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1. Summary of CDR Report  

1.1 Team Summary  

Fisk University Mastering Aeronautics Team (FMAT) is an organization at Fisk University formed 

by students highly interested in rocketry and robotics, all of whom share this interest with the 

surrounding community. The organization is composed of a highly diverse group of students with 

many different majors. These students’ interests are aligned with the core mission of FMAT which 

is to create something amazing and beautiful. 

1.1.1 Team Advisor and Mentor Information 

Table 1.1: Team Advisor and Mentor Information  

Name Dr. Bryan Kent Wallace Chris Dondanville 

Position Advisor/Adult Educator NAR Mentor 

Number (615)-300-6185 (931)-446-4370 

Email bwallace@fisk.edu chris.dondanville@gmail.com 

Certification Level Level 0 (Level 2 by February 2018) Level 3 Certified 

Address 1000 17th Avenue, North  

Nashville, 37208 

- 

1.2 Launch Vehicle Summary 

1.2.1 Size & Mass 

Table 1.2: Components and Mass of the Rocket  

Component Weight (oz) Mass (kg) 

Motor 117.82 3.34 

Nose cone 20.5 0.58 

Fin 11.1 0.31 

Bulkhead x2  3.1 0.09 

Booster Section 55.73 1.58 
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Upper Section 34.6 0.98 

Motor Tube 18 0.51 

Payload Bay 30.3 0.86 

Centering Rings x3 2.2 0.06 

Payload Board 7.9 0.22 

Raspberry Pi x2 3.2 0.09 

Pi Cameras x2 0.2 0.006 

Main Parachute 14.4 0.41 

Drogue Parachute 4.9 0.14 

RRC3 Sport Altimeter 0.6 0.17 

Motor Casing 7.7 0.22 

Battery 7.5 0.21 

Total 340.04 9.64 

1.2.2 Motor choice 

Table 1.3: Motor Information  

Motor Brand Cesaroni  

Motor Type L1720 Reload type 

Diameter 75.0mm 

Length 48.6cm 

Total Weight 3.341Kg 
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Average Trust 1771.0N 

Max Trust 1946.0N 

Impulse 3660.0N 

Burn Time 2.0 seconds 

1.2.3 Recovery system 

The recovery system will be an electronic deployment system.  In the initial phase of flight, the 

rocket will use an L 1720 motor to reach altitude. At apogee, the onboard RRC3 Sport Altimeter 

will send a signal to deploy the drogue parachute. Main chute deployment occurs at around 700 

feet. 

 

Figure 1.1: Electronic schematic of the recovery system 

 

1.2.4 Rail Size 

The rail size is 72 inches.  

1.2.5 Milestone Review Flysheet  

M+A1:K61ilestone Review Flysheet 2017-2018 

           

Institution Fisk University 
 

Milestone CDR 

           
Vehicle Properties 

 
Motor Properties 

Total Length (in) 96.13 
 

Motor Brand/Designation Cesaroni 3659L1720-P 

Diameter (in) 5.5 

 

Max/Average Thrust (lb.) 
437.48 lb(Max)/398.14 

lb(Average) 

Gross Lift Off Weigh (lb.) 21.23 
 

Total Impulse (lbf-s) 2699.477 lbf-s 
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Airframe Material(s) Fiberglass 
 

Mass Before/After Burn (lb.) 27.3/23.4 

Fin Material and Thickness (in) Fiberglass - .202 
 

Lift-off Thrust (lb.) 386.7 

Coupler Length/Shoulder Length(s) (in) 5 
 

Motor Retention Method Screw on Motor Retainer 

           
Stability Analysis 

 
Ascent Analysis 

Center of Pressure (in from nose) 88.687 
 

Maximum Velocity (ft/s) 685.51 f 

Center of Gravity (in from nose) 66.8 
 

Maximum Mach Number 0.512 

Static Stability Margin (on pad) 2.9 Calibers 
 

Maximum Acceleration (ft/s^2) 950.9ft/s 

Static Stability Margin (at rail exit) 2.94 Calibers 
 

Predicted Apogee (From Sim.) (ft) 4712.5 ft 

Thrust-to-Weight Ratio 18.2 
 

          

Rail Size/Type and Length (in) 72 
 

Recovery System Properties 

Rail Exit Velocity (ft/s) 44 
 

Main Parachute 

      

Manufacturer/Model 
LOC Precision LP-

78 

Recovery System Properties 
 

Size/Diameter (in or ft) 86 

Drogue Parachute 
 

Altitude at Deployment (ft) 700 

Manufacturer/Model PK-86 LOC Magnum 
 

Velocity at Deployment (ft/s) 157.9 

Size/Diameter (in or ft) 14.0457 
 

Terminal Velocity (ft/s) 25.4205 

Altitude at Deployment (ft) 5546 
 

Recovery Harness Material Rip Stop Nylon 

Velocity at Deployment (ft/s) 0.0337 
 

Recovery Harness Size/Thickness (in) 1 

Terminal Velocity (ft/s) 157.9 
 

Recovery Harness Length (ft) 20 

Recovery Harness Material Nylon 
 

Harness/Airframe Interfaces 
U-Bolt on Payload bay/I-Bolt on 

Motor 
Recovery Harness Size/Thickness (in) 1 

 
Recovery Harness Length (ft) 20 

 

Harness/Airframe Interfaces 
U-Bolt on Payload bay/I-Bolt on 

Nose cone 

 

Kinetic 

Energy of 

Each 

Section 

(Ft-lbs) 

Section 1 
Section 

2  
Section 3  

Section 

4 

 
12.8 47.9 74.3   

 

Kinetic Energy 

of Each Section 

(Ft-lbs) 

Section 1 
Section 

2  
Section 3  

Section 

4 
      

495.44 
1846.8

0 
2868.6    

Recovery Electronics 

 
Rocket Locators 

(Make/Model) 
Garmin Astro 430 

      
Recovery Electronics 

 
Transmitting Frequencies (all 

- vehicle and payload) 
***Required by CDR*** 

Altimeter(s)/Timer(s) 

(Make/Model) RRC3 Sport Altimeter 
 

 
z   

Redundancy Plan and 

Backup Deployment Settings Second RRC3 Sport Altimeter to 

deploy at 500 ft 

 
Energetics Mass - Drogue 

Chute (grams) 

Primary 4.5 

 
Backup 4.5 

 
Energetics Mass - Main Chute 

(grams) 

Primary 4.5 

 
Backup 4.5 

1 hour 
 

Primary 4.5 
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Pad Stay Time (Launch 

Configuration) 
 

Energetics Masses - Other 

(grams) - If Applicable Backup 
4.5 

Milestone Review Flysheet 2017-2018 

           
Institution Fisk University 

 
Milestone CDR 

           
Payload 

Payload 1 

(official 

payload) 

Overview 

The primary rocket kit that will be used is the Magnum Pk. 86 which has a height of 122 inches and a diameter of 7.67 

inches when completely assembled. The body includes a nose cone, an upper section, a payload section, a booster section, 

and three fins. The target altitude for the rocket is 5,280 feet high, while the projected altitude based on rocket simulation 

software is 5,593 feet. The simulation software used to calculate this height is called RockSim. There will be two 

parachutes inside the rocket: the drogue chute and the main chute. The drogue chute will be a smaller parachute ejected at 

apogee while the main chute is a larger chute ejected 500- 700 feet from the ground on descent. Both chutes are ejected 

electronically using the main flight computer. But there will be two fully separate flight computer systems attached to two 

different charges and two different batteries. 

Target Detection Objectives 

1. Collect data about the launch field including information about the positions of the targets while in the air. 

2. Analyze collected data and differentiate between the targets. 

3. Be able to verify the analyzed data to ensure that targets have been correctly and successfully identified. 

1.3 Payload Summary 

1.3.1 Payload Title 

Design Concept: Cylindrical Collar Design  

1.3.2 Summarize payload experiment 

The goal of the target detection payload is to identify and collect data about three randomly placed 

targets, using an onboard camera system. Targets will be placed within 600 ft. from the launch 

pad. For the experiment to be deemed successful, data collection should begin around 500 to 1000 

ft. in the air and 300 ft. from the ground on descent. This will give the camera ample time and 

range to detect and mark each target accordingly. The system used in this experiment will be 

conducted with raspberry pi. 

2. Changes Made Since PDR 

Vehicle Criteria 

Change Reason 
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The booster section size has been reduced by 

4.1 inches. 

To reduce the weight of the rocket to reduce 

the kinetic energy of the booster section.   

Payload Criteria 

The size of the payload bay has been decreased 

in size.  

Reduced the size of the rocket to decrease 

kinetic energy on landing.   

Project Plan Criteria 

Included a requirements verification section.   To improve upon the sections that were 

lacking from the PDR.  

Rescheduled the subscale launch to January 11, 

2018. 

Adjusted the timeline in accordance to 

schedule of the team members.  

Included GPS tracker and transparent film to 

budget details.  

Improved accuracy of current budget plan as 

new equipment for the rocket were acquired.  

Addition of fiberglass rocket kit. Was accidentally omitted from the PDR.  

3. Launch Vehicle Criteria and Design  

3.1 Mission Statement 

The objective of the launch vehicle is to successfully carry the experiment to the required altitude 

of 5280ft and to prove or disprove the hypothesis that the cylindrical collar that houses the camera 

can capture the specified tarp color values of blue, pink, and yellow/gold as defined by NASA and 

return the payload section safely upon decent.   

