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Multi-year Project Goal:

Design a flight ready Hybrid rocket to deliver a 1 lb payload 
to an altitude of 15000 ft

Project Objectives

2007-2008 Project Objectives: Design, build, test and integrate Feed, 
Injection and Ignition subsystems into a flight configuration for a reliable, 
reusable 300-lbf rocket engine.  

ïaǳǎǘ ƛƴǘŜǊŦŀŎŜ ǿƛǘƘ ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ŘŜǎƛƎƴ

ÅCombustion Chamber 

ÅNozzle

ÅFuel & Oxidizer (HTPB & N2O)

ïMust work towards multi-year project goals
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Measures of Success

Test Reqs Measure of Success

Hot Fire Test- Static fire of rocket TR1, 
SYS1

Generate 270lbf for 15s, flow rate 
of 1 lbm/s

Weigh In- Weigh components TR2 Flight weight of 73-99lbm

Cold Flow Test- Flow oxidizer 
through feed and injection systems

SYS1, 
SYS2

Discharge coefficient of 0.6-0.8, 
and pressure drop of 20-35% 
across plate

Igniter Calorimeter Test SYS3 Find relationship between weight 
and energy to size an igniter that 
produces at least 27.8 BTU

È Requirements are derived from goal

È Tests are designed to verify or validate requirements

È Data from tests is analyzed to look for any discrepancies in performance
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System Architecture

üOxidizer Tanks hold N2O

üFeed system transports N2O to the injector

üInjection system sprays oxidizer into the 
combustion chamber

üIgnition system (at start), or heat from fuel 
combustion dissociates the oxidizer, and 
vaporizes the HTPB fuel

üOxidizer and fuel mixture combusts, raising 
temperature and pressure

üNozzle accelerates combustion gases, 
increasing the force of the rocket motor

üTest stand and instrumentation take data on 
temperatures, pressures and thrust generated

Previous Design

Current Project

Future Projects
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Component Design
Igniter

Condition To Initiate Combustion Design To Build To
[Minimum Igniter Mass]

Vaporize  >2% HTPB >17.0 BTU > 0.016 lbm

Dissociate N2O >10.8 BTU >0.01 lbm

Dissociate N2O requirement based on 
predicted mass flow of oxidizer

Results from testing provided accurate 
energy to mass ratio
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Requirement: Energy

Dissociate N2O

Evaporate HTPB

Obtainable energy

Total required energy

Final Design:
With a 0.165 lbm(75g) igniter we 
exceed the ignition requirements
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Component Design
Injector Plate

ÅFor Thrust of 300 lbf, need a mass flow rate of 1.33 lbm/s of N2O
ÅUsed water test to determine discharge coefficient
ÅSolved for hole area to provide necessary mass flow rate
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Test Data
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Major Changes Since CDR
Feed System

È Fill pressure set to 1400 psi 
from 1200 psi

È Regulated pressure set to 920 
psi from 770 psi

È Removed dip tubes from 
oxidizer tanks

È Added a hand valve for 
manual venting

È Added a pressure transducer 
and a thermocouple

È Solenoid valve is a bend, 
instead of a straight pipe

È Regulator placed after 
flowmeter
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È Outer-frame and bearings removed from 
design, instead test stand is attached to 
bearing rail provided by Lockheed Martin

È Had to manufacture mounting plate to 
mount test stand to frame

È Belly bands replaced by supportive wooden 
blocks and straps 

Major Changes Since CDR
Test Stand
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È At CDR, wooden heritage design was assumed

È Heritage plug design was poor

Á Dimensions were incorrect

Á Required changes to lathe speed and additional 
cleanup procedures

Á Not leak proof

È Design was improved to utilize aluminum material 
with rubber o-ring

Á Reduced manufacturing time

Á Stopped leaking

Á Dimensions fixed in second iteration of fuel casting 
(tall chamber)

Major Changes Since CDR
Fuel Plug
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Steps for creating a CC-

1. Manufacture end caps

2. Shape phenolic

3. Hysol end caps to 
phenolic, let cure

4. Wrap carbon fiber 
around chamber 6 
times while spreading 
epoxy and applying 
pressure

5. Repeat for another 6 
wraps

6. Cure in oven

Combustion Chamber

Two chambers made.  The first manufactured 
chamber is taller, had the first six wraps cured 
before the second six, and jammed threads 

with the first bottom injector fitting

End caps manufactured 
on CNC Lathe
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Steps for making an Injector:

1.Drill holes into titanium injector plate

2.Manufacture top and bottom aluminum fittings 
(Using CNC lathe and drill press)

3.Mold cerafiber into bottom aluminum fitting and 
allow to cure in oven, use Hysol to glue into 
chamber

4.Finish cutting and sanding cerafiber to correct 
shape with a dremel and sand paper, drill holes for 
instrumentation

5.Add helicoil thread inserts to injector fitting

6.Cut graphite gasket to correct size

7.Add instrumentation:
1. Hysol a small thermocouple into place above 

the plate
2. Use a compression fitting to place a larger 

thermocouple below the plate
3. Add elbow joint and thread in pressure 

transducer below the plate

8.Use screws to put everything together on the test 
stand!

Injection System
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1. Removed dip tubes from oxidizer tanks

2. Assembled Swagelok parts

1. Crushed ferrules had to be replaced if 
disassembled 

3. Set the regulator

1. At Lockheed Martin, pressurized input of 
regulator to operating pressure and turned 
knob until desired output was reached

4. Size with test stand for proper length  

Feed System
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1. Mixing Materials at LM
Á Mg and KNO3 transported to LM in flame-retardant containers with documentation

Á Meets DOT hazmat requirements

Á Mixing and handling performed by certified LM ordnance employee

2. MaCH-SR1 e-matches require more current than can be 
supplied at LM

Á LM ordnance looking into slower/hotter burning thermite matches

Ignition System

Mold E-matches
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Test Stand

È Frame consists of two pieces of A36 steel 
channel with a top and bottom plate

È Brackets made of square tubing and flat 
bar kept distance between the test stand 
and rail 

È A mounting plate was manufactured to 
attach test stand to bearing rail

È Load cell is attached to fixed mount on 
bearing rail and top of mounting plate

È The bearing rail is mounted to the acoustic 
test stand at Lockheed Martin

Load Cell
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Fuel

Fuel Volume

Fuel Density

Fuel Mass (With 5% extra margin)

Mass Ratios Mass

HTPB 84.57% 4.67 lbm

IPDI 10.34% 0.571 lbm

Castor Oil 5.00% 0.276 lbm

Carbon Black 0.09% 0.005 lbm

TOTAL 100.00% 5.52 lbm

Fuel Mixture

57.54 lbm/ft3

0.09145 ft3

5.52 lbm

È The mandrel was made of a Teflon tube milled to the shape of the 
fuel port

È A cone was machined at the top of the Teflon so fuel would slide 
into the chamber

È The fuel passed through the vacuum chamber which was kept 
pressurized at  23 in of Hg

È The vacuum chamber removes bubbles from the liquid fuel as it is 
poured

È The fuel plug prevents fuel from leaking during the week long cure
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Integration of rocket:

P Bottom Injector Fitting and Nozzle thread onto Combustion Chamber

Á Lesson Learned- Make sure threads are clean and lubed, first CC jammed 
with injector fitting

P Top Injector Fitting is bolted to bottom test stand plate

Á Feed System was longer than planned, spacers had to be made to fill gap

Integration

Integration at Lockheed Martin:

V Test Stand is bolted to mounting plate on bearing 
rail

V Cables had to be run, wires checked, and sensors 
tested

Á Sensors should be checked prior to integration, 2 
pressure transducers had to be replaced after 
integration



4/22/2008 MaCH-SR1 FR 18

Experimental 
Test Results

Summary
Requirements 

and Design
Fabrication and 

IntegrationT
e
st

 O
ve

rv
ie

w

Test Overview
Test Number Description Location Reqs Verified Status Result

1

Hot Fire Test LM 0.PRJ1, 1.PRJ1, 
1.PRJ2, 1.SYS2, 

1.SYS3

Scheduled 
for 4/15

Unknown

2
Weigh In ITLL 0.PRJ2 Incomplete Unknown

3

Feed System Flow Test LM 0.SYS1, 0.SYS2, 
1.SYS1

Completed First three tests 
unsatisfactory, last 

one good

4

Coefficient of Discharge Test ITLL 0.SYS2 Completed Found hole area for 
desired Cd

