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PROJECT DESCRIPTION

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 thrustdata
*  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

D) Figure I: Rocket Launch Shannon
Source: High Power Rocketry [1] 10/9
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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

Figure 3: Test Stand
Source: Duluth Rocketry Team[3]

Figure 2: Propulsion
section cut

Source: Solid
Propulsion
Development [2]
Shannon
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FUNDING AND STAKEHOLDERS

Project funding is being provided by W.L. Gore & Associates
Our primary clientis 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
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BLACK BOX MODEL: ROCKET PROPULSION
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Source: Space News [4]
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BLACK BOX MODEL: TEST STAND
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Figure 5: Test Stand
Source: Mobile Test Stand [5]
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CONCEPT GENERATION: PROPELLANT FORMULATION

Percent By Component Percent By Component
Weight Weight

70% Ammonium Perchlorate 65% Ammonium Perchlorate
15% Aluminum Powder 20% Aluminum Powder

14% Binder 14% Binder

| % Additives | % Additives

Percent By Component
Weight * All percentages align with the ranges found in our

o . sources
60% Ammonium Perchlorate * Generated by looking at percentages in sources and
25% Aluminum Powder comparing and compromising between them
1 4% Binder

Tors
. . 1

| % Additives Rocket
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ENGINEERING CALCULATIONS: PROPELLENT FORMULATION

C.) ”'1 Moi_l FAL 1'é’wo H}onLfHB( Ciq OL"PHL*'C'O*'HC'*HIO*Nl*A]"O} rCo, +H

L ~— [ |
AP Binder Main Products
B k=11
ok RYiM To : D k;
2 k-1 Isp 0| —— — —
k| —— d YERU'E P,
k+1
Equation |: Exhaust Velocity Equation [I I] Equation 2: Specific Impulse Equation [I |]

X ProPep will calculate these things for us
X The governing equations are important

Grace
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ﬂ ProPepMain

File Options Multiple Runs  MNotes  About

Propellant Formulation  Grain Information Test Bums

AMMONIUM PERCHLORATE

Compute A & N

ALUMINUM (PURE CRYSTALINE)

HTPB (R-45M)

IDP (B. LEE)

[ ]
Calculate

Display
Results

Display
MNozzle
Graphs

85! Results . O %
Copy Resultsto a File  Copy Results to Clipboard
Code WEICHT D-H DENS COMPOESTITION
0 AMMONIUM PERCHLORATE TO_00a -&01 0.07040 1 CL 4 H 1H 4 0
0 ALUMINUM (PFURE CRY¥STALIHNE) 15.000 0 0.05750 1 AL
0 HTFE (R—45H) 10,000 —-2€7 0.03250 200 C 302 H 20
0 IDP (B. LEE) 5.000 -902 0.02120 38 H 13 C 20

THE PROPELLANT DENSITY IS 0.0€l22 LB/CU-IN CR
THE TOTAL PROPELLANT WEIGHT IS 100_0000 GRAMS

1.7127 GM/CC

NIMEBER OF GRAM ATOMS OF ERCH ELEMENT PRESENT IN INGREDIENTS

4.122274 H
1.042540 C
0.5357€0 N
2.423842 O
0.555%9&7 AL
0.5557&0 CL

=

B I o o e e,

Ak kkkhkhkkkkkkkkhkkk kb skt v CHAMBER DESULTS FOLLOW
TI(E) | T{F) P(ATH) P{P5I) ENTHRLPFY ENTIROPY cpsor GAS RI/V
3171 | 5245 €3.02 1000.00 -50_28 231.57 1.1830 3.7¢l 12.08%

SPECIFIC HEAT (MOLRR) OF GAS AND TOTAL = 5.532 1l1l.5:82

NIMEER MOLS GAS RND CONDEMSED = 3.7El 0.270

5.555%186e—-001 HC1 4_5965c42e—-001 H2O
5.2250&2e—-002 CO2
2.€01l1€7e—-003 R1C1Z
5.542881e-004 NO
2_750231e-005 NH3
4_808235e—-005 CNH
1.735327e—-005 R1H
5.414812e-00€ OC1
1.705902e-00€ R1202

1.246371e+000 H2
2.574772e-001 N2
2.048355%e-002 C1
2.154777e-003 RA1OCL
5.3241221e-004 RAIHO
T.5925526e-005 CHO
4.750404e—-005 C12
1.€85252e-005 NH2
5.0€4441e-00 N
1.2315%c2E-0& NHO

5.9€0065e—-001 CO
2.702688e—-001 R1203* ©.8255%20e-002 H
1.042451e—-002 HO 7.428241e—-003 RI1C1
7.5872877e-004 RIC1Z €.622€73e-004 RIHOZ
3.408601e-004 © 1.015573e-004 R1O
©.6159562e—-005 A1 5.353000e—-005 02
3.2€82855%e-005 COCL 1.87123%e-005 R120
1.2€421€e-005 CHZOD 1.0€45934e-005 HOCL
4.2470032e-008 NH 2.1€28182e-008 CHNHO

THE HMOLECULAR WEIGHT OF THE MIXTURE IS Z4 3802

R R R R R

Hk Ak h kR R R Rk Ak Ak h ok kkhkd R d kAW ERHATST RESULTS FOLLOW
T(E) T{F) PE(ATH) P({PSI) ENTHRALPY ENTIROEY CB/CV GRS BRT/V

1213 2204 1.00 14.70 -12g.55 231.5%7 1.2129 3.70& 0.270
SPECIFIC HERT (MOLRR) OF GAS AND TOTRL = 2.8%¢ 10.531
NUMBEER MOLS GRS RND CONDENSED = 3.706 0.278

