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1 Introduction

The Datcom+ Pro package is a set of programs and other files which will demonstrate
through example, the improved version of the USAF Digital Datcom program. Outputs
allow the airplane coefficients to be run in a 6 degree-of-freedom flight dynamic model,
to execute standard flight test maneuvers.

1.1 Purpose

This manual will explain some aspects of aircraft simulation, from building models to
running flight tests. To estimate the aircraft aerodynamic coefficients, the USAF Digital
Datcom is used, and JSBSIM as a 6 degree-of-freedom flight dynamics model. Several
other tools are used along the way to fully demonstrate the concepts discussed, with
copious examples exploring many different avenues and aspects of aircraft simulation

Overall Modeling Process

Airplane
Dimensions

Coeffcients ‘r

A J

JSBSIm

+ Actual Airplane
Flight Test Results

Flight Test Results

Figure 1-1 — Overall Modeling Process

In Figure 1-1, we can see that the airplane physical dimensions, as stored in a Datcom+
input file, are fed into the Digital Datcom program. One output from the Digital Datcom
program is a 3D representation of the model of the airplane, as defined in the Datcom+
input file. This 3D representation is very helpful in identifying errors in the input file.

The Datcom program produces aerodynamic coefficients, which are stored in files which
are used as input into the JSBSim program. JSBSim is an open-source flight dynamics
model, so it “flies” the aircraft that we have defined, and records the aircraft response to

Copyright 2011 by Holy Cows, Inc. All right reserved.
1-1



Datcom+ Pro Users Manual

various flight test maneuvers. These results can be compared to actual or desired flight
test characteristics, and the model can be tweaked in the Datcom input file or the JSBSim
input file easily to obtain the desire results.

1.2 Background

The DIGDAT computer program was written decades ago, probably started in the late
1960’s. It embodies many of the equations contained in the USAF Stability and Control
Datcom (Data Compendium), a document of over 1400 pages used for preliminary design
of aircraft. The program is written in the ugliest Fortran IV that you can imagine, but it
works.

In 1996, the author obtained a copy of the DIGDAT source and started investigating it,
for a T-34C flight simulator for the US Navy. Although Datcom was never used for that
program, it showed promise, even though it was extremely user-abusive. A new front-end
was added which allowed the user to add comments to the input file, and a plotting
routine on the back end, and thus the Datcom+ package was born. Various output formats
have been supported over the years, but in recent years, the most-used was the JSBSim
output format.

In 2006, the Yahoo group Digital Datcom® was created, to help foster a better
understanding and support for the Datcom+ package. The Datcom+ package has been
used worldwide by thousands of students and aerospace professionals, and has helped in
many research and thesis papers over the years.

In late 2010, the author decided it was time to create a professional edition, which would
add features to the basic DIGDAT model, integrate the tools better, and include better
documentation, to allow a student and professional alike to use the tools quickly, rather
than encountering a steep learning curve. Thus, the Datcom+ Pro package was born.

1.3 Nomenclature
Within this manual, the following nomenclature is utilized:

DATCOM - Refers to either the paper version of the United States Air Force Data
Compendium, originally compiled in 1956.

DIGDAT - The Digital Datcom program, written by engineers at Wright-Patterson Air
Force Base, probably starting in the late 1960’s. The version that the Datcom+ Pro
package is based on is the 1976 version, obtained from the late Bill Blake of Wright-
Patterson Air Force Base in 1996. This program was written in Fortran 1V on punch
cards, for batch execution on IBM and PDP main frame computers. To give you an
example of how old that language is, it didn’t have IF...THEN...ELSE...ENDIF
constructs.

! http://tech.groups.yahoo.com/group/digital datcom/

Copyright 2011 by Holy Cows, Inc. All right reserved.
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Datcom+ - The updated DIGDAT program, scripts, and associated programs, bundled
together in a convenient package, compiled for Windows. Versions up to but not
including version 3.0 were distributed for free, but were not as complete in content or
documentation as the Datcom+ Pro version, which started with version number 3.0.

Aerodynamic Coefficients — This refers to the static and dynamic stability aerodynamic
coefficients which are derived for a particular aircraft configuration. This is what the
DIGDAT program is all about.

Copyright 2011 by Holy Cows, Inc. All right reserved.
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2  Overview of Datcom+ Pro

In this section, we’ll install the Datcom+ Pro and take a quick look at what is possible
with this package.

2.1 Installation

Installation is a two-step process. The first step is to run the Request Datcom License
program. This is a small program that collects hardware-unique identification information
and saves it to a file. You send this file to datcom@holycows.net, with payment through
PayPal, and your license key and link to the Datcom+ Pro installation package is sent
back. Installation is painless, with only a few clicks of the mouse required.

2.2 Datcom+ Pro

There is a shortcut to the Datcom directory placed on the desktop. Double-click that to
open up the directory in Windows Explorer. Navigate to the Examples directory, then to
the Citation directory.

Double-click on the file Citation.dcm, which is a Datcom+ model. The Datcom+
process will execute, and you will be presented with an AC3D picture, a graphical
representation of the Citation Datcom+ model, such as is shown in Figure 2-1.

Figure 2-1 — AC3D view of the Citation model

Copyright 2011 by Holy Cows, Inc. All right reserved.
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Use the mouse or arrow keys to rotate the model, space bar to reset, PG UP/PG DOWN
to zoom, and Esc to exit the AC3D view. In the Citation directory, you will note that
there are now several more files. These files include:

Citation.out — This is the original DIGDAT output format, including the nasty
printer control characters such as 1 or 0 which appear in column 1 at the start of a
section. All of the coefficient data is present here. If your output isn’t as expected
and you suspect an error, this is the final authority on what the input and output
are. Check this file carefully for error messages. This file is used as an input to
MATLAB using their Aerospace Toolkit for analysis and modeling purposes.

Citation.ac — This is the AC3D view that you just saw. You can double-click this
file to see the picture again. Use the left and right arrows to turn the aircraft in
yaw, up and down arrows to change the aircraft in roll, and Page Up/Page Down
to zoom in and out. You can also click-and-drag in this window to roll or yaw the
aircraft. Pressing the space bar returns to the original view of the aircraft. Pressing
the “h” key removes the textual hints, in case you want to do a screen capture for
including this picture in another program (Screen capture of just this window are
accomplished with ALT-Print Screen).

Citation.csv — This is a comma-separated values output of the aerodynamic
coefficients, one that can be imported easily into Microsoft Excel, MATLAB, or
other tools for further processing.

Fuselage.png - This is the Gnuplot of the cross-sections of the fuselage that you
have specified in your input file. This is provided to allow you to see what the
fuselage cross-sections looks like, to verify that you have gotten them correct. The
Gnuplot commands and fuselage points are contained in the file Fuselage.plt,
should you wish to change the plot or use the airfoil points in another application.
If there are more than 10 stations specified in the input file, the file names will be
Fuselage_1.png and Fuselage 2.png.

S AN o s

S Ao N s o

Trial Fuselage Stations
Station = .00 Station = 1.00 Staion = 2.70 Staion = 6.00 Station = 8.80

o O O

(@)

B
B
B
B

P S| P S| o o o
6 4 2 0 2 4 6 6 -4 2 0 2 46 6 4 2 0 2 4 6 6 -4 2 0 2 4 86 6 -4 2 0 2 4 86
Station = 28.50 Station = 39.40 Station = 44.80

-

&b BNV o N s o
&b B oNn s o

T R R S R T R R S S| PR T
6 4 -2 0 2 46 6 -4 2 0 2 46 6 4 -2 0 2 4 6

Figure 2-2 — Example of Fuselage Cross-Sections
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Airfoils.png — This is the Gnuplot of the airfoils that you have specified in your
input file. This is provided to allow you to see what the airfoil looks like, either
from inputting a NACA airfoil specification, or from inputting the station and
upper and lower surface values. Note that the X-to-Y scaling is not consistent, but
was chosen to allow a better visualization of the airfoil. The X and Y scaling is
percentage of chord. The Gnuplot commands and airfoil points are contained in
the file Airfoils.plt, should you wish to change the plot or use the airfoil points in
another application.

Wing

Horiz

Vert

Fin

Trial Airfoils ~ (not to scale X:Y)

0.1 T I T T T T

0.1 ! ! ! ! I I

0.1 T T

005 -

o D —

0.1 ! ! ! ! 1 1

0 02 04 06 08 1

0.1 T T T T T T
005 L

T C}
0.05

01 | | | | I I

0 02 04 06 08 1

0.1

005 -
0 L
-0.05

01 ! ! ! ! 1 1

0 02 0.4 06 08 1

Figure 2-3 — Example of Airfoils plot

Citation.xml and Citation_aero.xml — These two files are the JSBSim model,
the latter specifically being the aerodynamic coefficients. Right-click on the
Citation_aero.xml files, and select Plot with JIFF. The coefficient plots are
produced in the directory Citation.jiff, and are contained in the files with the
.PNG extension. These plots are immediately displayed on the screen, and you
can page through them with Left/Right arrows or page Up/Page down keys. These
pictures can be easily viewed, printed, or incorporated into a Microsoft Word or
other programs. The data files and gnuplot script files are also contained in this
directory, for future reference or modification.

