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Acronym Dictionary  
AGL = Above Ground Level  

APCP = Ammonium Perchlorate Composite 
Propellant  

CDR = Critical Design Review  

CG = Center of Gravity  

CP = Center of Pressure  

EIT = Electronics and Information 
Technology  

FAA = Federal Aviation Administration  

FN = Foreign National 

FPS = Feet Per Second  

FRR = Flight Readiness Review  

HEO = Human Exploration and Operations  

LBF = Pounds of Force 

LCO = Launch Control Officer  

LRR = Launch Readiness Review  

MAH = Millamp Hours 

MSDS = Material Safety Data Sheet  

MSFC = Marshall Space Flight Center  

NAR = National Association of Rocketry  

PDR = Preliminary Design Review  

PLAR = Post Launch Assessment Review  

PPE = Personal Protective Equipment 

RFP = Request for Proposal 

RSO = Range Safety Officer  

SLI = Student Launch Initiative  

SME = Subject Matter Expert  

SOW = Statement of Work  

STEM = Science, Technology, Engineering, 
and Mathematics 

TRA = Tripoli Rocketry Association
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I. Summary of FRR 
C. Team Summary 

St Monica Rocketry Club 
47 Woodchuck Lane 
Ridgefield, CT 06877 
 
NAR Mentor: 
Don Daniels 
NAR#91267, Level 2 
mad4hws_ii@yahoo.com 
Home (203) 438-2645 
Cell (203) 731-1867 

 
D. Launch Vehicle Summary 

Size and Mass 
 

The rocket will have an outer diameter of four inches and a projected mass of 10,510 
grams with the motor and case.  The total length of the rocket is 97.75 inches. 
 

Launch Day Motor 
The launch vehicle will use a K1275 Aerotech Motor. 

Recovery System 
The recovery system utilizes a three-stage deployment system. At apogee, the rocket 
will separate into two pieces, tethered together by a shock cord and a 4-foot Rocketman 
ballistic drogue parachute will be deployed as a drogue bundle tied together by a zip 
tie connected to a cable cutter. The cable cutter will go off at 1000 feet allowing the 
drogue parachute to fully deploy. The 7’ Fruity Chutes Iris Ultra Compact main 
parachute will then be deployed at 600 feet. This parachute will slow the descent 
enough so that the g forces sustained by the live shrimp payload during descent are less 
than the g forces sustained during ascent. We have also added a pilot chute that is 
attached to the main parachute to pull it out of the deployment bag more easily. 

Rail Size  
 The rocket will be launched from a 1515 rail. 
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E. Payload Summary - Survival to Mars Experiment Summary 

It takes about 300 days to get to Mars and a difficulty is feeding the astronauts fresh 
food during their journey. The Payload Experiment seeks to answer if shrimp would be 
able to survive the G-Forces encountered during rocket launch. The shrimp we are 
using are primarily used to feed other fish and creatures. This knowledge could then be 
applied to larger shrimp that people eat, astronauts could filter out the brine shrimp and 
eat them for protein or they can be used to feed other food sources being raised on-
board during the journey to Mars.  

II. Changes made since Critical Design Review 
A. Changes Made to Vehicle Criteria 

Payload section body tube was adjusted from 32.75” to 35” including nosecone. Forward 
recovery tube was adjusted from 23” to 24”. Aft recovery tube was adjusted from 24.5” to 
20.5”. The propulsion section was adjusted from 27” to 18.25” including the motor tube. 
Vacuum sealed 3k carbon fiber was added to the fins.  

A pilot chuted was added to the main parachute and the size of the ejection charges were 
also adjusted. 

B. Changes Made to Payload Criteria 

It only takes 300 days to get to Mars, and we had been operating under the assumption that 
it would take 7 years.  This is critical because the astronauts will not need as much as food 
supply for the mission.  

C. Changes Made to Project Plan 

Fundraising: All financial goals have been met. 

Education: The team presented to two elementary schools:  Meadow Pond Elementary 
School and Mt Kisco Elementary School. The educational reports are included as an 
appendix.   

III. Vehicle Criteria 
A. Design and Verification of Launch Vehicle  

• Changes made since CDR: 

We made slight modifications to the lengths of the various sections:  1) Payload section 
was adjusted from 32.75” to 35” including nosecone; 2)Forward recovery tube was 
adjusted from 23” to 24”; 3)Aft recovery tube was adjusted from 24.5” to 20.5”; 4)The 
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propulsion section was adjusted from 27” to 18.25” including the motor tube. We vacuum 
sealed 3k carbon fiber to the fins because we decided to air foil them.  

• Launch vehicle description. 

 
Figure 1 - CAD Drawing of Rocket 

The launch vehicle is constructed out of BlueTube, a strong material that is not likely to 
break on impact, and lightweight for an easy recovery. The internal bulkheads are made 
from aircraft plywood and the centering rings are also made from aircraft plywood, but 
reinforced with carbon-fiber.   

The payload consists of a 12.75” plastic nosecone and a 22.5” BlueTube body tube that 
houses the scientific payload and cooling system. The nosecone and body tube are held 
together with three #6 stainless steel screws. The nosecone houses the Arduino and is 
sealed with a removable plywood bulkhead.  

The forward recovery consists of a 24” BlueTube body tube containing a 7’ Fruity Chute 
parachute.  

The e-bay consists of a 9” BlueTube coupler containing the electronics sled and sealed 
with plywood bulkheads. It is located in the interior between the Forward and Aft 
Recoveries, and temporarily secured with #2 nylon screws which are acting as shear pins.  

The aft recovery consists of a 20.5” BlueTube body tube containing a 3’ drogue parachute 
and is secured to the propulsion section with three #6 stainless steel screws. The propulsion 
section consists of a 15.5” BlueTube body tube containing a 20.5” 54mm BlueTube motor 
tube, two aluminum ballast bays, and two threaded rods extended the length of the tube 
and connected to the centering rings, which increase rigidity and serve as connection points 
for the recovery harness. The fins are aircraft plywood, vacuum sealed with 3k carbon fiber 
to add strength and air foiled to increase aerodynamics. They are attached to the motor 
tube by their root edge through the exterior airframe wall to increase rigidity. The 
propulsion section is capped by a 2.5” aluminum tail cone motor retainer. 
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• Shear Pin Calculations 
We are utilizing shear pins to hold our rocket together at two joints until the pyro charges.  
In determining what size and how many shear pins, we wanted to ensure that they would 
be sufficient to hold the rocket together during flight, but not to be so strong that they would 
not break when needed.  We utilized #2 shear pins, which have a tested break point of 25lbf 
and #4 shear pins, which have a tested break point of 40lbf. 
 

o Aft Recovery: The biggest force that will be exerted is at motor burn out when there 
is rapid negative acceleration.  This will result in force being exerted on the shear 
pins by any dead weight forward of them. To calculate the force, determine the 
maximum negative g’s experienced at motor burn out and multiply by the mass 
forward of the shear pins.   
 
Max negative acceleration:  56.45 ft/sec² 
g’s:  56.45 ft/sec²/ 32.2 ft/sec²= 1.75g’s 
 
Mass forward of the shear pins: 13.3 lbs. 
 
Pounds of force exerted:  23.3 (1.75 g’s * 13.3lb) 
 
A standard convention is to multiply this result by 2, so we need a total of 46.6 lb 
from our shear pins.  This would equate to two #2 shear pins; however, we had 
concerns about the tube sections staying connected, so we opted to have three shear 
pins. 
 

o Forward Recovery:  The biggest force that will be sustained by the forward 
recovery section is when the drogue parachute becomes fully deployed following 
the discharge of the cable cutters.  This will again cause negative acceleration from 
125 fps to 40 fps, generating 9.8 g’s.  With the mass forward of the shear pins 
totaling 9.2lbs, a total of 90 lbf would be sustained during this event.  Using the 
doubling convention, we need to ensure 180lbf from our shear pins.  We ended up 
using four #4 shear pins, which will require 160lbf to break.  This was slightly less 
than the amount that we had calculated; however, we opted to go slightly smaller 
in order to lessen the amount of black powder needed to break through the pins. 
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• Flight Reliability Confidence. 

The target altitude for the vehicle is 5,280ft.  At apogee a drogue parachute bundle will 
be deployed, at 1000ft the drogue parachute will be fully deployed, and at 600 ft the  
main parachute will be deployed. We will have two flight computers on-board the rocket 
recording flight status.  The launch vehicle will use a K1275 motor. We have confidence 
in our flight performance because we tested the rocket under conditions as similar as 
possible to those we will encounter at our final flight. 

 
• Vehicle Construction 

 
1. Cutting Tubes 

We had to cut our different body tubes to achieve the correct size and dimensions. We 
began by cutting our electronics bay so that it would fit in correctly with our payload bay. 

                                          

Here, Ann is marking and cutting out electronic bay. We then cut and sanded down all of 
the other components in the same manner. 
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 Justin and Ryan are sanding and cutting down our payload body tube. 

 
2. Fins 

We started with ¼” aircraft plywood and cut out using a jig saw 
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Once cut, these were pinned and trimmed so that they were all the same size 
 

 
 
Then, Ann set the table saw to 4 degrees and shaped the trailing edge 
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Then it was onto the router for the leading edge: 
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They turned out quite well.  We cut 4 fins.  Their design only calls for 3, but we wanted an 
extra in case one broke. 

 

The fins look good, but aren’t nearly strong enough to with stand the forces generated by 
a K1275, so Natalie cut-out some 3k 199gsm carbon fiber to cover them in; 
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3. Centering Rings 
 

We started with standard ¼” plywood centering rings that we received from Always Ready 
Rocketry.  Because we were drilling holes for the ¼” all thread and the aluminum ballast 
bays, we decided to reinforce these with one layer of 3k carbon fiber weave on each side.   
The picture shows Ann preparing the centering rings for carbon fiber assembly by applying 
West System Epoxy. 

 

Next, we set these on parchment paper and placed glass which would ensure a smooth 
finish.  For pressure, we then stacked a bunch of cinder blocks on top until this cured. 

4. Motor Tube Assembly 

The motor tube is 22 inches long.  The motor tube itself is made out of blue tube.  It has 
three centering rings, which received the carbon fiber treatment as described earlier.   These 
centering rings had holes drilled holes to accommodate the ¼” threaded rod as well as 
aluminum ballast bays that run the length of the tube.   The centering rings were attached 
with 5-minute epoxy and fillets applied afterwards.  The fillets were made with West 
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System Epoxy and some filler.  We also applied some of this mixture on the threaded rods 
to make sure that the nuts never move. 

 

 

This is the aft side of our Motor Tube Assembly.  Notice the nylon set screw access points for 
the ballast bays.  The motor retainer was affixed using JB Weld. 
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Here is the forward side of our Motor Tube Assembly.  Note the attachment of the ¼” welded 
eyebolts onto the threaded rods. 

 

 

5. Fin Slots 

While the fins were drying in the vacuum bag, Natalie uses a Dremel to cut slots for the fins.  
Multiple measurements were made to ensure that the slots were perfectly straight. 
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After cutting slots, a little bit of clean-up was necessary  
 

                 
 
 

Here is the finished booster tube, ready for assembly. 
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6. Booster Assembly 

When all of the component parts were completed, we then fitted the exterior blue tube with 
fin slots over the motor tube assembly.  We put the tail cone retainer on to help with this 
alignment but were careful to remove it before the epoxy cured. 

           

 

Next, we fit the fins into the slots in the booster tube, making sure that they made contact 
with the motor tube beneath.  We needed to modify the fin tab with by cutting slot for the 
middle centering ring. 
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…And fitted the fin to the perfect angle. 