5.953732e-001 HC1
2.E€€5350e-002 C02
€.440320e-008 R1C13

4.54€225e-001 HZO
2.772871le-004 H
€.384079e-00¢€ NH3

1.308272e+000 HZ
2.5785028e-001 N2
3.04111%e-004 C1

S.€L7747e-001 OO
2.7759€15e-001 R120D3s
2.115714e-005 HO

THE HMOLECULAR WEIGHT OF THE MIXTURE IS 25.101
Ahdkb bk P EDEDPORMANCE :  FROZEN ON FIRST LINE, SHIFTING ON SECOND LINE & &&dbdwkdd
IMFULSE I5 EX i B c* ISp* OPT-EX D-ISP A*M EX-T

252.1 1.150% 2855 32.52 5042.1 S5.04 421.7 0.15&7% lcl4
258.4 1.134%2 2979 35.28 5155.5 pR-1-98-] 5.47 442.5 0.1€152 1213

Grace
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ﬂProPepMain = O
File  Options Multiple Runs  Motes  About

Propellant Formulation  Grain Information  Test Bums  Compute A & N

AMMONIUM PERCHLORATE
ALUMINUM (PURE CRYSTALINE)
HTPB (R-45M)

IDP (B. LEE)

[ ]
Calculate

] Display
Display Mozzle
Results Graphs

ot Results - O X

Copy Resultsto a File  Copy Results to Clipboard

Code WEIGHT D-H DENS COMDPOESTTION
0 AMMONIUM PERCHLORRTE €5.000 -€01 0.07040 1 CL 1 H 1N 4 0
0 ARLUMINUM (PURE CRYSTRLINE) 20.000 0 0.05750 1 AL
0 HIPE (R-45M) 10,000 -3€7 0.03250 200 C 202 H 20
0 IDP (B. LEE) 5.000 =908 0.03120 328 H 13 C 20
THE PROPELLEANT DENSITY IS 0O_.0c2€é4 LB/CU-IN OR 1.7335% GM/CC
THE TOTAL PROPELLANT WEIGHT IS 100_0000 GRAEMS
NUMBER OF GRAEM ATOMS OF EARCH ELEMENT PRESENT IN INGREDIENTS
3.552058 H
1.042540 C
0.553208 N
2.353€25 0O
0.741250 RL
0.55320€ CL
wwwwwwwwwwwwwwwwwwwwwmm RES'UI.TE m kkkokokokokokkokokokokokokokokokokokokkokokkkokkk
TI(F) PI{ARTH) D{PSI) ENTHRLPEY ENIRODY CP/CVT GRS RI/V
5378 €2.02 1000.00 -47.28 22€.€9 1.1751 3.€€l 12.582
SPECIFIC HEAT (MOLRLR) OF GAS AND TOTAL = 9.125 12.217
NUMBER MOLS GAS RND CONDENSED = 3_ecl 0_334
1.528370e+000 HZ 1.032785e+000 CO 4_47705%1le—001 HC1 3.344084e-001 R1203

2_76258%e-001 N2
1.7744595e—-002 C1
2.836654e-002 R1OCL
5.334271e-004 R1HO2
2.01%72¢e—-004 R1H
1.045302e-004 CHO
1.€455943e-005 CH2IO
€.220742e-00€ NH
1.59245€e-00c CH4

1.745455e—-001 H20
1.5335%593=-002 CO2
2.103738e-002 R1C13
4.215%1le0e—004 R12ZO
1.510537e—-004 CNH
2.55452%e-005 Cl2
1.11727€e-005 R1202
3.€€45958e-008 CNHO
1.745054e-00g CN

S5.047348e—-002 H
1.512214e—-002 RIC1Z
1.520144e—0032 RAL1HO
2.2215%ce—-004 RI1O
1.4€3274e—-004 O
2.827€5%e-005 COOCL
7.223355e-00e N
3.08€€80e-008 HOCL
1.€20755e-00& OCL

4_721307e—-002 RAIC1
4_151210e-003 HO
7.2759522e-004 AL
2.1€5420e—-004 NO
1.125000e-004 NH3
2.3€2501le-005 NHZ
€.E€32437e-00€ OZ
2.585€587e-00€ CHI
1.13201€5e-00€ R1HO

THE MOLECULAR WEIGHT OF THE MIXTURE IS 25.030

Ak A AR AR E R LA LA L AR h R Ak d kAW ENHATST RESULTS FOLLOW B
T(E)] TI(F) P (LTH) P(P5SI) ENTHRLPY ENTIROPY CE/CT ELE BTV
2044 3220 1.00 14.70 -125.77 22e.8% 1.1%5%3 3.531 0.27%

SPECIFIC HEAT (MOLAR) OF GAS AND TOTAL = g.544 10.813

NUMBER MOLS AS AND CONDENSED = 3.581 0.370

1.€15255e+000 HZ
2.7€5713e-001 N2
1.3335385%e-003 CL
3.002181e-005 HO
1.2232€E-0€ R1HOD

1.03721ce+000 CO
2.2€28571e—-002 H20
2.01312¢€e—-004 RI1CI13
1.2505€5e—-005 R1OCL