3.2 Design Verification of Launch Vehicle  

3.2.1 Pros and Cons of Components’ Alternatives 

Figure 3.1: Full Scale Launch 

 
37.9 
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The final design launch vehicle has a full length of 96.13 inches, a mass of 340.04 oz. (9.64 kg) 

and an outer diameter of 7.67 inches. From left to right, the full rocket comprises of the nose cone, 

upper section, the payload, and the booster section. The upper section, which is connected to the 

nose cone via an inch nylon rip cord, houses the main parachute. The booster section, which is 

connected to the payload section in the same manner, houses the drogue chute. The payload bay 

houses the recovery system altimeters, the GPS system, the raspberry pi computers, and on the 

exterior, the camera collar system. In addition to the drogue parachute, the booster section houses 

the Cesaroni L1720 reload type - motor, the motor retainer, the four fins.  

The airframe of the launch vehicle is constructed of fiberglass. Three typical types of failure modes 

are mitigated through the integration of carbon fibre into the rocket body structure: elastic 

deflection, permanent plastic deformation, and fracture. It also ensures that the rocket reaches 

critical forward velocity before leaving the guide rail.  

In terms of probability, elastic deflection is unlikely because of the stiffness of the material; the 

rocket would most likely fail due to fracture, long before the material deformed. Fracture, however, 

is also unlikely due to the toughness of the carbon fibre construction material. 

Figure 3.2: Nose Cone 

 

The nose cone determines the amount of air resistance that acts against the rocket during flight. 

Hence, a narrow and sharp pointed shape was the chosen design because smaller diameters push 

away less air decreasing resistance. This reduces drag. [1] 

Figure 3.3: Upper Section  
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The region of the rocket located between the nose cone and the payload bay that contains the main 

chute to be deployed when the rocket reaches within 700 feet of the ground. 

Figure 3.3: Booster Section and Fins  

 

The chosen fins stabilize the rocket to prevent rotation during flight. The fins are sized according 

to the centre of mass and centre of pressure. The rocket is fitted with three G10 fins because they 

are the lighter option and fit the aerodynamics of the rocket. The rocket contains a reloadable motor 

in the booster section because it can be used for multiple launches which makes it more cost 

effective. 

Figure 3.4: Payload Section 
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The region of the rocket located between the upper section and the booster that contains all the 

experiments’ and recovery’s electronics.  

Figure 3.5: Collar Design CAD model dimensions  

 

The chosen payload design comprises of a Raspberry Pi camera system housed in a “Camera 

Collar”.  The collar is a polylactic acid 3D printed brace-like structure which has been placed 

around the outside of the rocket. The Camera Collar has been designed based on the dimensions 

of a standard commercial Raspberry Pi camera. The payload bay will be placed between the upper 

and lower sections using shoulder joints and a ribbon cable will be ran through the exterior of the 

payload bay into the collar protrusion. 

3.2.2 Suitability of Shape and Fin Style for Mission  
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The G-10 design was chosen for our experiment. It is a very dense woven fiberglass and epoxy 

panel with excellent insulation properties. It is a widely available material that has high flexibility 

while being easy to machine and sand. 

Table 3.1: Proper Use of Materials in Fins, Bulkheads, and Structural Elements 

Component Weight (oz) Function 

Motor 117.82 propels the rocket to the target altitude 

Nose cone 20.5 component that increases rocket’s 

aerodynamics 

Fin 11.1 component that guides rocket 

throughout  

Bulkhead x2 3.1 component that encloses the payload 

Booster Section 70 contains the motor components and 

drogue chute 

Upper Section 34.6 contains the charges and main chute 

Motor Tube 18 a casing that houses the selected motor 

Payload Bay 30.3 contains the competition experiment, 

and recovery components 

Centering Rings x3 2.2 splits the payload into separate areas to 

organize subsystems 

Payload Board 7.9 piece of wood to hold electrical 

components 

Raspberry Pi x2 3.2 processes the images captured and 

identified colored targets 

Pi Cameras x2 0.2 used to observed colored target 

throughout flight 
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Main Parachute 14.4 slows down the descent speed after 

rocket falls within 700 feet to the 

ground 

Drogue Parachute 4.9 slows down the descent speed after 

rocket reaches apogee  

RRC3 Sport Altimeter 0.6 sensor that will record rocket height  

Motor Casing 7.7 contains the pellet grains burn for 

energy 

Battery 7.5 powers all the electrical components 

Total 339.66 Fully functioning rocket 

3.2.3 Sufficient Motor Mounting and Retention 

The cap that screws onto the motor retainer was screwed until flush against the motor tube.  

Table 3.2: Justification for material selection  

Fiber  

Glass 

Good chemical resistance 

Dimensionally stable 

high tensile strength 

high thermal properties 

relatively inexpensive 

low electric conductivity 

The booster, upper, payload are tubes the comprise 

the body of the rocket.  

The internal components such as the bulkhead and 

fins are all fiberglass.  

Polylactic  

Acid 

(PLA) 

Eco-friendly 

Cost efficient 

Can be easily recycled 

Non-toxic 

Easily transformed and 

relatively durable 

This polymer does not dissolve water and the 

atmosphere contains a lot of moisture at high 

altitudes.  

Table 3.3: Justification unique design aspects  

Cylindrical  

Collar 

The angle of the drag caused by the 

protrusion reduces not only the drag force 

but also the stress on the body of the rocket.  

The cylindrical collar houses the 

camera and was placed on the 

payload section like a brace.  
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Therefore, the rocket can ascend at a faster 

rate and  

reach a higher altitude. 

Table 3.4: Justification Component Placement  

Reloadable  

Motors 

Can be used more than one time, 

making it more cost effective 

Can be filled with the necessary 

number of pellets 

Cheaper propellant 

Precise control over delay times are 

achievable 

The motor is placed in the motor tube 

inside the booster section.  

3.3  Flight Reliability  

The subscale launch confirmed the reliability in the flight dynamics that was anticipated based on 

the Cylindrical Collar Design. The trajectory of the subscale launch were similar to those simulated 

in RockSim, which confirms the minimal effect on flight dynamics. We were confident of the 

flight path of this design, however the difference in the fin design between the full scale and half 

scale caused a slight uncertainty. 

3.4  Subscale Flight Results  

Our scale rocket used one Missile Works RRC3 flight computer. At the time of this report, the 

Fisk scale rocket did not have a successful launch.  The rocket, which was launched on an F-36 

Cesaroni was undersized for the launch.  Though the simulation predicted the parachute would 

come out in time for a safe recovery, the flight computer did not deploy in time to prevent a hard 

landing.  FMAT suspects, since the flight computer used change in barometric pressure to deploy 

the chute, a larger change in altitude was needed to produce a barometric change sufficient to set 

off charges. Fisk plans on doing a second launch on January 15, 2018 and we will report those 

findings at the time of the CDR. 

3.4.1 Scaling Factors 

The chosen rocket was determined by the smaller scale kit size of the rocket kit purchased from 

LOC Precision Rockets.  
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3.4.2 Constant Variables  

No variables will be held constant between the main rocket and the scaled rocket. The scaled rocket 

size was predetermined by the scale kit that was available from LOC Precision.  

3.4.3 Variant Variables  

Motor Size – the motor size needed to be changed to produce a successful 2nd scale launch.  

3.4.4 Launch Day Conditions  

Wind – 4 to 7 miles per hour. 

Temperature – 470 F 

Rain – None  

Clouds – Overcast  

3.4.5 Analysis of Subscale Flight  

The flight model predicted an altitude of 784 ft. The hard hit on the ground caused the 9V battery 

to disconnect. This caused a loss of altitude data. The team will report the findings of the next half 

scale launch at the upcoming CDR.  

The team will use the drag coefficients determined by the subscale launch to modify the predictions 

of the main rocket. Those coefficients will be used to predict the performance of the main rocket 

when the next test launch is conducted. The team will then modify the drag coefficients again 

based on the results of the rocket of the first test launch.  

3.5  Recovery Systems  

3.5.1 Final Design 

The rocket will be launched on an L 1720 motor and a parachute recovery system will be employed 

to ensure that the rocket returns to the ground undamaged, and in a condition in which it may be 

launched again; only flame-resistant wadding will be used in the recovery system of the rocket. 

This system will be an electronic deployment system. 

3.5.2 Materials Descriptions  

Table 3.5: Parachute, Harness, Bulkheads, and Attachment Hardware  
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Component Material Function 

Drogue 

Parachute 

Small chute made of 

ripstop Nylon 

slows down the descent speed after rocket reaches 

apogee and reduce drift from launch pad 

Main 

Parachute 

Round shape made of 

ripstop Nylon 

slows down the descent speed after rocket falls 

within 700 feet to the ground 

Bulkheads fiberglass encloses the payload section 

Harness I-bolt connects shock cord to payload section 

3.5.3 Payload Board Schematics  

Figure 3.6: Payload Board Schematics  

 

The recovery system is located on the midsection of the payload board located in the payload bay. 

This recovery system includes two RRC3 Sport Altimeter flight computers (each of which has its 

microcontrollers) connected to two separate 9V batteries. The computers will be activated by key 

switches which ensure that once the key is inserted and turned to the ON position and removed, it 

will remain on. 

Both flight computers are programmed to release the drogue chute at apogee; however, the main 

computer will be programmed to release the main chute at 700ft while the backup computer will 

be programmed to release at 500ft to increase redundancy. The microcontrollers store data 

received from the camera meeting the experimental objectives. 
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3.5.4 Operating Frequency of the Locating Tracker   

These frequencies will be determined upon purchase of the GPS.  The chosen GPS device is the 

Backwood Access Tracker 2. A barometric altimeter is selected to measure the rocket’s altitude 

because its assessment of atmospheric pressure is specific enough to measure the altitude of the 

rocket. Despite being a less precise altimeter than the radar altimeters, it is much more cost 

effective and provides sufficient altitude data. Lithium ion batteries have been selected as the 

power source because they contain a 100% discharge which is superior to that of alternative battery 

sources. 