   

 

7. Fillets 

Once all the fins were in-place, we injected epoxy to create fillets between the motor tube and 
root edge of the fin. 
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Once the internal fillets were dried, we then moved onto the external fillets.  We were very 
careful to tape every piece of the rocket where we did not want Rocketpoxy as this stuff is 
really sticky.  Once we mixed it up, we applied to each fin with a popsicle stick and then drew 
it out using a ¾ inch dowel. We let this set for 30 minutes and then redid this step as the epoxy 
had sagged slightly.   

        

 

 

After 45 minutes, we removed all of the masking tape and let the Rocketpoxy finish curing. 
This was our finished result. 
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8. Body Tube Connections – show how body tubes are connected using #6 screws and weld 
nuts. 

To connect our body tube sections, we used different screws and shear pins to assemble 
our rocket. 

Here is the connection point that every tube has which connects it to the other body tubes. 
This is how it looks from the interior.  

  

These are the screws and pins which we used and how they look assembled.  
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9. Payload bay vent holes 

To successfully vent away the heat produced by our Peltier cooler, we need to drill vent 
holes into our payload body tube. We drilled over 500 holes using a template. 

 

              

 
10. Nose Cone 

We started with a LOC 4-inch nose cone and removed the bottom so that we could access 
the inside. 
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The nose cone is secured to the payload bay with #6 screws and weld nuts.  Below is the 
weld nut installed in the shoulder of the nose cone (there are 3 of them). 

 

 

We then epoxied in some centering rings that would provide some structure as well as an 
attachment point for the nose cone sled will hold our electronics for our payload and GPS 
tracker. 
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Here is the sled.  It is a piece of balsa, with a layer of fiberglass applied to each side.  Super 
strong and super lightweight.  It is attached to the plate with a couple of pieces of aluminum 
angle and some #4 screws.  One side of this sled will hold the GPS tracker and the other 
side will hold the Arduino. 

 

 

Here is the sled inserted into the nose cone. It is secured with #4 screws. 
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B. Recovery Subsystem  

Structure 

The recovery system of our launch vehicle has been tested and has been proven to be able to 
sustain the g-forces and strain that has been exerted upon it during our test flight.  We are 
very confident in its ability to do the same for the flight in Alabama. The recovery system 
has successfully performed a three-stage deployment. Though all the events happened, the 
launch recovery system still had some difficulties. From not monitoring the placement of the 
ignitors, we found, after recovering the vehicle, that the ignitor for pyro charges was not 
placed inside of the ejection charge canister. This kept the black powder from firing, thus 
preventing the separation of the vehicle from that charge. We also found that one of the cable 
cutter did not go off due to the ignitor being pulled out of the cable cutter canister, preventing 
the black powder from firing.  Even though we had failures, the redundancy of our system 
resulted in all 3 deployment events occurring. Despite these failures, we have confidence in 
our design. We know that it will perform smoothly. 

The bulkheads that have been used are made of plywood. On these bulkheads, welded 
eyebolts will be screwed on either side of the bulkhead to connect the quick links, which will 
then be connected to our Kevlar harnesses. 

 

The chart above shows a list of the components in the recovery system, as well as our 
justification for them. 
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The above diagram shows how we designed our rocket to survive the launch if the drogue 
parachute does not deploy, but the main parachute does. The legend below the figure shows the 
component of each part and the numbers show the working load for each of these components. 
The picture below is of how our kevlar harnesses connect to the bulkheads with quick links. The 
picture also shows our black ejection canisters and ignitor terminals as well as the wires for the 
cable cutters. 
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The connections for the recovery harness to the other parts of the launch vehicle are connected 
with the similar parts. The below pictures show the connnection points for the booster (left), and 
the payload (right). 

 

             

 

 

 

   
 

 

The above pictures are of our electronics bay sled. In the photo to the right, you can see that we 
have two 9V alkaline battery holders on either side of a manual switch. The batteries will then be 
secured further by reusable zip-ties. In the photo to the left, the smaller altimeter is the 
Featherweight Raven, while the larger is the RRC3 Sport from MissileWorks. In between these 
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two altimeter there is a second manual switch. We have individually assigned a specific color to 
each altimeter and output. The only wires that will be the same color are the battery wires. The 
connectors on the wires are called easy connect wires. As you might have seen, the Featherweight 
raven has not been mounted evenly. The reason is so that the holes do not go in through the 
aluminum rod that is running along the bottom on either side of the electronics bay to support the 
all-thread, as shown in the above left picture. The below chart helps to better explain the 
redundancy features in our recovery system. 

 

Figure 2 - Redundancy Diagram 

 

For our main parachute, we will be using a 7’ Fruity Chutes Iris Ultra Compact parachute with 
spectra shroud lines. The drogue parachute is a 3-foot Rocket Man Ballistic Drogue. The main 
parachute with the weight of our launch vehicle has a proven terminal velocity of 15 ft/sec. The 
drogue has a predicted terminal velocity of 40 ft/sec. From our altimeter data as shown below, the 
data showed that the drogue had a terminal velocity of about 80 ft/sec during our full scale test 
flight.  Although the drogue parachute did deploy, we suspect that there were some issues with its 
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deployment as the flight data reveals that it was descending way to fast for that size of a parachute. 
The parachute bundle has a predicted velocity of about 125 ft/s. The reason why the drogue 
parachute bundle has a predicted velocity and not a proven one is because we were only able to 
launch our vehicle to 1385 ft, which meant that the drogue bundle didn’t have enough time to reach 
terminal velocity 

 

Figure 3 - Flight Comparison 

As you can see in the above cart, our simulation and actual flight data almost perfectly line up 
when compared with the other.  

Black Powder Charge Calculations 

In order to determine the appropriate size of our black powder charges, we utilized Chuck Pearce’s 
online formula found at www.aeroconsystems.com/tips/Ejection_ChargeCalc.xls.  Our Aft recovery 
compartment measures 4 inches in diameter and is 12 inches long, which results in a total volume 
of 151 inches³.  We have three #2 shear pins securing the aft recovery section to the electronics 
bay.  With each #2 shear pin having a breaking point of 25lbf, our ejection charge needs to generate 
a minimum of 75lbf of force.  A standard convention is to double this amount to 150lbf.  We input 
our values into the online calculator, which suggested that our required black powder charges was 
0.93 grams as shown below 
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We ground tested using 1.0g of black powder, which was sufficient to break the shear pins, but 
not to cause the electronics bay to separate from the aft recovery section.  So, for our full scale 
flight, we increased the black powder to 1.5 grams. 

Our Forward recovery compartment measures 4 inches in diameter and is 14 inches long, which 
results in a total volume of 175.9 inches³.  We have four #4 shear pins securing the forward 
recovery section to the electronics bay.  With each #4 shear pin having a breaking point of 40lbf, 
our ejection charge needs to generate a minimum of 160lbf of force.  A standard convention is to 
double this amount to 320lbf.  We input our values into the online calculator, which suggested that 
our required black powder charge was 2.31 grams as shown below 

Volume = 150.8 in^3 4Fg Black Powder Gas Properties
Dia = 4 inch R = 22.16 ft*lbf/lbm/R

Lengh = 12 inch Tc = 3307 R

Conversions: 1 lbm = 454 grams
1 oz = 28.3 grams

Calculation Mass of Black Powder for a desired Ejection Pressure
Desired Pressure = 12 psi

mass BP = 0.93 grams m=PV/R/T
Ejection F = 150.8 lbf F=P*(pi/4)*d^2

Calculate Pressure  for a known Quantity of Black Powder
Mass of BP = 0.93 grams

Pressure = 11.9 psi P=mRT/V
Ejection F = 150.1 lbf F=P*pi*d^2

Calculate mass of BP for a desired Ejection Force
Ejection F = 150.0 lbf

Mass of BP = 0.93 grams m=F*(length)/R/T
Pressure = 11.9 psi P=F/(pi/4*d^2)

Note:  Yellow fields are input fields.  Clear fields are calculated fields.
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When we ground tested the main parachute compartment, we did so with 1.5 grams of black 
powder. We had made a calculation error, inputing #2 shear pins in the formula instead of #4 shear 
pins.  We also did not double the force required.   The result was that the charge did not break the 
shear pins.  When we flew our rocket for the full scale flight, we used 3.0 grams of black powder, 
which was successful. 

For our tracker, we will be using the T3 tracker from MissileWorks. This tracker has a range of 
160,042 feet in altitude at a velocity of 1640 ft/sec. the radio operational range is from 902-928 
MHz. The optimal voltage range is from 3.5-7.4 volts. We have placed the tracker in the nosecone.  

C. Mission Performance Predictions  

                 
Kinetic Energy 

 

Figure 4 - Kinetic Energy 

Volume = 175.9 in^3 4Fg Black Powder Gas Properties
Dia = 4 inch R = 22.16 ft*lbf/lbm/R

Lengh = 14 inch Tc = 3307 R

Conversions: 1 lbm = 454 grams
1 oz = 28.3 grams

Calculation Mass of Black Powder for a desired Ejection Pressure
Desired Pressure = 25 psi

mass BP = 2.27 grams m=PV/R/T
Ejection F = 314.2 lbf F=P*(pi/4)*d^2

Calculate Pressure  for a known Quantity of Black Powder
Mass of BP = 2.31 grams

Pressure = 25.4 psi P=mRT/V
Ejection F = 319.6 lbf F=P*pi*d^2

Calculate mass of BP for a desired Ejection Force
Ejection F = 320.0 lbf

Mass of BP = 2.31 grams m=F*(length)/R/T
Pressure = 25.5 psi P=F/(pi/4*d^2)

Kinetic Energy (lbf)
Boost 166252
(1) Drogue Bundle 4942
(2) Drogue Deploy 442
(3) Main Deploy 68
(3a) Booster landing 68
(3b) Forward Recovery Landing 48
(3c) Payload landing 26
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Drift Calculation 
With our three-deployment event set-up.  If we achieve the target altitude of 5,280 feet, 
we will be able to stay within the 2,500-ft. recovery area as long as winds remain under 
15mph.  Our estimate for Drift is reflected in the table below: 

 

Figure 5 - Drift Calculations 

 
Areotech K-1275 - Altitude Prediction 
Rocksim Constants:  
 Rail length 144 inches 
 Humidity  75 
 Cloud Coverage 50 
 Barometric pressure  30 in. hg 
 Mass 9875g 
 CD 0.55 
   
Figure 6 - Altitude Prediction 

 

Distance Decent Velocity Time
Phase (ft) (fps) (s) 0 5 10 15 20
Boost & Coast 5,280                   18            -           132           264           396           528           
Drogue Bundle (apogee) (4,280)                  125                       34            -           251           502           753           1,004        
Drogue (1000ft) (400)                     40                         10            -           73             147           220           293           
Main - full load (600ft) (550)                     14                         40            -           294           589           883           1,178        
Main - payload (50)                        10                         5              -           37             74              111           147           

Calculated Drift -           788           1,575        2,363        3,151        

+ 10% -           866           1,733        2,599        3,466        

Wind Speed
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Figure 7 - Wind and Temperature Flight Chart 

Thrust Curve of Aerotech K1275 Motor.  
 

The Thrust Curve of the K1275 Motor is shown below.  The minimum acceptable thrust 
with a 23lb rocket would be 506 Newtons, which the K1275 easily surpasses.  

  
  
 

 
Figure 8 - Motor Thrust Curve 

 

We visited http://www.thrustcurve.org/guidepage.jsp to use their rough calculation method to 
compare to our real data from our test flight to calculate the error rate. The below picture shows 
where we inputted our data to start the simulation. 

