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I. 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

II. Launch Vehicle Summary

II.A. Vehicle Size
! Total length: 80.4”
! Nose cone length: 16”
! Tube diameter: 3” standard tubing (3.13” OD)
! Fin semi-span: 4.5”
! Fin root chord: 7.5”
! Fin tip chord: 2.5”
! CG: 47.9” from tip unloaded
! CP: 65.2” from tip
! Estimated mass: 139 oz (8.7 lbs)
! Payload bay length: 18”
! Payload bay diameter: 3”

II.B. Motor Choice
Currently our motor of choice is the Aerotech J401. According to Rocksim this
brings the projected altitude to ~5630’. The rocket is overweight for this motor,
which is actually good since we know that our current projected mass is low - the
predicted increase in rocket mass will bring us closer to our altitude goal.

II.C. 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, but be wired to the same
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igniters. 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.

II.D. Launch Vehicle Fly Sheet
The Launch Vehicle Fly Sheet is seen below:
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II.E. Subscale Flight Results
The subscale rocket was flown twice on November 12th. The first flight went
moderately well-we had not secured the nose cone sufficiently, and the drogue
charge shook the main parachute out. This is why the full-scale will fly with shear
pins (as per requirements). However, we were able to verify that the recovery
arrangement (the payload bay suspended between the fin can and the payload)
usefully stabilized the payload for video recording. This was done by placing a
video camera on the exterior of the payload bay, facing down. (video can be
found on the team website).

The second launch of the subscale also went moderately well: the
dual-deployment worked perfectly. We mounted the video camera facing upward
to verify the proper separation order (this video is also online). The only mishap
was that the forward shock cord burned through and separated at main
deployment-however, the internal wiring was more than strong enough as a
back-up to safely bring the rocket down. We believe that the reason for the
burn-through was due to a manufacturing error involving the length of the shock
cord. As a result, we changed the full-scale to include tubular kevlar inside the
pistons instead of tubular nylon, and nomex shields at the piston ends.

The two flights were on a CTI H225WT and an Aerotech H123W. The H225 was
predicted to an altitude of just above 3000’, but the recorded apogee was closer
to 2600’: this was a result of an incorrect altimeter program deploying the drogue
early. The H123 was predicted to an altitude of 2020’, and the recorded altitude
was 1980’, which, given the rough nature of the rocksim file and the hurried
construction of the subscale, is as good as could be expected.

III. Payload Summary
The payload has been designed to follow the requirements defined by the Science
Mission Directorate at NASA HQ for a sponsored scientific payload. It will record and
transmit GPS position, pressure, temperature, relative humidity, ultraviolet radiation, and
solar irradiance measurements during flight. The payload will also transmit IMU data to
the base station for the detection of flight events.

III.A. Primary Electronics
! ArduPilot Mega with ATMega 2560
! ArduPilot Mega IMU Shield/OilPan Rev-H V1.0
! XBee Pro 900 Wireless Data Transmission System
! MediaTek MT3329 10Hz GPS
! 3x OmniVision OV9712 720p Cameras
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III.B. Sensor Package
! Honeywell HEL-705-T Platinum RTD Thermometer

" Will be calibrated using the on-campus Thermotron environmental
test chamber.

! Freescale MPXZ6115A Absolute Pressure Sensor
" Will be calibrated using water columns and a vacuum chamber

! 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
! Factory provided calibration curves for each photodiode will be used for

data analysis. The calibration curves will be verified using different light
sources placed at various distances using the 1/r^2 relationship between
luminosity and distance.

! Honeywell HIH-4030 Relative Humidity Sensor
" Will be calibrated using saturated salt baths.

IV. Changes Made Since Proposal
IV.A. Changes Made to Vehicle Criteria

Since the proposal, we have chosen a new, longer nose-cone with a
higher payload capacity, and a larger motor (an Aerotech J401 in lieu of a
Cesaroni J380). We changed the motor after running simulations in Rocksim and
RASAero using our new rocket dimensions (the weight as well as the length was
increased from our initial estimates). The structure of the rocket and the recovery
system will be the same.

IV.B. Changes Made to Payload Criteria
Certain components have been removed or replaced from the original

design for feasibility, redundancy, cost, and availability reasons.
The Freescale MPX6115A absolute pressure sensor in the original design

has been replaced with a Freescale MPXZ6115A, which is an improved version
of the same sensor with humidity compensation. We believe that the improved
sensor will respond more according to expectations where weather conditions
may be vastly different than those experienced in calibration conditions.

One Honeywell HEL-705-T Platinum RTD sensor has been removed from
the design due to its high cost and limited improvement in functionality when used
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as an internal temperature sensor. While one RTD sensor will be used to
measure the external air temperature, the on-board temperature sensor of the
ArduPilot IMU shield will suffice for internal temperature measurements. Previous
experience with temperature sensors inside rockets have revealed that the
internal body temperature of a high powered rocket does not change dramatically
during flight and usually stabilizes at a certain temperature depending on external
weather conditions. Hence we believe that using a sensor with a slower response
time for the internal temperature measurements will not be an issue. Also, since
there is no thermocouple based thermometer in our design, a responsive cold
junction thermometer is not required for an accurate temperature measurement.

The u-Blox GS407 GPS receiver has been replaced with a MediaTek
MT3329 10Hz GPS receiver for availability reasons. The MediaTek receiver is
equipped with a patch antenna, as opposed to the helical antenna of the GS407.
Although the helical antenna of the GS407 would be ideal for situations where
lock may be lost mid flight, We believed that GPS data during the relatively short
flight was relatively unimportant. We simply require the GPS to be locked
preceding and following each launch for tracking and drift distance measurement
purposes.

The RHPC-2000 video camera and transmitter were removed due to
potential issues with wireless interference. Although the video transmitter
included with the RHPC-2000 operates on a different frequency band than the
XBee Pro 900 also in the payload, it transmits with 4 times as much power. We
fear that the video transmitter may saturate the receiver of the XBee Pro 900
when in such close proximity.

One OmniVision OV9712 camera was added to make up for the removal
of the RHPC-2000 wireless camera. These cameras will record data locally on
onboard microSDHC memory cards.

An 1100nm longpass filter has been added to be placed in front of the
FGA21 InGaAs Photodiode. This was installed to protect the photodiode from
dust as well as to mitigate the overlap in data received with the FDS100 Si
Photodiode. With this filter added, each of our photodiode sensors will correspond
with 3 separate wavelength bands of incoming light.