Copyright 2011 by Holy Cows, Inc. All right reserved.
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TITt due to alpha
1.5 T T T T T T T

8,5

-a,5 | m

-1.5 I 1 I I I 1 1 1
-28 -15 -18 -5 a 5 18 15 28 25

aero/alpha deg

Figure 2-4 — Example JIFF plot of coefficient data

Citation.m — This is the MATLAB input file to draw a solid or wireframe, used
with several MATLAB routines written by Professor Glenn Greiner and Jafar
Mohammed, Student Assistant of the Aerospace Engineering Department at
Embry-Riddle Aeronautical University in Daytona Beach, Florida, copyright 2008
and used in the Datcom+ Pro package with permission. These routines are
contained in the Matlab scripts directory.

Figure 2-5 - ERAU MATLAB models (solid and wireframe)

Copyright 2011 by Holy Cows, Inc. All right reserved.
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2.3 JIFF (JSBSim Input File Formatter)

JIFF is a program written by Agostino De Marco, a professor of aerospace engineering at
the University of Naples in Italy, and is used with his permission. The JIFF program
reads in a JSSBSim aerodynamics . XML file and generates a script file for gnuplot which
will plot the aerodynamic coefficients in the .XML file. The JIFF program as been
modified to allow cross-plotting of a baseline set of coefficient data, so that the user can
easily see the effects of a change in a Datcom+ input file.

To generate the plots of the coefficients, locate the . XML file containing the coefficients
as generated by Datcom+ Pro. In our example, the file is Citation_aero.xml. Right-click
on this file and select Plot with JIFF. Execution takes many seconds, but when finished,
the first of the plots is presented on the screen. You can page through the plots using the
Up/Down or Left/Right arrows, or Page Up/ Page down keys. These files are stored in the
Citation.jiff directory for inclusion in reports such as this one. That directory also
contains the data and Gnuplot script files. A typical plot looks like this:

Basic Orag Coelliclent

8.2

T
Citation —¥—

1 I I
-20 -15 -18 -5 :] 5 18 15 28 25
aera/alpha deg

Figure 2-6 — Example of JIFF output plot

2.3.1 Baseline JIFF Plots

One of the outstanding features of Datcom+ Pro is the ability to very quickly visualize
the changes which result from a change in a Datcom+ input file. This technique has been
terms baselining, as it is establishing a baseline and showing the results of a change.
Rename the aerodynamics coefficient . XML generated by Datcom+ Pro, such as

Copyright 2011 by Holy Cows, Inc. All right reserved.
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Citation_aero.xml to Baseline_aero.xml. Make your changes in your input file, in this
case Citation.dcm, and run the Datcom+ processor on this input file, to generate a new
aerodynamics coefficients file Citation_aero.xml. Now when you run JIFF on
Citation_aero.xml, the JIFF program detects the presence of the file Baseline_aero.xml
and plots the data from both the input file Citation_aero.xml and Baseline_aero.xml.
The following figure shows the change in drag due to changing the wing airfoil from a
NACA 24014 to NACA 24012:

Basic Drag Coefficient

8.18 —

aero/coeft lcient/CD
=
=
T

T
Baseline —+—
Citation —%—

-28

=15 -18 =3 a 5 18 15 20
aero/alpha deg

Figure 2-7 — Example of Baselined Drag Coefficient Plot
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Now that you’ve see the aerodynamic coefficients that were generated by Datcom+ Pro,
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how about seeing this model in action? Scripts already exist for the Citation model to

perform some flight tests. From the Windows desktop, select the JSBSim shortcut.
Navigate to the Aircraft/Citation directory, and double-click the Citation.dcm file to
process it with Datcom+. Navigate down to the Scripts directory and right-click on the

file trim-cruise.xml and select Execute Test with JSBSim. The trim-cruise test executes,
and the results are produced to the screen, such as shown in Figure 2-8. The results of the

test, as well as a copy of the results plot are stored in the directory Citation\Results.

There is a lot more to this package, which will be revealed in subsequent sections of this
manual. In this particular test case, we have shown criteria data as well, to demonstrate
the capability. JSSBSim tests are discussed in detail in Section 8 below.

193

Trim - Cruise Confguration

192 -

191

KCAS, knots

189

188

187

190 \

Criteria —

JSBSim — |

4800

4790

4780

Press Alt, it

4770

4760

4750

15

05 -

Pitch, deg

05

Time, sec

0.2 0.4 0.6 08 1
‘ ‘ ‘ ‘ I Criteria —
JSBSim —
I I I I 1
0 02 04 086 08 1
I I ‘ ‘ ‘ Criteria —
JSBSIim — _|
1 1 I I I
0.2 0.4 0.6 08 1

Figure 2-8 — Trim-cruise test results
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2.4.1 Baseline Test Results

Just as the coefficients plotted by the JIFF program could be baselined and used for
comparison purposes when a change is made to the Datcom+ model, test results can also
be baselined and plotted for comparison purposes. Criteria data can also be plotted easily,
as shown in Figure 2-9.
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Figure 2-9 — Flight test results with Criteria Data
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Improvements over Original Datcom

Many improvements have been made to the original Datcom program of the 1970’s, both
internally and externally. The external modifications are add-on programs and additional
output formats, such as:

AC3D and MATLAB model output for visualization, which replace the
wireframe model that was generated by an additional Datcom module that was
hardware-dependent.

CSV (comma-separated values) output. For importing into Excel or other
applications

XML (Extensible Markup Language) output of model, for execution with
JSBSim and for plotting with JIFF program.

Fuselage.png and Airfoils.png (Portable Network Graphics) output of fuselage
and airfoil cross-sections, for visualization and inclusion in reports.

Internally, several changes have been made. These changes have been made to make the
input file more user-friendly. These changes can make the input file incompatible with
the original DIGDAT program, such as provided by PDAS or OpenAE. The following
changes have been made for Datcom+ Pro:

Input File Name: The original DIGDAT program requires the input file name to
be FORO0O5.DAT. Earlier versions of Datcom+ required that the input file name
have a .DCM extension to the file name. Datcom+ Pro has removed this
requirement, but it is suggested to maintain this naming convention for
standardization. Upon installation of the Datcom+ Pro package, the .DCM file
extension is registered in Windows to the Datcom program. This can be changed
if desired.

Error Detection — When an error in an input file is detected, the error is output to
the .OUT file as in the original program (This was actually FOR006.DAT), but
now the error line is output to the screen, with a line number, to allow easier
correction. With some of the other additions noted below, there are a lot less
errors that the user can make.

Comments — The original DIGDAT program did not allow comments in the file.
Datcom+ was originally started with the concept of allowing comment lines in the
input file, to document the content and source of the data. Comment lines start
with either # or *. This comment character may appear in any position, as long as
it is the first non-blank character on the line. Additionally, on-line comments can
be added after standard input with the ! character, followed by the comment.
Anything after the #, *, or ! characters is ignored.

Line Length — The original DIGDAT program requires that line length be no
longer than 80 characters, and issue an error message to the FOR006.DAT output
file. Earlier version of Datcom+ would generate an error message to the screen, as
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well as to the output file. Datcom+ Pro allows line lengths of up to 200
characters.

Column alignment — The original DIGDAT input file required that keywords
such as DIM, PLOT, NACA, etc, start in column 1. Namelist names with start
with $, such as $BODY or $FLTCON had to start in column 2. Continuation
lines for a namelist had to not start in column 1. These restrictions have been
removed in Datcom+ Pro, and the input file may have this items start in any
column. Indentation is suggested for structure only.

Capitalization — The original DIGDAT input required all letters to be upper case.
Datcom+ Pro allows upper or lower case to be used, and translates the commands
to upper case as required.

PLOT Output File — When the command PLOT is present in the input file, the
original Datcom plotting output file is output to file FORO013.DAT. This file is
used by MATLAB. This file was automatically deleted in earlier version of
Datcom+. Datcom+ Pro retains this file if there is data in it.

