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PROJECT DESCRIPTION

Shannon 
10/9 

Rocket 
Propulsion 

Team 3

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

• Develop a unique Ammonium Perchlorate Composite 

Propellant (APCP)

• Design and build a rocket test stand

• Work with EE team to input thrust data

• Have at least two motor testing's small scale

• Develop a motor casing 

• Optimize rocket motor

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

Figure 1: Rocket Launch

Source: High Power Rocketry [1]



PROJECT PURPOSE

• Research and develop new formulas for rocket propellants

• Build large scale motor such that NAU Rocket Club can follow 

our designs

• Design and build a test stand for NAU Rocket Club

• Assist in development of aerospike nozzle design

• Develop skills in the aerospace field
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Figure 2: Propulsion 

section cut

Source: Solid 

Propulsion 

Development [2]

Figure 3: Test Stand

Source: Duluth Rocketry Team[3]



FUNDING AND STAKEHOLDERS

• Project funding is being provided by W.L. Gore & Associates

• Our primary client is NAU Rocket club

• Our propulsion system will be improved upon and used in 

future club projects

• Have interest in a unique propulsion system that may be scaled 

up in size

• Additional Stakeholder: Professor Carson Pete

• Faculty advisor for the NAU Rocket club

Andrew
10/9

Rocket 
Propulsion

Team 3

NAU Rocket Club



BLACK BOX MODEL: ROCKET PROPULSION
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Figure 4: Propulsion Test

Source: Space News [4]



BLACK BOX MODEL:  TEST STAND
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Figure 5: Test Stand

Source: Mobile Test Stand [5]



CONCEPT GENERATION: PROPELLANT FORMULATION

Percent By 

Weight

Component

70% Ammonium Perchlorate

15% Aluminum Powder

14% Binder

1% Additives

Percent By 

Weight

Component

65% Ammonium Perchlorate

20% Aluminum Powder

14% Binder

1% Additives

Percent By 

Weight

Component

60% Ammonium Perchlorate

25% Aluminum Powder

14% Binder

1% Additives

• All percentages align with the ranges found in our 

sources

• Generated by looking at percentages in sources and 

comparing and compromising between them
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ENGINEERING CALCULATIONS: PROPELLENT FORMULATION

 ProPep will calculate these things for us

 The governing equations are important
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Equation 1: Exhaust Velocity Equation [11] Equation 2: Specific Impulse Equation [11]
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• The Datum is an average of all formulas used for similar projects

CONCEPT EVALUATION: PROPELLANT FORMULATION



CONCEPT GENERATION: PROPELLANT GEOMETRY: BURNSIM DATA

Propellant Properties Used:

"Cherry Limeade" formulation created by MIT. [1]

Nozzle Properties Used:

Standard un-drilled 75mm solid rocket motor nozzle. [2]
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CONCEPT GENERATION: PROPELLANT GEOMETRY DEFINITIONS

BATES Grain C-Slot Grain D-Grain Moon Grain

Star Grain X-Core Grain Finocyl Grain
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Figures 6 and 7: Rocket Motor Grain

Source: K6r6 YouTube [6]

Figure 6.

Figure 7.



ENGINEERING CALCULATIONS: PROPELLANT GRAIN GEOMETRIES 1
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ENGINEERING CALCULATIONS: PROPELLANT GRAIN GEOMETRIES 2
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ENGINEERING CALCULATIONS: PROPELLANT GRAIN GEOMETRIES 3
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CONCEPT SELECTION: PROPELLANT GEOMETRY
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Major Factors: Casing Pressure, Burn Time, Impulse, Propellant Mass, & Curve Characteristics

Concept 1: 

Properties

Concept 1: 

Results

Max Casing Pressure 1791 psi

Burn Time 3.41s

Total Impulse 5387 Ns *

Propellant Mass 3.92 lbs. **

Concept 3: 

Properties

Concept 3: 

Results

Max Casing Pressure 1724.9 psi *

Burn Time 4.02s *

Total Impulse 5344 Ns

Propellant Mass 3.882 lbs.

Concept 2: 

Properties

Concept 2: 

Results

Max Casing Pressure 2202.9 psi **

Burn Time 3.23s m **

Total Impulse 5007 Ns **

Propellant Mass 3.637 lbs. *

* - Ideal Measures

** - Non-Ideal Measures



CONCEPT SELECTION: PROPELLANT GEOMETRY
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CAD MODELS

Isometric View of the grains arranged in 

firing form. The white parts are the grains 

and the black part is the graphite nozzle.