IV.C. Changes Made to Activity Plan
Due to our successful subscale launch, the overall schedule for rocket
construction and testing remains the same. The educational engagement plan,
however, has changed significantly. In the proposal, we planned to conduct
workshops at two local high schools. Instead, with the interest of fulfilling the
requirement of 100 middle school students, we instead plan to first conduct the
workshops with sixth graders at two local schools: El Monte Intermediate and
Sycamore Elementary. Furthermore, we have changed our hands-on activity
from bottle rockets to small model rockets which will be constructed in teams of
2-4 and launched using A6-4 motors.
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V. Vehicle Criteria

V.A. Mission Statement, Requirements, and Mission Success Criteria.
We will design, test, and implement a high power rocket to carry a science
payload to exactly one mile. We will measure and and record atmospheric
parameters to better understand the lower earth’s atmosphere. We will  measure
vehicle parameters to test the performance of our rocket. The success criteria for
these requirements is given below:

Launch Step Criteria Test Method

Motor ignition successful ignition visual confirmation

Liftoff Clears launch rod and leaves
vertically

visual confirmation and
accelerometer verification

Motor burnout rocket remains vertical accelerometer confirmation

Reach apogee at 5280 ft dual altimeter verification

Drogue deployment at apogee, when acceleration
is zero

altimeter and visual
verification

Descent under deployment descent less than 100 ft/s,
payload hanging vertically

accelerometer confirmation
and visual verification of
vertical hanging

Main deployment at 1000ft +/- 50ft accelerometer confirmation
with visual verification

Descent under main less than 25 ft/s, payload
hanging vertically

accelerometer confirmation
with visual verification of
payload orientation

Landing no catastrophic damage to
motor casing, fins, booster
section, payload bay,
parachutes, recovery bays,
or nosecone.

visual inspection

Data logging Successful logging,
transmission, and access to
data for all scientific
instruments described in
payload.

verification of files on
computer and on rocket after
landing.
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V.B. Major Vehicle Milestone Schedule
Full-Scale Vehicle construction schedule is as follows:

Before Winter Break: (2 weeks from Dec. 1 - Dec. 15)
! Wiring Harnesses
! Pistons made with cord and wires
! Coupler bay built
! Fit test deployment bays with chutes and pistons
! Cut tubes to length

After Winter Break: (~4 weeks from Jan. 15 to Feb. 3)
! Build recovery electronics bay
! Glass Tubes
! Machine Aluminum Bulkheads
! Laser-cut: fins, avionics bay parts, and fin-skins
! Indexing Head

" pressure relief holes
" pressure ports
" shear pin holes
" fin slots
" megafoam fill holes

! Fin-can assembly
! Carbon Fiber Fins
! Rig Chutes
! Ground Test Ejections

For more information about how this fits into the overall project plan, see the
GANTT chart in appendix B.

V.C. Detailed Design Review

V.C.i. Propulsion System
We wanted to use the smallest motor possible to reduce cost. We
determined that our rocket needed to be 3” in diameter to support our
payload, so we chose a 54mm motor mount in the standard configuration.
After running several simulations in Rocksim we decided on an Aerotech
J401 motor, which produced an apogee at 5356 ft. This gives us room to
increase the mass of the rocket in construction, bringing the apogee
closer to the desired number.

V.C.ii. Payload
The primary operational requirements of the microcontroller include
maintaining operation prior to flight, during thrust, during each deployment
event, and following landing. Precautions will be made to ensure that
sensor connections to the payload will be sufficiently shock resistant to
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avoid disconnection during each high-acceleration event (thrust,
deployment, landing). Ribbon cable and modular connectors will be
installed to connect each sensor in order to facilitate attaching sensors
and replacing them if needed. Breakout boards will also be created for
each sensor to allow stable placement of each sensor throughout the
payload compartment.

Sensor data fitting to a calibration curve will not be required to be
calculated on the Ardupilot Mega itself. Data analysis and fitting will be
performed as it is received on the receiver base station. The receiver
base station will consist of a laptop computer outfitted with an XBee USB
adapter and custom software.

The data logging and transmission operations of the microcontroller will be
required to begin at least 10 seconds prior to launch and to continue until
at least 10 minutes after landing. Data logging and transmission will be
required to operate at a sampling frequency of at least 12 Hz during aerial
operation and at least 1 Hz following landing. The sampling frequency
during flight will be adjusted to allow us to acquire the maximum amount of
aerial data that can be stored within the onboard 16MB flash memory of
the Ardupilot IMU shield.

The operation of the three 720p cameras will be controlled using the
Ardupilot using transistors to act as switches. They will be triggered along
with the datalogging to start recording 10 seconds prior to launch. They
will end recording 10 minutes following landing. Accelerometer and
pressure sensor data will be used to detect liftoff, apogee, and landing
events to trigger these operations.

V.C.iii. Recovery System
The recovery system was designed with the requirement that the payload
bay remain vertical and stable during descent (so the cameras can
capture pictures in the correct configuration). There is also a requirement
to use dual-deploy and shear pins. Because of these dual requirements,
we decided to rig the payload bay such that it would be vertical during all
phases of the flight, aside from transients. Upon apogee, the payload bay
will be separated from the rocket, suspended between the drogue chute
and the fin can. The main chute will be in between the main body (above
the drogue chute and payload bay) and the nose cone. This way the
payload will always be hanging under tension on both sides, less likely to
be pulled about by the wind. It will have swivels on both ends to prevent
excess twisting motion.
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V.C.iv. Structural Systems
The rocket will be based on Public Missiles Limited 3” Phenolic tubing,
reinforced with a course each of aerospace-grade ultra lightweight kevlar
and indus cloth as a sanding veil. The fins will be 1/16” G10 fiberglass,
held on by through-the-wall mounting to the 54mm motor mount,
carbon-fiber-reinforced structural fillets, and carbon fiber laminations
across adjacent fins in a tip-to-tip configuration. The pistons will be made
of Blue Tube for durability; the payload of industrial-grade G12
Filament-Wound fiberglass, and the nosecone out of lightweight fiberglass.
Industry-leading non-toxic Aeropoxy laminating and structural liquid
epoxies will be used throughout. Critical load-bearing bulkheads on the
payload bay and the recovery electronics bay will be custom CNC
machined out of 2024-T6 Aluminum for maximum strength and minimum
weight.

V.D. Subsystems

V.D.i. Primary Structure
The rocket body will, as mentioned, be based on PML 3” tubing. The
tubing will be laminated in a wrap of lightweight (1.7oz/yd^2) aerospace
kevlar. This will provide necessary toughness, and impact resistance for
hard landings at out desert lakebed test site. The kevlar will be covered
with a thin veil of ultra lightweight fiberglass, or indus cloth, as a sanding
veil for finishing, as kevlar cannot be sanded. The ends of the tubes will
be additionally reinforced with a 1.5” long wrap of two layers of carbon
fiber 2x2 twill. This will protect further against impact damage, but the
primary purposes are to protect against potential zipper damage and to
protect against potential damage from the point loads of the shear pins.