New Namelists — New namelists such as INERTA have been added in Datcom+
Pro, and more will be added in the future. These namelists do not appear in the
original DIGDAT program, and will generate errors if the input file is used with
an original DIGDAT program.
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In this section, an overall picture of aircraft simulation is presented, with some of the
aspects covered in detail. This is meant as an introduction to simulation, to give you an
idea of what we will be doing with the aerodynamic coefficients

Overall Modeling Process

|
Airplane
Dimensions

Coetficients 3

v

JSBSIm

* Actual Airplane
= Flight Test Results

Flight Test Resutts

Figure 4-1 — Overall Modeling Process

4.1 Flight Dynamics Model

Let’s look at the flight in the real world versus how it is simulated. The pilot in Figure 4-

Real World

Aircraft Position,
Motion Cues,
Instruments

Aerodynamic
‘Magic’

Control Position,
Control Force

Cockpit
Controls

Cmd Control Pos

Aero Forces

Figure 4-2 — Real World

1 (I’ve seen pilots before, and they all pretty much look
like this) flies the airplane through the cockpit controls.
Since he is the perfect pilot (aren’t they all?), he knows
that if he inputs a certain amount of force onto a
control, he should expect a certain amount of deflection
of the cockpit control. When the control is moved, the
result is a control surface deflection. Through
aerodynamic ‘magic’, this control deflection changes
the orientation and position of the airplane, which the
pilot sees in the picture that he sees out of his window,
feels in a form of acceleration cues, and sees on his
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instruments.

Let’s look at the same pilot in a simulator, as shown in Figure 4-2. He expects that when
he moves the controls with a certain amount of force, the controls move a certain amount,
just as in the aircraft. That function is Simulation
assigned to the control loading system. The
control loading system calculates the control
positions, and passes them to the Flight
Dynamics Model (FDM). Through the magic
of F=ma, the flight model calculates the .
. . . . Control Position,
position of the aircraft, which it passes to the | = contwoiForce

Visual Display system to show the pilot a

pretty picture, to the instruments to move, and °""“C°""°"’ | FoM Motion Cueing System |
- - - Aero Forces

to the Motion Cueing system to provide a i

sensation of motion. Figure 4-3 — Simulation

It is this middle process, the Flight Dynamics Model, that we are concerned with here.
The ruling equations here should look familiar:

F=m-a

Force equals mass times acceleration. Okay, rearrange the letters to solve for
acceleration:

a=F/m

Now, isn’t a, the acceleration, what the pilot feels when the aircraft pitches or rolls? (Nod
your head yes on this one). The human inner ear detects motion in the form of
acceleration, as long as that acceleration is above a certain threshold That acceleration
can be sent to the Motion Cueing system, can’t it.

Okay, let’s do some Calculus here. What happens when we integrate acceleration over a
certain time? You get a velocity. There are many fancy integration methods to perform
the integration, but probably the most-used is a simple rectangular integration, which
we’ll show to the right of the scientific notation:

v=1ladt v=vp+a-dt

Velocity can be sent to instrument, and used in other calculations. What happens when
we integrate velocity over time? You get a position:

s=(vdt s=5y+V-dt
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Position can be sent to the visual system, to place us in the proper location (latitude,
longitude, and altitude). These equations also work in the rotational axes (pitch, roll, yaw
or heading), which change the orientation of the aircraft.

This works well, as long as dt (also called delta t) is small enough. For most aircraft
simulation, a frequency of 30 to 60 hz is generally acceptable, which inverted gives us a
dt of 0.3333 to 0.01667 seconds.

We perform these calculations in 6 different axes, three translational (aircraft X, Y, and
Z) and three rotational (pitch, roll and yaw). Because the aircraft is free to move in any of
these 6 axes, the equations of motion are known as 6 Degrees of Freedom or 6 DOF
Equations of Motion (EOM).

Okay, let’s go back to our F=ma equation, which we’ve changed to a=F/m. We’ve see
how the output of this equation is used, but what makes up the two inputs.

Let’s look at the second term first, m or mass. Mass is what we think of in terms of
weight, but it’s really the weight divided by the acceleration of gravity, or m=w/g. Close
to the earth, the acceleration of gravity g is pretty constant (32.174 ft/sec? or 9.81 m/sec?),
but at higher altitudes, the acceleration due to gravity decreases slightly, so a good
simulation should account for this. For the 3 rotational equations of motion, the mass
term is actually the moment of inertia. See any good textbook for a detailed description of
the moments of inertia for a body, and how to calculate this. Just know that an empty
aircraft has moments of inertia, the primary ones of which are denoted lyx, lyy, 12z, and ly,.
The other moments of inertia are generally ignored. Fuel, people, stores (bombs and other
things that can be dropped), even gear moving up or down, can change the inertial
properties, and should be accounted for in a highly detailed simulation. For preliminary
investigations, estimates can be used.

Okay, now onto the F term in our F=ma equation, Force. If you apply a force to a mass,
you get an acceleration. For an airplane in flight, we are talking an aerodynamic force.
How are these aerodynamic forces determined? Well, good question. Let’s look at a
single axis, lift. A student in aerodynamics will tell you that lift is calculated with this
equation:

L=CL-q-S

where:
C. is the coefficient of lift
g is the dynamic pressure
S is the reference area, usually the wing area

As normal, let’s look at these in reverse order. S is wing area, a known and usually fixed
value for an aircraft. (Swing-wing aircraft such as the FB-111, B-1, and F-14 can change
their wing area). The dynamic pressure term g can be calculated thusly:
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where:
J is the density of the air, which changes with altitude, pressure, and temperature
v is the velocity

which leaves us with the non-dimensional term C_, coefficient of lift. When we say non-
dimensional, it means that the effects of factors such as the speed and density of the air
have been removed.

The coefficient of lift for an aircraft is determined by summing up the coefficient of lift
for each one of the pieces of the aircraft that might generate lift, such as wings, fuselage,
horizontal stabilizer, and even surface deflections such as flaps and elevators:

CL =Crw) + CLp) + CLns) + Cuiflaps) T CL(telev)

Every item on the aircraft in the airstream contributes to lift, but some contributions are
so small that they are tiny compared to the other items, and are ignored.

Okay, how do we come up with the lift coefficients for the various components?
DATCOM does this for you. Let’s look at the wing. The lift coefficient is based on the
shape of the airfoil, which is one of the items that you input into a Datcom+ model.
Body, horizontal stabilizer, even flap and elevator deflections are all entered into a
Datcom+ model, and the DIGDAT program calculates the coefficients for us.

So, once we have a Datcom+ model, and DIGDAT produces coefficients for us, how do
we solve the 6 DOF EOMs (6 degrees of freedom equations of motion)? JSBSim
provides this capability for us. JSBSim takes as input the coefficients generated by
DIGDAT and estimated mass characteristics, and uses these in the standard EOMs to
simulate flight through the air.

4.2 Control Loading Systems

A control loading system on a simulator is intended provide force feedback to the pilot,
and to detect the cockpit control position, from which the aircraft control surface position
can be calculated, from known aircraft control characteristics. A trained pilot flies by a
combination of feel of the control and the position. If the control force is too low the
control may move more than desired. If the force is too high, the control may not be
moved enough. Accurate force versus displacement characteristics is critical for a high-
fidelity simulation. Travel stops need to be representative of the aircraft. If the travel in
the aircraft is limited by physical stops on the cockpit control, this gives a different feel
than if the control surface travel is limited, because there is some cable stretch involved.
Control dynamics when released is also important. If a released control moves towards a
stop instead of center, or a control doesn’t oscillate in the name manner when centering,
these issues will be detected by the pilot, although he may have difficulties in describing
why the controls don’t feel right. Accurate control loading simulation requires accurate
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control characteristics data to be obtained from the aircraft, which includes force versus
position curves, cockpit-to-control-surface gearing curves, and control dynamics data.
Three systems are discussed here, but they are not the only ones available.

4.2.1  Simple Spring and Pot Systems

A control loading system might consist of a simple spring and position pot (short for
potentiometer). The spring, when deflected, provides a force to return the control to
neutral, which the pilot feels, and a potentiometer which provides an electrical signal of
the deflection of the control. See Figure 4-4 for a block diagram. The F/A-18 aircraft uses
this system in the real aircraft, so for a simple simulator, a spring and pot is an acceptable
solution. The only thing that is not replicated is additional forces which may be
encountered due to G-forces on the aircraft in flight. For that level of detail, you have to
go to a Force Feedback system, as described in the next section.

Stick Cantral
m Posmon® Position K Surface Position

T ITRE
’ Fat Contral

O camputer

Trim
Position

Figure 4-4 — Spring-Pot Block Diagram

4.22 Force Feedback Systems

The Force Feedback control loading system works counter to intuition. Normally, we
would think that an applied force moves the cockpit control, but in this system, the force
is detected by a load cell, and a servo motor moves the control. The inner loop of this
digital simulation might run at 4,000 hz or more, to provide a smooth movement of the
cockpit control. Detailed modeling of the control system is possible, including breakout
force, dead band, and travel limit stops. The control loading system will calculate the
control surface positions as well, and send these to the flight dynamics model at a lower
rate (usually the rate that the FDM is running), which is usually running on another
computer. See Figure 4-5 for a block diagram.

motor

Faorce Force Electrical
signal

O Lo Cantral Surface Position

Loading
computer

Posttion
Electrical Sigral

Figure 4-5 — Force Feedback Block Diagam
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4.2.3  Joysticks

Joysticks are at the extremely low end of the control loading scale. They provide the
cockpit control position which has to be scaled to obtain the surface control position.
They provide some force and position feedback to the ‘pilot’, but they do an extremely
poor job of it. The entire travel might only be a couple inches and the forces are measured
in ounces instead of pounds. This does not provide a trained pilot anything useful, and is
actually negative training, since the joystick is not representative of the aircraft in travel
or force characteristics. Additionally, most joysticks are spring-mounted to return to
center, so it is not possible to replicate the control movement such as would be
experienced in an aircraft with a reversible control system that has trim tabs which would
effectively move the control surface, which moves the control. The trim tabs on a joystick
are an additional input which is summed with the joystick position, then scaled to obtain
the surface position. A block diagram is shown in Figure 4-6.