50 60 70 80
0 5142 5177 5211 5247
5 5138 5172 5207 5243
10 5125 5180 5194 5230
15 5103 5137 5172 5208
20 5071 5105 5140 5178

W
in

d 
m

ph

Temp F.
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Figure 9 - Alternate Simulation Value 

We then selected the “run” button where we were then presented with several motor choices with 
the simulated altitude.  

 

 

Figure 10 - Alternate Simulation Motor 

The above two pictures show how the data is presented along with the motor name. We then took 
the actual data from the test flight with the J1299 (an altitude of 1,385 ft) and compared it to this 
data to find that the failure margin is around 3.5%. We then took this margin and used it to refine 
the initial estimate from 4,856 feet to 5,019 ft.  

  
D. Full Scale Flight 

A picture of the team with the rocket assembled and ready to take to the RSO’s table 
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Recovery system and components fully deployed 
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We flew in Durham CT on February 17th at a CATO club flight.   When we got to the 
launch field we unpacked the car and setup the tables.  We then put the rocket on the 
table and started to ready for the launch.  For this setup we used a check list.  We started 
by testing the altimeters and ensuring that all wires were secure.  We then put all the pyro 
charges into the charge wells.  We then put the fruity chute into the forward recovery bay 
and put the sheer pins in.  Then put the cable cutters on the drogue parachute and into the 
aft recovery bay and put the sheer pins in.  After all this we put the motor in and tail cone.  
We then set out for the launch rail.  After sliding the rocket onto the rail we put it up.  We 
tilted the launch rail into the wind so that it would not drift too far away from the field.     
It was just above freezing temperatures and there was a mild wind.  There were a couple 
of things that went wrong, but other than that, all flight events appeared to have occurred 
correctly.  The assembly was a little difficult because the body tubes were a little too tight.  
Also, it had rained the night before so the field that it landed on was wet.  The e-bay actually 
landed in a puddle.  The electronics were fine but we had to replace the body tube.  We 
fixed this possible hazard for the next flight by sealing the Bluetube with sanding sealer. 
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Here are the things that went wrong with our flight: 

1. The ignitor for one of the cable cutters fell out of canister. 
a. Why?- The cause of this was because of improper taping and so the ignitor 

fell out of the canister before ignition. 
b. Solution- to resolve this problem we will secure the ignitor with tape after 

installing in the cable cutter. 
2. The Main Parachute lines twisted substantially upon re-entry 

a. Why?-When the parachute deployed, its lines were twisted which resulted 
in the canopy not fully opening. 

b. Solution- A possible solution is to install a swivel which will cause the 
cord to deploy without the lines twisting. The downside to this is that it 
will add quite a bit of extra weight. 

3. Slight zippering of forward recovery body tube. 
a. Why?-Our drogue didn’t release at an appropriate time so the main 

parachute released at 100 fps, which caused the shock cord to rip through 
the forward recovery body tube. 

b. Solution- To fix this we have recalculated the drogue deployment so that it 
is released with less fps impact. 

4. Ignitor taped to outside of charge wells (not in black powder) 
a. Why?- This mistake was due to lack of inspection of ignitors. 
b. Solution- To correct this we will make sure the inspectors do their job and 

double check each other’s work. 
5. Body tubes getting stuck 

a. Why?-This happened due to the fact our rocket fell into a puddle causing 
the ebay section and forward recovery of the bluetube to warp. Because of 
this, we had to recut the forward recovery and ebay section. 

b. Solution- To make sure this does not happen again, we have waterproofed 
our new bluetube section with sanding sealer. 
 

In the chart below we show the flight summary for our fullscale flight: 
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Date  2/17/2018 

Time 12:20 

Temperature (F) 37° F 

Sky Conditions Partly Cloudy 

Humidity 42% 

Flight Condition Comments 
Cold Day after a night of freezing rain.  Slightly 

windy at some points. 

Motor J1299 

Drogue Parachute 3.0’ Ballistic 

Main Parachute 84” Fruity Chutes, Iris with Pilot Chute 

Lift-off weight w/o Motor 7800g 

Lift-off weight w/ Motor 8650g 

  

 Recovery:   

Primary Apogee Apogee + 1sec, 1.5 grams BP 

Primary Drogue Bundle 1000 ft, 0.1 grams BP 

Primary Main 600 ft, 3.0 grams BP 

Backup Apogee Apogee + 2 sec, 2.0 grams BP 

Backup Drogue Bundle 900 ft, 0.1 grams BP 

Backup Main 500ft, 3.5 grams BP 
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IV. Payload Criteria and Design-Sean 
A. Payload design changes from CDR 

There are no significant changes to our design. 

B. Design of Payload Equipment 

Our scientific experiment is testing if brine shrimp can survive the g-forces of a launch. To 
ensure the shrimp do not die of any other circumstances, we must take out all other variables. 

Rocksim simulation   

Cd 0.55 

Altitude 1375 ft 

Max acceleration 528 ft/sec/sec 

Rail Exit Velocity  110.5 ft/s 

 
 

Raven Results   

Altitude 1399 ft 

Error Margin Less than 1% 

Rail Exit Velocity 137 ft/s  

  

RRC3 Results   

Altitude 1386 ft 

Error Margin Less than 1% 

Rail Exit Velocity 135 ft/s 

 Comments 

 

Clear, cold day with some wind. 
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The main concern is heat, because the main launch will be in Alabama where there can be high 
temperatures. To keep the shrimp alive, we have developed a cooling system which is mounted 
to a sled. The structure of the sled is made out of aircraft plywood, with one layer of fiberglass 
adding strength while keeping it light. The sled is reinforced with 4mm hollow carbon rods 
with 2/56 threaded rod through them, allowing the sled to become rigid and strong.  

Due to the shrimp’s sensitivity to heat, we have determined that we need a cooling system. 
This cooling system operates by using an Arduino microcontroller to turn on our Peltier cooler 
when the ambient temperature reaches over 75 degrees, and to turn off when the temperature 
reaches 75 degrees. This Peltier cooler is touching a water block, and this water block is 
connected to tubing. This tubing connects to a copper coil that wraps around the water vessel. 
When this copper coil gets cold, it will cool the shrimp inside the water vessel. Since the 
opposite side of the Peltier becomes hot, a heat sink and a fan were placed there to vent heat 
away from the water vessel. This will be vented out of the 544 holes that were drilled on the 
upper body tube.  

 
 

 

Figure 11 - Payload Block Diagram 

Where the water vessel is there are 4 supporting carbon rods, making the water vessel 
removable and strong. The water vessel will be completely enclosed inside a coupler. There 
will also be a ¼ inch copper tube-coil surrounding the water vessel.  

The middle section has two supporting rods, one on either side keeping the bulkheads 
secure and adding to their durability. The batteries are the largest component of the 
payload, they supply all necessary power to the pump, Peltier cooler, and fan. To secure 
the two large 8000mah batteries and the water pump which is located on the other side, we 
use steel brackets. At the top of the sled, there is the fan, heat sink, Peltier cooler, and water 
block. The heat from the Peltier cooler is absorbed by the heat sink and is taken away by 
the fan. Our main concern with the payload is that the components may come loose during 
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launch or landing. We have and will pay special attention to the mounting and securing of 
the components to the sled. 

C. Payload fully constructed 

Trying to squeeze in all of the payload components proved to be a significant challenge.  We 
started by building a frame made of aircraft plywood and reinforced with fiberglass.  We had 
designed this to be printed on the Makerbot; however, numerous problems with the Makerbot 
left us with no alternative, but to use conventional methods and materials.  This frame has a 
center support where the batteries will be mounted.    In the design of the frame, we utilized 
#2 threaded rod and carbon fiber hollow rods to add support.  Once inside the rocket, this 
would not matter so much since the exterior of the body tube provides structure.  The picture 
below is the frame and the installation of one threaded rod/carbon fiber tube support. 

 
 
In the following picture, the wooden frame is mounted to the coupler that connects the forward 
recovery section and the payload compartment.   Looking closely, you can see the copper 
tubing that lines the inside of this coupler, which also serves as the environment for our live 
payload. 
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Once we got all of the parts fitted correctly and the pump installed, it was time to fill the system 
with water.  We did this by submerging it in water and providing some battery power to the 
pump.  We had to prime it a few times, but in the end we were successful and it is full of water.  
Having no leaks was a bonus.. 
 
This picture shows the cooler assembly installed inside the payload compartment airframe 
before we installed the heat synch and fan.  The purple object is the water block that the Peltier 
cooler will sit on.  Notice all of the holes in the airframe for venting out the heat generated by 
the Peltier cooler. 
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This picture shows the water pump installed.  Note the block that has been attached that has a 
brass insert.  This is to secure the cooling system, which weights approximately 5 pounds, 
inside the payload body tube.   There are four of these connection points in all – two aft and 
two forward. 
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It’s midnight on March 3rd, about 24 hours to go until the FRR submission deadline.  We got 
all of the components in the payload compartment and it fits inside the rocket. Success!  We 
have some wiring to do, but we’ll do that in the morning. 
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We got it wired up.  It’s an incredibly tight fit 
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The Arduino is mounted in the nose cone.  It still looks a little messy, but everything works.  



 

 

 
St. Monica–2018–FRR–Report–Document Submission.pdf 

 
Version 1.0 
 

 
Page 48 of 122 
5-Mar-2018 

 

 
 
We have to make permanent the connections between the nose cone and the payload bay.  
Amazingly, those are the only parts that we did not accurately plan for.  There aren’t any stores 
open at 6PM the night before the FRR deadline, so we’ll have to do that part after the FRR 
submission. 
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Figure 12 - Fan: 67.7 g 

 
Figure 13 - Heat Sink: 284 g 

 
Figure 14 - Peltier Cooler: 24 g 
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Figure 15 - Water Block: 40 g 

 

 
Figure 16 - Vinyl Tubing 1.8g per Inch 

 
 

Figure 17 - Water Pump: 58 g 

 

 
Figure 18 - Battery x 2: 584 g 

 

Figure 28 – Vent Holes in Upper Body Tube 
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D. Payload Electronics  

The Arduino will be mounted above the sled inside the nose cone of the rocket, it will tell the 
cooling system when to turn on and when to turn off. The list will be from the top of the sled 
to the bottom. The fan is mounted to the heat sink to whisk away the heat generated from the 
Peltier cooler. The Peltier cooler is mounted to the heat sync and water block, the heat 
generated from the Peltier goes to the heat sink and the cold generated from the Peltier goes to 
the water block. Below the water block is a water pump, which pumps water from the water 
block to cool the water. The batteries are the largest component of the payload, they supply all 
necessary power to the pump, Peltier cooler, and Arduino. The water vessel containing the 
shrimp is surrounded by copper tubing which will have the cold water from the water block 
running through it cooling the water.  

#6 screws and nuts will mount the sled holding the components of the payload to the body 
tube, keeping the payload secure and keep it from moving within the body tube of the rocket. 
The payload will be located at the topmost body tube of the rocket, and the Arduino will be 
mounted within the nosecone, saving space.  

For our Payload, an Arduino Uno microcontroller is used to turn the cooling system on and off 
and to record temperature data. C++ was used as our code to operate our Arduino. 
Temperatures are recorded on the flash memory of our Arduino, which is called EEPROM in 
the program. Each real number, also referred to as a float, takes up 4bytes. EEPROM only has 
a storage space of one kilobyte (1024 bytes), but temperature is required to be recorded for 
four hours (14,400 seconds, the estimate amount of time the rocket would be placed on the 
platform in the sun and the flight time), so the floats are converted into unsigned integers, 
called uint8t_t’s in the code, which only use one byte of space. This way, the Arduino can hold 
1024 uint8t_t’s. Two data points will be recorded: the temperature and the Boolean (on or off) 
variable indicating if the pump is on or off. Boolean variable also takes up 1 byte of space. 
Therefore, the EEPROM only has enough capacity for 512 bytes for each variable. Dividing 
14,400 seconds by 512 bytes, the sampling rate is taken as 28 seconds.  

