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Summary 

This report summarizes the efforts lo dale of the first year in the System Definition 

and Module Development for a Comprehensive Aircraft Sizing and Symhesis 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 lime. 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 the response of these codes to such a futuristic 

concept. In closing, arguments are made to investigate modularity and the use of 

supporting code to facilitate analysis. 



Acknowledgments Page iv 

A c k n o w l e d g m e n t s 

This research could not have been completed without the dedication of a number of 

individuals. In particular, the graduate research assistants of the Aerospace Systems 

Design Laboratory at Georgia Tech, George C. Mantis, Noel I. Macsotai, Dan 

DeLaurentis, Michelle Kirby, Nathan Hint s, Jimmy Tai, Dani Soban, and Lance Bays. 

The project was overseen by ASDL research manager Dr. Dimitri Mavris and research 

engineer Dr. Mark Hale. 

Special thanks to the technical ."nonitor for the investigation, Dr. Gary Giles. In 

addition, this study could not have been executed successfully without the overview and 

assistance of the personnel of NASA Langley, Sam Dollyhigh, Amie McCullers; and 

NASA Ames. Tom Galloway, Paul Gelhaussen, Mark Moore, Andy, Halm, and Dave 

Kinney. Help from the following Air Force personnel at Wright Patterson is appreciated: 

Gordon Tamplin, John Cathey, Dave Hammond, and Terry Smith. Also, Dr. Bob 

Schwanz frorr Rockwell International is assisting in the acquisition of IDAS. 



Table of Contents Pagev 

Table of Contents 

Summary ii 
Acknowledgments iv 
List of Illustrations vii 
List of Tables viii 
1. Introduction 1 

1.1. General Programming Structure 4 
1.2. Present Day Modular Strategies 5 
1.3. Analysis Strategies 8 

1.3.1. Analysis - Synthesis & Sizing 8 
1.3.2. Sensitivities 10 
1.3.3. Optimization 10 

1.4. Modeling Strategies 11 
1.4.1. Calibration 11 
1.4.2. Low Fidelity Trade Studies 12 
1.4.3. High Fidelity Trade Studies 12 
1.4.4. Approximate Studies 13 

1.5. Surveyed Codes 14 
1.5.1. ACSYNT 15 
1.5.2. FLOPS 18 
1.5.3. ICAD 21 
1.5.4. IDAS 22 

1.6. Modeled Configurations 23 
2. Evaluation Criteria Survey 25 
3. Scaling Laws 27 

3.1. ACSYNT 27 
3.1.1. Convergence 27 
3.1.2. Optimization 29 

3.2. FLOPS 30 
3.2.1. Sizing (Analysis) Mode: IOPT=l, IANAL=3 30 
3.2.2. Optimization mode: IOPT=3, IANAL=3 31 
3.2.3. Fuel Volume considerations 31 
3.2.4. Fuselage "Design" 32 

4. Configuration Modeling 33 
4.1. Commercial Transport: B747-400 34 

4.1.1. ACSYNT 34 
4.1.2. FLOPS 35 

4.2. Military Transport: C17 36 
4.2.1. ACSYNT 36 
4.2.2. FLOPS 38 

4.3. Fighter: F16C 40 
4.3.1. ACSYNT 44 
4.3.2. FLOPS 46 

5. Results and Recommendations 48 
5.1. Side-by-Side Comparison 48 
5.2. Isolation vs Supporting Tools 49 
5.3. Modeling of a Revolutionary Concept 50 
5.4. Independent Module Evaluation 50 

6. References 52 
APPENDICES 53 



Table of Contents Page vi 

Appendix A. Survey 54 
Appendix B. B747-400 ACSYNT Input & Output File 55 
Appendix C. B747-400 FLOPS Input & Output File 56 
Appendix D. C17 ACSYNT Input & Output File 57 
Appendix E. C17 FLOPS Input & Output File 58 
Appendix F. F16C ACSYNT Input & Output File 59 
Appendix G. F16C FLOPS Input & Output File 60 
Appendix H. Side-by-Side Assessment Details 61 
Appendix I. IPPD Methodology 64 