! dowstick Control
T . Position Position Surface Position
r O G kT

Caontrol Gearing
cunve

Trim
Position

Figure 4-6 — Joystick Block Diagram

4.3 Automatic Fidelity Test (AFT) System

An Automatic Fidelity Test (AFT) system is a test tool for the simulation engineer.
Before the use of AFT systems, a pilot would sit in the simulator cockpit and fly each
flight test maneuver as was flown in the aircraft and data was recorded and plotted by
hand. This was an extremely inefficient technique, and could make the pilot tired after a
long session. Tuning of the aerodynamic characteristics was difficult using this
technique, as the pilot didn’t always fly the maneuver identically the same each time, and
rarely the identically same way as was flown in the aircraft. If the simulation wasn’t
exactly correct, the pilot sometimes couldn’t tell you what was wrong, only that there was
something wrong.

Modern simulators generally have a clearly defined dividing line between the control
loading system and the flight dynamics model. It is possible to test the control loading
system without the flight dynamic model, to verify that it matches the criteria data taken
from the aircraft. Likely, the flight dynamics model can be tested independent of the
control loading system, if we have a tool to apply the control inputs. By playing back
control positions from the flight test data, the flight dynamics model can be excited in the
same way as was done in the aircraft. Sometimes the aircraft criteria flight test data has
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surface positions, sometimes only cockpit positions. If the latter, a simple model of the
controls system is coded to provide control surface positions from cockpit control
positions. This allows the flight dynamics model to be tested independent of the control
loading system, as independent of the components of the simulator, such as the visual,
motion cueing, aural cueing, and cockpit display system.

So, all we have to do is playback the control inputs while we are running the flight
dynamics model, and record flight parameters either as the model is running for a time
history test, or as a snapshot of the state after a trim. We compare these results against the
aircraft criteria data by plotting the two sets of data on the same plot, and grade the
simulator results to see if they are within allowable tolerance. If the simulator results are
not within tolerance, we tweak the model and repeat the test. Since we are doing all of
this in software, we can do it at our desks instead of in the simulator. Since it is a
software system, and we are telling it how much time (dt) is elapsing between each
iteration (or frame), we can run it all faster than real time, thereby simulating minutes of
test execution in mere seconds. This makes the process of building a simulator quicker.

Sounds simple now that it’s all spelled out, huh?

Well, that’s what we are going to do with Datcom+ and JSBSim. There are scripts that
provide test conditions to initialize the JSBSim simulation to the same conditions as the
aircraft criteria data, and provide the same input as the aircraft, records the data to a file,
then plots the data. The tolerance bands and grading of the results has not been included
in the Datcom+ package, as these are merely bookkeeping functions, and not really
relevant to the building of a flight simulation model. Flight test criteria data is difficult to
obtain, and not available for an aircraft that hasn’t been built yet, and tolerances are
different for different categories of simulators. So, instead of concentrating on meeting
some criteria within a tolerance, we’ll look at a mechanism for tracking changes, called
baselining.

4.4 Baselining

Datcom+ provides a mechanism to store results as a baseline, and when tweaks to a
model are performed, the baseline and tweaked data can be plotted on the same plots,
thereby allowing the engineer to see the effects of the tweaks. These cross-plots are
available for both the aerodynamic coefficient data and the flight test results. Examples of
these two different types of cross-plots are shown in Figure 4-7 and Figure 4-8. This
ability to establish a baseline and be able to very quickly try out options in the input file,
and check for effects on the coefficients is a huge improvement in design capability. It
allows very rapid testing of “What if’, and has been used extensively in the writing of
this manual.
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5 Programs

The Datcom+ Pro package is made up of several programs, which are all knitted together
to work in harmony. This allows the beginner to be productive sooner in the design
process, so that the tools don’t have to be identified and figured out, or modified to blend
with other programs. This also allows the experienced user to be more productive, testing
changes very quickly and seeing the results in useful formats.

5.1 Digital Datcom (DATCOM)

The Digital Datcom (DATCOM) program is the root of the Datcom+ Pro package. This
computer program calculates static stability, high lift and control, and dynamic derivative
characteristics using the methods contained in the USAF Stability and Control Datcom
(Data Compendium). Configuration geometry, attitude, and Mach range capabilities are
consistent with those accommodated by the Datcom. The program contains a trim option
that computes control deflections and aerodynamic increments for vehicle trim at
subsonic Mach numbers. User oriented features of the program include minimized input
requirements, input error analysis, and various options for application flexibility.?
Multiple cases in a file allow component build-up and analysis of individual components.

Although the DIGDAT program is capable of analyzing numerous aircraft configurations
through separate cases in a single input file, and multiple Mach numbers and altitudes,
the Datcom+ modifications are geared towards a single aircraft at one altitude and Mach
number. DIGDAT can predict wind tunnel model performance for scaled models as well,
but that aspect will be ignored here as well, as we only want to deal with full-sized
aircraft. DIGDAT cannot analyze multiple control surfaces in a single case, and applies
the moveable control surface to the aft-most horizontal flight surface. Through creative
usage of cases, saving primary data for application to each case, multiple wing-mounted
control surfaces such as ailerons, spoilers, and flaps can be analyzed, as well as elevator
or stabilizer control surfaces. The modified DIGDAT program in Datcom+ Pro collects
the coefficients for the various surfaces, to be output in several formats at the end of the
program. These formats include:

.OUT - the original FOR006.DAT output file format, although it has been
renamed to {aircraft}.out. (aircraft is the name of your aircraft). This file can be
imported into MATLAB for further analysis.

e XML - afile format for input into JSBSim, an open-source

e .CSV - Comma-separated values format which can be easily opened with

Microsoft Excel or other programs for further data manipulation.

e .AC - AC3D view of your aircraft. AC3D is a 3-D graphic format for the
description of models, as supported by the AC3D tool, located at
http://www.inivis.com/. Extensive documentation on the file format can be found
on their web site, and there is a free 30-day trial program available. With the
Datcom+ Pro package, there is a free AC3D viewer program. The AC3D tool

% The USAF Stability and Control Digital Datcom. John E. Williams and Steven R. Vukelich, McDonnell
Douglas Astronautics Company, AFFDL-TR-79-3032.
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allows you to create or modify AC3D files for inclusion into such programs as
Flight Gear, but is not required for the Datcom+ package.

e .M — Geometric input file for the MATLAB solid/wireframe modeler software
from Embry-Riddle.

The original DIGDAT program was written before monitors were available, so
everything was done on punch cards. Each card represented a line in a file. Any
references to “card” can be implied to be a line of an input file.

5.2 JSBSim

JSBSim is an free, open source flight dynamics model (FDM) that compiles and runs
under many operating systems, including Microsoft Windows, Apple Macintosh, Linux,
IRIX, Cygwin (Unix on Windows), etc. The FDM is essentially the physics/math model
that defines the movement of an aircraft, rocket, etc., under the forces and moments
applied to it using the various control mechanisms and from the forces of nature. JSBSim
has no native graphics. It can be run by itself as a standalone program, taking input from
a script file and various vehicle configuration files. It can also be incorporated into a
larger flight simulator implementation that includes a visual system. The most notable
examples of the use of JSBSim are currently seen in the FlightGear, Outerra,
BoozSimulator, and OpenEaagles simulators. JSBSim is also used to drive the motion-
base research simulators at the University of Naples, Italy, and in the Institute of Flight
System Dynamics and Institute of Aeronautics and Astronautics at RWTH Aachen
University in Germany.

Features include:

e Fully configurable flight control system, aerodynamics, propulsion, landing gear
arrangement, etc. through XML-based text file format.

e Rotational earth effects on the equations of motion (corollas and centrifugal
acceleration modeled).

e Configurable data output formats to screen, file, socket, or any combination of
those.

JSBSim source and documentation is available through their web site at
http://jsbsim.sourceforge.net/. JSBSim can be run through MATLAB. See their web page
for more details.

A pre-packaged version of JSBSim compiled from Windows is included with the
Datcom+ Pro package, to ensure complete compatibility straight out of the box. This
distribution is not bleed-edge code from CVS, but is a stable package at the time of the
packaging.