3.6  Mission Performance Predictions   

3.6.1 Simulated Flight Profiles at Different Wind Scenarios  

Table 3.6: 0mph wind speed 

Launch guide length (in) 72 

Rail Velocity (ft/s) 71 

Launch Guide Clear Time (s) .185 

Minimum Velocity for Stable Flight (ft/s) 43.9 

Location Where Stable Flight is Reached (in.) 28.4 

Maximum Acceleration (ft/s^2) 1185.4 

Maximum Velocity (ft/s) 886.13 

Maximum Range (ft.) 0 

Maximum Altitude (ft.) 5545.96 

Time to burnout 2.130 

Time to apogee 16.765 

Estimated ejection delay 14.635 
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Time to Landing 73.11 

Range at landing 0 

Velocity at Landing 25.4205 

Figure 3.7: PK-86 LOC Magnum-3.00 LOCTronics 

 

Table 3.7: 0-2 MPH Wind Flight Profile  

Launch guide length (in) 72 

Rail Velocity (ft/s) 71 

Launch Guide Clear Time (s) .185 

Minimum Velocity for Stable Flight (ft/s) 43.9 

Location Where Stable Flight is Reached (in.) 28.4 
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Maximum Acceleration (ft/s^2) 1185.47 

Maximum Velocity (ft/s) 886.13 

Maximum Range (ft.) 8.47 

Maximum Altitude (ft.) 5545.98 

Time to burnout 2.130 

Time to apogee 16.765 

Estimated ejection delay 14.635 

Time to Landing 67.699 

Range at landing 8.48 

Velocity at Landing 31.6 

 

Launch guide length (in) 72 

Rail Velocity (ft/s) 71 

Launch Guide Clear Time (s) .185 

Minimum Velocity for Stable Flight (ft/s) 43.9 

Location Where Stable Flight is Reached (in.) 28.4 

Maximum Acceleration (ft/s^2) 1185.47 

Maximum Velocity (ft/s) 886.13 

Maximum Range (ft.) 8.47 

Maximum Altitude (ft.) 5545.98 
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Time to burnout 2.130 

Time to apogee 16.765 

Estimated ejection delay 14.635 

Time to Landing 67.699 

Range at landing 8.48 

Velocity at Landing 31.6 

Figure 3.8: PK-86 LOC Magnum-3.00 LOCTronics 

 

Table 3.8: 3-7 MPH Wind Flight Profile  

Launch guide length (in) 72 

Rail Velocity (ft/s) 71 

Launch Guide Clear Time (s) .185 
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Minimum Velocity for Stable Flight (ft/s) 43.9 

Location Where Stable Flight is Reached (in.) 28.4 

Maximum Acceleration (ft/s^2) 1184.92 

Maximum Velocity (ft/s) 885.87 

Maximum Range (ft.) 514.2 

Maximum Altitude (ft.) 5521.29 

Time to burnout 2.130 

Time to apogee 16.718 

Estimated ejection delay 14.635 

Time to Landing 72.915 

Range at landing 132.6 

Velocity at Landing 27.8 

Figure 3.9: PK-86 LOC Magnum-3.00 LOCTronics 
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Table 3.9: 8-14 MPH Wind Flight Profile  

Launch guide length (in) 72 

Rail Velocity (ft/s) 71 

Launch Guide Clear Time (s) .185 

Minimum Velocity for Stable Flight (ft/s) 43.9 

Location Where Stable Flight is Reached (in.) 28.4 

Maximum Acceleration (ft/s^2) 1184.92 

Maximum Velocity (ft/s) 885.7 
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Maximum Range (ft.) 680.98 

Maximum Altitude (ft.) 5501.12 

Time to burnout 2.130 

Time to apogee 16.689 

Estimated ejection delay 14.635 

Time to Landing 72.231 

Range at landing 67.12 

Velocity at Landing 30.96 

Figure 3.10: PK-86 LOC Magnum-3.00 LOCTronics 
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Table 3.10: 15-25 MPH Wind Flight Profile  

Launch guide length (in) 72 

Rail Velocity (ft/s) 71 

Launch Guide Clear Time (s) .185 

Minimum Velocity for Stable Flight (ft/s) 43.9 

Location Where Stable Flight is Reached (in.) 28.4 

Maximum Acceleration (ft/s^2) 1184.9 

Maximum Velocity (ft/s) 884 

Maximum Range (ft.) 1461.53 

Maximum Altitude (ft.) 5306.18 

Time to burnout (s) 2.130 

Time to apogee (s) 16.689 

Estimated ejection delay  (s) 14.635 

Time to Landing (s) 71.264 

Range at landing (ft) 367.9 

Velocity at Landing (ft/s) 40.52 

Figure 3.11: PK-86 LOC Magnum-3.00 LOCTronics 
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Table 3.11: Components and Mass of the Rocket  

Component Weight (oz) Mass (kg) 

Motor 117.82 3.34 

Nose cone 20.5 0.58 

Fin 11.1 0.31 

Bulkhead x2  3.1 0.09 

Booster Section 55.87 1.584 

Upper Section 34.6 0.98 
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Motor Tube 18 0.51 

Payload Bay 30.3 0.86 

Centering Rings x3 2.2 0.06 

Payload Board 7.9 0.22 

Raspberry Pi x2 3.2 0.09 

Pi Cameras x2 0.2 0.006 

Main Parachute 14.4 0.41 

Drogue Parachute 4.9 0.14 

RRC3 Sport Altimeter 0.6 0.17 

Motor Casing 7.7 0.22 

Battery 7.5 0.21 

Total 340.04 9.64 

The rocket is expected launch due to the force or thrust provided by the motor. If this thrust is too 

high in relation to the weight of the rocket, it is likely to fly apart under the stress from the force 

provided by the motor. The thrust to weight ratio of the rocket is 18.2:1, which would normally be 

considered somewhat high. However, the body of the rocket is made entirely out of fiberglass, 

which is an extremely light but strong material. Taking this into consideration, the rocket can be 

seen to be able to withstand the force due to the thrust of the rocket. 

Table 3.12: Rocket Flight Statistics and Stability Analysis  

Stability Margin 2.91 

Center of Gravity (CG) (in. from nose) 63.43 

Center of Pressure (CP) (in. from nose) 79.45 
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Distance Between CP and CG 16.02 

Table 3.13: Kinetic Energy at Landing (Ft.Lb) 

Section 1 Section 2 Section 3 

12.8 47.9 74.3 

Table 3.14: Horizontal Drift for Different Wind Scenarios (ft) 

0 MPH  0 

0 - 2 MPH 8.48 

3-7 MPH 90.48 

8 - 14 MPH 252.52 

15 - 25 MPH 578.62 

These values were calculated using Rocksim, which is programed to automatic calculations based 

on the model of the rocket on the file that is being used and the parameters set by the use. If the 

parameters and rocket model are accurate, they program will simulate the flight profile of the 

rocket to a high degree of accuracy. Because of this, many of the values that were given by 

Rocksim were not recalculated. Any value that was not given directly by Rocksim was calculated 

using various methods. This mainly included the kinetic energy for each tethered section, which 

was calculated using an online calculator for energy in foot pounds and by hand using the formula: 

E = (m)(v)2 K 

Where m is the mass of the section in grains, v is the velocity of the section in ft/s, and K is the 

constant 450, 435. By using these methods amongst different members of the team, we were able 

to confirm the final values of the kinetic energy. 

4. Safety 

4.1 Launch Concerns and Operation Procedures 

4.1.1  Recovery Preparation 
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To recover the rocket quickly and safely; all rockets are equipped with an Arduino that can act as 

a GPS that will allow for easier location of the rocket during recovery. A special team has been 

designated and prepared for recovery of the rocket during launch. This team consists of, but is not 

limited to, 3 individuals: one to visually track the rocket from a stationary post and monitor the 

rocket’s GPS, and two more individuals that will retrieve the rocket based on the guidance of that 

initial individual. This communication will happen via walkie talkie. 

4.1.2 Motor Preparation, Setup on Launcher, Igniter Installation  

Motor preparation, setup on launcher, and igniter installation are handled by designated members 

of the safety team that are trained in the safety protocols of FMAT. There are 5 total individuals 

that are responsible for the storage and setup of the rocket. These individuals are familiar with the 

class of motor necessary to launch the rocket, the storage procedures of these motors, and the 

proper assembly, setup, and launching techniques on launch day. 

4.1.3 Troubleshooting 

Troubleshooting is overseen directly by the safety officer. This individual will be knowledgeable 

on all techniques and procedures listed above. This individual will be aware of all processes to 

perform a final inspection of the rocket before it is launched. This final inspection will include a 

checklist of the procedures, tools, and apparatus used to prepare for the launch. This will ensure 

mistakes are found easily and quickly before injury.  

4.1.4 Post-flight Inspection 

The post flight inspection will consist of a short conference held by the team leaders of FMAT. 

This conference will ensure that each team executes their designated plans of action before, during, 

and after the launch. This conference will also serve as an analysis of the performance of the rocket. 

The flight computers will be inspected, and the data will be analyzed to ensure the rocket 

performed its primary functions. The body and payload of the rocket will also be inspected to 

determine what kind of stress the rocket was under. 

4.2    Checklists for Launch  
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Every time a launch is done, the safety team has organized two checklists to ensure safety and 

success of the launch. These checklists are departure and launch day checklist. These checklists 

were created to ensure all materials required for a safe and effective launch were with the team. 

