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1. INTRODUCTION

1.1 Purpose of This Manual

This manual describes the Fighter Aircraft Design System (FADS). FADS is a set

of four Lotus 1-2-3 spreadsheet models used to rapidly estimate the design and sensitivities

of fighter-type (tactical) aircraft. The four models are:

* Fighter Sizing Model (FSM)

* Range-Payload Model (RPM)

* Energy/Maneuverability Model (EMM)

* Cost Estimation Model (CEM).

The goal of FADS is to enable the user to examine fighter-type aircraft on both an

individual design and a parametric basis. The intent of this manual is not to teach the

design and aerodynamics of aircraft, but rather to be a guide to help the user understand

and utilize FADS.

1.2 Intended Audience

This manual is written for analysts who require conceptual aircraft designs and
sensitivities for use in their analyses. The FADS user should minimally have a basic

understanding of aircraft operation and flight mechanics. However, a degree in

aeronautical engineering is highly desirable since a familiarity with the concepts and

methods used in that discipline will assist the user in generating more realistic, accurate and
optimum designs. Therefore, it is recommended that the user consult the sources listed in

the reference section for a deeper understanding of the material in this manual.

This manual assumes a proficiency with Lotus 1-2-3 and of an IBM PC or an IBM

compatible computer. Any details regarding operation of the PC and Lotus 1-2-3 that are

not covered in this manual will be found in the relevant user manuals.
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1.3 Overview of FADS Models

A. FADS Inputs

There are two types of inputs to FADS: tables and variables. The amount of input

data required varies with each model. FSM needs the largest amount, while CEM uses the

fewest.

For FSM, RPM, and EMM a table of atmospheric data--density, sonic velocity, and
kinematic viscosity vs. altitude--is required. The standard atmosphere is already
incorporated, so unless it is necessary to use values other than those, this data does not

need to be entered.

For FSM and RPM, tables of engine specific fuel consumption (SFC) data (fuel

flow divided by thrust required) for a range of mach numbers and thrust levels at a
specified number of altitudes is required. SFC data for up to 4 altitudes can be input. The
values in the tables are fixed performance data for specific engine types.

The variable inputs for the four models that comprise FADS fall under four distinct

categories:

" Control (CNTRL)

"* Mission Profile (MP)

• Aircraft Configuration (AC)

• Propulsion (PROP).

The Control inputs establish the execution procedure of the program and/or set tne
bounds of the analysis. Example control inputs are: whether to have a canard or a

conventional horizontal tail, whether to calculate or input thrust loading (engine thrust
divided by aircraft weight) and wing loading (aircraft weight divided by wing area), and the
velocity range to study in EMM.

The models hi FADS use a generic mission profile shown in Figure 1.1. The
Mission Profile inputs consist of values for various parameters that characterize the legs or
phases of this mission. These inputs include the flight altitude, Mach number, payload,
and other pertinent data for the specific mission legs.
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ALTITUDE. h

(Foot) 4 10

4 10

25 6 71 11
5 8 12

DISTANCE, x
(Nautical Miles)

PHASE
LEG DSRIPTON NAMIE

1-2 Engine Start & Takeoff TO
2-3 Climb to cruise CL1
3-4 Cruise condition CR1
4-5 Loiter condition LT1
5-6 High speed dash DS1
6-7 Combat condition CB
7-8 High speed dash DS2
8-9 Climb to cruise C12

9-10 Cruise condition CR2
10-11 Loiter condition LT2
11-12 Landing LD

Note: Climbs and descents are accounted for within the models.

Figure 1.1. Generic Mission Profile
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The Aircraft Configuration inputs are organized into three sets of related
information. These sets of information along with example inputs are:

* Dimensional Information--wing planform, wing section, fuselage length and
diameter

SWeight Information-avionics weight, armament weight, armor weight

• Aerodynamics Information-aircraft surface roughness, miscellaneous drag.

The final type of input to FADS consists of Propulsion data. This data includes:

* Engine thrust lapse rates (slope of thrust versus Mach number) at a specified
number of altitudes

• Engine thrust degradation rates (thrust lost) as a function of altitude

* Other specific engine characteristics such as the thrust to weight ratio and the
thrust reversing capability.

It is important to note that while all the inputs to FSM can be changed, some of the
inputs to 3MM, RPM, and CEM are from FSM results and therefore not arbitrary. Thus,
FSM must be used first unless all the inputs to the other models are previously known.

B. FADS Outputs

While the types of inputs to the models are essentially the same, each model utilizes
varying amounts of them and derives different types of results.

Figter Sizing Model

FSM generates the following major sizing characteristics of the aircraft:

"• Operating Weight Empty (OWE)

"* Take-off Gross Weight (TOGW)

"" Wing Area (SW), Wing Loading (W/S)

"* Thrust Required (T), Thrust Loading (T/W).

In the process, many other important parameters including the take-off and landing
distances, horizontal stabilizer area, and mission fuel required are determined.
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This model investigates the range-payload performance of the aircraft sized in FSM.
The principle outputs of this model are the cruise and mission radii. Many mission profile

tradeoffs can be accomplished independently with this model. These include:

" Dash Radius versus Mission Radius

" Loiter Time versus Mission Radius

" Payload versus Mission Radius.

Energ/Maneuverabilily Model

EMM examines the energy/maneuverability performance traits of the resulting

fighter aircraft design. Examples of these traits include sustained turn rate, instantaneous

turn rate, and specific power (Ps) levels. The model determines the values of these traits

over a specified velocity range and altitude which can be presented graphically. Typical

selected graphs include:

* Turn Rate versus Combat Velocity

• Specific Power versus Turn Rate

• Specific Power versus Altitude.

By comparing these plots for different aircraft, an assessment can be made
regarding the relative merits of the aircraft design. By including the mission requirements

in the comparison, the superiority of one design over another may be ascertained.

Many important velocities, such as the maximum and minimum at the specified

altitude, are also estimated by this model. By analyzing additional altitudes, the aircraft

flight envelope can be determined.

Cost Estimiation Model

CEM uses cost estimating relationships (CERs) developed from current tactical
aircraft to derive approximate aircraft Research Development Test and Evaluation (RDTE),
Flyaway, and Procurement costs.

C. Limitations of FADS

The assumptions made in the FADS models introduce a number of inherent
limitations. A complete list of the technical assumptions is located in section 7.2. Section
7.3 summarizes some of the improvements that could be done to eliminate some of these
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limitations. However, there are a few basic assumptions that FADS employs that are
essential to understand for proper use of the models. These are discussed in this section.

I Cncmenmawlkdgui Todl

FADS is a tool to be used in the conceptual phase of the design process. The
phases of design section in Chapter 8 elaborates on the tasks required in the preliminary
and detailed design phases that FADS can not perform. In addition, there are a number of
conceptual phase aircraft characteristics that FADS does not consider or generate. For
example, it would be very helpful to have a "stealth index" where tradeoffs could be done
by varying the "stealthiness" of the design.

l:ighter-tvAirraf

As the name implies, FADS is designed to be used for fighter-type aircraft with
fuselage mounted engine(s) and inlet(s). The calculation of the empty weight in the sizing
model is an example of this restriction. Other areas in the models critically depend on this
assumption. A further restriction is that the range of applicable gross weight is from 5,000
to 50,000 pounds.

Genetic Mission Profile

The mission data must be derived from the generic profile described previously in
Figure 1.1. Inputs are made for each leg of this generic mission profile. It is possible to
alter this profile and eliminate undesirable legs by setting either the time or the distance
variable value of that leg to zero. While many variations of the mission profile are then
possible, this specification is still restrictive.

Subsonic Velocities

Unfortunately, FADS does not incorporate supersonic aerodynamics. It is
necessary to limit the Phase Mach numbers in the mission input profile to be less than one.
However, the transonic drag rise is accounted for. A number of test equations for
determining the supersonic drag were included to assist in an eventual upgrade of the
models for this capability. These equations are not currently used.

1.4 How to Use the Manual

The manual is divided up into eight chapters and three appendices. Many of the
chapters are recommended reading for the first-time user and are references for the
experienced user. The layout of the manual is organized in such a way that users with
different levels of experience with FADS need only refer to pertinent sections of it.
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First-time users should understand the introductory general FADS material in
Chapter 2 before running any of the models. Chapters 3, 4, 5, and 6 contain detailed
specific information for each FADS model. Thc Chapter corresponding to a particular
model should be read before using it.

The supplementary FADS information in Chapter 7 is included as a referencve for
experienced users. Useful data is listed in the input aids section, while the other sections
list detailed assumptions used and discuss possible improvements to FADS. Chapter 8
contains an overview of combat aircraft design and is suggested background reading for all
interested users.

Appendix A contains a comparison of FADS with existing aircraft-.an A-4 and an
A-7. Appendix B contains the methodology and equations used in the four spreadsheet
models. Appendix C is a list of the available macros for use in FADS.

1.5 Who Prepared FADS and the Manual

The Fighter Aircraft Design System and the User Manual were developed by
Joshua A. Schwartz, System Evaluation Division, IDA. The format of FADS is based on a
model developed by Ed Parrott of Lockheed-Georgia.

Any questions or comments should be directed to the author at the following
address:

Institute for Defense Analyses
1801 North Beauregard Street
Room 229W
Alexandria, Virginia 22311
(703)845-2505

t
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2. THE FIGHTER AIRCRAFT DESIGN SYSTEM

2.1 Description of FADS

FADS is a collection of four related spreadsheet models that are designed to be used
in the conceptual phase of the fighter aircraft design process. The models that comprise
FADS are:

* • Fighter Sizing Model (FSM)

• Range-Payload Model (RPM)

* Energy/Maneuverability Model (EMM)

( Cost Estimation Model (CEM).

While all the models investigate important aircraft characteristics, the sizing model
is the primary component of FADS and normally used first. The other models are then
used because they require data for a sized aircraft (that FSM produces) to operate. By

* @returning to FSM, other sized aircraft can be generated for comparison. Thus, the set of
models that comprise FADS are used repetitively to yield an aircraft design. It is only
through this iterative process, delineated in Chapter 8, that an optimum design is achieved.
Note that since all of the models are used for conceptual design of fighter aircraft, FADS

* does not yield the definitive aircraft design.

In a sense, the models in FADS are large "number crunchers" that relieve the
burden of repetitive hand calculations and thus permit the user to investigate many possible
aircraft alternatives. FADS accommodates this by being a flexible tool. The Fighter Sizing

0. Model (FSM) in particular can be used with different constraints. The control (CNTRL)

inputs determine which constraints are used.

The modular structure of FADS permits the user to examine different aspects of the
design under consideration. Each model is a separate Lotus 1-2-3 spreadsheet and operates
independently. However, there are macros in RPM and EMM that transfer data from the
sizing model. Macros are saved tasks automated and executed by Lotus by invoking a
certain command. These and other macros aid in the process of using the models.

2-1
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2.2 What the Models In FADS Do

A. Fighter Sizing Model (FSM)

FSM can be run in a number of ways, depending on the control (CNTRL) inputs.
By running the model without any calculation control inputs (W/S, Sw, T/W, T) the wing
size, thrust required, and empty and gross weights are determined. In this mode of
operation the program uses the mission profile, the required combat turn rate, and the take-
off and landing distances for the aircraft sizing. If control inputs are used, the model
overrides this procedure and uses the inputted constraints. In this second mode the
specified performance may not be attained and the output will indicate if this occurs. The
flowchart in Figure 2.1 depicts the generalized procedure used in the Fighter Sizing Model.
There are two parts to the input data--tables and variables. FSM requires two types of
input tables-the atmosphere characteristics and the engine specific fuel consumption and
utilizes four types of input variables:

" Control (CNTRL)

"• Mission Profile (MP)
"• Aircraft Configuration (AC)

"• Propulsion (PROP).

With this information, the model iterates until it converges on the design point. The
design point is that point at which the aircraft gross weight changes by less than 0.5 pound
with another iteration. The sizing model generates two separate outputs:

• Detail Output -lists all calculated variables in the order obtained

• Summary Output --lists inputs and outputs of primary interest.

In addition, the model tabulates those FSM input and output variable values that are
required for RPM and EMM. This data can be transferred to the two off-design models to
analyze the sized aircraft obtained in FSM.

B. Range-Payload Model (RPM)

This model examines the range-payload performance of a sized fighter aircraft. The
generalized procedure used in the range-payload model is shown in Figure 2.2.
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Figure 2.1. Fighter Sizing Model Flow Chart
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Figure 2.2. Range-Payload Model Flow Chart
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As with the sizing model, there are two parts to the input data--tables and variables.
Similarly, in this model two types of input tables are necessary--the atmosphere
characteristics and the engine specific fuel consumption.

The variables in this model are all of the mission profile (MP) type except for the
one new required input--fuel. There are no control inputs to this model. The tables and
remaining inputs are taken from the sizing model and are fixed. This model assumes a
sized aircraft is obtained from the Fighter Sizing Model.

The Range-Payload Model also uses the aircraft gross take-off weight as the
covergence parameter in the iteration process. As in FSM, a detail output and a summary
output are provided.

The primary result from this model is the mission radius. This is calculated by
determining the maximum possible cruise range. The model also calculates the take-off,
landing, and combat turning performance of the aircraft.

C. Energy/Maneuverability Model (EMM)

The Energy/Maneuverability Model analyzes the combat performance of the sized
fighter aircraft from FSM. The generalized flow chart for the Energy/Maneuverability
Model is shown in Figure 2.3. In this model there are also two parts to the input data:
tables and variables. However, in this model only one type of input table is necessary-the
atmosphere characteristics. For an analysis using a standard atmosphere, the table is
included and does not need to be input. The variables in the Energy/Maneuverability model
also consist of fixed inputs and results from the Fighter Sizing Model as well as appropriate
control inputs.

This model yields a table that contains various parameters for a specified range of
combat velocities. These parameters include sustained and instantaneous turn rates,
sustained and instantaneous turn radii, and specific power levels (Ps). In addition, an
estimate of important speeds, such as maximum and minimum at the input altitude, are
included. The maximum aircraft velocity at best altitude is a required input for CEM.