Section view of the firing form grain arrangement. Like we saw in the 

grain geometry concept selection, these are exactly what we expect 

to cast for our grains. An aluminum casing will slide over this 

arrangement with an insulation material under it.
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CAD MODEL (PROPELLANT GRAIN MOLDING APPARATUS
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CONCEPT GENERATION ~ VERTICAL TEST STAND DESIGN 1
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Design Features:

• Motor secured to vertical rail on a linear bearing

• Easy to build, simplistic design

• Build from aluminum extrusion, which we already have

Disadvantages:

• The exhaust gas directly impacts the frame

• The motor will apply moment force on the linear 

bearing, which increases friction



ENGINEERING CALCULATIONS ~ VERTICAL DESIGN 1
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Given:

Impulse (I) = 5120.00 N-sec

Burn Time (t) = 4 sec

Gravitational Acceleration (g) = 9.80665 

m/s2

Coefficient of Static Friction (μ) = 0.56

Solution:

Find:

Case A: Reaction Forces Present in 

an ideal motor test (perfectly 

vertical)

Equations:

𝐼 = 𝐹𝑡  ∗ 𝑡

𝐹𝑡 =
𝐼

𝑡
𝐹𝑥 = 𝐹𝑡 ∗ cos(𝜃)

𝐹𝑓𝑠 = 𝐹𝑅 ∗ μ

Case A Case B

𝐹𝑡 1280.00 N 1280.00 N

𝐹𝑅 1280.00 N 1260.55 N

𝐹𝑥 - 222.27 N

𝐹𝑓𝑠 - -222.27 N

Case B: Reaction forces present in a 

scenario where motor is not 

perfectly mounted (10 degrees from 

vertical).

Coefficient of Static Friction 

(μ) must be greater than 
0.176 to keep the design still



CONCEPT GENERATION ~ VERTICAL TEST STAND DESIGN 2
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Design Features:

• Motor secured with 6 bearings

• Bearing mounts can be altered to secure multiple 

motor diameters 

Disadvantages:

• Building would require 

differently sized extrusions

• Motor is held in place 

from 3 angles instead of 4



ENGINEERING CALCULATIONS ~ VERTICAL DESIGN
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Given:

Impulse (I) = 5120.00 N-sec

Burn Time (t) = 4 sec

Angle = 10 degrees

(Assume frictionless surface)

Solution:

Find:

Case A: Reaction Forces Present in 

an ideal motor test (perfectly 

vertical)
Equations:

𝐼 = 𝐹𝑡  ∗ 𝑡

𝐹𝑡 =
𝐼

𝑡
𝐹𝑥 = 𝐹𝑡 ∗ cos(𝜃)

Case A Case B

𝐹𝑡 1280.00 N 1280.00 N

𝐹𝑅 1280.00 N 1260.55 N

𝐹𝑐 - 314.34 N

𝐹𝑐𝑦 - 222.27 N

Case B: Reaction forces present in a 

scenario where motor is not 

perfectly mounted (10 degrees from 

vertical).



CONCEPT GENERATION ~ VERTICAL TEST STAND DESIGN 3

Design Features:

• Securely holds load cell

• Forces are distributed into ground

• Attaches at multiple points

• Points of contact are low friction

• Adjustable top allow for different 

diameters and heights

• Simple to build

• Structurally stable

Disadvantages:

• Must account for gravity in calculations

• Must design and build specialty part to 

hold load cell
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Figure 8: Propulsion Test

Source: BPS Space [7]



ENGINEERING CALCULATIONS ~ VERTICAL DESIGN 3

 The maximum force applied to the load cell is 5120 N*s of impulse, or 287.8 lbf of thrust.

 By applying this force in the –Y direction to the load cell:

 Largest stress is 381.7 psi

 Must reinforce plate and load cell to support 381.7 psi * Factor of Safety

 Assuming a F.O.S. of 1.5:

 381.7psi * 1.5 = 572.6 psi

 Must design the load cell support structure and plate to withstand 572.6 psi

 The thrust forces can dissipate through the ground once moving through the plate

 This allows the rest of the structure to not experience the forces of the motor, reducing modes of failure
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CONCEPT GENERATION ~ HORIZONTAL TEST STAND 1

Design Features:

• Mounting blocks to ensure stability
• Gravity is negligible
• Load cell is mounted to plate
• No need to build load cell holder
• Allows for all diameters

Disadvantages:

