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I. Summary of FRR 
 
 A. Team Summary 
   

Team Name: Harvey Mudd USLI Team 

Location: Harvey Mudd College, Claremont, CA 
Team Website: http://hmc-usli.g.hmc.edu/ 
Team Official: Professor Gregory Lyzenga 
Safety Officer: Christopher 
Total Number of Student Participants: 7 
 Jane - Team Leader 
 Tessa - Assistant Team Leader, Educational Engagement, and Budget 
 Christopher - Safety Officer and Recovery 
 Steven - Payload 
 Josh - Vehicle 
 Jeb - Website Coordinator and Payload 
 Erik - Payload and Vehicle 
NAR Section: Rocketry Organization of California (ROC) - Section #538 

 
 B. Launch Vehicle Summary 
   

i. Vehicle Size 
 

 Total length: 89.4” 
 Nose cone length: 15.75” 
 Tube diameter: 3” standard tubing (3.13” OD) 
 Fin semi-span: 4” 
 Fin root chord: 7.5” 
 Fin tip chord: 2.5” 
 CG: 53 inches from nose, loaded  
 CP: 72 inches from nose  
 Loaded stability: 6.33 caliber 
 Estimated unloaded mass: 8.48 lbs 
 Payload bay length: 12” 
 Payload bay diameter: 3” 
 Rail Size: ¼” wide, 6 ft long, 1” x 1” 80/20 

 
ii. Recovery System 
 

The rocket will rely on a pair of Featherweight Electronics Raven2 altimeters 
for actuation of dual-deployment. The Raven2’s will be configured for 
accelerometer-based apogee deployment, and barometric-based main 
deployment at the specified altitude (1000’). They will draw from separate 
high-current lithium-ion aerospace-grade 9V batteries, and be wired to 
separate black powder charges. Both the drogue and main deployment bays 
will use pistons and tubular kevlar near the black powder charges. The drogue 
is a 24” Rocketman box parachute, while the main is a 60” Fruity Chutes 
elliptical parachute. 
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iii. Final Motor Choice 
 

We will be using the Aerotech J401 FJ as our final motor. 
 
iv. Fly Sheet 
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 C. Payload Summary 
 

The primary objective of the electronic payload will be to monitor changes in 
atmospheric conditions as a function of altitude. These atmospheric changes include 
temperature, humidity, and solar radiation. Solar radiation will be measured in terms 
of 3 wavelength bands: 150nm-400nm (UV), 400-1100nm (visible-NIR), and 1100nm-
1800nm (NIR). Information regarding atmospheric absorption of UV and NIR rays will 
be extracted from  this data. In the case of rocket failure, the electronic payload also 
includes a 6-DoF IMU which may be used to analyze forces on the rocket during time 
of failure. 

 
Other features of the payload include a GPS receiver for relaying position data, three 
720p HD cameras for recording in-flight video, a 12-bit A/D converter for high 
resolution sensor measurements, and one XBee Pro 900 wireless transceiver for 
telemetry and telecommand. 

 
The following list summarizes the payload electronics: 

 
Primary Electronics 
 

● ArduPilot Mega with ATMega 2560 
● ArduPilot Mega IMU Shield/OilPan Rev-H V1.0 
● Maxim MAX127 12-bit, 8-channel, 8ksps A/D Converter 
● XBee Pro 900 Wireless Data Transmission System 
● MediaTek MT3329 10Hz GPS 
● 3x OmniVision OV9712 720p Cameras 
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Sensor Package 
 

● Honeywell HEL-705-T Platinum RTD Thermometer 

● Freescale MPXAZ6115A Absolute Pressure Sensor 

● Thorlabs FGAP71 GaP Photodiode  
○ 150nm-550nm effective wavelength 
○ A 400nm shortpass filter will be installed to cut the effective wavelength to 

150-400nm 
● Thorlabs FDS100 Si Photodiode 

○ 350nm-1100nm effective wavelength 
○ A 400nm longpass filter will be installed to cut the effective wavelength to 

400nm-1100nm 
● Thorlabs FGA21 InGaAs Photodiode. 

○ 800nm-1800nm effective wavelength 
○ A 1100nm longpass filter will be installed to cut the effective wavelength 

to 1100nm-1800nm 
● Honeywell HIH-5030 Relative Humidity Sensor 

● Microchip MCP6004 Quad Operational Amplifier 

● Microchip Analog Devices AD623 Instrumentation Amplifier 

    

Power Subsystem 

 

● 2x 7805 5V Voltage Regulators 

● MCP1702-3302E 3.3V Voltage Regulator 

● 7.4 V 2600mah Lithium Polymer Battery 

  

II. Changes Made Since CDR 

 
 A. Changes made to vehicle criteria 
 

The only change to the launch vehicle since the CDR has been the placement of 
screw switches inside the nose cone. These switches turn the two Raven altimeters 
on at the pad, and are accessible from outside the vehicle. We added these at the 
request of CDR review team. 
 
All other components of the vehicle are the same as described in the CDR.  

 

We have elected to not follow the suggestion of the CDR team and replace our 

filament flash-bulb ejection system with an electronic-match based system. This was 

based on the perfect success rate(25 successes/25 firings, including 10/10 firings in-

flight) of the filament canisters, and the increased safety factor afforded by the higher 

current threshold (unlike e-matches, canisters very unlikely to be set off by stray static 

charge).  
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 B. Changes made to payload criteria 
   

Two changes were made to the payload components since the CDR. 
 

1. The pair of Microchip MCP3424 A/D converters were replaced with a single 
Maxim MAX127 12-bit A/D DAS. This change was made to reduce the number 
of components on the I2C bus (reduces complexity and increases maximum 
polling rate), to increase the amount of space available for other components in 
the payload (the MAX127 has a smaller footprint), and to increase the maximum 
voltage and sampling rate at which data can be collected. The MAX127 provides 
a broader voltage range (0V-5V vs ±2.048V of the MCP3424), and significantly 
higher sampling rate (8ksps at 12-bit resolution vs 240SPS on the MCP3424).  

 
2. The Honeywell HIH-4030 humidity sensor was replaced with the Honeywell 
HIH-5030 humidity sensor. The HIH-5030 humidity sensor was chosen over the 
HIH-4030 for its lower minimum operating voltage (2.7V vs 4V of the HIH-4030). 
Both sensors are functionally equivalent and draw the same amount of current. 
However, the lower voltage of the HIH-5030 reduces battery consumption and 
allows operation off a 3.3V rail.  

 
 C. Changes made to activity plan 
 

The test launch and construction have been completed as scheduled. 
 
Educational engagement expenses have increased due to the decision to allow 
students to build the rockets individually rather than in pairs.  

 
 
III. Vehicle Criteria 
 
 A. Design and Construction of Vehicle 
 
  i. Construction 

 

a. Structural Elements 

 

The airframe is primarily made of PML phenolic tubing. The tubing has been 

wrapped and vacuum-bagged in a single layer of kevlar and two layers of 

fiberglass for strength and resilience. In addition, the ends of the tubes 

(where the vehicle separates) have been wrapped in unidirectional carbon 

fiber to prevent zippering when the parachutes are deployed. The joint in 

between the two parachute bays has been wrapped in bidirectional carbon 

fiber for added strength. 

 

The fins are made of 1/16” thick G10 fiberglass. They are epoxied into the 

body and filleted with Aeropoxy mixed with chopped carbon fiber for 

additional strength at the joint. 
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The bulkhead between the parachute bays is a double bulkhead made of 

birch plywood. The load bearing bulkheads on the nose cone and payload 

bay are made of machined 2024 aluminum. 

 

The payload bay is made of G12 filament-wound fiberglass. Inside, the 

payload support structure is laser-cut G10 fiberglass. 

 

All eyebolts and D-rings are welded closed, ensuring the shock cords do not 

slip out. 

 

b. Electrical Elements 

 

The avionics boards in the nose cone and payload bay are made from 

laser cut G10 fiberglass, assembled with epoxy. They are held in place by 

the bulkheads and friction or rails. 

 

Screw switches were placed inside the nose cone, accessible from 

outside the vehicle, to turn the altimeters on and off. 