D. Cost Estimation Model (CEM)

The Cost Estimation Model uses relationships developed from current tactical
combat aircraft to derive approximate aircraft Research Development, Test and Evaluation
(RDTE), Flyaway, and procurement costs. As shown in Figure 2-4, these relationships
are a function of the IOC, maximum thrust, and velocity and the Defense Contractors
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Input:

Control (Velocity Range, Altitude, Afteiburning Factor)

Input Data and Results From Sizing Model

i 

_ _jI

Aerodynamics Calculations:

Initial EMM Calculations
Mach Number, Dynamic Pressure Range
Transonic Drag Rise
Thrust Available Range
Required Lift Coefficients
Resultant Drag Coefficlents/Thrust Required

Levels

Energy/Maneuverability Table--Velocity vs Parameters:

Sustained Load Factor
Sustained Turn Rate
Sustained Turn Radius
Instantaneous Load Factor
Instantaneous Turn Rate
Instantaneous Turn Radius
Excess Specific Power

Estimate of Important Velocities (at Input sltItude):

Maximum Velocity
Minimum Velocity
Maximum Uft to Drag Velocity
Thrust Horsepower Required Minimum Velocity

Figure 2.3. Energy/Maneuverability Model Flow Chart
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Planning Report (DCPR) Weight. The model determines the DCPR weight, which is also
known as the Aeronautical Manufacturers Planning Report (AMPR) Weight, from the
operating empty weight.

2.3 How to Use FADS

Since FADS is a compilation of Lotus 1-2-3 spreadsheet models, it is necessary to have the
Lotus 1-2-3 software and a personal computer capable of running it. To obtain the models
you copy them from the master disk and place them in an appropriate file directory. To use
the models, you retrieve the desired file from your directory using the /FileRetrieve
command.

Given the number of variables intrinsic to the four models, it is clear that a large
number of different aircraft configurations can be analyzed. Therefore, many types of
trade-off studies may be accomplished with FADS. It is up to the user, based on their
needs, to determine the goal of the study, and to synthesize the best method to accomplish
it. This manual can only offer guidelines for these analyses and it will only outline the
appropriate operational procedures for FADS.

The four models that comprise FADS use similar spreadsheet formats. At the top
of each, alabel lists the model name as well as the run name and number. This cell is used
to designate the different aircraft under study. A list of the user modifiable input tables
follows. Other tables used by FADS, such as the transonic wing drag table, are imbedded
into the program and cannot be changed. For each table the name, the location in the
spreadsheet, and a short description are included.

In each model the variable inputs are then presented. Variables are labeled in the
same format for ease of use. An example is shown below:

Type Description Name Value

MP velocity-DS I (kts.) V-DS1 500

The MP (Mission Profile) signifies what type of variable it is. The description gives a
short synopsis of what the variable is and units used. V-DS 1 is the variable name used in
the formulas in the model. Finally, the 500 is the value used for calculation purposes.
Note that throughout FADS the units used for the inputs and outputs are s.
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Jm

Input:

Control (lOC, Number of Aircraft, Service)
Results from FSM and EMM (Operating Weight
Empty, Maximum Thrust and Velocity)

DCPR Calculation:

Defense Contractors Planning
Report Weight

Cost Calculations:

RDTE Cost
Flyaway Cost
Procurement Cost

Figure 2-4. Cost Estimation Model Flow Chart
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A

To operate the models, the user inputs selected number% for the variables in the
value column and fills in the appropriate input tables. Once satisfied with the inputs, the
user initiates the run macro with the following command; ALT R--alt key then the R key.
This places the user in the summary output of the model. Several tor.ei follow. The low
pitched tones signify an iteration, while the high pitched, 4-tone progression indicates

convergence and thus a completion of the program. To stop the program before
convergence, press: CTRL Break. Note that the Energy/Maneuverability Model and the
Cost Estimation Model do not require any iteration.

To get a printout of either the input or the output (summary or detail) the user must
initiate the print macro with the following command: ALT P--alt key th&n the P key. This
activates the print menu which allows the selection of the desired printout. The menu
contains sufficient explanation of the choices to enab!e easy use.

The two off-design models, RPM and EMM, have additional macros that
automatically transfcr the necessary data from FSM. To invoke the data transfer, the
following command is entered from EMM or RPM: ALT T--alt key then the T key.
Whea the data transfer is completed, 2 tones sound.

Chapters 3-6 contain more detailed information regarding the operation of the
0 spec fic models. The architecture of each spreadsheet model as well as a description of the

spec•fic variables and tables are included in their respective chapters.

2
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3. FIGHTER SIZING MODEL (FSM)

0 3.1 Purpose

The purpose of the Fighter Sizing model is to determine the following aircraft sizing

parameters:

• Take-off Gross Weight

* Operating Weight Empty

0 Wing Area, Wing Loading at Takeoff

• Thrust, Thrust Loading at Takeoff

The latter two parameters can also be inputs using the proper CNTRL variables.
From these outputs, various other factors are established. However, the most important
outputs are the Take-off Gross Weight and the Operating Empty Weight. In FADS, these
parameters are always outputs.

*

3.2 Architecture

The Fighter Sizing Model consists of many different parts, as shown by the
spreadsheet architecture displayed in Figure 3.1. While the depiction of the spreadsheet in

* this figure is not to scale, the relative locations of the various parts of the model are shown.

The spreadsheet "Home", or cell location A1, is at the upper left hand comer of the header.
This is the default location for the cell pointer (rectangular higldight) when the model is
retrieved.

t
When running the model, the spreadsheet iterates in a rowwise (top-down)

procedure. Also, the recalculation is manual so the CALC indicator appears in the lower
right comer of the screen. If it is desirable to recalculate one iteration at a time, the CALC
(F9) function key ratil•t than ALT R must be used.
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3.3 Inputs

A. Tables

There are two types of input tables required for the operation of FSM--the
at phere characteristics and the engine specc fuel consumption.

The atmosphere characteristics table contains the necessary atmospheric data--
density, sonic velocity, and kinematic viscosity from 0 (sea level) to 60,000 feet. The
standard atmosphere table (SAT) is already entered, so this table need not be altered.

p Stacific Fuel Conummton Tale (SECT)

The second type of table is the engine specific fuel consumption. Fuselage
mounted engine data are required to input the specific fuel consumption-fuel used per hour
per pound of thrust--for specified engine power settings at discrete Mach numbers. These
data are a function of the type of engine (Propfan, Turbofan, Turbojet) and the technology
level that is being considered. The format used in these tables is shown below.

SEA LEVEL-SPECIFIC FUEL CONSUMPTION TABLE

MACH# POWER SETTIN'
0.2 0.4 0.6 0.8 1

0 0 1 2 3 4 5
0.1 1 0.225 0.155 0.145 0.14 0.14
0.2 2 0.45 0.305 0.29 0.26 0.28
0.3 3 0.52 0.39 0.35 0.34 0.33
0.4 4 0.6 0.47 0.415 0.39 0.38
0.5 5 0.76 0.585 0.503 0.465 0.44
0.6 6 0.92 0.7 0.59 0.54 0.515
0.7 7 1.17 0.83 0.7 0.64 0.6
0.8 8 1.45 1.05 0.835 0.75 0.705
0.9 9 1.9 1.5 1.1 0.95 0.81

1 10 3 1.8 1.5 I.I 0.95
1.1 11 - - ...-

1.2 12 ....
1.3 13 ......
1.4 14 .....
1.5 15 - - - -

Four tables corresponding to different altitudes are provided. Data for up to four
altitudes can therefore be input. The values for the altitudes used are propulsion (PROP).-
type variable inputs entered in their appropriate section. For increased accuracy, the
altitudes chosen for this data should be as close as possible to the flight altitudes in tC,-1 MP
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inputs. There is also a restdction on the flight altitude in the NP inputs in that they cannot
exceed the ruximum altitude of the SFC data input

To input die SFC data the user moves the cursor to the desired table and types in
the values in the appropriate cells. This is done by pressing the GOTO function key
followed by the name of the table. The table names ar:

SFCT-SL -- SFC Table @ Sea Level
SFCT-A1 .- SFC Table @ Altitude 1
SFCT-A2 -- SFC Table @ Altitude 2
SFCT-A3 -- SFC Table @ Altitude 3

Alternatively, the user could use the specific locations indicated on the spreadsheet
to get to the desired table(s). For assistance in lcvating these tables, consult the spreadsheet
layout illustrated in Figure 3.1. For guidanct on SFC trends, refer to Figure 7.13. SFC
data obtained from engine manufacfures is highly recommended for use in both fixed and
rubber engine analyses.

B. Variables

As discussed in Chapter 2, there are four types of input variables for the sizing
model. 'These types are: Control (CNTRL), Mission Profile (MP), Aircraft Configuration
(AC), and Propulsion (PROP). While the control typu inputs are grouped together, the
other types of inputs are broken down into groups of related information for case of use.
The following is a detail listing of these variables.

1. Control (CNTRL)

The control-type inputs modify the program mode of operation. This is
done by inputting the number 0, 1, or 2 correspondhig to the particular alternative and
inputting a value for that option, if necessary. There are five control-type input variables in
FSM:

T/W-TO calculation control-varies the method of determination of the take-off
thrust loading (T/TOGW).

(0)-Program constraints

(1)-Input thrust loading at takeoff

(2)-Input thrust at takeoff

W/Sw calculation control--varies the method of determination of the take-off
wing loading.

(0)-Program constraints

(1)-Input wing loading at takeoff
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(2)-Input wing area

Armor calculation control-varies the method of determination of aircraft armor
weight.

(0)-Program (component armor weight buildup)

(1)-Input % armor weight of TOGW (global)

HS configuration control--determines whether horizontal stabilizer is a canard
or conventional tail.

(0)-Canard

(1)-Conventional tail

* Fuel use control--determines what type of fuel is used.

(0)-JP-4

(1)-JP-5.

2. Mission Profile (MP)

The mission profile-type inputs follow the generic mission format described
previously. The names of most of the mission profile-type inputs contain two elements: a
parameter and a leg or segment of the mission. These names are in the following form:

[parameter]-[leg or segment of mission].
The p&rmneters are:

D.. ..I...on Units Name,
Coefficient of friction MU
Afterbuming Factor ABX
Altitude feet H
Mach Number . MN
Distance naut.miles or feet X
Tune 'hours T
Delta F [CD/q] square feet DF
Payload pounds PL
Velocity, knots V

The generic mission profile is divided into I I different legs or segments, as shown
in Figure 1.1. These segments or legs are:
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Num= eclto NomeSeen
1. Engine start & Takeoff TO 1 w>2
2. Climb to Cruise CL1 2 => 3
3. Cruise condition CR1 3=>4
4. Loiter condition LT1 4->5
5. Highbspeed Dash DSI 5 ->6
6. Combat condition CB 6=> 7
7. High speed Dash DS2 7 => 8
. Climb to Cruise CL2 8=>9

9. Cruise condition CR2 9 => 10
10. Loiterconditlon LT2 10-> 11
11. Landinit LD 11 =>12

Together, the parameter and segment establish a unique input whose value is taken
at the midpoint of the leg. Certain parameters are specified in each of the mission
segments. However, there are also a few other necessary inputs that do not follow this
format.

Since many input parameters are similar, such as the altitude and velocity for the
different mission segments, references in the manual to the associated tables, figures or
charts in Chapter 7 are given for the first occurrence only. For your information, sample
mission profiles are displayed in Figure 8.2. These examples display the fact that certain
mission requirements are time oriented and/or task oriented. FSM has the capability to
handle both types. This is apparent in the combat phase of the generic mission profile.

Takeoff Condiions:
0 MU-R--Rolling coefficient of friction, used for takeoff. See Table 7.2 for

values for different types of runway surfaces.
• H-TO--Altitude for takeoff (feet).

• X-TO--Maximum allowable take-off ground roll (feet).
* ABX-TO--Additional thrust factor for takeoff; a multiplication factor to

compensate for the amount (if any) that take-off thrust is higher than maximum
cruise thrust setting at sea level.

0 DF-TO--Delta F during takeoff, which is the flat plate drag above the clean
configuration (square feet). See Figure 7.1 for an example of incremental drag
due to stores. Note that:

Delta F = Delta Cd.Wing Area = Drag
q

This is just extra parasite drag and does not include interference effects.
* PL-TO--Payload (expendable) at takeoff (pounds).
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* FRP--Fucl Reserve Factor, usually .05 (5 percent).
Qruise1 Qmdlitons:

* MN-CRI--Mach Number for cruise 1.

• H-CR1-Altitude for cruisel(feet).

* V-CR1--Velocity for cruisel (Knots) - NOTE: Velocity is determined from
input Mach Number and altitude (above). To see the value, place cell pointer
on that cell and push the edit function key then the arrow down key. Note that
this input is the true airspeed. See Figure 7.2 for the equivalent (indicated)
airspeed

• X-CRI-Distance for cruisel (nautical miles).

* DF-CRI--Delta F for cruiscl(squarm feet).

PL-CR I-Payload (expendable) for cruisel (pounds).

Loitel Conditions:

* H-LTI-Altitude for loiterl (feet).

• T-LTI--Time for loiterl (hours).

* DF-LTI-Delta F for loiterl (square feet).

* PL-LT1--Payload (expendable)for loiter- (pounds).
NOTE: V-LTI, MN-LTI determined for optimum conditions.
Dashl Conditions:

* MN-DS 1-Mach Number for dash 1.

• H-DS1-Altitude for dashl (feet).

* V-DSI-Velocity fordashl (knots); See V-CRlf!

* X-DS 1--Distance for dash 1 (nautical miles).

* DF-DS 1--Delta F for dashl (square feet).

* PL-DS 1--Payload (expendable) for dashI (pounds).

Combat Conditions:

"* MN-CB--Mach Number for combaL

• H-CB--Altitude for combat (feet).