5.507435e—001 HC1
1.1245288e—002 Q02
1.7238€5%e—004 RIC1
£€.481&€25%e—00& CNH

3_.703645e—-001 R1203
5.25555c6e-003 H
1.357343e—-004 R1C1Z
5.7€€320e—-00& NH3

THE MOLECULAR WEICHT OF THE MIXTURE IS 25.208

ARAEL L ek DERPORMRENCE :  FROZEN ON FIRST LINE, SHIFTING ON SECOND LINEY&rarikidkd

IMPULSE Is EX I~ ok cx Isp* OPT-EX D-ISP LYY EX-T
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10/9
Rocket
Propulsion
Team 3



|ProPepMa'|n
ile  Options  Multiple Runs  MNotes  About

pellant Formulation  Grain Information  Test Bums  Compute A& N

oncept 3 eight (gr

AMMONIUM PERCHLORATE e 60.00
ALUMINUM (FURE CRYSTALINE) w 2500
HTPB (R-45M) v 10.00
IDP (B. LEE) ~ 5.00
w 0.00

e 0.00

e 0.00

w 0.00

w 0.00

e 0.00

e 0.00

w 0.00

e 0.00

o 0.00

e 0.00

100.00

= O

298

1000

14.70

Calculate

] Display
Display MNozzle
Results Graphs

8-/ Results i 0 X

Copy Resultsto a File  Copy Results to Clipboard

Code WEIGHT D-H DENS COMPOSITION
0 BMMCONIUM PERCHLORATE &0_000 -&01 0_.07040 1 CL 4 H 1N 4 O
0 ALUMINUM (PURE CRYSTALINE) 25._000 0 0.05750 1 AL
0 HTPEB (R-45M) 10.000 —3&7 0.03250 200 C 302 H 20
0 IDP {(B. LEE) 5.000 —-502 0.02120 38 H 13 C 20
THE PROPELLANT DENSITY IS 0.0€3242 LE/CU-IN OR 1.755€ G/CC
THE TOTARL PROPELLENT WEIGHT IS 100.0000 GRLMS
NUMBER OF GRAM RTOMS OF ERCH ELEMENT PRESENT IN INGREDIENTS
3_72l841 H
1.043540 C
0_510&51 N
2.033408 ©
0.92gel2 AL
0.510e51 CL
wwwwwwwwwwwwwwwwwwwwwwwwwwwwm REE‘UI.TE m Akekok ok ok okkokokok ok okokok ok ok okokokokokokokokokkkk

TIE)| TI{F) P{ATM) D{DEI) ENTHRLPY ENTROPY Cp/sCw GRS RI/V
2123] 51l¢€l €2.02 1000.00 -44 .37 220.02 1.1772 3.€00 12.853¢€

SPECIFIC HEAT (MOLRR) OF GAS AND TOTAL = 8.37¢ 12.053
NUMBER MOLS GAS AND CONDENSED = 3.&00 0.330

1.71451ce+000 H2Z
2.l€g%04e—-001 HCL
3.0€5577e-002 HIO
3.058705e-003 RIC1E
1.42125%2e-003 R1H
1.404%8¢le-004 NH2
2.285815e-005 CH4
1.505132e-005 CH2O
7.135681le-00€ CN
3.445210e—-006 N
1_05752E-0& CNC1

1.044524e+000 CO
Z.038551e-001 RIC1
5.22304%7e-003 CL
2.€95320e-003 R1OC1
1.2€5511e-003 CNH
1.28445%€e-004 RIHOZ
2.027340e-005 CH3
1.0228€2e-005 O
4_€33540e—-006 Cl2
2_T7225967e—006 RAl12

3.304450e—-001 R1203*
€.838055%e-002 H
5.€17128e-003 R120
2.422410e-003 C02
4.556235e-004 HO
5.100835e-005 CHO
1.570254e-005 NO
1.0ee5ece—-005 COC1
3.725427e—-00& CNHO
1.756622e—00& CH2

2.54565%4e—-001 N2
3.68245€0e-002 RI1C1Z
4.50021%e-003 R1
2.283812e-003 R1HD
3.11€132e-004 R1O
2.2855232e-005 R1202
1.9€875€e-005 NH2
1.044258e-005 C2H2
3.686930e—-00& NH
1.231752e-006 AIHO

THE MOLECULARR WEIGHT OF THE MIXTURE IS 25.443

Ekkkkkkk kb kbbb kkkkk bk d k4 VEYHATST BESULTS FOLLOW B T e R T U (U R S SR
T(E) TI{(F) D{ATM) P{(P5SI) ENTHRLEFY ENTROPY Cesov GAS RI/V
1333 3020 1.00 14.70 -1ll2.02 220.02 1.2023 23.500 0.28¢

SEECIFIC HEAT (MOLRR) OF GAS AND TOTAL = 3.588 10.747

NIMBER MOLS GAS RND CONDENSED = 3.500 0.347

1.305328e+000 H2
1.5230751e—-001 HCL
4.428411e—-003 CNH
1.€1773€e-004 CL
1.8972328e-005 002
2.0724E-0€ NH3

1.043073e+000 CO
1.463217e-001 RAICL
2_.553€73e-003 H
1.415%530e-004 HZO
1.2€0842e-005 R120
2.0724E-0€ NH32

3.466747e—-001 RA1203&
4.5941271e—-002 R1C1Z
3.4259385e—-004 CZHZ
3.597274e-005 R1
5.3785825e-00g R1H
2.0724E-0€ NH3

2.530821e-001 N2
3.735645e-002 RI1C1Z
2.5570€%e—-004 CH4
1.503442e-005 R1OCL
2.917%€0e-00€ CH2

