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Build a propulsion system for a high-power level 2 rocket:

• Develop a unique Ammonium Perchlorate Composite 

Propellant (APCP) formula 

• working with mentor(s) 

• using software simulators

• Design and build a rocket test stand (currently in build stage)

• Work with EE team to input thrust and impulse data

• Have at least two motor testing's small scale 38 and 54 mm

• Impulse must not exceed 5120 Newton-seconds

• Optimize propellant formula

• Design and build a motor casing for final 75 mm

• Build a final 75mm diameter rocket motor to launch in March 2024

Figure 1: Level 2 Rocket

Source: Apogee Components [1]
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• Rocket motor is locked into 

motor holder (#13) 

• Sliding extrusion bars are 

moved to just below the nozzle

• Tighten knobs (#17) such that 

the threaded bar (#16) applies 

pressure to motor from all 

sides

• Attach cables to hooks at top 

of test stand (#8) and use 

stakes to secure the cables in 

ground 

• Ensure motor is locked in place 

and load cell (#11) is secure

Figure 2: Engineering Drawing Test Stand
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• The motor features three major 

components:

• Propellant (#1)

• Casting Tubes (#2)

• Liners (#3)

• The propellant will be cast into 

individual casting tubes

• Multiple grains: casting tubes with 

propellant grains inside slide into 

the liner

• The liner with the grains inside 

makes the motor which slides into 

the casing

Figure 3: Engineering Drawing Motor



 Precise dimensions ensure a 

secure placement of the 

motor and lining 

 Provides an attachment 

point for the bulkhead at the 

top of the casing

 Outer diameter matches the 

inner diameter of the rocket 

body for added stability

 Features a threaded 

connection for securing the 

nozzle onto the motor 

casing

DESIGN DESCRIPTION: MOTOR CASING 
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Figure 4: Engineering Drawing Motor Casing



 Graphite insert at throat 

to prevent erosion of 

copper nozzle

 Copper 

converging/diverging 

nozzle with parabolic 

curve generated using 

method of characteristics 

program

 Threads securely into 

motor casing

DESIGN DESCRIPTION: NOZZLE 
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Customer Requirements are critical because the team must 

prioritize these to fulfil the needs of the end user

CUSTOMER REQUIREMENTS
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 Functionality – Results must function to the end user's major needs.

 Cost-Efficient – Must stay within the given budget and be replicable 

for future club members

 Scale-able - Able to apply small-scale tests to full scale ones.

 Test Stand - Must be able to withstand up to L-Class motors (MAX 

5120 Newton-Seconds)

 Tripoli Rocketry Association Safety Standards Compliant – Stay 

within known safety standards

 Completion in timely manner – Client needs the final product ready 

for the student launch

Figure 6: Rocket History Heights

Source: First Post Chandraayan 2 Landing [3]



Engineering Requirements allow us to quantify our customers 

product requirements

ENGINEERING REQUIREMENTS
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 Completing Within Budget – Must stay within client's budget ($2000); 
able to fundraise more

 Test Stand Accepting of Sub/Full-Scale motors – Stand must accept any 
size motors (up to 75mm)

 5120 Newton Second Impulse – Test stand must be rated to withstand 
the limits of Level 2 impulses

 Thrust-to-Weight Ratio – Must be within the thrust-weight ratio set by 
Tripoli Rocketry Association

 Timely Completion – Must be tested and completed by February-March 
for the student launch

 Ductile, Non-Ferus Casing – Must be housed correctly to make sure 
possible fragments or sparks are avoided

Figure 7: Rocket Motor Test Stand

Source: BPS Space YouTube [4]
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• New technical requirements 

break down the safety to be 

more specific

• New customer requirements 

to account for the cost of the 

project.

QFD
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• Each ER correlates strongly to at 

least one customer need

• The test stand has the highest 

technical importance

o Sturdy = Safer

o Allows us to quickly iterate 

propellant

QFD



 By applying a heat flux 

of 230 𝑥 104 𝑊/𝑚2

directly to the upper 

frame

 Max temperature is 

844.15 degrees F

 Aluminum can warp at 

400 degrees F

 Steel can warp at 1500 

degrees F

 The aluminum 

extrusion should be 

wrapped in thermal 

shielding to prevent 

damage

ENGINEERING CALCULATIONS: TEST STAND
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 Stresses dissipate quickly

 Mitigates system parts which 

experience stress

 Shows how the forces stay local to 

base plate

 Max normal stress is 22.9 psi, causing 

minimal fatigue

 Max shear stress is 4.19 psi due to 

pressure from load cell on the plate

 This small of a shear stress and normal 

stress over the approximate 4 second 

intervals of motor testing won’t 

impact the structural integrity.

ENGINEERING CALCULATIONS: TEST STAND
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ENGINEERING CALCULATIONS: PROPELLANT
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T

T= F/A

T= Fa/ (h* 2 *Pi*r)

Tmax= FS* Fa/ (h* 2*Pi*Ri)

Tmax= (Fa/ (h* Ri)) * (0.75/Pi)

For a 35 mm motor

Ri= 7/16 in

h= 4.5 in

Fa~ 280 lbf

Tmax= (1245.5 N/ (0.1143 m* .0111125 m)) * 

(0.75/Pi)= 234097.6846 pa

Tmax~ 0.5*Tensile

Tensile= 0.468195 Mpa

Tensile Actual~ 1.5 Mpa [2]



MATLAB is used for the primary calculations.