"• V-CB--Velocity for combat (knots) ; See V-CRI 1f

"* DF-CB--Delta F for combat (square feet).

"* PL-CB--Payload (expendable) for combat (pounds).
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• TR--Turn Rate (sustained, degrees per second) required at combat velocity.

See Figure 7.3 for turn conversion chart.

Additional combat phase inputs are divided into two parts: Time Oriented (no specific
tasks) and Task Oriented.

Thie Oriented:

• T-CB- -Tune for combat (hours); No specific tasks required.

Task Oriented:

• PLF--Popup Load Factor, load factor encountered recovering to level or
climbing flight firom a dive in the vertical plane.

"• NP--Number of passes (360 degree turns) at a target.

"• DELTE-Delta specific energy (ft.lbf/Ibm) in popup.

"• V-MINCB--Minimum combat velocity (kts).

"* NVMINCB--Load factor at minimum combat velocity.

Dash2 Conditions:

"* MN-DS2-Mach Number for dash2.

"* H-DS2--Altitude for dash2 (feet).

"* V-DS2-Velocity for dash2 (knots) ; See V-CRl!!

"* X-DS2--Distance for dash2 (nautical miles).

"* DF-DS2--Delta F for dash2 (square feet).

"* PL-DS2-Payload (expendable) for dash2 (pounds).

Cruise2 Conditions:

"• MN-CR2--Mach Number for cruise2.

"• H-CR2--Altitude for cruise2 (feet).

* V-CR2-Velocity for cruise2 (knots) ; See V-CR1!!

* X-CR2-Distance for cruise2 (nautical miles).

• DF-CR2--Delta F for cruise2 (square feet).

* PL-CR2-Payload (expendable) for cruise2 (pounds).

Lter2 Conditions:

* H-LT2--Altitude for loiter2 (feet).

* T-LT2--Time for loiter2 (hours).

• DF-LT2--Delta F for loiter2 (square feet).
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, FL-LT2--Payload (expendable) for loiter2 (pounds).

NOTE: V-L'2, MN-LT2 dctermined for optimum conditions.

* MU-B--Braking Coefficient of friction, used for Landing.

* H-LD-Altitude for landing (feet).

* X-LD-Maximum allowable Landing Ground roll (feet).

* DF-LD-Delta F for landing (square feet).

, PL-LD-Payload (expendable) for landing (pounds).

3. Aircraft Configuration (AC)

The Aircraft Configuration type inputs consist of certain weight information,

dimensional information, and aerodynamics/structural information. The inputs in these

groups are discussed in the following section.

Weigbt Infomatio

The first set of inputs are the Material Technology Factors (MTF-[xxx]) for the

aircraft components. They are used to determine the weight savings from using advanced
composite materials rather than conventional metals. The components considered are:

Component [xxx]
Wing W
Fuselage F
LandingGear LF
Flight ontrols FC
Systems SYS
Vertical & Horizontal Stabilizer VHS

Entering 1 for each of the MTFs is the baseline case of 100% conventional material. An

estimate of the weight savings from using composite materials is shown in Figure 7.4.

The second set of inputs in this group are the percent of armor usage (% ARMUSE-
[xx]) in various sections of the aircraft. The sections considered are:

Section -xxl
Cockpit C
Fuel System FS
Engine ENG
Flight Controls FC
Miscellaneous M

For this set of inputs " 100" means 100% armor use, and "0" means 0% armor use for that
section. However, these inputs can be bypassed by setting the armor calculation control

(ARMCNTRL) to 1. This allows the input of a fixed percentage of the take-off gross

weight (TOOW) to be allocated for aircraft armor.

3-9



The rest of the inputs in this group are self-explanatory and are listed below.

ARMDEN--Density of the armor used (b/square feet). See Table 7.3 for a
listing of amor material densities for varying levels of ballistic protection.

, AVNCS--Avionics fixed (non-expendable) installed weight (pounds).

, ARMNT--Armament fixed (non-expendable) installed weight (pounds).

0 NCR-Number of crew; 0 <UAV>, 1 or 2.

Dimeninal nforain

NOTE: See Figures 7.5-7.10 and Table 7.4 for assistance for inputs in this group.
* LAMDA-r.Wing taper ratio (tip chord/root chord); 0-1.0.

* SWEEP-Wing quarter chord sweep (degrees); 0-40.

* T-C-Wing average thickness in percent of chord; .03-.16.

• AR--Wing aspect ratio (span squared/wing area); 2-6.

• FL--Fuselage length (feet). Fuselage must be long enough for the cockpit,
engine, fuel,etc.

* FD--Fuselage equivalent diameter, average (feet). For non-circular fuselages
use: Equiv. Dia. = SQRT(cross sectional area/.7854).

"* FWAF--Fuselage wetted area factor. Used to determine wetted area by the
formula below:

2Wetted Area = FWAF.(PI..5.FD oFL)

A reasonable range of this value is .80 - .90.

"* NCIF1L-Nose-to-center of gravity distance/FL.

"* NWB/FL-Nose to wing-body aero. center distance/FL.

". NVS/FL--Nose-to-vertical stabilizer distance/FL.

"* VSVC-Vernical stabilizer volume coefficient; .06-.12.

"* VSAR-Vertical stabilizer aspect ratio; 1-2.

"* NHS/FL-Nose-to-horizontal stabilizer distance/FL.

"• HSOD-Horizontal stabilizer vertical offset distance from wing (feet).

"* HSAR--Horizontal stabilizer aspect ratio; 2-6.

Ae nmd nicstruchral Information:
* ESR-Equivalent sand roughness; see Table 7.5 for typical values.

• CL-MIN--Coefficient of lift at CD min (camber effects); 0-.3.

• FSWS--Flap Span to Wing Span ratio; usual values: .5-1.
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• SSWS-Slat span to wing span ratio; usual values: .5-1.

* SM-Static Margin of the aircraft 0 -.05.

* MN-MAX--Maximum structural Mach number at sea level; used for empty
weight calculations, not performance.

0 NL--Limit load factor (Ultimate load factor - 1.5 [1.2 for UAV] o NL);
7.3 - 9+

* MISCDRAG--Miscellaneous flat plate (F) drag (square feet); see Figure 7.11
for example values.

- INTERF--Interference factor, drag multiplication factor to account for global
interference effects. Effect of this factor is displayed in Figure 7.12. Typical
range of values is 1.0 - 1.05.

4. Propulsion (PROP)

am imsion Ifrain

NOTE: Values for ALT1, ALT2, ALT3 must be input in ascending order!
"" ALT1-Altitude for first SFC data entry (feet).

"* ALT2-Altitude for second SFC data entry (feet).

"* ALT3--Altitude for third SFC data entry (feet).

"* T/W-ENG--Thrust (max. cruise or intermediate rating) to weight of the engine,
installed; 3-9.

" TRF--Thrust reversal factor;, percent reverse engine thrust capability--enter 0
for zero capability, 1 for 100% thrust reversing capability.

" FCF--Fuel calculation factor; "fudge" factor to account for losses, etc., 1-

1.05.

The final inputs in the propulsion information group are the lapse rate slopes of
thrust vs. Mach number (LRMS-[xxx]) at the different altitudes and the thrust degradation

(TMalt.#]/[alt.#]) between the various altitudes. These inputs are defined in the following

manner~

LRMS - 1xxx. T [-r + T(M1)]
dM T(MW)

T[alL #1 _ l#)
[alt#] T(at.#)

The general trends of these parameters as well as SFCs are shown in Figure 7.13.
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It must be reiterated that the data ranges and trends contained in this

manual are for estimation only. Obtaining more accurate data which are
specific to a particular application is highly recommended. Also, some of

the variables are dependent on each another. When a certain input variable
is changed, it is important to ensure that no other inputs are affected. This

point is vital for accuracy of the model.

3.4 Outputs

The primary output of F1ghter Aircraft Sizing Model are broken up into two parts:

Sizing Output-Lists all calculated variables and tables in the order obtained.

Initial Calculations
Average Cruise Conditions
Lift Curve Slope Calculations
Vertical/Horizontal Stabilizer Sizing
Clean Zero-lift Drag Coefficient (CDo)
Phase Zero-lift Drag
Cruise/Later Optimum Conditions
Transonic Drag Rise Calculations
Static Wing Loading Calculations
Loiter Conditions
Load Factors
Required Lift Coefficient Calculations
Resultant Drag Coefficient Calculations
Thrust Required - Drag Levels
LifMlag Values
Engine Data - Phase Altitude Breakdown
Required Take-off Thrust loading Levels
Engine Thrust Available Levels
Engine Cruise Power Settings
Breguet Range Calculations
Take-off and Landing Calculations
Aircraft Empty Weight Calculations

Sizing Summary--Lists certain specific inputs and calculated outputs of
primary interest.

A brief description of each output variable within the group or task is included in the

spreadsheet.

The sizing summary includes a brief listing of the pertinent weight, sizing, and
mission information derived from FSM. In addition, the run name and number is copied

from the input section for reference purposes. The "delta" parameter in the upper right-
hand corner shows the iteration status. This is the change in Takeoff Gross Weight
(TOGW) with successive iterations. When this value diminishes to .5 or lower, the model

stops.
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In addition to the two primary outputs of FSM, there are also two sets of data
included in this spreadsheet. These are the inputs/outputs of FSM that are required in the

-A performance models, RPM and EMM. To use the data generated in FSM in these models
without manually inputting them, the data transfer macro is initiated from RPM and EMM.
This is done with the following command: ALT T-alt key then the T key.
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4. RANGE-PAYLOAD MODEL (RPM)

0 4.1 Purpose

The purpose of RPM is to investigate the range-payload performance of the aircraft
sized in FSM. The design point for the Sizing Model is at the "knee" of the range payload
curve, shown in Figure 4. 1. Since the principle outputs of this model are the cruise radius

* (X-CR) and the mission radius (X-MSN), mission profile tradeoffs can be done with
RPM. This is done independently, using the fixed aircraft configuration found by FSM.

FADS design point

Payload

Rang.

Figure 4.1. Typical Range-Payload Curve

4.2 Architecture

The RWnge-Payload Model is similr to FSM in that it is comprised of many
different elements. The spreadsheet architecture for this model is shown in Figure 4.2.
The cell location Al or the spreadsheet "home" is at the upper left corner of the header.
When RPM is retrieved, this is the default cell pointer position. Again, this figure shows
the various elements and their relative position in the RPM spreadsheet and is not to scale.
The recalculation is also manual and proceeds in a row-wise fashion.
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4.3 Inputs

A. Tables

The tables in the Range-Payload Model RPM are the same as those used in
FSM: atmosphere characteristics and specific fuel consumption. They are entered as
needed in the same way as in FSM. The data transfer macro in RPM only moves the
necessary variable inputs/results from FSM to RPM. Thus, the data in the tables must be
input manually. Note that the standard atmosphere is already entered, so unless it is
desirable to use values other than these, this table need not be altered.

B. Variables

In this model, there are fewer variable inputs than in FSM. The input variables
that are in this model are all mission profile type and identical to their counterparts in FSM
except for the one new input-fuel.

0 FUEL-Total tuel weight (pounds).

Since the MP variables in RPM are the same as those in FSM, Section 3.3 would
be helpful as a reference for inputting the values to these variables. Note that in this model
the cruise distances and therefore the mission distance are not required inputs. They are
results of RPM. There is a check in the model to see whether the sum of the payload at
takeoff and fuel weight--the usefui load--is in excess of that for the sized aircraft from
FSM. Therefore, it is necessary to add the required Delta F (drag) to account for external
fuel tanks if more fuel is desired than this restriction allows.

The remaining inputs to this model are select FSM inputs and results. These are
obtained by either using the data transfer macro from FSM or by manually entering them
into the spreadsheet. This model assumes that the aircraft is sized from FSM, so these

inputs are fixed.

4.4 Outputs

The output of this model is similar to that of FSM in that there are two parts:

"• Range-Payload Output--Lists all calculated variables and tables in order
obadned.

" Range-Payload Summary--Lists certain specific inputs and calculated outputs
of primary interest.
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As with FSM. the detail output is broken down into groups of elated information,
c into similar mas. Most of them groups are the same as in FSM. Both output parts also
include brief descriptions of the generated data. However, as previously mentioned, the
major output from this model is the cruise radius.

With the achievable cruise distance, the total mission radius is found by adding the
Sinput dash radius. Thus, various mission profile trades can be conducted to investigate ths:

range-plyload performance of the sized aircraft. The ramifications of these tradc-offs to
combat turn rate and takeoff and landing performance is readily ascertained.

4.4
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5. ENERGY/MANEUVERABILITY MODEL (EMM)

5.1 Purpose

The purpose of this model Is to examine the energy/maneuverability traits of the
sized, fighter-type tactical aircraft. Examples of these traits include: sustained (constant
speed and altitude) tunt rate, instantaneous (loss of speed and/or altitude) turn rate, and
maximum speed. These traits are encompassed within many of the aircraft static and
dynamic flight capabilities.

The traits can be presented by a number of selective graphs. By comparing these
graphs for different aircraft, an assessment can be made regarding their relative merits. By
including the mission equirements in the comparison, the superiority of one design over
another can be ascertained. The output of this model provides a table that includes many of
the parameters necessary to show the desired flight capability.

5.2 Architecture

The architecture of the Energy/Maneuverability Model is similar to the structure of
FSM and RPM. This is exhibited in Figure 5.1. EMM also uses a row-wise calculation
procedure. However, EMM does not require any iterations to get the output for a particular
altitude. Since many of the traits vary with altitude, it may be advantageous to run the
model with multiple altitudes.