THE MOLECULAR WEIGCHT OF THE MIXTURE IS 25.9355

FAkL Ak r st PERFORMBNCE : FROZEN ON FIRST LINE. SHIFTING ON SECOND LINE**&*ddddwd
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CONCEPT EVALUATION: PROPELLANT FORMULATION

DATUM Option1l Option2 Option3

Criteria Weight
73% AP 70% AP 65% AP
Reach minimum altitude ++ _
Stay within Budget for the Project + ++
Dimensions meet constraints of rocket size 0 0

Stand withstands impulse of rocket testing
Meet Minimum Thrust to Weight Ratio Set by Tripoli

WIN W= W W
< C H4>r g
]

0
+
Complete final launch by march 2024 0 0 0
Non-Ferrous, Ductile Casings 0 0 0
+ 5 8 5
0 17 3 3 3
- 4 5 9
TOTAL 0 1 s |

Grace

. L. . 10/9

* The Datum is an average of all formulas used for similar projects proRocket
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CONCEPT GENERATION: PROPELLANT GEOMETRY: BURNSIM DATA

Mame:

Cherry Limeaid

-]

Standard Properties | pressure Varied Properties | Notes |

e 7237.57

ISP*: 225

BR Coef(a): |0.024525

BR Exp (n):

Density :

MNozzle Throat Dia:

Mozzle Exit Dia:

Expansion Rafio:

‘@

Ambient Pressure:
Efficiency:

Mozzle Dia Erosion

Thrust Coefficient

S. Heat Ratio: |1.21
Mol. Mass 0

Ibfin*3

0.485 inches

{* UseMozzle Calculations

6.57

J

1

-

-

0

1

Use Thrust Coefficient

.

inches

psi

in/sec

Area

Propellant Properties Used:

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

Nozzle Properties Used:

Standard un-drilled 75mm solid rocket motor nozzle. [2]

Remy
10/9
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CONCEPT GENERATION: PROPELLANT GEOMETRY DEFINITIONS

BATES Grain C-Slot Grain D-Grain Moon Grain

Figure 6.

Star Grain X-Core Grain Finocyl Grain

Figure7.  Rrem

10/
Rocket
Figures 6 and 7: Rocket Motor Grain Propulsion
Source: Kéré YouTube [6] Team 3



ENGINEERING CALCULATIONS: PROPELLANT GRAIN GEOMETRIES |

—Grains

i 2R X

Grain Type:

Propellant
Length:

Diameter:

Slot Width:
#ofpoints:

Fin Length:

|BaTES |
IZ— inches
IF inches

75
Core Diameter: ID.?S inches

IO.S inches
IE- inches
IU.SBE

Inhibited Ends: IU (0-2)
Add | Deletel Applyl Upl Downl

Bottom Grain s Nozzle End

]i Length Diameter Core Inhib. Type Prop.
1 275 2.557 0.75 o BATES Cherry Limeaid
2 275 2.557 0.75 o BATES Cherry Limeaid
3 275 2.557 0.75 o BATES Cherry Limeaid
4 275 2.557 0.75 o BATES Cherry Limeaid

Cherry Limeaid

Motor Cross-Section

Hozzle & Thrust | Prupellantsl Startupl

Mozzle Throat Dia:
{* UseMozzle Calculations

IT inches
Ir
[147 " psi
[85—
II]— in/sec

" UseThrustCoefficient

Thrust Coefficient |0

MNozzle Exit Dia:
Expansion Rafio:
Ambient Pressure:
Efficiency:

Mozzle Dia Erosion

II]ABS inches Area

Graph |Nntes |
Y
1000 -
0 I 0 | 05 15 2 25 3
X Axis Start |0 seconds X Axis End Iu seconds End Simat 0 % of max thrust

Sim Results | Graph Lines | Test Data

Initial Kn: 429 Burn Time:
Max Kn: 452 Propellant Length.:
Max Pc: 1791 psi Propellant Mass:

Volume Loading: 91.4% Total Impulse:

Port /Throat Area:  2.38 Motor Class:
Throat /Port Area:  0.418 Delivered ISP:
Core LD Ratio: 18.3 Peak Mass Flux:
Web: 0.9in

Activa =) ‘\\"\ IinA

~+
MALLIVaAlc Vvviiiu

3.41 sec.
13.75in

3.92 Ibs

B387 NS

5% M M-1580
308 sec.
3.08% Grain &

BurnSim Ready

Remy
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ENGINEERING CALCULATIONS: PROPELLANT GRAIN GEOMETRIES 2

File Action Settings View Help

i 28 I

—Grains
‘ : Nozzle & Thrust | PereIIants] Startup I
Grain Type ‘Finocyl _V_| Length \ Diameter | Core \ Inhik. | Type | Prop.
Propellant Cherry Limeaid = Finocyl Cherry Limea Mozzle Throat Dia: KUASS inches Area
g g N (¢ UseMozzle Calculations
oot lz— — 2 4 2557 0.875 BATES Cherry Limeaid
g ;
3 2 2.557 0.75 0 Finocyl Cherry Limeaid Mozzle Exit Dia: 125 inches
Diiameter: 2.557 inches
4 4 2.557 0.875 0 BATES Cherry Limeaid Expansion Rafio: 16464
Core Diameter: |0.75 inches
5 2 2557 0.875 0 BATES Cherry Limeaid Ambient Pressure: 147 psi
Fin Thickness: |0.5 inches
Efficiency: |85
# offins: 6 inches .
Mozzle Dia Erosion ED in/sec
Fin Length: 0.5
; " UseThrust Coefficient
Mator C -Sect
Inhibited Ends: [0 (0-2) bkt —
= Thrust Coefficient 0
Bottom G Is Nozzie End
Add I Delete ﬂ Apply I Up I Down I HT S s s
Graph lNDtes ]
- Sim Results | Graph Lines | Test Data
__——_‘—————_____ |
T B e Initial Kn: 519 Burn Time: 323 sec.
— Max Kn: 519 PropellantLength. 14in
il Max Pc: 22029 psi  Propellant Mass: 3.8637 lbs
T—
e Volume Loading: 833 % Total Impulse: 5007 NS
Port/Throat Area: 3.25 Motor Class: 96% L L-1550
Throat /Port Area:  0.308 Delivered ISP: 309 sec.
“ Core L/D Ratio: 16.7 Peak Mass Flux:  3.008 Grain &
" e Web: 0.84in
1000 o o
L —_—
'"“~-.4_>Hq_ — —
— —
0 | 0 0.5 l 1 2 25 | 3