5.3 Gnuplot

Gnuplot is an extremely powerful, portable command-line driven graphing utility for
Linux, OS/2, MS Windows, OSX, VMS, and many other platforms. The source code is
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copyrighted but freely distributed (i.e., you don't have to pay for it). It was originally
created to allow scientists and students to visualize mathematical functions and data
interactively, but has grown to support many non-interactive uses such as web scripting.
It is also used as a plotting engine by third-party applications like Octave. Gnuplot has
been supported and under active development since 1986.

A subset of the Gnuplot package is delivered with the Datcom+ Pro package, those files
necessary to create the plots necessary for analysis with the Datcom+ Pro package.
Complete gnuplot distribution packages and documentation is available through their web
page, at http://www.gnuplot.info/.

Even though Gnuplot is powerful, it can be user-abusive. The input scripts require you to
use a column NUMBER instead of a column label to identify which columns in the input
data file to use to plot. If the data columns change, all of your plotting scripts change as
well. On a real simulator project, you might have dozens or hundreds of input script files.
Changing those because you want to add a parameter to the output data becomes a real
chore. The lesson to be learned here is if you are moving out on your own, make sure that
you define ALL the variables that you want to output ahead of creating your gnuplot
input scripts. Adding new variables to the end of the list is desirable, but not possible
with JSBSim. JSBSim adds them in a predetermined order.

Gnuplot wants to know where to plot the data, which is generally contained in the input
script file. The gnuplot input scripts (.plt in the Datcom+ Pro package) with these
examples do NOT have a default terminal screen hard-coded in them, so the command
scripts which active the various programs specify the screen resolution and file output
type. If you want to change the look of the output files, or would like to output the plots
to a .PDF file instead of or in addition to the .PNG, look in command file
CreatePlots.cmd in the Datcom\bin directory.

Gnuplot is used to generate the coefficient plots with the Jiff tool as well, and those plots
are automatically sent to .PNG files, which are then displayed on the screen. The output
can be changed to .PDF files if desired, by changing the output option in the command
file JIFF.cmd in the Datcom\bin directory.

Gnuplot is also used to output the flight test results when a test is run with JSBSim. The
output is sent to a .PNG file in the Results directory, which is displayed on the screen.
This can be changed to output to a .PDF file by changing the command file
CreatePlots.cmd in the Datcom\bin directory.
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6 Datcom+ Input File

In this section we will go through the input file and describe each case and namelist for a
typical aircraft, and show you what has to go into each namelist. Section 7 shows the
development of a model from an existing file. There are many other variables that have
not been included here, either because we accept the default value or it involves some
feature that we don’t need. For a complete list and description of all the input variables,
consult the Digital Datcom Users Manual. After you have become familiar with what
Datcom+ can do and wish to explore other capabilities, it is highly recommended that
you consult the Digital Datcom Users Manual to see the complete list of variables for
each namelist, and to get an understanding of what they actually do. You may find that
some of the variables actually don’t have any effect, or very little effect. For example, the
variable ROUGFC in the OPTINS namelist is supposed to be the surface roughness, but
running examples of full-scale aircraft with values for different surface roughness
showed no change. This is a perfect example of how using the baseline capability allows
you to test out changes quickly and easily.

DIGDAT is capable of analyzing an amazing array of configurations, but the Datcom+
package has been tailored around running one subsonic aircraft at one altitude and one
Mach number. Supersonic aircraft designs are not encouraged because so little time is
spent supersonic when compared to subsonic, and the transonic regimes cannot be
defined by Datcom. Also, running more than one altitude is not necessary, and more than
one Mach number just generates more data than can easily be handled. Remember, this is
preliminary design. Once you get intimately familiar with Datcom+ and have a final
design for your aircraft, you can investigate some of these aspects further. Learn the
basics first, though.

Also, you don’t have to fully define your aircraft in the first pass. Build up to your
aircraft incrementally. Build the fuselage, wing, and tail first, and get that model defined
correctly. Then go back and add control surfaces, such as ailerons, flaps, and elevators.

6.1 Overall Structure of Input File

The input file is merely a text file which contains your inputs to the DATCOM program
(batch mode program, no user interaction during execution). The original DIGDAT
program requires that the input file be named FORO005.DAT, and contains no comments,
which can make tracking changes and models difficult. The Datcom+ Pro package
allows you to name your input file something besides FOR005.DAT, and to contain
comments. Input file names are suggested to have the extension .DCM by convention,
because during the installation process in Windows, .DCM is associated with the
Datcom+ program. The file names are not case sensitive, but constrained to normal
Windows naming conventions.

An input file for DIGDAT is made up of a set of statements forming one or more cases.
DIGDAT would allow several aircraft in one file, which is seen in the examples from the
original Datcom program. Datcom+ Pro has been structured to have only one aircraft per
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file, and each case contains a different control surface. If your Datcom+ model doesn’t
have control surfaces, or just one on the aft-most horizontal surface such as an elevator,
you can have only one case in your file.

DIGDAT can only analyze one control surface at a time (in a case), and it is forced to be
on the aft-most horizontal surface. If you have a wing and horizontal tail and try to
specify flaps or ailerons, they would be applied to the horizontal stabilizer. In order to be
able specify flaps and ailerons, we have to specify them in separate cases before adding
the horizontal tail. The CASEID card can be used to identify what control surface you
have configured for that case, just to help you keep track of what that case is.

Conceptually, an input file will have this basic structure:

*

* {Header information for aircraft, designer, source, etc.}
*
CASEID Aircraft Name :Fli  ght Conditions, Body, Inertia, Wing, Flaps ENG=J85 -GES5
$FLTCON ..$
$SYNTHS ..$
$BODY ..$
$INERTA .$
NACA W 5 23014
$WGPLNF ..$
$SYMFLP ..$
$IETPWR ..$
SAVE
NEXT CASE

CASEID Aircraft Name . Ailerons
$ASYFLP ..$

SAVE

NEXT CASE

CASEID Aircraft Name . Horiz ontal Tall, Vert ical Tail, Vert ical Fin, Elevator
NACA H 4 0010
$HTPLNF ...$
NACA V 4 0012
$VTPLNF ...$
NACA F 4 0012
$VFPLNF ...$
$SYMFLP ...$

Each case in the input file is processed individually and separately from the other cases in
the file. To ease the data entry, the inputs in the first case are saved using the SAVE
command, which then applies those inputs to the next case in the input file. What this
does is allow you to define these items only once, so if you have to make changes, they
only have to be changed in one location. Since there are three cases in the conceptual
input file shown the SAVE must be specified in the first and second case in order for the
third case to see the inputs from the first case.

Cases for a Conventional Configuration Aircraft
e Case 1 - Fuselage and wing, with a SAVE command
e Case 2 - Flaps.
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e Case 3 - Ailerons
e Case 4 — Vertical and horizontal stabilizers, and elevator

Each particular control surface is specified in the CASEID command (see Section 6.2
below). If your aircraft doesn’t have some of the control surfaces such as flaps, ailerons,
or elevator, you can skip any of the above cases as necessary. If you have more control
surfaces, you can add more cases to handle them, as long as you abide by the restrictions
that control surfaces are added to the aft-most horizontal surface, and that they appear in
a separate case. This means that you have to define flaps, spoilers, ailerons, speed brakes,
and other control surfaces on the wing before you define a horizontal tail.

If you are doing a canard configuration aircraft, the cases above would be different.
DIGDAT applies any control surface to the aft-most horizontal surface, so in order to
have a control surface on the canard, you would specify:

Cases for a Canard Configuration Aircraft
e Case 1 — Fuselage and canard, control surface on canard, with a SAVE
command
e Case 2 — Main wing, vertical stabilizer and first control surface on main wing,
with a SAVE command
e Case 3 — Second control surface on the main wing.

Inside this file, comments can be used to identify the author, source of data, even
assumptions. You can duplicate lines and comment out the original if you wish to see the
effects of changing any of the inputs.

6.2 Case Control Cards

Several commands allow you to tailor the input and output of the DATCOM program.
They are detailed in Section 3.5 of the Digital Datcom Users Guide. Several terms are
generally used are discussed here. For the complete list of case control commands,
consult the mentioned document. They are shown here in bold capital letters, but may be
lower case. They must appear on their own lines as shown.

DIM FT — This command specifies the default unit of measure. FT is the default. Other
acceptable units are IN for inches, M for meters, or CM for centimeters.

DERIV DEG - This command causes the static and dynamic stability derivatives to be
output in degrees, and is the default. DERIV RAD can be specified to output in radians.

NACA - Airfoil sections are specified with this command, if the airfoil is a NACA
airfoil. Otherwise, the airfoil section characteristics can be specified.

e Columns 1-4 are NACA.
e Column 5 can be any delimiter, but a space or dash is suggested.