5.3 Inputs

A. Tables

As previously mentioned, EMM does not require the Specific Fuel Consumption
Tables to operate successfully. Therefore, unless it is desirable to run an analysis with a
non-standard atmosphere, there are no tables to input. This is because the standard
atmosphere is already entered for the atmosphere characteristics table.
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Header

Variable Inputs:
Control

Macros
Fixed Inputs: for

Inputs/Results EMM
from FSM

Detail Output

Results Table

a Transonic Table of
Standard Wing Range Names

Atmoaphere Drag Table forTale(fixed Input) ENMM

Figure 5.1. Energy/Maneuverabillty Model Architecture
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B. Variables

The Energy/Maneuverability Model contains control (CNTRL) type variable inputs
as well as the required inputs and results from FSM. The following CNTRL type inputs

define the bounds for the Energy/Maneuverablity Model:

* V-IN--Initial velocity (knots); lowest velocity to examine
energy/maneuverability traits.

* DELTV--Delta velocity (knots); increments of velocity to examine
energy/maneuverability traits.

NOTE: The output table contains 12 velocity points.

"" H-CB-Altiude to examine (feet).

"• ABX--Additional thrust factor; thrust multiplication factor for combat.
See ABX-TO input in FSMI

5.4 Outputs

The output of EMM, like FSM and RPM, contains two parts:

• Energy/Maneuverability Output--Lists all calculated variables and tables in
order obtained.

0 Energy/Maneuverability Summary--Contains the table of results from EMM
and other pertinen, output data.

The detail output is also separated into different groups of related information, or
into similar tasks. However, these groups are somewhat different from those in FSM and
RPM. This is because the model studies the aircraft performance over a range of velocities

for the combat phase, rather than over the mission profile, as is done in FSM and RPM. A
brief description of the output produced within these groups is included.

The summary output of EMM is comprised of a large table of aircraft performance

traits over a range of velocities for the combat phase, and other pertinent output, such as an

estimate of important aircraft velocities (maximum, minimum). This output facilitates the
use of graphs to compare different aircraft designs. The parameters can be plotted as a

function of velocity and altitude to obtain the aircraft flight envelope and performance

within that envelope.

A menu of selected graphs for one altitude (H-CB) is obtained by using the graph

macro. This macro is initiated with the following command: ALT G -- alt key then the G

key. Example performance plots are the aircraft turn rate versus velocity and excess

specific power versus velocity.

5-3



6. COST ESTIMATION MODEL (CEM)

6.1 Purpose

The purpose of CEM is to determine the following approximate aircraft costs:

* Research, Development, Test and Evaluation (RDT&E)
* Flyaway

* Procurement.

6.2 Architecture

CEM, shown in Figure 6.1, is a very simple model. There are no tables, and only
six variable inputs are required. As with EMM, no iterations are necessary.

6.3 Inputs

The following are the six variable inputs for CEM:

"• IOC--Initial Operating Capability Calendar Year, Last two digits up to'99.
"• N-Number of aircraft to procure.

"* SERV-Aircraft Service: J

(1) Air Force

(2) Navy

(3) Army
"* OWE-Operating Weight Empty, result from FSM.
"* T-Maximum thrust; result from FSM.

* VMAX--Maximum velocity at best altitude; result from EMM.

6.4 Outputs

CEM calculates the Defense Contractors Planning Report (DCPR) Weight from the
input OWE and uses it in Cost Estimating Relationships (CERs) taken from Reference 17
to determine the aircraft RDTE, Flyaway, and procurement costs. The output of CEM lists
these costs, which are in millions of FY85 dollars.
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HEADER

MacrosL I for

CEM

Variable Inputs:
Control

Fixed Inputs
Results from FSM, EMM

OUTPUT
SUMMARY

Figure 6.1. Cost Estimation Model Architecture
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7. SUPPLEMENTAL FADS INFORMATION

7.1 Input Aids

This section contains various tables and figures that are helpful to choose realistic
values for the inputs in FADS. Certain data in the input aids are only estimates of their true
range values. Therefore, care should be taken when using them. New information should
be correlated with the data in this section to improve the accuracy of FADS. Table 7.1 is
particularly useful and displays a variety of information about current aircraft. It gives an
overview of the relative magnitude of various parameters associated with current combat
aircraft that are compatible with FADS.
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"A. Tables

Table 7.1. Selected Aircraft Characteristics

* Ft•EdLL •ER41C" 4G UvI1 VING WI;IG ulI*J3ER
ASPECT TAPER T/4 THI=CIES OF

AREM ".AT10 RATIO VU11 RATIO Q.AIMCaJFT -s (FT2) -At- -,. (0.) -t/c -. 12
S -E334'. 7 4.99 0.236 35.0 0.OCO I

F-4£ 53.k,0 2.73 0.103 45.0 0.047 2

FP.:. 17". . 1.75 0.200 24.0 0.040 1
F- L, 37D0 3.40 0.277 42.0 0.05•75 1
S2J 33;. 0 3.53 0.50) 33.0 0.0965 '1
SI-'1A . 3.92 0.500 37.0 0.50 1

*F-11 5C5./11•3. 7.,,1.22 Is. 18.0/6c.0 .1101.0605 2F-Iz 60.•.4 3.013 B.250 32.6 0.047 •1
YF-14 -. 0 *.1•4 0.20) 32.0 0.040 1
YF-17 330.5 3.53 0.3:3 20.0 0.045 1
..F-344 .V. 7 3.47 Moo. 40.0 0.0&4 1
F-90 2.9 4.79 0.513 35.0 0.09o1 1
PF-SF 287,9 4.79 0.515 3S.0 0.0921 1
F-100C 3M3.0 3.00 0.263 45.0 0.070 1
F-1013 3.•.0 4.2M 0.2.4 36.5 0.062 1
V.102, 603.0 2.13 0.0,0 52.2 0.040 1
F-I0t4A 190.6 2.53 0.377 10.3 0.038 1
F-1 'C;.j 33.3 3.10, 0.437 45.0 0.0475 1
F- 1 ,o: ts ̂ .0 2.10 0.0.0 52.2 0.0305 1

PF-111A 52S./1310. 7."/1.01 .325/.190 12.0/67.0 .092/.0576 2
*F-1110 M550.1!03. 6,911/.01 .250/.100 12.0/07.0 .097/.0576 2
F311-2.1 519.0 2.40 0.503 45.0 0.000 1
F410- i 557.0 2.01 0.332 46.3 0.0575 1
M7U-3 47G.0 LO2.S 0.331 33.0 0.008 1

F"0-3 4C2.0 3.40 0.2i0 42.0 0.0455 1
U•.-• 812.1. 6.47 0.353 30.0 0.083 3
A-4C 2,6'.0 2.V2 0.226 33.2 0.065 1
A.S' 7•,.0 4.0 O. 2j, 37.S 0.050 2

,7Z3.7 3.73 0.10s 37.5 0.040 2
A-E; G•3.9 5.31 0.312 25.0 0.075 2
A.7A 37"-.0 11.03 0.253• 35.0 0.070 1YA-9 565.0 S.8W0 0.475 5.0 0.160 1
YA-.1 C0UM .00 U.S.'s 5.0 I
T-23' 255.0 ,.70 0.5.0 3.5 0.120 2
VS4.^EiI 2.;.o 2.30 0.050 45.0 0.040 1

"N.I II 267,7/"21.7 6.00/1.65 20.0/n0.0 .110/.051 2
HA~RRRIER 201.0 3.20 0.330 34.0 0.015 1

U*8Iswgpt/swipt valu$s

Source: Reference 1.
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Table 7.1. Continued

TOTAL TOTAL

TAI:OFF WEIgrIIr MWR MIM[R MAXIMIU INTEi-91ATE
TAROS EXCLUDING OF OF THRUST THRUST
WI|GHT EXTLRMIAL ENGIIES IfiLETS (SLSUTIIST) (SLS,UI:1ST)

AIRCRAfT I"TO(Le) STORES -4E -N" -Tix(L) "TH'(L)
""EjS(LV)

F-l[ 20130. 20130. 1 1 7700. 7700.
F-4E 47732. 4S917. 2 2 34000. 21800.
F-SA 130•63. 13347. 2 2 8160. 5440.
F-8f 2769D2. 2=t I:. 1 1 18000. 10700.
F-fJ 20090.. 20i90. 1 2 7250. 7250.
F-11A 20012. 20012. 1 2 10500. 7450.
F-14 533M3. 51953. 2 2 $6200. 32900.
F-15 39769 37729. 2 2 48138. 28234.
YF-16 17518, 16988. 1 1 23600. 14117.
TF-17 18800. 17270. 2 2 28800. 19968:
F-E4F 20200. 2020M1. 1 1 7800. 7800.
F-MO 18192. 18192. 1 1 6830. 6530.
F-86F 14992. 14992. 1 1 5970. 5970.
7-1OOC 28620. 28520. 1 1 16000. 10200.
F-101 45405. 45405. 2 2 33800. 21400.
F-102A 27977. 27977. 1 2 16000. 10200.
F-104A 17879. 17879. 1 2 15600. 1l010.
F-1050 37203. 37203. 1. 2 24500. 16100.
F-1061 35924. 35924. 1 2 24500. 161030.
F-!1IA 80979. 80979. 2 2 40300. 21500.
F-1115 79340. 69675. 2 2 40300. 21500.
F3N-2N 21963. 21963. 1 2 14500. 10200.
F40-1 21407. Z0793. 1 2 16000. 10200. a
F7U-3 31642. 31642, 2 2 9200. 9200.
FOU-3 38512. 37192. 1 1 26000. 16510.
EA-38 78175. 78175. 2 2 21000. 21000.
A-4C, 19512. 15560. 1 2 8500. 6500.
A-SA 55748. 55748. 2 2 35718. 23340.
RA-SC 64319. 64319. 2 2 34000. 23340.
A-"A 43626. 41505. 2 2 17000. 17000.
A-TA 36703. 27012. 1 1 11350. 11350.
YA-9 39570. 28310. 2 2 14400. 14400.
A-b10 45825. 34077. 2 2 18400. 18400.
T-2B 13111. 13111. 2 2 6000. 6000.
vIGGE:1 37885. 3000;. 1 2 24000. 14000.
M.111G 39700. 3970-. 1 2 19284. 13"o0.
KAPR1ER 15700. 14780. 1 2 18800. 18800.
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Table 7.1. Continued

- MAXIMIUM MAX IMUM mull-W.J

TOTAL VOLIU! OF FUSELAGE FUSELAGE FUSELAGE FUSELAGE
AIRCRAFT LIFTING VOLUME BREADTH HEIGHT LENGTH
voLM.2 SURFACES .v .EP-GE F -" *LF

AIRtCiUFT vTAI -VSVPFACES (FT) (FT) (FT) (FT)
(FIN) (FT.•

F-1E .... .0 7.0 36.42

F-4E 1689. 216. 1473. 8.7 6.3 S9.08
F-SA 546. 39. 507. 5.9 5.2 45.0
r-8r 1240. 177. 1063. 5.0 6.6 5Z.8
1-9,. 829. 274. S55. 9.75 5.85 42.0
F-11A 728. 71. 647. 6.0 5.85 44.8

r.14 2455. 359. 2046. 14.4 7.15 60.5
F-IS - - . 12.0 6.82 65.5

YF-16 727.6 - . 4.6 6.48 46.0

YT-17 848.3 127.4 720.9 6.9 5.6 40.0

r-84F - - - 4.15 7.0 38.4

F-86D - - 5.0 6.6 37.0

7-86F - - - 5.0 6.35 34.2

F-100c 1090. 181. 909. 5.6 6.0 44.4
F- 101D 1692. 132. 1560. 12. 1 7.7 66.9
F-10ZA 1597. 276. 1321. 6.65 6.9 52.3
F-104A 823. 43. 780. 7. 1 5.25 $2.3
F-10SD 1436. 147. 1289. 9.95 7.41 64.36

F-1063 1701. 279. 1422. 8. 1 7.32 67.0
F-111A 2996, 274. 2722. 12.17 7.14 70.55
F-illB 2935. 279. 2656. 12. 17 7. 14 63.67

r3H-ZN 1294, 353. 941. 5.7 7.0 5

F4D-1 945. 360. 585. 8. 1 6.1 40.7
FTU-3 - - 7.0 7.1 39.5

F8U-3 1823. 197. 1626. 6.8 7.35 57.91

EA-3B 3601. 655. 2537. 7. 17 7.67 69. 17
A-4C 596. 130. 565. 5.85 5.30 38. 80

A-SA 2304. 276. 2028. 10.75 5.70 69.0
RA-SC 2790. 292. 2498. 10.75 6.70 70. 5

A-6A 1589. 309. 1280. 8.3 9.0 52.9

A-7oA 1228. 156. 107Z. 4.95 7.21 44.2

YA-9- - - 4.09 6.9 52.6

YA.10 - - 5.67 7.1 54.66
T-2B 728. 172. 569. 4.4 7.0 35.2

Viggen 1359.6 262.6 1097. 8. 1 6.15 50.0
M. nIc 1287. 129. 1156. 9. 17 7.09 52. 5

Harrier - 6.9 5.6 40.0
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Table 7.1. Continued

TOTAL FUAGE WING .GI:E ENGINE CAPTURE
FUEL FULL FUEL LENGTH OIPJETER AREA- *W""WAT F wFFuSF.LAG, "WFWIIIG -L. [ig -0 Emu -AC

A(RLRA) (LI) (•)L (i.) (.IN) AT

1M2 512. ,57. 112. 125.0 37.5 3.2
F-4E 12896. a800. 4096. 208.7 39.1 8.61-
F-.A 3790. 3790. 0.0 109.9 20.4 2.07
F.8E 8250. 4500. 3750. 267.0 40.0 4.16
F-.J 6378. 5500. 876. 144.0 51.0 3.2
F-11A 5940. 4730. MZO0. 181.0 37.5 4.8
F-14 14340. - - 199.7 50.5 14.6
F-is 184.1 45.0
YF-16 57&. 4900. Boo. 191.5 45.0 ;.55
YF-17 5600. - - 149.0 - 6.33
F-84F - 86.0 38.9
F-860 - . 2.43
F-86F 129.0 34.0 2.36
F-100C 7729. 5000. 2729. 242.0 40.0 5.0
F-lo1l 1354. 12300. 1246. 2S3.0 40.0
F-10ZA 7053. 0.0 7053. 235.0 40.0 3.84
F-104A 4960. 4960. 0.0 20S.0 35.3 4.7
F-10SD 7540. 7540. 0.0 259.0 43.0 6.56
F-1065 936 11SO. 6236. 238.0 43.0
F-.11A 3156. 27100. 4056. 242.3 36.7 16.85
F-111m 23462. 17100. ,,62. 242.3 36.7 16.85
FM-211 - 287.0 43.0 3.72
R4DA1 4160. 0.0 4160. 250.0 40.5 4.28
FYU-3 - ---

Fgu-3 143;6. 90;0. 524. 25;.0 4;.0 ;.7
,A-38 33144. 24444. 8700. 158.0 41.0 -

A.4C 5440. 1800. 3640. 244.0 31.0
A-.A 19074. 10034. 9040. 208.5 31.6 12.2
RA.5C 22474. 11214. 6725. 208.S 31.6 12.2
A.6A 15939. 11214. 6725. 221.0 30.0
AW7A 10200. 5280. 4920. 125.0 42.0 7.07
YA- 9g000. - 82.0 40.0 -
YA-10 - -
T-20 44;2. 2520. 19;2.
VIGGLI -- 38.0 43.0 6.0
N.I1IG 10400. 89,0. 14;0. 255.0 57.0 9.0
HARRIER 5000. - 123.0 48.0 9.2

"*Includes Tall Pipe
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Table 7.1. Continued

NWaZft E EXPOSED EXPOSEo SPEED LAOIIG ;AX-:1*.
OF VERT. TAIL NOR. TAIL 8RAM.E CO'FIG. MAQ4 NO.

