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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
A Total |l ength: 89. 40
A Nose cone length: 15. 750
A Tube diameter: 30 standard tubing (3. 13
A Finsemi-span: 40
A Fin root chord: 7.50
A Fin tip chord: 2.50
A CG: 53 inches from nose, loaded
A CP: 72 inches from nose
A Loaded stability: 6.33 caliber
A Estimated unloaded mass: 8.48 Ibs
A Payload bay length: 120
A Payload bay diameter: 30
A Rail Size: 10 wide, 6 ft long, 10 x 10

ii. Recovery System

The rocket will rely on a pair of Featherweight Electronics Raven2 altimeters

for actuationofdual-d e pl oy ment . Wille cifigwedrfol 6 s
accelerometer-based apogee deployment, and barometric-based main

depl oyment at the specified altitude (100
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 240 Rocketman box parachute, while tI
elliptical parachute.



iii. Final Motor Choice

We will be using the Aerotech J401 FJ as our final motor.

iv. Fly Sheet
Milestone Review Flysheet
FRR
Institution Name | Harvey Mudd Coflege | | Milestone | USLICOMPETITION LAUNCH
Vehicle Properties Motor Properties
Diameter (in) 3.13 Motor Manufacturer Aerotech
Length (in) 89.375 Motor Designation JA01FT
Gross Liftoff Weight (Ib) 10.66 Max/ Average Thrust (N/1b) 488.1/411.7N
Launch Lug/button Size 1/4" rail Total Impulse (N-sec/Tb-sec) 1107 Ns
Motor Retention PML HAMR Mass pre/post Bum (Ib) 2.011/88411b
Stability Analysis Ascent Analysis
Center of Pressure (in from nose) 72 Rail Exit Velocity (ft/s) 389
Center of Gravity (in from nose) 53 Max Velocity (ft's) 661.7
Static Stability Margin 6.33 Max Mach Number 0.59
Thrust-to-Weight Ratio 12.5 Max Acceleration (ft/'s"2) 2932
Rail Size (in) / Length (in) 0.81 Peak Altitude (ft) 5280
Recovery System Properties Recovery System Properties
Drogue Parachute Main Parachute
ManufacturerModel Rocketman ManufacturerModel Fruity Chutes
Size 24" Size 60"
Altitude at Deployment (ft) 5,241 Altitude at Deployment (ft) 1,000
Velocity at Deployment (ft's) 0 Velocity at Deployment (ft's) 72.6
Terminal Velocity (ft's) 72.6 Landing Velocity (ft/s) 18.5
Recovery Harness Material Nylon Recovery Harness Material Nylon
Hamess Size Thickness (in) 1/4" Harness Size/Thickness (in) 5/8"
Recovery Harness Length (ft) 12 Recovery Harness Length (ft) 18
me;:;::::me Harness/Airframe Interfaces
Kinstic Section 1 | Section2 | Section3 | Section4 Kinatic Section 1 Section2 | Section3 | Section4
Enerzy Enerzy Upon
During Landing (8-
Dascent (&-15) 147 163 155 148 10) 26 106 10 26
Recovery System Properties Recovery System Properties
Electronics/Ejection Electronics/Ejection
Altimeter(s) Featherweight Raven2 (2) Rocket Locators (Make,  Arduino/Xbee (sends coordinates
MakeMode! Model) with other telemetry)
Fully Redundant Deployment [ . ~ 933MHz
Systems. with separate batteries. Transmitting Frequencies
Redundancy Plan charges, switches, and altimeters. Black Poveder Mass 05g
Drogue Parachute (gram)
Pad Stay Time (Launch 40+ hrs Black Powder Mass 075g
Configuration) Main Parachute (gram)




Milestone Review Flysheet

PDR. CDR, FRR

Institution Name

Harvey Mudd College | I Milestone | Full scale flight test

Payload/Science

Succinct Overview of Payload/Science
Experiment

We are measuring the relative intensity of incoming light within the wavelength bands of 150-400
nm, 400-1100nm, and 1100-1800nm as well as atmospheric data such as altitude. internal and
external temperature, and humidity.