4.2.1 Departure Checklist  

The departure checklist is the checklist applied before traveling out to the launching area in 

Manchester. It is to make sure that the team is equipped with all the things necessary to have a safe 

launch. 

1. Check First Aid Kit 

2. Check that Main Parachute is prepared, folded, and lines secured 

3. Check that Pilot Parachute is secured 

4. (Rubber Gloves Needed) Install fresh 9-volt batteries 

5. (Rubber Gloves Needed) Check for fresh 12-volt ignition battery 

6. Check Alligator Clips 

7. (Rubber Gloves Needed) Check wadding 

8. Check Supplies/Tool Boxes 

9. Check X-Acto Knife w/spare blades 

10. Check Scotch tape 

11. Check electrical tape 

12. Check 1” masking tape 

13. Check Hex Keyset. 

14. Check Screwdriver set 

15. Check Bit-driver 

16. Check Drill bits 

17. Check Wire stripper 

18. Check Needle nose pliers 

19. Check clamp 

20. Check pliers 

21. Check mechanics wrenches 

22. Check epoxy 

23. Check Scissors 
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24. Check Elmer’s Glue 

25. Check Trash Bags 

26. Check Camera 

27. Check paper towels 

28. Check Small Equipment 

29. Check cordless drill 

30. Check work table 

31. Check bit driver 

32. (Rubber Gloves and Eyewear Needed) Check Rocket 

33. Check Main Recovery 

34. Check Nose Cone 

35. Check Motor Casing 

36. Check Recovery Wadding 

37. Check Directions to Launch Site 

4.2.2 Launch Day Checklist 

Launch Day Checklist is the checklist before a launch.  

1. (Gloves and Eyewear Needed) Check Firebox/Black powder/Explosives box 

2. Check Construction/Rocket Assembly 

3. Check Recovery Systems, including parachute and wadding 

4. Check Payload 

5. Check Flier’s Certification 

6. Check Appropriate Motor that Motor Impulse is appropriate for intended flight. 

7. Wind Check - Make sure winds are at safe speeds. Consider drift during launch and 

recovery.  

8. Check Rocket Stability - stable fins and lugs, launch platform, and body 

9. Check Motor Retainers for complete and secure installation - unmoving for-wise or aft-

wise 

10. (Gloves and Eyewear Needed) Check Igniters for cracks and flaws 

11. Check Launch Pad 

12. Check Launch Rail 

13. Check Remote Control 
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4.2.3 Failure to Adhere to Safety Checklist 

Failure to review this checklist before launch day could result in: significant loss of time, 

inefficient use of resources, injury, damaged equipment, or failure to launch. The Launch Day 

Checklist is primarily to ensure safety. The direct consequence of negligence concerning this list 

could be: damage to property or equipment, injury, and death. Therefore, this checklist will be 

followed at all costs. The verification of each step of this checklist will be overseen by the safety 

officer. 

4.3 Safety and Environment (Vehicle and Payload) 

4.3.1 Hazards 

The Rank Risk (RR) indicates the likelihood and severity of each hazard. RRs are established for both the 

pre-mitigation risk (before mitigations have been applied) and post-mitigation risk that remains after the 

implementation of mitigations. 

The likelihood of each event from most likely to occur to least likely to occur: 

• Frequent 

• Probable 

• Occasional 

• Remote 

• Improbable 

The severity of each event from most severe to least severe: 

• Catastrophic 

• Critical 

• Marginal 

• Negligible 

Each hazard consists of six components: the hazard, the cause, the effect, the RR (before and after 

mitigation) and mitigation. 

Table 4.1: Hazards to Personnel and Personnel  

 

Hazards 

to Personnel 

Cause Effect Pre-

Mitigation 

Mitigation 

to all 

Hazards 

Post 

Mitigation

s 
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(and 

property) 

Probabilit

y 

(Verification

) 

Probabilit

y 

Mechanical hazards - Risks generally associated with equipment and tools that have the 

potential to cut, abrade, penetrate, crush, or cause sudden impact 

Cut/Penetratio

n 

Slippage 

during use of 

X-Acto and 

saw blades 

Bleeding Remote 

Critical 

Instruct on 

proper 

handling and 

storage 

Create first 

aid kit in 

case of 

occurrence 

Remote 

Marginal 

Exposure to 

excessively 

heated 

materials 

Improper 

handling of 

soldering iron 

Skin burns Occasional 

Marginal 

Instruct on 

proper 

handling 

Observance 

of Team 

Leader or 

Safety 

Officer 

Remote 

Negligible 

Chemical hazards - Chemicals, compounds, materials, powders, dusts and vapours that have 

the potential to impair health, have adverse effects on human reproduction, or have explosive, 

flammable, toxic or corrosive properties 

Chemical 

exposure 

caused by 

spills or fumes 

Results in skin 

or eye irritation 

Damages 

respiratory 

system due to 

inhalation 

Occasional 

Marginal 

Store 

chemicals in 

Safety 

Containers 

Restrict use 

to work 

bench 

Remote 

Negligible 



33 

 

Damage to 

clothing/propert

y 

Instruct on 

proper 

handling 

Sources of Energy - A range of sources of energy that have the potential to harm including 

electricity, heath, noise, cold, high powered light 

Exposure to 

high voltage 

energy 

Contact with 

Outlets or 

exposed wires 

Death or serious 

injury 

Remote 

Catastrophi

c 

Plug 

equipment in 

appropriately 

Inform of 

exposed 

wires 

immediately 

Have Key 

Manager 

disconnect 

wire 

Remote 

Catastrophi

c 

Body stressing or impact hazards - Activities that can cause stress to the muscles and 

or/skeleton, including manual handling of people, materials and things circumstances that can 

cause a person to slip trip or fall at the same level. 

Physically 

damaging 

exposure to 

materials 

Mishandling 

of sandpaper 

or hand tools 

Cut, stab, or 

abrasion 

Remote 

Marginal 

Instruct use 

on materials 

Wear proper 

protective 

equipment 

Remote 

Marginal 

Rocket Operations - Hazards directly related to the operation of the rocket 

Collisions Rocket falling 

during 

recovery 

Personal injury 

Property 

damage 

Improbable 

Critical 

Clear area of 

rocket before 

launch by 

minimum 

distance 

Improbable 

Marginal 
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Check 

Rocket for 

stability prior 

to launch 

Accidental 

ignition 

Human error: 

accidental 

signal or 

activation of 

launch 

Burns 

Personal Injury 

Loss of rocket 

Remote 

Marginal 

Ensure all 

handling 

procedures 

are 

performed 

Only allow 

Team 

Leader, 

Safety 

Officer or 

Propulsion 

Officer to 

ignite 

Improbable 

Marginal 

Boost phase 

Impact 

Persons being 

near rocket at 

time of launch 

Propelling of 

rocket in non- 

near-vertical 

angle 

Impact with 

person or 

property 

causing injury 

Improbable 

Critical 

Point rocket 

vertically 

before 

ignition 

Ensure guide 

rails are 

stable 

Improbable 

Negligible 

Post Boost 

Phase Impact 

Not flowing 

safety 

procedures 

Malfunctionin

g Recovery 

System 

Inhalation 

Contact of 

Hazardous 

Substances to 

the skin 

Improbable 

Critical 

Ensure 

proper 

function of 

recovery 

system 

Improbable 

Negligible 



35 

 

Rocket 

Explosion 

Failure to 

release 

enough 

pressure for 

rocket 

acceleration 

Bodily injury 

Third degree 

burns 

Loss of rocket 

Remote 

Catastrophi

c 

Reinforce 

body of 

rocket with 

carbon fibre 

Follow safety 

procedures 

Maintain 

observation 

by Key 

Managers 

Improbable 

Catastrophi

c 

 

4.4   Failure Modes of Proposed Design of the Rocket  

Three typical failure modes are mitigated through the integration of carbon fiber into the rocket 

body structure: elastic deflection, permanent plastic deformation, and fracture. Although this 

carbon fiber body is resistant to these failure modes, there is a possibility that these failures might 

occur. Therefore, strain gages will be mounted on the inside of the fuselage of the rocket to 

determine what kind of stress the rocket is under. According to the checklist, the rocket will be 

inspected before the launch to check for flaws such as cracks, deformations, and other small 

fractures that could result in the failure of the rocket. Proper launch techniques and setup will be 

required to ensure that the rocket will not undergo any additional stresses on launch day that will 

result in the failure of the launch vehicle.   

In terms of probability, elastic deflection is unlikely because of the stiffness of the material; the 

rocket would most likely fail due to fracture, long before the material deformed. Fracture, however, 

is also unlikely due to the toughness of the carbon fibre construction material.  

4.4.1 Environmental Concerns  

How the vehicle affects the environment:  

The major effect the vehicle has on the environment is caused by the exhaust that is left in the 

atmosphere by the burning of ammonium perchlorate and several other oxidizing agents.  

In order to lower the impact the rocket as on the environment, rockets will be launched in less 

populated areas (to prevent the affect of large amounts of people), rockets will be launched in open 
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areas so the effects are not concentrated, and rockets will be launched properly to prevent 

additional debris from being scattered in the environment.  

How the environment can affect the vehicle 

1. Wind can create instability in the rocket, causing an alteration in trajectory.  

2. Rain can inhibit the ascension of the vehicle by providing increased drag, and water 

particles can extinguish the flame of the motor. 

3. Thunder can strike the rocket, causing the ignition and burning of the body upon 

lift.   