AIRCRAFT VERT. TAIL AREA AREA AREA CLx AT 35K""vr "S • _MA -ADES

I-.1r 1 34.7 42.Z 10.8 1.z1 0.96
-. 4Z 1 68.0 85.0 18.6 !.34 2.20

F-IA 1 41.3 31.8 6.42 2.30 1.,:0
r.sr 1 75.0 59.0 16.3 1. 17 1.71
F-9J 1 9. 1 49.9 - i.1s 0.916
F-IiA 1 50.0 42.0 7.1 1.53 1.12

*F-14 2 118, 0 140.0 - 2.52 .8/11.4
7•s1 2 125.2 120.0 - 1.17 2.5
Yr-16 1 54.75 42. 5 13.96 1.57 2.0
Yr.-1 2 104.0 94,0 - 1.60 2.0

7.-84 1 39.6 55.8 - 1.12 0.924
7.860 1 36.4 39.5 1.46 0.940
F-86F 1 36.S 35.3 - 1.59 0.908
F.100C 1 63.2 67.4 14. 14 1. 22 1.0
F-I01B I 7•. 0 .75.0 17.3 1.00 1.85
F-102A 1 '95.0 0.0 1M.s 0.85 .1.18

F-104A 1 43.0 48.0 8.2 1.26 2.0
"". 105 1 63.0 60.4 29.0 1.44 Z.08
-. 10613 1 88. 0 0.0 17.0 0.85 2.0

* F-111A 1 112.0 174.3 26.5 3.27 .8/2.08
F.-111 1 112.0 154.0 26.3 3.27 .8/2.08
F311.2.! 1 47.9 73.5 15.0 1.29 0. 955
F4D-'I 1 47.7 0.0 10.4 0.945 O.96
F7IJ-3 2 106.8 0.0 - 1.20 0.925
F8U-3 3 116.2 65.0 13.94 1.38 2.20
EA-3B 1 145.0 139.0 40.0 1.58 0.91
A-4C 1 55.0 45.0 8.75 1.41 0.90
A-SA 1 101.0 172.0 - 1.34 2.0
RA-sC 1 101.0 172.0 - 1.83 Z. 0
A-6A 1 75.0 104.0 18.5 2.15 0.83
A-7A 1 71.0 56.0 25.0 1.44 0.833
YA-9 1 98.0 153.0 1.60 0.68

YA-1O z 125.0 i18.0 .- 0.68
T-ZB 1 36.6 72.0 1.56 0.776
V'sgen 1 106.0 178.0 - 2. 16

* M. 11i0 1 67.75 78.1S 13.56 - - /2.0

)I-rrier 1 51.6 47.54 8.5 1.20 0.9

quavept/svept ve.alues

"7-6



Table 7.1. Concluded

9'="0O CROSS- CROSS- . Ps•SOic
ARCP M 2 SECTIONAL SECTIONtAL

SK).s(72 ) s.x1TFT2)

F-1E

F-4[ 2106. 53.71 4;. 1 .00433 ;.Ss
F-SA 948. 18.57 16.50 .00341 3.23
F-SE 1796. 38.0 33.84 .0030 5.40
F-9J 1329.

-11A .1145. 33.2 , 28.4 .0034 ;.9o
F-14 - 63.4 48.8 o 10.4F-15

TF-16 i322.5 27. o 21.5 .00391 5.16
Yr-17 1807. 32.3: 26.0 .OO3 6.30
F-94F" *F-M80

F-UF - - - .
P10ooC 1553. 40.8 3;.8 .00o41 5.30
F.1o1V 2027. .0035 7.10
F-102, 2090. 49.0 45.16 .0035 7.30
F-104A 1128. 22.2 17.3 .0036 4.05
F.1050 1915. 43.62 35.96 .0036 6.90
F-1068 2196. .0030 6.59
F-111A 3191. 09.4 52.6 .0037 11.80
F-1118 3152. 69.4 52.6 .0039 12.30
F3H-ZN 1778. 41.1Z 37.4 .0031 5.5
F40-1 1515. 54.28 50.00 .0037 5.6FTU-3

FfU-3 22;0. 48.0 ,2.3 .00;3 7.5
EA-3B 4124 - - .00371 1530
A-4C 1094. - - .0039 4.2
A-SA M7. .00.36 10.40
RA-5C 3091. . 63.5 51.3 .0036 11.10
A-6A 2217. .0043 9.53
A-7A 1643. 31.13 38.2 .0035 5.75
TA-9 .....
YA-10-
T-28 1249.
VIGGEN 4i.6 3;.6
M.IIG 161o. 40.0 31.0
WRIER 1007. . - .00;81 ;.84

5N(ET SMXAC.
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Table 7.2. Rolilng/Bralkkg Coefficient of Friction Values

Rolling and Braking Coefficient of Friction Values for
"Different Types of Runway Surfaces

Surface Type Average Rolling Coefficient Average Braking Coefficient

OCncrete .03-.05 .4-.6
Hard Turf .05 .4
Firm and Dry Dirt .04 .3
Soft Turf .07
wet Concrete .05
Wet Gran .10 .2
Snow or Ice .02 .07-.10

Table 7.3. Approximate Armor Density for Various Materials
and Ballistic Protection Levels

Material Density (b/ft)
Protection (mm) Titanium Kevlar

23 10 3.2

14.7 8.2 2.6

10 6.0 1.9
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Twible 7.4. Vertical Stabillzer Volume Coefficient (VSVC) Values for Various
Fighter Aircraft

Aircraft Vertiomi Stabiizer Volume Coefficient

F-O .074
F-.A .116
F-14 .110
F-15 .073
F-16 .102
9-18 .099
A4C .122
A-GA .067
A-7A .082'
A-10 .062

Value Range , .0-.12

Table 7.5. Typical Values of Surface Roughness (ESR)

Surface Type Equivalent Sand Roughness (ESR)
(inches)

Aerodynamically SWooth 0
Polished Metal or Wood .02-.08 x 10-3
Nanural Sheet Metal .16 x 10-3
Smooth Matte Paint (carefully applied) .25 x 10-3
Standard Camouflage Paint (average application) .40 x 10-3
Camouflage Paint, Mass Production Spray 1.20 x 10-3
Dip-Galvanized Metal Surface 6 x 10-3
Natural Surface of Cast Iron 10 x 10-3
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B. Fprues

02)6 00GALLON TANKS &

SR.f 8.280 ft2 PYLONS

.008

.007

.006-

.005
(2) 300 GALLON TANKS

a PYLONS
.004-

.003

(1),150 GALLON TANK 8
PYLON

.001 (2) Al M 9 MISSILES+PYLONS

0

.2 .4 .6 .8 1.2 1.4 1.6

Mach Nnmber

Source: Reference 1.

Figure 7.1. Incremental Drag for External Stores
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MACH NO.,
.1 l.2 3 A 8 A a 9 a 1 1T 1. 1.6s.

20A

30.000

20O.0 O
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= x• •o -aoo 4OKNOTS o o o o o •

TRUE SPEED

Source: Reference 10.

Figure 7.2. Equivalent Airspeed and Mach Number Versus True Airspeed
and Altitude for Standard Atmosphere
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Note: Constant altitude, steady turn.

Figure 7.3. Turn Conversion Chart
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0 TOTAL AIRFRAME COST

G. PRIMARY STRUCTURE
to tj WEIGHT

S--- • SECONDARY STRUCTURE
40~ WEIGHT

z SYMBOL COMPONENT

0 TAIL
so0 0 WING

WW 0 FUSELAGE
A COMPLETE AIRCRAFT

SECONDARY STRUCTURE
.•>SO-

~ OPEN SYMBOLS - PIECES BUILT OR BEING BUILT(C.J
ý- w -CLOSED SYMBOLS - CONCEPTUAL DESIGN

10 0 - ,! I , I I , t !

0 20 40 60 s0 100

COMPOSITE UTILIZATION BY WEIGHT, PERCENT

Source: Reference 1.

Figure 7.4. Approximate Weight Savings From Composite Development
Programs
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Figure 7.5 Wing Planform Parameters
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Figure 7.6. Wlng Section Parameters
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Figure 7.7. Wing Thickness Veru Maximum Mach Number for Various

Aircraft

"7-151



12

II

/ '/

Hawke o
VF.8.

I // UnblbI
1/

o /
to" 2• ,' * o F' " o

A A-? .- ~
4-, F-SIF.200 50F.DoOo

F-18 0Flt

AV-SA * A&
/0 '

/F-102

Stable

tole 26 5v 40' o 0 70.
C w~rter -dwrd svwtp6&ck

Source: Reference 9.

Figure 7.8. Aspect Ratio Versus SWEEP for Various Current Aircraft

7-16



Canard Configuration:

Conventional Configuation:

Name Descir*ion Canard Conventional

NWB/FL Nose to wing-body aerodynamic center .55-.60 .45-.55
distance divided by fuselage length.

NCG/FL Nose to center of gravity distance .50-.60 .45-.55

divided by fuselage length.

HSOD Horizontal Stabilizer Offset Distance (-)1.0-3 (-)1.0-3

NVS/FL Nose to vertical sabilizer distance .85-.95 .85-.95
divided by fuselage length.

NHS/FL Nose to horizontal stabilizer distance .15-.35 .85-.95
divided by fuselage length.

Figure 7.9. Typical Non-Dlmensionallzed VertIcal/Horizontal Stabilizer, Wing-
Body Aerodynamic Center, and Center of Gravity Locations
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7.2 FADS Assumptions

* Straight wing leading edges (no cranked arrow).

• Zero base drag from fuselage (closed body).

* Transonic drag from fuselage neglected (fuselage fineness ratio must be greater
than 6).

• Wing, horizontal & vertical stabilizer have same T-C; wing & horizontal
stabilizer have same sweep.

* No in-air refueling allowance in generic mission profile.

* Structural factor of safety - 1.5 for manned, 1.2 for unmanned aircraft.

"• JP-4 fuel (6.5 lb/gallon) or JP-5 (7.1 lb/gallon) used.

* Wing & horizontal stabilizer incidence at takeoff and landing = 0.

• Takeoff rotation and landing free roil time = 3 secondss.

* No asymmetric thrust (thrust vectoring).

• No input flight altitude (H-xxx) greater than the highest engine data altitude
(ALTxx) input.

" Range of T-C = 3% to 18% of chord.

• Zero wing twist.

* Thrust loading range = .2 - 1.2.

* No input flight Mach number (velocity) greater than M = .95.

* No input flight altitude higher than 60,000 feet.

* No delta wing planforms.

* Fusclage mounted engines (in fuselage).

_ Zero trim drag.

. Average 6-series airfoil characteristics used.

* Level, circular turns.

• Single-slotted trailing edg(: flaps used as trailing edge high lift device.

* Leading edge slats used as leading edge high lift device.

* Fuel fraction for start of engines, taxi, take-off and climb-out is based on 9
minutes at idle, plus one minute at maximum thrust for a total ground time of
ten minutes.
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7.3 Improvements For FADS

The major consideration throughout the development of the Fighter Aircraft Design
System was usability. The aim was to create a model that would generate the desired
objectives at a sufficient level of accuracy and applicability with the minimum of input data.
In light of this, the Lotus 1-2-3 spreadsheet format was chosen. There are a number of
advantages in using the Lotus 1-2-3 spreidsheets for this application. Some of these are;

* Simple Input Data Entry

* Understandable Output Data

- Menu-driven Software

* Rapid Tradeoff Studies.

However, there are inherent problems with the spreadsheet format and specifically,
Lotus 1-2-3. For example, by using a PC rather than a mainframe computer, there are
memory constraints and much longer program running times. In Lotus 1-2-3, table
interpolation is time and memory intensive since there is no routine or function in Lotus to
accomplish this. Also, the limit in the length of cell equations hampers the program
efficiency. These and other factors can't be avoided since they are indigenous to the
spreadsheet method.

Nevertheless, there are many conceivable improvements to FADS that are
worthwhile. They will be added by the author as time permits. These improvements fall

under 3 categories:

1. Additional Macros-To simplify the use of FADS.

2. Theoretical Improvements--To increase model accuracy.

3. Tnput Expansion-To increase applicability of FADS.

Additional Macr-A

The models that comprise FADS currently include a few macros that assist the user
to operate them. Additional macros to save the user time are planned. Since tradeoffs and
comparisons between different designs are necessary, a macro that automatically runs and

saves these designs would be helpful. A macro that retrieves tabulated SFC data from an
engine spreadsheet would be a time saver for tradeoffs with different types of engines.
Another macro that would be very useful would investigate trades within a design and
produce appropriate carpet plots.
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There are many instances within FADS that certain assumptions and
approximations are used. An example of this is the aircraft drag buildup within FSM and
RPM. The subsonic case a simple parabolic drag polar is assumed. However, in reality, at
a particular coefficient of lift called the "break CL" (CLb), the drag polar ceases to be
parabolic and the drag increases considerably. Also in the drag buildup, only the wing
wave drag is added for the transonic flight regime. Therefore, the drag calculation is
slightly optimistic.