 Ease of use

 Quick calculations given a small material change

 Concise and readable

These are the major factors we must consider to make sure 

our casing is successful and retains the high pressures and 

temperatures that are experienced:

 Hoop Stress

 Axial (Longitudinal) Stress

 Overall Material Selection

ENGINEERING CALCULATIONS: MOTOR CASING (REMY)
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[2] MATLAB logo, 

Source: wikipedia.org

Figure 8: Rocket Motor Casing Various Sizes

Source: Sunward Hardware Casing [5]
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Hoop Stress: The stresses acting on the circumference of a pressurized cylinder

First, we must analyze which equation we 

must use (Thick/Thin Walled)

Thick Walled:

Thin Walled:

Equations from 

Shigleys Mechanical Engineering 

Design Textbook [1]



ENGINEERING CALCULATIONS: MOTOR CASING (REMY)

Remy

11/6/23

Rocket 

Propulsion

Team 3

Axial Stress: The stresses acting on the end caps of the cylinder

Thick Walled:

Thin Walled:

Equations from 

Shigleys Mechanical Engineering 

Design Textbook [1]



Method of Characteristics (MOC)
- Computes the minimum-length, ideal curve of an axisymmetric 

nozzle.

The Characteristic mesh is calculated with solving for the 

compatibility equations for an inviscid, irrotational, axisymmetric 

supersonic flow:

ENGINEERING CALCULATIONS: NOZZLE
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𝑑𝜃 = ∓ 𝑀2 − 1
𝑑𝑉

𝑉
±

1

𝑀2 − 1 + cot(𝜃)

𝑑𝑟

𝑟

When substituting the differential of the Prandtl-Meyer 

function, dν, the final compatibility equations are as follows:

𝑑(𝜃 + ν) =
1

𝑀2 − 1 − cot(𝜃)

𝑑𝑟

𝑟

𝑑 𝜃 − ν = −
1

𝑀2 − 1 + cot(𝜃)

𝑑𝑟

𝑟

(along a C- characteristic)

(along a C+ characteristic)

The MATLAB program requires user input for the estimated 

exit Mach number (Me), the heat capacity ratio (γ)

The equations are as follows:

Exit Mach Number:

𝑀𝑒 =
𝑉𝑒

𝛾𝑅𝑇𝑒

𝛾 =
𝑐𝑝

𝑐𝑣

𝑐𝑝 − 𝑐𝑣 =
𝑅

𝐽

𝑐𝑝 =
𝛾𝑅

𝛾 − 1  𝐽

Where,

𝜃 =  deflection angle

𝑀 = Initial Mach number of supersonic flow

𝑀𝑒 = Mach number at nozzle exit

ν = Prandtl-Meyer function



Shannon

11/6/23

Rocket 

Propulsion

Team 3

• Critical Modes of Failure
• Top extrusion bars experience temperature 

deformation

• Bottom extrusion bars experience force 

deformation

• Mitigation of Potential Failures: 
• Coating/ wrapping extrusion top bar with 

thermal shield

• Simulate different ways of connecting load cell 

plate to extrusion bar

• Risk Trade Off Analysis:
• Ansys static structural and thermal simulations 

• Testing Procedures
• Burning motors on the test stand 

• Checking for deformations of parts

• Checking bolts for loosening

• Required Equipment 
• Safety glasses, test stand, rocket motor, safety 

barrier 

• Large open area with little to no vegetation

ENGINEERING 

VALIDATION: 

TEST STAND





ENGINEERING 

VALIDATION: 

PROPELLANT
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• Critical Modes of Failure
• Propellant grains 

experiencing Force deformation

• Propellant grains having 

accelerated burn rate

• Mitigation of Potential Failures:
• Multiple team members check 

the hardness of grains

• Manufacturing the grains with 

the use of a shake table

• Testing Procedures
• Measure hardness

• Weighing grains

• Measuring the volume of grains

• Required Equipment

• Hardness tester

• Scale and calipers

• PPE
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• Critical Modes of Failure
• Aluminum casing experiencing a 

rupture which destroys the 

casing and is a safety hazard

• Mitigation of Potential Failures:
• Ensure uniform thicknesses and 

looking for material 

imperfections

• Ensure grains are free of voids or 

pits

• Risk Trade Off Analysis:
• Ensuring tubing is uniform and 

free of pitting and other 

manufacturing defects

• Testing Procedures
• Attempt a hydrostatic test with 

the casing to make sure it can 

withstand experienced pressures

• Required Equipment

• Micrometer

ENGINEERING 

VALIDATION: 

MOTOR CASING
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• Critical Modes of Failure
• Cross sectional area of throat is too small, 

causing over pressurization of motor 

casing

• Diverges too quickly, causing flow 

separation and subsequent side-loading 

forces

• Temperature deformation

• Mitigation of Potential Failures: 
• Quality assurance checks on O-rings

• Measure nozzle geometry with 

micrometers after manufacture

• Run simulations with MOC, CFD, FEA

• Testing Procedures
• Simulation software

• Small scale experimental tests

• Required Equipment 
• Lathe

• Micrometers or calipers

• Manual Press

ENGINEERING 

VALIDATION: 

NOZZLE
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CURRENT SCHEDULE AND PROGRESS

Shannon

11/6/23

Rocket 

Propulsion

Team 3



SPRING SCHEDULE GANTT CHART PART 1
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SPRING SCHEDULE GANTT CHART PART 2
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THANK YOU!

QUESTIONS?
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