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Prelimin ary Design Review Summary  

Team Summary: 

School: Tuskegee University 

Location: Tuskegee, Alabama 
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dew point, and humidity to detect level of moisture/water vapor. This will assist in determining the 

viability of colonization of other planets. 

Changes Made Since Propos al  

Changes Made to Vehicle Criteria: 

The vehicle has changed in overall size and thrust requirements. This is due to the Remotely 

Operated Vehicle that will be part of the payload.  The added weight is the most prevalent factor in 

these changes.   The rocket will now have a length of 92 inches and will start off with a 9 inch body tube 

diameter with a transition and ending with a 15.54 inch diameter for the payload section of the rocket 

followed by a conical nose come.  The fin configuration will be a 3 fin setup.  The mock-up of several 

different prototypes will be put in the water tunnel, PIV images made, and a determination made.   

 
Changes Made to Payload Criteria: 

There are no changes made to the payload criteria at this time. 

Changes Made to Activity Plan: 

There are no changes to the activity plan at this time. 

T eam Members  

Student Project Manager: Chris Coleman, Senior Aerospace Science Engineering 

Student Asst. Project Manager: Raquel Faulkner, Junior Aerospace Science Engineering 

Structures: Shayla Givens, Junior Aerospace Science Engineering 

                     Myron Fletcher, Freshman Aerospace Science Engineering 

                     Shawn Leonard, Freshman Aerospace Engineering 
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Propulsion: Kenton Brown, Senior Chemical Engineering
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Data from the science payload shall be collected, analyzed, and reported by the team following the 

scientific method.  All of the data collected will be able to be downloaded via USB cable to a laptop and 

analyzed in a minimal amount of time.  Use of commercial programs where applicable will be used and 

custom programs will be written to handle the remaining data.  

A tracking device shall be placed on the vehicle allowing the rocket and payload to be recovered after 

launch. An audible beeper plus real-time GPS tracking data will be used to track the descent and locate 

the landing site of the rocket.  

Only Commercially-available, NAR-approved motors (this also covers motors tested by the TRA and 

CAR, as all three motor-testing organizations accept each other's certifications) shall be used.  As 

stated before, the team’s BATFE certified consultant, Chris Short will handle the purchase, storage, and 

transportation of all motors.  All motors will be ordered through him and are all commercially available.   

Each team shall be responsible for providing their launch equipment if possible, especially if using 

hybrid motors. The Huntsville Area Rocketry Association (HARA) has launch assets (controller, pads) 
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• No Mach-Busters 

• No forward firing motors 

• No rear ejection parachute designs 

At this point, none of these items are included in the area of possibility and will be avoided completely.  

The maximum amount teams may spend on the rocket and payload is $5000 total.  The construction 

costs will be below this number.  See attached budget. 

Mission Success Criteria: This will be broken down into three separate areas, Mission Success 

(Complete), Mission Success (Partial), and Mission Failure.  

Mission Success (Complete) for vehicle:  

Completion of flight profile includes:  

• Ignition  

• Launch and successful separation from launch rail.  

• Flight to apogee of approximately 5,280 AGL  

• Successful deployment of main and lower stage parachutes  

• Descent rate of <12 ft/sec for electronics section, descent of <20 ft/sec for lower motor section.  

• Maintain structural integrity and be able to refuel, repack parachutes, and prepare to 

flywithin30 minutes.  
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Mission Success (Partial) for vehicle:  

• Achieve parabolic flight, but not to assigned altitude  

• Successful retrieval and maintain partial serviceability such that vehicle will return to flight after 

some repair  

• Controlled descent keeping electronics/scientific section intact.  

Mission Success (Partial) for payload:  

• Transmit during >50% of flight  

• Download a minimum of 3 of 4 parameters and flight hardware reusable  

Mission Failure (complete) for vehicle:  

• Failure to launch  

• Failure to reach 1,000 feet AGL altitude  

• Failure of main/lower stage parachutes to deploy  

• Structure too badly damaged to return to flight  

Mission Failure (complete) for payload:  

• Failure to transmit data for more than 50% of the flight  

• Failure of batteries to prove power during entire flight  

• Failure of sensors to record data on more than 3 of 4 parameters  
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V eh ic le System s Overview   

The following systems are needed for full function of the vehicle throughout the entire flight envelope: 

• Altimeter system for pyros.  

• Pyro systems to ensure proper separation of the desired sections for parachute deployment.  

• Shock cord to provide load attenuation.  

• Parachutes designed to provide proper descent rate.  

• Proper fin design to provide enough stability for flight, but not too much stability to cause wind-

vaning.  

The following section will deal with the trade studies for materials in regards to the overall 

construction of the vehicle.  