¥ Axis Start |0 seconds

X Axis End |0 seconds

End Sim at

% of max thrust

BurnSim Ready

Remy
10/9
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ENGINEERING CALCULATIONS: PROPELLANT GRAIN GEOMETRIES 3

File Action Settings View Help

i 28 I

Core Diameter: IOAQ inches
Slot Depth: IU.E inches
4

—Grains
GrainType  [BATES | | mhib. | Type
Propellant lm Cherry Limeaid
Length: '6— inches A Cherry Limeaid
Phameter: W e 3 2 2557 0.2 o BATES Cherry Limeaid
2

Cherry Limeaid

# offins: I inches
Fin Length: ID.E-
Inhibited Ends: IO (0-2)

Bottom Grain Is Nozzie End

Add I Deletel Appryl Upl Downl

Motor Cross-Section

Nozzle & Thrust I Propelants | Startup |

Mozzle Throat Dia:

||1485 inches Area

' UseMozzle Calculations

MNozzle Exit Dia:
Expansion Rafio:
Ambient Pressure:
Efficiency:

Mozzle Dia Erosion

IT inches
o
|14-7— psi
IE-S—
IU— in/sec

" UseThrust Coefficient

Thrust Coefficient

-

Graph ] Notes |

1000
|,_
o |o |o.5 | 1 15 2 25 |3 |3.5
X Axis Start |0 seconds X Axis End Io_ seconds End Sim at D_ % of max thrust

Sim Resuts | Graph Lines | Test Data |

Initial Kn:

Max Kn:

Max Pc:
Volume Loading:

Port/Throat Area:
Throat /Port Area:

Core LD Ratio:
Web:

401 Burn Time:

440 Propellant Length.
17249 psi  Propellant Mass:
83.9% Total Impulse:
239 Motor Class:
0.418 Delivered I1SP:
16.5 Peak Mass Flux:
0.9in

4.02 sec.
14in

3.882 lbs
5344 NS

4% M M-1329
309 sec.
2.795 Grain 4

BurnSim Ready

Remy
10/9
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CONCEPT SELECTION: PROPELLANT GEOMETRY

Major Factors: Casing Pressure, Burn Time, Impulse, Propellant Mass, & Curve Characteristics
Concept I: Concept I: Concept 2: Concept 2:
Properties Results Properties Results

Max Casing Pressure 1791 psi Max Casing Pressure 2202.9 psi **
BurnTime 341s Burn Time 3.23s m **
Total Impulse 5387 Ns * Total Impulse 5007 Ns **
Propellant Mass 3.92 Ibs. ** Propellant Mass 3.637 Ibs. *

Concept 3: Concept 3:
Properties Results

. : * - Ideal Measures
*
Max Casing Pressure 1724.9 psi % _ Non.ldeal Measures
Burn Time 4.02s *
Total Impulse 5344 Ns Remy

Rocket

Propellant Mass 3.882 Ibs. Propulsion

Team 3



CONCEPT SELECTION: PROPELLANT GEOMETRY

Option 1 Option 2 Option 3
Criteria Weight Competition I
Motor
Reach minimum altitude 3 i : +
Stay within Budget for the Project 2 + - o
Dimensions meet constraints of rocket size 3 D + + +
Stand withstands impulse of rocket testing 1 A - + 0
Meet Minimum Thrust to Weight Ratio Set by Tripoli 3 T + . ++
Complete final launch by march 2024 2 U - +
Non-Ferrous, Ductile Casings 3 M 0 0 0
+ 12
0 17 1
- 3
TOTAL 0 e
Remy
10/9
Progl?l?i(grt\

Team 3



CAD MODELS

\ \ = 1 = /)
WWINII\N\NNE=== W/

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

Isometric View of the grains arranged in . .
, _ . grain geometry concept selection, these are exactly what we expect
firing form. The white parts are the grains . . . _— .
) , to cast for our grains. An aluminum casing will slide over this
and the black part is the graphite nozzle. . . . . .
arrangement with an insulation material under it.

Remy
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[
i

Standard 75mm Rocket
Nozzle Used. Made
from Graphite

SECTIONA-A
SCALE 1:2.5

-

.050
Standard Grain Gap

UNLESS OTHERWISE SPECIFIED,
DIMENSIONS ARE IN INCHES

NAME

DATE

XX = 1.0 DRAWN
XXX = £.00- ANGULAR == *

Remingon Desher

10/08/2023

XXKX=£000.  FRACTIONAL=+  [oopmer

Rocket Capstone Team

10/08/23 TITLE

SURFACE FINISH
\/_ APPROVED

Rocket Capstone Team

10108123

DO NOT SCALE DRAWING

Grain Stack with Common Nozzle

BREAK ALL SHARP EDGES AND
REMOVE BURRS

SIZE DWG NO.