 

Batteries are held in by commercially available battery holders, epoxied to 

the avionics boards. 

 

All major wiring is run through tubular nylon shock cords along the length 

of the vehicle. 

 

c. Drawings and Schematics 

 
The full rocket 
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Parachute bays and nose cone. 

 

  
The fin can. 
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The bulkhead between the parachute bays. 

 

 
A rendering of the full rocket. Notice the placement of the carbon fiber wraps at the ends of the 

tubes and on the joint in between the parachute bays. 
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A cutaway rendering of the forward section of the rocket. 

 

 

 
A cutaway rendering of the fin can. 
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  ii. Flight Reliability 

 

We static tested the recovery deployment system and it worked exactly as we 

intended. We also test launched the final rocket, and the vehicle behaved 

exactly as intended, meeting the mission requirements. The vehicle actually 

launched 1000 feet too high, but the motor we tested on (K360) had much 

more impulse than our final choice of motor--we had purchased it for an earlier 

version of the rocket which we believed was much heavier. 

 

  iii. Component Testing 

 

Another rocket tube made by a team member using the same wrapping 

techniques and materials as the USLI full-scale survived a no-chute impact at 

311 ft/s. The plastic nose-cone and G10 fiberglass payload tube were 

destroyed, but the kevlar wrapped body tube sustained no damage due to the 

impact, and only minimal damage when an aluminum tether exploded inside of 

it. This serves as a successful test of our materials (though it was an 

unsuccessful test of that team member’s rocket). 

 

  iv. Workmanship and Mission Success 

 

Throughout the design and construction process we ensured that the highest 

standards of safety and workmanship were met. We believe this will lead to 

mission safety and success.  

 

  v. Safety and Failure Analysis 

 

Zipper very low disqualification CF anti-zipper rings, electronic 
deployment for low-velocity 
deployments 

Heat damage 
from motor 

very low Structural fire fireproof foam reinforcement; 
high-temperature phenolic tube 

Payload 
damage upon 
landing 

very low loss of electronics; 
disqualification 

heavy metal and fiberglass 
construction; shields around 
filters/cameras 

CATO very low disqualification/possib
ly launchpad or 
rocket damage 

proper motor assembly; 
consultation with mentor during 
assembly 

Igniter Failure moderate 
to high 

motor does not ignite we will travel with spare motor 
igniters 

Motor failure 
during flight 

very low unstable/partial burn, 
case failure 

electronics will still deploy 
parachutes 
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  vi. Full-Scale Launch Results 

 

We performed a full-scale flight test on march 10th. The rocket was 

(un)ceremoniously christened “The Final Frontier” before being launched on a 

K360 White motor, manufactured by CTI. The flight was nearly flawless, 

boosting perfectly straight in a light breeze. We recovered the rocket ~1900 

feet downrange. The two Raven2 data traces are presented below. Overall, 

we were very pleased with the flight. The recorded average apogee was 6104 

feet.  
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Subsystem performance is evaluated below: 

 

● Airframe: flawless. Some unexpected BP residue buildup, easily 

cleaned.  

● Recovery harnesses: flawless. 

● Recovery devices: due to a mix-up the previous night, the 24” rocketman 

drogue was not used (we left it behind). We used a 30” conical PML 

Durachute instead. This contributed to the increased drift distance. We 

also noticed scorching of the drogue; we think one of the BP holders got 

knocked loose by the other, leaking out hot gasses. To avoid this, we will 

use putty to hold the charges in the future.  

● SMD Payload: we flew with only a partial payload completed. We were 

able to track the rocket with full telemetry from ignition to landing without 

difficulty; however we lost telemetry on the ground (the entire rocket 

miraculously landed in a 6” deep and 1’ wide trench, destroying the LOS 

needed for the telemetry).  

 

Using launch site data, we then constructed a simulation parameter set in 

RASAero, a freeware high-accuracy compressible-flow corrected rocket 

simulator. We simulated the test flight to verify its accuracy as shown below.  
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Our simulation is accurate to within half a percent. Using this model, we 

constructed the launch site in Alabama, and ran repeated simulations with 

statistically likely ranges of barometric pressure, temperature, and windspeed, 

based on publicly-available weather histories for the region. This constituted a 

method-of-partial-derivatives mathematical method to explore the parameter 

space effecting apogee altitude. We established several interesting trends. 

First, for all but one of the likely flight scenarios, we established that the rocket 

is overweight for the motor (ideal mass to maximize apogee is lighter than 

total vehicle mass). This defines a strongly linear region of the relationship 

between mass and apogee altitude, all else held constant. This is 

demonstrated in the following graph; the relationship was so linear (due to 

underlying resolution limits in RASAero) that we chose to not add the 

misleadingly small reduced chi-squared value.  
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We discovered that air temperature, not windspeed, had the strongest effect on altitude 

performance. This relationship is summarized below: 

 

 
 

We will use this clearly-defined relationship to finely-tune the total vehicle mass before launch 

with the particular atmospheric conditions of the hour.  
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vii. Mass Report 

 

The following table lists the masses of the independent sections of the 

vehicle (though they are tethered together when descending). We determined 

the masses by weighing the sections. 

 

Section Mass [lb] 

Fin Can 1.80 

Parachute Bays/Nose Cone 2/1.89 

Payload Bay 1.81 

 

 

 B. Recovery Subsystem 
 
  i. Robustness of Design 

 
a. Structural Elements: 
 

The rocket contains load-bearing bulkheads created from 2024-T6 
aluminum. The harnesses used are ⅝ tubular shock-absorbing nylon with 
substantial copper wiring as a backup. The cord which is exposed to 
possible powder burns is 0.5” tubular kevlar with a nomex sleeve in high-
stress areas. The necessary attachment hardware has a minimum 1200 lbf 
rating, are all steel, and are all either forged or welded shut. 
 

b. Electrical Elements: 
 

The Raven2 is a leading-edge, state of the art altimeter. The kalman-filtering 
used on the accelerometer-based apogee detection is not subject to any 
functional concerns. Additionally, it uses industry-leading barometric 
accuracy. The featherweight screw switches are designed for extreme-g 
loadings which causes the system to be more than sufficiently durable. The 
connectors are the most durable and electrically sturdy ones available for 
the given size of the rocket. Finally, to achieve full and total redundancy, two 
complete and independent systems are used which include separate 
batteries, computers, connectors, and charges. 
 

c. Recovery Elements: 
 

The parachute selections were optimized for the dual-deployment of the 
rocket. We selected the small Rocketman drogue-24” which is durable, has 
low drag, and a fast descent rate (unsafe for landing). The Fruity Chutes 60” 
Elliptical Main has been rated for 9-15 lbs with a very-high CD design of 
approximately 1.9 which should be more than sufficient. This parachute will 
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produce a very gentle landing with no chance of causing damage to the 
rocket. 

 

An illustration of the mechanical attachments in the recovery system is 

included below. Since the drogue and main components are identical, only 

the main components are shown.  

 

 
Attachment of the Main shock cord to the nosecone. Note the wiring inside the shockcord and 

the pass-through in the aluminum bulkhead.  
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Main Chute attachment point. French-made stainless steel quicklink; steel swivel for the main 

chute is not pictured (it is shrink-wrapped into the parachute harness).  

 

 
Top of the main chute deployment piston, showing wiring harness and spent ejection charge 

holders.  
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Interior of piston, showing kevlar cord with nomex shield. wiring is totally protected from blast 

effects.  
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d. Tracking System: 

 

GPS tracking will be achieved using a Mediatek MT3329 GPS located in the 

payload bay. GPS position data has been confirmed to be receivable at the 

laptop base station at distances of over 6100 feet using the XBee Pro 900 

data transceiver. 

 

e. EM Sensitivity: 

 

The Raven2 is designed to work in a high-radiation environment and in 

immediate proximity to trackers in MD, high-performance sounding rockets. 

Therefore, we expect zero interference problems. Additionally, the Raven2 is 

placed in an effective faraday cage constructed from the 2024-T6 bulkheads 

and carbon-fiber wraps. 

 

The ejection canisters are safe because they require a significant amount of 

current to fire such that there is no chance of an incidental discharge. 

