired that the sensitivity be as
low as possible in order to produce a more robust design. Therefore, the impact of product

variance will be minimized on eventual performance.

1.3.3. Optimization

The purpose of the optimization subprogram is to minimize or maximize some
"objective” function, subject to a prescribed set of limits or "constraints” on the design.?
For example, given a mission, the gross weight of the vehicle may be minimized subject to
performance and zing requirements. The variables changed by the optimization program
are referred to as design variables and include parameters such as wing area, aspect ratio,
thickness-to-chord ratio, and vehicle thrust-to-weight ratio. In general, any variables input
to a discipline module may be treated as a design variable and these variables are usually
bounded to insure a valid design space. Functions which are evaluated by the modules
such as gross weight, performance, parameters or fuel weight may be treated as parameters
to be extremized in the objective function or may be constraints which lie within prescribed
bounds. This formulation allows for considerable latinde in choosing the objective

function, decision variables and constraints.
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1.4. Modeling Stralegies

There are four basic modeling strategics that may be performed when using these
sizing tools to predict aircraft performance. These are shown in Table 2. The differences
in these strategies may be subtle at times but nonetheless important. For instance,
designers often say they have modeled and studies a configuration (Low Fidelity Trade

Study) when they have really matched their configuration (Calibration).

Table 2. Modeling Strategies

Strategy Use
Calibration (§1.4.1) Match existing data and code validation
Low Fidelity Trade Studies (§1.4.2) | Routine and rapid assessments
High Fidelity Trade Studies (§1.4.3) | Detailed or new technology assessments
Approximate Studies (§1.4.4) Robust simulation and design space search

1.4.1. Calibration

Calibration is done when matching industry provided data for future studies or for
validating code modifications. As shown in Figure 5, the baseline configuration is
modeled in the input flles and the output analysis and performance data is compared against
known values. Typically, calibration is done in two stages. First, non-scaled parameters
are used in order to determine the basic prediction of the code. Then, input scaling
parameters are used so that the prediction matches the known aircraft data. In this phase of
the survey, the selected design codes will be used for “Calibration” so that the prediction

capabilities can be assessed.
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Figure 5. Using a Code for Calibration

1.4.2. Low Fidelity Trade Studies

During a low fidelity trade study, a baseline configuration is modeled and entered
into the design code. The code sizes the configuration so that the vehicle can fly the
prescribed mission. This is represented in Figure 6. The user frequently varies
corfiguration variables (geometry, airfoils, engine parameters, etc.) and mission
parameters as trade studies are performed. By doing this, different classes of vehicles can
be developed and carpet plots and other post-processing can be done so that a conecept

selection processes can take place.

E«_lj/rade ‘.::tudi\éél
V

Figure 6. Using a Code for Low Fidelity Trade Studies

1.4.3. High Fidelity Trade Studies

A designer may utilize disciplinary codes off-line from the design tool in order to

provide higher fidelity analysis or prediction capabilities outside of those possible by the
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design code. This scenario is illustrated in Figure 7. These codes may be run off-line or
they may be combined with the design tool in an automated system. For example, a user
may use RAM to model an ajreraft configuration and pass the configuration into FELISA to
generate a CFD grid. [n turn, FPS3D can be used to generate the appropriate polars

required for the aerodynamics module in ACSYNT.

E;/r;de_ Stud i%ﬂ
V

Figure 7. Using a Code for High Fidelity Trade Studies

1.4.4. Approximate Studies

During early conceptual design, a designer may wish to use approximate methods
to reduce analysis time, facilitate program linking, and for robust simulation. In the
example shown in Figure 11, Response Surface Equations can be used to approximate the
design tool and higher-fidelity disciplinary analysis. Then, a Monte Carlo simulation can
be used to determine a robust design based on probabilistic methods. The use of
approximations, in this examples RSEs, greatly reduces the amount of analysis time
required. It is important to remember that approximate methods are valid in the domains of
their approximations. A common approach for finding a design space is the use of
screening tests which helps determine both the design space and to reduce the number of

active design variables.
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Figure 8. Using a Code for Approximate Studies

B

1.5. Surveyed Codes

This study will involve four codes that represent the current state-of-the-art in
conceptual design analysis. Each of these codes has a rather involved history and the
current references are made with respect to the current versions at their respective centers.
These four codes are shown in Table 3. The codes are described in the following sections.
The remainder of this report will deta’l specifics of each code in terms of modularity,
prediction capabilities, and general usability. The configurations in this survey (B747-400,
C17, and F16C) will only be modeled in ACSYNT and FLOPS at this time. ICAD has
been acquired and users are still being trained. IDAS is still being acquired. Initial training
in JDAS and ICAD has been received at ASC/XRED. Of the four codes, ICAD is the only

one that is PC-Based. The others are workstation applications.
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Table 3. Surveyed Codes

Code Version Center
ACSYNT 3.0 NASA Ames Research Center
Systems Analysis Branch
FLOPS 5.85 NASA Langley Research Center
Systems Analysis Branch
ICAD - Air Force Air Systems Command (ASC)
Technology Support Group (XRED)
IDAS - Rockwel] International

1.5.1. ACSYNT

AirCraft SYNThesis (ACSYNT) was originally created at NASA Ames Research
Center in the early "70s to fulfill a need for the evaluation of advanced technologies on
future aircraft and has been continuously enhanced and updated from that time forward.
The ACSYNT Institute was founded in 1990 to advance the US capability for aircraft
conceptual design and resided at the Virginia Tech CAD Laboratory. During this time, an
interactive computer aided design intzrface to ACSYNT was developed and internal
routines exterded by the Institute. Institute control has been retumed to the Systems
Analysis Branch at NASA Ames and is also being co-developed by Phoenix Integration
Systems in Blacksburg, VA.

ACSYNT was designed to have the flexibility to analyze a wide range of civil and
military aircra‘t, including fighters, bombers, and transports.2 ACSYNT is comprised of
several discipline codes which can run either stand-alone for analysis of one aspect or be
combined in order to evaluate the integrated results. As shown in Figure 9, these
disciplines are Geometry, Weights and Structures, Aerodynamics, Propulsion, Takeoff
Performance, Mission Performance, Cost, and Sonic Boom.  ACSYNT includes a
methodology for converging on a vehiclz design and for optimizing the vehicle design for a

particular objective function, subject to various constraints.