Copyright 2011 by Holy Cows, Inc. All right reserved.
6-6



Datcom+ Pro Users Manual

e Column 6 is either W for wing, H for horizontal tail, V for vertical tail, or F for
ventral fin.

e Column 7 is any delimited, again it is suggested to use a space or dash.

e Column 8 is the type of airfoil section: 1 for 1-series, 4 for 4-digit, 5 for 5-digit, 6
for 6-digit, or S for supersonic.

e Column 9 is any delimiter

e Column 10 through 80 are the input designation. Blanks are ignored.

NEXT CASE - This command is used to indicate the end of a series of inputs, and to
process the case. Case data are destroyed following execution of the case unless a SAVE
command is present.

SAVE - When this command is encountered, all inputs that have been read up to this
point are saved for the next case. In Datcom+, we use this command to build the fuselage
and wing, and then save this data so that it is used in the next cases, which may be for
various control surfaces. Note that you must use the SAVE command in each subsequent
case, otherwise the data is not retained.

CASEID - This command allows us to specify a title for the DATCOM output, which
appears in column 7 through 80. It is recommended that the user specify which control
surface is contained in any given case block.

6.3 Namelists

Namelists are a feature of Fortran which allowed you to initialize variables by name and
a value in any order, rather than having to order the variables the same way they are
structured in the common block. For example®, if a common block contained the
following variables,

real A(20), C
integer B(4)
common Data Block /A, B, C

You can initialize the variables in the common block that you need with
$Data_Block A(3)=3.3,4.0,5.0,C=0.1$

which has initialize elements 3 through 6 of the array A, and C only. The other variables
remain uninitialized.

DATCOM uses the same convention as namelists. You start out with a dollar sign $ and
the name of the namelist, and specify each variable and value that you want to declare.
Each value is separated by a comma. The end of the namelist is denoted with a dollar sign
$.

® This is only pseudo-code, simplified for the purpose of demonstration. This is not how Fortran does it.
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DATCOM is somewhat picky about the format of the namelist and its variables. The
values MUST contain a decimal point. For clarity, it is recommended that you include at
least one digit on each side of the decimal points, so use “0.1” instead of “.1”. Each
variable and value combination is separated by a comma. Capitalization and line lengths
are no longer an issue in Datcom+ Pro as they are in the original DIGDAT program.
Lines can now be up to 200 characters long, and may include upper and lower case
letters.

You may use several lines if you wish for a namelist, and use white space (tabs or spaces)
to make the input lines easier to read.

So, good namelist declarations look like this:

| $OPTINS SREF=320.8, CBARR=6.75, BLREF=51.7$ |

If you have errors in your input file, DATCOM+ Pro will complain and write out an error
message to the screen, indicating what line the error is on. This information is also
written out the output file .OUT, such as Citation.out. Many of the common sources of
errors have been eliminated by the Datcom+ Pro handling of the input file. The likely
errors now are:

No decimal point

No comma separating variables
No “$” at the end of a namelist
Misspelled variables or namelists

6.4 Specifying Values

DIGDAT only knows two types of values, REAL or floating values, and BOOLEANS.
All number values MUST contain a decimal point, such as 3. or .3. For clarify, it is
recommended that you use a trailing or leading zero, making that values 3.0 or 0.3.
Boolean values are specifed only as . TRUE.or .FALSE., with no other formats accepted.
Integers are not acceptable, even if it seems like it should be. For example, the number of
angle of attack values naturally is an integer, but you MUST specify it as a real number
with a decimal point.

All values are separated by a comma, and blank spaces are accepted throughout. When
you are using a small font and have been working on this for 18 hours straight, you will
appreciate a blank space after a comma and trailing zeros, such as:

XCORD(1)= 0.0, 0.1, 0.2, 0.3 { SUHIHUUHG
XCORD(1)=.0,.1,.2,.3 { DFFHSWDEOH EXW KDUGHU WR UFE
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6.5 FLTCON Namelist

The FLTCON namelist describes the flight conditions with the following variables:

6.5.1 FLTCON: WT - Vehicle Weight

WT is the Vehicle Weight. The vehicle weight does not make any difference to the
aerodynamic coefficient calculations performed by DIGDAT. It would be used if the
TRIM command card was present, but we don’t generally use it. The weight is output for
the JSBSim model. Since JSBSim accounts separately for the various items such as
aircraft weight, fuel, pilots, stores, etc., the WT entered should be the weight of the
empty aircraft. Units are pounds (Ibs) for DIM FT or DIM IN control cards, and newtons
for DIM M and DIM CM control cards. Default units are pounds.

6.5.2 FLTCON: LOOP - Program Loop Control

LOOP is the Program Looping Control. DIGDAT has the ability to analyze several
combinations of altitude and Mach numbers

1 = vary altitude and mach together (default)

2 = vary Mach, at fixed altitude

3 = vary altitude, at fixed Mach

The amount of data presented for one altitude/Mach number combination is enormous, so
having several different Mach numbers and attitudes would be impossible to track. In
theory, aerodynamic coefficients don’t vary based on altitude or Mach number. DIGDAT
does come up with slightly different values at higher altitudes (>30,000 ft), so this
doesn’t have to vary. It is suggested to use an altitude of 0.0, so that if you perform any
hand calculations, standard sea level conditions apply. In theory, Mach number shouldn’t
vary the aerodynamic coefficients either, but the DIGDAT output does vary slightly. It is
recommended that you use a Mach number of about 0.2 to 0.3, based on the expected
stall speed of your aircratft.

So, for the Datcom+ package, we only want to run one Mach number and one altitude, so
the default value of LOOP=1 is acceptable, and therefore you don’t have to specify it. If
you were to attempt to run more than one Mach number, the Datcom+ additions wouldn’t
be geared towards that, and the outcome would be unpredictable.

6.53 FLTCON: NMACH - Number of Mach numbers to run
For the reasons already stated, set this to 1.0.

6.54 FLTCON: MACH - Mach numbers to run

The theories behind aerodynamic coefficients says that they should be good across a wide
range of airspeeds, until you get into compressibility effects close to Mach 1.0. Doing
some testing with Datcom+ has shown that the coefficients are not constant across a
range of Mach numbers though. The variances come mainly at higher angles of attack. It
is recommended that you chose a mach number between 0.2 and 0.3, which is about 132
knots to 198 knots true airspeed. If you are modeling a lower speed aircraft like a Cessna
172, chose the lower value. Otherwise, chose the higher value. In flight, and aircraft
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generally won’t see a high angle of attack at higher speeds. Normally, you will see high
angles of attack as you approach the stall speed. As always, experimentation using the
Baseline methods described in Sections 2.3.1 and 2.4.1 above is suggested once you are
familiar with the tools. Normally, you would enter Mach numbers as an array, but since
we are only entering one, you can skip the array notation and enter MACH=0.3. There
are no units associated with Mach number.

The Digital Datcom Users Manual implies that freestream velocities VINF can be
entered instead of Mach numbers, but this is option does not work. It just hangs the
DIGDAT program up and it never finishes processing.

6.55 FLTCON: NALPHA - Number of angles of attack

This is exactly what it says, the number of angle of attack, with a maximum of 20. Select
a range of values that you would expect to see in flight. Feel free to explore beyond the
stall angle, just to see what happens and to ensure that there is some modeling beyond
stall, but don’t get carried away. Likewise don’t go to extremes on the lower end of the
range. Generally, a range of -8 to 20 or 25 deg should be sufficient. Space the points out,
and once you run your configuration a few times, you will see that for a good portion of
the values between 0 and 10 deg, the curve is straight, and you could represent that with
fewer points, and use some of those points up near stall to define the stall area better.

Don’t confuse angle of attack with pitch angle. Angle of attack is measured relative to the
local wind. Even in a vertical loop, where the aircraft will transition through all the
possible pitch angles, the angle of attack will not vary greatly from the trim angle of
attack.

6.56 FLTCON: ALSCHD - Values of Angle of Attack

These are the angles of attack that you want to test. Make sure that you have the same
number of points as declared in NALPHA. This is an array, so you want to enter in array
format, like ALSCHD=-2.0, 8.0, 12.0, 14.0,... Units are degrees.

6.5.7 Summary for FLTCON Namelist

Here is a typical input block for the FLTCON namelist for the required input parameters.
Other parameters may also be included, as detailed in the Digital Datcom Users manual.

$FLTCON WT=7000.0,
NMACH=1.0, MACH=0.4,
NALT=1.0, ALT(1)= 100.0,

NALPHA=20.0,
ALSCHD= -16.0, -8.0, -6.0, -4.0, -2.0, 0.0, 2.0, 4.0, 8.0, 9.0,
10.0, 12.0, 14.0, 16.0, 18.0, 19.0, 20.0, 21.0 , 22.0, 24.0%

6.6 OPTINS Namelist

The OPTINS namelist is for the reference parameter, such as wing area, wing span, and
mean aerodynamic chord length. These parameters are all optional if you are building a
complete airplane, as these values are calculated from other parameters which are entered
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in other namelists. If you are NOT doing a complete aircraft, such as only analyzing a
fuselage, you must specify these values so that the non-dimensional coefficient can be
calculated.