 

ii. Recovery System Properties and Testing 

 
During the full-scale test launch descent, it was clear that the apogee chute 
size was a little too large, and it drifted more than we would like during this 
phase. We are thus using a smaller effective diameter drogue chute. The main 
parachute was perfectly sized, with a safe landing velocity. By all appearances 
the placement of swivels enabled the camera-carrying payload bay to be highly 
stable during main descent.  

 
We also performed ejection tests on the ground prior to launch. We started with 

0.5g of black powder in each separation charge. After the first test we added 

0.25g to the main charge and reduced the fin-can to 0.25g. The results were 

perfect separation without excessive violence. 
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  iii. Safety and Failure Analysis 

 

Failure Mode Probability Effects Mitigation 

Shear Pin Failure 
at Apogee 

low 
excessive 
drift/impact velocity 

Ground testing of shear 
pins 

Separation 
Failure 

very low Ballistic descent, 
rocket totaled 

Piston deployment, ground 
testing 

Tangled Main or 
Drogue 

moderate unstable/fast 
descent; bad 
payload attitude 

lengthy recovery harnesses 

Premature 
charge 
detonation 

very low injury to team 
members 

Use of moderate-current 
ejection canisters and 
proper safety procedures 
around black powder 

Structural failure 
(rupture or shear-
pin tearout) at 
deployment 

very low disqualification ground testing, selective 
reinforcement (CF) 

Zipper very low disqualification CF anti-zipper rings, 

electronic deployment for 

low-velocity deployments 

EM-Interference very low loss of rocket Hardened altimeters; 
ground testing, faraday 
cages 

 
 
 C. Mission Performance Predictions 
 
  i. Mission Performance Criteria 

 
Our rocket will be able to launch under less than 15 miles per hour of wind 
within 15 degrees of vertical. Our rocket will remain vertical in a dynamically 
stable manner. Upon reaching apogee we will deploy the drogue parachute 
and descend at less than 100 ft/s. The science payload will remain in a vertical 
position for the remainder of the descent. Upon reaching 1000 ft of altitude 
above ground level the rocket will deploy the main and slow to a speed of 25 
ft/s before landing. During the descent our rocket will not drift more than 2500 ft 
from the initial launch site. 
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  ii. Simulations and Predictions 
 

 
The overall flight. 

 

 
The altitude versus range curve. 

 

Section Mass 
[lb] 

Landing Kinetic Energies [ft-lbf, assuming 18.5 ft/s 
descent rate] 

Fin Can 1.80 9.57 

Parachute Bays and Nose 
Cone 

2/1.89 10.64/10.05 

Payload Bay 1.81 9.63 

 

Note that the parachute bay section is the heaviest.  
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  iii. Design Analysis 

 

CP-CG Diagram: 

 
 

CP-CG Analysis: 
■ CG: 53  ± 1 inches from nose, loaded  
■ CP: 72 ± 1 inches from nose  
■ Loaded stability: 6.33 caliber 

 
The CP was found in both RASAero (shown above) and Rocksim. The CG 

was found by balancing the rocket. 

 
The rocket separates twice during flight: once at apogee and once at 1000 

feet. Each time the rocket separates it decreases the translational kinetic 

energy, increasing the drag via parachute and increasing the rotational energy 

as the separate sections spin. Ultimately, each of the four independent 

sections lands with very little kinetic energy, as the individual sections do not 

weigh very much and are descending at a safe 18.5 ft/s. 
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Using RASAero we determined the drift of the rocket for the following cases: 
 

Wind Speed (mph) Drift (ft) (launch angle = 0) Launch Angle/Drift (ft) 

0 0.024 --- 

5 1019 --- 

10 2037 --- 

15 3058 5 deg/ 1862 ft 

20 4078 8 deg/ 2141 ft 

 
The team tried to mitigate the drift without changing the cant of the launch rail, 
but the rocket was already built at the time we received this feedback and there 
was little we could do to the recovery system without completely redesigning 
the rocket or allowing a very large, possibly unsafe descent rate. 

 
 D. Vehicle Verification 

 

Requirement System/Verification Method 

SMD payload: pressure, temperature, 
humidity, solar irradiance, UV 

radiation 

The payload includes sensors to measure all of these 
values; this will be verified by inspection of the data on 

the test flight. 

SMD payload: 2 pictures during 
descent and 3 after landing 

on-board cameras are placed in and around the payload 
bay. 

SMD payload: correct orientation of 
captured images 

1 camera inside the payload bay (the recovery system 
will keep this upright during descent), 2 cameras in 

fairings outside the payload bay-the bay will roll after 
landing to orient at least one camera in the correct way. 

This will be verified by testing. 

SMD payload: the data will be stored 
onboard and transmitted wirelessly 

We will be using an XBee Pro 900 to transmit the data 
wirelessly; onboard storage is accomplished through a 
micro-SD card. The wireless capabilities will be verified 

by testing before our first full-scale launch. 

SMD payload: the payload will carry a 
GPS tracking unit 

We will be placing a MediaTek MT3329 10Hz GPS in 
the payload bay. 

The launch vehicle will deliver the 
payload to 5280 feet AGL, but no 

over. 

The motor we choose will place the vehicle very close 
this altitude. Altitude will be verified by the onboard 

altimeters. 

The recovery system will be: able to 
be armed on the pad; independent of 

the payload electronics; contain 
redundant altimeters; armed by a 

The two (redundant) Raven2 altimeters are able to be 
armed on the pad. They will be placed in an electronics 

bay in the nosecone, separate from the payload 
electronics in the body of the rocket. They have a 
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dedicated switch; powered by a 
dedicated battery 

dedicated switch built in, and will use a dedicated 9V 
battery, also in the recovery bay in the nosecone. 

The arming switch will be: accessible 
from the exterior of the airframe; 

capable of being locked in the ON 
position; a maximum of 6 ft above the 

base of the vehicle 

We have 2 externally accessible screw switches 
implanted in the nose cone to arm the recovery system. 

The recovery electronics will be 
shielded from all onboard transmitting 

devices 

We will wrap the recovery bay in a Faraday cage. There 
is also an aluminum bulkhead in the transmitter’s line of 

sight to reduce interference. 

The launch vehicle and payload will 
remain subsonic 

The motor we chose will not accelerate the vehicle 
beyond Mach 1; this will be verified by the onboard 

accelerometers. We have also verified this in Rocksim 
and RASAero. 

The launch vehicle and payload shall 
be designed to be recoverable and 

reusable. 

Our recovery system is designed to ensure that our 
rocket lands in a flyable condition close to the pad; all 
components will be connected via shock-cord and are 

designed to be reused easily. 

The launch vehicle shall stage the 
deployment its recovery devices. 

We will deploy a drogue chute at apogee and a main 
chute at 1000 feet. This will be verified by inspection. 

Removable shear pins shall be used 
for both parachute compartments 

We are using removable shear pins for both parachute 
compartments. 

The launch vehicle will have a 
maximum of 4 tethered sections. The 
maximum kinetic energy on landing of 
each of the sections shall be 75 ft-lbf. 
All sections of the launch vehicle shall 
be designed to recover within 2,500 

feet of the launch pad, assuming a 15 
mph wind. 

Our vehicle has exactly 4 tethered sections. Assuming a 
15 mph wind, the vehicle will land well within 2,500 ft 

(see descent chart above). The kinetic energy of each of 
the sections is shown in section C ii, above. Each of the 
sections’ landing kinetic energies is well below 75 ft-lbf. 

The launch vehicle shall be capable of 
being prepared for flight at the launch 

site within 2 hours. 

Based on our experience with similar designs, it should 
take less than 40 minutes from beginning on the 

flightline to launch-ready. 

The vehicle shall be capable of 
remaining in launch-ready 

configuration at the pad for a minimum 
of 1 hour without losing the 

functionality of any component. 

The Raven2 computers and the PerfectFlite Alt15k/wd 
both have several-hours long wait times. The payload 

will sit in standby mode until the ArduPilot registers 
launch, so it can also sit for many hours. 

The launch vehicle shall require no 
external circuitry or special ground 

support equipment. 

We have designed our vehicle so that the only ground 
support equipment required is the launch pad and the 

igniter. 