List of Illustrations Page vii 

List of Illustrations 

Figure 1. Stand-Alone Code 4 
Figure 2. Sample Synthesis Toolkit 6 
Figure 3. Initial Configuration 1 9 
Figure 4. Modified and Sized Configuration' 9 
Figure 5. Using a Code for Calibration 12 
Figure 6. Using a Code for Low Fidelity Trade Studies 12 
Figure 7. Using a Code for High Fidelity Trade Studies 13 
Figure 8. Using a Code for Approximate Studies 14 
Figure 9. ACSYNT Control Structure 2 16 
Figure 10. FLight Optimization System-* 18 
Figure 11. FLOPS Module Capabilities 19 
Figure 12. ICAD 22 
Figure 13. IDAS System 5 23 
Figure 14. Typical Relationship Between Calculated Weight and Estimated Weight 2 28 
Figure 15. ACSYNT Weight Convergence Scheme 28 
Figure 16. ACSYNT Wireframe Representation of C17 Model 37 
Figure 17. C17 Mission Profile 39 
Figure 18. F-16C Combat Air Patrol Mission ..41 
Figure 19. Store Configuration for the F-16C Combat Air Patrol Mission 43 
Figure 20. IPPD through Robust Design Simulation 64 



List of Tables Page viii 

List of Tables 

Table 1. Analysis Strategies 8 
Table 2. Modeling Strategies 11 
Table 3. Surveyed Codes 15 
Table 4. Modeled Configurations 6 24 
Table 5. Survey Categories and Feedback 26 
Table 6. Suggested Design Variables in ACSYNT 30 
Table 7. FLOPS Optimization Design Variables 31 
Table 8. Status of Modeling 33 
Table 9. FLOPS Technology Factors 36 
Table 10. F-16C Geometry Input for FLOPS and ACSYNT 40 
Table 11. Engine Characteristics for the F l 10-GE-100 42 
Table 12. F-16C Block 30 Combat Air Patrol Mission Weight Breakdown 44 
Table 13. Mission Time/Fuel Bum Comparison 46 
Table 14. Comparison of FLOPS Output to Actual Values 46 
Table 15. Side-by-Side Assessment 49 



Introduction Page 1 
1. I n t r o d u c t i o n 

Significant investments have been made in the creadon 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 implies 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 he 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 appropriate disciplinary 

modules. The executive has traditionally included the capability to do optimization 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 RAPED, AER02S, and 

BDAP whereas ACSYNT may be combined with RAM, VORLAX, FELISA, and FPS3D 

depending on the level of desired analysis. This phase ofthe 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 

is 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 prsdiction 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 CI 7, B747-400, and F16C are modeled 

in each code and the results compared side-hy-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-friendliness" 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 

for proper vehicle analysis. This task can be quite complex and the number of variables 

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 modify program inputs to match a 

particular configuration. Each of the codes that will be surveyed has some form of user 

interface that facilitates vehicle 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 are the current baseline, it is important 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 technological advances during these early conceptual design 

phases, tools must also grow to accomrrodate 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 ofthe 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 are 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 a 
certain mission) 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. 
| Auxiliary Files 

I n p u t H i e 
N a m e l i s t 

F o r m a t t e d 

Siruclures/Weighis 

Propulsion User - Defined 
Modules 

Figurel . Stand-Alone Code 

These original sizing codes can be extended to include a Graphical User Interface 

(GUI), 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, he 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 either version, the executive 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 problem. 

As a final note, the information structure for these codes plays an important role in 

modularity. Information is contained in and passed by global variables and/or common 

blocks. This makes information exchange easy programmatic ally. However, this type of 

information passing significantiy 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 response 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 dr.scussed earlier and shown in Figure 1 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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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, find 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 minimal effort is emphasized by 

the need to incorporate future technologies as they are identified and developed based on 

needs of revolutionary 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 is 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 turn, 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 Appendix I. 
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1.3. A n a l y s i s S t r a t e g i e s 

A designer can employ several different strategies for using these conceptual design 

tools depending on the desired analysis. These are summarized in 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 Fl 6 performance numbers —> Point Design Analysis 
Scenario 2. Study the effect of different scenarios on an F16-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 cr more analysis techniques can be utilized by these 

codes to achieve a certain design task. 