It is advantageous to pursue ell the possible improvements to increase the theoretical
accuracy of FADS. This includes the example mentioned above and many other
improvements. As with the addition of new macros, these modifications will be added as
time permits.

Inut Ea

COirrently, FADS is only suitable for fighter-type tactical aircraft. This restriction
places limits on the input values in the models. There are also constraints on these values
due to the input capability of the models. Improvements in these two areas would greatly
increase the applicability of FADS.

Many types of aircraft, such as long-range bombers and transports cannot be
analyzed with FADS. With sufficient data, a logical scheme can be developed to
differentiate the different types of aircraft and systematically derive the required
characteristics. Additional inputs and an expanded output section, particularly the empty
weight section, would be required. Thus, FADS could be expanded to include the

conceptual design of larger and smaller (RPVs) aircraft.

Another way to increase the applicability of FADS would be to increase input
capacity. For example, having more altitudes of engine SFC data would accommodate a
larger spectrum of possible flight altitudes. A spinoff of this would be an increased level of
model accuracy. In addition, including supersonic aerodynamics in the models would allow
velocities above the speed of sound in the mission profile inputs and thus increase the point
design possibilities within the flight envelope. Providing such an expanded flight envelope
in which to place the design points would make FADS more applicable.
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8. OVERVIEW OF COMBAT AIRCRAFT DESIGN

8. I Introduction

Historically, the impetus for the development of combat aircraft has been based on
many factors. These include:

* Current Operational aircraft Deficiencies-low reliability, low range, high fuel
consumption.

* Changing Threat Systems and Tactics--introduction of new sophisticated
weapons or tactics that alter the probability of mission success.

"* Emergence of New Technology--aerodynamic improvements, material
advances, avionics improvements. 4

"* National Need--perceived future needs such as the X-30 Aero-Space Plane.

However, regardless of the impetus, the main considerations that determine the
eventual design of new aircraft awe performance and cost. The operational effectiveness is
driven by the performance of the aircraft. When the cost is also considered, the cost-
effectiveness of the aircraft is obtained.

The performance of a combat aircraft can be characterized by a number of distinct
attributes. These attributes are categories by which performance can be measured. The six
principle attributes are:

1. Operational Envelope --a measure of static flight capability

2. Maneuverability/Agility--a measure of dynamic flight capability

3. Lethality-a measure of the destructive capability

4. Survivability--a measure of the perserverence capability

5. Pilot/Aircraft Interface--a measure of a pilot's ability to use the aircraft

6. Supportability--a measure of the sustainability of the aircraft.

Each attribute is determined by a subset of parameters. For instance, Supportability
is determined by many factors, such as reliability, maintainability, and availability. The
static flight capability (Operating Envelope) is determined by the aircraft altitude, speed,
range, and endurance/persistence ability. For the dynamic flight capability 4

(Maneuverability/Agility), factors such as acceleration potential, rate of climb, rate of turn,
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and take-off and landing distances come into play. In addition, the Pilot/Aircraft interface
is composed of the handling qualities, visibilities, pilot workload, and overall ergonomics
of the cockpit.

Specific aircraft characteristics form the basis of the above subset of the attributes.
For example, range (Operating Envelope) is a function of the capacity, lift to drag ratio, and

specific fuel consumption. Similarly, wing loading (aircraft weight/wing area) and thrust

loading (thrust to weight ratio) play a role in determining many of the static and dynamic
flight capabilities-such as turn rates, rates of climb, take-off and landing distances. Also,

the payload carried and the target acquisition system are incorporated within weapon

systems capability (Lethality).

Unfortunately, attribute subset parameters require different aircraft configurational
characteristics, such as thrust loading (thrust to weight ratio). For high turn rates and

accelerations (Maneuverability/Agility), a high thrust to weight ratio is desirable.

However, if this characteristic is too large, the cruise and loiter specific fuel consumption
may be too high. Thus, the range and endurance (Operating Envelope) suffers. This is

demonstrated in Figure 8.1. Therefore, tradeoffs must be made with the attributes.

MIGHT OPERATE HERE IF
3(T/W) TOO LARGE

1.3TO

.OULD LIKE TO

o, I.1 OPERATE HERE
U. DURING CRUISE

.9

.7 - U .. . U I U * ' ,

0 I 2 3 4 5

THRUST, IOOOIb

Figure 8.1. Engine Thrust Versus Thrust Specific Fuel Consumption

Tradeoffs must be made even within a certain attribute. This interaction is apparent
with Maneuverability/Agility. For an acceleration dominated fighter, such as an

interceptor, a high wing loading is desirable. This is because during a minimum timc

trajectory (an acceleration) the load factor (lift/weight) is close to one. However, for an air-
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to-air fighter, the turning capability is critical and thus dictates a low wing loadig. In this
case the load factor is greater than one.

The mission requirements are the most important drivers in the design of combat
aircraft. A key pan of these requirements is the design mission profile. Example mission
profiles are shown in Figure 8.2. The mission requirements determine the specific
configurational characteristics which in turn determine the level of the aircraft attributes.
This process yields a hierarchical breakdown of terms that is shown in Figure 8.3.

Formulating the mission requirements is not an easy task. It is often quite difficult
to predict what will be needed or desired in the future. For combat aircraft, this is
established by the particular military service that will use them. Multi-mission aircraft--
aircraft able to perform a variety of missions--are sometimes appealing These robust
aircraft are sized for their most demanding mission, and are thus over designed for the
other missions. Specialized aircraft offer less versatility but would be less expensive and
more effective in their design mission. In addition to the mission requirements, specific
military specifications must also be met.

8.2 Phases Of Design

The general process of aircraft design entails the combination of requirements,
concepts, evaluation, and compromise. This iteratve process is displayed in Figure 8.4.
Due to the complexity involved with designing a new aircraft, the process can be broken
down into three distinct levels as follows:

* Conceptual Design

* Preliminary Design

* Detail Design.
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REGUIREMMNTS AND CONSTRfAINTS ANALYSIS

*MISSION e. AERODYNAMICS

* Enve*"p - AVIONICS
' Payload -I.*STRUCTURES
* Fil Environment - PROPULSION

HANDLING AND FLYING QUALITIES -SYSTEMS
/WEIGH

AIRCRAFT

DESIGN CONCEPTS

-TAILLESSTEAM ' TWIN ENGINE
-ACTIVE CONTROLS
* MANUAL CONTROLS

COMPROMIS SWEEP VARIABLE
COMPROMIS SWEEP FIXED

*COST /a CONVETINA
* COMPLEXITY * TWVETONPACE
-WEIGHT TWPLC
* DEVELOMNT ' ETC., ETC.

Figure 8.4. Process of Aircraft Design

Some of the inputs to and outputs from each phase are shown in Figure 8.5. Ile
first two phases are Sometimes lumped together and called configuration development.

While there are no clear cut lines separating the three phases, they do possess certain

distinguishable features.

In the conceptual design phase, the size, volume, and shape of the aircraft are
determined to see whether the idea is feasible. In addition, the propulsion system is
selected. Gross assumptions are needed in this phase. During the conceptual design
phase, parametric studies are done to optimize the aircraft configurational characteristics
such as airfoil section, planform shape, engine size, fuselage shape. To do this, it is
necessary to reach an appropriate compromise between the conflicting mission
requirements. While it is important to focus on the dominant mission phases, analyzing the
entire mission is essential to achieve an overall satisfactory solution.
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These conceptual studies ar focused to maximize the performance for a given
aircraft design or to optimize the design given the airaft performance. Cost of the aircraft
is also a major consideration. There are a number of parametric design methods that are
employed to accomplish the conceptual studies. The baseline method shown in Figure 8.6
is generally used for concept definition and features the following techniques:

" Baseline Analysis

* Paraetric Design Derivatives

"* Sensitivity Studies.

In the preliminary design phase the aircraft configuration is fine tuned by more
extensive and thorough analysis. The internal arrangement is determined and the major
loads, stresses, and deflections that the aircraft will encounter are determined. Mock-ups
are used in this phase to help visualize and analyze the design. The propulsion system
(engine type, inlets, etc.) is finalized. Simulator studies are often done in this phase to
analyze the control system and assess the subsequent handling qualities.

The third and final stage of the aircraft design process is the detail design phase. In
this phase, the aircraft detail components such as the joints, fittings, fasteners are
designed. The interior layout is fixed and component fabrication for the prototype is
initiated.
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Figure 8.6. The Baseline Method for Trade Studies
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If the prototype proves to be successful and desirable, production of the aircraft
ensues. The elapsed time scale from initial conception to production has grown

enormously over the years. This process used to take a few years, now, ten years or more

is typical.

8.3 Classification Of Combat Aircraft

The design mission profile yields a distiction betwc.i .umbat aircraft that can be

used as a classification scheme. Military specification number MIL-F-8785B places all

aircraft into four classes. This is shown in Figure 8.7. To further visualize th' vari& ,

Figure 8.8 displays the spread of take-off weight and empty weight f,- f :or a n? nifbr

of current aircraft.

For the fighter-type (tactical) aircraft, there are basically five categories:

"• Close Air Support

"• Strike Interdiction

"* Interceptor

"* Air to Air

"* High Altitude.

Generally, these aircraft have significantly different attribute subset values. For

instance, an inteiceptep -type fighter is designed to have long range, high speed to operate at

high altitude. A close air support aircraft cruises at medium range, medium speed with

qombat at low altitude.

Moye specifically, the differences among these aircraft are reflected in their wing

loading and thrust loading values. These two parameters shown in Table 8.1, a;- very

important outputs from the design process. As shown in Figure 8.9, an inverse

relationship exists between these parameters.

8.4 Summary

The design of a new combat aircraft is an enormous undertaking. High

performance fighter aircraft are complicated systems that require a great deal of time,

money, and manpower to produce. Mulndis:"iplinary technology integration is necessary.

Aerodynamics, structures, powver plants, human factors, electronics, and controls all have

to be brought together to form a coherent package. Currently, there Pse substantial

improvements possible in many of these areas. Since technological advances in
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Clss I Small, light airplane such as
Light utility
Primary trainer
Light observation

Class II Medium weight, ;ow-tomedium manouverability
airplanes such Rs

Heavy utility/search and rescue
Light or medium transport/cargoltanker
Early warning/electronic countermeasures/
airborne command, control, or communicztions
relay

Antisubmarine
Assault transport
Reconnaissance
Tactical bomber
;'eavy -tack
'i rainer tx C3i.•. II

Class III Large, heavy, low-to-, ed. %,n maneuverability A
airplanes such as

Heavy transport/cargo/tanker
Heavy Bomber
Patrol/earny warning/electronic countermeasures

airborne command, control, or communications relay
Trainer for Class III

Class IVA High-maneuverability airplanes such ss
Fightwr/interceptor
Attack
Tactical reconnaissance
Obswrvation
Trainer for Class IV

Class IVB Air-to-air fighter

Class IVC Air-to-ground fighter with external stores

Figure 6.7 MIL-F-8781B Aircraft Classification Spectfication
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Table 8.1. Take-Off Wing Loading and Thrust to Weight Trends

Fighter Type Wing Loaing @ Thrust Loading 0
Take. ange Take-Off Range

(Uninstalled)

Close Air Support 65-90 .4-.6
Strike Interdiction 90-130 .45-.7

Interceptor 120-150 .55-.8
Air to Air 40.70 .8-1.3
High Altitude 30-60 .4-.8

1.4.

12 6
F-15 FIG F.10

1.0-

X-29a
T IM-TO 0 .8- F..4 a

0.6- F0-4

0.4- A-J0O Js F-If 1a

2- 50 75 10; 12b 15;0 175 200

Figure 8.9. Thrust Loading Versus Wing Loading for Current Aircraft
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any one of thes areas usually has a significant impact on the others, the operational

payoffs can be significant.

However, these new technology applications are only a part of the driving force in

the development of new combat aircraft. It is often more cost-effective to upgrade existing

aircraft with new sub-system components, such as new engines. With the increasing cost

of new combat aircraft, this trend seems likely to continue in the near future.
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APPENDIX A

FADS Comparison With Existing Aircraft

In order to substantiate the FADS models, comparisons were done using several
existing aircraft. Two of the aircraft used were the LTV A7A Corsair l and the Douglas A-
4-C Skyhawk. Although these aircraft were designed over 25 years ago, they are
representitive of the type of aircraft that can be analyzed with FADS. This demonstrates
that while the avionics and materials used in aircraft are continuously changing, the basic
aerodynamics used to analyze them remains relatively the same.

The lack of appropriate data and the general format of FADS make it difficult to
substantiate FADS. Therefore, it is necessary to look at and validate specific methods used
in the models. Thus, if these methods or parts accurately determine the particular
parameters, it is assumed that FADS is verified. These specific methods include: the CL-
MAX estimation, the empty weight buildup, the profile drag buildup, and the
horizontal/vertical stabilizer sizing. Since FSM encompasses the majority of the

methodology, it is used exclusively for the comparison.

As previously discussed, the Fighter Aircraft Sizing Model determines the
following parameters:

* Take-off Gross Weight (TOGW)

* Operating Weight Empty (OWE)

• Wing Area (SW)

• Thrust Loading at Takeoff (T/W)

To investigate the methodology used in FADS, it is essential to have some of these
parameters correspond to the specific aircraft. For instance, the empty weight buildup is a
function of the gross weight. In order to measure the accuracy of the empty weight buildup
method, the gross weight of the specific aircraft must be used. In addition, the
configuration inputs, wing area, thrust loading at takeoff, and vertical and horizontal
stabilizer areas must correspond to that aircraft. The resultant empty weight can then be
compared to the true empty weight of the aircraft.
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The HI-HI-HI mission was chosen for comparison purposes. The aircraft data is

from Reference 14. A clean airplane is assumed, eliminating the need to gather precise

information regarding the additional drag and interference of external stores. The following

are the results of the comparison.