The launch vehicle shall be launched 
from a standard firing system using a 

10 second countdown. 

We will ensure that this is the case. 
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Data from the payload shall be 
collected, analyzed, and reported by 

the team. 

The payload will record all data. We will verify this by 
inspection on our first test flight. 

An electronic tracking device shall be 
installed in each independent section 

of the vehicle. 

We have only one independent section (4 sections 
tethered together), and our Xbee will send the vehicle’s 

coordinates with the other telemetry 

The launch vehicle shall use a 
commercially available solid motor 

propulsion system using APCP, 
certified by NAR, TRA, and/or CAR 

We are using an Aerotech J401FJ, which has been 
certified by Tripoli. 

The total impulse provided by the 
launch vehicle shall not exceed 5120 

Ns (L-class). 

We will be using a J class motor, well below the limit. 

The maximum amount teams may 
spend on the rocket and payload is 

$5000 total. 

The current sum total of money for both the rocket and 
the payload is $1610.10, well below the limit. 
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E. Safety and Environment 
 
 i. Safety and Mission Assurance 

 

Failure Mode Probability Effects Mitigation 

Shear Pin Failure at 
Apogee 

low 
excessive drift/impact 
velocity 

Ground testing of shear pins 

Separation Failure very low Ballistic descent, 
rocket totaled 

Piston deployment, ground testing 

Tangled Main or 
Drogue 

moderate unstable/fast descent; 
bad payload attitude 

lengthy recovery harnesses 

Premature charge 
detonation 

very low injury to team 
members 

Use of moderate-current ejection 
canisters and proper safety procedures 
around black powder 

Structural failure 
(rupture or shear-pin 
tearout) at 
deployment 

very low disqualification ground testing, selective reinforcement 
(CF) 

Zipper very low disqualification CF anti-zipper rings, electronic 
deployment for low-velocity deployments 

Heat damage from 
motor 

very low Structural fire fireproof foam reinforcement; high-
temperature phenolic tube 

Payload damage 
upon landing 

very low loss of electronics; 
disqualification 

heavy metal and fiberglass construction; 
shields around filters/cameras 

Telemetry failure low disqualification ground and flight testing 

power failure to 
recovery or SMD 
electronics 

very low disqualification and(?) 
loss of rocket 

redundant power supplies based on high-
current LI-Ion batteries 

RFI/EMI moderate SMD payload 
failure/disqualification 

ground testing 

Static charge 
damage 

low damage to 
microcontroller and 
electronics 

common static-safe handling procedures; 
common ground busses 

CATO very low disqualification/possib
ly launchpad or 
rocket damage 

proper motor assembly; consultation with 
mentor during assembly 

Igniter Failure moderate 
to high 

motor does not ignite we will travel with spare motor igniters 

Motor failure during 
flight 

very low unstable/partial burn, 
case failure 

electronics will still deploy parachutes 
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  ii. Mitigation of Safety Hazards 

 

Hazard Mitigation Method 

Live black 
powder ejection 
charges 

Safety glasses at all times when working with black powder. 
No one allowed in front of or behind the vehicle when black 
powder is loaded. 

Live motor Safety glasses and all cotton clothing around motor. Only 
team leader and safety officer to be present during ignitor 
installation. 

 

 
  iii. Environmental Concerns 
 

There are no hazardous materials or environmental concerns in the project at 

this point. 

 
 F. Payload Integration 
 

The electronic payload is implemented as a structural member linking the rocket fin 

can to the main parachute compartment of the recovery bay. It is coupled onto the 

other sections with a 4.25” shoulder and supporting shear pins to maintain structural 

rigidity during flight. Separation of the payload from the other sections of the rocket 

will occur following deployment to maintain a vertical orientation during descent. 

 

The following diagram displays the payload to launch vehicle interface: 

 

 
Payload Location 
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Payload Interface 

 
Payload Coupler Interface 
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The primary structural component of the payload compartment is a 1’ long 3” OD G12 

fiberglass coupler capped off at both ends with 2024-T6 aluminum bulkheads. A 4” 

long section of 3” ID phenolic body tube is centered on the coupler to allow space 

components which require external interfaces, e.g. the photodiode sensors, the 

wireless antenna, and the three HD cameras. 

 

The primary expected loads on the payload bay are in tension, as the shock cords 

pull on either side. The payload bay uses a pair of stainless-steel threaded rods 

bolted to the 2024-T6 bulkheads to carry this load; the load rating in tension of the 

steel stringers is over 10 times the expected max transient load. In case of a crash, 

the primary loads will be compressive; axially and transversely. The steel stringers will 

provide little support before buckling, so we chose to use the G12 filament-wound 

fiberglass tube as the primary structural member. This material is the strongest RF-

transparent tube material we know of; it is easily the strongest part of the rocket. This 

material has survived a full-on lawn dart at our hard dry lakebed testing site.  

 

Communication from the payload to the ground base station will be established using 

an XBee Pro 900 transceiver module. This module will communicate over the 902-

928 Mhz band and has an expected range of approximately 6 miles. To increase 

transmission fidelity while keeping a high sampling rate the sensors will be sampled at 

2Hz and data packets will be transmitted to the base station at a rate of 10Hz. This 

redundancy in transmission allows us to ensure accurate transmission of scientific 

data. In addition to in flight communication the payload will log all sensor readings 

which will be can be downloaded off of internal memory upon landing. 

  
IV. Payload Criteria 
 
 A. Experiment Concept 

 
The scientific experiment to be performed by the electronic payload involves 
quantifying the absorption of 3 separate wavelength bands of light by the atmosphere 
as a function of altitude. The wavelength bands measured will be 150nm-400nm (UV), 
400-1100nm (visible-NIR), and 1100nm-1800nm (NIR).  This will be achieved using 
three separate photodiode elements located in close proximity. To ensure that the 
data from each separate photodiode contains the wavelengths of interest, the 
following filters will be installed on each sensor in order to isolate each wavelength 
band to their respective photodiode. 

 

○ A 400nm shortpass filter will be installed onto the Thorlabs FGAP71 GaP 

Photodiode to cut the effective wavelength to 150-400nm 

○ A 400nm longpass filter will be installed onto the Thorlabs FDS100 Si 

Photodiode to cut the effective wavelength to 400nm-1100nm 

○ A 1100nm longpass filter will be installed onto the Thorlabs FGA21 InGaAs 
Photodiode to cut the effective wavelength to 1100nm-1800nm 
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A Honeywell HEL-5030 Humidity sensor will be used to measure relative humidity. 
Since water vapor displays many photoabsorption properties over a large range of 
wavelengths, humidity is a relevant variable to include in the analysis of photointensity 
as a function of altitude. 
 
Altitude data will be recorded using a Freescale MPXAZ6115A absolute pressure 

sensor and temperature data will be recorded using a Honeywell HEL-705-T 

Resistance Temperature Detector. 

 

The experiment complies with the guidelines set by the NASA Science Mission 

Directorate for a sponsored payload. 

 
 B. Science Value 
 

i. Payload Objectives 
 

The following table describes the payload objectives: 

  

Objective To be achieved by Mission 
Critical? 

Record data from all 
sensors 

Ardupilot Mega Yes 

Wireless data 
uplink/downlink during all 
phases of launch 

XBee Pro 900 Yes 

Analog conversion of data MAX127 DAS Yes 

Photointensity 
Measurements 

FGAP71 GaP Photodiode  
 
FDS100 Si Photodiode 
 
FGA21 InGaAs Photodiode 

Yes 

Altitude Measurements MPXAZ6115A Absolute Pressure Sensor 
 
BMP085 Pressure/Temperature Sensor (backup) 

Yes 

Temperature Measurement HEL-705-T RTD 
 
BMP085 Pressure/Temperature Sensor (backup) 

No 

Humidity Measurement HIH-5030 Humidity Sensor Yes 

Signal Conditioning MCP6004 Quad Opamp 
 
AD623 Instrumentation Amplifier 

Yes 
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Report GPS position data MT3329 GPS No 

Record Flight Video 3x OV9712 Cameras No 

Power 7.4V Li-Poly Battery 
 
2x 5V Voltage Regulators 
 
3.3V Voltage Regulator 

Yes 

 
The data received by the photodiodes, the pressure sensors, and the humidity 

sensors in the payload will used for analysis as described in the experiment 

concept section. Mission Critical objectives define the objectives required to be 

fulfilled to consider mission success. 

 
ii. Mission Success Criteria 
 

A successful mission depends on the completion of the following overall 

objectives: 

  

● Successful launch and recovery of the rocket and payload 

● Logging of sensor data for the entire flight duration. 