Identify Major Components

Honeywell HEL-703-T Platinum RTD Thermometer. Freescale MPXA6115A6T1 Absolute Pressure
Sensor, Thotlabs FGAP71 GaP Photodiode 130nm-350nm effective wavelength, Thorlabs FDS100
Si Photodiode 350nm-1100nm effective wavelength, Thorlabs FGA21 InGaAs Photodiode 800nm-

1800nm effective wavelength

.75 1bs estimated
Mass of Payload/Science

Test Plan Schedule/Status

Nov 6, 2011: complete
Ejection Charge Test(s)

Nov 12, 2011: complete and successful
Sub-scale Test Flights

Mar 11, 2012: complete and successful
Full-scale Test Flights

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

O¢ O« O¢ O¢ O¢ Ox



Sensor Package

Ox¢

Honeywell HEL-705-T Platinum RTD Thermometer
Freescale MPXAZ6115A Absolute Pressure Sensor

Thorlabs FGAP71 GaP Photodiode
3 150nm-550nm effective wavelength
3 A 400nm shortpass filter will be installed to cut the effective wavelength to
150-400nm
0 Thorlabs FDS100 Si Photodiode
3 350nm-1100nm effective wavelength
3 A 400nm longpass filter will be installed to cut the effective wavelength to
400nm-1100nm
0 Thorlabs FGA21 InGaAs Photodiode.
3 800nm-1800nm effective wavelength
3 A 1100nm longpass filter will be installed to cut the effective wavelength
to 12100nm-1800nm

O¢ O«

0 Honeywell HIH-5030 Relative Humidity Sensor
0 Microchip MCP6004 Quad Operational Amplifier
0 Microchip Analog Devices AD623 Instrumentation Amplifier

Power Subsystem

Ox¢

2x 7805 5V Voltage Regulators
MCP1702-3302E 3.3V Voltage Regulator
7.4 V 2600mah Lithium Polymer Battery

O¢ O«

Il. 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).



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 I°C 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.
lll. 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 1/160 thick G10 fi be
body and filleted with Aeropoxy mixed with chopped carbon fiber for
additional strength at the joint.



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
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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.

10



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

t est of

iv. Workmanship and Mission Success

t hat

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

team member 6s

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

Heat damage very low Structural fire fireproof foam reinforcement;

from motor high-temperature phenolic tube

Payload very low loss of electronics; heavy metal and fiberglass

damage upon disqualification construction; shields around

landing filters/cameras

CATO very low disqualification/possib | proper motor assembly;

ly launchpad or consultation with mentor during
rocket damage assembly

Igniter Failure moderate motor does not ignite we will travel with spare motor

to high igniters

Motor failure very low unstable/partial burn, electronics will still deploy

during flight case failure parachutes

12
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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 AThe Final Fi
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.

000
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3
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Subsystem performance is evaluated below:

0 Airframe: flawless. Some unexpected BP residue buildup, easily
cleaned.

0 Recovery harnesses: flawless.

0 Recovery devices:duetoamix-up t he previous night, th
drogue was not wused (we left it behind)

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.
0 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 | anded in a 60 deep and 10
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.

14
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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.

15
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We discovered that air temperature, not windspeed, had the strongest effect on altitude
performance. This relationship is summarized below:

8.75 i

Ideal Mass as a Function of Temperature, Smph wind
Coefficient values + one standard deviation
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8.70 b =0.0072143 + 0.000378 —
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Ambient Temperature (°F)

We will use this clearly-defined relationship to finely-tune the total vehicle mass before launch
with the particular atmospheric conditions of the hour.



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 [lIb]
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 -abseri@ng nybbmvath ¢ t ubul &
substantial copper wiring as a backup. The cord which is exposed to

possible powder burns is 0.50 tubular key
stress areas. The necessary attachment hardware has a minimum 1200 Ibf

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-2 4 6  wisdurable, has

|l ow drag, and a fast descent rate (unsaf e
Elliptical Main has been rated for 9-15 Ibs 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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