To prevent significant impact on the performance of the rocket, the weather will be monitored 

frequently three days before the rocket is launched to ensure favourable weather condition before 

launch.  

5. Payload Criteria 

5.1   Design of Payload Equipment  

The goal of the target detection payload is to identify and collect data about three randomly placed 

targets, using an onboard camera system. Targets will be placed within 600 ft. from the launch 

pad. For the experiment to be deemed successful, data collection should begin around 500 to 1000 

ft. in the air and 300 ft. from the ground on descent. This will give the camera ample time and 

range to detect and mark each target accordingly. Additionally, the successful system will clearly 

identify and analyze targets in real time regardless of rocket’s orientation. 

Figure 5.1: Launch Vehicle Trajectory  
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The Figure above is an illustration of the proposed solution to meet design challenges in 

completing the objective. Cameras are placed on inclined and declined surfaces within the collar 

that will generate a large scope of vision at high altitudes. Declined is considered rotated clockwise 

while inclined is considered counter clockwise. 

5.2   Final Collar Design  

Table 5.2: Camera Collar Structure  

 

The chosen payload design comprises of a Raspberry Pi camera system housed in a “Camera 

Collar”.  The collar is a polylactic acid 3D printed brace-like structure which has been placed 

around the outside of the payload rocket. The Camera Collar has been designed based on the 

dimensions of a standard commercial Raspberry Pi camera sizing. The frame of the payload bay 

has been designed with apertures that are the width of the ribbon cable used to connect the cameras 

to the Pi computer for the data to be processed. Two cameras have been placed on symmetrical 

ends along the body of the rocket with one facing down and one facing up at an angle of roughly 

10 degrees. This has been done so that one camera always has a view of the ground regardless of 

the rocket’s orientations. The intended target stage during flight is during the main chute phase 

and drogue phase. It is anticipated that during the main chute phase, the payload will still have the 

orientation it had when it was launched since most of the mass at this point is in the booster section 

attached to the payload. The camera that is declined will observe the targets during this phase. 

However, during the drogue chute phase the orientation of the payload changes and the inclined 

camera will have the most time to identify the targets. 
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Figure 5.3: Payload Board Schematic 

 

The avionics are housed on the payload board inside of the payload bay. This board supports both 

the recovery and payload experiment’s electronics. A Raspberry pi 2 is located on opposite ends 

of the board each having its own 9V power supply. As with the flight computers, each pi will be 

activated by turning a key switch. The use of the key switch ensures the computers stays powered 

during flight. A Raspberry pi 2 was chosen over raspberry pi 3 as the means of target tracking of 

the rocket because it consumes far less power than similar systems. Despite not being as powerful 

of a computer as raspberry pi 3, it less expensive and works sufficiently well for the target detection 

system in place. Each raspberry pi is wired to one of the cameras located on the collar and 

connected through a USB port. Once connected, the camera displays the video on a laptop screen 

(without initially storing data). Once the video starts running, the code analyses the video frame 

by frame at a rate of 5 frames per second. An image is then displayed on screen with boxes labeled 

with the colors of objects it sees and the data of the colors from every fifth frame is stored. For 

example, if the camera was presented a banana it would put a box around the banana on the display 

monitor and label the box as yellow. The camera system can identify red, blue, green, yellow, 

black, and purple. 

6. Project Plan 

6.1 Testing  
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6.1.1 Identify all tests required to prove integrity of the design. 

Computer modelling – The rocket motor selection for the Rocket was selected based on multiple 

RockSim simulations.  This test suggests the Cesaroni L1720 is sufficient to provide enough thrust 

to allow the Fisk Rocket to achieve and altitude of 1 mile. 

Scale Rocket – The scale rocket launch test provides proof of principle that they Fisk Rocket is an 

aerodynamically sound design to be used on the full-scale rocket.  

Main rocket test – The main rocket will be test flown in Manchester, TN with the Music City 

Missile Club.  Fisk will have a minimum of one test launch and as many as two test launches in 

the months of February and March of 2018. 

Camera systems – Fisk will test if its camera systems can track and classify colored tarps by 

mounting our camera system on a DJI Phantom Drone.  This test will determine how well the 

camera system can classify the color of a colored tarp at a variety of altitudes that do not violate 

FAA rules of maximum drone operating altitudes. 

Electrical systems – Tests will confirm if each system can operate for 3 hours on a single battery 

charged.  These tests will be conducted for each flight computer and each raspberry Pi being used 

in the payload bay.  

Deployment Charge – Static ground tests will be conducted to confirm the proper black powder 

usage to properly evacuate the drogue chute system and the main chute respectively.  

6.1.2 Justifications to validate design of the Launch Vehicle and Payload  

Table 6.1: Justifications  

Test Justification 

Computer 

Modelling 

Proper Motor Selection 

Scale Rocket Proof rocket design is aerodynamically sound. 

Main Rocket Test Proof proper motor was chosen and proof recovery systems work 

Camera Systems Proof camera and computer code can successfully track and classify 

colored tarps 

Electrical Systems Proof systems will remained powered from moment on stand and until 

rocket is recovered 
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Deployment 

Charge 

Proof deployment charges can successfully evacuate parachutes 

 

Table 6.2: How Test Results Cause Necessary Changes to Launch Vehicle  

 

Test Possible Change 

Computer 

Modelling 

Rocket motor selection could have been changed.  Fisk now committed to 

Cesaroni L-1710 

Scale Rocket Physical design of rocket could result in need to be changed. 

Main Rocket Test change in payload layout, possible change in physical rocket design 

Camera Systems Possible change in positioning of camera position, change in computer 

code driving camera systems 

Electrical 

Systems 

Change in batteries used in rocket 

Deployment 

Charge 

Possible change in the amount of black powder needed to evacuate 

parachutes from respective sections. 

Table 6.3: Results of Completed Tests  

Test Results 

Computer Modelling Motor Chosen 

Scale Rocket Crash 

Main Rocket Test Pending 

Camera Systems Pending 

Electrical Systems Pending 
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Deployment Charge Pending 

Table 6.4: Test Plan and Test Rating  

Test Plan Result 

Computer 

Modelling 

Run simulations on RockSim Success 

Scale Rocket Launch Scale rocket of Proposed full 

scale 

Crash 

Main Rocket Test Pending * 

Camera Systems Pending * 

Electrical Systems Pending * 

Deployment Charge Pending * 

Table 6.5: How Results Drive the Design of the Launch Vehicle and Payload  

Test Outcome 

Computer Modelling Motor Selection 

Scale Rocket Confirmation of Physical design 

Main Rocket Test Confirmation of physical design and motor selection 

Camera Systems Confirmation of camera position and computer code 

Electrical Systems Proof of proper battery selection 

Deployment Charge Confirmation of proper black powder amounts 

6.2 NASA Requirements Verification  

Table 6.6: NASA Requirements Verification  

General Requirements 
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Req 

# 

Requirement Description Verification 

Method 

Verification Plan and Status   

1.1 Students on the team will do 100% of 

the project, including design, 

construction, written reports, 

presentations, and flight preparation 

except for assembling the motors and 

handling black powder or any variant 

of ejection charges, or preparing and 

installing electric matches (to be done 

by the team’s mentor). 

 

Inspection 

 

The project is divided 

amongst the sub-teams: 

airframe, avionics, technical 

design, safety, and project 

plan and logistics. Guidance 

from the mentors will aid in 

the completion of the project.  

Status: continuous  

1.2 The team will provide and maintain a 

project plan to include, but not limited 

to the following items: project 

milestones, budget and community 

support, checklists, personnel assigned, 

educational engagement events, and 

risks and mitigations. 

 

Inspection 

Team leaders will meet 

previous to meetings to 

ensure the team follows the 

project plan outlined in the 

proposal along with as 

needed adjustments. At the 

end of weekly meetings, the 

team discusses project 

progress and plans for the 

next meeting according to the 

project plan.  

Status: continuous    

1.3 Foreign National (FN) team members 

must be identified by the Preliminary 

Design Review (PDR) and may or may 

not have access to certain activities 

during launch week due to security 

restrictions. In addition, FN’s may be 

 

Inspection 

 

Project Team leads maintains 

a roster of Foreign National 

team members throughout 

the course of the project. 

Sensitive information 

required by NASA is 
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separated from their team during these 

activities. 

provided to competition 

representatives.  

Status: Verified  

1.4 The team must identify all team 

members attending launch week 

activities by the Critical Design 

Review (CDR). Team members will 

include: 1.4.1. Students actively 

engaged in the project throughout the 

entire year.  

1.4.2. One mentor (see requirement 

1.14).  

1.4.3. No more than two adult 

educators. 

 

Inspection  

 

Team members that are 

attending launch week 

activities are selected based 

on meeting attendance and 

productivity. Team leads, 

mentor, and faculty advisor 

are included in those 

attending launch week.  

Status: Verified by 1/12/18 

1.5 The team will engage a minimum of 

200 participants in educational, hands-

on science, technology, engineering, 

and mathematics (STEM) activities, as 

defined in the Educational Engagement 

Activity Report, by FRR. An 

educational engagement activity report 

will be completed and submitted 

within two weeks after completion of 

an event. A sample of the educational 

engagement activity report can be 

found on page 31 of the handbook. To 

satisfy this requirement, all events 

must occur between project acceptance 

and the FRR due date. 

Inspection The project plan and logistics 

team is responsible for 

education outreach. Members 

of that team along with the 

faculty advisor organize 

events and complete the 

Educational Engagement 

Activity Reports. All 

requirements are fulfilled 

before the FRR.  

Status: Verified by 3/5/18 
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1.6 The team will develop and host a 

Website for project documentation. 