The fin can will hold the through-wall mounted fins. As described above,
the fins will have internal epoxy fillets, large outside fillets of aeropoxy
structural epoxy mixed with chopped carbon fibers, and tip-to-tip carbon
fiber reinforcement. The decision to use thin G10 fin needing this degree
of reinforcement was deliberate: weight savings, and the fact that we can
laser-cut G10 up to this thickness, but no thicker. To further reinforce the
fins, the free volume around the motor tube will be filled with expanding
adhesive foam, injected as a liquid from the outside after everything else
is complete. Note that all of this reinforcement will take place over the
kevlar-reinforced body tube.

V.D.ii. Propulsion
The motor mount tube in the rocket is 54mm phenolic. We will be
constructing a 54-38mm custom adaptor, which will interface with the
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rocket through the 54mm HAMR retaining ring as if it were a 54mm motor.
This smaller tube will be used for testing purposes, or if we decide to
switch our flight motor to an Aerotech J570W or equivalent 38mm J.

V.D.iii. Payload Structure
The payload bay has been designed to ensure the survival of the payload
electronics in the worst imaginable crashes while not adding excessively
to the launch mass of the rocket. The payload bay consists of a foot-long
3” coupler tube of filament-wound fiberglass from performance rocketry. It
will be capped on both ends with custom CNC machined 2024-T6
aluminum bulkheads, tied together internally by a pair of 8/32 300-series
stainless steel rods. The tubular nylon shock cords will attach via swivels
to eyebolts tapped into the bulkheads. Internally, the payload bay will be
reinforced with the circuit board mounts, laser-cut G10 panels snugly
fitting into the G12 tube. There will be two in a double-decker arrangement,
with cross-braces perpendicular to the longitudinal axis every four inches.

A piece of four-inch long 3” body tube will be bonded to the center of the
fiberglass payload compartment to allow the payload electronics access
to atmosphere. Three !” diameter holes will be drilled into this section of
the body tube to allow mounting of the 400nm shortpass, 400nm longpass,
and 1100nm longpass filters to be placed in front of their respective
photodiodes. Smaller holes will also be drilled along this section of the
body for pressure equalization, antenna routing, and camera mounting.

V.D.iv. Payload Electronics

The payload electronics will consist of 4 separate subsystems:

V.D.iv.a. Power
The payload electronics will be powered by 2 Ultralife 9V 1200mAh
lithium power cells. Disposable power was chosen over
rechargeable power due to ease of use in the field. In order to
achieve a stable supply voltage, power will be run through voltage
regulators before supplying the sensors and microcontrollers. One
9V battery will be used to power the three 720p HD cameras while
the other will be used to power the sensor circuitry, the ArduPilot,
and the XBee transmitter.

V.D.iv.b. Microcontroller Devices
The ArduPilot Mega and the Xbee Pro 900 will be responsible for
data logging, wireless transmission of data, and camera control.
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The operation of the payload electronics will be primarily centered
around the operation of the ArduPilot Mega 2560 microcontroller.
Should the operation of the ArduPilot cut out during thrust,
deployment, or landing, its startup routine will be programmed to
initialize the XBee and to communicate with the base station. The
base station will then allow manual triggering of logging events and
camera control. The GPS will also be initialized so that the current
position can be transmitted wirelessly to the base station.

The analog inputs of the ArduPilot Mega will be used to receive
data from the sensor circuitry. Data fitting to a calibration curve will
be reserved for the base station in order to reserve processor time
for the analog to digital conversion of sensor data and the
transmission of data to the XBee.

V.D.iv.c. Sensor Circuitry
Regulated power for each sensor will be supplied by the power
subsystem. Sensor outputs will be connected to op-amp voltage
follower circuits in order to mitigate the effects of voltage droop on
incoming analog sensor data. The photodiodes will be wired with a
bias voltage in order to improve sensor response according to
manufacturer recommendations. For sensors in which we will not
require the full output range, amplifier circuits will be implemented
in order to allow us to record more sensitive changes in sensor
data.

V.D.iv.d. Cameras
The three OmniVision 720p cameras will be mounted with two
facing the horizon and spaced such that the left edge of one video
will slightly overlap with the right edge of another video. The videos
will be post processed and stitched together to create a wide angle
view once the video is retrieved. The remaining video camera will
be oriented downwards to record video of the ground during thrust.
Screen captures from the video will be used to satisfy the
requirements of a SMD sponsored scientific payload for image
capture during descent and after landing. The recording operations
of each individual camera will be directly controlled by the
ArduPilot Mega microcontroller.

V.D.v. Deployment Electronics
The recovery electronics consist of the two Raven2 computers, their
batteries, and the scoring altimeter, a Perfectflite Alt15k/WD (The
Raven2’s do not beep upon landing and so cannot be used). They will be

15



housed in a nosecone electronics bay, to prevent any interference with
the payload. The ejection wiring will all be internal to the shock cords,
which are made of tubular nylon for shock absorption where there is no
exposure to black powder charges, and tubular kevlar for temperature
resistance and strength where there is. The wires will be permanent,
terminating at terminals on each piston. This way it will be easy to attach
the igniter leads. The igniters will either be hand-built around J-Tek
E-Matches, or be Pratt Hobbies ejection canisters.

The Raven2’s will be wired in parallel to the same BP charges, because
we do not expect the charge ignition to be a point of failure given the
reliability of both the E-matches and the ejection canisters. The altimeters
will, however, draw from independent high-current aerospace-grade LI-Ion
9V batteries.

V.D.vi. Recovery
We will fire both pistons out of a single piece of body tube, but in opposing
directions, about a central bulkhead. The charge holders will be on the
pistons themselves, so that they will be easily accessible for pre-flight
preparations. The tubes will be shear-pinned together with 4-40 nylon
bolts. Extensive ground testing will be completed to verify the separation
powder charge levels. We plan on having at least 8-10’ of shock cord
between each section.

V.E. Performance Characteristics
The ultimate performance characteristic of the system is the height that that the
rocket reaches at apogee. Additional characteristics are recovery system
deployment success, lack of structural damage on landing, data recording
success, and data transmission success.

The apogee height will be evaluated by the on-board altimeters; a successful
flight will be have an apogee height of close to 5280 feet. The recovery system
will be evaluated as successful if the drogue deploys at or near apogee, the main
deploys at or near 1000 feet, and there is no burn damage on any component of
the system. A lack of structural damage will be evaluated by visual inspection
after landing.