● Wireless uplink and downlink of instructions/data for the entire flight 

duration. 

 

Further details regarding the individual mission success criteria of each 

payload component are described in the Payload Objectives. 

 
iii. Scientific Approach 

 
The completion of the scientific procedure described in the following section is 

required for mission success. Failure of any of the payload electronics prior to 

launch will result in launch abortion and reevaluation of payload functionality. 

 

The internal payload compartment will be open to the atmosphere for pressure 

and humidity equalization. Pressure and humidity will be recorded using board 

mount sensors. External temperature readings will be taken from an RTD 

placed within 1” of the equalization port. The RTD will not be placed external 

to the rocket to avoid solar heating. Pressure induced airflow will be sufficient 

to equalize external and internal temperature during flight. Theses 

considerations were taken into account following experimentation using a 

thermocouple based temperature measurement system mounted externally on 

a Public Missiles Phobos. The following data taken from a flight to 4265 ft ASL 

on an Aerotech H165R motor suggests that solar heating plays a large factor 

on recorded temperatures when the sensor is exposed to sunlight: 
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External temperature data from a Public Missiles Phobos 

 

A rising temperature is observed throughout both phases of ascent and 
descent, suggesting solar heating influenced sensor temperature more 
significantly than actual air temperature. 
 
The photodiodes are mounted facing externally and in close proximity in the 
following manner: 

 
Photodiode Mounting Arrangement 
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They will also be mounted on the same plane and at the same angle relative 
to a center tangent point on the body of the rocket. This will allow us to make 
the approximation that all photodiodes will be receiving light that is of the 
same composition and intensity. This assumption will allow us to merge the 
incoming data from each sensor into a composite spectrum characterizing the 
incoming light given any point in time during the flight of the rocket. 

 
Redundancy of sensors in pressure and temperature will allow fallback to 
lower precision sensors in the case of data that does not meet expectation. In 
the case of pressure measurements, they will be deemed out of expectation if 
the initial and final values do not correspond with the initial and final altitude 
measurements as reported by the GPS receivers. Complete reliance on GPS 
data is not permitted due to the slow response time of GPS. However, the 
nature of GPS allows for altitude data which is independent of the barometric 
pressure conditions at the launch site. Should the primary Freescale 
MPXAZ6115A pressure sensor produce pressure measurements which do not 
meet expectation, the factory calibrated BMP05 pressure sensor on the 
ArduPilot Mega system will be used as a backup.  Temperature sensor data 
will not meet expectation in the case that steady state temperature does not 
match the projected forecast temperature to within ±10° F. Should the 
Honeywell HEL-705-T RTD measurement data fail to meet expectation, the 
factory calibrated onboard BMP05 temperature sensor on the ArduPilot Mega 
system will be used as a backup. 

 
Following reception of all gathered data, all data will be digitally processed to 
smooth out any noisy signals. For particularly sensitive signals, such as 
temperature and photointensity, moving average filters will be applied to the 
data to represent the average temperature and average intensity of incident 
light. The following data relationships will then be produced: 

 
 1. Photointensity with respect to Altitude 
 2. Humidity with respect to Altitude 
 3. Photointensity with respect to Humidity 
 4. Altitude with respect to Time 
 5. Humidity with respect to Time 
 6. Photointensity with respect to Time 
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The following table describes the scientific value of each relationship: 

 

Data Purpose 

Photointensity vs 
Altitude 

To define a relationship between photoabsorption by 
the atmosphere and altitude. 

Humidity vs Altitude To define a relationship between humidity and altitude. 

Photointensity vs 
Humidity 

To define a relationship between photoabsorption by 
the atmosphere and relative humidity. 

Altitude vs Time To characterize the flight of the rocket over time. 

Humidity vs Time To detect any trends in data which may indicate a 
systematic error. 

Photointensity vs 
Time 

To detect any trends in data which may indicate a 
systematic error. 

 
Data Expectations: 

    

Data Expectation 

Photointensity vs Altitude Positive relationship 

Humidity vs Altitude Negative relationship 

Photointensity vs Humidity Negative relationship 

  
Photointensity is expected to increase with altitude as humidity is expected to 
decrease with altitude. Air at higher altitudes is of lower temperature and lower 
pressure. Thus it is capable of holding less water and should be less humid 
than air at lower altitudes. Photointensity is expected to decrease with 
humidity as absorption of light by water vapor increases. 

 
In the case that the weather conditions are cloudy, the experimental data is 
expected to be inconclusive. Clouds may invert the humidity vs, altitude 
relationship expected depending on their altitude relative to the rocket. Cloud 
cover will also affect photointensity measurements by an indeterminable 
amount.  
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The following describes relevant sensor characteristics: 

 

 

 
Responsivity of each photodiode to incident light 
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MPXAZ6115A Output Voltage Characteristics 

 
The accuracy of the MPXAZ6115A is given as ±5%. 

 

 
HEL-705-T Resistance Characteristics 

 

 
HIH-5030 Output Voltage Characteristics 
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The accuracy of the HIH-5030 is given as ±3% RH. 

 
iv. Experimental Process Procedures 
 

The procedure to be followed for the experiment is outlined as follows: 
 

1. Check battery voltage prior to flight. Nominal voltage is approximately 
8.0 Volts (1 fully charged 7.4V Li-Poly Battery) 

2. Hold payload horizontal to allow accelerometers to initialize. 
3. Turn on payload electronics. 
4. Verify the output voltage of each external sensor is within expected 

range using multimeter. 
5. Connect to payload wirelessly through laptop base station. 
6. Verify the transmission of valid data from the Ardupilot Mega. 
7. Prepare rocket for flight. 
8. Initiate data transmission 5 minutes before rocket launch. 
9. Ensure data logging is enabled prior to rocket launch. 
10. Launch rocket. 
11. Follow rocket using base station Yagi antenna. 
12. Wait for rocket to land. 
13. Wait 10 minutes. 
14. Disable rocket data logging. 
15. Initiate transmission of recorded data back to base station. 
16. Recover rocket. 
17. Turn off payload electronics.  

 

 C. Payload Design 
 
  i. Design and Construction 
 

The payload will be encompassed in a G12 fiberglass coupler tube with 6061 
aluminum bulkheads at each end connecting the payload to the fin can and 
recovery bay sections of the rocket. Forged eyebolts will be located on each 
end for shock cord attachment. A 4” long section of phenolic body tube at the 
center of the payload bay will serve as a space to allow internal electronics 
access to the external environment. The payload has been designed for 
maximum survivability; the G12 fiberglass used is stronger than the kevlar-
wrapped phenolic used in the body tube and the aluminum bulkheads used are 
stronger than the plywood bulkheads used elsewhere in the rocket. The cost to 
use these strong materials in the construction of the payload was extra weight. 
Fully populated, the payload weighs approximately 1.5 lbs. 
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Payload External View 

 
Internally, the payload electronics will be mounted on a double-decker G10 
fiberglass frame. The frame consists of two layers with rails for customizable 
mounting of electronics. Two locations on the frame will be designated solely 
for mounting of the ArduPilot Mega and the 7.4V Li-Poly Battery. In the 
subsequent diagram, the ArduPilot will reside on the lower portion of the 
bottom layer and the battery will reside on the lower portion of the top layer. 
 

 
Internal Payload Mount Layout 
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Payload Electronics Mount Top Platform (units in inches). Platform thickness is 1/16”. 

 
 

 
Payload Electronics Mount Bottom Platform (units in inches). Platform thickness is 1/32”. 
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Payload Electronics Mount Centering Disk (units in inches). Disk thickness is 1/32”. 