THIRD ANGLE PROJECTION MATERIAL
APC

P
@6 Graphite

FINISH

A

Version 1

REV,

12,5

"ot

1
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CAD MODEL (PROPELLANT GRAIN MOLDING APPARATUS

A —— 60.0°

“ B DETAIL B
{ SCALE 4:1.5

|

]

I

I

| | 2.000
[

i

!

! 4
P SECTION A -A
A ASCALE 1:1.5 125 SCALE 1:1.5 A

UNLESS OTHERWISE SPECIFIED, NAME DATE
I RE IN INCHES

e T [ —
XK= 1000 RACTIONAL=+

CHECKED. e
SURFACE FINISH_/—

APPROVED.

Grain Molding Aperatus

DO NOT SCALE DRAWING

BREAK ALL SHARP EDGES AND
REMOVE BURRS

THIRD ANGLE PROECTION | MATERIAL FiNisH AT Iteration 1 " Remy
@G o 1:1|.5 [ " 1 of1] 10/9
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CONCEPT GENERATION ~VERTICAL TEST STAND DESIGN |

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

Andrew
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ENGINEERING CALCULATIONS ~VERTICAL DESIGN |

Equations:
I —_ Ft * t

F—I
E ¢

E, = F; x cos(0)
Frs = Fp* 1

Given:

Impulse (I) = 5120.00 N-sec

Burn Time (t) = 4 sec

Gravitational Acceleration (g) = 9.80665
m/s?

Coefficient of Static Friction (p) =0.56

Find:
Case A:Reaction Forces Present in Case B:Reaction forces presentin a

an ideal motor test (perfectly scenario where motor is not
vertical) perfectly mounted (10 degrees from

vertical).

Fe L
X

B

—

!'////T//////fl Fj:

R,

O | CascA [ CaseB |

F, 1280.00N 1280.00N
Fr  1280.00N 1260.55N

Coefficient of Static Friction
(1) must be greater than

E - 22227 N 0.176 to keep the design still Androw
Fys - -222.27N pr%ge%%;gﬁ



CONCEPT GENERATION ~VERTICAL TEST STAND DESIGN 2

— Design Features:

Motor secured with 6 bearings
Bearing mounts can be altered to secure multiple

Calles '{%r motor diameters

(1&4! +'l'0f\0\ \
& / Suppor ¥
e C Roc kef wmotor
/ Disadvantages:
O \\ r Building would require
RN differently sized extrusions
: - Motor is held in place
N ik L/ from 3 angles instead of 4
- Lswd
ko\“ bearu‘nss cel l
i
Andrew
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ENGINEERING CALCULATIONS ~VERTICAL DESIGN

Equations:
[=F, xt
F I
Lt

E,. = F; * cos(0)

Given:

Impulse (I) = 5120.00 N-sec
Burn Time (t) = 4 sec

Angle = 10 degrees

(Assume frictionless surface)

Find:

Case A: Reaction Forces Present in
an ideal motor test (perfectly
vertical)

7777

FLy
. - Case A Case B
Solution:

£ 128000 N  1280.00 N
F, 1280.00 N  1260.55 N
P i 31434 N
E, i 22227 N

Case B:Reaction forces present in a
scenario where motor is not
perfectly mounted (10 degrees from
vertical).

S‘*—\d‘

Andrew
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CONCEPT GENERATION ~VERTICAL TEST STAND DESIGN 3

M‘Ng\o\b\& \EW\CA/W\I
1 hol\d wmotor
(,qsiwz W Ploce,

allows adjusiavle
he/\'%)l\‘\' . Thandle
0 Yem S bracicen
n pace

Holds Rocetr
n  Plac

Load GCel\

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

Figure 8: Propulsion Test
Source: BPS Space [7]

Shannon
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ENGINEERING CALCULATIONS ~VERTICAL DESIGN 3

Details of "Equivalent Stress” v 1 x QQ GM"? oy m_:_ QA Q@ Q Seect XModer 5T @ B B B
-I| Scope
E>Scoping Method { éeometw Selection
| Geometry | All Bodies

bl

+| Integration Point Results

m® B2 [ 22 [EClipboard~ [Empty] iExtend~ 9 SelectBy~ -@ Convertr _

=I| Results
[T Minimum 7.3196e-005 psi
|| Maximum 381.67 psi
;;_ HA\}erage 30.665 psi

| Minimum Occurs On Test Stand 1\Solid
| Maximum Occurs On | Test Stand 1\Solid
uf =

42,408
7.3196e-5 Min

1 Project*
- Model (A4, B4)
E]J Geometry Imports
H i /7D Geometry Import 2
B3} New Folder
b /P Geometry Import (A3, B3)
£,/ Geometry
| ey @ TestStand 1\Solid
(-8 Materials
-~ 3 Coordinate Systems
i /f&) Connections
/@ Mesh
El-,/[7] Static Structural (B5)
/I Analysis Settings 0.00
i /@ Force
i /@, Fixed Support 10.00 30.00
=-,/{&) Solution (B6)
T FEm i S SR

40.00(in)

% The maximum force applied to the load cell is 5120 N*s of impulse, or 287.8 Ibf of thrust.
x 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
x  Assuming a FO.S. of |.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

Shannon
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CONCEPT GENERATION ~ HORIZONTAL TEST STAND |

Load Cell 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

Uamps o rocket

Disadvantages:

Friction between clamps and motor
Large forces on plate and supports
Must be a certain height