Table 1. Analysis Strategies 

S t r a t e g y U s e 
Analysis (§1.3.1) 

Sensitivity (§1.3.2) 
Opti mization (§1.3.3) 

Determine vehicle performance and point designs 
Determine robustness to vehicle parameters 
Detenriine optimal vehicle parameters for a given mission 

1 . 3 . 1 . Analys i s - Synthes i s & 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 are normally enough for a sized 

configuration 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 structural 

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 illustrated 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 select 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 
Configuration1 



Introduction Page 10 
1 . 3 . 2 . S e n s i t i v i t i e s 

It is often of interest to determine the effect of changing a single decision variable 

on the gross weight and performance of the aircraft.2 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 be 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 . Opt imizat ion 

The purpose of the optimization subprogram is to minimize or maximize some 

"objective11 function, subject to a prescribed set of hmits or "constraints" on the design. 2 

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 he within prescribed 

bounds. This formulation allows for considerable latitude in choosing the objective 

function, decision variables and constraints. 
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1 . 4 . Modeling Strategies 

There are four basic modeling strategies 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 

S t r a t e g y U s e 
Calibration (§1.4.1) 

Low Fidelity Trade Studies (§1.4.2) 
High Fidelity Trade Studies (§1.4.3) 

Approximate Studies (§1.4.4) 

Match existing data and code validation 
Routine and rapid assessments 
Detailed or new technology assessments 
Robust simulation and design space search 

1 . 4 . 1 . Calilb rat ion 

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 files and the outpu: 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 b£.sic 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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• ^ ^ H ^ I ^ M I Q l / J h i l I t : 

Figure 5 . Using a Code for Calibration 

1 . 4 . 2 . L o w Fidel i ty 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 frequentiy varies 

configuration 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 concept 

selection processes can take place. 

Figure 6. Using a Code for Low Fidelity Trade Studies 

1 . 4 . 3 . High Fidel i ty 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 aircraft configuration and pass the configuration into FELISA to 

generate a CFD grid. In turn, FPS3D can be used to generate the appropriate polars 

required for the aerodynamics module in ACSYNT. 

£^jade Stud ies^ 

Figure 7. Using a Code for High Fidelity Trade Studies 

1 . 4 . 4 . A p p r o x i m a t e 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, gready 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 

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 detar.1 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 IDAS 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 

C o d e V e r s i o n 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 - Rockwell International 

1 . 5 . 1 . A C S Y N T 

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 interface to ACSYNT was developed and internal 

routines extended by the Institute. Institute control has been returned 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 aircraft, 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 vehicle design and for optimizing the vehicle design for a 

particular objective function, subject to various constraints. 
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Figure 9. ACSYNT Control Structure2 

The COPES/CONMTN (Control Program for Engineering Synthesis/Constrained 

Minimization program) optimization package is used and is a part of ACSYNT. In order to 

provide the optimizer with feasible and realistic information, the discipline modules of 

ACSYNT are parameter driven and, where possible, based on theoretical models, as 

opposed to table look-ups. 

An interactive computer aided design (CAD) interface is also included in ACSYNT. 

This permits the execution and control of the process via interactive graphics menus and, 

by visual inspection of data and aircraft model shaded images, allows rapid evaluation of 

design configurations. This CAD system is coded in a 3-D graphics standard, PHIGS. 

Thus, ACSYNT is designed to be used on the new generation, high-speed workstations. 

The graphical user interface allows one to create/modify geometry, specify other non-

geometry inputs, execute a case, and generate graphs and plots of most numerical results of 

the analysis. Some limitations, however, do exist within the GUI which hmits its 

usefulness. Thus, ACSYNT is in the process of being equipped with a new geometry 

modeling capability, embodied in the Rapid Aircraft Modeler (RAM) tool. 

RAM is an interactive, parametric conceptual aircraft modeler that is useful for the 

generation of 3D designs for the conceptual design and optimization process. RAM is 

capable of producing geometries from which wetted surface areas, volumes, and volume 

distributions may be calculated. In addition, these models may be converted into gridded 