We will consider the data recording successful if we can recover from the vehicle
after landing the data recorded by all the sensors. In addition, the images taken
by the on-board cameras must have the correct orientation. The data
transmission will be considered successful if we receive all of the data wirelessly
transmitted by the vehicle during flight.
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V.F. Verification Plan

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 dedicated switch; powered by a

dedicated battery

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 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 are not actually planning on having an
externally-accessible arming switch due to

the design of our recovery bay. However, we
will have an external recovery shunt by

means of a removable pin tagged “remove
before flight”.

The recovery electronics will be shielded from

all onboard transmitting devices

We will wrap the recovery bay in a Faraday

cage.
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The launch vehicle and payload will remain
subsonic

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

the onboard accelerometers

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 Sec. VII B). The
kinetic energy of the total rocket is 162 ft-lbf;

the kinetic energy of each individual section 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.

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
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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 they payload is $1610.10, well

below the limit.

V.G. Risk Analysis
Risk analyses for the launch vehicle and payload are detailed below, in section
X(b). Looking at risks for the project as a whole, there are several issues which
stand out. These are summarized below:

! The biggest risk is that we fall behind schedule with the construction of the
full-scale rocket. We have laid out an aggressive schedule. In particular,
the composite reinforcement of the main body tubes is a crucial step
requiring many sub-assemblies to be completed. We have set up the
schedule to minimize the chance of falling behind, planning explicitly to do
the fibre reinforcing after we return from our winter break. This
intermediate deadline should force us to be producting in assembling and
fabricating components for the full-scale as the end of fall semester
approaches.

! Another major long-term risk is that the Junior members of our team will
be doing Clinic, an on-campus co-op education program. Clinic projects
take up enormous amounts of time, especially leading up to presentations
two weeks after the USLI competition. This will likely mean that the junior
members will be unable to contribute significantly to the PLAR, or even be
unable to attend the competition. We will seek to mitigate this risk by
ensuring that they more experienced members who may not be present
will train and prepare the newer members to represent the team in
competition and after.

! We are not especially concerned with parts not being delivered on time,
as most of the critical ones are already here. We attempted to order from
trusted suppliers that we have worked with before. The following
components present some concern:

" Ejection Canisters: Pratt Hobbies took several weeks to ship our
first order for the subscale. We have asked for rush delivery of the
full-scale order, and have several months for them to arrive. We
are not overly concerned.

" Vacuum pump supplies: We have never ordered from ACP before.
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However, we have confirmation that the components have already
shipped.

! Educational Engagement Supplies: We have never ordered
through Model Aerospace Company before, and their website did
not engender confidence. However, they have already confirmed
shipment.

! Giant Leap Rocketry: We have ordered several times before, with
generally good results; they always take several solid weeks,
though. The critical component from Giant Leap is the slimline
retainer we will use for the deployment av-bay bulkhead. If it
becomes critical, we will order a HAMR-54 or a 54mm Aeropac
retainer to serve the same purpose.

" Testing Damage: In the form of either damage from BP charge testing or
from crashes in full-scale flight testing. The first kind is easy to prevent-we
will start with small charges and work our way upwards until the
separation is clean without unnecessary violence. Flight testing is harder
to control-we need to be able to test multiple times without damaging the
rocket. We will rely on multiple people in the preparation phases to verify
adherence to a strict checklist for launch procedures. This should prevent
accidental damage due to negligence.

! We plan on having at least two flight tests. One concern is that the
more flights we have, the more likely we are to damage or lose the
rocket-there is a base chance of a random failure, such as a
manufacturer-caused CATO, for every launch. We feel like two
flights before the launch should be ample opportunity to complete
test objectives but should also minimize our exposure to this kind
of risk.

V.H. Planning and Testing
Construction, manufacturing, and testing plans are all discussed in detail in other
places. In summary:

# Fabrication of components:
" Payload bay and employment Electronics Bay Bulkheads:

CNC-milled out of 2024-T6 Aluminum.
" G10 Fiberglass electronics bay support structures and Fins: CNC

Laser-cutting
" Wiring Harnesses, threaded through Kevlar and Nylon shock

cords, mounted into pistons
# Assembly of Recovery Bays; Fibre-reinforcement of airframe

" Vacuum-bagging scheme, from the phenolic tube outward: Kevlar,
Carbon Fiber (on tube ends only), veil glass, porous release film,
absorbent paper towels (3+ layers), non-porous release film,
breather cloth, vacuum bags.
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! Indexing Head Mill Work:
" pressure relief and port holes
" shear pin holes
" Expanding foam fill and vent holes
" Fin Slots
" Payload cutouts

! Assemble Fin Can and Final Assembly of the Rocket
! Ground testing: black powder charge verification
! Flight testing:

" stability and recovery
" Datalogging and telemetry

V.I. Confidence and Maturity of Design
We have already built and successfully launched our subscale rocket, proving
this design. In addition, we have experience launching high-powered rockets with
dual-deploy systems, and our design has undergone several revisions. The
design is very mature at this point and we have confidence in it, especially given
the success of the subscale launch.

V.J. Dimensioned Drawings
Overall Drawing:
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Payload Bay:

Payload Electronics Mount:
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Render of Payload Assembly:

Fin Drawing:

Fin thickness: 0.0625”; all dimensions in inches
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V.K. Electrical Schematics for Recovery
We have begun work on the full electrical schematics of the recovery system. It
will involve two Raven altimeters, each with an independent high-current Li-Ion
disposable battery, with outputs tied together in parallel. However, only one of the
raven altimeters is ours; the other will be borrowed from a professor at the school.
We have not verified that it is a Raven2 and not an original Raven, and that they
have identical wiring schematics. Therefore we have not prepared the full
recovery wiring diagram schematic.

V.L. Mass Statement
The current estimated system mass is 8.7 pounds without the motor. This is the
output of the Rocksim mass calculations (we are aware of the widespread errors
in the rocksim materials database and have corrected for them). We know that
the tube masses are too low right now. We based the tube mass override on the
mass/length given for Public Missiles’ pre-fiberglassed tube. We expect ours to
be slightly heavier, since we will be using kevlar in addition to fiberglass, but not
too much heavier because we are using very much less fiberglass than the PML
tubes. The current payload mass is set to be 1.5lbs including the G12 tube and
the CNC bulkheads; this is a high-end estimate, and we expect the final to weigh
less.

VI. Recovery System

VI.A. Major Components
As described above, the recovery system will be based off of a dual-deployment
scheme with a 24” rocketman drogue and a 60” Fruity Chutes elliptical main, both
deployed by small black powder charges and piston ejection systems. The
harnesses will be tubular nylon, except for the section between the opposing
pistons, which will be !” tubular kevlar to resist the black powder charges. It will
be further protected with nomex heat shielding in the vicinity of the charge
holders. The parachutes will be quick-linked to the main shock cords.