AR
[\ ) ) Shannon
/i 10/9

&
h - Rocket
Propulsion

Team 3



ENGINEERING CALCULATIONS ~ HORIZONTAL DESIGN |

1/0.2248089431bf E
Impulse = 5120 N xs = (5120 N * s) e T A 287.76 Ibf (Thrust)
09 F. = a0 \ .
ere 4 seconds is the approximate burn time > ot T RV}D‘I‘:::
+ ZMD = O — 'o%
, ® 5ss,
A
(Rl)(18in) - (FTh‘rust)(gin) - (FThrust)(4in) =0 — % in &|_ qm_cF 1\)\,_D e
(R,)(18in) — (2§7.8lbf) (9in) — (287.8lbf) (4in) = 0
R, = 204.91bf
I v(x)

+8YF, = —204.9lbf + Rp, =0 (%) o
Rpy, = 204.91bf ’

= "°\t2 -~ 2044
+ YF, =204.9lf —R,, =0 =

8
R,, = 287.8lbf -~ TWAS
) It
(1p€-in) (o)
—(287.81bf) (9in) — B7 8lbf) (4in) + M), + (204.91bf) (18in) = 0
M, =53.21bf xin
£
/. =
—Ryy +Rpy +F5 =0 " / ,‘w
—Ryy, + 204.91bfegt 2 — 4.91bf =0 - 15300 i i 8 | J.
R,, = 409.8lbf los - 1 ‘l_. | _l_ﬂné ™
B 3
‘L_f‘,w T aw ‘

* Based on the shear force and bendingmoment 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. /| Shannon
* The required design must account for max stress: [\ l Rj&ﬁ
«  AssumingFO.S5= 1.5 \ Propulsion

Team 3
e 409.8Ibf* |1.5=614.7 Ibf



CONCEPT GENERATION ~ HORIZONTAL TEST STAND 2

Load (el

Design Features:

Motor Casiney +  Friction is negligible
e’ - Gravity is negligible
Simple to build
Cost efficient

Disadvantages:

Less contact with motor
High stress points
More likely to fail

- 1N\ Shannon
Siding pradeetrs AN

(ottach fo motor holes ko = [ ) Rc}c?(/:t

Cas mg) molrvneYy AN/ Propulsion

' Team 3
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ENGINEERING CALCULATIONS ~ HORIZONTAL DESIGN 2

|
ax QA @MW |%HC I+ QAAAQA Q st kMude- TR R R EBBRE® 2 = | E Clipbe
Name - = 3' e i
i = B: Static Structural
oNEHE 2, Equivalent Stress o
@ Project* Type: Equivalent (von-Mises) Stress e Equivalent (von-Mise$) Stress
S {5 Model (A4, B4) Unit: psi Ur""-“lj‘*'
Time: 15 ime: s
/() Geometry Imports %
- @ Geometry 10/5/2023 12:39 PM 10/0/2023 12:33 PM
Bl
a8 ;: A 488.46 Max e
a0
/@ Mesh :gg :gg
&L Static Structural (B5) 271'37 7 ’ 7
/I Analysis Settings : i+J
U8 Force2 217.09 217.09
/@, Fixed Supg e U
=8 Solution (86) 108,55 10855
/B Solution Information 54.273 54,273
@ 8.7066e-7 Min 8.7066e-7 Min
/8 Normal Stress
Details of “Equivalent Stress” v ix
=1/ scope
Scoping Method Geometry Selection
Geometry All Bodies
=1 Definition
Type Equivalent (von-Mises) St...
Time
Display Time Last ==
Separate Data by Entity | No E.
8.7066¢-007 psi
488.46 psi
7.204 psi
n Test Stand2\Solid
n Test Stand2\Solid
10,000 (in)
0.000

2,500

* Applying 287.8 Ibf in the —X direction to the motor casing mount: * Assuming FO.S of |.5:
* Force max is 488.5 psi * 488.5psi* .5 =732.8 psi
*  Would require multiple steel plates supporting the back wall * Must design back plate to withstand 732.8 psi

* More likely to failure Shannon

* More likely for fatigue and deformation L ) ) Rocket

Propulsion
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CONCEPT GENERATION ~ HORIZONTAL TEST STAND DESIGN 3

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

Andrew
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ENGINEERING CALCULATION ~ HORIZONTAL DESIGN 3

Given:
Impulse (I) = 5120.00 N-sec

BurnTime (t) = 4 sec

.2 m

Equations:

F, 1280
Fox 1280
Fiy 320
Fgy 320



CONCEPT EVALUATION

DATUM
Criteria Weight
Reach minimum altitude 2 0 0 0 0 0 0
Stay within Budget for the Project 2 +H+ ++ + - - 0
Dimensions meet constraints of rocket size 3 D ++ +++ - 0 +++
Stand withstands impulse of rocket testing 2 A - + ++ +++ ++ +
Meet Minimum Thrust to Weight Ratio Set by Tripoli 3 T 0 0 0 0 0 0
Complete final launch by march 2024 2 U 0 0 0 0 0 0
Non-Ferrous, Ductile Casings 3 M 0 0 0 0 0 0
+ 6 12 15 6 4 11
0 17 4 4 4 4 5 4
- 13 0 0 8 2 0
TOTAL 0 i 12 15 -2 2 11
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CONCEPT SELECTION:TEST STAND CAD MODEL