 

  
A Render of the Payload Assembly (with ArduPilot Mega) 
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The payload has been designed to fulfill the requirements of the SMD sponsored 
payload. Below is an overview of the justifications for choosing each component 
in regards to fulfilling those requirements. 

 
● Component: ArduPilot Mega 2560 w/ Oilpan IMU Shield 

○ Requirement Fulfilled: Data Logging 
○ Justification: The ArduPilot Mega 2560 with Oilpan IMU Shield has 

16 analog inputs for sensor data and onboard support for serial 
communication with GPS devices and telemetry devices such as the 
XBee Pro 900. It is sufficiently powerful to handle the simultaneous 
logging of multiple channels at reasonable sample rates. The Oilpan 
IMU shield which mates with the ArduPilot provides an onboard IMU 
which will be used for detection of flight events such as apogee and 
deployment. 

 
● Component: Maxim MAX127 12-bit, 8-channel, 8 ksps A/D Converter 

○ Requirement Fulfilled: Accurate data (voltage) measurement 
○ Justification: The Maxim MAX127 12-bit A/D provides a broad input 

voltage range (0V-5V) and a high maximum sampling rate (8 ksps at 
12-bit resolution). It allows for 8 channels of simultaneous voltage 
measurement and communicates over I2C to the ArduPilot Mega. 

 
● Component: Freescale MPXAZ6115A Absolute Pressure Sensor 

○ Requirement Fulfilled: Pressure measurement 
○ Justification: The MPXAZ6115A Absolute Pressure Sensor is 

designed to take accurate pressure measurements despite changes 
in temperature and humidity. It also contains built in op amp circuitry 
to reduce noise. 

 
● Component: Honeywell HEL-705-T Platinum RTD Thermometer 

○ Requirement Fulfilled: Temperature measurement 
○ Justification: The HEL-705-T provides an approximately linear 

response curve for temperature vs. voltage and is designed to 
provide a fast response to changes in temperature. It does not 
require cold junction compensation. 

 
● Component: Honeywell HIH-5030 Relative Humidity Sensor 

○ Requirement Fulfilled: Humidity measurement 
○ Justification: The HIH-5030 provides an approximately linear 

response curve for humidity vs. voltage. 
 

● Component: Thorlabs FGAP71 GaP Photodiode, Thorlabs FDS100 Si 
Photodiode, and Thorlabs FGA21 InGaAs Photodiode. 

○ Requirements Fulfilled: Ultraviolet radiation and solar irradiance 
measurements 

○ Justification: Each photodiode will be used to measure the intensity 
of light within a certain wavelength band of light. The FGAP71 
photodiode will be used to measure radiation in the UV spectrum, 
the FDS100 photodiode will be used to measure radiation in the 
visible spectrum, and the FGA21 photodiode will be used to 
measure radiation in the IR spectrum. Shortpass and longpass 
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filters will be used to ensure that the wavelength bands measured 
do not overlap. 

 
● Component: MediaTek MT3329 10Hz GPS 

○ Requirements Fulfilled: GPS tracking 
○ Justification: The MT3329 GPS is readily available and libraries are 

provided for its operation with the ArduPilot Mega. 
 

● Component: 3x OmniVision OV9712 720p HD Cameras 
○ Requirements Fulfilled: Taking pictures during descent and landing. 
○ Justification: The OmniVision OV9712 HD cameras are small, 

affordable, and readily available. Taking video instead of still photos 
will greatly increase the probability that we capture the required 
images of the sky and ground in one frame. 

 
● Component: XBee Pro 900 Wireless Data Transmission System 

○ Requirements Fulfilled: Wireless transmission of data to a base 
station 

○ Justification: The XBee Pro 900 uses a powerful 50 mW transmitter 
and is capable of data transmission at distances of up to 6 miles. 
The data transmission rate of 156 Kbps is sufficiently fast for 
transmitting raw analog sensor data. 

 
The following is a system diagram describing the components of each payload 

subsystem and their connection with other components in the payload. 

 
Payload System Diagram 
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The power subsystem, not shown in the diagram, will consist of a single 7.4V Li-
Poly Battery and 5V and 3.3V voltage regulators for supplying power to the 
sensor, microcontroller, and camera subsystems. 

 
The Maxim MAX127 A/D converters are not shown in this diagram because their 
operation will be transparent when incorporated into the ArduPilot Mega System. 
They will be treated as port expansions to the A/D capabilities of the ArduPilot 
Mega system. 

 
The circuitry for each of the systems will be designated to several boards which 

will be interconnectable using a common 5 pin header carrying 5V, 3.3V, GND, 

and I2C signals. Each board will be compatible with the rail system of the 

payload. The following table describes the population of each board in the 

system: 

 

Board Primary Components 

Power 2x 7805 5V Voltage Regulators 
 
Microchip MCP1702-33 3.3V Voltage Regulator 
 
7.4 V 2600 mah Li-Poly Battery 

Pressure/Humidity/Te
mperature 

Freescale MPXAZ6115A 
 
Honeywell HEL-705-T Platinum RTD  
Thermometer 
 
Honeywell HIH-5030 Relative Humidity Sensor 

Photodiode Thorlabs FGAP71 GaP Photodiode 
 
Thorlabs FDS100 Si Photodiode 
 
Thorlabs FGA21 InGaAs Photodiode 
 
Microchip MCP1702-15 1.5V Voltage Regulator 

A/D Maxim MAX127 A/D Converter 

Camera 3x Omnivision OV9712 HD Cameras 
3x 2N3904 NPN Transistors  

 

Payload Schematics and PCB layouts are presented in the following section. 
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Schematic for the power board. Dual 5V voltage regulators are used to handle up to 2A of load. 

The camera subsystem will be isolated from the ArduPilot and sensor subsystems in terms of 

power supply. The current draw of 3 HD cameras will be isolated to a single 5V voltage 

regulator rated for 1A current. The sensor subsystem will operate on a separate 5V voltage 

regulator. 
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Power Board layout. Dimensions are 1.8” (W) x 1.6” (H). This board was milled on to 1/16” 

copper clad FR4. 
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Schematic for A/D Converter Board. 
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A/D Converter Board layout. Dimensions are 1.9” (W) x 1.55” (H). This board was milled on to 

1/16” copper clad FR4. 
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Schematic for Temperature, Humidity, and Pressure Board 
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Pressure, Humidity, and Temperature Board layout. Dimensions are 1.9” (W) x 2.3” (H). This 

board was milled on to 1/16” copper clad FR4. 
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Schematic for Photodiode Board 
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Photodiode Board Layout. Dimensions are 1.8” (W) x 2.25” (H). This board was professionally 

fabricated onto a 2-layer FR4 board. 
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Schematic for Camera Control Board. 



55 

 

 
Camera Control Board Layout. Dimensions are 1.9” (W) x 1.25” (H). This board was milled on to 

1/16” copper clad FR4. 

 
Wiring inside the payload will consist of 28 AWG ribbon cable terminated on both 
ends with female headers. Each board will have header pins for power and 
ground, as well as for sensor output breakout to the A/D Converter. The 
exception is the camera board, which will not use the 5-pin common header as it 
will run off a separate 5V voltage regulator due to current consumption concerns. 

 
Power on will be initiated using a Featherweight Altimeters screw switch mounted 

on the aluminum bulkhead nearest to the ArduPilot. This switch will wired to short 

the negative battery lead to ground. 

 

As seen in the circuit board layouts above, all boards are equipped with 4 #4 

sized holes for mounting of the board onto the rail system of the payload bay. 4 

anchor points ensures minimal movement of the payload boards during high 

acceleration flight events. 