Two programs were written for the Arduino: one to record temperature data and activate the 
cooling system and one to read the logged temperature data after the flight for analysis. A copy 
of these programs is shown in Appendix C. 

Switch, Indicator Wattage, and Location: 

The Arduino is used to turn our cooling system on and off. The cooling system needs 12v to 
power it. However, the Arduino only provides a 5v signal. To solve this problem, there are two 
relays to switch the Arduino’s 5v signal to two 12v signals – one for the Peltier cooler and the 
other for both fan and pump. Two relays are needed to handle the high electrical load capacity. 
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(The Peltier draws 5A and each relay is only capable of handling 5A. The pump and fan 
combined draw less than 5A). These relays are located on the electronics board.  

Payload Electrical Schematic 

 

Figure 19- Arduino Electrical Diagram 

E. Payload Differences from Earlier Models 

Our payload first had a relay that would switch the voltage for the Arduino.  We realized that 
the relay would not work accurately in our situation and changed to a Mosfet.  This change 
allowed the model function properly. 

F. Flight Reliability Confidence 

We are comfortable flying our payload apparatus because we have completed multiple tests. 
One of these tests is our drop test which proves the living integrity of our shrimp. In this test, 
we dropped an array of shrimp vessels from a series of heights. This will determine if the 
payload would need a shock suppression system. After this test, we have decided that a shock 
suppression system is not necessary in our apparatus.  
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We are confident in our design because we have carefully selected and tested our components 
and our simulations have shown that our flight will be a success. Success for us does not mean 
that the shrimp will not die on the flight, but that they will not die of weather conditions before 
the launch. To prevent their dying, we have installed a Peltier cooler which can cool and heat 
the internal temperature of our rocket. We are confident in our design of this cooler and that it 
will function properly because we have run numerus tests. With the help of an Arduino and 
other hard ware, the cooler will turn on and a fan will vent away heat through the many holes 
we drilled to let the heat out of our rocket. 
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V. Safety Ted and Johnny 
Personnel Hazard Analysis   

Scale Severity of Failure Likelihood of Occurrence 

1 Minimal or no impact remote 

2 Some unlikely 

3 Moderate likely 

4 major impact highly likely 

5 Unacceptable near certainty 
Figure 20 - Hazard Scale 

Personnel Hazard Matrix- 
 

 

Source Hazard Cause Result SeverityLikelihood Mitigation
Compound 
slide miter 
saw

Laceration, esp of 
hands, fingers, 
limbs.

Incorrect use 
of 
equipment

- Damage to 
person
- Damage to 
rocket

5 1 Use protective eyewear, close-
toed shoes, remove all jewelry 
and do not wear loose-fitting 
clothing. Always assume the 
tool is powered.  Concentrate 
on task while utilizing tool - do 
not become distracted. 
 NEVER do more work than 
the tool is capable of.  Be 
patient and let the tool do the 
work.  

Variable 
speed jigsaw

Laceration, esp of 
hands, fingers, 
limbs.

Incorrect use 
of 
equipment

- Damage to 
person
- Damage to 
rocket

5 1

Use protective eyewear, close-
toed shoes, remove all jewelry 
and do not wear loose-fitting 
clothing. Always assume the 
tool is powered.  Concentrate 
on task while utilizing tool - do 
not become distracted. 
 NEVER do more work than 
the tool is capable of.  Be 
patient and let the tool do the 
work.  
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Source Hazard Cause Result Severity Likelihood Mitigation
Epoxy resin Eye or skin 

irritation.
Failure to 
avoid glue or 
hand contact 
with eyes. Not 
washing hands 
with proper 
solvent after 
use                    

 - Irritated eyes and 
throat

2 2 Use gloves to contact glued 
surfaces and wear vapor-protective 
mask. 

Fast hardening 
glue

Eye or skin 
irritation. Irritation 
of breathing 
passages.

Insufficient 
ventilation. 
Failure to 
wear gloves 
when handling 
glued surfaces. 
Not washing 
hands with 
proper solvent 
after use.                    

 - Damage to 
person  

2 2 Use protective eyewear, skin 
protection, and respiratory mask. 

Slow hardening 
glue

Eye or skin 
irritation. Irritation 
of breathing 
passages.

Not washing 
hands after 
use                    
Improper 
protection

 - Damage to 
person  

1 3 Use protective eyewear, skin 
protection, and respiratory mask. 

Battery Eye irritation from 
battery chemicals, 
inhalation, ingestion 
and toxic reaction, 
skin irritation.

Failure to 
wear gloves 
during use. 
Failure to 
wash hands 
with proper 
soap, solvent 
after use                    

- Damage to 
person - Damage 
to rocket 

3 2 Use protective eyewear, skin 
protection, and respiratory mask. 
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Table 1 - Personal Safety Hazards 

 

 

 

 

 

 

 

 

 

 

 

Source Hazard Cause Result Severity Likelihood Mitigation

Power drill

Lacerations or 
bruises.

Incorrect use 
of equipment

- Damage to 
person - Damage 
to rocket 4 3

Use hand protection, respiratory 
mask. 

Drill press
Lacerations or 
bruises.

Incorrect use 
of equipment -
Improper 
protection

- Damage to 
person - Damage 
to rocket 

4 2

Use protective eyewear, close-toed 
shoes, remove all jewelry and do 
not wear loose-fitting clothing. 
Always assume the tool is 
powered.   Concentrate on task 
while utilizing tool - do not become 
distracted.  NEVER do more work 
than the tool is capable of.  Be 
patient and let the tool do the work. 
 

Radial arm saw

Lacerations or 
bruises.

Incorrect use 
of equipment -
Improper 
protection

- Damage to 
person - Damage 
to rocket 

5 1

Use protective eyewear, close-toed 
shoes, remove all jewelry and do 
not wear loose-fitting clothing. 
Always assume the tool is 
powered.   Concentrate on task 
while utilizing tool - do not become 
distracted.  NEVER do more work 
than the tool is capable of.  Be 
patient and let the tool do the work. 
 

Small hand tools
Lacerations or 
bruises.

Incorrect use 
of equipment

- Damage to 
person  2 3 Use hand protection. 
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1. Failure Modes and Effects Analysis - 

 

Potential Failure Cause Consequence Severity Likelihood Mitigation

External Structural 
Failure Fins break or fail

unstable flight/ 
vehicle failure 4 2

Construct with through- 
the-wall fins with an 
internal fillet of epoxy 
securing the root edge 
to the motor tube.

External Structural 
Failure Rail buttons break

unstable flight/ 
vehicle failure 3 3

Screwed in to prevent 
break off, also test for 
looseness before flight

External Structural 
Failure Body tube fails 

unstable flight/ 
vehicle failure 5 1

Inspect body tubes for 
flaws prior to flight

External Structural 
Failure

Body tubes come 
apart during flight

unstable flight/ 
vehicle failure 5 1

All body tubes will be 
mechanically fastened 
together

Motor Failure
Motor improperly 
assembled rocket Failure 1 2

Assemble motor 
according to 
instructions by someone 
with experience.  We 
will be bonding the 
grains to the liner, 
although not required 
by the instructions 

Motor Failure
Ignitor improperly 
installed

unstable flight 
possible rocket 
failure 5 2 Test before launch

Internal Structural 
Failure

Centering rings not 
aligned correctly unstable flight 3 1

Build carefully and 
measure multiple times

Internal Structural 
Failure

Motor retention 
fails motor falls out 5 3 Test before launch. 
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Potential Failure Cause Consequence Severity Likelihood Mitigation

Shock Cord Failure Excessive loading

rocket 
components 
come in 
ballistically 5 2

Design fitting for proper 
load (eyebolts & quick 
links)

Shock Cord Failure
Detaches from eye 
bolts

rocket 
components 
come in 
ballistically 5 2

Check eyebolts, 
quicklings and recovery 
harness for proper fit 
prior to flight

Shock Cord Failure
Cut by other 
objects in rocket

rocket 
components 
come in 
ballistically 5 1

Inspect parachute 
compartments for sharp 
edges prior to intalling 
parachutes

Shock Cord Failure
Burned by ejection 
charges

rocket 
components 
come in 
ballistically 5 2

Shock cord made from 
fireproof kevelar 

Altimeter Failure
Ejection charges 
do not go off

parachutes 
don't 
deploy/rocket 
comes in 
ballsitic 5 2

Observe the motor 
before loading to see if 
the ejection charge is on

Ejection Charge Failure Igniter failure

parachutes 
don't 
deploy/rocket 
comes in 
ballsitic 5 3

Test deployment system 
before launch

Parachute Failure
Parachutes packed 
too tightly

parachutes fail 
to deploy, or 
tangle upon 
deployment 5 3

Ground test parachutes; 
Inspect parachute 
packing during final 
assembly

Parachute Failure
Parachutes detach 
from shock cord

rocket comes 
in ballistic 5 3

Check if parachutes are 
properly secured
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Potential 
Failure Cause Consequence Severity Likelihood Mitigation 

Parachute 
Failure 

Parachute 
burns from 
ejection 
charges 

parachute opens 
partially, or not 
at all 5 3 

Protect 
parachutes and 
flammable 
shroud lines 
with 
flameproof 
flameproof 
material 

Payload 
Environment 
Fails 

Water 
environment 
leaks 

contaminates the 
rest of the rocket, 
including 
motor/electronics 4 2 

Test 
environment 
before launch.  

Locator 
Transmitter 
interferes with 
other on-board 
devices. 

Locator is 
not properly 
placed away 
from other 
electronics 

May cause 
failure of 
electronics 
affected 3 1 

Place 
transmitter 
away from any 
electronics that 
could be 
affected. 

Table 2 - Failure Mode Analysis 

2. Project Risks 

Project Risks 

What Likelihood Impact Mitigation 
Fundraising Medium Medium Begin fundraising 

early.  We met our 
goal 

Out of stock 
components 

Medium Medium Order early as early 
as possible.  We have 
all components that 
we need. 

Time understanding 
requirements 

High High Schedule tasks early 
with detail and 
communicate! 
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Arduino 
programming  

Medium High We need to conduct 
further tests on the 
final assembly 

Cooling system not 
being completed 

Medium High Accelerate schedule-
test early.  Done. 

Shrimp do not 
survive trip to 
Huntsville 

Medium High Look for alternate 
sources of shrimp in 
Huntsville 

Figure 21 - Project Risks 
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VI. Launch Operation Procedures 
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Figure 22 - Flight Checklist 
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Personnel Hazard Analysis  

Scale Severity of Failure Likelihood of Occurrence 

1 Minimal or no impact remote 

2 Some unlikely 

3 Moderate likely 

4 major impact highly likely 

5 Unacceptable near certainty 
Figure 23 - Hazard Scale 

Personnel Hazard Matrix- 
 

  

Source Hazard Cause Result SeverityLikelihood Mitigation
Compound 
slide miter 
saw

Laceration, esp of 
hands, fingers, 
limbs.

Incorrect use 
of 
equipment

- Damage to 
person
- Damage to 
rocket

5 1 Use protective eyewear, close-
toed shoes, remove all jewelry 
and do not wear loose-fitting 
clothing. Always assume the 
tool is powered.  Concentrate 
on task while utilizing tool - do 
not become distracted. 
 NEVER do more work than 
the tool is capable of.  Be 
patient and let the tool do the 
work.  