The charge holders, made by Pratt Hobbies, will be mounted to the pistons. The
pistons will exceed the length of travel of the deployment bay by at least a foot on
each side, ensuring an adequate room to load charges outside of the rocket. The
deployment bay assembly will consist of two body tubes bonded over a coupler
tube, which will in turn contain a pair of slotted bulkheads through which the
shock cord will pass, with a knot in the shock cord in between them. This way,
we will be able to seal the two bays off from each other and provide a natural
mechanical strain relief in the shockcord in the process. Again, as mentioned
before, the ends will contain shear pins to secure the adjoining rocket sections
(the nosecone and the payload bay).
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The other interesting feature is that, in an effort to get the best-quality properly
oriented images during descent from the cameras, we will be firing off two
charges at apogee. One will fire the drogue piston and separate the rocket, while
the other one will fire a charge between the payload bay and the fin can. The
rationale for this decision is presented again in the next section.

VI.B. Analysis and Testing
The parachute we picked for the main is designed to carry 12lbs at a descent rate
of 17fps, a sufficiently slow speed that no damage is expected. The drogue is
rather small for the mass of the rocket, however. This is intentional. The
overly-large main will potentially present a hazard of drifting too far. by using a
small drogue, we will be able to get the rocket down to 1000ft very quickly,
preventing excessive drift.

The attachment scheme and deployment order has been carefully analyzed.
! At apogee according to the two Raven2 altimeters, two charges go off:

" Drogue Piston
" Fin Can

# At this point, the nosecone remains attached to the deployment
bay, hanging underneath the drogue deployed from the middle o
the rocket. Also hanging underneath the drogue is the payload
bay, suspended between the drogue and the fin can to stabilize it
against swaying and twisting due to wind.

! At an altitude of 1000’, determined by the barometric altimeters on the
Raven2 computers, one more charge is fired, this time in the main piston.

# At this point until landing, the nosecone hangs from the main,
opposite of the rest of the rocket-the (empty) deployment bays
hang from the main, the drogue will be hanging limp next to the
deployment bays, the payload bay will hang below that, and the
fin can below the payload bay. The total length of the rocket
parts will be in the vicinity of 30’.

We have already tested this exact setup, using a Raven2, in our subscale rocket.
We did not include shear pins in our testing; we used masking tape to hold
together sections of the rocket. All parts of the system performed nominally
except for a burn-through in the shock cord of the main piston (the internal wires
were strong enough alone to recover the rocket). The subscale was made from
scavenged parts, and used nylon cords, but because of the burn through, we
have changed the design to use kevlar cord with nomex heat shielding. Long
before launch day, we will do thorough ground deployment testing (as we did for
the subscale rocket already), starting with a half gram of black powder per piston
and working up a tenth of a gram at a time until the pieces separate cleanly
without unnecessary violence.
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VII. Mission Performance Predictions

VII.A. Statement of 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 then 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.

VII.B. Performance Simulations

VII.B.i. Overall Flight
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All analysis was done in RASAero, with 10 mph wind, 0 deg. launch angle using
average conditions at launch site in April.

VII.B.ii. Stability
! CG: 47.9” from tip unloaded
! CP: 65.2” from tip
! 5.52 caliber overstable
! see dimensioned drawing in section V.J.

VII.B.iii. Kinetic Energy
Assuming correct deployment, the total kinetic energy of the rocket before
impact will be 59.4 Joules, assuming no wind (off-vertical velocity
components equal to zero). If we were to recover with drogue chute only,
the kinetic energy would be unacceptably high-in the vicinity of 1.5kJ
(approximate because we don’t trust rocksim’s estimate for the
unorthodox-shaped rocketman parachute).
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VII.B.iv. Drift
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

VIII. Interfaces and Integration

VIII.A. Payload Integration Plan
The payload will be contained in its own separate fiberglass compartment
between the booster and the recovery bay. It will hold the booster and the
recovery bay together during thrust, and will separate from the two compartments
during the deployment of the drogue parachute using ejection charges. This is
done to ensure that the payload will be oriented as desired during descent and to
reduce rotation of the payload bay. The payload electronics system will be
completely independent of the rest of rocket.

VIII.B. Internal Interfaces
To make launch preparation easier the deployment altimeter will be wired to fixed
terminals at each piston and to the booster (to separate the booster from the
payload). Before each launch a fresh separation charge will be wired to the
terminal and secured into the piston. The wiring for these terminals will be run
through the shock-chord to each piston.

VIII.C. Interfaces between the Launch Vehicle and the Ground
Communication to the ground will be through an Xbee pro 900. The payload will
communicate location, altitude, humidity, temperature, IMU values, and readings
from three photo-diodes, to a ground system. The ground system will display the
data in real time as well as allowing students to examine specific events within a
data plot. The ground system will attempt to detect events such as apogee, and
main chute deployment. All data will be saved to a laptop as well as recorded on
the launch vehicle.

28



VIII.D. Interfaces between Ground Launch System and Launch Vehicle
The only interface between the launch vehicle and the ground launch system is a
single ProFire Igniter. The igniter will be directly controlled by the official ground
launch system.

IX. Launch Operation Procedures

IX.A. Launch System and Platform
We will construct a stable tripod base from aluminum to hold a launch rail. The
tripod will have a spread of about 3 ft in each direction with locations to place
wights as necessary to augment stability. The rail will be made of a 3ft length of
8020 extruded aluminum bar. The rocket will have launch lugs attached on one
side that slide in the rail. We will essentially be copying the design of a modular,
heavy-duty 8020 launch pad that is already in frequent use at out school for
rocket launches; the ones already here at the school will be in use the day of the
USLI launch.

IX.B. Final Assembly and Launch Procedures
Before leaving the flightline, we will load the motor and tape the igniter to the motor
case. A team member will carry the motor separately from the rocket. We will
also load the three deployment black powder charges on the flightline, as per
standard procedure at NAR-sponsored launches. This should not present an
excessive safety concern, since the electronics for deployment will remain
disengaged and the igniters we are using for deployment cannot be set off by
static charge buildup. The rocket will be fully assembled (pistons and parachutes
packed) and carried out to the pad with RSO and LCO permission.

On the pad, we will mount the rocket in the rail while leaving the launch rail in the
horizontal position. One team member will load the motor in the rocket, and the
igniter in the motor (with leads grounded together for safety). Another will arm the
SMD payload microcontroller, verifying operation of the payload. Finally, a third
team member will unload the altimeter sled from the nose deployment bay, and
arm the deployment electronics by powering on the Raven2 altimeters. They will
also activate our Perfectflite Alt15k/WD competition altimeter. When the other
members are done and after confirming the proper operation of the altimeters, the
rocket will be reassembled and the rail launcher uprighted.