Inspection A subteam of members with 

website development 

experience update the team 

website a week in advance of 

the project milestones. 

Status: continuous 

1.7 Teams will post, and make available 

for download, the required deliverables 

to the team Web site by the due dates 

specified in the project timeline. 

Inspection The website development 

subteam and logistics team 

work together to ensure the 

team posts deliverables to the 

website according to the 

NASA deadlines.  

Status: continuous 

1.8 All deliverables must be in PDF 

format.  

Inspection The logistics team along with 

appointed team lead editors 

are responsible for 

proofreading the documents 

before submission by using a 

word template. 

Status: continuous  

1.9 In every report, teams will provide a 

table of contents including major 

sections and their respective sub-

sections. 

Inspection The logistics team along with 

appointed team lead editors 

are responsible for 

proofreading the documents 

before submission by using a 

word template. Team leads 

communicate with the editing 

team about their specific sub-

sections.  
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Status: continuous  

1.10 In every report, the team will include 

the page number at the bottom of the 

page. 

Inspection The logistics team along with 

appointed team lead editors 

are responsible for 

proofreading the documents 

before submission by using a 

word template. 

Status: continuous  

1.11 The team will provide any computer 

equipment necessary to perform a 

video teleconference with the review 

panel. This includes, but is not limited 

to, a computer system, video camera, 

speaker telephone, and a broadband 

Internet connection. Cellular phones 

can be used for speakerphone 

capability only as a last resort. 

Inspection The team already possess all 

equipment necessary for the 

project teleconferences. 

Team leads arrive 30 minutes 

early to teleconferences to 

setup equipment.  

Status: continuous 

1.12 All teams will be required to use the 

launch pads provided by Student 

Launch’s launch service provider. No 

custom pads will be permitted on the 

launch field. Launch services will have 

8 ft. 1010 rails, and 8 and 12 ft. 1515 

rails available for use. 

Test 

Inspection 

The team will run 

simulations so that the 

designed rocket can be 

launched off the launch pads 

provided.  

Status: Verified by 3/5/18 

1.13 Teams must implement the 

Architectural and Transportation 

Barriers Compliance Board Electronic 

and Information Technology (EIT) 

Inspection The team leads have read the 

standards and will continue 

to follow them throughout 

the competition. 
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Accessibility Standards (36 CFR Part 

1194)  

Subpart B-Technical Standards 

(http://www.section508.gov):  

   § 1194.21 Software applications 

and               operating systems.  

   § 1194.22 Web-based intranet and 

Internet information and applications. 

Status: continuous 

1.14 Each team must identify a “mentor.” A 

mentor is defined as an adult who is 

included as a team member, who will 

be supporting the team (or multiple 

teams) throughout the project year, and 

may or may not be affiliated with the 

school, institution, or organization. The 

mentor must maintain a current 

certification, and be in good standing, 

through the National Association of 

Rocketry (NAR) or Tripoli Rocketry 

Association (TRA) for the motor 

impulse of the launch vehicle and must 

have flown and successfully recovered 

(using electronic, staged recovery) a 

minimum of 2 flights in this or a higher 

impulse class, prior to PDR. The 

mentor is designated as the individual 

owner of the rocket for liability 

purposes and must travel with the team 

to launch week. One travel stipend will 

be provided per mentor regardless of 

Inspection Chris Dondanville is the 

team’s NAR Level 3 certified 

mentor.  

Status: Verified by 9/20/2017 
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the number of teams he or she 

supports. The stipend will only be 

provided if the team passes FRR and 

the team and mentor attends launch 

week in April. 

Vehicle Requirements 

Req 

# 

Requirement Description Verification 

Method 

Verification Plan  

2.1 The vehicle will deliver the payload to 

an apogee altitude of 5,280 feet above 

ground level (AGL). 

Analysis 

Demonstration 

RockSim simulations predict 

that the  Cesaroni  Tech 

L1720 will deliver the 

payload to 5,480 feet above 

ground level. Simulations 

verify apogee, rocket 

dimensions and details 

concur with the requirement.  

Status: Verified by 

2/10/2018    

2.2 The vehicle will carry one 

commercially available, barometric 

altimeter for recording the official 

altitude used in determining the 

altitude award winner. Teams will 

receive the maximum number of 

altitude points (5,280) if the official 

scoring altimeter reads a value of 

exactly 5280 feet AGL. The team will 

 

Inspection 

The rocket will carry two 

RRC3 Sport Altimeter 

provided by LOC Precision 

Rockets. All parts will be 

verified to be on the payload 

board before launch.  

Status: Verified by 2/10/2018  
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lose one point for every foot above or 

below the required altitude. 

2.3 Each altimeter will be armed by a 

dedicated key switch that is accessible 

from the exterior of the rocket airframe 

when the rocket is in the launch 

configuration on the launch pad. 

Inspection The rocket is designed to 

have two key switches on the 

outside of the rocket that is 

accessible from the airframe.  

Status: Verified by 

9/20/2017   

2.4 Each altimeter will have a dedicated 

power supply. 

 

Demonstration 

Inspection 

Our design has two flight 

computers that are 

independently powered by 

two separate lithium ion 

batteries.  

Status: Verified by 11/3/2017 

2.5 Each key switch will be capable of 

being locked in the ON position for 

launch (i.e. cannot be disarmed due to 

flight forces).  

Test 

Inspection 

The key switch design 

ensures that once the key is 

inserted and turned to the ON 

position and removed, it will 

remain on.  

Status: Verified by 9/20/2017  

2.6 The launch vehicle will be designed to 

be recoverable and reusable. Reusable 

is defined as being able to launch again 

on the same day without repairs or 

modifications. 

 

Demonstration 

Inspection 

The rocket was designed in 

RockSim whereby each 

component of the rocket was 

weighed and the components 

were adjusted for the model.  

Status: Verified by 11/3/2017 

2.7 The launch vehicle will have a 

maximum of four (4) independent 

 

Demonstration 

The rocket consists of four 

sections: nose cone, upper 
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sections. An independent section is 

defined as a section that is either 

tethered to the main vehicle or is 

recovered separately from the main 

vehicle using its own parachute. 

Inspection section, payload bay, and 

booster section.   

Status: Verified by 9/20/2017 

2.8 The launch vehicle will be limited to a 

single stage. 

 

Inspection 

The rocket was designed for 

one motor. 

Status: Verified by 9/20/2017 

2.9 The launch vehicle will be capable of 

being prepared for flight at the launch 

site within 3 hours of the time the 

Federal Aviation Administration flight 

waiver opens. 

Demonstration 

 

The rocket is designed to be 

easily assembled at the 

launch site within 2 hours of 

full-scale launch.  

Status: Verified by 3/5/2018 

2.10 The launch vehicle will be capable of 

remaining in launch-ready 

configuration at the pad for a minimum 

of 1 hour without losing the 

functionality of any critical on-board 

components.  

Test 

Analysis 

 

The batteries chosen fulfill 

the requirement so that the 

vehicle will remain ready for 

at least one hour while at the 

pad. This is tested in subscale 

and full scale launches prior 

to competition.  

Status: Verified by 3/5/2018 

2.11 The launch vehicle will be capable of 

being launched by a standard 12-volt 

direct current firing system. The firing 

system will be provided by the NASA-

designated Range Services Provider. 

Demonstration 

 

A 12-volt firing system will 

be used during subscale and 

full scale launches to 

demonstrate this requirement 

can be fulfilled for the 

competition.  

Status: Verified by 3/5/2018 
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2.12 The launch vehicle will require no 

external circuitry or special ground 

support equipment to initiate launch 

(other than what is provided by Range 

Services). 

Test 

Analysis 

Demonstration 

Inspection 

The rocket is designed to not 

require any external circuitry 

or special ground support 

equipment as proven by 

subscale and fullscale 

launches.  

Status: Verified by 3/5/2018 

2.13 The launch vehicle will use a 

commercially available solid motor 

propulsion system using ammonium 

perchlorate composite propellant 

(APCP) which is approved and 

certified by the National Association of 

Rocketry (NAR), Tripoli Rocketry 

Association (TRA), and/or the 

Canadian Association of Rocketry 

(CAR).  

2.13.1. Final motor choices must be 

made by the Critical Design Review 

(CDR). 

 2.13.2. Any motor changes after CDR 

must be approved by the NASA Range 

Safety Officer (RSO), and will only be 

approved if the change is for the sole 

purpose of increasing the safety 

margin.  

Inspection The rocket will use a 

Cesaroni Technology L1720 

rocket motor certief by NAR. 

Simulations tested and 

proved that this will, at 

minimum,  propel the rocket 

to the goal of 5,280 feet.  

Status: 1/12/2018 

2.14 Pressure vessels on the vehicle will be 

approved by the RSO and will meet the 

following criteria:  

Inspection The design does not include 

any pressure vessels.  

Status: Verified by 9/20/2017 
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2.14.1. The minimum factor of safety 

(Burst or Ultimate pressure versus Max 

Expected Operating Pressure) will be 

4:1 with supporting design 

documentation included in all 

milestone reviews.  

2.14.2. Each pressure vessel will 

include a pressure relief valve that sees 

the full pressure of the valve that is 

capable of withstanding the maximum 

pressure and flow rate of the tank.  

2.14.3. Full pedigree of the tank will be 

described, including the application for 

which the tank was designed, and the 

history of the tank, including the 

number of pressure cycles put on the 

tank, by whom, and when. 

2.15 

 

The total impulse provided by a 

College and/or University launch 

vehicle will not exceed 5,120 Newton-

seconds (L-class) 

Inspection The rocket will use a 

Cesaroni Technology L1720 

motor with a total impulse of 

2,699.4 Ns.  