CL-MAX DETERMt4ATION

Fixed Paameters:
"Wing Am (SW)

Rut: FSM A7A % ERROR FSM A40 % ERROR

CL.MAX 1.22 1.12 8.9 1.!1 . ..

CL-MAX (flaps) 1.44 1.45 .7 1.47 1.41 4.3

OL.MA (*Mts) 1.51 .... 1.21 .. ..

VERTICAL AND HORIZONTAL STABILUZER SIZING
i,.xod Parameters:

Wing kAe (Sw)
"Thrust Availale 0 Takeoff (M)
Takeoff Cmrs Weloht ( ...-.

ResRSM AM %E FSM A40_ % ERROR
Sut:0.0 b6.4 (exposed) 11.3 37 46 (exposed) 17.8

Horz. Stab. Area (f 2  107.1 105.5 1.5 52 65.5

PROFILE DRAG (CDO) BUILDUP
FIxed Paramseters:

Wkn Arm (SW)
Hodzontml/Vertical Stabilizer Areas (SHS/SVS)

Results:
FSM A7A % ERROR FSM A4M % ERROR

Wet~d Area (ft2 ) 1614 1613 0 1075 1094 1.7

CODo (Includes Interference) .0156 .0151 3.3 .0157 4.3 4.3
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EMPTY WEIGHT BUILDUP
Fised Pem :e~

Wkn Area (SM
HdzactuVVerlal Sta1011w Area$ (SHSfSVS)

Thru Avuillube Ta~ff (T)

Takeoff Oros wigt (TOoW

Resut: A7A % ERROR FSM A4C % ERROR

OWE Total (Ie) 13384 14706 9.0 7938 9073 12.5

Struoture (be) 6727 7542 10.8 3878 4396 11.8

Propulsion (Ibs) 36 3855 4.1 2218 2748 19.3

SurAvbllty (lbs) 0 0 - 0 0 --

MIsoellaneous (lbs) 2961 3309 10.5 1842 1929 4.5

TAKEOFF AND LANDING
Fixed Psrameters:
Wing Area (SW)
HortzontalNertiol Stabilizer Aeam (SHSISVS)
Thrust Available @ Takeoff (T)

Operating Weight Empty (OWE)

Takeoff Gross Weight (TOGW)

Profle Drag (CDo)

Results:
FSM A7A % ERROR FOM AC % ERFOR

Takeoff stalvelocity(kts) 119 121 1.7 128 114 12.3

Landing slall wvocity (kts) 90 93 3.2 107 97 103

Takeoff ground roll (ft) 3030 2860 13.9 2268 2300 .5

Landing ground roll (ft) 2170 2490 12.9 2346 2540 7.6

FUELAJSEDrrAKEOFF GROSS WEIGHT
Fixed Parameters: i

Wing Ame (SW)

Horzontal/Vetllal Stabilzer Areas (SHS/SVS)
PAfe Drag (CODo)

Operadng Weight Empty (OWE)

Thrust Required

Results:
=SM A7A % ERROR FSM MC % ERROR

Fuel used (lbs) 10430 157 - 2.3 5916 5440 8

TOGW (Ibe) 25297 25969 2.6 15746 16228 3.0
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APPENDIX B

EQUATIONS AND METHODOLOGY USED IN MODELS

A. FIGHTER SIZING MODEL

* The methodology for the sizing model is presented in this section. It follows the
associated flowchart shown in Figure 3.1. The output parameters are listed with the
equations that generate them in the order they are calculated.

Aerdynaics C al o

Note that in the output parameters [xxx] represents the phase CR1, DS2, CB, etc.,
and [xx] represents the aircraft component, F, W, etc. Also, [#] means 1 or 2,
corresponding to the loiter phase.

* SWEEPLE--wing sweep at the leading edge.

SWEEPLE = Tan-' [Tan(SWEEP)+ (-j()
SWEEPC2--wing sweep at the half-chord.

* /
SWEEPC2 = Tan-'1  n(W ) 2 10

IT( WEP) I +Xji (2)
NOTIE: For arbitrary location wing sweep amount:

*Tan An = Tan A." -- A-T ( I+)]

" SPAN--wing span.

IL SPAN = 4A " SW (4)

* CR--wing root chord.

CR = 2 SPAN
(+x) AR (5)

. CT--wing tip chord.

CT = CR -. (6)
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WMAC-wing mean aerodynamic chord.

3 (7)
EP-Weisinger Wing Planform efficiency factor (e').

00

21.0 

ý3

30
X-~1.00

.92 AsO4

0 1 a 3 4 5 6
ASPECT RATIO

Re ference I

EP= Table lookup with AR, SWEEP, X (8)
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* E-wing efficiency factor.

E =EP. I- S PANJ (9)

* KP--induced drag factor.
KPff 1

l • AR - E (10)

• Q-[xxx]-phase dynamic pressures.

Q - [xxx] p - [xxx] • (v - [xxx])2

2 (11)

SB-[xxx]--phase betas.

B- [xxx] 1M -i (12)

* LER-Leading edge radius divided by the chord.

ooxx

- - --3 .....-- - - 640XX
at  630XX

66 XX
630XX

24 8 /0 160XX

THICKNESS RATIO (% CHORD)

LER .0625- (T-C) -. 00125 0 < (T-C) .06

LER=.125 . (T-C)-.O05 ,06 < (T-C) <~ .12LER=.1875- (T-C)- 0125 (T-C) ; .12 (13)
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* Kpp--Viscous drag factor.

.18

.18
X=0

.14 -X .25

.12 u.5

.10
K"

.08

.06
.04"

.02

0 .. 6.
0 .3 .2 .3 .•.

LEADING EDGE RADIUS, PERCENT CHORD

KPP = Table lookup with , and LER (14)
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LES--Lead&g edge sharpness (A y).

6.0%C

5

NACA4-DIGIT 8 5 DIGIT
"SERIES AIRFOILS

4
•' NACA -SERIES AIRFOILS

6364
65--
66"-,

3"

m,." BICONVEX•

2

DOUBLE WEDGE

0

0 0.04 0.08 0.12 0.16 0.20

THICKNESS RATIO

LES = .2. (T-C) (15)

B-5



The next several outputs in this group involve the determination of the CL-MAX of

the wing, wing with flaps, and wing with slats. The methodology used is derived from the

Martin Report, ER 8055. The method entails using a baseline 6 series wing with

adjustments made due to the variation of wing sweep, thickness, aspect ratio, and flap or

slat span. An additional variation of the design lift coefficient was added to compensate for

the effect of wing camber.

* CL-MAX(NF/F/S]--Maximum lift coefficient [no flap/flap/slat].

CL-MAX NF
CL-MAX F ~Table lookups with SWEEP, T-C, AR, SSWS, FSWVS
CL-MAX S = 1(6(R,-•(16)

* X-MSN--design mission radius.

X - MSN = (X,',CR1) + (X - CR2) + (X - DS) + (X- DS2)
2 2 (17)

The zero-lift, clean aircraft drag coefficient is evaluated at the average cruise phase
conditions.

a -BAR--average cruise altitude.

HBAR = CH-CR1) + (H-CR2)
2 (18)

* VBAR-average cruise velocity.

VBAR= (V-CR1) + (V-CR2))
2 (19)

* VPBAR--velocity at M = 0.6 (for cut-off Reynolds #)

VPBAR = .6. (a- [HBAR]) (20)

* MUAR--average cruise Mach number.

MBAR = (MN - CRI) + (UN - CR2)
2 (21)

• KBAR--average cruise kinematic viscosity.

KBAR = (i) - CR1) + Oa - CR2)

2 (22)

0 RNFT--Reynolds number per foot for average cruise conditions.

RNFT = Min (VBAR, VPBAR)
KBAR (23)
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• L-airfoil maximum thicness location factor.

L - 1.6 assumed• I.L = 1.2 for max (T-C) Q x > .3C
L = 2.0 for max (T-C) @ x >.3C (24)

. R-airfoil lifting surface correlation factor.

1 .4 *--

09
@ ~~1.2 /,

0.0

Source: Reference 3.

R = .75 COS(SWEEP) + .4375 + .6864 - (MBAR - .25) 2 OS(SWEEP) < .8
&R = .28 COS(S WEEP) +3.9 + .6864 - (MBAR - .25) 2 COS(S WEEP) >.8 (25)

The lift curve slopes are determiined for the M=O and the high speed (DSI1, DS2) cases.
& [xx]CLAOA-(xxx]--W/HS lift curve slopes.

oxx] CLAQA - [xxx] -2-fAR

2 + I4AR2(B[XXX])2 + Tan2 (SWEEP (6

* HSWBIFL--horizontal stabilizer to wing-body aerodynamic center distance
divided by fuselage length.

HSWB3/FL =INHS/FL-N WB/FLI(7

B-7
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NLCiVR-/nose to landing gear distance divided by fuselage length.

,NLG/FL = NCG/FL + WMAC conventional
IO.FL

NLG/FL a NNO/FL + wl _.L canard
F..10-FL (28)

* CGLG/FL--center of gravity to landing gear distance divided by fuselage
length.

CGLG/FL = NLG/FL - NCG/FL (29)

* WBCG/FL--wing-body aerodynamic center to center of gravity distance
divided by fuselage length.

WBCG/FL = INWB/FL-NCG/FLI (30)

* HSLG/FL--horizontal stabilizer to landing gear distance divided by fuselage
length.

HSLG/FL = INLG/FL-NHS/FU (31)

* WBLG/FL-wing-body aerodynamic center to landing gear distance divided by
fuselage length.

WBLG/FL = NLG/FL - NWB/FL (32)

* SVS-vertical stabilizer area.

SVS VSVC.SPAN.SW[NVS/FL-NWB/FL].FL (33)

The horizontal stabilizer, either a canard or a conventional tail, is sized using two criterion:
take-off rotation and stability.

* CANVOLCO-canard volume coefficient-stability criteria.

WING -aOmY A.€. N
CANARD A.C

MAC C" NA" •llPJL4

FOR SMALL -ONE MAY ASSUME:
N V NORMAL. FOC • L. C,!ulw

Ve •k . MT• a.; • /~

MR ~~~~ ~ I SMLS N MYASfCI CHORD FORCE 0 qSw 
AANARD^Ogo CAARD VLUME OVFFa 1 -5
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17. 0 a, a,
LO I MG

14 1 opeIU

is Ic"I *%TMe Amu

IF 
1

LI

"UNIM PA

From:

dcmg = CAN VOLCO ([UHS] CLAQA) - sc(rWI CLAQA) -

SM -([WB] CLAQA) and

F=2 FD ' +I for sznall FD
SPAN SPAN

-SM* ~ ~ F [W]LAOB (G iJ ((].LOA
CAN VOLCO = -S WaO.( PN+)+ WMAC (WCAA

[HS]CLAOA (34)

CDA 1--canard area-stability criteria.

CDAI CANVCLCOO WMAC -SW
FL -(H SWB/FL - WBCG/FL) (35)
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CDA2--canard me-takeoff rotation criteria.

Canard Configuration:

X Nose *HS 0(31 e vs

+7 ZLG M 0

MU-R (TOGW - CL-Min Q.TO SW) YLG

-CMOF -Q-TO -SW -CMAC

+ TOGW-I XCG -XLG I

-CL-NMin -Q-TQ -SW.IXWB -XLGI

-CL-Max(HS) -Q-TO.IXHS -XLGI SHS=0.

F TOGW-(CL-MinF).(Q-TO).SW. 5

CDA2 MUR1\+TOGW. (COWG/FL. FL)
I OHL-in-Q-TO)-SW-WMAC FLJJ

HSLG/FL: FL- (Q-To)(cL-MAXF) (36)

* CANARBA--required canardi aea.

CNRA= Max(CDA2, CDAI) (37)

0 COEFF-KA--tail downwash ratio coefficient KA.

KA- 1
AR1+A 1 E7 (38)

* CQEFF-KLAM-tail downwash ratio coefficient KLAMDA.

KX = (10 - 3X
7 (39)
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* COEFF-KH--tai downwash ratio coefficient KH.

KH m- SPAN
3 2.HSWB.FLFL
v SPAN (40)

* DEP/DAOA-horizontal tail downwash ratio (gradient).

DEP/DAOA =A-dE. 4.44.[KA',KX'KH 4COS(SWEEP)]'19
doc (41)

Somre: Reference 4.

CONVOLCO-conventional horizontal tail volume coefficient.

SIGIN CONVENTION

L w or w ARCTAN~1

wh.•oy, AI. NT.-

NO E WE 
R FUSELAE RRFC LINEE

NT

w
NOTE: WING AND TAIL CHORD LINE[S ARE PARALLE.L TO FUSELA04E REFERENCE LINE.

ALL DISTANCES ARE POSITIVE AS SHOWN.
Cy T TAIL DOWNWASH ANGLE DUE TO WING DOWNWASH WT AT THE TAIL A.C.
FOR SMALL a WE CAN ASSUME:

N • NORMdAL FORCE * L- CLqSw
C ,CHORD FORCE, D C 0qS,
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From:

m Cm. (CMaAOA) - - ([HSI CLAOA) -d).noc
((I LAA) WMAC . CnVlol

-S.=CLO( SPAN +1J

[[HS]CLAOA..95~) (42)

* CVA 1-conventional tail area-stability criteia.

CYA1 CONVOLCO*WMAC-SW
(HSWB/FL - WBCG/FL).FL (43)

*CVA2--conventional tail area-takeoff rotation criteria.