Variable 
speed jigsaw

Laceration, esp of 
hands, fingers, 
limbs.

Incorrect use 
of 
equipment

- Damage to 
person
- Damage to 
rocket

5 1

Use protective eyewear, close-
toed shoes, remove all jewelry 
and do not wear loose-fitting 
clothing. Always assume the 
tool is powered.  Concentrate 
on task while utilizing tool - do 
not become distracted. 
 NEVER do more work than 
the tool is capable of.  Be 
patient and let the tool do the 
work.  
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Variable 
speed jigsaw

Laceration, esp of 
hands, fingers, 
limbs.

Incorrect use 
of 
equipment

- Damage to 
person
- Damage to 
rocket

5 1

Use protective eyewear, close-
toed shoes, remove all jewelry 
and do not wear loose-fitting 
clothing. Always assume the 
tool is powered.  Concentrate 
on task while utilizing tool - do 
not become distracted. 
 NEVER do more work than 
the tool is capable of.  Be 
patient and let the tool do the 
work.  

Source Hazard Cause Result SeverityLikelihood Mitigation
Epoxy resin Eye or skin 

irritation.
Failure to 
avoid glue 
or hand 
contact with 
eyes. Not 
washing 
hands with 
proper 
solvent after 
use                    

 - Irritated eyes 
and throat

2 2 Use gloves to contact glued 
surfaces and wear vapor-
protective mask. 

Fast 
hardening 
glue

Eye or skin 
irritation. 
Irritation of 
breathing 
passages.

Insufficient 
ventilation. 
Failure to 
wear gloves 
when 
handling 
glued 
surfaces. 
Not washing 
hands with 
proper 
solvent after 
use.                    

 - Damage to 
person

2 2 Use protective eyewear, skin 
protection, and respiratory 
mask. 

Slow 
hardening 
glue

Eye or skin 
irritation. 
Irritation of 
breathing 
passages.

Not washing 
hands after 
use                    
Improper 
protection

 - Damage to 
person

2 2 Use protective eyewear, skin 
protection, and respiratory 
mask. 

Battery Eye irritation 
from battery 
chemicals, 
inhalation, 
ingestion and 
toxic reaction, 
skin irritation.

Failure to 
wear gloves 
during use. 
Failure to 
wash hands 
with proper 
soap, solvent 
after use                    

- Damage to 
person
- Damage to 
rocket

3 2 Use protective eyewear, skin 
protection, and respiratory 
mask. 
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Battery Eye irritation 
from battery 
chemicals, 
inhalation, 
ingestion and 
toxic reaction, 
skin irritation.

Failure to 
wear gloves 
during use. 
Failure to 
wash hands 
with proper 
soap, solvent 
after use                    

- Damage to 
person
- Damage to 
rocket

3 2 Use protective eyewear, skin 
protection, and respiratory 
mask. 

Source Hazard Cause Result SeverityLikelihood Mitigation
 Epoxglas Eye irritation, 

skin irritation, 
respiratory 
irritation.

Incorrect use 
of 
equipment

- Damage to 
person
- Damage to 
rocket

2 3 Use protective eyewear, skin 
protection, and respiratory 
mask. 

Dry lubricant Eye or skin 
irritation. 
Irritation of 
breathing 
passages.

Improper 
protection

- Damage to 
person
- Damage to 
rocket

3 2 Keep in cool, dry, ventilated 
storage and closed containers. 
Keep away from heat, sparks 
and open flames

Spray paint. Eye or skin 
irritation. 
Irritation of 
breathing 
passages.

Improper 
protection

- Damage to 
person
- Damage to 
rocket

2 2 Use protective eyewear, skin 
protection, and respiratory 
mask. 

Super glue Eye or skin 
irritation. 
Irritation of 
breathing 
passages.

Improper 
protection

- Damage to 
person

2 2 Use protective eyewear, skin 
protection, and respiratory 
mask. 

Band saw Lacerations or 
bruises.

Incorrect use 
of 
equipment

- Damage to 
person
- Damage to 
rocket

5 2 Use protective eyewear, close-
toed shoes, remove all jewelry 
and do not wear loose-fitting 
clothing. Always assume the 
tool is powered.  Concentrate 
on task while utilizing tool - do 
not become distracted. 
 NEVER do more work than 
the tool is capable of.  Be 
patient and let the tool do the 
work.  

Dremel 

Lacerations or 
bruises.

Incorrect use 
of 
equipment

- Damage to 
person
- Damage to 
rocket

4 3

Use protective eyewear, skin 
protection, and respiratory 
mask. 
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Table 3 - Personal Safety Hazards 

 

Dremel 

Lacerations or 
bruises.

Incorrect use 
of 
equipment

- Damage to 
person
- Damage to 
rocket

4 3

Use protective eyewear, skin 
protection, and respiratory 
mask. 

Source Hazard Cause Result SeverityLikelihood Mitigation

Power drill

Lacerations or 
bruises.

Incorrect use 
of 
equipment

- Damage to 
person
- Damage to 
rocket

4 3
Use hand protection, 
respiratory mask. 

Drill press
Lacerations or 
bruises.

Incorrect use 
of 
equipment -
Improper 
protection

- Damage to 
person
- Damage to 
rocket

4 2

Use protective eyewear, close-
toed shoes, remove all jewelry 
and do not wear loose-fitting 
clothing. Always assume the 
tool is powered.   Concentrate 
on task while utilizing tool - do 
not become distracted. 
 NEVER do more work than 
the tool is capable of.  Be 
patient and let the tool do the 
work.  

Radial arm saw

Lacerations or 
bruises.

Incorrect use 
of 
equipment -
Improper 
protection

- Damage to 
person
- Damage to 
rocket

5 1

Use protective eyewear, close-
toed shoes, remove all jewelry 
and do not wear loose-fitting 
clothing. Always assume the 
tool is powered.   Concentrate 
on task while utilizing tool - do 
not become distracted. 
 NEVER do more work than 
the tool is capable of.  Be 
patient and let the tool do the 
work.  

Small hand tools

Lacerations or 
bruises.

Incorrect use 
of 
equipment

- Damage to 
person

2 3 Use hand protection. 
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3. Failure Modes and Effects Analysis - 

 

Potential Failure Cause Consequence SeverityLikelihood Mitigation

External Structural 
Failure Fins break or fail

unstable 
flight/ 
vehicle 
failure 4 2

Construct with 
through the wall fins

External Structural 
Failure

Rail buttons 
break

unstable 
flight/ 
vehicle 
failure 3 3

Screwed in to 
prevent break off, 
also test for 
looseness before 
flight

External Structural 
Failure Body tube fails 

unstable 
flight/ 
vehicle 
failure 5 1

Inspect body tubes 
for flaws prior to 
flight

External Structural 
Failure

Body tubes 
come apart 
during flight

unstable 
flight/ 
vehicle 
failure 5 1

All body tubes will 
be mechanically 
fastened together

Motor Failure

Motor 
improperly 
assembled

rocket 
Failure 1 2

Check motor to the 
fullest possible 
degree before launch

Motor Failure

Ignitor 
improperly 
installed

unstable 
flight 
possible 
rocket failure 5 2 Test before launch

Internal Structural 
Failure

Centering rings 
not aligned 
correctly

unstable 
flight 3 1

Build carefully and 
measure multiple 
times

Internal Structural 
Failure

Motor retention 
fails

motor falls 
out 5 3 Test before launch. 
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Internal Structural 
Failure

Motor retention 
fails

motor falls 
out 5 3 Test before launch. 

Potential Failure Cause Consequence SeverityLikelihood Mitigation

Shock Cord Failure
Excessive 
loading

rocket 
components 
come in 
ballistically 5 2

Design fitting for 
proper load (eyebolts 
& quick links)

Shock Cord Failure
De-taches from 
eye bolts

rocket 
components 
come in 
ballistically 5 2

Check eyebolts, 
quicklings and 
recovery harness for 
proper fit prior to 
flight

Shock Cord Failure
Cut by other 
objects in rocket

rocket 
components 
come in 
ballistically 5 1

Inspect parachute 
compartments for 
sharp edges prior to 
intalling parachutes

Shock Cord Failure
Burned by 
ejection charges

rocket 
components 
come in 
ballistically 5 2

Shock cord made 
from fireproof 
kevelar 

Altimeter Failure
Ejection charges 
do not go off

parachutes 
don't 
deploy/rocket 
comes in 
ballsitic 5 2

Observe the motor 
before loading to see 
if the ejection charge 
is on

Ejection Charge 
Failure Igniter failure

parachutes 
don't 
deploy/rocket 
comes in 
ballsitic 5 3

Test deployment 
system before launch

Parachute Failure

Parachutes 
packed too 
tightly

parachutes 
fail to 
deploy, or 
tangle upon 
deployment 5 3

Ground test 
parachutes; Inspect 
parachute packing 
during final 
assembly

Parachute Failure

Parachutes 
detach from 
shock cord

rocket comes 
in ballistic 5 3

Check if parachutes 
are properly secured
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Potential Failure Cause Consequence Severity Likelihood Mitigation 

Parachute Failure 

Parachute 
burns from 
ejection 
charges 

parachute opens 
partially, or not 
at all 5 3 

Protect parachutes 
and flammable 
shroud lines with 
flameproof shroud 
lines with 
flameproof material 

Payload 
Environment Fails 

Water 
environment 
leaks 

contaminates the 
rest of the rocket, 
including 
motor/electronics 4 2 

Test environment 
before launch.  

Table 4 - Failure Mode Analysis 

4. Project Risks 

Project Risks 

What Likelihood Impact Mitigation 
Fundraising Medium Medium Begin fundraising 

early 
Out of stock 
components 

Medium Medium Order early as early 
as possible 

Time understanding 
requirements 

High High Schedule tasks early 
with detail and 
communicate! 

Arduino 
programming  

Medium High Need to start ASAP 

Cooling system not 
being completed 

Medium High Accelerate schedule-
test early 

Shrimp do not 
survive trip to 
Huntsville 

Medium High Look for alternate 
sources of shrimp in 
Huntsville 

Figure 24 - Project Risks 
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VII. Project Plan 
A. Testing – Justin 

Drop test: 

This test is where the water vessel will be dropped at a series of heights which will 
replicate the amount of g force that the vessel is expected to be exposed to during our 
experiment. There will be a series of three different drops, replicating g forces 10-15-
20g. After the g-force tests the vessel will be inspected for any damage. This test will 
determine whether or not the payload requires a shock suppression system. If the 
vessel fails this test, we will implement a shock absorption device consisting of a 
series of springs. 

RESULTS: The water vessel survived all drops, with no internal or exterior 
damage. 

Heat Test 

The test is to insure the cooling system works and maintains a temperature below 85° 
when exposed to ambient temperature of 120° for an extended period of time. The 
cooling system will have to keep the temperature stable for 30 min to ensure the 
functionality of the cooling system. 

RESULTS: not done yet, due to insufficient time. 

Battery Test 

If payload does not function for 50% of the 4 hours, we will increase the number of 
batteries, or decrease the demand of power. To determine the batteries required we 
use this formula. By adding the consumption of each component, we know what size 
battery is required.  

Fan- 300MAh 

Peltier- 4500MAh 

Pump- 300MAh 

Total- 5100MAh 

x2 hours- 10,200MAh 

By these calculations we have chosen to use two 8000 mah 3cell 11.1volt lipo 
batteries, if the cooling system functions intermitly for the required 2 hours it will be 
a success. 
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RESULTS: not yet done, due to insufficient time 

LAUNCH VEHICLE TESTS 

Motor test 

If the rocket exceeds altitude in simulation we will place ballast in the rocket, reducing 
altitude and increasing weight. If the altitude of the rocket is too low, we will change 
motors to a more powerful alternative or shed weight. Reducing the weight of the 
rocket any more is very difficult, because we have already designed the rocket to be 
as efficient as possible. The ballast bay is located to the side of the motor mount, this 
is not preferable but it is the only option. It conserves space and is efficient in the 
design. 

