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Predicting Performance

The Story of Rocket Propellants,
Software Ports, Joysticks at Work, and
the Slinging of Data Over Networks

Chris Frost
Mentor: Jason Rupert
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About Chris Frost

2School: The University of Virginia,
Upcoming Second Y ear

eMaors. Computer Science and Mathematics
eDepartment: Missile Systems (2" year)

20Other Academic Interests. Engineering,
Physics, and Cognitive Science

esNon-academic Interests. Running
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Outline

Geometry Tester
zRocket and DATCOM Ports

«JMASS, Joysticks, and Simulation Viewers,
Oh My!
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Geometry Tester

&sProblem: Reverse engineering solid rocket
propellant geometriesisvery time
consuming

zGoal: Streamline and automate this task



Geometry Tester:
Background

esExplanation of solid propellant shapes and
their effects on time vs chamber pressure
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Geometry Tester:
Background

esExplanation of solid propellant shapes
&sPurpose of matching time vs pressure:

= Allows usto find ageometry providing ssmilar
thrust characteristics

= Can then ssimulate or build arocket with the
same propulsive characteristics

2530l1d Propellant Program (SPP):
Performance Predictions
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Geometry Tester:
Capabilities

zRead and write SPP files
&sRead pressure data files

&sDisplay and modify numerical and symbolic
geometry data

&sCreate and delete objects and records
&sCreate plots comparing time vs pressure
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Geometry Tester:
Main Window Screenshot

+ Figure No. 1
Eile Edit Tools Window Help

- Iterate over zelected record, entry number:l 1 Entry's Curent Value:
I teral On D aa From: 36 TDZI 200 Increment; 152 Calculate and F'Il:lll

=10l x|

Load SPPFie | SavesPPFIe| o |
Geometry Data
Objects
CYLINDER:  HEAD CP |

CYLIMDER:  AFT GRAIN FACE
COME: CFP
FRISH

L i g Of Obj &ts Co? S T AFT SLOT [length = 0.00

COWND AFT SLOT [length = 13,1000 angle = 45.0000]
Credfe - FIRST FROMT SLOT - top part [length = 0.0000 angle = 0.0000)
FRISH: FIRST FROMT SLOT - bottom part (length = 0.0000 angle = 0.0000]
Delete  ||PRISM: SECOND FROMNT SLOT - top part [length = 0.0000 angle = 45.0000)
= |PRISM: SECOND FRONT SLOT - battom part [length = 0.0000 angle = 45.0000]

Recordz

Obj eCt Parameters P1=165.0000.,3.2631.3.2631 ]
Cop_|{P2-1000.0000,3 2631 9.2821 (1D: ROT)

Ele}e P3=165.0000.-926.3039.-926.3093 (ID: ERGO

CR=7F5"ROTHZ + 3 45°ERGO#3

Delete  ||H=3.5000

Ent ry D at a o o Edit Selected Data
Object Hame Obiject Comment
I PRISH I SECOMD AFT SLOT (length = 131000 angle = 45.0000]
Record ID
. Recard Marne Fecord Data [Opticnal]
Equa‘“ on - 75ROTH2 + 3AERGOH3 |
Update '




Geometry Tester:
Example Model

Object PRISM, Record P1, Entry #1 =10

T 1200 1200 T T T T T T
1100 Y, 1100 k J
TR

—~ D
D 1000 e -l e sl N 1000 1
o \L peeid .
~ 900 AW 900 i
&) L N

800 - 200 -
% 700 700 i
.
D_ 600 Ea0 .
g 500 a0 -
% 400 400 .
6 300 - 300 8

200 200 L L L L L L

0 10 20 20 20 50 60 70 1] 10 20 30 40 a0 GO 70

Time (seconds)—



oo e e = o Unclassified

I T Saae e e

Outline

& Geometry Tester
&sRocket and DATCOM Ports

«JMASS, Joysticks, and Simulation Viewers,
Oh My!
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Rocket and DATCOM Ports

zPort: Sun Solaristo Win32

&sRocket: Like SPP, lower fidelity, faster

DATCOM: Aircraft and missile stability and
control characteristics predictions

\Why Port: Unix workstation harder to come
by than PCs
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Tools Used

2Cygwin —Unix layer on top of Win32
X Free86 —Widely used X server
&sLesstif — Motif-compatible library

#GCC — GNU Compiler Collection (C and
Fortran used)
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Rocket and DATCOM Ports;
Current Status

&sRocket: Port completed
= Already in use by Dynetics and our govt sponsor

=DATCOM: Port 75% complete

=~ Most C code ported
= Still to go: C and Fortran object-code linking

Steps to Compile Source Code Libraries (.a, .lib)
Source code Object-code \ Binary
>
(.c, .cpp, .f, ...) [Compiler] (.0,.0b)) [Linker] (.exe)
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Outline

& Geometry Tester
zRocket and DATCOM Ports

2 JMASS, Joysticks, and Smulation Viewers,
Oh My/!
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JMASS UAV S mulations; Runtime
User Input and Simulation Viewing

&sJoystick

esJmass-vliewer Link (JIL)
esJoystick and JIL: The Big Picture
esDemonstration
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Joystick

zGoals

« Human interface to send datainto IMASS
simulations

= Platform-independent AP

=~ Work around having to include “windows.h”
directly into IMASS code
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Joystick:
Continued

& Development Process
= Wrote ssmple application that read joystick state
= Developed api
=~ Wrote class and test client implementations
= Integrated with a IMASS simulation

2 Used Now

« Shadow 200 UAV simulation

-~ Could be used to do anything that requires user input:
radar or tank control, non-IMASS work, etc
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Joystick:
Future Work

&sAdd capability in backend for additional
platforms (eg X)

2sAdd sockets option to allow for remote
joystick usage
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Jmass-viewer Link (JIL)

zGodls:

= Allow the viewing of ssimulations as they are
simulated (soft-realtime)

-~ Remote viewing (send data over network)

= Take advantage of already-developed rendering
software

= Easlly expanded communications capabilities
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Jmass-viewer Link:
Development Process

&5 Discussed what was needed with ssimulation and
viewer sides
& Developed Interface Control Document

&s\Wrote the JIL server implementation to be used in
the viewer

&5\Wrote an example client to test the server (now
used for regression testing)

&s\WWorked with smulation side to develop afull JIL
client inside of IMASS

&5 System testing
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Jmass-viewer Link:
A Typical Message

eHeader Byte

zMessagel D (Init, data feed, launch, acknowledgement,...)
Number of Bytesin the Message

zData

& Checksum
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Jmass-vliewer Link:
Messagel D 1 Data

& Time

&Roll, Pitch, Yaw
&sPosition (3D rectangular)
esAltitude

esAlrspeed
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Joystick and JIL:
The Big Picture

JMAS§ Team

UAV Communications Player
Joystick Interface JL Client

- Joystick-class WinSock\Wrapper-

ick Simulation Viewer
JOyStIC ﬁ

3 \> JIL Server




Joystick and JIL:
Demonstration

Simulation
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L essons L earned

& Communications using sockets

zUsing VB at afairly low level

&5 \WWorking with compilers/debuggers/linkers
&sUsing PCP in the workplace

2 UAVS

&5 S0l1d Rocket Propellants

& Third-party software: a double edged sword

&5 Classes (Digital Logic Design and Linear Algebra)
&5\Working in adistributed team

& How to serve avolleyball
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Play Time!
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