X. Safety and Environment (Vehicle)

X.A. Safety Officer
Christopher Cotner
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X.B. Analysis of Predicted Failure Modes

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
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RFI/EMI moderate SMD payload
failure/disqualificatio
n

ground testing

Static charge
damage

low damage to
microcontroller and
electronics

common static-safe
handling
procedures;
common ground
busses

CATO very low disqualification/possi
bly 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

X.C. Safety Hazard Documentation

X.C.i. Materials safety concerns:
! Public Missiles Phenolic Tube

" Phenolic tubing is a paper-wrapped tube impregnated with a
garolite resin, then heat-cured. While the resin used is a
formaldehyde product, it is cross-linked into a durable
cellulose-like ester during the heat cure, and is extremely
stable and safe. The tubing is highly similar to the product
trademark Bakelaque. It is essentially harmless; we will use
particulate ventilation masks to prevent dust problems when
sanding the tube.

! Composite Cloths
" Composite fibers are hazardous to the respiratory tract.

However, the materials we will use are not expected to be
splinter hazards. We will only handle and cut composite cloths
in the RDL, which has sufficient ventilation that fibers released
by cutting will not be a breathing hazard. Sanding epoxied
composites will only be done with particulate filter masks, or
with sufficient lubrication (wet-sanding) so as to eliminate dust
entirely.
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! Kevlar composites can not be sanded after set-up due to the
materials properties of the kevlar. We will always have a layer
of glass over the top of kevlar for this purpose.

! Chopped Carbon Fiber tow will be used as a filler for epoxy
fillets. It is a major particulate hazard before being mixed with
epoxy and during sanding; these operations will only be
conducted with particulate filter masks.

" Aeropoxy ES6209 A/B and PR2032/PH6066
! The Aeropoxy laminating resins and structural epoxy we use

are non-carcinogenic and, when used according to
instructions, do not produce detectable organic vapors at all.
As a good safety habit we will work in the rocket development
lab with good ventilation, and we will use vinyl or latex gloves
to prevent skin contact.

" MegaFoam
! This2-part expanding foam is non-toxic after cure; the liquid

component parts are both toxic but do not fume. We will use
gloves to prevent skin contact.

" JB-Weld
! Highly stable, this epoxy is essentially hazard-less; we will use

gloves to prevent skin contact.
" BSI 30-Minute Epoxy

! This hobby-grade epoxy is toxic with toxic fumes. As a result,
since our proposal we have elected to discard our remaining
stock of this compound and all of the BSI epoxies in favor of
the aforementioned Aeropoxy products.

" Performance Rocketry Filament-Wound Fiberglass (G12) Tube
! This high-strength product will be machined with adequate

lubrication to prevent glass fiber dust; It will only ever be wet-
sanded to prevent dust accumulation.

" G10/FR4/G11 Garolite Fiberglass
! Similar to the G12 tubing, it will only be machined with sufficient

lubrication to eliminate dust and be wet-sanded.
" 6061-T6 Aluminum and 300-series Stainless Steel

! Will be used for small components only; compatible with the
NAR safety code. These materials present effectively no
hazards.

" Nylon and Kevlar Shock Cording
! Again, these represent essentially no hazard.

This represents the extent of material property concerns that will be
present in the vehicle. In the interests of time and space, we will not detail
the proper user instructions for the machines and tools used in fabrication,
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as the list would be many pages long. Two of the members on the team
(Josh and Chris) are shop proctors, well-versed in the safe use of
machine shop tooling and qualified to assist in shop related work. Chris
has used the thermal testing chamber we plan on using for heat cures,
and Erik is familiar with the vacuum-bagging techniques we will use. They
will all ensure that we follow safe operational standards during
construction and testing.

X.C.ii. Rocket Motor Handling Procedures
We have access to fire safes at the school which are currently used to store
large volumes of NAR-Approved APCP rocket motors; the safe is controlled by
LEUP holder Erik Spjut, who along with Greg Lyzenga will ensure that all federal
and California state safety codes are enforced. Team members Jane and Steve
are both certified under the Tripoli Rocket Association to purchase and handle
Level 2 High-power Motors, and they will purchase and handle the motors for the
rest of the team. Motors will be purchased only at the launch site during regular
insured ROC launches with the support of our ROC liason, and will be flown
before leaving the site. In the event of a scrubbed launch, an unused motor will be
transported by one of the Level-2 certified team members in our HAZMAT-market
field box and stored at the earliest possible opportunity in the aforementioned fire
safe.

The entire team hearby states that we understand and will abide by the guidlines
set forth in the NAR high-power safety code. The NAR high-power safety code is
included at the end of this document. We will be making exceptions to the NAR
high-power safety code with regard to the use of metal parts in construction; the
following critical structural components will be metal, 6061-T6 aluminium,
300-series Stainless steel, and zinc-dipped steel.

! Bulkheads to avionics and payload bays
! Swivels and quick links
! Motor retainers and primary thrust rings
! Payload Bay stringer rods

We have already cleared this with NASA safety representatives. The use of
metal parts and the departure from the NAR high power safety code is justified
through the increased safety of the rocket’s deployment system through the use
of high-strength metal parts.

XI. Payload Criteria

XI.A. Selection, Design, and Verification of Payload Experiment
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XI.A.i. Systems
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 simulteneous 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: Freescale MPXZ6115A Absolute Pressure Sensor
" Requirement Fulfilled: Pressure measurement
" Justification: The MPXZ6115A Absolute Pressure Sensor

is designed to take accurate pressure measurements
despite changes in temperature and humidity. It also
contains a built in op amp circuit 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
and an instrumental amplifier--unlike a thermocouple based
thermometer.

! Component: Honeywell HIH-4030 Relative Humidity Sensor
" Requirement Fulfilled: Humidity measurement
" Justification: The HIH-4030 provides an approximately

linear response curve for humidity vs. voltage. Although the
response time of this sensor is on the order of seconds, we
are not expecting the humidity to change significantly
during flight.

! 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.
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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 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 50mW

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.
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XI.A.ii. Subsystems
The following is a system diagram describing the components of each
payload subsystem and their connection with other components in the
payload.

The power subsystem, not shown in the diagram, will consist of two 9V
lithium ion power cells and 5V and 3.3V voltage regulators for supplying
power to the sensor, microcontroller, and camera subsystems. One 9V
power cell will be dedicated towards powering the camera subsystem
while the other power cell will be dedicated towards powering the sensor
and microcontroller subsystems.

36



XI.A.iii. Performance Characteristics
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.