Status: Verified by 11/3/2017 

2.16 The launch vehicle will have a 

minimum static stability margin of 2.0 

at the point of rail exit. Rail exit is 

defined at the point where the forward 

rail button loses contact with the rail. 

Test 

Analysis 

Demonstration 

Inspection 

The rocket will have a static 

stability margin at the point 

of rail exit of 2.99.  

Status: Verified by 1/12/2018 

2.17 The launch vehicle will accelerate to a 

minimum velocity of 52 fps at rail exit. 

Analysis 

 

The rocket will accelerate to 

a exit rail velocity of 44 fps.  
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Status: Verified by 1/12/2018 

2.18 All teams will successfully launch and 

recover a subscale model of their 

rocket prior to CDR. Subscales are not 

required to be high power rockets.  

2.18.1. The subscale model should 

resemble and perform as similarly as 

possible to the full-scale model, 

however, the full-scale will not be used 

as the subscale model.  

2.18.2. The subscale model will carry 

an altimeter capable of reporting the 

model’s apogee altitude. 

Demonstration 

Inspection 

The team rescheduled a 

subscale launch for 

1/11/2018 and following the 

NASA timeline for CDR 

milestone. The team will 

compare the design of the 

subscale to the full scale to 

verify similarity. Pre-launch 

inspection will verify that the 

altimeter is on board the 

payload.     

Status: Verified by 1/12/2018 

2.19 All teams will successfully launch and 

recover their full-scale rocket prior to 

FRR in its final flight configuration. 

The rocket flown at FRR must be the 

same rocket to be flown on launch day. 

The purpose of the full-scale 

demonstration flight is to demonstrate 

the launch vehicle’s stability, structural 

integrity, recovery systems, and the 

team’s ability to prepare the launch 

vehicle for flight. A successful flight is 

defined as a launch in which all 

hardware is functioning properly (i.e. 

drogue chute at apogee, main chute at a 

lower altitude, functioning tracking 

devices, etc.). 

Test 

Inspection 

According to the Music City 

Missile Club and the project 

plan, the scheduled full scale 

launch will take place on 

2/10/2018.   

Status: Verified by 3/5/2018. 
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2.20 Any structural protuberance on the 

rocket will be located aft of the burnout 

center of gravity. 

Analysis 

 

RockSim models confirm the 

initial design proposed in the 

Proposal.  

Status: Verified by 

11/3/2017. 

2.21 Vehicle Prohibitions  

2.21.1. The launch vehicle will not 

utilize forward canards.  

2.21.2. The launch vehicle will not 

utilize forward firing motors.  

2.21.3. The launch vehicle will not 

utilize motors that expel titanium 

sponges (Sparky, Skidmark, Metal 

Storm, etc.) 2.21.4. The launch vehicle 

will not utilize hybrid motors.  

2.21.5. The launch vehicle will not 

utilize a cluster of motors.  

2.21.6. The launch vehicle will not 

utilize friction fitting for motors.  

2.21.7. The launch vehicle will not 

exceed Mach 1 at any point during 

flight. 2.21.8. Vehicle ballast will not 

exceed 10% of the total weight of the 

rocket. 

Inspection The design will not allow any 

violations of the vehicle 

prohibitions.  

Status: Verified by 

9/20/2017.  

Recovery System Requirements 

Req 

# 

Requirement Description Verification 

Method 

Verification Plan  
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3.1 The launch vehicle will stage the 

deployment of its recovery devices, 

where a drogue parachute is deployed 

at apogee and a main parachute is 

deployed at a lower altitude. Tumble or 

streamer recovery from apogee to main 

parachute deployment is also 

permissible, provided that kinetic 

energy during drogue-stage descent is 

reasonable, as deemed by the RSO.  

 

Demonstration 

 

The flight computers are set 

to deploy at apogee 

staggering, one at 500 ft and 

the 700 ft.  

Status: Verified by 3/5/2018 

 

3.2 Each team must perform a successful 

ground ejection test for both the drogue 

and main parachutes. This must be 

done prior to the initial subscale and 

full-scale launches. 

Test 

 

Prior to the initial subscale 

and full-scale launches, the 

safety officer will conduct 

ground ejection test with 

modifications if necessary.  

Status: Verified by 3/5/2018 

3.3 At landing, each independent sections 

of the launch vehicle will have a 

maximum kinetic energy of 75 ft-lbf 

Test 

Analysis 

 

The team will run 

simulations prior to each 

launch and will be reported 

in the Flysheet per Milestone. 

Data is collected from the 

altimeter to validate the 

requirement.  

Status: Verified by 3/5/2018 

3.4 The recovery system electrical circuits 

will be completely independent of any 

payload electrical circuits. 

 

Inspection 

The recovery system  

electrical circuit consists of 

one 9 volt lithium ion battery 

per flight computer and the 

payload electrical circuits 
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consists of two Raspberry Pis 

connected to each camera.   

Status: Verified by 11/3/2017 

 

3.5 All recovery electronics will be 

powered by commercially available 

batteries.  

Inspection The team will purchase 4 

lithium ion batteries to stay 

on while on the launch pad 

for a maximum of 3 hours.  

Status: Verified by 11/3/2017 

3.6 The recovery system will contain 

redundant, commercially available 

altimeters. The term “altimeters” 

includes both simple altimeters and 

more sophisticated flight computers.  

Inspection The design for the payload 

includes two flight 

computers, one is a back up 

for the other.  

Status: Verified by 

9/20/2017. 

3.7 Motor ejection is not permissible form 

of primary or secondary deployment.  

Inspection The rocket will not use motor 

ejection.  

Status: Verified 9/20/2017 

3.8 Removable shear pins will be used for 

both the main parachute compartment 

and the drogue parachute compartment. 

Inspection The shear pins will be placed 

in the upper section holding 

the nose cone in place. The 

shear pins will be placed in 

the booster section holding it 

in place with the booster 

section.  

Status: Verified by 3/5/2018 

3.9 Recovery area will be limited to a 2500 

ft. radius from the launch pads.  

Test 

Analysis 

RockSim simulations show 

that the rocket will not go 
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 beyond 2000 ft from the 

launch pads for any of the 

tested wind speeds. 

Status: Verified by 3/5/2018   

3.10 An electronic tracking device will be 

installed in the launch vehicle and will 

transmit the position of the tethered 

vehicle or any independent section to a 

ground receiver.  

3.10.1. Any rocket section, or payload 

component, which lands untethered to 

the launch vehicle, will also carry an 

active electronic tracking device.  

3.10.2. The electronic tracking device 

will be fully functional during the 

official flight on launch day 

Inspection The GPS tracker is on the 

payload board; the subscale 

and fullscale launches will 

prove requirement verified.  

Status: Verified by 3/5/2018 

3.11 The recovery system electronics will 

not be adversely affected by any other 

on-board electronic devices during 

flight (from launch until landing).  

3.11.1. The recovery system altimeters 

will be physically located in a separate 

compartment within the vehicle from 

any other radio frequency transmitting 

device and/or magnetic wave 

producing device. 3.11.2. The recovery 

system electronics will be shielded 

from all onboard transmitting devices, 

Inspection The design verifies that 

electronics are kept separate 

from other on-board 

electronic devices using zip 

ties. The full scale launch 

will verify the requirement is 

met.  

Status: Verified by 3/5/2018.  
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to avoid inadvertent excitation of the 

recovery system electronics.  

3.11.3. The recovery system 

electronics will be shielded from all 

onboard devices which may generate 

magnetic waves (such as generators, 

solenoid valves, and Tesla coils) to 

avoid inadvertent excitation of the 

recovery system. 3.11.4. The recovery 

system electronics will be shielded 

from any other onboard devices which 

may adversely affect the proper 

operation of the recovery system 

electronics. 

Experiment Requirements 

Req 

# 

Requirement Description Verification 

Method 

Verification Plan  

4.1 Each team will choose one design 

experiment option from the following 

list. 

Inspection The team chose option 1 

previous to submitting the 

Proposal, after consideration 

of the teams strengths and 

challenges.  

Status: Verified by 9/20/2017 

4.2 Additional experiment (limit to 1) are 

allowed, and may be flown, but they 

will not contribute to scoring. 

Analysis 

Inspection 

The team chose not to pursue 

another experiment in 

addition to option 1.  

Status: Verified by 9/20/2017 
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4.3 If the team chooses to fly additional 

experiments, they will provide the 

appropriate documentation in all 

design reports, so experiments may be 

reviewed for flight safety.  

 

Demonstration 

The team includes all 

amendments from the 

previous report.  

Status: Continuous 

4.4 Target detection  

4.4.1. Teams will design an onboard 

camera system capable of identifying 

and differentiating between 3 randomly 

placed targets.  

   4.4.1.1. Each target will be 

represented by a different colored 

ground tarp located on the field.  

   4.4.1.2. Target samples and RGB 

values will be provided to teams upon 

acceptance and prior to PDR.  

   4.4.1.3. All targets will be 

approximately 40’X40’ in size.  

   4.4.1.4. The three targets will be 

adjacent to each other, and that group 

will be within 600 ft. of the launch 

pads. 4.4.2. Data from the camera 

system will be analyzed in real time by 

a custom designed on-board software 

package that shall identify, and 

differentiate between the three targets.  

4.4.3. Teams will not be required to 

land on any of the targets.  

Test 

Analysis 

Demonstration 

Inspection 

The team will use the camera 

to identify the RGB value for 

the each colored tarp.  