• Friction between clamps and motor
• Large forces on plate and supports
• Must be a certain height
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ENGINEERING CALCULATIONS ~ HORIZONTAL DESIGN 1

𝐼𝑚𝑝𝑢𝑙𝑠𝑒 = 5120 𝑁 ∗ 𝑠 = 5120 𝑁 ∗ 𝑠
1

4 𝑠

0.224808943𝑙𝑏𝑓

𝑁
= 287.76 𝑙𝑏𝑓 𝑇ℎ𝑟𝑢𝑠𝑡

Where 4 seconds is the approximate burn time 

+ ∑𝑀𝐷 = 0

𝑅1 18𝑖𝑛 − 𝐹𝑇ℎ𝑟𝑢𝑠𝑡 9𝑖𝑛 − 𝐹𝑇ℎ𝑟𝑢𝑠𝑡 4𝑖𝑛 = 0
𝑅1 18𝑖𝑛 − 287.8𝑙𝑏𝑓 9𝑖𝑛 − 287.8𝑙𝑏𝑓 4𝑖𝑛 = 0

𝑅1 = 204.9𝑙𝑏𝑓

+ ∑𝐹𝑦 = −204.9𝑙𝑏𝑓 + 𝑅𝐷𝑦 = 0

𝑅𝐷𝑦 = 204.9𝑙𝑏𝑓

+ ∑𝐹𝑥 = 204.9𝑙𝑏𝑓 − 𝑅𝐷𝑦 = 0

𝑅𝐷𝑥 = 287.8𝑙𝑏𝑓

+ ∑𝑀𝐵 = 0

− 287.8𝑙𝑏𝑓 9𝑖𝑛 − 287 .8𝑙𝑏𝑓 4𝑖𝑛 + 𝑀𝐷 + 204.9𝑙𝑏𝑓 18𝑖𝑛 = 0
𝑀𝐷 = 53.2 𝑙𝑏𝑓 ∗ 𝑖𝑛

−𝑅𝐴𝑦 + 𝑅𝐷𝑦 + 𝐹𝐵 = 0

−𝑅𝐴𝑦 + 204.9𝑙𝑏𝑓 + 2 − 4.9𝑙𝑏𝑓 = 0

𝑅𝐴𝑦 = 409.8𝑙𝑏𝑓
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• Based on the shear force and bending moment diagram, the greatest stress will occur at point B. Therefore, this 

design may be more likely for failure since member EB would need to be greatly reinforced.

• The required design must account for max stress:

• Assuming F.O.S= 1.5

• 409.8 lbf * 1.5 =614.7 lbf



CONCEPT GENERATION ~ HORIZONTAL TEST STAND 2

Design Features:

• Friction is negligible

• Gravity is negligible

• Simple to build

• Cost efficient

Disadvantages:

• Less contact with motor

• High stress points

• More likely to fail
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ENGINEERING CALCULATIONS ~ HORIZONTAL DESIGN 2
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• Applying 287.8 lbf in the –X direction to the motor casing mount:

• Force max is 488.5 psi

• Would require multiple steel plates supporting the back wall

• More likely to failure

• More likely for fatigue and deformation

• Assuming F.O.S of 1.5:

• 488.5psi * 1.5 = 732.8 psi

• Must design back plate to withstand 732.8 psi



CONCEPT GENERATION ~ HORIZONTAL TEST STAND DESIGN 3
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Design Features:

• Motor is mounted to linear bearing

• Easy to build, yet rigid structure using aluminum 

extrusion

• Base plate to provide support to load cell

Disadvantages:

• Must be secured to a hard immovable surface

• This would significantly increase our project cost

• The mounting bolts must be able to resist the thrust 

force



ENGINEERING CALCULATION ~ HORIZONTAL DESIGN 3
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Force Force (N)

𝐹𝑡 1280

𝐹𝐴𝑥 1280

𝐹𝐴𝑦 320

𝐹𝐵𝑦 320

Equations:

𝐼 = 𝐹𝑡  ∗ 𝑡

𝐹𝑡 =
𝐼

𝑡

 𝑀 = 0

 𝐹𝑥 = 0

 𝐹𝑦 = 0

Given:

Impulse (I) = 5120.00 N-sec

Burn Time (t) = 4 sec



CONCEPT EVALUATION
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CONCEPT SELECTION: TEST STAND CAD MODEL
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3 ft

18 in



SCHEDULE
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BUDGET
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CURRENT BILL OF MATERIALS
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CURRENT BILL OF MATERIALS: (CONTINUED)
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THANK YOU!

ANY QUESTIONS?
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