I O-OTTINS

Conventions! Configuration:

Nose CWB a' G

+7 MLGU0

MU-R (TOGW - CL-Min. Q-TO. SW). YLG
-CMOF Q-TO -SW - CMAC

+ TOGW'IXCG -XLG I
-CL-Mfin Q-TO -SW IXWB -XLGI
- CL-Max(HS) -Q-TO -IXHS -XLGI SHS =0.
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MU.R.(TOGW (CL-MinF).(Q-TO).SW). 5
-CMOF.(Q-TO).SW.WMAC
+TOGW.CGLG/FL.FL
- (CL-MinF).(Q-TO).SW.WBLG/FL.FL

(HSLG/FL.FL). (Q-TO).(CL-MAXF) (44)

• CONvTAREA-required conventional tail area.

CONVTAREA = Max (CVAl, CVA2) (45)

0 SHS--horizontal stabilizer area.

Control input determines whether SHS = CONAREA or SHS = CONVTAREA (46)

The clean aircraft zero-lift drag coefficient is found using the component build-up

method. This method involves the summation of the equivalent flat plate drag (0 of each
component of the aircraft multiplied by a factor to account for interference effects. The

components are the wing, fuselage, and horizontal and vertical stabilizer. The interference

is usually +- 5 percent of the value obtained.

The procedure for this method is outlined below.

• LTH-[xx]--component representative length (feet).

LTH - [W] =WMAC

LTH - [F] =Fuselage length, FL

LTH - [HS], [9IS] = Ntan Aelxdynamic chord length. (47)

* WA-(xx]--component wetted area.

WA - [W]= 2.1(1- 2FD

WA - ~F] wAFfl*FD.FL

WA - -HS], [VS] = 2.0.SHS, SVS (48)

A RE#-[xx]-component Reynolds number.

RE# - [xx] = RNTF.(LTH - [xx]) (49)
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CRE#-[xxj--component cutoff Reynolds number.

1o7
6
4

2

toe
6

4

2 /

W 2xJ

. %I6

w 2

to 3

6
4

2-

1021 I I o I£1 t1 I I 111111 1 II lug lil it I IIt iil
*5 2 4 6106 2 4 6 107 2 4 6 lge2 4 6,l9

CUTOFF REYNOLDS NUMBER, Rj

T. x- [ + 1.17

, ESR
P- Cl#-[•l= 10.9575

CR.E#-[xx] =10 (50)
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CF-[xxj -component skin friction coefficient

Turbulent flow assumed for all aircraft components.

TUBLET4 .5

to~ ~~~~~ 0. 55 II U U I U IF U I I

4 10t?1

CF- -. L Mx1.451+14MA
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F-[xx]-component equivalent flat plate drag.

1+60 3+.05
F-[F] =(CF-F).(WA-F){ (3 N 02.(

F-IM (CF-W).(WA-W).( 1+L.(T-C)+ 1 00( r-c) 4)

F-[HSJ, [VS] Similar to Wing. (52)

e CDO--clean aircraft zero-lift drag coefficient.

ODO = (Interference Factor)- (F-F+F.W+F-VS+F-HS+F-M)
SW (53)

*CDO~xxx]--phase CDOs.

CDOrxxx] = CD + DF-[xxx]

* CLOPT~xxx]--phase optimum lift coefficients.

CWI CDOxxxx + KP (CL-MJN) 2
ci ~Jiý' [xx]= PKPP (55)

"* LQDMAX[xxx]--phase optimum liftdrag.

1

I[ CDOrxxxJ+KPP.(cL-MIN) 2].(KP+KPP)-2.KPP.(CL-MIN) (56)

"* ASTAR--coefficient for transonic drag rise.

ASTAR = AR -(T-C) 113  (57)

* MSTARj'cxx]--phase coefficients for transonic drag rise.

MTR1X (T-C)1t3  
(58)
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* CW-[xxx]-phase ufansoni%- wing wave drag coefficients.

SUBSONIC - .1 3 I - SUPERSONIC

cDW; = Table lookup with ASTAR and MSTAR.

CDSTAR = -

(T-C? 3 (59)

* POTF-[xxx]-phase percent of time factors.

POTF-Ixxx] =- I MS Ihn
r-10J (60)

Ten minutes assumed for taxi, warm-tips. etc.

* WOS-[xxx]--phas wing loadings.

WOS [xxx] OWE+(rOGW-OWE-(PL-TO)-(PL-LD)).(POTF-[xxx] )+PL-[xxx]
SW (61)

* V-LT(#]-loitzr Velocities.

V-l#= /T:Wos-LTE.]. 1.689
VjP-LT[#j *CLOPT-LT(#I (62)

* Q-0lT[]-loiter dynamic pressures.

Q-LT[#J = (PLT[#J).(VLT[#])2
2 (63)

* MN-LT[*1--loiter Mach numbers

MN-L[01=V-LT[#]
MNL[#=a-1# (64)
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* B-LT[#]-lolte betas.

B-LTP .IIXI(M .Tx) (65)
* LDFCTR -load factor for umn at V-CE.

(TR.(v-CB)2
LDFC'ra1I 18 + I

ýn 1. 8 9)(66)
* CL-(xxx] -phase required lift coefficients.

CL[] W08XXX] (67) -

* CD-(xxx]--pbase resultant drag coefficients.

CD[xxx] CDW-rxx]+aDO[xxx]KP-(CL-(,xx]) --KPP .[(CL-rXXX]-(cL-Min)] 2 (68)

0 TREQ-[xxx]--phase thrust required (drag levels).

TREQ-[xxx] = (CD-[xxx]) -(Q-[xxxJ) - SW (69)

* LQD-[xxx]--phase lift/drag levels.

LOD-[xxx] =C-xx
CD-[xxx] (70)

* T/W-TOR[xxx].-phasc takeoff thrust loading required.

TIW-TOR~xxx] =TE-xx
TOGW.[l+(MN-Lxxx] .LRMS] TALIT#J '

ALIT##] (71)

* T/W-TO--thrust loading required at takeoff.

TIW-TOR = Ma(T/W-TOR~xx]) (72)

0 TAVL-[xxx]--phase thrut available levels.

TAVL~fxxx] = TfW-TOR-TOGW* [ 1+Q 4xxx]).LRMS] TALT(##I
ALIT##) (73)

Fue -Icuf
0 PWR-[xxx]--phase percents of full power.

PWR[xx]-TREQ-[xxx]
~~'~TAVL-[xxx] (74) -
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T"he results of SFC vs. altitude interpolation for the phases ame tabulated here

* SFC-[xxxj--phase specific fuel consumption.

0 SFCs interpolated from input data given PWR-[xxxJ, H-[xxx], and MN-[xxx] (75)

* RF-[xxx]-phase range factors (where applicable).

RF [ xxxi.. (LOD -(xx=4) (Vcx-xIM)

0 (SFC - [xxxi) (76)

* EF-[xxxj--phase endurance factors (where applicable).

EF -[xx] =LOD - [xxx]

0XX SFC - xxx] (77)

* W#W#-phase fuel fractions.

W#W#= I or
e(x-(xxxyRF-[xx]) e(T[x~xx/EF-[xxx]) (8

* TOO WR-take-off gross weight required.

TOGWR = FCF* C)1-WE + (PL-rO) (9

* FUEL--mission fuel required.

FUEL TOG WR-O WE-(PL-TO)-(PL-LD) (80)

# RHO{I'O/LD]--takeoff and landing air densities.

* RHOITO/LD] - Table lookup with H = p-[TO/LD] (81)

0 VS(F/NF]--take-off stal), velocities.

VS(FN -N/ ' (P-TOY -(CL-MAX[F/NF])' (82)

* VTO[FINF-take-off~velocities.

VTO[FJNF] = 1.15 -VS[FIf]~ (83)

* VS [F/NF]--landing stall velocities.

VSIF N /] /(p-LD)-(CL-MAX[F/NF]) (84)

* VLD[F/NF]--landing velocities.

VLD[F/NF] = .l5*VS[F/ft] (85)

B- 19



WOSTOR--takeoff required wing loading.

WOSTOR (XTO-3. VTO(F/NFJ. g-(p-TO).(CL-MAX(F/NF]) (TAWAVL-¶IDL
1.52 TOGWR

2
.MU-R .S(P-TO) -(.707.-VTO(FINfi) -SW - DO(TO]

TOOWR (86)

*WOSLDR--landing required wing loading.

- [QC~)-3CL-MAX[F/NF].
WOSLDR * (-I)3 VT *[/F g.- (p-LD)] -2

MU-B+TRF. (rA-VL-TOLD)+ .5.- (p-LD).- (.707 - VLD(FNF . SW. CDO(LD]CTOGWR ) ((WOS-LD) -SWR) (87)

*SW[xxx]--takeoff, landing, low speed naneuverability required wing area.

SW[TOR] = TOGWR
WOSTR

SW[DR =OWE+(PL-LD)
SW[DR =WOSLDR

SW(MANR] = (WOS-CB) -SW - NVMINCB
I (pJ7O) (V-MINCB - 1.689)2. L-A[FN] (88)

*X-TOR-takeoff distance required.

XTOR = (WOS..TO) - (p40O) CL-AX~[F/NFrJ (rAVL-TOWD _ (MU-R) -

1.152 OW

.5(p-TO). (.707-VT0(F/NFJ . SWR.CDO[TOI +3.- VTO[F/NF]
TOGWR (89)

0 X-LDR--landing distance required.

X.LR - (WOSLD). (1.15)2 [TOGWnR1
X-LR =g (PLD). (CL-MAX[F/NF]) (MU-B) + TRF - (TAVLTOLD)J

5(p-LD) - (.707 - VL F/N&l - GW ~ + 3 VLDVF/NFI 90
(W0S-LD) - SWR (0
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E mu weight;•clfcs

This section of the FSM detailed output contains the airaft empty weight (OWE)
calculations. The equations used are from various sources. They encompass four distinct

categories:

"* Structure

" Propulsion

" Survivability (armor)

" Miscellaneous.

The weight of each category is then summed to yield the empty weight of the

aircraft

B. RANGE-PAYLOAD MODEL

The methodology for RPM is very similar to that of the sizing model described

previously. The flowcharts for RPM and FSM are shown in Chapter 3. However, while

the equations used in the two models are the same, the aim of each is quite different.

One of the main differences is that in RPM the emphasis is to determine the mission

radius, given the required inputs and the amount of fuel. In the sizing model, the fuel

required is obtained. Another difference between the two models is that in the range-

payload model, there is no empty weight calculation section. This is because this model

uses the fixed aircraft configuration and empty weight that was sized in FSvL

C. ENERGY/MANEUVERABILITY MODEL

The methodology for the energy/maneuverability model is described in this section.

Again, the outline for this is shown in the respective flowchart in Chapter 3. The detail

output uses the same equations and methods as in the other models except that the values

are calculated for the velocity spectrum (CBI-CBl2) rather than the mission phases

([xxx]). In addition, the ABX factor allows for the use of increased thrust in the

maneuverability analyses, while in the other two models, the use of increased thrust over

maximum was restricted to takeoff.

However, there are many new parameters generated in the table in the summary

output. Thus, additional equations were required for this section. The following outlines

the process used for determining these values.
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• NS-maximum sustained load factor.
NLCB(k
(CL-MAX)

WOS-CB
NS = Min Q-CB(x) TAVL-CB x)

wOs-cCB JQC(X) s W (91[CI)+CDW)[CD]

K (91)

• Sustained Turn Rate.

TRs = 'Ig'180
(V-CB(x).H) (92)

* Sustained Turn Radius.

R (V-CB(x))2

g (93)

* N Instantaneous-maximum instantaneous load factor.
N• f__._ Q-CBx))l

N( - OBin IcM. ýýos.])1 (94)

Instantaneous Turn Rate.

TRI N= IS'S
(V'CB(x))'8 (95)

* Instantaneous Turn Radius.

(V-CB(x))
2

Sg. ,N•- 1(96)

* Ps @ 1 G--specific power at 1G.

(V-CB(x)) {(TAVL-CB(x)) - (TREQ-CB(x))]
P (WOS-CB).SW (97)

* Maximum R/C--maximum rate of climb (fpm).
R/CMtx f Ps'60 (98)
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Maximum Qlmb Angle.

= (TAVL-CB(x)) - (TREQZ-CB(x))
8fjjx

TOOW 
(99)

"• V-MAX-maximum velocity.

Interpolation for maximum velocity given PWR (% power) at each CB velocity.

"* V-MIN--minimum velocity.v -........ 2 .T o G w
-V (RHO-[CBI.SW.(CL-MAX) 

(100)

* • V-L/D MAX-velocity for maximum lift/drag.

v.LMax. / 2(WOS-CB)V - (RHO-[CB]).(CLOPT-[CB]) (101)

( D. COST ESTIMATION MODEL

The methodology from reference 17 was used exclusively for this model. The
following are the equations used for determining the DCPR weight and the CERs. All
costs are in millions of FY85 dollars.

* DCPR - Defense Contractors Planning Report Weight.

.0913 (OWE)1177 for OWE > 50,000(0 1096 < <E•
DCPR = .246 (OWE)• 0 9* for 10,00 -OWE -50,000f

•13.26 (OWE)"' for OWE < 10,000 (102)

• RDTE -- Research Development Test and Evaluation Cost.

-6 2.0493 T.MAX) 1.7 7
RDTE = 2.18 (10) . (DCPR)2 493  DCPR " (1"0239)IOC(7L.CR.I (.03)(103)

• FLY -- Flyaway Cost.

.963 /.760
FLY 1 DCPR . V-MAX OC-78(1 00 100) 1(104)

• PROC -- Procurement Cost.

{ 2.12 (Air Force)PROC = FLY., 1.88 (Navy= )rnos)
1.652 (Army) (

(B(105)
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APPENDIX C

0

List of Available Macros

ALT R Run model FSM, RPM, CEM,
Initiate Run Menu EMM

ALT P Initiate Print Menu FSM, RPM, EMM, CEM

ALT T Transfer Variable Data RPM, EMM

ALT G Initiate Graph Menu EMM

C-
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