RESULTS: data from subscale showed that our calculations are accurate, but the 
payload exceeds its designed weight by 500 grams which will make it difficult to 
reach the required altitude. 

B. Requirements Compliance 

1. Verification Plan  

 

General Requirements 

Requirement Verification How Satisfied Status 
1.1. Students on the team will 
do 100% of the project, 
including design, construction, 
written reports, presentations, 
and flight preparation with the 
exception of 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).  

Observation 
 

The team has been recording 
their progress and the steps to 
success, showing that the team 
members have done all of the 
work. 
 

100% 
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General Requirements 

Requirement Verification How Satisfied Status 
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.  

Analysis  
 

The project plan consists of the 
events necessary for the project's 
success. Milestones, budget, 
community support, checklists, 
personnel assigned, educational 
engagement, and risks and 
mitigations have all been 
provided. 
 

100% 

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 separated from their 
team during these activities.  

Observation 
 

Our team does not have any FN 
team members 
 

 

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.  

Observation 
Analysis  
 

All members attending launch 
week were identified by the 
CDR. 
 
Their individual roles throughout 
the year have been recorded 
 
No more than two adult educators 
will attend launch week activities 

100% 
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General Requirements 

Requirement Verification How Satisfied Status 
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 30 of 
the handbook. To satisfy this 
requirement, all events must 
occur between project 
acceptance and the FRR due 
date.  

Analysis Educational engagement has 
reached 304 participants, they 
participated in hands-on science, 
technology, engineering, and 
mathematics. 
 

100% 

1.6. The team will develop 
and host a Web site for project 
documentation.  

Observation The team’s website is 
www.stmonicarocketryclub.com, 
all of our due documents have 
been uploaded to this site. And all 
future documents will be 
uploaded. 
 

100% 

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.  

Observation, 
Analysis 

All documents, private or public, 
will be available for download on 
the website by the due dates 
specified in the project timeline. 
 

100%  

1.8. All deliverables must be 
in PDF format.  

 All documents will be converted 
into PDF format. 
 

100% 
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General Requirements 

Requirement Verification How Satisfied Status 
1.9. In every report, teams will 
provide a table of contents 
including major sections and 
their respective sub-sections.  

Observation, 
Analysis 
 

Reports have a table of contents, 
including major sections and 
their respective sub-sections. 
 

100% of 
all present 
documents 

1.10. In every report, the team 
will include the page number 
at the bottom of the page.  

Observation 
 

The page number that we will 
include on the bottom of the page 
will correlate with our table of 
contents. 
 

100% 

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.  

Observation 
 

The team has two locations for 
video teleconferences, one main 
and one backup. Both consist of a 
computer system, video camera, 
speaker phone and a solid 
internet connection. 
 

100% 

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 Our design was made to 
accommodate for launch services 
provided. 
 

100% 
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General Requirements 

Requirement Verification How Satisfied Status 
1.13. Teams must implement 
the Architectural and 
Transportation Barriers 
Compliance Board Electronic 
and Information Technology 
(EIT) 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. 

Analysis Our teams will implement the 
EIT accessibility standards. 

100% 
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General Requirements 

Requirement Verification How Satisfied Status 
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 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.  
 

Observation Our mentor maintains a current 
certification, through NAR or 
TRA. He is certified to fly, and 
has flown the motor of which our 
design has. He has had a 
minimum of 2 flights in this or a 
higher impulse class, prior to 
PDR. Our mentor is designated as 
the individual owner of the 
rocket, for liability purposes and 
this rocket will travel with us to 
launch week.  
 

100% 

Table 5 - General Requirements  
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Design Requirements 

Requirement Verification How Satisfied Status 
2.1. The vehicle will 
deliver the payload to an 
apogee altitude of 5,280 
feet above ground level 
(AGL). 

TEST/DEMO
MSTRATION 

Our as-built rocket is a little bit 
heavier than the design.  When we 
are coming in a little bit short of 
the 5,280 ft target. 
 

100%  

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. 

INSPECTION The rocket is designed to be re-
usable.  After its first flight, we did 
have to replace some body tubes 
that were damaged, but that didn’t 
take long and was relatively easy. 

100% 

2.7. The launch vehicle 
will have a maximum of 
four (4) independent 
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 Our rocket design has 4 sections. 100% 

2.8. The launch vehicle 
will be limited to a single 
stage. 

INSPECTION The team has ensured that the 
design has only one booster stage. 

100% 

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. 

DEMONSTRA
TION 

The team has demonstrated at 
launch, that the rocket is capable 
of being prepared within 3 hours 
of the flight waiver being opened. 

100% 

2.10. The launch vehicle 
will be capable of 
remaining in launch-
ready configuration at the 
pad for a minimum of 1 

TEST/DEMON
STRATION 

The team will demonstrate at 
every launch that the rocket is able 
to remain in launch-ready 
configuration for a minimum of 1 
hour without losing functionality. 

100% 
Batteries 
will power 
all 
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hour without losing the 
functionality of any 
critical on-board 
components. 

All systems are designed to last 4 
hours or more. 

components 
for 6+ hours 

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. 

TEST The team has tested the rocket on 
a 12-volt direct current firing 
system. 

100% 
used to 
ignite First 
Fire ignitor. 

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). 

DEMONSTRA
TION 

The team has demonstrated that all 
launch equipment is internal or 
provided by Range Services. 

100% 

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). 

INSPECTION/
DEMONSTRA
TION 

The team has ensured that the K-
class motor has been approved by 
NAR, TRA, or CAR, and will 
demonstrate that the motor has the 
ability to propel the rocket to the 
predicted height. 

100% 

2.13.1. Final motor 
choices must be made by 
the Critical Design 
Review (CDR). 

DEMONSTRA
TION 

The team chose their motor by 
CDR, the K-1275. 

100% 

2.13.2. Any motor 
changes after CDR must 

DEMONSTRA
TION 

The team has showed that the 
motor has not been changed after 

100% 
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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. 

CDR unless it is necessary to 
increase safety. 

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 The team has simulated and tested 
the rocket, it has a stability margin 
of 3.26 at the point of rail exit. 

100% 

2.17. The launch vehicle 
will accelerate to a 
minimum velocity of 52 
fps at rail exit. 

TEST  In simulation, our rocket exceeds 
the minimum velocity of 52 fps at 
rail exit. 

100% 

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. 

TEST/DEMON
STRATION 

We have demonstrated the ability 
of the subscale rocket at a launch 
prior to CDR. 

100% 

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. 

TEST/DEMON
SRATION 

 We have built our subscale 
rocket, tested its ability at a 
launch, and demonstrated its 
similarity to the full-scale rocket. 

100% 

2.18.2. The subscale 
model will carry an 
altimeter capable of 
reporting the model’s 
apogee altitude. 

INSPECTION The altimeters chosen are the 
Featherweight-Raven and the 
Missile-Works RRC3, which are 
capable of reporting the model's 
apogee altitude.  

100% 

2.19. All teams will 
successfully launch and 

TEST/DEMON
STRATION  

We have tested the full-scale 
rocket in a launch prior to FRR 

100% 
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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.). 
The following criteria 
must be met during the 
full-scale demonstration 
flight: 

and have demonstrated a 
successful launch with the same 
rocket that will be used on the final 
launch day. 

2.19.1. The vehicle and 
recovery system will 
have functioned as 
designed. 

DEMONSTRA
TION 

 The team has demonstrated at a 
launch that the recovery system 
will function as designed. 

100% 

2.19.2. The payload does 
not have to be flown 
during the full-scale test 
flight. The following 
requirements still apply: 

 The payload was not launched in 
the test flight, but we used a 
simulated weight.  

100% 

2.19.2.1. If the payload 
is not flown, mass 
simulators will be used 
to simulate the payload 
mass. 

TEST/DEMON
STRATION 

The team has tested the weight of 
the payload with an object of 
identical mass, and demonstrated 
that the rocket will be functional 
with this payload. 

100% 
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2.19.2.1.1. The mass 
simulators will be 
located in the same 
approximate location 
on the rocket as the 
missing payload mass. 

INSPECTION The team has ensured that in case 
of the payload not being 
completed in time, there will be 
simulated weight identical to that 
of that of the payload, located in 
the approximate location of the 
payload.  

100% 

2.19.4. The full-scale 
motor does not have to 
be flown during the full-
scale test flight. 
However, it is 
recommended that the 
full-scale motor be used 
to demonstrate full flight 
readiness and altitude 
verification. If the full-
scale motor is not flown 
during the full-scale 
flight, it is desired that 
the motor simulates, as 
closely as possible, the 
predicted maximum 
velocity and maximum 
acceleration of the 
launch day flight. 

TEST/DEMON
STRATION 

Due to the insufficient height 
waver of our test field, the motor 
for the full-scale flight was not the 
same as the launch day motor, but 
it did have a proportionate thrust to 
closely simulate the maximum 
velocity and acceleration that will 
occur on launch day.  
 

100% 

2.19.5. The vehicle must 
be flown in its fully 
ballasted configuration 
during the full-scale test 
flight. Fully ballasted 
refers to the same 
amount of ballast that 
will be flown during the 
launch day flight. 
Additional ballast may 
not be added without a 
re-flight of the full-scale 
launch vehicle. 

INSPECTION 
 

The team will ensure that the 
amount of ballast used at the full-
scale test flight is equal to the 
amount used at the final launch. 

100% 

2.19.6. After 
successfully completing 

DEMONSTRA
TION 

We did have to reconstruct the 
Electronics Bay and the Forward 

100% 



 

 

 
St. Monica–2018–FRR–Report–Document Submission.pdf 

 
Version 1.0 
 

 
Page 86 of 122 
5-Mar-2018 

 

the full-scale 
demonstration flight, the 
launch vehicle or any of 
its components will not 
be modified without the 
concurrence of the 
NASA Range Safety 
Officer (RSO). 

Recovery sections because of 
water damage sustained during the 
full scale flight. 

2.19.7. Full scale flights 
must be completed by 
the start of FRRs (March 
6, 2018). If the Student 
Launch office 
determines that a re-
flight is necessary, then 
an extension to March 
28, 2018 will be granted. 
This extension is only 
valid for re-flights; not 
first-time flights. 

DEMONSTRA
TION 

Our full scale launch was 
conducted on 2/17/18. 

100% 

2.20. Any structural 
protuberance on the 
rocket will be located aft 
of the burnout center of 
gravity. 

INSPECTION There are no structural 
protuberances on the rocket except 
for the fins, rail buttons, and sheer 
pins, which are located aft of the 
burnout CG. 

100% 

2.21. Vehicle 
Prohibitions 

INSPECTION The team will ensure that none of 
the following prohibited items are 
used in the rocket or for the launch 
of the rocket. 

 

2.21.1. The launch 
vehicle will not utilize 
forward canards. 

INSPECTION The vehicle does not utilize 
forward canards. 

100% 

2.21.2. The launch 
vehicle will not utilize 
forward firing motors. 

INSPECTION The vehicle does not utilize 
forward firing motors. 

100% 

2.21.3. The launch 
vehicle will not utilize 
motors that expel 
titanium sponges 
(Sparky, Skidmark, 
MetalStorm, etc.) 

INSPECTION The vehicle does not utilize 
motors that expel titanium 
sponges. 