Status: Verified by 9/20/2017 

 

Similarly, the code will be 

ran and tested for verification 

and a drone will be use to 

hover over the tarps to 

demonstrate rocket decent.  

Status: In progress  

Safety Requirements  
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Req 

# 

Requirement Description Verification 

Method 

Verification Plan  

5.1 Each team will use a launch and safety 

checklist. The final checklists will be 

included in the FRR report and used 

during the Launch Readiness Review 

(LRR) and any launch day operations.  

Test 

Analysis 

Demonstration 

Inspection 

Plan: A launch day checklist 

was created in order to 

ensure a safe, efficient 

launch. 

 

Status:Verified by 9/20/17 

5.2 Each team must identify a student 

safety officer who will be responsible 

for all items in section 5.3.  

 

Inspection 

Plan: Safety 

Officer,  Michael Davies, 

was designated in order to 

ensure the safety standards of 

the Fisk Missile Team are 

upheld. 

 

Status: Verified by 9/20/17 

5.3 The role and responsibilities of each 

safety officer will include, but not 

limited to:  

5.3.1. Monitor team activities with an 

emphasis on Safety during:  

   5.3.1.1. Design of vehicle and 

payload 

   5.3.1.2. Construction of vehicle 

and   payload 

   5.3.1.3. Assembly of vehicle and 

payload  

   5.3.1.4. Ground testing of vehicle 

and payload  

 

Inspection 

:Plan: The Safety 

Officer,  Michael Davies, has 

and will monitor the activity 

of all team members in order 

to ensure the safety of all. 

The Safety Officer has 

implemented safety plans and 

protocols that are required to 

be followed by all members 

of the team. The Safety 

Officer will constantly 

analyze the hazards and 

possible failures that may 
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   5.3.1.5. Sub-scale launch test(s)  

   5.3.1.6. Full-scale launch test(s)  

   5.3.1.7. Launch day  

   5.3.1.8. Recovery activities  

   5.3.1.9. Educational Engagement 

Activities 

5.3.2. Implement procedures developed 

by the team for construction, assembly, 

launch, and recovery activities  

5.3.3. Manage and maintain current 

revisions of the team’s hazard 

analyses, failure modes analyses, 

procedures, and MSDS/chemical 

inventory data  

5.3.4. Assist in the writing and 

development of the team’s hazard 

analyses, failure modes analyses, and 

procedures. 

hinder the success of the 

rocket launch. Possible 

failure modes of the rocket 

will be considered and 

mitigated to prevent possible 

failure to launch. These 

hazards, failure modes, and 

safety procedures will be 

communicated verbally and 

written in order to ensure 

optimal safety and efficiency 

in the process of building and 

launching the rocket.    

 

Status:In Progress 

5.4 During test flights, teams will abide by 

the rules and guidance of the local 

rocketry club’s RSO. The allowance of 

certain vehicle configurations and/or 

payloads at the NASA Student Launch 

Initiative does not give explicit or 

implicit authority for teams to fly those 

certain vehicle configurations and/or 

payloads at other club launches. Teams 

should communicate their intentions to 

the local club’s President or Prefect 

Test 

Analysis 

Demonstration 

Inspection 

Plan: The teams 

communications lesion will 

inform the local club’s 

President of intentions 

concerning the NAR and 

TRA launch. These 

intentions will include a 

detailed description of the 

rocket design and payload as 

well as the configuration of 

the vehicle.  
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and RSO before attending any NAR or 

TRA launch. 

Status: In Progress 

5.5 Teams will abide by all rules set forth 

by the FAA.  

Test 

Analysis 

Demonstration 

Inspection 

Plan: FMAT has a designated 

safety protocols that align 

with the rules set by the FAA 

in order to ensure safety of 

all team members.  

 

Status: In Progress 

Table 6.7: Team Derived Requirements  

Teams Requirements Verification Plan 

Vehicle Construct the body of the rocket ensuring 

the structural integrity  

Ensure extensive contact between the 

payload section design concept chosen to 

retain the cameras. 

Our mentor will conduct an 

inspection on the final constructed 

vehicle. 

Payload The payload should complete the target 

detection task in the proposal.  

Detection is verified by the analysis 

done by the raspberry pi to store the 

captured images. 

Recovery Ensuring that the electronic ejection goes 

off at the correct altitudes to minimize 

drift 

Creating redundancies within the system 

as a back-up precaution 

An altimeter will be used tell the 

flight computer when set off the 

ejection.  

There are multiple independent 

circuits in the system.  

Safety Required to set the rules and standards by 

which the teams will operate during the 

construction of the rocket or while in the 

lab.  

The safety officer will oversee that 

the correct practices are taken 

throughout all stages of the 

competition. 

General The outreach must be documented 

correctly.  

The mentor will ensure that the 

members have documented 
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outreach events and hours 

according to NASA 

Target 

Detection 

Program cameras to detect differences in 

colours. 

The differences in the coloured 

targets will be detected using RBG 

values the raspberry pi can 

interpret.  

Table 6.8: Budgeting and Timeline 

Grand Total $7,350 

Airframe 

Item Vendor Cost 

Custom Fiberglass Version of Magnum 3E with G10 fins LOC Precision $440 

Miscellaneous Hardware (bolts, screws, etc.) Home Depot $100 

Paint and Decals Walmart $100 

Airframe Total $640 

Avionics and Electronics 

Item Vendor Cost 

9V Batteries Home Depot $90 

Camera system (4 cameras) Amazon $300 

Soldering wire Home Depot $20 

Electrical tape Home Depot $20 

Flight computers LOC Precision  $255 

Sensors for camera system Amazon  $200 
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Arduinos Amazon $300 

GPS Tracker (Backwood Access Tracker 2) Amazon $300 

Transparent Film Whitebox Learning $70 

Avionics and Electronics Total $1,535 

Propulsion 

Item Vendor Cost  

Subscale Motor LOC Precision $20 

Cesaroni Tech L Motor Kit Chris’ Rocket Supplies $150 

Propulsion Total $170 

Supplies and Tools 

Item Vendor Cost  

Alligator clips Home Depot $5 

X-Acto Knife Home Depot $30 

Wire stripper Home Depot $20 

Glue Home Depot $20 

JB Weld Amazon $10 

Acetone Walgreens $10 

Bondo Body Filler Amazon $10 

Trash bags Walmart $30 
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Paper towels Walmart $25 

Thread Home Depot $5 

Ropes Home Depot $20 

Cups Walmart $20 

Popsicle sticks Walmart $15 

Tape Home Depot $10 

Nuts & screws Home Depot $20 

Sandpaper Home Depot $20 

Nitrile gloves Walgreens $25 

First Aid Kit Walgreens $45 

Zip ties Home Depot $35 

Supplies and Tools Total $375 

SLI Competition 

Item Vendor Cost 

WIX Website Subscription WIX.com $200 

Hotel Lodging (La Quinta in Huntsville, Alabama) La Quinta $1,240 

Transportation Enterprise  $1,190 

Food ($25 per person per day) Various Vendors  $2,000 

SLI Competition Total $4,630 
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6.2.1 Funding Plan describing sources of Funding, Allocation of Funds, and 

Material Acquisition Plan 

The Fisk University Mastering Aeronautics Team currently receives funding from the Tennessee 

Space Grant, part of a NASA supported program called the National Space Grant College and 

Fellowship Program. This annual renewable grant is being used to purchase the supplies and 

equipment necessary for vehicle construction and the 2017-2018 NASA University Student 

Launch Initiative competition expenses. The Duke Gas Company is supplying the team with a 

grant that is to be used to engage youth in projects that promote environmental awareness. FAMT 

will use this grant to partner with Martin Luther King Jr. Magnet Middle School’s Environmental 

Club to provide a stipend to the club’s teacher and supplies for the club. 

The total funding for the 2017-2018 competition is $14,000 as shown in the table below titled 

Funding Sources.  

Table 6.9: Funding Sources  

Funding Sources Contribution 

Tennessee Space Grant $10,000 

Duke Gas Company $4,000 

Total $14,000 

6.3 Educational Outreach and Engagement  

6.3.1 Purpose Statement  

The Fisk Mastering Aeronautics Team seeks to engage local youth in STEM activities to raise 

awareness and increase public interest in STEM and rocket science. The STEM curriculum 

includes the following activities: paper rockets, air cannon rockets, virtual rockets, water bottle 

rocket, champagne glass experiment, forensic kits, and other light experiments.   

6.3.2 Educational Engagement Schedule  

Table 6.10: Educational Engagement Schedule  

Date and Occurrence 

(if applicable) 

School of Service Activity 

Aug 21 Harpeth Hall Eclipse Day  

Oct 3 McKissack Middle Prep  Family STEAM Night  
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Oct 27 Fisk University  Oktoberfest  

Oct 27 Antioch Middle Prep  Career Day  

Wednesdays 9-10am McKissack Middle Prep Robotics Team  

TBD (biweekly)  Rose Park Magnet Math 

and Science Middle 

Science Club  

TBD (biweekly or 

monthly) 

Stratford STEM Magnet 

High School 

STEM Awareness 

Activities  

TBD (biweekly or 

monthly) 

Martin Luther King Jr. 

Academic Magnet High 

School 

Environmental Club  

Table 6.11: FMAT’s Meeting Timeline  

Meeting or Event Start Date 

Safety Briefings (Weekly) 09/30/2017 

Subscale Launch 01/11/2018 

Full Scale Launch 02/10/2018 

Conditional Full-Scale Launch 2/24/2018 

Educational Engagement (See 

Educational Engagement Schedule) 

10/29/2017 

Safety Meetings  10/26/2017 

 

Figure 6.1: FAMT Gantt Chart  
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