 

Instrumentation precision is detailed in the Scientific Approach section. 

 
  ii. Performance Predictions 
 

Flight and Range tests performed in Lucerne Valley on March 10, 2011 

confirmed the capability of the XBee Pro 900 transmitter to successfully 

stream data to and from the base station during flight at distances of over 1 

mile. Packet loss was minimal and mitigated by the sending of redundant 

packets during each sampling interval. Commands sent from the laptop base 
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station to the XBee receiver were successfully received and executed 

remotely. One unknown in the system is 900 Mhz band pollution in Huntsville, 

Alabama. RF pollution may cause interference, reducing the effective range of 

the XBee Pro 900 Transmitter. Sensor electronics performance predictions are 

described in the Scientific Approach section. 

 
  iii. Workmanship and Mission Success 
 

Each payload circuit board will be assembled by a team member with over 5 

years of soldering experience. Defective circuit boards have been rebuilt from 

scratch in order to ensure reliability. Each plugged in cable will be tensile 

tested prior to use in order to prevent cable disconnection during flight.The 

reliable connection of power and data signals will be crucial for mission 

success. 

 
  iv. Testing and Verification 
 

Testing of payload functionality has been performed with all components 

connected and powered on in order to trace any potential current draw or 

signal interference issues. Range tests have been performed under line of 

sight conditions to simulate the launch site conditions. Testing and verification 

of each individual component is described in the following section. 
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 D. Payload Verification 
 

The following table describes the expectations of the payload during a successful 
flight. 
 

Component Expected Behavior 

ArduPilot Mega 
2560 w/ Oilpan IMU 
shield 

Communicates error-free with the XBee Pro 900. Does not cut out during 
high acceleration events. Records sensor and GPS data accurately and 
with minimal noise. Stores all data on the onboard 16MB flash. 

Maxim MAX127 
A/D Converter 

Provides accurate data measurements at a sustained rate of 60 
samples/second per channel at 12-bit resolution. 

XBee Pro 900 Maintains connection with the ArduPilot and the base station throughout 
the entire flight. Transmits with a minimum 1 mile range. Transmits with 
enough bandwidth to mitigate significant losses in data. 

Mediatek MT3329 
GPS 

Maintains lock throughout the entire flight and after landing. Relays an 
accurate GPS position to the ArduPilot to be transmitted to the base 
station. 

OmniVision 
OV9712 720p HD 
camera 

Records the entire flight onto a removable microSDHC card. Does not cut 
out mid-flight. Starts and stops recording based on commands sent from 
the ArduPilot. 

Thorlabs FGAP71 
GaP Photodiode 

Measures light intensity from 150-400nm. Responds quickly to changes in 
intensity. Does not saturate from incoming light. 

Thorlabs FDS100 
Si Photodiode 

Measures light intensity from 400-1100nm. 
Responds quickly to changes in intensity. Does not saturate from 
incoming light. 

Thorlabs FGA21 
InGaAs Photodiode 

Measures light intensity from 1100-1800nm. Responds quickly to changes 
in intensity. 
Does not saturate from incoming light. 

Freescale 
MPXAZ6115A 
Absolute Pressure 
Sensor 

Measures accurate pressure data in all temperature, humidity, and wind 
conditions. Outputs a linear relationship between voltage and pressure. 
Responds quickly to changes in pressure. 

Honeywell HEL-
705-T Platinum 
RTD Thermometer 

Measures accurate temperature data and responds quickly to changes in 
temperature. Outputs a linear relationship between voltage and 
temperature. 

Honeywell HIH-
4030 Relative 
Humidity sensor 

Measures accurate humidity data on the ground and at various altitudes 
during launch or descent. 
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The following describes how each component requirement will be verified: 

 
● Component: ArduPilot Mega 2560 w/ Oilpan IMU Shield 

○ Requirement: Data Logging 
○ Verification Procedure: The ArduPilot will be setup to log data at 60 Hz from 

6 analog sensor channels, the onboard IMU, and the GPS for the estimated 
time of flight predicted by simulations. If the data can be stored completely 
on the 16MB onboard flash, the requirement is satisfied. 

○ Results: A flight test to 6190 feet on a Cesaroni K360 confirmed that the 
ArduPilot is able to log data at 120 Hz during flight from all channels. The 
16MB onboard flash proved sufficient to store all data for a single flight. 

 
● Component: Maxim MAX127 A/D Converter 

○ Requirement: Data Measurement 
○ Verification Procedure: The recorded data values taken by the MAX127 will 

be compared to those of a scientific-grade National Instruments DAQ (10 
bit resolution). If the data is identical to within 8 bits of resolution, the 
requirement is satisfied. 

○ Results: The data recorded by the MAX127 is accurate to within 8-10 bits 
resolution of the National Instruments DAQ. 

 
● Component: Freescale MPXAZ6115A Absolute Pressure Sensor 

○ Requirement: Pressure measurement 
○ Verification Procedure: After calibration, the sensor reading will be 

compared to that of a NIST traceable pressure sensor at various pressure 
conditions. If the sensor’s curve falls within 5% correlation of the curve 
produced by the NIST traceable pressure sensor, the requirement is 
satisfied. 

○ Results: The pressure measured from the MPXAZ6115A falls within 3% of 
the pressure reading output by the NIST traceable pressure sensor. 

 
● Component: Honeywell HEL-705-T Platinum RTD Thermometer 

○ Requirement: Temperature measurement 
○ Verification Procedure: The thermometer will be tested in water baths of 

known temperatures to see if the sensor reading meets expectations. If the 
reading falls within 5% of the expected reading, the requirement is satisfied. 

○ Results: The temperature measured from the RTD falls within 1% of the 
actual water temperature. 

 
● Component: Honeywell HIH-4030 Relative Humidity Sensor 

○ Requirement: Humidity measurement 
○ Verification Procedure: The sensor reading will be compared to that of a 

NIST traceable humidity sensor in various environments. If the sensor’s 
curve falls within 5% correlation of the curve produced by the NIST 
traceable humidity sensor, the requirement is satisfied. 

○ Results: The sensor reading falls within 4% of the Oregon Scientific NIST 
traceable humidity sensor. 

 
● Component: Thorlabs FGAP71 GaP Photodiode, Thorlabs FDS100 Si 

Photodiode, and Thorlabs FGA21 InGaAs Photodiode. 
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○ Requirements: Ultraviolet radiation and solar irradiance measurements 
○ Verification Procedure: A calibrated laboratory spectrophotometer will be 

used along with controlled wavelength light sources to verify photointensity 
measurements. 

 
● Component: MediaTek MT3329 10Hz GPS 

○ Requirement: GPS tracking 
○ Verification procedure: The reported GPS position will be compared to that 

of a commercial GPS. If the two positions are within 25 feet, the 
requirement is satisfied. 

○ Results: The GPS position reported by this device matches that of a 
commercial GPS to within 10 feet. 

 
● Component: 3x OmniVision OV9712 720p HD Cameras 

○ Requirement: Taking pictures during descent and landing. 
○ Verification procedure: The cameras to be used in this rocket have been 

flown before in multiple successful flights. They will be tested individually 
prior to each flight to ensure proper operation. 

○ Results: All cameras power on and record data without issues. 
 

● Component: XBee Pro 900 Wireless Data Transmission System 
○ Requirement: Wireless transmission of data to a base station. 
○ Verification: The transmitter will be placed in the fiberglass payload bay and 

moved a distance 1 mile away from the receiver. 6 Channels of analog 
data, GPS data, and IMU data will then be transmitted to the receiver. If the 
XBee Pro 900 can maintain constant communication at this distance, the 
requirement is satisfied. 

○ Results: The transmitter was able to maintain constant communication at a 

distance of 6190 feet above ground and over .5 miles parallel to ground in 

line-of-sight conditions. 

 
 E. Safety and Environment 
 
  i. Safety and Mission Assurance 

 

A short circuit in the wiring of the payload power supplies can cause the failure 
of a single or multiple components of the payload. This can be mitigated by 
having multiple team members check over the wiring of the payload prior to 
powering on the components. Certain payload components such as the lithium 
power cell may be hazardous if they exhibit defective behaviour such as 
leaking or swelling. In the case that such defects are discovered in the battery, 
it will be disposed of in an approved container and replaced with a brand new 
battery. The battery will be checked for damage prior to each flight to ensure 
that it will operate as expected. 
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  ii. Mitigation of Safety Hazards 

 

There are no unusual personnel hazards to the payload. The only potential 
hazard is the 900MHz RF energy emanating from the XBee: RF and EM 
energy has never been shown conclusively to be a health hazard at anywhere 
near the power levels we will be using (50mW). 