100% 
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Table 6 - Design Requirements 

 Recovery Requirements  

Requirement Verification How Satisfied Status 

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/analysis The current design of 
the launch vehicle 
utilizes a three-stage 
deployment system. 
Refer to section III for 
details. 

100% 

2.21.4. The launch 
vehicle will not utilize 
hybrid motors. 

INSPECTION The vehicle does not utilize hybrid 
motors. 

100% 

2.21.5. The launch 
vehicle will not utilize a 
cluster of motors. 

INSPECTION The vehicle does not utilize a 
cluster of motors. 

100% 

2.21.6. The launch 
vehicle will not utilize 
friction fitting for 
motors. 

INSPECTION The vehicle does not utilize 
friction fitting in its motor tube. 

100% 

2.21.7. The launch 
vehicle will not exceed 
Mach 1 at any point 
during flight. 

INSPECTION The vehicle does not exceed Mach 
1 at any point during flight.  

100% 

2.21.8. Vehicle ballast 
will not exceed 10% of 
the total weight of the 
rocket. 

INSPECTION The vehicle ballast does not 
exceed 10% of the net vehicle 
weight.  

100% 
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 Recovery Requirements  

Requirement Verification How Satisfied Status 

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. 

Demonstration. The team has 
demonstrated a 
successful ground 
ejection test prior to 
the initial launch. 

100% 

3.3. At landing, each 
independent sections of the 
launch vehicle will have a 
maximum kinetic energy of 
75 ft-lbf. 

Analysis. Analysis through 
calculations prove that 
upon landing, the 
rocket has a decent 
rate of 15fps. 

100% 

3.4. The recovery system 
electrical circuits will be 
completely independent of 
any payload electrical 
circuits. 

Inspection. Inspection will prove 
that the recovery 
system electrical 
circuits are completely 
independent of any 
payload electrical 
circuits. 

100% 

3.5. All recovery 
electronics will be powered 
by commercially available 
batteries. 

Inspection. Inspection will prove 
that all recovery 
electronics are 
powered by 
commercially 
available batteries. 

100% 

3.6. The recovery system 
will contain redundant, 
commercially available 
altimeters. The term 
“altimeters” includes both 
simple altimeters and more 
sophisticated flight 
computers. 

Inspection. Inspection will prove 
that the altimeters are 
redundant and 
powered by 
commercially 
available alkaline 
batteries. 

100% 



 

 

 
St. Monica–2018–FRR–Report–Document Submission.pdf 

 
Version 1.0 
 

 
Page 89 of 122 
5-Mar-2018 

 

 Recovery Requirements  

Requirement Verification How Satisfied Status 

3.7. Motor ejection is not a 
permissible form of 
primary or secondary 
deployment. 

Inspection. The launch vehicle 
does not utilize motor 
ejection. 

100% 

3.8. Removable shear pins 
will be used for both the 
main parachute 
compartment and the 
drogue parachute 
compartment. 

Inspection. Inspection will prove 
that removable sheer 
pins will be used. 

100% 

3.9. Recovery area will be 
limited to a 2500 ft. radius 
from the launch pads. 

Analysis. Analysis of 
simulations will prove 
that the launch vehicle 
will land in the 
designated 2500 ft. 
radius recovery area. 
Refer to section xx for 
details. 

100% 

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. 

Inspection. Inspection will prove 
that an electronic 
tracking device will be 
located in the launch 
vehicle and will 
transmit the position 
of the tethered vehicle 
or any independent 
section to a ground 
receiver. 

100% 

3.10.1. Any rocket section, 
or payload component 
which lands untethered to 
the launch vehicle will also 
carry an active electronic 
tracking device. 

Inspection. The design of the 
launch vehicle will 
allow it to only land as 
one piece. Inspection 
will prove that this 
piece contains an 
active electronic 
tracking device. 

100% 
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 Recovery Requirements  

Requirement Verification How Satisfied Status 

3.10.2. The electronic 
tracking device will be 
fully functional during the 
official flight on launch 
day. 

Test. The electronic 
tracking device will be 
tested to be fully 
functional during the 
official launch on 
launch day. 

100% 

3.11. The recovery system 
electronics will not be 
adversely affected by any 
other on-board electronic 
devices during flight (from 
launch until landing). 

Test/inspection. Tests and inspection 
have proved that the 
recovery system 
electronics will not be 
adversely affected by 
any other on-board 
electronic devices 
during flight. 

100% 

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. 

Inspection. Inspection proves that 
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. 

0% 

3.11.2. The recovery 
system electronics will be 
shielded from all onboard 
transmitting devices, to 
avoid inadvertent 
excitation of the recovery 
system electronics. 

Inspection. Inspection will prove 
that the recovery 
system electronics 
will be shielded from 
all onboard 
transmitting devices. 

100% 
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 Recovery Requirements  

Requirement Verification How Satisfied Status 

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. 

Inspection. The current design of 
the launch vehicle 
does not include any 
onboard devices that 
may generate 
magnetic waves. 
Inspection will prove 
this. 

100% 

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. 

Test/inspection. Tests and inspection 
prove that the 
recovery system 
electronics will be 
shielded from any 
other onboard devices 
which may adversely 
affect the proper 
operation of the 
recovery system 
electronics. 
 

100% 

 

Table 7 - Recovery Requirements 

 

Experiment Requirements 

Requirement Verification How Satisfied Status 
4.1. The launch vehicle 
will carry a science or 
engineering payload. 
The payload may be of 
the team’s discretion, 
but must be approved 
by NASA. NASA 
reserves the authority 

We will analyze the 
requirements and 
make sure that our 
payload meets 
them.  

We will only fly our payload 
which has been approved by 
NASA. 

100% 
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Experiment Requirements 

Requirement Verification How Satisfied Status 
to require a team to 
modify or change a 
payload, as deemed 
necessary by the 
Review Panel, even 
after a proposal has 
been awarded. 
4.2. Data from the 
science or engineering 
payload will be 
collected, analyzed, 
and reported by the 
team following the 
scientific method. 

We will inspect if 
this work was done. 

We will be collecting data, graphs 
and charts during our experiment, 
and will analyze them as we go 
along. 

100% 

4.3. Unmanned aerial 
vehicle (UAV) 
payloads of any type 
will be tethered to the 
vehicle with a remotely 
controlled release 
mechanism until the 
RSO has given the 
authority to release the 
UAV. 

We will inspect our 
payload for a UAV. 

We do not have a UAV. 100% 

4.4. Any payload 
element that is 
jettisoned during the 
recovery phase, or after 
the launch vehicle 
lands, will receive real-
time RSO permission 
prior to initiating the 
jettison event. 

We will test for a 
payload item that 
could be jettisoned 
and inspect if an 
item did jettison.  

We do not have any payload 
element that will be jettisoned. 

100% 

4.5. The payload must 
be designed to be 
recoverable and 
reusable. Reusable is 
defined as being able to 

We will test if our 
design is reusable.  

Our design is reusable. 100% 
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Experiment Requirements 

Requirement Verification How Satisfied Status 
be launched again on 
the same day without 
repairs or 
modifications. 
The cooling system is 
effective and works 
properly. 

We will test if the 
cooling system will 
work. 
 

We will use an air heated box 
which we will put our cooling 
system in. We will then verify if 
the cooling system can cool the 
shrimp. 

100% 

The Arduino is 
programmed correctly 
and is functional. 

We will test the 
Arduino. 

We will test if the components 
attached to the Arduino react 
when they are put under the 
circumstances that they are 
supposed to react to. 

100% 

If the payload gets 
below the temperature 
of 75 degrees. 

We will test and 
then adjust the 
cooling system. 

We will adjust the cooling system 
to have a shutoff to solve this 
problem. 

100% 

If the payload exceeds 
the temperature 85 
degrees. 

We will test and 
adjust the cooling 
system. 

The cooling system will be 
functional for 4+ hours 

100% 

That the cooling 
system functions for 2 
hours. 

We will test if the 
battery lasts 2 hours 
with all 
components 
attached. 

We will attach the battery to all 
systems and test if it lasts for the 
time we require. 

100% 

That the shrimp holder 
does not leak. 

We will test if the 
shrimp holder 
leaks. 

We will observe the payload 
before, and after launch to ensure 
there are no leaks. 

0% 

The impact that the 
shrimp can withstand. 

We will test on the 
impact that the 
shrimp can 
withstand without 
dying. 

We will drop our water vessel 
from different heights to replicate 
the level of g’s the shrimp can 
survive. 

100% 

Table 8 - Payload Requirements 
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Safety Requirements 
Requirement Verification How Satisfied Status 

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.  

Analysis The team has used a launch 
and safety checklist, and it 
will be included in the FRR 
report and used during the 
LRR and any launch day 
operations. 

100% 

5.2. Each team must 
identify a student safety 
officer who will be 
responsible for all items in 
section 5.3.  

Analysis, 
Observation  

The team will identify a 
student safety officer who 
will be responsible for all 
item in section 5.3. 

100% 
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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  
      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.  

Analysis, 
Observation, Test 

 The role and 
responsibilities of each 
safety officer will include, 
but not limited to:  
Monitor team activities 
with an emphasis on 
Safety during:  
Design of vehicle and 
payload 
Assembly of vehicle and 
payload 
Ground testing of vehicle 
and payload 
Sub-scale launch test(s)  
Full-scale launch test(s)  
 -Launch day 
 -Recovery activities 
 
Education Engagement 
Activities 
Implement procedures 
developed by the team for 
construction, assembly, 
launch, and recovery 
activities 
   Manage and maintain 
current revisions of the 
team’s hazard analyses, 
failure modes analyses, 
procedures, and 
MSDS/chemical inventory 
data   
 
Assist in the writing and 
development of the team’s 
hazard analysis, failure 
modes analysis  
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Safety Requirements 
Requirement Verification How Satisfied Status 

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 
and RSO before attending 
any NAR or TRA launch.  
 

Analysis, 
Observation  

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 
and RSO before attending 
any NAR or TRA launch.  
 

100% 

5.5. Teams will abide by 
all rules set forth by the 
FAA.  
 

Analysis, 
Observation  

Teams have followed all 
rules set forth by the FAA.  

100% 

Table 9 - Safety Requirements 

 

2. Team Derived Requirements  
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Recovery Specific Requirements 
Requirement Verification How Satisfied Status 

Ensure that all wires 
are secured. 

Inspection/test. The team will inspect 
and test that all wires 
are secured by giving 
them a slight tug 

100% 

Test the EggTimer 
TRS for any faults 

Inspection/test. Through Inspections 
and tests, we will 
ensure that the 
EggTimer TRS is 
functioning properly. 

100% 

Table 10 - Recovery Specific Requirements 

 

Payload Specific Requirements 
Requirement Verification How Satisfied Status 

The cooling system is 
affective and works 
properly. 

Test Heat test 
Section VI .4 

100% 

Payload cannot be 
below 75° 

Test Heat test 
Section VI .4 

100% 

Payload cannot exceed 
85° 

Test Heat test 
Section VI .4 

100% 

Battery has to give 
power to all 
components for 2 hours 

Test Battery test 
Section VI .4 

100% 

Water vessel does not 
leak 

Test Drop test 
Section VI .4 

100% 

The impact that the 
shrimp can withstand. 

Test Drop test 
Section VI .4 

100% 
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Water does not leak 
from hose connections 
in payload bay. 

Observation Check all hose 
connection and secure 
with hose clamps. 