8 Z & i 4 K| 2 1
Qo.ae
F 4 F
poee 155 |
8
a=—Jo [—1
€ . l £
] g
g || [ O H &
3 JTT
¥ 200 | | ’_‘ _ 2.00 - ¥
18.00
B
g g
¥ 18.50 T ¥
2.50
2.00 i
o — §‘ — 200
B B: = = i B
2.00 =
L] Shannon Comstock
ai=|—e o B :: Test Stand Assembly
I E =—F—J—= I
1079423
) 7 6 5 i S = S
Shannon
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SCHEDULE

project start: 09/04/23 ‘ 05/06/24
Display Week: 1 4 Sep 2023 11 Sep 2023 18 Sep 2023 25 Sep 2023 2 Oct 2023 5 Oct 2023 16 Oct 2023 23 Oct 2023 30 Oct 2023 6 Nov 2023
4 56 7 8 95 10/11121314151617/18 1520212223 24/252627 282930 1|2 3 4 5 6 7|8|9 101112131415/1617 18192021 22|2324252627 2829|3031 1 2 3 4 5|6 7 8 9 101
START
Project Plan
Develop Project Plan 100% 0s/os/23  10/02/23
Develop Project Schedule 100% 09/11/23 09/23/23
Develop Project Budget 85% 0s/15/23 10/02/23
Develop and Complete Presentation 1 100% 09/11/23 09/22/23
Research
Nozzle 30% 09/05/23 10/02/23
Propellant 50% 0s/os/23  10/02/23
Test Stand 75%  03/05/23 10/02/23
Presentation 2 95% 09/25/23 10/09/23 10/13/23
Report 1 15% 08/30/23 10/27/23 10/27/23
‘Website Check 5% 09/30/23 10/27/23 10/27/23
Design and Build
Initial Design 80%  09/18/23 10/12/23
Initial Design Review 0% 10/12/23 10/12/23
Re-Design and Modify 1 0% 10/12/23 10/19/23
Design Approval 1 0% 10/19/23 10/19/23

Create BOM 20% 09/18/23 10/19/23
Test 1 0% 11/04/23 11/04/23
1st Protoype Paper 0% 11/04/23 11/10/23 G race
10/9
Presentation 3 0% 10/23/23 11/06/23 10/10/23 Rocket
Propulsion

Team 3



BUDGET

I
Income Expected Expenses Actual Expenses To-Date
Source Amount Subsystem Products Needed Amount Iltem Bought Cost
Gore Fund 2000[Nozzle Graphite 125
Go Fund Me 350 Steel 150
Undergrad Research 700 Lathe 450
Casing Prototype Casings 25
Retaining Rings 40
Material for Final Casing 100
Test Stand Steel Tubing 50
Aluminum Stock 50
Connectors 50
Bearings or Wheels 100
EE Team 500| Test Stand Electronics Load Cell 300
Arduino 50
Other EE Components 525
Test Rocket Motors Ammoenium Perchlorate 200
Aluminum Powder 100
Binder 150
Additives 75
Fuses 15
75mm Final Motor Ammenium Perchlorate 250
Aluminum Powder 125
Binder 175
Additives 100
Fuses 15
PPE Gloves 10
Eye Protection 5
Resperators 60
Total 3550 3220

Note: all red funds can only be used for specific things

Andrew
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CURRENT BILL OF MATERIALS

EE Equipment for data collection

Subsection Material Description / Justification Quantity
Propellant |JAmmonium Perchlorate Oxidiser 1 Unit
Aluminum Powder Fuel 1 Unit
Hydroxyl Terminated Polybutadiene (or other binder) Propellant binder 1 Unit
other additives depend on the properties of the specific propellant combination 1 Unit
(show exact type of motor formula) Chris's rocket supply
(research capstone teams rocket designs, other universities)
Potential:  |Fuse for lighting (Carsons fuses or E-matches) 1
Subsection Material Description / Justification Quantity
Test Stand |Steel 16 gauge tubing for structure of stand 4
20mm x 40mm aluminum extrustion for the rocket sled 2
6mm eccenteic spacer for attaching gantry to rail 8
Solid V-Wheel for proper sliding of the gantry sled 8
Misc. Parts for assembly along with welding variable
Circular aluminum stock (4in diameter, foot long), For rocket motor clamps 1
Potential:  |Load Cell (loadcell jeff has) 1
Arduino 1

Remy
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CURRENT BILL OF MATERIALS: (CONTINUED)

(look at DPS's casing)

Subsection Material Description / Justification l Quantity
Nozzle |Lathe To machine graphite insert 1
1018 Cold Finish Steel Round (2 3/4" dia, 24" length), for full scale 1
Isomolded Graphite Rod (1.5" x 24"), to be machined into inserts f 1
Isomolded Graphite Plate (4"x4"x1") aerospike outer insert 1
O-rings
Subsection Material Description / Justification Quantity
Casing |16-Series Aluminum Tubing; Inner Lining: Likely carbon fiber 1
Prototype Casing (38mm small casing) (paper towel cardboard tube) 1
75 mm Retaining Rings 2

Remy
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IMAGE CITATIONS
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x  [8] https://brandonfallon.com/apcp-solid-propulsion-development/

x  [9]https://www.rocketmotorparts.com/details/p | 577809 _20627885.aspx#:~:text=75mm%20Nozzle%2C%200.485%22%20Throat%

20Summary&text=Dimensions%3A,2.730%22%200.D.
x  [11] “Solid Rocket Motor Theory -- GUIPEPR” Richard Nakka’s Experimental Rocketry Site, https://www.nakka-

rocketry.net/th_imp.html (accessed Oct. [2,2023).
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THANK YOU!

ANY QUESTIONS?
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