Trade studies for vehicle structure material: 

 
Material Tensile Strength 

(MPa) 
Modulus of 

Elasticity (GPa) 
Cost Ease of 

Machinability 

Nylon 75 3.5 Low High 

Fiberglass 4710 80 Medium High 

Carbon Fiber 5650 70 High High 

Note: Ease of machinability: High denotes that the material is easily machinable 
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Normalization of Values: 
 

Normalization of values  

Material 1 2 3 

Tensile Strength <100 <200 >300 

Modulus of Elasticity <5 GPa <50 GPa <100 GPa 

Cost High Medium Low 

Ease of machinability Low Medium High 

 

Weighting of items:  
 

Weighting factors  

Material  Factor Reason  

Tensile Strength 1 Majority of flight profile will 
be in compression and will 

be augmented with 
stiffeners as needed 

Modulus of Elasticity 2 Need a stiff material but not 
as critical 

Cost 3 Very important due to 
budget constraints 

Ease of machinability 2 Minimal equipment on hand 
to machine parts 

 

Final values and selection:  
 

Final Values  

Material Tensile 
Strength 

(MPa) 

Modulus of 
Elasticity 

(GPa) 

Cost Ease of 
Machinability 

SUMS 

Nylon 1 1 5 6 13 

Fiberglass 2 3 9 6 20 

Carbon Fiber 3 3 5 6 17 

 

Using this method the team selected fiberglass as the primary vehicle construction material. In 

high strength 
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and the need for vacuum/autoclave facilities, they will be used only in some areas. These areas include 

the science payload structure, nosecone, and fins. 

Remotely O perated Vehic le (R. O. V.)  

1 2 3 4 5 

Weight price Tire size Durability volume 

 

Volume: chassis area times height (cubic Inches) = 5 

1 2 3 4 5 

640-518 518-396 396-274 274-152 152-30 

 

Chassis durability (customer review rating) = 4 

1 2 3 4 5 

1 star 2 star 3 stars 4 star 5 star 

 

Price (U.S. Dollars) = 2 

1 2 3 4 5 

200-160 160-120 120-80 80-40 40-0 

 

Tire Diameter (Inches) = 3 

1 2 3 4 5 

-1 1-2 2-3 3-4 5+ 
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All of the remote control cars were graded on the above criteria and the car with the highest 

score was chosen. The grading categories are based on a 1 to 5 scale with appropriate multipliers 

assigned to each category. 

V eh ic le Design Overview  

 

The overall length is 92 inches. The calculated cd-value is 0.75 and the lift-off weight is 33.3 pounds. The 

calculated Center of Gravity (CG) is 3.442 feet from the nose and the Center of Pressure (CP) is 4.4109 

feet from the nose. This gives the rocket a stability of 1.29 calibers. 

Vehicle Volume Durability Weight Tire 
Diameter 

Price All Wheel 
Drive +6 

T ot al  

1/18 Mini-Desert Truck 
10 16 4 9 4 0 43 
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Recovery Subsys tem  

 Initial sizing of the parachute for a single parachute is a diameter of 50 inches with a 12 panel 

design. We will use this as a basis to design two separate parachutes so that the aft section with the 

motor will descend more rapidly and the electronics section will descend at a rate not to exceed 10 

feet/sec. The initial calculations given by Rocksim 9 provided the initial parachute sizing and will be used 

for the two-parachute model. Testing will begin early January to determine the amount and type of 

ejection charge. Use of either black powder or smokeless power is expected. All hazmat/safety 

procedures will be followed in regards to the explosive materials. 

Mission Perform an c e Predictio ns  

TUSSLE II - Simulation results 

Engine selection: 

[L1150R-
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Max data values: 

Maximum acceleration: Vertical (y): 263.709 ft/s

                                            Horizontal (x): 0.055 ft/s

2 

                                            Magnitude: 263.710 ft/s

2 

Maximum velocity: Vertical (y): 681.8089 ft/s 

2 

                                    Horizontal (x): 0.0000 ft/s 

                                    Magnitude: 681.8095 ft/s  

Maximum altitude: 6217.92269 ft 

The altitude is in excess of the 5,280 feet target, but previous competitors have consistently 

come in under the target altitude so this team will allow for shortcomings in fuel/motor burn 

rate/pressure. This will be tested prior to launch to verify and any adjustments will be made in the mass 
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Vehicle instability:  

• Vehicle going off-nominal flight path. There is no destruct mechanism for the vehicle, therefore 

is no possible way to destroy the vehicle before impact. Stability must be maintained through 

proper design.  

Parachute failure to deploy: 

• Spotters will maintain visual sighting of vehicle during ascent, apogee, and descent. Verification 
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Altitude, GPS and Wind speed Trans mi t t er and Rec eiv er   

 

Safety  and Environ m en t (Payload)  

The safety officers will be the same mentioned in the vehicle section. The failure modes mention on 

page 8 will have the following mitigation plan:  

Battery: 

• The potential problems with the lithium-polymer battery pack include fire and contact with 

skin.  

• The battery will be charged in a Nomex sock with proper charging techniques in a safe area.  

Motor: 

• The motor has the potential to catch fire and cause large fires.  
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• The motor(s) will be placed in approved containers and transported in accordance with 

Federal, State, and local laws. The motors will only be handles by NAR Level 2 certified 

personnel on site and during testing.  

The items above are the most hazardous items when the vehicle is not in flight. The MSDS 

sheets and appropriate NFPA/NAR regulations are posted in a binder and are provided to students 

and faculty every time work is performed and are kept with the equipment as it is transported 

to/from launch sites. Equipment is kept on hand to clean up any spill or contamination to keep the 

environment from being harmed. 
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Budget  

TUSSLE Rocket Constr uct i on Estimat ed  Budget  

Item  Cost eac h  

Fiberglass sheets $50.00 
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