5
Igniter Calorimeter Test Outdoors 0.SYS3, 1.SYS2 Completed Energy higher than 

expected and 
pressure is low

6
Carbon Fiber Pull Test ITLL 0.SYS4 Completed Tensile strength 

lower than expected

7 Oxidizer Tank Pressure Test LM 0.SYS5 Completed Good

8 Feed System Leak Test LM 1.SYS1 Completed Good
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System Tests
Injector Plate Prototype Test:

Á Built 9 different plates to determine 
which design had the ideal Cd

Á Results showed higher Cd values at 
smaller total area for all hole patterns

Á Ideal Cd of 0.71 accomplished with 8 
Hole pattern of Effective Hole Area = 
0.022 in2

Carbon Fiber Tensile Test:

Á Found tensile strength of carbon fiber

Á Cured coupons and broke them in ITLL

Á Twelve wraps of carbon fiber gives safety factor of 3

Á Fibers had a lower tensile strength than expected

Á Discrepancies in manufacturing dictate testing 
of composite material
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Ignition Test-Results
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Igniter Energy Output Results

È Ignition testing averaged 2.95 kJ/gram 
output

È Analysis predicted 2.38 kJ/gram, less than 
actual

È Most likely, discrepancy due to inaccuracy 
of heat of formation method used to find 
energy output

È Disk igniters burn for ~6 sec

Á Pyrogen deflagrates, not explodes

È оέ ŘƛǎƪΣ трƎ ǇǊƻŘǳŎŜǎ ннмΦнƪW όнмл.¢¦ύ

Á SF = 6

Verified Requirement:
SYS3 (Energy output of igniter)
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Ignition Test-Lessons

È Disk igniters burn radially, from center to edge

È Learned efficient handling and mixing methods

È Determined ideal epoxy for mixing

È Used experience to write procedure for mixing at Lockheed 
Martin

È Test igniters several weeks in advance

È Verify experimentally values from rough analysis
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Oxidizer Tanks:

Á After dip tubes removed, 
oxidizer tanks were pressurized 
to 1800 psi (1.5x MEOP)

Leak Proof and Pressure Test

Feed System:

Á After mounting into test stand, 
every section of the feed system 
was pressurized to 1800 psi for 
five minutes

Á After any changes to the feed 
system, the system was leak 
tested by having it maintain 
1200 psi
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È At Lockheed Martin, several checks and 
tests were done to verify the sensors 
and controls would work

È A power supply was used to feed 
voltages to the signal lines for the 
transducers and load cell

Á The offset between expected 
result and actual was entered into 
the software

È A cold water bath and a hot water bath 
was used to find the thermocouple 
offset

È This process was called Subs and Dips 

Sensor Testing
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È LabVIEW program was setup 
by Lockheed Martin

È Allowed manual control of 
valves and ignition

È Sequence file used during 
testing for automated control

È Data collected in High Speed 
Mode, which recorded every 
millisecond

È Before every test, the 
sequence file to verify the 
valves are cycling correctly

Software Testing

Screenshot of VI

Example of Sequence File
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Cold Flow Test

ColdFlow Test Verified Results

1 
(full test)

-Verified thermocouplesand load 
cell functionality
-Verified filling procedure
-Verified test procedure 

-Oxidizertanks were overfilled with 
oxidizer
-Mass flow meter was not correctly 
calibrated
-P1, pressure transducer, was broken

2
(full test)

-Verified mass flow meter
-Verified new P1
-Verified correct mass of oxidizer

-Seeing low of pressure at injector 
plate
-Seeing low of mass flow rate
-Saw two phase flow at injector

3
(five second test)

-Verified increasedflow rate with 
increased pressurant
-Verified pressure drop across 
regulator

-Measuredregulator not functioning 
properly

4 
(five second test)

-VerifiedCD -Flowrate too high for hot fire
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Cold Flow Test

È Temperature in feed 
determines the vapor pressure 
of N2O

È Temperature in injector 
determines phase of N2O

Á Results from Test 3 show 
the N2O as liquid/gas 
before the plate 

È Temperature past injector will 
be temperature of combustion 
during hot fire

Á Results from Test 3 show 
the N2O as a gas after 
passing through the 
injector plate


