ohd Rocke’r Motor %
Design and Analysis

DEVON BURSON

MENTORS: BRET ABLES
BEN GAUVAIN

ORG: ERSI
A



Marshall
Space Flight
Center

» Huntsville, Alabama

» 6,000 Civil Servants &
Conftractors

» Located on Redstone
Arsenal

» NASA's Propulsion Center

» Currently Building the
Space Launch System
NS

T e
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>
>

NASA
nternship
Programs

200 + Marshall Interns
3 Academies
30 Academy Inters

Space Hardware and
Robotics Academy - 4
Project Groups

Propulsion Academy —
3 Project Groups

Leadership Academy
— Single Inter Projects




NASA
Leadership
Academy

» Single Intern Research
Projects

» Weekly NASA Director
Chats

» Weekly Team Building
Activities

» Trips o NASA Centers




NASA Centers and Installations

Goddard Space Flight Center
Glenn Research Center Greenbelt, MD

Deep Space Network Facilities: Cleveland, OH
= Goldstone,in CA Mojave Desert Marshall Space Flight Center

= nearMadrid, Spain Huntsville. AL
= nearCanberra, Australia y

Independent Verification
& Validation Facility

FRmont Wy p Goddard Institute

"' for Space Sciences, NY

Ames Research Center

Mountain View, CA " NASA Headquarters

Washington, D.C.

Wallops Flight Facility
Wallops Island, VA

g Langley Research Center
Jet Propulsion Laboratory Hampton, VA

Pasadena, CA

Kennedy Space Center

Dryden Flight Research Center e Cape Canaveral, FL

Edwards, CA

NASA Shared Services Center
(NSS S

Johnson Space Center ,
White Sands Test Facility Houston, Texas i
White Sands, NM Stennis Space Center

Michoud Assembly Facility Stennis Space Center, MS

New Orleans, LA

n

NASA
Leadership

Academy
Trips




Michoud
Assembly Facility

» New Orleans, Louisiana

» 43+ acre Manufacturing
Building

» Manufactured Flight
Hardware




Goddard Space
Flight Center

» Greenbelt, Maryland ol S - o)
» 10,000 Civil Servants & ' Ny
Contractors

» James Webb Space
Telescope (JWST)

» Transiting Exoplanet Survey
Satellite (TESS)

» Satellite Servicing Project




Headquarters T s e« Pt o< . o

Current NASA HQ

» Science Mission
Director

N Ay

» Human Exploration
and Operations
Mission Director

L -

» Space Technology
Mission Director

» Aeronautics Research
Mission Director
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Glenn

Dynamic Pressure Research

Center

From the conservation of fluid momentum:

Background

du 4
PU Gk = " ax
= . EB d_u =0 Bonded
p :ressure Algebra ax " PY ax oplant S
P = density 2 < ..
_— d d puy_ N N N
u = velocity Simplify: Tig *dx ( S )=0 %%\\ &\\\ _
d 2 End burner (case bonded)
Collect: E‘ ( p+ % )= 0 Holding device
TR
SRB Sea Level Thrust 2 =
I - - - - ln@rate: F)s + p U - constant = p t Internal-external burning tube ( free-standing )
5[\ .| ——— Right SRB P 2 ~ NN \—’i
— S| =
. Leﬁ SRB - static pressure | 2 total pressure lntarnaad and end restricted)
. pu — s
N dynamic pressure = = —— @ &‘\‘l%:\\ﬁ\ﬁ
2 N e
Segmented tube (cartridge Ioaded)
Progressive it
3 \\ MNeutral = ;.. e
S — Rod and tube (case bonded)
o AW BRINENRRRRNN |
Time Time Star (case bonded)
MNeutral 3 ~
+ - Dual Thrust d
3
’ED -
- A N
— Time Time Dendrite (case bonded)
40 50 ad 70 Rd

Mission Elapsed Time (sec)

o
||

.lTwu Step Thrust

Regressive [ TR
-'L-’j'l Dogbone (case bonded)
= SR S

AL

Double Anchor Time Dual Composition Time

Slotted-tube (case bonded)




Launch Abort System Configu.raiion

The Launch Abort System, or LAS, is positioned atop the Orion crew
module. It is designed to protect astronauts if a. problem arises during
launch by pulling the spacecraft away from a failing rocket. Weighing
approximately 16,000 pounds, the LAS can activate within milliseconds
to pull the vehicle to safety and position the module for a safe landing.
The LAS is comprised of three solid propellant rocket motors: the abort
motor, an attitude control motor, and a jettison motor.

JETTISON MOTOR - The jettison motor will
pull the LAS away from the crew module,

allowing Orion’s parachutes to deploy and the
spacecraft to safely land in the Ocean.

ATTITUDE CONTROL MOTOR -
The attitude control motor consists of a
solid propellant gas generator with eight
proportional valves equally spaced
around the outside of the three-foot
diameter motor. The motor can exert up
to 7,000 pounds of steering force to the
vehicle in any direction upon command
from the Orion crew module.

FAIRING ASSEMBLY - The fairing assembly
is a lightweight composite structure that
protects the capsule from the environment
around it - whether it's heat, wind or acoustics.

ABORT MOTOR - The abort motor
is capable of producing about 400,000
pounds of thrust to quickly pull the
crew module away from danger if
problems develop on the launch pad
or during the ascent.







Launch Abort
System

» Abort Motor
» Aftitude Control Motor
» Jettison Moftor

» Parachutes







Solid Performance
Program {SiEs

» Fortran based software

» 40+ years of development

» Shorter runtime s
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Results

» Multiple plotting tools
» Radial and Longitudinal

» Displays motor results

7 Results Plotter

Parameter vs Time

@ Time O web

Pressure

Aftpressure

Thrust

M Mpot

Surface Area

Web

Longitudinal Cross Sections

Radial

B X Motor File Outputs.

Average Values  Maximum Values  Minimum Values

L*
R*

F DEL

ETA C*
MDOT

A PORT

GAM*M2/2

B X | Radial Cross Sections

Double Anchor

Progressive

A TwD Step Thrust

I\

Tirne Dual Composition Time

374.47 psia
391.08 psia
700.6 in
0.66885 in
967.79 Ibf
98 %
3.2984 Ib/sec
3.1406 in"2

0.04768