100% 

Table 11 - Payload Specific Requirements 

 

C. Budgeting and Timeline  

 

 

Budget Item Amount Comment
Full Scale Rocket and Payload 1,577$      Includes payload and electronics expenses
Subscale Rocket 100$         Do not need electronics or recovery
Motors 500$         2x K class @ $150 ea. Motor Case $150; 4 F motors - $50
Huntsville Travel/Lodging 5,923$      
Educational Engagement 200$         
Fundraising 200$         
Website 100$         
Other 250$         

8,850$      

EXPENSE BUDGET SUMMARY

Budget Item Price Quantity Total Comment
Hotel/Lodging 133.58$    24 3,205.92$ six nights
Vehicle 0 2 -$         Borrowing cars from parents
Gas 3 308       923.08$    1000mi. @ 13 mpg.
Food 23 78 1,794.00$ breakfast free, lunch $8, dinner $15

5,923.00$ 

Huntsville Travel/Lodging
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FULL SCALE ROCKET AND PAYLOAD COMPONENT LISTING & Budget
Cost

Totals 1,577.44$         

Lookup Description Unit $/Unit Quantity Calculated Price Comment
BOOSTER
3.9" BlueTube Airframe g / in 0.81$        22 17.85$              Booster, Exterior Body Tube
Tailcone_390 to 54mm g 54.00$      1 54.00$              
2.1" BlueTube Airframe g / in 0.50$        22 10.98$              54mm motor mount

3.9" BlueTube Coupler g / in 0.83$        8 6.66$                
Coupler between booster and aft 
recovery

Centering Ring 3.9" to 2.1" g 7.20$        3 21.60$              centering rings for motor mount

1/4-20 stainless threaded rod g/in 0.12$        48 5.70$                
2 threaded rod stiffeners to go through 
centering rings 

1/4-20 eye nut g 4.62$        2 9.24$                eye nuts to attach booster to aft recovery
1/4-20 Hex Nut g 0.24$        2 0.47$                
1/4" Split Lock Washer g 0.25$        4 0.99$                
1/4" Washer g 0.50$        4 1.99$                
1515 rail button- pair (large) g 2.50$        1 2.50$                
1/4" plywood, CF Composite g/ea 1.00$        3 3.00$                Fins
Aluminum Ballast Tubes g/in 0.39$        42 16.33$              
7/16 Threaded Insert g 6.00$        2 12.00$              
7/16 Threaded Bolt g 2.00$        2 4.00$                

Paint & Glue 20.00$              
187.31$            
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FULL SCALE ROCKET AND PAYLOAD COMPONENT LISTING & BUDGET (CONT)

Lookup Description Unit $/Unit Quantity Calculated Price Comment

LOWER RECOVERY
3.9" BlueTube Airframe g / in 0.81$        17 13.79$              
Rocketman drogue balistick 3 feet 90.00$      1 90.00$              
Cable Cutter g 30.00$      2 60.00$              
12x12 nomax 9.00$        1 9.00$                
Harness: 11/16 tubular 3 loop - 35 ft long, 
y harness 70.00$      1 70.00$              
3/16" Quik Link g 1.95$        4 7.80$                2 attach to booster, 2 attach to e-bay

Paint & Glue 5.00$                
255.59$            

ELECTRONICS BAY
Raven Altimeter g 155.00$    1 155.00$            
RRC3 Altimeter g 70.00$      1 70.00$              
Wiring g 4.00$        6 24.00$              
Screw Switch g 3.00$        2 6.00$                
Charge Holder (3.0g) - pair g 10.00$      2 20.00$              
2 wire Terminal Block g 3.00$        1 3.00$                Required for cable cutters
1/4-20 stainless threaded rod g/in 0.12$        22 2.61$                2 pieces that extend through ebay
1/4-20 eye nut g 4.62$        4 18.48$              2 on each end of ebay
1/4-20 Hex Nut - aluminum g 0.07$        8 0.58$                for interior of ebay to secure sled
1/4" Split Lock Washer g 0.25$        4 0.99$                
1/4" Washer g 0.50$        4 1.99$                
1/4" Balsa, composite lay-up g/in^2 -$          28 -$                  8 x 3.5 ebay sled
9V alkaline ea 2.50$        2 5.00$                1 for each altimeter
3.9" Airframe Bulkhead g 5.40$        2 10.80$              
3.9" Coupler Bulkhead g 5.40$        2 10.80$              
3.9" BlueTube Coupler g / in 0.83$        9 7.49$                

Paint & Glue 5.00$                
341.74$            

FORWARD RECOVERY
3.9" BlueTube Airframe g / in 0.81$        22 17.85$              
FruityChute Iris Ultra Compact -  84 with 
Spectra Lines 0 294.00$    1 294.00$            
4" Deployment bag - 9" long 0 36.00$      1 36.00$              
Harness: 11/16 tubular 2 loop - 35 ft long, 
y harness 0 76.00$      1 76.00$              
3/16" Quik Link g 1.95$        4 7.80$                2 to attach to ebay and 2 to payload

Paint & Glue 5.00$                
436.65$            
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Table 12 - Budget 

FULL SCALE ROCKET AND PAYLOAD COMPONENT LISTING & BUDGET (CONT)

Lookup Description Unit $/Unit Quantity Calculated Price Comment
PAYLOAD
3.9" BlueTube Airframe g / in 0.81$        14 11.36$              
3.9" Nose Cone  - 12.75" g 23.05$      1 23.05$              LOC precision
3.9" BlueTube Coupler g / in 0.83$        8 6.66$                Fwd recovery to Payload
3.9" Airframe Bulkhead g 5.40$        1 5.40$                
3.9" Coupler Bulkhead g 5.40$        1 5.40$                
1/4-20 eye nut g 4.62$        2 9.24$                

Paint & Glue 5.00$                
66.11$              

Payload Frame
3.9" Coupler Bulkhead g 5.40$        3 16.20$              

3.9" BlueTube Coupler g / in 0.83$        8 6.66$                
Coupler covers habitat and will serve as 
attachment point to airframe

1/4" Plywood - fiberglass reinforced in ^2 -$          48 -$                  
Carbon fiber rod - .110" ID, .156" OD g/in 0.22$        88 19.51$              supports for 2/56 threaded rod
2/56 stainless steel threaded rod g/in 0.08$        88 7.09$                
2/56 nut 0.08$        20 1.52$                
#2 washer 0.03$        30 0.79$                
#6 weld nuts 0.08$        6 0.46$                attachment point to airframe
#6 screws 0.03$        6 0.16$                to attach payload frame to airframe

52.38$              

Cooler Components
8 oz habitat (with water) g -$          1 -$                  recyled juice bottle

1/4" flexible copper tubing g/in 0.08$        144 12.00$              
not sure how much we will need for final 
design

1/4" copper tubing connector 2.00$        2 4.00$                
12vdc brushless submersible motor g 7.00$        1 7.00$                ebay
60w Peltier Cooler 5.50$        1 5.50$                ebay
Aluminum 40mmx 40mm water block 6.00$        1 6.00$                ebay
1/4" flexible plastic tubing g/in 0.27$        18 4.86$                ace hardware
Heat Sync -$          1 -$                  
Rosewill RCX-Z300 92mm Ball CPU 
Cooler Fan 13.00$      1 13.00$              amazon
8000 mah batteries g 34.00$      2 68.00$              Hobbyking

120.36$            

Arduino and electronic components
Arduino Uno R3 64.95$      1 64.95$              
Lithium Ion Polymer Battery - 3.7v 
2500mAh 14.95$      1 14.95$              
ADXL345 - Triple-Axis Accelerometer 
(+-2g/4g/8g/16g) w/ I2C/SPI 17.50$      1 17.50$              
Waterproof DS18B20 Digital temperature 
sensor + extras 9.95$        2 19.90$              

117.30              
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D. Funding Plan  

We currently need to fundraise an additional $141.48.  A local restaurant, Prime Taco, 
has offered us 20% of the proceeds on March 11th which will net a profit of $300.  
Any other unexpected expenses will be split evenly with the eleven team members. 

E. Timeline 
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Table 13 - Project Timeline 
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C. Code for Temperature Control 
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D. Educationa Engagement Forms 

 

Educational Engagement Activity Report 

Please complete and submit this form each time you host an educational engagement event. 
(Return within 2 weeks of the event end date) 

School/Organization name:  St Monica Rocketry Club

Date(s) of event:  January 26, 2018

Location of event: Mt Kisco Elementary School

Instructions for participant count 

Education/Direct Interactions: A count of participants in instructional, hands-on activities where participants engage in learning a 
STEM topic by actively participating in an activity. This includes instructor- led facilitation around an activity regardless of media 
(e.g. DLN, face-to-face, downlink.etc.). Example: Students learn about Newton’s Laws through building and flying a rocket. This 
type of interaction will count towards your requirement for the project.  

Education/Indirect Interactions: A count of participants engaged in learning a STEM topic through instructor-led facilitation or 
presentation. Example: Students learn about Newton’s Laws through a PowerPoint presentation.  

Outreach/Direct Interaction: A count of participants who do not necessarily learn a STEM topic, but are able to get a hands-on 
look at STEM hardware. For example, team does a presentation to students about their Student Launch project, brings their 
rocket and components to the event, and flies a rocket at the end of the presentation.  

Outreach/Indirect Interaction: A count of participants that interact with the team. For example: The team sets up a display at the 
local museum during Science Night. Students come by and talk to the team about their project.  

Grade level and number of participants: (If you are able to break down the participants into grade levels: PreK-4, 5-9,
10-12, and 12+, this will be helpful.)

Participant’s 
Grade Level 

Education Outreach 

Direct 
Interactions 

Indirect 
Interactions 

Direct 
Interactions 

Indirect 
Interactions 

K-4
5-9
10-12
12+ 
Educators (5-9) 
Educators (other) 

Are the participants with a special group/organization (i.e. Girl Scouts, 4-H, school)?   Y   N 

If yes, what group/organization? Mt Kisco Elementary School, th ra e,  classes

31

10
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Educational Engagement Activity Report 

Please complete and submit this form each time you host an educational engagement event. 
(Return within 2 weeks of the event end date) 

School/Organization name:  St Monica Rocketry Club

Date(s) of event:  February 16, 2018

Location of event: Meadow Pond Elementary School

Instructions for participant count 

Education/Direct Interactions: A count of participants in instructional, hands-on activities where participants engage in learning a 
STEM topic by actively participating in an activity. This includes instructor- led facilitation around an activity regardless of media 
(e.g. DLN, face-to-face, downlink.etc.). Example: Students learn about Newton’s Laws through building and flying a rocket. This 
type of interaction will count towards your requirement for the project.  

Education/Indirect Interactions: A count of participants engaged in learning a STEM topic through instructor-led facilitation or 
presentation. Example: Students learn about Newton’s Laws through a PowerPoint presentation.  

Outreach/Direct Interaction: A count of participants who do not necessarily learn a STEM topic, but are able to get a hands-on 
look at STEM hardware. For example, team does a presentation to students about their Student Launch project, brings their 
rocket and components to the event, and flies a rocket at the end of the presentation.  

Outreach/Indirect Interaction: A count of participants that interact with the team. For example: The team sets up a display at the 
local museum during Science Night. Students come by and talk to the team about their project.  

Grade level and number of participants: (If you are able to break down the participants into grade levels: PreK-4, 5-9,
10-12, and 12+, this will be helpful.)

Participant’s 
Grade Level 

Education Outreach 

Direct 
Interactions 

Indirect 
Interactions 

Direct 
Interactions 

Indirect 
Interactions 

K-4
5-9
10-12
12+ 
Educators (5-9) 
Educators (other) 

Are the participants with a special group/organization (i.e. Girl Scouts, 4-H, school)?   Y   N 

If yes, what group/organization? Meadow Pond e en ary School, rd   and  rade

31

1

1
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