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 MPXZ6115A 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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XI.A.iv. Verification Plan
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 12 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.

! Component: Freescale MPXZ6115A 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 1% correlation of the curve produced by
the NIST traceable pressure sensor, the requirement is
satisfied.

! Component: Honeywell HEL-705-T Platinum RTD Thermometer
" Requirement: Temperature measurement
" Verification Procedure: The on-campus Thermotron testing

chamber will be used to produce the calibration curve for
this sensor. After calibration, we will test the thermometer
in water baths of known temperatures to see if the sensor
reading meets expectations. If the reading falls within 1% of
the expected reading, the requirement is satisfied.

! Component: Honeywell HIH-4030 Relative Humidity Sensor
" Requirement: Humidity measurement
" Verification Procedure: Following calibration with saturated

salt baths, the humidity sensor will be taken outdoors
everyday for one week and the sensor reading will be
compared with the given forecast for the day. If the sensor
reading falls within 5% of the given forecast for each day,
the requirement is satisfied.

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

" Requirements: Ultraviolet radiation and solar irradiance
measurements

" Verification Procedure: We will consult the leading optics
lab professor at Harvey Mudd College for verification of our
photodiode calibration procedure.

! Component: MediaTek MT3329 10Hz GPS
" Requirement: GPS tracking
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! Verification procedure: The GPS location will be compared
with that of a commercial GPS. If the GPS positions are
within 100 meters, the requirement is satisfied.

" 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. We have no doubts about their operation during the
entire flight.

" Component: XBee Pro 900 Wireless Data Transmission System
! Requirement: Wireless transmission of data to a base

station
! Verification: The transmitter will be placed in a car and the

car will driven in one direction away from the receiver. If the
car reaches a distance of 1.5 miles without losing
communication, the requirement is satisfied. 6 Channels of
analog data, GPS data, and IMU data must be transmitted
throughout the entire test.

XI.A.v. Preliminary Integration Plan
The payload electronics will be completely independent of the launch
vehicle recovery electronics. It will also not be involved with the
separation of the rocket.

XI.A.vi. Measurements
Our instrumentation will be recorded as 10-bit integers so our values will
be accurate to approximately 0.004 volts (5 volts / 2^10). We will confirm
the accuracy of our sensors using the methods listed in the above
sections. We will perform the tests as often as needed to feel confident
that our measurements are accurate and repeatable.

XI.A.vii. Key Payload Components
The key components of the payload are the ArduPilot Mega 2560
micro-controller, the XBee Pro 900 RF communication system, the sensor
circuitry for the three photodiodes and the three climate data sensors, the
GPS receiver, and the three 720p HD cameras. The onboard flash of the
Oilpan IMU shield will store all of the scientific data and three microSDHC
cards installed in each camera will store all of the video data. The sensor
circuitry will communicate directly with the ArduPilot’s analog inputs. The
XBee Pro will relay all of the sensor data to the ground station as it is read
by the ArduPilot. The camera operation will be controlled directly by the
ArduPilot and will also be controllable manually through the ground station
software. All scientific datalogging operations will also be controllable via
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the software interface in the case that something automated does not
occur as expected. Status indicators in the software will allow us to
monitor if logging events are occuring as expected.

XI.B. Payload Concept Features and Definition

XI.B.i. Creativity and Originality
We are following the NASA science payload objective. We are utilizing a
cost effective solution to observing the photo-radiation at altitude. Instead
of an expensive photospectrometer we are utilizing an array of
photo-diodes that respond to different frequency bands. We integrate all
the sensor data into a single micro-controller which allows for better data
analysis on the fly and makes transmitting data to the ground easier. Also
we have designed an advanced base station system that will analyze the
raw data from the launch vehicle and allow us to visualize the data and
compare any set of variables.

XI.B.ii. Uniqueness or Significance
The wide array of data we are acquiring is significant because it will allow
for analysis of atmospheric conditions at varying altitude.

XI.B.iii. Suitable level of challenge
We are adhering to the NASA science payload. We believe that
implementing this payload on a single micro-controller will be a challenge.
Another challenge will be calibrating the photo-diodes to provide usable
light intensity data.

XI.C. Science Value
Since we will be flying the NASA SMD payload, the science value of the data we
are collecting is understood, and will provide useful and interesting information
about the lower atmosphere.

XI.D. Safety and Environment (Payload)
XI.D.i. Safety Officer

Christopher Cotner

XI.D.ii. Failure Modes
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
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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.

XI.D.iii. Personnel 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.

XI.D.iv. Environmental Concerns
The following environmental hazards are present in the payload:

! Lithium-Ion Batteries-contain lithium metal
" These will be recycled by the school after completion of the

program
! Arsenic-contained in a photodiode, embedded in substrate

" Proper hazmat-disposal will be used when dismantling the
payload (if it is ever dismantled).

The entire payload will be assembled to ROHS standards, and so will
present no unusual environmental hazards.
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XII. Activity Plan

XII.A. Budget Plan
Our current expenses estimate is $11623.70. 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 $545.04

Sub Scale Components $43.99

Construction/Safety Supplies $410.07

Payload and Avionics $1236.09

Propulsion $472.68

Educational Engagement $248.99

Test Launches $143.14

Other Expenses $1473.70

Launch Week $7050.00

GRAND TOTAL $11623.70

Our current funding is $10492.45, as seen below:

Organization Amount

HMC Rocketry Club 250

Shanahan Student-Directed Projects Fund 10000

Shannan Callahan (private donor) 242.45

TOTAL 10492.45

Our funding is currently short by $1131.25. However, as we are hoping to receive
the NASA-subsidized payload with an additional $3000 we are not currently
seeking new donors until this decision has been made. However, if we do not
receive the subsidized payload, we plan to contact California Space-grant for
additional funding.
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XII.B. Timeline and GANTT Chart

A GANTT chart for the project can be found in Appendix B.

We also continue to implement internal deadlines for reports according to the
chart below. The actual due dates represent the critical path for the project.