 
The low voltages and currents involved in the payload electronics presents no 
potential personnel hazard in the case of catastrophic failure of the payload 
power supplies. In the case that a voltage regulator burns out, the room will be 
evacuated until the fumes have been sufficiently dissipated. At that point, the 
circuit will be double checked for wiring inconsistencies and the regulator will 
be replaced. 

 
  iii. Environmental Concerns 
 

   No environmental concerns remain.  
 
V. Launch Operations Procedures 
 
 A. Launch Checklist 
 

Final Assembly and Launch Procedures: 

1. Prep Motor and load black powder charges  
2. Tape igniter to motor case 
3. Pack pistons and parachutes 
4. Carry motor and rocket to RSO/LCO station 
5. Place rocket on launch rail 

6. Arm SMD payload microcontroller 
7. Reassemble rocket and secure upright 

8. Arm deployment electronics 
9. Load motor 

10. Load Ignitor (shorted leads), then connect ignitor 
11. Continuity Check at the pad 

 
We will be able to try multiply igniters if the smoky-propellant motor is difficult to light 
in high humidity. We will be prepared to assist the NASA ground crew in 
troubleshooting the ground support system if necessary. If the recovery electronics or 
the SMD payload are not functioning properly, we will declare a misfire and safe the 
rocket (motor + igniter removed, BP charges shorted by hand) before carrying it out of 
the range to troubleshoot.  

 
The safety officer, Chris, will be the first to the fallen rocket post-flight. Chris will 
inspect all BP charges to confirm that they have fired before others are allowed to 
approach. This will prevent post-flight accidents. The landing sight will be documented 
by photograph before being disturbed to disarm the SMD payload; the Raven2 
altimeters will be instructed to beep out the apogee for the official NASA 
representative at this time.  
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 B. Safety and Quality Assurance 
 

During preparation of the payload, Chris will load the black powder charges under the 
supervision of Jane. Chris will wear safety glasses for this procedure but will not use 
gloves to reduce the likelihood of spilling the black powder, which seems like more of 
a concern than accidental explosion. Steven will build the motor. 
 
Chris, Steven, and Jane will be the only ones allowed near the rocket after the above. 
The rocket will be stored vertically and the motor will not yet be loaded into the rocket. 
Chris, Steven, and Jane will wear all-cotton clothes and gloves along with safety 
glasses to limit injury in the unlikely event of BP explosion or motor firing. Cotton 
clothes trap air, forming a protective layer to protect skin from flashburns; it also does 
not melt or stick to skin while burning.  
 
Only Chris, Steven, and Jane will bring the rocket to the pad. The rocket will be 
carried vertically and either Steven or Jane will carry the motor. 
 
Once on the pad, the rocket will be installed horizontally. Steven will prep the avionics 
and then leave the pad once they have been confirmed as working properly. Chris 
and Jane will then load the motor and erect the rocket. At that point, Chris and Jane 
will check continuity and verify for each altimeter. Jane will then move away from the 
pad while Chris loads the igniter into the rocket. Chris and Jane will then check 
continuity before leaving the pad. 
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VI. Activity Plan 
 
 A. Budget Plan 

 

Our current expenses estimate is $11,337.70. A general outline of expenses can be 

found in the table below. For a more detailed outline of expenses, see appendix A. 

 

Area Subtotal 

Full Scale Components $776.84 

Sub Scale Components $43.99 

Construction/Safety Supplies $788.40 

Payload and Avionics $1188.89 

Propulsion $342.68 

Educational Engagement $1058.30 

Test Launches $130.88 

Other Expenses $1498.7 

Launch Week $5509.02 

GRAND TOTAL $11337.70 
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Our current funding is $13492.45, as summarized below: 

 

Organization Amount 

HMC Rocketry Club $250.00 

SMD Payload $3000.00 

Shanahan Student-Directed Projects Fund $10000.00 

Shannan Callahan (private donor) $242.45 

TOTAL $13492.45 

 
Our funding is therefore sufficient for all necessary expenses, with a considerable 
amount left over to account for any unexpected expenses in Huntsville or otherwise.  

 
 B. Project Timeline and GANTT Chart 
 

The project remains on schedule according to the GANTT Chart in appendix D. 

 
 C. Educational Engagement 
 

Educational engagement requirements have been partially fulfilled, and plans are in 
place to fulfill the remaining requirements. Two workshops have already been held, 
reaching a total of 35 educators and students in the eligible age range. Although this 
is less than half of the final number needed, we are confident that we will be able to 
reach the required 100, given that we intentionally started with small groups, and we 
now have the experience and resources to hold larger workshops.  
 
The first workshop took place on February 25th at Sycamore Elementary school in 
Claremont, CA, and the second workshop took place on March 16th at Standley Park 
in San Diego, CA. Before participating, each student was required to return our 
consent release form signed by a parent or guardian. This form can be found in 
appendix B. Both workshops were very successful: all students and parents were 
enthusiastic, and there were no safety concerns. The USLI educational engagement 
form has been submitted for each event.  
 
The remainder of the educational engagement will take place in two workshops, both 

of which are scheduled for Saturday, March 31st and will be held in Standley Park in 

San Diego. The morning workshop, which will take place from 10:00 am to 1:00 pm, 

will include students in grades 4-6. The afternoon workshop will take place from 2:00 
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pm to 5:00 pm, and will involve students in grades 7-9. Each workshop will be 

restricted to a 40 student maximum, and parents will be encouraged to attend to help 

their students. Within the week, we will begin advertising these events to local school 

and scouting troops. In the unlikely event that we are unable to reach the needed 65 

students between these two workshops, we will have time in the following two 

weekends to hold a another small workshop in the Claremont area. 

 
The basic activity plan for all the workshops is the same. The workshop begins with 
introductions of team members and some information about USLI. This is followed by 
an outline of some of important concepts, including key parts of the rocket and how 
Newton’s laws are demonstrated. Afterwards comes a brief discussion of construction 
safety, specifically regarding the fast-drying glue. Next students work individually or in 
pairs to assemble and decorate Quest Payloader One (TM) rockets from Model 
Aerospace Company kits. The contents of one of these kits can be seen in the photo 
below: 
 

 
  (photo credits: http://www.apogeerockets.com/quest_payloader_1.asp) 
 

During construction, the students are divided into tables of approximately six 
students, and one USLI team member is assigned to each table. The groups then go 
through the steps together, taking turns reading the instructions aloud and helping 
each other until everyone at the table is ready to move on. Upon completion, each 
rocket is inspected and approved by a USLI team member. Then, after a discussion 
of launch safety procedures, each rocket is then launched using an A6-4 motor. This 
is followed by a brief discussion of the success and failures of the launches. Lastly, 
each student fills out a feedback form, which can be seen in appendix C.  

 
A time breakdown of the previously described workshop plan is shown below. In both 
of the completed workshops, these time estimates proved to be very  
accurate.  
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Time (in minutes) Task 

5 Introductions 

10 Outline of Science Concepts 

10 Safety Discussion and Materials Distribution 

90 Construction and Decoration of Rockets 

5 Launch Safety Discussion 

40 Launching of Rockets 

10 Post-Launch Discussion and Feedback Forms 

Total Time :   
2 hrs 50 min 

 

 
We currently have educational engagement supplies for the remaining 65 students, 
including extra kits and motors. The educational engagement expenses have 
increased due to the decision to allow students to build the rockets individually rather 
than in pairs. The educational engagement budget can be found in the educational 
engagement section of the detailed budget, which is outlined in appendix A. 

 
VII. Conclusion 
 

The Harvey Mudd College USLI Team consists of 7 student members and a Team Official 

certified as level 3. We have chosen a rocket design at the minimum diameter possible to 

house the SMD payload. The payload has been organized to take up the minimum amount 

of space while still meeting all necessary requirements. Furthermore, we have selected the 

smallest possible motor to achieve the target altitude to minimize cost and to avoid requiring 

additional mass to achieve this altitude. In essence, the selected design has been chosen to 

achieve the target altitude while carrying the SMD payload in such a way as to minimize cost 

and risk while reflecting responsible engineering decisions. 
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VIII. Appendix 
 

A. Detailed Budget 
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B. Educational Engagement Consent Release Form 
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C. Educational Engagement Feedback Form 
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D. GANTT Chart 
 

 
 

 