6.6.1 OPTINS: SREF — Wing area

This is the reference area of the theoretical wing. It’s pretty straightforward. Units are
square feet, square meters, square inches, or square centimeters, according to the units of
measure specified with the DIM control card. Default is square feet.

6.6.2 OPTINS: CBARR - Length of MAC

This is the length of the mean aerodynamic chord, which is the longitudinal reference
length. Units are feet, meters, inches, or centimeters, according to the units of measure
specified with the DIM control card. Default is feet.

6.6.3 OPTINS: BLREF — Wing Span

This is the wing span, which is the lateral reference length. Units are feet, meters, inches,
or centimeters, according to the units of measure specified with the DIM control card.
Default is feet.

6.6.4 OPTINS: ROUGFC - Surface Roughness

This is the only other parameter in this namelist, for surface roughness. It does not appear
to impact the coefficients for full-scale aircraft. It might apply to wind tunnel scale
models. You can leave it off.

6.6.5 Summary of OPTINS Namelist

Here is a typical input block for the OPTINS namelist for the required input parameters.
Other parameters may also be included, as detailed in the Digital Datcom Users manual.
Again, these values do not have to be present if you are building a complete aircraft.

$OPTINS SREF=320.8, CBARR=6.75, BLREF=51.7$

6.7 SYNTHS Namelist

The SYNTHS namelist is used to define the positions of the center of gravity (CG), as
well as locate the wing, horizontal and vertical stabilizers and fin, if present.

6.7.1 SYNTHS: XCG, ZCG - Center of Gravity

These terms are the longitudinal and vertical center of gravity distances from an arbitrary
datum line. All measurements are referenced to the same axes. The X axis runs aft the
length of the aircraft, from the nose to the tail. The origin is usually chosen to be at or in
front of everything possible on the aircraft, so that relative distances between stations are
always just “subtract the smaller number from the bigger number”, without having to
worry about the sign of the numbers. The X axis original does NOT have to be at the
nose. It can be any arbitrary point. However, don’t pick it to be the center of gravity
(CG), or some other location which can change based on fuel loading, people, stores, etc.
If you wish to have a location in the center of the aircraft, chose a fixed point such as the
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location of 25% MAC, or the leading edge of the wing where it intersects the fuselage
centerline.

The Z axis runs vertically, and is usually chosen from the ground level, the lowest point
of the gear when it is drooping down (not in contact with the ground), or some other point
below ground level, for the same reason. Another convenient Z axis location is through
the nose of the aircraft. Units are feet, meters, inches, or centimeters, according to the
units of measure specified with the DIM control card. Default is feet.

There are no Y values associated with this or other parameters, as it is assumed that the
aircraft is symmetric left to right.

6.7.2  SYNTHS: XW, ZW (XH, ZH), (XV, ZV), (XVF, ZVF) — Location of Apex

These terms are the longitudinal and vertical location of the wing (W), horizontal
stabilizer (H), vertical stabilizer (V) and fin (F) apex, where the leading edge would
intersect the X axis (centerline of the aircraft). Units are feet, meters, inches, or
centimeters, according to the units of measure specified with the DIM control card.
Default is feet.

6.7.3 SYNTHS: ALIW, ALIH - Incident Angle

This term is the angle of the root incidence angle for the wing and horizontal stabilizer (if
fixed), where positive is up and negative is down. Units are degrees.

6.7.4 SYNTHS: SCALE - Scale Factor

If you were testing a wind tunnel model of an actual aircraft, you could either enter the
dimensions of the scaled model, or the dimensions of the full-sized aircraft and scale the
dimensions down with this terms. Since we are modeling full-sized aircraft, you may
omit this variable.

6.7.5 SYNTHS: VERTUP — Vertical Panel Orientation

This indicates that the vertical stabilizer points up, as in most aircraft. If your vertical
stabilizer points down, you want to set this term to false, with the command
VERTUP=.FALSE. . If it points up, you can leave this term off, as the default is true.

6.7.6 SYNTHS: HINAX — Horizontal Tail hinge location

If your horizontal tail is hinged, sometimes called a “flying tail’ or ‘all-moveable tail’,
this is the longitudinal location of the hinge line. If you have a conventional fixed
horizontal stabilizer, leave this term off. Units are feet, meters, inches, or centimeters,
according to the units of measure specified with the DIM control card. Default is feet.

6.7.7  Summary of SYNTHS Namelist

Here is a typical input block for the SYNTHS namelist for the required input parameters.
Other parameters may also be included, as detailed in the Digital Datcom Users manual.

$SYNTHS XCG=21.9, ZCG=3.125, XW=19.1, ZW=3.125, ALIW=2.5, ALIH=0.0,
XH=39.2, ZH=7.75, XV=36.0, ZV=6.0, XVF=28.0, ZVF=7.4%
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6.8 BODY Namelist

The BODY namelist describes the geometry of the fuselage. Bodies are very difficult to
understand just by looking at the Users manual, but with a little explanation, you will see
that they are not so difficult to understand. Another outstanding feature of Datcom+ Pro
is that it produces a graphical representation of the fuselage cross section at each station.
They are presented in the file Fuselage.png, and are shown in this section.

Fuselage bodies are all axisymmetric, meaning that the left side is a mirror of the right
side. Fuselage body cross-sections can be one of three shapes:

e Circular

e Elliptical

e Other

Let’s look at the diagram from the Users Manual, which is the definition of the body at
any one of up to 20 stations. All stations must be defined with the same shape from
above.

LOCALPLANFORM HALF WIDTH, r :

LOCAL CROSS SECTIONAL AREA, 5; _\
7 i
’— pm—— ooty
ZL'
LOCAL PERIPHERY, P, SECTION A-A

NOTE: Z = 0 ON DESIRED BODY CENTER-LINE
= AXIS OF SYMMETRY FOR AXISYMMETRIC BODIES

Figure 6-1 — Local Body Definition

Note that R is the half width of the fuselage, not the radius. P is the circumference of
the body, not particularly useful. ZU is the height above the centerline, and ZU is the
height below the centerline. Note that ZL may be negative if the body is below the
centerline if the X axis runs through the nose of the aircraft.

There is a term for the BODY namelist that was missing from the original Digital
Datcom Users Guide, ELLIP. The term is the ratio of width to height of the ellipse. For a
circular cross section, that ratio is 1.0, and you can forgo entering it, and it will default to
ELLIP=1.0. The BODY namelist will then contain only X values and either the radius of
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the circle R, or the area S. For this example, if the fuselage is 4 feet long, and the half-
width is 2 feet at each station, which basically is a pipe.

$BODY NX5.0,
X(1)=0.0, 1.0, 2.0, 3.0, 4.0,
R(1)=2.0, 2.0, 20, 20, 208%$

We could have also specified the exact same fuselage shape with this namelist:

$BODY NX5.0,
X()= 00, 1 .0, 2.0, 3 .0, 4.0,
S(1)=12.566,12.566,12.566,12.566,12.566 $

The Fuselage.png output for either of those body statements looks like this:

Citation Fuselage Stations
Staton= .00 Station = 1.00 Station = 2.00 Station = 3.00 Station = 4.00

2 2 2

15 | 115t J 15 | 1 15 | 4 15 -
1F 11 4 1L J 1h 4 1t
05 05 05 05 05

0 0 0 0 0

05 05 05 05 05
At 1 oaf J ERA g A f 4 Elh
a5 b 1 as | J 45 | ] A5 b J A5 b
2 2 2L - 2 2

M, L P L - L - L
2-15-1050051152 2151050051152 2-15-105005 115 2 2-15-105005 115 2 2-15-105005 1152

For an elliptical cross-section, you must specify the eccentricity ELLIP, so we could have
created the same circular cross-section above with:

$BODY NX=5.0, ELLIP=1.0,
X(1)=0.0, 1.0, 2.0, 3.0, 4.0,
S(1)=12.566,12.566,12.566,12.566,12.566%

However, they throw something goofy in the
original DIGDAT code for specifying elliptical
cross sections, which we explain with an example.
Let’s say that you want to have an elliptical cross-
section that is 10 feet high and 8 feet wide. The Fuselegs L
width to height ratio is ratio 8/10, or ELLIP=0.8. cross-section

However, you don’t input the value for half-width
as R=4.0. For an unknown reason, this value must
be divided by the square root of the ellipse ratio, or

Half-height = 5.0

— 0.5
Rdesired - Ractual / EI—LIP Helf-width = 4.0

Inour case, R = 4.0/0.8%° = 4.472

Therefore, the BODY namelist for the fuselage would then be:

$BODY NX=5.0, ELLIP=0.8,
X(1)=0.0, 1.0, 2.0, 3.0, 4.0,
R(1)= 4.472,4.472,4.472, 4472, 4.472 $
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which yields the following Fuselage.png cross-sections, which are 10 feet high and 8
feet wide:

Trial Fuselage Stations
Station = 1.00 Station = 2.00 Station = 3.00 Station = 4.00

afatealea
Wittt

Station =

f
\_/

3

.f. N o N R
.:‘a. [T T CEEN
.:‘a. [T T CEEN
T‘u [T RN
T‘; [STE=TE SN

All fuselages are axisymmetric, which means that the left side is the same as the right
side. Fuselage cross-sections are often circles, so let’s look at a fuselage that is a cylinder
first. Feel free to copy these examples into Notepad++, save it to a file with a .DCM
extension, then press CTRL-F5 to process the file?, and see the picture shown, Play
around the with values until you feel
comfortable with the various values.
So, let’s start developing our fuselage.
The simplest Datcom+ input file is
shown here:

‘

$FLTCON NMACHL.0, MACH=0.4,
NALT =1.0, ALT  =0.0,
NALPHA=1.0, ALSCHD(1)= 0.0$
$SYNTHS XCG=0.0, ZCG=0.0$
$BODY NX=2.0,
X(1)=0.0, 10.0,
R(1)=1.0, 1.0$

Looking at the input file, the first two namelists (FLTCON and SYNTHS) are just
required to give DIGDAT something to chew on. The BODY namelist is what we are
interested in here. This says that we are going to specify 2 stations (NX=2.0). The X
locations are 0.0 and 10.0, so our fuselage is 10 feet long. The fuselage half-width given
by R is 1.0 feet. Since that is all that we have specified, it tries to make the cross-section a
circle. Since half-width is 1.0, the half-height will also be 1.0, and we get a tube 2 feet in
diameter as shown.

Let’s add another station, keeping the same width
for it, but let’s make that cross-section bigger:
(The changes are highlighted)

$FLTCON NMACH=1.0, MACH(1)=0.4,
NALT=1.0, ALT(1)= 100.0,
NALPHA=1.0, ALSCHD(1)= 0.0%
$SYNTHS XCG=0.0, ZCG=0.0$

$BODY NX=3.0 ,
X(1)=0.0, 5.0,10. O,
R(1)=1.0, 2.0, 1.0$

* CTRL-F5 only works in Notepad++ if the RunMe plugin is installed, available at
http://sourceforge.net/apps/mediawiki/notepad-plus/index.php?title=Plugin _Central#R
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Since we have used the simplest input form, where we didn’t define the ZU and ZL offset
from the centerline, it assumed that the ZU and ZL values are the same value, but
opposite signs, so that the center of the circle is down the centerline of the body. This
would be equivalent to specifying the ZU and ZL values, as such:

$FLTCON NMACH=1.0, MACH(1)=0.4,
NALT=1.0, ALT(1)= 100.0,
NALPHA=1.0, ALSCHD(1)= 0.0$
$SYNTHS XCG=0.0, ZCG=0.0$
$BODY NX=3.0,
X(1) = 0.0, 5.0, 10.0,
R(1) = 1.0, 2.0, 1.0,
ZU@)= 1.0, 2.0, 1.0,
ZL(1)= -1.0, -20, -10%

What if we wanted to make the right side,
the aft end of the fuselage, smaller?

$FLTCON NMACH=1.0, MACH(1)=0.4,

NALT=1.0, ALT(1)= 100.0,
NALPHA=1.0, ALSCHD(1)= 0.0%
$SYNTHS XCG=0.0, ZCG=0.0$

$BODY NX=3.0,
X(1) = 0.0, 5.0, 10.0,
R(1) = 1.0, 2.0, 0.3,
ZU(1)= 1.0, 1.0, 0.3,
ZL(1)= -1.0, -10, -03$%

And now let’s make the aft end of the fuselage higher, we just offset the ZU and ZL
values by the same amount. Note that the difference between ZU and ZL was 0.6 in the
previous example, and that has been maintained for this example.

$FLTCON NMACH=1.0, MACH(1)=0.4,
NALT=1.0, AL T(1)= 100.0,
NALPHA=1.0, ALSCHD(1)= 0.0$
$SYNTHS XCG=0.0, ZCG=0.0$
$BODY NX=3.0,
X(1) = 0.0, 5.0, 10.0,
R(1) = 1.0, 2.0, 0.3 ,
ZU(1)= 1.0, 1.0, 1.0,
ZL(1)= -1.0, -10, 04%

Let’s add one more fuselage station at the front (left side), which we will make almost
zero so that it comes to a point, just to
make it look more realistic:

$FLTCON NMACH=1.0, MACH(1)=0.4,
NALT=1.0, ALT(1)= 100.0,
NALPHA=1.0, ALSCHD(1)= 0.0%

$SYNTHS XCG=0.0, ZCG=0.0$

$ BODY NX4. 0,

X(1) = 0.0, 2.5, 5.0,10.0,
R(1) = 0.01, 1.0, 1.0, 0.3
ZU(l)= 0.01, 1.0, 1.0, 1.0
ZL(1)= -0.01, -1.0, -1.0, 0.4%
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It’s starting to look more like a fuselage, huh?

Okay, what if your fuselage cross section is not circular? Well, we have the ability to tell
Datcom that all the stations are elliptic using the ELLIP variable, or on a per station
basis, the width of the circle and where the top and the bottom are. Let’s play with those.

Let’s change some of the parameters for station 2. What if we tell change the fuselage
width to be larger? A head-on view of this
configuration shows that the fuselage is wider than

it is tall:
$FLTCON NMACH=1.0, MACH(1)=0.4,
NALT=1.0, ALT(1)= 100.0,

NA LPHA=1.0, ALSCHD(1)= 0.0%
$SYNTHS XCG=0.0, ZCG=0.0$

$BODY NX=4.0,
X(1)=0.0, 2.5, 5.0, 10.0,
R(1) = 0.01, 15, 1.0, 0.3
ZU(1)=0.01, 1.0, 1.0, 1.0
ZL(1)= -0.01, -1.0, -1.0, 0.4%

Or we can make it narrower (head-on again):

$FLTCON NMACH=1.0, MACH(1)=0.4,
NALT=1.0, ALT(1)= 100.0,
NALPHA=1.0, ALSCHD(1)= 0.0%

$SYNTHS XCG=0.0, ZCG=0.0$

$BODY NX=4.0,

X(1)=0.0, 2.5, 5.0, 10.0,
R(1) = 0.01, 05, 1.0, 0.3
ZU(1)= 0.01, 1.0, 1.0, 1.0
ZL(1)= -0.01, -1.0, -1.0, 0.4%

So, by applying these techniques and playing
around with them a little bit, and studying this
example, you can see how a fuselage is built up.

$FLTCON NMACH=1.0, MACH(1)=0.4,
NALT=1.0, ALT(1)= 100.0,
NALPHA=1.0, ALSCHD(1)= 0.0%
$SYNTHS XCG=0.0, ZCG=0.0$
$BODY NX=8.0,
X(1)=0.0,1.0,2.7,6.0,8.8,28.5,39.4,44.8,
R(1)=0.0,1.25,2.1,2.7,2.76,2.7,1.25,0.0,
ZU(1)=3.5,4.3,4.8,5.5,7.4,7.4,6.5,5.7,
ZL(1)=3.5,2. 5,2.252.1,2.0,2.2,4.3,5.7$%
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6.9 WGPLNF, HTPLNF, VTPLNF, VFPLNF Namelist

These namelist are for the planform of the wing, horizontal tail, vertical tail, and vertical
fin. The variables inside these namelists are the identical, only the namelist is different.
Figure 7 in the Digital Datcom Users Guide details each parameter, as well as parameters
which are not discussed here.

6.91 **PLNF: TYPE

This is the type of planform for this surface: 1.0 — Straight tapered planform, 2.0 — double
delta planform (also called compound delta) (aspect ratio <= 3.0), or 3.0 — cranked
planform (aspect ratio > 3.0 ). The term “straight” refers to the inboard and outboard
sections having the same dihedral angle.

f ’f 'f
0 Z& J

TYPE 1.0 - Straight tapered 2.0 - Compound Delta 3.0 - Cranked

6.92 **PLNF: CHRDR and CHRDT

These are the airfoil chord at the root and tip. The root chord is measured at the centerline
of the aircraft, not at where the wing meets the fuselage.

6.9.3 **PLNF: SSPN, SSPNE, SSPNOP, SSPNDD

SSPN is the semi-span of the surface from the aircraft centerline to the tip, and SSPNE is
the exposed distance, from the fuselage to the tip. If there is a breakpoint in the wing,
CHRDBP specifies the chord length at the breakpoint and SSPNOP specifies the span of
the outer panel. If the outboard panel has a different dihedral angle than the inboard
board, SSPNDD specifies the semi-span of the outboard panel with dihedral (which is
basically SSPNOP * cos(DHDADOQ))
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