Requirement Internal Due Date Actual Due Date

Proposal Sept. 17th, 2011
(COMPLETED Sept. 17)

Sept. 26, 2011

Website Presence Established Oct. 29th, 2011
(COMPLETED Sept. 24)

Nov. 4, 2011

Preliminary Design Review (PDR) and slides
posted on website

Nov. 19th, 2011
(COMPLETED Nov. 27th)

8:00 am central time,
 Nov. 28, 2011

Completion of Sub-scale construction Nov. 4, 2011
(COMPLETED Nov.11)

NA

Sub-scale Launch Nov. 11-13, 2011
(COMPLETED Nov.12)

NA

Critical Design Review (CDR) report and slides
posted on website

Jan. 14, 2012 8:00 am central time,
 Jan. 23, 2012

Completion of Full-scale construction February 3, 2012 NA

Full-scale Launch February 11, 2012 NA

Flight Readiness Review (FRR) report and slides
posted on website

Mar. 17, 2012 8:00 am central time,
 Mar. 26, 2012

Post-Launch Assessment Review (PLAR) posted
on website

Apr. 28, 2012 8:00 am central time,
 May. 7, 2012

XII.C. Educational Engagement
To fulfill educational engagement requirements, we will be conducting workshops
with a minimum of two groups of local middle school students. We are currently in
contact with the principals of both El Monte Intermediate School and Sycamore
Elementary School. The workshops have not been definitively scheduled, as we
are still awaiting the arrival of workshop materials, but we hope to conduct at least
one workshop in January. Each workshop will take place outside of regular
school hours and will be approximately 2 hours and 40 minutes long.
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The workshop will begin with introductions of the project and team members,
followed by an outline of some of the important concepts in rocketry, including
center of gravity and pressure, and how Newton’s laws are demonstrated. This
will be followed by a discussion of safety, including NAR regulations. Next,
groups of 2-4 students will assemble Payloader One rockets from Model
Aerospace Company kits. Upon completion, each rocket will be inspected by a
USLI team member. If approved, each rocket will then be launched using A6-4
motors. The workshop will end with a brief discussion of the success and
failutres of the launches. A breakdown of these tasks is shown below, along with
the expected time for each task.

Time (in minutes) Task

5 Introductions

15 Outline of Science Concepts

10 Safety Discussion

90 Construction of Rockets

30 Launching of Rockets

10 Post-Launch Discussion

Total Time :
2 hrs 40 min

Educational engagement supplies for 100 students have already been purchased.
The educational engagement budget can be found in the educational engagement
section of the detailed budget outlined in Appendix A.

XIII. 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 requireing 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 everything and reflect responsible engineering
decisions.
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XIV. Appendix

A. Budget Expenses
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B. GANTT Chart

C. NAR Safety Code

The NAR high-power safety code is reproduced here, for your convenience. The
1. Certification. I will only fly high power rockets or possess high power rocket motors that are within

the scope of my user certification and required licensing.
2. Materials. I will use only lightweight materials such as paper, wood, rubber, plastic, fiberglass, or

when necessary ductile metal, for the construction of my rocket.
3. Motors. I will use only certified, commercially made rocket motors, and will not tamper with these

motors or use them for any purposes except those recommended by the manufacturer. I will not
allow smoking, open flames, nor heat sources within 25 feet of these motors.

4. Ignition System. I will launch my rockets with an electrical launch system, and with electrical
motor igniters that are installed in the motor only after my rocket is at the launch pad or in a
designated prepping area. My launch system will have a safety interlock that is in series with the
launch switch that is not installed until my rocket is ready for launch, and will use a launch switch
that returns to the "off" position when released. If my rocket has onboard ignition systems for
motors or recovery devices, these will have safety interlocks that interrupt the current path until the
rocket is at the launch pad.

5. Misfires. If my rocket does not launch when I press the button of my electrical launch system, I
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will remove the launcher's safety interlock or disconnect its battery, and will wait 60 seconds after
the last launch attempt before allowing anyone to approach the rocket.

6. Launch Safety. I will use a 5-second countdown before launch. I will ensure that no person is
closer to the launch pad than allowed by the accompanying Minimum Distance Table, and that a
means is available to warn participants and spectators in the event of a problem. I will check the
stability of my rocket before flight and will not fly it if it cannot be determined to be stable.

7. Launcher. I will launch my rocket from a stable device that provides rigid guidance until the rocket
has attained a speed that ensures a stable flight, and that is pointed to within 20 degrees of
vertical. If the wind speed exceeds 5 miles per hour I will use a launcher length that permits the
rocket to attain a safe velocity before separation from the launcher. I will use a blast deflector to
prevent the motor's exhaust from hitting the ground. I will ensure that dry grass is cleared around
each launch pad in accordance with the accompanying Minimum Distance table, and will increase
this distance by a factor of 1.5 if the rocket motor being launched uses titanium sponge in the
propellant.

8. Size. My rocket will not contain any combination of motors that total more than 40,960 N-sec (9208
pound-seconds) of total impulse. My rocket will not weigh more at liftoff than one-third of the
certified average thrust of the high power rocket motor(s) intended to be ignited at launch.

9. Flight Safety. I will not launch my rocket at targets, into clouds, near airplanes, nor on trajectories
that take it directly over the heads of spectators or beyond the boundaries of the launch site, and
will not put any flammable or explosive payload in my rocket. I will not launch my rockets if wind
speeds exceed 20 miles per hour. I will comply with Federal Aviation Administration airspace
regulations when flying, and will ensure that my rocket will not exceed any applicable altitude limit
in effect at that launch site.

10. Launch Site. I will launch my rocket outdoors, in an open area where trees, power lines, buildings,
and persons not involved in the launch do not present a hazard, and that is at least as large on its
smallest dimension as one-half of the maximum altitude to which rockets are allowed to be flown at
that site or 1500 feet, whichever is greater.

11. Launcher Location. My launcher will be 1500 feet from any inhabited building or from any public
highway on which traffic flow exceeds 10 vehicles per hour, not including traffic flow related to the
launch. It will also be no closer than the appropriate Minimum Personnel Distance from the
accompanying table from any boundary of the launch site.

12. Recovery System. I will use a recovery system such as a parachute in my rocket so that all parts
of my rocket return safely and undamaged and can be flown again, and I will use only
flame-resistant or fireproof recovery system wadding in my rocket.

13. Recovery Safety. I will not attempt to recover my rocket from power lines, tall trees, or other
dangerous places, fly it under conditions where it is likely to recover in spectator areas or outside
the launch site, nor attempt to catch it as it approaches the ground.
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Installed Total Impulse
(Newton-Seconds)

Equivalent High
Power Motor Type

Minimum Diameter of
Cleared
Area (ft.)

Minimum
Personnel
Distance (ft.)

Minimum Personnel Distance
(Complex Rocket) (ft.)

0 -- 320.00 H or smaller 50 100 200

320.01 -- 640.00 I 50 100 200

640.01 -- 1,280.00 J 50 100 200

1,280.01--2,560.00 K 75 200 300

2,560.01 --5,120.00 L 100 300 500

5,120.01--
10,240.00

M 125 500 1000

10,240.01 -- 20,480.00 N 125 1000 1500

20,480.01 -- 40,960.00 O 125 1500 2000

Note: A Complex rocket is one that is multi-staged or that is propelled by two or more rocket motors
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